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ABSTRACT 
The atmosphere of Jupiter is mainly made of molecular hydrogen and helium. The cloud pattern as found at different Jupiter 
belts and the vertical structure of its atmosphere are examined indicating how the pressure drops with altitude. The elemental 
abundances relative to hydrogen for Sun and those for Jupiter to Sun have been taken into account as well as the unique 
characteristics of belts and zones that divide the atmosphere of Jupiter have been considered starting from the North and South 
Polar Regions including the Jupiter's cloud bands. Taking data from NASA's New Horizons spacecraft and two telescopes at 
Earth, Jupiter's Little Red Spot (LRS) has been considered showing there the highest wind which can be taken as the precursor 
of storms. Photographs, taken by the Galileo spacecraft suggest that Jupiter's storms are caused by heat deep in the planet. 
Jupiter produces vortices of circular rotating structures similar to the Earth's atmosphere and can be classified as cyclones and 
anticyclones. The properties of vortices formed in Jupiter are critically examined and the results reported by computer 
simulation of the merger of two Jovian White Ovals have been analyzed and compared with the circulation of Earth. Jupiter & 
Earth similarities have examined and the mystery of some observations have pointed out. 
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1. INTRODUCTION 
The weather on Jupiter appears to be stormy in most of the time. Lightning flashes deep in the enveloping gas clouds 
and eddies of atmospheric turbulence bob along the margins of jet streams while the thunderheads tower about 50 km 
above surrounding clouds. Observations show that moist heat rising in these stormy updrafts supplies the required 
energy responsible for forming the Jupiter weather [1]. Analyzing photographs obtained from the Galileo spacecraft, 
orbiting the planet, it has been reported that this moist convection of thunderstorms on Jupiter is to some extent similar 
to that on Earth but is produced by heat from deep in the planet and not from sunlight as in Earth. Many scientists are 
confused to solve the mystery of how Jupiter gets the energy for a constantly stormy weather system. A team of 
astronomers led by Gierasch [2] obtained the evidence of a permanent storm in the southern hemisphere by considering 
the images from visible and infrared light. Lightning was visible initially and thereafter a cluster of Earthlike storms 
were developed there. Astronomers estimated that the vertical transport of heat generated by such storms corresponded 
to the flux produced by the planet's internal heat source. In this paper the cloud pattern at different Jupiter belts and the 
vertical structure of its atmosphere are examined and the elemental abundances relative to hydrogen for Sun as well as 
Jupiter to Sun have been taken into account including the unique characteristics of belts and zones. Jupiter's Little Red 
Spot has been considered as the precursor of storms and the properties of vortices formed in Jupiter are examined 
pointing out mystery of some related observations. 

2. ATMOSPHERE OF JUPITER 

The atmosphere of Jupiter, the largest planetary atmosphere in the Solar System, is mainly made of molecular hydrogen 
and helium; other chemical compounds are present in very small amounts and include methane, ammonia, hydrogen 
sulfide and water. However, water is assumed to reside deep in the atmosphere and its directly measured concentration 
is very low. The sulfur, oxygen, nitrogen, and noble gas abundances in the atmosphere of Jupiter exceed solar values by 
a factor of about three [3]. Figure 1 shows the cloud pattern as found at different Jupiter belts. 
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Figure 1 Cloud pattern as identified at different Jupiter belts in 2000  
[http://photojournal.jpl.nasa.gov/catalog/PIA04866] 

The atmosphere of Jupiter lacks a clear lower boundary and gradual transitions into the fluid interior of the planet [4]. 
From bottom to top, the atmospheric layers are categorized as the troposphere, stratosphere, thermosphere and 
exosphere with characteristic temperature gradients [5]. The lowest layer troposphere has a complicated system of 
clouds and hazes, comprising layers of ammonia, ammonium hydrosulfide and water [6]. The upper ammonia clouds 
visible at its surface are organized in a number of zonal bands parallel to the equator and are bounded by powerful 
zonal atmospheric winds called jets. The bands reveal alternate color; the dark bands are called belts and the light ones 
are called zones. Zones are colder than belts and correspond to upwelling but belts mark descending air [7]. The lighter 
color of zones is believed to be owing to ammonia ice though the darker colors of belts are not known with certainty 
[7]. The origins of the banded structure and jets are not yet clearly understood, though two models, viz. shallow model 
and deep model exist. The shallow model holds that they are surface phenomena overlaying a stable interior while the 
deep model suggests that the bands and jets are surface manifestations of deep circulation in Jupiter's mantle of 
molecular hydrogen and it is organized into cylinders [8].  

