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Abstract The dark colors of Jupiter’s North Equatorial Belt (NEB, 7–17∘N) appeared to expand northward
into the neighboring zone in 2015, consistent with a 3–5 year cycle. Inversions of thermal-IR imaging from
the Very Large Telescope revealed a moderate warming and reduction of aerosol opacity at the cloud
tops at 17–20∘N, suggesting subsidence and drying in the expanded sector. Two new thermal waves were
identified during this period: (i) an upper tropospheric thermal wave (wave number 16–17, amplitude
2.5 K at 170 mbar) in the mid-NEB that was anticorrelated with haze reflectivity; and (ii) a stratospheric
wave (wave number 13–14, amplitude 7.3 K at 5 mbar) at 20–30∘N. Both were quasi-stationary, confined
to regions of eastward zonal flow, and are morphologically similar to waves observed during previous
expansion events.

Plain Language Summary A campaign of Earth-based support imaging for NASA’s Juno
mission identified several interesting atmospheric phenomena at work in Jupiter’s northern hemisphere.
The prominent dark brown belt north of the equator expanded northward, potentially spawning wave
activity throughout the troposphere and stratosphere. Unlike previous cyclic events on Jupiter (these
expansions occur once every 3–5 years), the 2015/2016 expansion stalled and did not reach completion, but
the waves were evident throughout 2016 ahead of Juno’s arrival in orbit around Jupiter. Such Earth-based
supporting observations help set the environmental context for Juno’s close-up observations of the
giant planet.

1. Introduction

Jupiter’s banded appearance can exhibit dramatic global-scale variability, with the dark belts expanding,
contracting, and sometimes whitening for many months at a time [e.g., Rogers, 1995; Sánchez-Lavega and
Gomez, 1996; Fletcher et al., 2017, and references therein]. These are the visible manifestations of thermal,
chemical, and aerosol changes throughout Jupiter’s upper troposphere, which can be best diagnosed at
thermal-infrared wavelengths. As NASA’s Juno spacecraft lacks instrumentation at these wavelengths, a cam-
paign of Earth-based observations is underway to characterize Jupiter’s thermal structure. Here we report
on the identification of a poleward expansion of Jupiter’s North Equatorial Belt (NEB) and significant thermal
wave activity in observations acquired in the months before Juno’s arrival.

The NEB is a broad, brown, cyclonic belt typically residing between eastward and westward jets at 6.8∘N and
17.1∘N, respectively (all latitudes are planetographic). Visible observations have shown that the northern edge
exhibits regular northward expansion events [Rogers, 1995], causing a decrease in reflectivity (darkening)
of the southern edge (17–21∘N) of the white North Tropical Zone (NTrZ) with a 3 to 5 year period since 1987
[Rogers, 2017]. Text S1 and Figure S1 in the supporting information show details of seven NEB expansion
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events recorded since 1987. These events either start from a single “bulge” of dark material encroaching
into the NTrZ or occur simultaneously at multiple longitudes, infilling and spreading over all longitudes over
∼5–7 months (Text S1). The newly darkened NTrZ then whitens over 1–3 years, such that the edge of the
brown belt appears to recede southward to the normal 7–17∘N range. Infrared observations of the 2009–2011
event demonstrated that the darkening of the NTrZ corresponded to a removal of aerosol opacity at 5 μm
[Fletcher et al., 2017]. The cyclic nature of the NEB activity suggested that a new expansion phase would occur
in 2015–2016, which we characterize here.

Jupiter’s NEB and NTrZ also host wave phenomena. A long-lived pattern of cloud-free “hot spots” and asso-
ciated plumes has been observed on the NEB southern edge [Choi et al., 2013, and references therein],
manifesting an equatorially trapped Rossby wave [Allison, 1990; Showman and Dowling, 2000; Friedson, 2005].
The interior of the NEB is characterized by upper tropospheric thermal wave activity [e.g., Magalhaes et al.,
1990; Orton et al., 1994; Rogers et al., 2004; Li et al., 2006; Fisher et al., 2016]. Stratospheric waves in the 20–30∘N
region were also reported [Orton et al., 1991; Fletcher et al., 2016]. A chronology of these previous wave
detections is presented in Text S2.

