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ABSTRACT 

 
In this paper changing characteristics of little and great red spots of Jupiter have considered using available data and published 
results as derived from various spacecrafts from time to time. Theoretical approach for determining eccentricity, relative 
vorticity and Rossby number is first pointed out. The appearances and disappearances of the spots are categorized with 
illustrations with their scatter plots. Distribution of their lifetimes are critically examined and the zonal wind profile of Jupiter 
as obtained from Cassini by applying two different methods are considered including a comparison between the latitude 
distribution of spots and the zonal wind profile. Finally, relative velocity vs mean zonal velocity is critically analyzed and a 
multi-wavelength comparison of the LRS and GRS is made. 
Keywords: Little red spot, Great red spot, Spacecraft, Zonal wind 
 

1. INTRODUCTION 
The atmosphere of Jupiter is full of spots with variety of shapes. They are usually compact, oval-shaped cloud features 
whose appearance is quite different from that of their surroundings. This contrast of features may reflect variations of 
composition or size of the cloud particles besides differences in optical thickness and altitude of the cloud as well as 
differences in small-scale texture of the cloud [1]-[3]. Some spots have shown relation with lightning activity as found 
particularly in night side images [4], [5]. Spots are formed by various mechanisms [6]. Some are gathered slowly in a 
feature less region while others develop coherence and emerge from the turbulent flow. Some others appear suddenly as 
bright points and grow with time by expansion. Similarly, some spots are absorbed by the turbulent flow and some are 
destroyed by mergers while others are fading away by simple means. The purpose of this paper is to study the changing 
characteristics of little and great red spots of Jupiter from a consideration of the available data and also largely by using 
published results as derived from various spacecrafts from time to time.   

2. THEORETICAL APPROACH FOR DETERMINING ECCENTRICITY, RELATIVE 
VORTICITY AND ROSSBY NUMBER 

The eccentricity of the ellipse, ε, may be defined as, 
 
ε = [1 − (b/a)2]1/2          (1) 
 
where a is the semi-major axis and b is the semi-minor axis.  
For the purpose of calculating the vorticity and Rossby number one may follow the derivations of Mitchell et al. [7] 
model which is used to get more accurate and reliable estimates of flow quantities like vorticity from observational data, 
subject to limitations of sampling and measurement error. The time spans over which comparisons are made are much 
longer than dynamical or thermal timescales and hence it is reasonable to use this model with a view to calculate flow 
measurements [8]. The relative vorticity, ζ, can be defined as, 
 
 ζ = vT a/(b2η3) + η dvT /da                        (2)  
 
where vT  is the tangential velocity. In Equation (2) η is defined by 
 
 η = [(cos2 θ + (a/b)4 sin2 θ )/(cos2 θ + (a/b)2 sin2 θ )]1/2                     (3) 

 
where θ represents the angle of the velocity point measured from east (along the semi-major axis) through north.  
It appears that for θ = 0◦, η = 1 and for θ = 90◦, η = a/b. For the purpose of calculating all Rossby number in, θ = 0◦ was 
used. 
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The maximum Rossby number, Ro, can be determined by using the following formula: 
Ro = vT∗ a/(b2η3f )                                              (4) 
 
In Equation (4), f is the coriolis parameter at each storm’s central latitude, i.e., 13.5 × 10−5 s−1 for the Great Red Spot 
(GRS) and 19.2 × 10−5 s−1 for the Little Red Spot (LRS). 
The calculated tangential wind speeds versus semi-major axis a are fitted to an analytic function which can be 
expressed in the form, 
 
vT (a) = K ϕ(y)Φ(αy) – B                            (5)   
y = β(a − a0)                                         (6) 
                        
where,      ϕ(y) = exp (- ) 

                 Φ (αy) =  
This form can be used to replace the polynomial of Mitchell et al. [7], as it is better suited for describing highly skewed 
velocity distributions which exhibit peak close to the outer edges of the ovals. In Equation (5), the three constants K is 
related to an overall scaling factor, B represents a constant bias and α controls the skewness. Equation (6) has another 
two constants viz., β, inversely related to the width of the peak and a0 which dominates the location of the peak. The 
function ϕ(y) is the standard normal distribution while Φ (αy) is the cumulative normal distribution evaluated at αy. 
Here a is the semi-major axis (in units of 106 m) and vT is the tangential wind velocity in m s−1. The analytic function 
fit to the wind speed observations in the oval is utilized for evaluating the flow quantities like vorticity, Rossby number 
and the circulation.  
 