The atmosphere of Jupiter exhibits a wide range of active phenomena. These include band instabilities, storms and 
lightning and vortices covering cyclones and anticyclones [8]. The vortices show as large red, white or brown spots 
(ovals). The largest two red spots are known as the Great Red Spot (GRS) [8] and Oval BA [8]. These two and almost 
all other large spots are anticyclonic but smaller anticyclones tend to be white. Vortices are of relatively shallow 
structures with depths not exceeding several hundred kilometers. In the southern hemisphere, the GRS is the largest 
vortex in the Solar System. Oval BA located south of GRS and a third the size of GRS, is a red spot that formed in 
2000 due to merging of three white ovals [8].  

Jupiter has highly powerful storms accompanied by lightning strikes. The storms are formed due to moist convection in 
the atmosphere connected to the evaporation and condensation of water and are sites of strong upward motion of the air 
leading to the formation of bright and dense clouds. The storms are originated mostly in belt regions. The lightning 
strikes on Jupiter are much more powerful than those on Earth but they are fewer in number and as a matter of fact the 
average levels of lightning activity are comparable to those on Earth [8].  

2.1 Vertical structure 
The atmosphere of Jupiter can be classified into four layers; by increasing altitude they are marked as the troposphere, 
stratosphere, thermosphere and exosphere but unlike the Earth's atmosphere, Jupiter's lacks a mesosphere [7]. The 
lowest atmospheric layer of Jupiter, the troposphere, has smooth transitions into the planet's fluid interior [4] for having 
temperatures and pressures well above the critical points for hydrogen and helium. It means that there is no sharp 
boundary between gas and liquid phases. Hydrogen behalves a supercritical fluid at approximately 12 bars pressure [4].  

 
Figure 2 Vertical structure of the atmosphere of Jupiter [5] 
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Figure 2 shows the vertical structure of the atmosphere of Jupiter. It may be seen from the figure that the pressure drops 
with altitude. The atmospheric probe of Galileo spacecraft stopped transmitting at a depth of 132 km below the 1 bar 
"surface" of Jupiter [5]. As the lower boundary of the atmosphere is not well defined, the pressure level of 10 bars, at an 
altitude of about 90 km below the 1 bar with a temperature of around 340 K, is treated generally as the base of the 
troposphere [5]. The 1 bar pressure level is chosen as a zero point for altitudes and assumed as a "surface" of Jupiter 
[4]. As with Earth, the top atmospheric layer exosphere does not have a well defined upper boundary [9]. The density 
diminishes gradually until the interplanetary medium of about 5,000 km above the "surface" [10].  

The vertical temperature variations of the atmosphere of Jupiter are similar to those of the atmosphere of Earth. The 
temperature of the troposphere diminishes with height until it attains a minimum at the tropopause, [7] which is 
approximately 50 km above the visible clouds where the pressure and temperature are about 0.1 bar and 110 K [5], [7] . 
In stratosphere, the temperature is about 200 K at an altitude and pressure of around 320 km and 1 
point of transition into the thermosphere. The temperatures continue to rise in the thermosphere and finally attaining a 
temperature of 1000 K at about 1000 km, where pressure becomes about 1 nbar [9].  

The troposphere of Jupiter contains a complicated cloud structure whose upper clouds are located in the pressure range 
0.6–0.9 bar and are made of ammonia ice [11], [12]. Below these clouds level, denser clouds made of ammonium 
hydrosulfide or ammonium sulfide between 1–2 bar and water in 3–7 bar are believed to exist [8], [13]. There is no 
presence of methane clouds as the temperatures are too high for it to condense [11]. The water clouds form the highest 
dense layer of clouds and have the maximum influence on the dynamics of the atmosphere due to higher condensation 
heat of water and higher water abundance in comparison to the ammonia and hydrogen sulfide [7]. In addition many 
tropospheric (at 200–500 mbar) and stratospheric (at 10–100 mbar) haze layers are found to present above the main 
cloud layers [7], [13] which are made from condensed heavy polycyclic aromatic hydrocarbons or hydrazine generating 
in the upper stratosphere (1–100 tion [11].  