2. Earth-Based Thermal Observations

Narrowband 8–25 μm thermal imaging of Jupiter (Table S1) was acquired in January 2016 by the COMICS
instrument [Kataza et al., 2000] on the Subaru Telescope and between February and August 2016 by the VISIR
instrument [Lagage et al., 2004] on ESO’s Very Large Telescope (VLT, Figure S2). These 8 m primary mirrors
provide diffraction-limited spatial resolutions of 0.25–0.80" (700–2300 km at Jovian opposition). Full details
of both instruments and the strategy for Jupiter observations are given by Fletcher et al. [2017]. Fletcher et al.
[2009] describe image reduction procedures: images were despiked and cleaned for bad pixels, geometrically
registered by fitting the planetary limb, cylindrically reprojected and calibrated via comparison to Cassini
Composite Infrared Spectrometer observations. This time series was supplemented in January and May 2016
by spectroscopic mapping at 17.1 and 8.0 μm (at spectral resolutions of 5800 and 12,400, respectively)
using the TEXES instrument on NASA’s Infrared Telescope Facility (IRTF) [Lacy et al., 2002], albeit at lower
diffraction-limited spatial resolution from IRTF’s smaller 3 m primary mirror. Fletcher et al. [2016] give full details
of the spectral scanning technique. Images and scans acquired over two or more consecutive nights were
combined to create near-global maps of Jupiter.

Radiance maps in eight VISIR filters were stacked to form spectral cubes for inversion using an optimal-
estimation retrieval algorithm [Irwin et al., 2008]. This allows estimates of the spatial variability of stratospheric
temperatures near 5 mbar from CH4 emission at 7.9 μm, 100–600 mbar tropospheric temperatures from
13 to 24 μm observations of the H2 and He collision-induced continuum, and tropospheric aerosols near
600–800 mbar from 8 to 12 μm observations of NH3 absorption bands. With only eight photometric points
defining each spectrum, the inversion suffers from limited vertical resolution and some degeneracies between
retrieved parameters (particularly for high pressures). Details of the inversion methodology and sources of
spectral line data are given by Fletcher et al. [2009].

3. Results and Discussion
3.1. Chronology of the 2015–2016 NEB Expansion
The evolution of the 2015–2016 NEB expansion event has been characterized in both visible-light obser-
vations from amateur observers (Text S3 and Figures S3 and S4 in the supporting information) and in the
thermal-infrared (Figure 1). This can be compared to Hubble WFC3 imaging in February 2016 (see also
Figure S5). The exact starting date of the expansion is uncertain, as no identifiable plumes are involved. Bulges
of dark NEB colors gradually appeared near 16–18∘N, west of the prominent White Spot Z (WSZ) near 19∘N,
283∘W, an oval which has persisted since 1997 [Rogers, 2013]. These dark bulges were present as early as
October 2014 (Text S3) and are visible in Hubble WFC3 imaging in January 2015 (Figure S5) [Simon et al., 2015],
but appeared ephemerally between March and June 2015 (Figure S3). By October 2015, the expanded sector
spanned 80∘ of longitude between 320∘ and 40∘W. This sector expanded east, reaching the WSZ, and west to
a dark cyclone-anticyclone pair near 50–60∘W, through January 2016 by infilling gaps between NEB bulges,
occupying ∼120∘ of longitude at the start of 2016 (Figure 1).

Figure 1 shows that the northern edge of the expanded NEB was at a higher latitude (20∘N) than elsewhere
(17∘N), having replaced the white appearance of the NTrZ with darker colors. The NEB appears bright at
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Figure 1. Time series of 8.6 μm brightness temperature maps, January–August 2016. Yellow arrows denote the expanded sector; barges B1–B3 are labeled in
Figure 1f. Green arrows in Figure 1b show White Spot Z. The visible-light maps in Figure 1b were provided by Hubble WFC3 in February (see Figure S5), and by
amateur observers in Figure 1f in June. Hot spots and plumes (denoted by small yellow arrows) can be seen as bright and dark features on the southern edge of
the NEB, respectively (Text S4). Horizontal lines at 20∘N in each panel show the maximum extent of the expanded sector. Cloud top zonal winds from Hubble
imaging in February 2016 (black) and January 2015 (red) are shown next to Figure 1b, indicating no change in either the jet location or speed [Tollefson
et al., 2017].

8.6 μm due to a combination of warmer temperatures and low aerosol opacity, and the expanded sector of
the NEB appears notably brighter than the undisturbed NTrZ (50–270∘W), consistent with the enhanced 5 μm
brightness of the 2009–2010 expansion event [Fletcher et al., 2017].