3. SPACECRAFTS EMPLOYED FOR THE STUDY 
The first spacecraft to visit Jupiter in 1973 was the ‘Pioneer 10’, followed by ‘Pioneer 11’ a few months later. After 
about six years the ‘Voyager 1’ and ‘Voyager 2’ probes visited the planet in 1979. ‘Ulysses’ examined the Jupiter's 
magnetosphere in 1992 and also in 2000. The ‘Cassini’ probe approached in 2000 while in 2007, the spacecraft ‘New 
Horizons’ passed by Jupiter and made improved measurements though the ‘Galileo’ spacecraft was the only one to have 
entered an orbit around Jupiter, arriving in 1995 and studying the planet until 2003. ‘Galileo’ collected many 
information and was able to get evidence for thin atmospheres. It further discovered a magnetic field around 
Ganymede. In course of its approach to Jupiter, it witnessed the impact of the Comet Shoemaker–Levy 9. Future probes 
planned by NASA include the Juno spacecraft to enter into a polar orbit around Jupiter followed by Juice. Some distinct 
years for launching of different spacecrafts have shown in Figure 1. The asterisk (*) marked spacecrafts data have been 
utilized for the present study. 

 
Figure 1 Spacecrafts data used for the present investigation (marked by *) 

 
4. APPEARANCES AND DISAPPEARANCES 
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By the word “Life cycles” of the concerned spots we mean their appearances and disappearances as well as mutual 
interactions and interactions with the zonal jets. Making a comparison of the observed life cycles with those produced 
in numerical models [9]-[12] we may get a better understanding of the dynamics of Jupiter’s atmosphere.  
We may divide appearances into three types: (1) development of contrast in an otherwise featureless region, (2) 
development of a coherent structure in an otherwise turbulent region, (3) sudden appearance of a bright point followed 
by rapid expansion in size.  
In general, Type 1 takes place outside the CR’s while Types 2 and 3 take place within the CR’s. Type 2 often involves 
ejection of the spot from a CR but Type 3 describes rapidly growing and easily identified features that often have 
lightning in them [5], [6], [13]. In the analysis of the Cassini data Porco et al. referred to these as “convective storms” 
[14]. 
In Figure 2 we have illustrated the different types of appearances following reported results [15]. Figure 2(a) displays 
an example of a spot forming in a relatively calm area (Type 1). This is, in fact, most frequent form of appearance 
among the three types. The gradual appearance of the spot in the photograph is not due to the change in resolution. In 
the first two sub images we find that the embryo did not have elliptical shape and we observe much smaller scale 
features than the embryo itself. Figure 2(b), on the other hand, reveals a spot which emerged from the turbulence in a 
CR (Type 2). This is the second most frequent form of appearance while Figure 2(c) presents a very bright spot which 
grows rapidly (Type 3). This is the least frequent form of appearance and is probably a convective storm [16].  
 

 
 

Figure 2 Illustrating the different types of appearances of spots [14] 
In Figure 2a, 2b and 2c time increases from top to bottom. It may be noted that in Figure 2a that the time step between 
neighboring sub images is 10 days which indicates that the spot is developed very slowly. The time step for Figure 2b 
and 2c is 20 h. The range for every frame of Figure 2a is (12◦ N–23 ◦ N, 350◦ –17 ◦). The time of the first sub image (the 
top left) is Oct 5, 2000 and the large spot covers the center of the 17◦ N westward jet. In Figure 2b the spot is coming 
from a CR and the range for every frame is (42◦ N–54 ◦ N, 230◦ –267 ◦). The time of the first sub image in this figure is 
Nov 5, 2000. The spot is found to sit in an anticyclonic band. Figure 2c shows a fast-developing spot in a CR which is 
probably a convective storm [16]. In the figure, the range for every frame is (9◦ N–17 ◦ N, 8◦ –30◦). The time of the first 
sub image is Oct 29, 2000. The spot sits in a cyclonic band. 
We may also divide disappearances into three types: (1) disappearance for a merger between two spots, (2) destruction 
by the turbulence, usually in a CR, (3) gradual fading. Typical records of these three categories have been elaborately 
considered in the literature [15]. 