The thermosphere of Jupiter is situated at pressures lower than 1 airglow, polar aurorae 
and X-ray emissions [9]. The layers of increased electron and ion density that form the ionosphere are found to be 
present within it [10]. The high temperatures of the thermosphere (800–1000 K) have not been explained clearly [9] 
but assumed to be caused by absorption of high-energy solar UV or X-ray. This may be due to heating from the charged 
particles precipitating from the magnetosphere or owing to dissipation of upward-propagating gravity waves [9]. At the 
poles and at low latitudes, the thermosphere and exosphere emit X-rays, which were first noted by the Einstein 
Observatory in 1983 [14]. The thermosphere of Jupiter is the first place outside the Earth where the trihydrogen cation 
was discovered [10]. This ion strongly emits in the mid-infrared part of the spectrum corresponding to wavelengths 
between 3 and 5 nism of the thermosphere [9].  
2.2 Chemical composition 
The composition of the atmosphere of Jupiter is most comprehensively understood of those of all the gas giants as it 
was observed directly by the atmospheric probe of Galileo spacecraft when it entered into the atmosphere on December 
7, 1995 [15]. Other sources of information include the Infrared Space Observatory (ISO), [16] the Galileo and Cassini 
orbiters [17] and Earth-based observations [3]. Two main constituents of the Jovian atmosphere are molecular hydrogen 
(H2) and helium [3]. The helium abundance is 0.157 ± 0.0036 relative to molecular hydrogen and its mass fraction is 
0.234 ± 0.005 [3]. The reason for this low abundance is not well known but some of the helium may have condensed 
into the core of Jupiter [12] which is likely to be in the form of helium rain [18]. The atmosphere contains many simple 
compounds like water, methane (CH4), ammonia (NH3), hydrogen sulfide (H2S) and phosphine (PH3) [3]. Their 
abundances in the deep troposphere, below 10 bar, indicate that the atmosphere of Jupiter is enriched in the elements 
carbon, nitrogen, sulfur and possibly oxygen by factor of 2 to 4 relative to the Sun [3]. Table 1 shows the elemental 
abundances relative to hydrogen for Sun and those for Jupiter to Sun [3] while Table 2 presents the isotropic ratios of 
Sun and Jupiter. As shown in Table 1, the noble gases like argon, krypton and xenon appear to be enriched relative to 
solar abundances though neon is scarcer [3]. Other chemical compounds like arsine (AsH3) and germane (GeH4) are 
found to be present only in trace amounts [3]. The upper atmosphere of Jupiter has small amounts of hydrocarbons like 
ethane, acetylene, and diacetylene [3]. The carbon dioxide, carbon monoxide and water present in the upper 
atmosphere are assumed to originate from impacting comets, e.g., Shoemaker-Levy 9. Water cannot come from the 
troposphere as the cold tropopause behalves like a cold trap and so preventing water from rising to the stratosphere [3].  

Table 1: Elemental abundances relative to hydrogen 
for Sun and those for Jupiter to Sun [3] 

Element Sun Jupiter/Sun 
He/H 0.0975 0.807 ± 0.02 
Ne/H 1.23 × 10  0.10 ± 0.01 
Ar/H 3.62 × 10  2.5 ± 0.5 
Kr/H 1.61 × 10  2.7 ± 0.5 
Xe/H 1.68 × 10  2.6 ± 0.5 
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C/H 3.62 × 10  2.9 ± 0.5 

N/H 1.12 × 10  3.6 ± 0.5 (8 bar) 
3.2 ± 1.4 (9–12 bar) 

O/H 8.51 × 10  0.033 ± 0.015 (12 bar) 
0.19–0.58 (19 bar) 

P/H 3.73 × 10  0.82 
S/H 1.62 × 10  2.5 ± 0.15 

 
Table 2: Isotropic ratios of Sun and Jupiter [3] 

Ratio Sun Jupiter 
13C/12C 0.011 0.0108 ± 0.0005 
15N/14N <2.8 × 10  2.3 ± 0.3 × 10  

(0.08–2.8 bar) 
36Ar/38Ar 5.77 ± 0.08 5.6 ± 0.25
20Ne/22Ne 13.81 ± 0.08 13 ± 2 
3He/4He 1.5 ± 0.3 × 10  1.66 ± 0.05 × 10  

D/H 3.0 ± 0.17 × 10  2.25 ± 0.35 × 10  

The data obtained from Earth- and spacecraft-based measurements have provided information of the isotopic ratios in 
Jupiter's atmosphere. For example only in July 2003, the accepted value for the deuterium abundance comes out as 2.25 
± 0.35 × 10  [3]. It is interesting to note that the ratio of nitrogen isotopes in the Jovian atmosphere, 15N to 14N, is 
2.3 × 10 , a third lower than that in the Earth's atmosphere (3.5 × 10 ) [3]. This discovery is particularly significant 
as the early theories of Solar System formation considered the terrestrial value for the ratio of nitrogen isotopes to be 
primordial [16].  