Previous NEB expansions have encircled the entire globe (Text S1), but the 2016 expansion only reached a
maximum of ∼145∘ longitude by March and then regressed from both ends, rerevealing the NEB dark bulges.
VISIR images in March 2016 suggested that the northern edge of the expanded NEB (17–20∘N) was dimming
at 8.6 μm, reestablishing aerosol opacity over the NTrZ. Visible-light images (Figure S4) show a continued
regression in April and May, and by June (Figures 1e and 1f) the expanded sector had returned to normal,
although some faint orange coloration could still be seen in the previously expanded sectors. The 8.6 μm dark
NTrZ could be seen to extend around the planet once more. Thus, neither visible-light images from JunoCAM
[Orton et al., 2017] nor 5 μm images from Juno/JIRAM [Adriani et al., 2016] showed any signs of the expansion
at the first Juno perijove on 27 August 2016. The exception is the presence of four newly formed dark brown
“barges” near 16–17∘N, B1–B4 (Figure 1f ), that formed in the NEB during the expansion phase (Text S3). After
the recession of the expansion, these barges remained visible on the northern edge of the “normal” NEB.
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Figure 2. Retrieved maps of temperature and aerosol opacity using VLT/VISIR observations on 15–16 February 2016. Shown are temperatures at (a) 5, (b) 170,
and (c) 650 mbar with uncertainties (Figure S7) of ±5, ±3, and ±3 K, respectively. (d) The cumulative aerosol optical depth at 10 μm, integrated to the 1 bar
level, assumed to comprise NH3 ices in a ∼600–800 mbar cloud layer. Only aerosol optical depth is varied, other aerosol properties (absorption cross section,
single-scattering albedo, and vertical structure) are assumed to be invariant. (e) The Hubble WFC3 map from 9 to 10 February (Figure 1b), with white dashed
lines showing the cloud-free hot spot locations in Figures 2d and 2e. The expanded sector of the NEB is indicated by black horizontal arrows in Figures 2d and 2e.
Cold, cloudy plumes lie immediately east of the hot spots. Zonal winds are shown in Figure 2f, estimated from TEXES observations in December 2014 [Fletcher
et al., 2016]. Dashed vertical lines show the locations of the NTBs and NEBs eastward jets, solid black contours indicate u = 0 m/s, and dashed contours indicate
westward winds.

3.2. Thermal Changes During a NEB Expansion
What physical conditions are associated with the NEB expansion? Either (i) a low-albedo brown aerosol forms
over the NTrZ, or (ii) some dynamical process removes white aerosols from the NTrZ so that its coloration
matches the NEB. Hypothesis (ii) is akin to aerosol clearing events following a whitening of the South Equa-
torial Belt (SEB) [Fletcher et al., 2011], and was suggested for the 2009–2011 expansion event [Fletcher et al.,
2017]. Maps at eight wavelengths (7.9, 8.6, 10.7, 12.3, 13.0, 17.6, 18.7, and 19.5 μm) acquired over two nights
(15–16 February) were combined to retrieve temperatures and aerosols in Figure 2. Absolute values are sub-
ject to large uncertainties resulting from the low information content of the eight-point spectra (see Figure S6),
but relative contrasts are robust [Fletcher et al., 2009]. Temperatures are shown at representative pressure
levels in the stratosphere (5 mbar), upper troposphere (170 mbar), and near the cloud tops (650 mbar). The
vertical structure of the zonal winds is also shown [Fletcher et al., 2016].

The broad cool NTrZ at 19–24∘N shows no evidence for thermal changes associated with the expanded NEB
sector in the upper troposphere (100–500 mbar, Figure 2b). However, temperatures at 650 mbar (Figure 2c)
suggest a 3–4 K warming in a diffuse warm area over the expanded sector at cloud top, coupled with a fall
in the tropospheric aerosol opacity from ∼2.8 (representative of the nonexpanded sectors) to ∼1.5 for the
expanded sector (Figure 2d). While still not as aerosol-free as most of the NEB (opacities < 1.0), this reduc-
tion of opacity, coupled with the moderate rise in temperature, suggests evaporative removal of the NTrZ
white aerosols to reveal deeper red-brown chromophores, supporting hypothesis (ii). We caution the reader
that temperature and aerosol changes are degenerate. Nevertheless, Hubble WFC3 observations at 890 nm
(Figures 3d and S5), sensing upper tropospheric aerosols, confirm a lower reflectivity over the expanded
sector, consistent with the removal of white NTrZ aerosols.