International Journal of Application or Innovation in Engineering & Management (IJAIEM) 
Web Site: www.ijaiem.org Email: editor@ijaiem.org, editorijaiem@gmail.com  

Volume 2, Issue 5, May 2013   ISSN 2319 - 4847 
 

Volume 2, Issue 5, May 2013 Page 15 
 

  
Figure 3(a) presents a small spot destroyed by a CR. The range for every frame is (46◦ N–57 ◦ N, 90◦ –117 ◦). The time 
of the first sub image shown in the display is Nov 25, 2000. The spot sits in an anticyclonic band and meets the left side 
of a turbulent structure in the CR. Figure 3(b), on the other hand, shows a spot that lost contrast and faded away. 
Occasionally, this case resembles that shown in Figure 3(a), absorption by turbulence. The range for every frame is (42◦ 
N–48 ◦ N, 310◦ –324 ◦). The time of the first sub image shown in the display is Nov 18, 2000. The spot covers the 
center of the 45◦ N eastward jet. 
 

 
 

Figure 3 (a) A small spot destroyed by a CR; (b) A spot that lost contrast and faded away [15] 
 

The sizes of different spots were taken into consideration and made a scatter plot of north–south (NS) and east–west 
(EW) diameters based on the brightness and lifetime [15]. In their study, long-lived spots were taken those which 
existed 70-day period and short-lived spots were those that both appeared and disappeared during the 70-day period. 
 
However, the GRS and white oval at −33◦ were not included in the list of long-lived spots. Figure 4 shows two different 
linear fits between the two diameters, assuming the uncertainties of measurement in major and minor diameters as the 
same [17]. In the figure the left-top panel is for bright short-lived spots and the left-bottom panel for dark short-lived 
spots. The right-top panel is concerned with the bright long-lived spots and the right-bottom for dark long-lived spots.  
 
Solid lines in the figure are one-parameter (slope) linear fitting from origin and the dashed lines are two-parameter 
(slope and intercept) linear fitting. The fitting lines from the origin suggest that long-lived spots and dark spots have 
smaller NS/EW ratios than short-lived spots and bright spots. The two-parameter fit provides a different result as it is 
more sensitive to spots having extreme low and high ratios than the fit from the origin. It appears from the figure that 
all the long-lived spots have major diameters larger than 2000 km while the short-lived spots have major diameters 
ranging from below 1000 to over 6000 km. No correlation between lifetime and size for the short-lived spots is found.  
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Figure 4 Scatter plots of the major and minor diameters of spots [17] 
 

5. DISTRIBUTION OF LIFETIMES 
The time between the appearance and disappearance of a spot is called as its lifetime. Figure 5 presents a histogram of 
lifetimes, constructed using the spots having a complete life history during Cassini’s 70-day observation window. The 
distribution of lifetimes of spots having complete life cycles during the 70-day period have been noted carefully in this 
analysis [15]. In the figure each point represents the average number of spots in a lifetime bin 1 day wide. The upper 
panel shows the probable convective storms while the lower panel is for all other spots. 

 

 
 

Figure 5 The distribution of lifetimes of spots having complete life cycles during the 70-day period; upper panel: 
probable convective storms, lower panel: all other spots [15] 

In Figure 5, the fitted curves show (70 − t)/70 nA p(t) dt , where dt = 1 day and p(t) = (1/τ ) exp(−t/τ ). For the value of 
nA we average the number of appearances and the number of disappearances, as the two are the same except for 
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statistical fluctuations. This shows nA = 29.5 for the upper panel and nA = 345 for the lower panel. One adjustable 
parameter is τ which is obtained after fitting as τ = 3.5 days for the probable convective storms and τ = 16.8 days for all 
other spots. They also compared the observed and expected values of nLL , nAO, nDO, and nAD for probable convective 
storms and for all other spots. There are more spots with long lifetimes than the exponential distribution would suggest 
and also the long-lived spots have different distributions with respect to latitude and size than the spots appear and 
disappear in the observation window of Cassini. 