3. JUPITER'S CLOUD BANDS 
The belts and zones that divide the atmosphere of Jupiter have their unique characteristics. Starting from the North and 
South Polar Regions it is extended to nearly 40–48° N/S [19]. Figure 3 shows the idealized illustration of Jupiter's 
cloud bands which we have labeled with abbreviations. In the figure lighter zones are marked to the right and darker 
belts to the left. The Great Red Spot and Oval BA are presented in the South Tropical Zone (STZ) and South 
Temperate Belt (STB) respectively. 
 

 
Figure 3 Idealized illustration of Jupiter's cloud bands, labeled with abbreviations 

[https://commons.wikimedia.org/wiki/File:Jupiter_cloud_bands.svg] 

Due to foreshortening, limb darkening and the general diffuseness of features the North-North Temperate Region rarely 
reveals more detail than the Polar Regions. For this reason the North-North Temperate Belt (NNTB) is considered as 
the northernmost distinct belt, though it occasionally disappears. The North-North Temperate Zone (NNTZ) is 
relatively prominent but generally quiet. Other minor belts and zones in the region can be rarely seen [19]. The North 
Temperate Region is part of a latitudinal region which can be observed easily from Earth and has many records of 
observation [19]. It is the strongest prograde jet stream on the planet, a westerly current that produces the southern 
boundary of the North Temperate Belt (NTB) [19]. The NTB fades roughly once a decade, making the North 
Temperate Zone (NTZ) apparently merges into the North Tropical Zone (NTropZ) [19]. At other times, the NTZ is 
divided by a narrow belt into northern and southern components [19].  
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The North Tropical Region is a combination of the NTropZ and the North Equatorial Belt (NEB). In general, the 
NTropZ is stable in coloration and is sometimes divided by a narrow band, known as the NTropB. Occasionally, the 
southern NTropZ plays host to "Little Red Spots" which are northern equivalents of the Great Red Spot. But dissimilar 
to the GRS, they tend to occur in pairs and are always short-lived, lasting only for a year on average. One Little Red 
Spots was present during the Pioneer 10 encounter [19].  

The Equatorial Region (EZ) is found to be a stable region of the planet, both in latitude and in activity. The southern 
boundary of the EZ is generally quiescent. Observations from the late 19th into the early 20th century reveal that this 
pattern was then reversed relative to present day. The EZ changes significantly in coloration from pale to ochre and is 
sometimes divided by an Equatorial Band (EB) [19]. Features in the EZ move with a velocity of 390 km/h 
approximately relative to the other latitudes [19], [20].  

The South Tropical Region, the most active region the planet, includes both South Equatorial Belt (SEB) and South 
Tropical Zone. The SEB is the broadest, darkest belt on Jupiter. It is a long train of cyclonic disturbances following the 
Great Red Spot [19]. The South Temperate Belt (STB) is another dark belt, more than the NTB and has occasionally 
faded owing to complex interactions between the white ovals and the GRS [19].  

4. BLOW OF STORM WINDS IN JUPITER'S LITTLE RED SPOT 

Taking data from NASA's New Horizons spacecraft and two telescopes at Earth, scientists have found that Jupiter's 
Little Red Spot (LRS) has highest wind speeds ever detected on any planet. Researchers of the New Horizons combined 
observations from their Pluto-bound spacecraft which flew past Jupiter in February 2007, the European Southern 
Observatory's Very Large Telescope and data from the Hubble Space Telescope orbiting Earth. The high resolution, 
close-up imaging of the Little Red Spot has thus been combined with powerful Earth-orbital and ground-based imagery 
made at UV through mid-infrared wavelengths. The Little Red Spot of Jupiter is an anticyclone, a storm whose winds 
circulate in opposite direction to that of a cyclone. It is almost the size of Earth. The evolution of the LRS started with 
the merger of three smaller white storms that had been detected since the 1930s. Two of such storms coalesced in 1998 
and the pair subsequently merged with a third major Jovian storm in 2000. In late 2005 the combined storm turned red 
for still unknown reasons. 