This association between tropospheric warmth and aerosol clearing is similar to that observed during the
revival of Jupiter’s SEB in 2011 [Fletcher et al., 2017], where large-scale subsiding air masses removed aerosols
in the regions surrounding convective plumes. However, no such localized vigorous plumes were associated
with the NEB expansion. Vertical motions causing the NTrZ aerosol clearing could be related to the wave
causing the ephemeral bulges on the northern edge of the NEB, but high-resolution wind measurements
of any jet meanderings are not available (particularly regarding interaction between WSZ and the NEBn jet).
Zonal winds derived from Hubble observations in January 2015 and February 2016 (Figure 1b) show no
evidence for changes associated with the expansion [Tollefson et al., 2017].
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3.3. Upper Tropospheric NEB Wave
Although the NEB expansion had regressed completely by Juno’s arrival, thermal waves identified in the 2016
data were still active. Figure 2b shows a wave pattern in the mid-NEB in the upper troposphere (p<500 mbar),
similar to that observed by previous studies [e.g., Magalhaes et al., 1990; Orton et al., 1994; Deming et al., 1997;
Li et al., 2006; Fisher et al., 2016]. The warm crests have a central latitude of 13–15∘N, and the wave pattern is
latitudinally confined to the bright belt at 10–17∘N (±1∘). We measure temperature excursions of 1.5–4.0 K
with a mean amplitude of 2.5 K at 170 mbar (Figures 2, S7, and S8). The wave dominates the appearance of the
upper troposphere and extends around the whole planet with a wave number N≈16–17 in January–February
2016, including nonexpanded NEB sectors. This equates to a horizontal wavelength of 25,700–27,400 km,
making the mid-NEB wave distinct from the plume/hot spot wave on the NEBs, which has N ∼12 during this
period (Text S4). The mid-NEB wave has no obvious counterpart in the main cloud deck. It is not detected in
the stratosphere, consistent with observations in 2000 [Li et al., 2006].

Figure 3 shows a time series of the tropospheric wave in 17.6μm brightness temperatures (sensing∼150 mbar)
from Subaru, VLT, and IRTF observations. Contrasts in the wave pattern appear to vary, but this could simply
result from different observing conditions on different nights. We were unable to determine the phase speed
of the wave from the thermal-IR data alone, as the gap between observations was too large, given the intrinsic
variability of the wave pattern. However, inspection of near-infrared reflectivity observations in strong CH4

bands, 890 nm from Hubble WFC3 and 2.16μm observations from the NASA/IRTF SpeX instrument (Figure S9),
taken between the COMICS observation on 24–25 January and the VISIR observation on 15–16 February,
reveal a very similar wave pattern in the upper tropospheric aerosols. Figure 3 demonstrates that mid-NEB
temperatures are anticorrelated with aerosol reflectivity due to either (i) aerosol evaporation or (ii) aerosol
subsidence to deeper levels in the warm peaks of the mid-NEB wave. Such a correlation was previously shown
for the mid-NEB wave during Cassini’s observations of an expansion event [Li et al., 2006]. Comparing the
wave locations in these closely spaced near-IR and thermal-IR maps reveal little evolution during this interval,
suggesting that the wave pattern is either very slow or stationary, as confirmed by inspection of the individual
2.16 μm maps used for Figure 3c in Figure S10, which shows no detectable motion during 26–29 January.

A survey of previous detections of mid-NEB waves (Text S2 in the supporting information) reveals an observa-
tional bias to periods of previous NEB expansion events, so it is not known whether they are unique to periods
of expansion. Reported wave numbers have ranged from N ∼5–7 [Fisher et al., 2016] to N ∼ 12–13 [Li et al.,
2006], with 2–4 K amplitudes at 100 mbar and slow-phase speeds<5 m/s. The 2016 thermal wave (N ∼16–17)
is therefore the most compact (highest wave number) yet observed. Intriguingly, Orton et al. [1994] reported
an increase in wave activity between 1988 and 1990 and again in 1993 (compared to their 1978–1993 record),
both coinciding with expansion events. The wave pattern characterized by Cassini [Li et al., 2006] also occurred
during an expansion. Furthermore, comparison of 890 nm maps acquired by Hubble [Simon et al., 2015]
between 2015 and 2016 suggest that the reflectivity wave was not present (or had a lower amplitude) in 2015
(Figure S5). Nevertheless, without a comprehensive time series during nonexpansion periods, any relationship
between expansion events and the mid-NEB wave could simply be coincidental.