Table 1: Number of appearances and disappearances [15] 
 

 Long-lived 
spots, lifetime 
> 70-days(nLL) 

Appear only, 
disappear later (nAO) 

disappear only, 
appeared earlier 

(nDO) 

appear and 
disappear in the 70-

day period (nAD) 
Probable convective 

storms (expected) 0 2 2 27 

Probable convective 
storms (observed) 0 3 0 28 

All other compact spots 
(expected) 1 82 82 263 

All other compact spots 
(observed) 35 123 89 239 

 
The expectation value for the total number of spots that appear and disappear in the window is 
 

 
nAD = nA     (70 − t)/70p(t) dt       (7) 

 
The expected number nAO of spots that only appear in the window and disappear later is nA − nAD. The expected number 
nDO of spots that only disappear in the window and appear earlier is also nA − nAD. Actual numbers will be dif-ferent 
because of statistical fluctuations. 
 
Information about lifetime t > 70 days is contained in the number nLL of long-lived spots that existed throughout the 
observation period. To be included in this number, a spot with lifetime t must appear no more than (t − 70) days before 
the start of the Cassini observation window. Thus if nAp(t) dt is the average number of spots appearing in a 70 day 
window with lifetimes in the range (t, t + dt), then (t − 70)/70nAp(t) dt  is the number that exist ∞ throughout the 
observation period. The integral is the expectation value of nLL: 
 
nLL = nA  dt        (8)      

 
6. RELATION TO ZONAL WINDS OF JUPITER 

A considerable amount of has been done on zonal winds of Jupiter, based on the data sets of Voyager, Galileo, and HST 
[9], [18], [19], [20]. These analyses support the idea that the zonal wind profile at the cloud level has remained 
basically same except some minor variations in jet shape and speed which implies that the global circulation of Jupiter 
is stable in spite of turbulence and convection in the atmosphere. 

Figure 7 reveals that the wind profile obtained from Cassini by using the feature tracking method is in good agreement 
with the wind profile obtained by the correlation method [14]. The correlation coefficient between the two profiles from 
78 ◦ S to 83◦ N is found to be 0.9257. Porco et al. investigated changes in the jets from the Voyager time to the Cassini 
time and made a discussion of the accuracy of data from different sources (Voyager, HST and Cassini) [14]. Using the 
data of Voyager, Ingersoll et al. and Limaye explained the curvature of the westward jets and the jets’ stability 
following the barotropic stability criterion [2], [9], [18]. This work is based on additional data including Voyager, HST 
and Cassini. Out of the three the Voyager data [17] were taken in 1979, the HST data [20] were taken from 1995 to 
2000 and the Cassini data were taken in 2000.  
 
Figure 7 shows clearly the zonal wind profile as obtained from Cassini by two different methods. Both wind profiles in 
the figure use planetographic latitudes. In the left hand side figure, each point is a single feature and the solid line is 
the average of the points in a 1◦ bin while in the right hand side figure the two lines are from feature tracking and 
correlation method from Porco et al. [14]. 
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Figure 7 The zonal wind profile as obtained from Cassini by applying two different methods; left figure: each point is a 

single feature and the solid line is the average of the points in a 1◦ bin, right figure: the two lines are from feature 
tracking and correlation method [14] 

 
Figure 8 shows a comparison between the latitude distribution of spots and the zonal wind profile. The left panel 
considers the number of all spots per degree of latitude with a scaling factor 4 (light line) along with the zonal wind 
profile as determined by the feature tracking method (heavy line) while the right panel represents the same as the left 
panel except for long-lived spots and also with a scaling factor 20. Figure 9 shows the relative velocity i.e., the 
difference between the zonal velocity of the spot and that of the mean flow vs mean zonal velocity wherein the mean 
zonal velocity is taken from Cassini [14]. The top panel in the figure is for all spots while the bottom panel is for long-
lived spots. In the scattered plot each dot represents a spot.  