The new findings support that wind speeds in the LRS have increased considerably over the wind speeds in the 
precursor storms. This had been observed by NASA's Voyager and Galileo missions in past decades. The latest wind 
speeds and directions were further measured using two image mosaics from New Horizons' telescopic Long Range 
Reconnaissance Imager (LORRI). New Horizons collected images from a distance of about 2.4 million kilometers from 
Jupiter at a resolution of 14.4 kilometers per pixel and obtained the maximum winds speeds between 155 and 190 
meters per second far exceed the Category 5 storm on Earth. Jupiter's Great Red Spot has decreased steadily in size 
over the past few decades. Moreover, a rare "global upheaval" in Jupiter's atmosphere started which is involved in the 
disappearance of activity in the South Equatorial Belt and other spectacular cloud changes. New Horizons project 
scientists have reported that both the LRS and the GRS extend into the stratosphere to far higher altitudes than for the 
smaller storms on Jupiter. 

The observations provide clues to the mystery of why the GRS and the LRS may be so red. The wind speeds and 
strength of the LRS enhanced considerably in the seven years between the Galileo and the New Horizons observations 
and also during this period the storm became red which supports that a common dynamical mechanism may be 
responsible to explain the reddening of the two largest anticyclonic systems on Jupiter. The scientists are also 
considering the future evolution of Jupiter's two giant storms. 

5. HEAT DEEP AND JUPITER’S STORMS  

The moist convection is a main factor in converting heat flow into kinetic energy in the Jovian atmosphere. It was also 
reported that the lightning preceding the storms was indicating the presence of large amounts of water in the deep 
clouds [21]. we may use lightning that points to the place where there are rapidly falling raindrops and rapidly rising 
air columns which can be taken as a source of energy for the eddies. Subsequently, the eddies give up their energy to 
these large-scale features and ultimately the GRS gets its energy and stays alive by eating these eddies.  

The violent storms (e.g. the hurricanes and cyclones) on Earth are fueled by the warm ocean. The water is heated by 
sunlight to drive all terrestrial weather. But Jupiter being 5 times farther from the Sun than is Earth and so sunlight is 
only 4 percent as strong there as on Earth, not enough to generate the observed tempests. Due to the heat reservoir of 
highly compressed hydrogen at its core, the planet generates about 70 percent more heat than it absorbs from the Sun. 
Moist convection had been proposed as the mechanism but there was no confirmation yet.   
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Figure 4 Photographs, taken by the Galileo spacecraft, showing that Jupiter's storms are caused by heat deep in the 
planet [Courtesy: NASA] 

The new information thus provides an important advance in our knowledge of Jupiter's weather but we need to gather 
further information regarding the Jupiter's fluid behavior. 

6. CYCLONES AND ANTICYCLONES 

The atmosphere of Jupiter produces hundreds of vortices which are circular rotating structures similar to the Earth's 
atmosphere and can be classified as cyclones and anticyclones [8]. Cyclones rotate in the direction following the 
rotation of the planet (i.e. counterclockwise in the northern hemisphere and clockwise in the southern) while the 
anticyclones rotate in the reverse direction. A major difference from the terrestrial atmosphere is that, in the 
atmosphere of Jupiter, anticyclones dominate over cyclones. It has been reported that more than 90% of vortices larger 
than 2000 km in diameter are anticyclones [8]. The lifetime of vortices changes from several days to hundreds of years 
depending on their size e.g., the average lifetime of anticyclones with diameters from 1000 to 6000 km is 1–3 years [8]. 
Further, Jupiter's anticyclones are high pressure centers while cyclones are low pressure [8]. The anticyclones are 
always confined within zones, where the wind speed increases in direction from equator to poles [8]. They are bright 
and appear as white ovals [8] and can move in longitude but stay at nearly the same latitude [8]. The wind speeds at 
their periphery are approximately 100 m/s [8]. Anticyclones situated in one zone tend to merge at the time they 
approach each other [8]. However, two anticyclones of Jupiter, the Great Red Spot (GRS) [8] and the Oval BA [8] are 
somewhat different from all others. On Jupiter the anticyclones generally form through merges of smaller structures 
including convective storms [8], though large ovals can produce from the instability of jets.  