Besides the quasi-stationary nature of the 2016 wave and the anticorrelation between temperatures and
haze reflectivity, the inversions in Figure 2 also show that the wave is confined in both latitude and altitude
(not present for p> 500 mbar or at 5 mbar). All of these characteristics are similar to those of the 2000–2001
wave, so we follow Li et al. [2006] in identifying this as a Rossby wave. Rossby wave confinement occurs due
to absorption, wave breaking, and other wave-mean-flow interactions at critical surfaces, where the phase
speed cx approaches the zonal velocity u [Achterberg and Flasar, 1996]. Furthermore, Rossby waves drift west-
ward with respect to the zonal flow, so can only be close to stationary in eastward flow environments [Charney
and Drazin, 1961]. Zonal winds estimated from the thermal wind equation in December 2014 by Fletcher et al.
[2016] (Figure 2f ) confirm that the NEB flow is positive (eastward) in the upper troposphere but negative
(westward) at both the cloud tops (p>200 mbar) and in the stratosphere (p<7 mbar), with u≈cx ≈0 surfaces
serving to confine the quasi-stationary wave to the upper troposphere.

Previous studies have suggested multiple origins for these NEB thermal waves, ranging from forcing by
phenomena in the deeper interior [Magalhaes et al., 1990; Deming et al., 1997]; forcing by tropospheric mete-
orology and convective plumes [Andrews et al., 1987]; flow disturbances around vortices [e.g., around White
Spot Z, Li et al., 2006]; instabilities associated with the changing sign of the potential vorticity gradient
[Achterberg and Flasar, 1996; Read et al., 2006; Rogers et al., 2016]; or the breaking of low-phase-speed Rossby
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Figure 3. Time series of 17.6 μm brightness temperatures (sensing ∼150 mbar temperatures) between January and August 2016. IRTF/TEXES maps are an
average of the 584–589 cm−1 spectrum and have a lower spatial resolution than the VLT/VISIR and Subaru/COMICS images. The wave is also shown in
tropospheric aerosol reflectivity maps from (c) IRTF/SPeX at 2.16 μm and (d) Hubble WFC3 at 890 nm, with vertical yellow ones showing their correspondence
to the thermal wave (see Figure S9). Small black squares denote where Jovian satellites have been removed from Figures 3b–3d and 3i. Spatial coverage gaps are
shown as black.
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Figure 4. Time series of 7.9 μm brightness temperatures (sensing ∼5 mbar temperatures) between January and August
2016. IRTF/TEXES maps are an average of the 1243–1252 cm−1 spectrum and have a lower spatial resolution than the
VLT/VISIR and Subaru/COMICS images. Jovian satellites add artifacts to Figures 4b and 4g near 300∘W. Spatial coverage
gaps are shown as black.

waves generated by convection in the equatorial region, propagating poleward and depositing energy in
regions where u approaches zero [Fisher et al., 2016]. This latter mechanism was based on numerical simu-
lations able to qualitatively reproduce observations [Fisher et al., 2016] and therefore does not require any
flow perturbations related to an NEB expansion. A comprehensive time series of wave variability is required
to distinguish between these hypotheses.

3.4. Stratospheric NTBs Wave
Filters sensing Jupiter’s CH4 emission at 7.9 μm reveal stratospheric temperatures near the 5 mbar level. The
resulting temperature map (Figure 2a) indicates prominent wave activity over the 20–30∘N region, covering
the NTrZ and North Temperate Belt (NTB), centered on the strong eastward jet at 23.9∘N (the NTBs). The mean
amplitude of the wave is 7.3 ± 2.2 K at 5 mbar, but with some contrasts up to ∼11 K (Figure S7).