 
 

Figure 8 Comparison between the latitude distribution of spots and the zonal wind profile [14] 
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Figure 9 Relative velocity vs mean zonal velocity; top panel: all spots, bottom panel: long-lived spots [14] 
 
Figure 10 shows nine large spots absorbed by the GRS during the 70-day period. In this figure, every sub image 
records a different large spot that was absorbed by the GRS from the east at a different time. The range for every frame 
is (10◦ S–28 ◦ S, 130◦ –185 ◦). This photograph shown here is presented, however, not maintaining a time sequence.  
 

 
 

Figure 10 Nine large spots absorbed by the GRS during the 70-day period [15] 
 

7. WIND FIELDS IN THE GRS AND THE LRS 
 
It has shown [8] that with a peak velocity of 172 m s−1, the maximum Rossby number along the major axis is Ro = 
0.41which is higher than that found for Oval BC from Voyager data [7].The corresponding relative vorticity along the 
major axis at the maximum velocity contour has increased by ∼16% (Table 2). A comparable analysis of Galileo 
velocity vectors for the GRS reveals a slightly lower maximum Rossby number, though the relative vorticity along the 
semi-minor axis has increased threefold from Voyager to Galileo. The GRS also is found to increase in maximum 
tangential velocity to 170 ± 12 m s−1 and to decrease in longitudinal extent [22]-[24]. Wind fields in the GRS and the 
LRS are presented in Table 2. 
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Table 2: Wind Fields in the GRS and the LRS [8] 
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                                                 GRS 
Voyager, 

1979 110±12 10.
5 4.85 0.887 0.40 5.4 0.5 59.8 

Galileo, 
2000 170±12 8.1

7 5.83 0.700 0.30 4.1 1.5 75.3 

LRS/Oval BC 
Voyager, 

1979 120±5 4.8
9 2.93 0.801 0.36 6.8 1.5 29.9 

Galileo, 
1997 120±20 3.8

0 2.92 0.640 0.28 5.3 2.4 25.4 

New 
Horizons, 

2007 
172±18 3.9

3 2.92 0.669 0.41 7.9 3.2 37.2 

 
a Dimensions of the maximum velocity contour, b Calculated at the maximum velocity contour along the semi-major 
axis,  
c Calculated at the maximum velocity contour along the semi-minor axis, d Calculated on the maximum velocity 
contour.  

 
The LRS in Jupiter’s atmosphere was investigated in d detail by the ‘New Horizons’ spacecraft together with the 
Hubble Space Telescope (HST) and the Very Large Telescope (VLT). The LRS and the larger Great Red Spot (GRS) of 
Jupiter are the two largest known atmospheric storms in the solar system [16]. Initially a white oval, the LRS formed 
from the mergers of three smaller storms in 1998 and 2000, became as red as the GRS between 2005 and 2006. 
Presently the maximum tangential velocity of the LRS is 172 ± 18 m s−1, nearer to the highest values ever seen in the 
GRS. Figure 11 reveals a multi-wavelength comparison of the LRS (top) and GRS (bottom). Images in the figure are 
not to scale and all wavelengths are listed in microns. The 0.26, 0.41 and 0.89 µm images are obtained from HST, 
acquired on February 26, 2007. The 8.59 and 10.77 µm images were acquired on February 28, 2007 (LRS) and March 
1, 2007 (GRS) at the VLT. The 0.26 µm filter is very sensitive to stratosphere haze while 0.41 µm to troposphere 
clouds and haze color and 0.89 µm to upper troposphere cloud and haze opacity. The 8.59 µm is appropriate to 
troposphere cloud opacity and temperature and 10.77 µm to troposphere temperature and ammonia gas. The black 
arrow in the figure marks a small oval southeast of the LRS. It may be noted that the southern portion of the GRS is 
brighter at 8.59 and 10.77 µm. 