In contrast to anticyclones, the Jovian cyclones are small, dark and irregular structures. Some darker and regular 
features are called brown ovals [8]. However the existence of a few long–lived large cyclones has been suggested. In 
addition to cyclones, Jupiter has some large irregular filamentary patches which demonstrate the cyclonic rotation [8]. 
One of them is located to the west of the GRS in the southern equatorial belt [8]. These patches are known as cyclonic 
regions (CR) which are always located in the belts and tend to merge when they encounter each other, similar to 
anticyclones [8]. The large anticyclones extend only a few tens of kilometers above the visible clouds [8].  

The Voyager spacecraft, in 1979, identified for the first time, hundreds of smaller vortices. On Earth, vortices of the 
same flavor e.g., two low-pressure systems or a pair of high-pressure systems tend to rotate around one another without 
destroying. In between every two anticyclones, there is a cyclone; a region that rotates in the opposite direction. In 1994 
the Hubble Space Telescope witnessed two anticyclones which have repelled one another rather than traveling together. 
It was further reported that the jet streams, the so called cloud bands can develop waves. As more and more vortices 
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merge on Jupiter, a calm period will set in, reducing the mixing of atmospheric heat. Figure 5 presents a computer 
simulation of the merger of two Jovian White Ovals in 1998 and in 2000. 

 

Figure 5 Computer simulation of the merger of two Jovian White Ovals in 1998 and in 2000 (created by Philip 
Marcus) [http://cfd.me.berkeley.edu/videos/merge/merge.htm]. 

In the simulation, a blue cyclone was displaced from its position between two red anticyclones. This creates an unstable 
arrangement in which the two anticyclones quickly merge.  

The top panel in Figure 6 shows a row of clearly defined anticyclones (or storms rotating counterclockwise), spaced 
between filamentary clouds on Jupiter. The following panels reveal a computer simulation demonstrating the steps of 
how cyclones (or clockwise spinning storms) can produce the cloud formation.  

 

Figure 6 The top panel shows a row of clearly defined anticyclones while the other three panels reveal a computer 
simulation demonstrating the steps of how cyclones can create the cloud formation 

[http://www.sciencedaily.com/releases/2004/04/040421233410.htm] 

7. DYNAMICS 

Circulation in Jupiter's atmosphere is entirely different from that in the atmosphere of Earth as the interior of Jupiter is 
fluid and lacks of any solid surface and so convection may occur throughout the outer molecular envelope of the planet.  
A comprehensive theory of the dynamics of the Jovian atmosphere has not yet been developed as it needs to explain the 
following the existence of narrow stable bands and jets, the strong prograde jet observed at the equator, the difference 
between zones and belts and the origin and persistence of large vortices like the GSR [8]. The theories related to the 
dynamics of the Jovian atmosphere can be broadly classified as: (i) shallow and (ii) deep. The former hold that the 
observed circulation is mainly confined to a thin outer layer of the planet while the latter postulates that the 
atmospheric flows are only a surface manifestation of deeply rooted circulation in the outer molecular envelope of 
Jupiter [8]. As both theories have their own successes and failures, it is believed that the true theory will include 
elements of both models [22]. Since 1966 [23], it is known that Jupiter radiates much more heat than it receives from 
the Sun. An estimate shows that the ratio between the power emitted by the planet and that absorbed from the Sun is 
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1.67 ± 0.09 while the internal heat flux from Jupiter is 5.44 ± 0.43 W/m2 and the total emitted power is 335 ± 26 
petawatts. The latter value is nearly equal to one billionth of the total power radiated by the Sun.  

The internal heat has important role for the dynamics of the Jovian atmosphere. As Jupiter has a small obliquity of 
about 3° and its poles receive small amount of solar radiation than its equator, the tropospheric temperatures do not 
significantly change from equator to poles. This might be due to the fact that Jupiter's convective interior behalves like 
a thermostat, releasing greater amount of heat near the poles than in the equatorial region. This contributes a uniform 
temperature in the troposphere. Again as heat is transported from equator to poles mainly through the atmosphere on 
Earth, on Jupiter deep convection equilibrates heat and, in fact, the convection in the Jovian interior is thought to be 
driven largely by the internal heat [7].  