Figure 4 utilizes brightness temperature maps at 7.9 μm from IRTF, Subaru, and VLT to trace the evolution of
this wave over 6 months. Unlike the tropospheric wave, the stratospheric wave exhibits more gaps in the wave
train. We observe N ∼ 9–13 temperature maxima (Figure S8), depending on the visibility and the longitudi-
nal coverage of each map. Dates in early 2016 with the most complete longitudinal coverage yield horizontal
wavelengths of 32,000–38,000 km at 24∘N (N = 11–13), making the stratospheric wave distinct from the
mid-NEB wave.

Repeated observations in January (TEXES and COMICS) and May (TEXES and VISIR) suggest negligible motion
of the wave pattern (Figure 4). However, the motion is irregular and could simply represent the changing
visibility of the wave crests with time. Warm spots either side of a gap in the wave train from ∼200–270∘W
suggest an eastward phase speed of<0.1∘/d (<5.5 m/s) in May and June 2016, although we caution the reader
that this may not be a unique interpretation. Stratospheric zonal winds estimated from the thermal wind
equation (Figure 2f ) show that the velocity of the eastward NTBs jet does not vary much with altitude, so this
wave has a westward phase speed with respect to the region of eastward u from 20 to 29∘N, consistent with
a slowly moving Rossby wave in the stratosphere.

Previous reports of stratospheric wave activity are sparse, given the difficulties of observing at 7.9 μm. Orton
et al. [1991] identified N = 11 waves near 22∘N from September to December 1988 (during an expansion),
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and a stratospheric wave (N ≈ 11) is evident over the 20–30∘N region in the 1–4 mbar temperature maps
from Cassini in 2000–2001 [Flasar et al., 2004; Li et al., 2006]. IRTF/TEXES first identified stratospheric wave
activity over a limited longitude range to the north and east of WSZ in December 2014, at a time when the
northern edge of the NEB was undulating as a precursor to the 2015–2016 expansion [Fletcher et al., 2016].
A more comprehensive time-series of 7.9 μm observations, spanning several expansion events, is required to
determine any relationship between these wave phenomena.

4. Conclusions

An Earth-based infrared campaign has characterized Jupiter’s atmospheric variability at northern latitudes.
The poleward edge of the brown NEB appeared to broaden from 17∘ to 20∘N from November 2015 to March
2016, warming the atmosphere at p> 500 mbar and removing white aerosols from the neighboring zone to
reveal darker chromophores beneath. This was the eighth such expansion event since 1987 (part of a 3–5 year
cycle), but unlike previous events it did not progress to all longitudes, instead remaining limited to a longi-
tude sector ∼120∘ west of prominent White Spot Z. After March, the event regressed southward, returning
the NEB to normal conditions ahead of Juno’s arrival, but leaving a chain of brown barges on the NEBn as evi-
dence of the stalled expansion. The 2016 observations also revealed striking wave patterns, distinct from the
N ≈ 12 equatorial Rossby wave of plumes and hot spots on the NEBs jet (6–9∘N, Text S4). Upper tropospheric
temperatures in the mid-NEB (13–15∘N) exhibited a 2.5 K oscillation at 170 mbar that spanned all longitudes.
This wave number N = 16–17 pattern appeared to be quasi-stationary, showed an anticorrelation between
temperatures and aerosol reflectivity, and was confined to a region of eastward zonal flow in the upper tro-
posphere so that it was not detected at 5 mbar or at the cloud tops (p> 500 mbar). Similar mid-NEB waves
with lower wave numbers existed during expansion events in 1988–1989, 1993–1994 [Orton et al., 1994],
and 2000–2001 [Rogers et al., 2004; Li et al., 2006], although a comprehensive survey of wave amplitudes over
time is required to remove observational bias and to identify any links with NEB expansions. Furthermore,
significant stratospheric wave activity was detected at 20–30∘N, with wave number N = 11–13, a small-phase
speed within an eastward zonal flow, and a mean amplitude of 7.3±2.2 K at 5 mbar. Precursors for this strato-
spheric wave were identified in December 2014 [Fletcher et al., 2016], and similar stratospheric wave activity
was present in 1988 [Orton et al., 1991] and 2001 [Li et al., 2006].

Progress in understanding these wave patterns requires investigations over two very different timescales:
(i) shortening the interval between thermal maps to confirm the small-phase velocities of the waves; and (ii)
investigation of wave occurrences and amplitudes in the historical record of IR observations and their relation
to the cycles of NEB activity. The first may be achieved during the Juno ground-based support campaign in
the coming years. The second is required to test any relationship between the NEB expansion cycle and the
existence of these waves.
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