 

 
 

Figure 11 A multi-wavelength comparison of the LRS (top) and GRS (bottom) [8] 
 
The temperatures derived from these thermal images reveal that the LRS (Figure 12) has a cold central region which is 
similar to the GRS [23]. Figure 12 (a) shows visible image from ‘New Horizons’. Temperature maps on constant 
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pressure surfaces at 400 mbar (b), 300 mbar (c), and 200 mbar (d) from inversion of images of Jupiter’s thermal 
radiances taken through ∼1 µm wide filters centered at 13.04, 17.65, 18.72, and 19.50 µm are primarily sensitive to 
temperatures in the 200–400 mbar pressure range. In this case, the spatial resolution is equivalent to 1.5◦ in longitude 
and 1.8◦ in latitude. The LRS and small oval are cold anticyclones while a warm, cyclonic region is observed south of 
the LRS. 
 

 
 

Figure 12 A multi-wavelength comparison of the LRS (top) and GRS (bottom) [23] 
 

8. INTERACTION WITH THE GRS 
As the largest anticyclone of the Jovian atmosphere, the GRS has existed for at least 100 years and probably for over 
300 years [25]. Smith et al. [26] and Mac Low and Ingersoll [6] recorded that the GRS absorbed smaller anticyclones, 
which suggests that the GRS maintains itself in this way [9], [13]. Their result is derived from Voyager observations, 
when the SEB was in one of its disturbed phases [27]. In course of the Cassini encounter, the SEB was also in a 
disturbed phase, as it was during the Pioneer 10 encounter in 1973. Table 3 shows the nine spots absorbed by the GRS 
and their associated particulars. 

 
Table 3: Nine spots absorbed by the GRS [27] 

 

No. Time of 
absorbing 

Long 
diameter(km) 

 

Short 
diameter(km)

 
Vorticity 

1 Oct 14 00:57 3513 1466 Anticyclone 
2 Oct 18 14:37 5387 2053 Anticyclone 
3 Nov 08 17:33 6675 2443 Unknown 
4 Nov 12 14:37 5738 2443 Anticyclone 
5 Nov 17 01:10 3513 1662 Anticyclone 
6 Nov 17 21:02 2576 1173 Anticyclone 
7 Nov 28 16:19 2928 1759 Unknown 
8 Dec 02 20:02 3748 1759 Anticyclone 
9 Dec 09 11:42 5270 2150 Anticyclone 
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During the 70-day period, nine large spots (major diameter more than 2000 km) that were absorbed by the GRS from 
the east were identified. The large spots absorbed by the GRS originate from the CR’s in the SEB west of the GRS. 
They are entrained into the westward jet to the south of the SEB and encounter the GRS from the east.  
Figure 12 shows a time history of spots originating from the chaotic regions in the SEB west of the GRS. Lightning 
observations [5] reveal that moist convection associated with convective storms is highly active in the SEB west of the 
GRS. The figure further shows two other probable convective storms appearing in the same chaotic regions in the SEB. 
Nevertheless, these observations support the idea that the chaotic regions in the SEB, probable convective storms, and 
the westward jet compose a system which supports the GRS [5], [13]. In this system, convective storms in the SEB get 
energy from the interior of Jupiter owing to moist convection and deliver energy to the compact spots that will be 
absorbed by the GRS. 
 

9. CONCLUSIONS 
In this survey, we have considered properties of over 500 spots during a 70-day period from the continuum band 
images of Cassini. The relation between the spots and mean zonal wind profile and interactions between spots and the 
GRS provide valuable information regarding their characteristics. The appearance and disappearance of spots 
maintained a balance during the period and it appears that the CR’s are an important source and sink for spots. From 
the analysis it is further seen that the exponential functions provide a good fit to the distribution of lifetimes, with time 
constants of 3.5 days for probable convective storms and 16.8 days for all other spots [28]. It may be pointed out that 
the wind profile from feature tracking is in good agreement with the one from the correlation method. The wind profile 
shows that the number of westward jets violating the barotropic stability criterion is nearly the same during Cassini 
time as during Voyager and HST times. Further, it is interesting to note that long-lived spots are concentrated in 
anticyclonic bands which are consistent with numerical models [29], [30]. 
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