7.1 Shallow models 

The first attempts to explain Jovian atmospheric dynamics date back to the 1960s [7], [8] which were partly based on 
terrestrial meteorology. Shallow models considered that the jets on Jupiter are driven by small scale turbulence 
maintained by moist convection in the outer layer of the atmosphere, above the water clouds [7], [8]. The moist 
convection is related to the condensation and evaporation of water and is a major driver of terrestrial weather [7]. The 
production of the jets in this model is associated with two-dimensional turbulence in which small turbulent structures 
merge to form a larger one [8]. When the largest turbulent structures get a certain size, the energy starts to flow into 
Rossby waves instead of larger structures and the inverse cascade stops [8]. On the spherical rapidly rotating planet the 
dispersion relation of the Rossby waves is anisotropic [8]. The ultimate result of the process is the production of large 
scale elongated structures parallel to the equator. The meridional extent of them appears to match the actual width of 
jets [8]. In shallow models vortices actually feed the jets and should disappear by merging into them. 

Though the models can explain the existence of a dozen narrow jets successfully, they have serious drawbacks [8]. With 
some rare exceptions shallow models create a strong retrograde jet, contrary to observations. Also, the jets tend to be 
unstable and can disappear over time [8]. The models cannot explain the observed atmospheric flows on Jupiter [8]. 
The Galileo probe observed, in the meanwhile, that the winds on Jupiter extend far below the water clouds at 5–7 bar 
and do not show any evidence of decay down to 22 bar pressure level. This implies that circulation in the Jovian 
atmosphere may be deep [7].  

7.2 Deep models 

The deep model first proposed by Busse in 1976 [8], [24] was based on fluid mechanics, the Taylor–Proudman 
theorem. It suggests that in any fast-rotating barotropic ideal liquid the flows are maintained in a series of cylinders 
parallel to the rotational axis. The conditions of the theorem are met in the fluid Jovian interior wherein the planet's 
molecular hydrogen mantle is divided into cylinders, each of which having a circulation independent of the others [8]. 
The latitudes where the cylinders' outer and inner boundaries intersect with the visible surface of the planet correspond 
to the jets while the cylinders themselves are observed as zones and belts. A thermal image of Jupiter obtained by 
NASA Infrared Telescope Facility is shown in Figure 7. 

 
 

Figure 7 Thermal image of Jupiter obtained by NASA Infrared Telescope Facility 
[http://photojournal.jpl.nasa.gov/catalog/PIA10225] 
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The deep model conveniently explains the strong prograde jet observed at the equator of Jupiter [8]. However produces 
a very small number of broad jets and realistic simulations of 3D flows are not possible [8]. The deep flows can be 
caused both by shallow forces or by deep planet-wide convection that transports heat out of the Jovian interior [8].  

8. JUPITER & EARTH SIMILARITIES 
Jupiter and Earth are planets that appear to be polar opposites in every area of comparison, e.g. Jupiter is 1300 times 
larger than Earth and is primarily composed of gas while Earth is a solid planet mainly comprised of rock minerals and 
metal. Further, Jupiter's atmosphere consists of helium and hydrogen, while Earth's atmosphere is composed of oxygen 
and nitrogen. Despite their various differences, they share a variety of commonalities. Jupiter and Earth have some 
basic similarities, as they both are within the same solar system and revolve around the sun. But Jupiter's density is 
1.326 g/cm3 and Earth's is 5.513 g/cm3, i.e. Jupiter's density only being 0.241 times that of Earth. Further Jupiter's orbit 
eccentricity is 0.04838624 and Earth's is 0.01671123 which equates to Jupiter's being 2.895 times that of Earth. 
Periodically, Earth experiences alternating patterns of wind in its stratosphere which occur near the equator. The 
changing stratospheric wind patterns experienced in Earth are called quasi-biennial oscillations. Jupiter also 
experiences stratospheric variations in the methane above its equator, which are similar to Earth's quasi-biennial 
oscillations. Moreover, this translates to alternating cold and warm periods in the stratosphere for both Earth and 
Jupiter [25]. 
 

9. STILL A MYSTERY 

One of the most intriguing observations shows the most intense orange-red central part of the spot is about 3 to 4 
degrees Celsius warmer than the environment around it. This temperature differential is enough to allow the storm 
circulation, counter-clockwise in general, to shift to a weak clockwise circulation in the very middle of the storm. 
Moreover, at the other parts of Jupiter, the temperature change is enough to alter wind velocities and affect cloud 
patterns in the belts and zones. 

At this stage, we can speculate but cannot confirm which chemicals or processes are causing that deep red color. But it 
is related by some means to changes in the environmental conditions right in the heart of the storm. Unlocking the 
secrets of Jupiter’s giant storm systems is a major target for infrared spacecraft observations from future missions 
including NASA’s Juno mission [26]. 
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