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Table S1. Images used in this analysis 

    
n01a JIR_IMG_RDR_2017033T114006_V02 n03a JIR_IMG_RDR_2017033T115620_V02 
n01b JIR_IMG_RDR_2017033T114036_V02 n03b JIR_IMG_RDR_2017033T115650_V02 
n01c JIR_IMG_RDR_2017033T114107_V02 n03c JIR_IMG_RDR_2017033T115721_V02 
n01d JIR_IMG_RDR_2017033T114137_V02 n03d JIR_IMG_RDR_2017033T115751_V02 
n01e JIR_IMG_RDR_2017033T114208_V02 n03e JIR_IMG_RDR_2017033T115822_V02 
n01f JIR_IMG_RDR_2017033T114238_V02 n03f JIR_IMG_RDR_2017033T115852_V02 
n01g JIR_IMG_RDR_2017033T114309_V02 n03g JIR_IMG_RDR_2017033T115923_V02 
n01h JIR_IMG_RDR_2017033T114339_V02 n03h JIR_IMG_RDR_2017033T115953_V02 
n01i JIR_IMG_RDR_2017033T114410_V02 n03i JIR_IMG_RDR_2017033T120024_V02 
n01j JIR_IMG_RDR_2017033T114440_V02 n03j JIR_IMG_RDR_2017033T120054_V02 
n01k JIR_IMG_RDR_2017033T114511_V02 n03k JIR_IMG_RDR_2017033T120125_V02 
n01l JIR_IMG_RDR_2017033T114541_V02 n03l JIR_IMG_RDR_2017033T120155_V02 

    
    
n02a JIR_IMG_RDR_2017033T114813_V02 n04a JIR_IMG_RDR_2017033T120426_V02 
n02b JIR_IMG_RDR_2017033T114843_V02 n04b JIR_IMG_RDR_2017033T120457_V02 
n02c JIR_IMG_RDR_2017033T114914_V02 n04c JIR_IMG_RDR_2017033T120527_V02 
n02d JIR_IMG_RDR_2017033T114944_V02 n04d JIR_IMG_RDR_2017033T120558_V02 
n02e JIR_IMG_RDR_2017033T115015_V02 n04e JIR_IMG_RDR_2017033T120628_V02 
n02f JIR_IMG_RDR_2017033T115045_V02 n04f JIR_IMG_RDR_2017033T120659_V02 
n02g JIR_IMG_RDR_2017033T115116_V02 n04g JIR_IMG_RDR_2017033T120730_V02 
n02h JIR_IMG_RDR_2017033T115146_V02 n04h JIR_IMG_RDR_2017033T120800_V02 
n02i JIR_IMG_RDR_2017033T115217_V02 n04i JIR_IMG_RDR_2017033T120831_V02 
n02j JIR_IMG_RDR_2017033T115247_V02 n04j JIR_IMG_RDR_2017033T120901_V02 
n02k JIR_IMG_RDR_2017033T115318_V02 n04k JIR_IMG_RDR_2017033T120932_V02 
n02l JIR_IMG_RDR_2017033T115348_V02 n04l JIR_IMG_RDR_2017033T121002_V02 

    
    

 



During the PJ4 orbit, JIRAM performed a series of overlapping observations of the poles 
of Jupiter in the hours bracketing perijove.  Four sequences, which we have called n01, n02, n03, 
and n04, of 12 images each, which we have labeled with the letters a through l,  were used to 
make two maps of velocity. Each sequence was taken 8 minutes after the one before, so a total of 
48 images were used. The first velocity map was made from sequences 1 and 3, and we called it 
n0103. The second velocity map was made from sequences 2 and 4, and we called it n0204. The 
two velocity maps were made with different data in order to test the reality of the features that 
were seen. In this paper we consider only the north polar sequences because they provided better 
overlap among the images and shorter intervals between images than at the south pole. 

 We retrieved the images from a NASA PDS server.  Because the centerpiece software tool 
that we planned to use in our study is Tracker3, a VICAR program, the first step of processing 
was to import the images from the file format provided by the PDS server into VICAR file 
format [Program 1: “jir2vic”].  The filenames of images supplied by the PDS server are unique 
and informative as they include the exact date and time of the observation, but they are 
cumbersome to use in program scripts and to discuss with colleagues.  Our table of observations 
[Table 1] shows the archival filenames and our working names for the 48 images that we used. 

 Thus measurements of feature displacement between the second image (letter b) of the first 
and third sequences (n01 and n03) would be n0103bb, a combination of n01b and n03b (n for 
north).  Images in one series of twelve overlapped with at most three images of other series, e.g., 
n0103aa, n0103ab, n0103bb, n0103ba all contributed to the mosaic which we called n0103. 
Images that were more than one step different in their respective series were disjoint - having no 
elements in common - so there are no n0103bd, n0103be, etc., files. 

 Using the latitude and longitude on Jupiter at the center of each pixel in the detector, we 
produced polar orthographic projected maps.  That projection entails minimal distortion near the 
pole, especially on an oblate spheroidal planet.  We explored various map pixel scales and 
parameters to control Tracker3 feature correlation parameters and found that a scale of 15 
km/pixel, a correlation box of 15 x 15 pixels, and a correlation search width of 35 pixels 
produced the best results. We performed the search every 3 pixels and thereby obtained estimates 
of velocity on a 45 x 45 km grid. 

 Seams and gaps between adjacent images in a sequence, e.g., between n03c and n03d, 
produced small discontinuities in the velocity maps, and we did not attempt to remove them. 
Software exists to build pleasing mosaics that have no seams, but it works by pulling and 
stretching the adjacent images in unknown ways. We felt it was better to measure the winds as 
well as we could, where we could, and leave the seams where they first appeared. 

 With velocity vectors on the 45 x 45 km grid, we used Stokes’ theorem and Gauss’ law to 
estimate vorticity and divergence. Let the 45 km grid spacing be d, and consider a 9-point 
square, 2d on a side, numbered as follows: 

 

  



     1 2 3 

     4 5 6 

     7 8 9 

Let uN and vN be the velocity components to the right and to the top, respectively, at point N. 
Then the vorticity and divergence at point 5 are  

 Vorticity: (u7+u8+u9+v9+v6+v3-u3-u2-u1-v1-v4-v7)/(6d) 

 Divergence: (v1+v2+v3+u3+u6+u9-v9-v8-v7-u7-u4-u1)/(6d).  

By giving equal weight to the middle points 2,4,6,8 and the corner points 1,3,5,9, we are 
assuming horizontally uniform vorticity and divergence, and uncorrelated equal measurement 
errors of all components of velocity at all locations. The variance of both vorticity and 
divergence is the sum of squares of the 12 terms in the sum: 

 12𝜎!/(6d)2 , and the standard deviation is 𝜎/(𝑑√3).  

Here 𝜎 is the standard deviation of a measurement of one component of velocity. A conservative 
estimate is the 10-km spatial resolution of the JIRAM images divided by the 16 minute time 
interval. That estimate ignores the statistical gain from averaging over a 225 x 225 km 
correlation box. It also ignores the granularity of the image, which decreases the uncertainty. 
Nevertheless, taking 10 km divided by 16 minutes for 𝜎 and 45 km for d gives, as a conservative 
estimate, 13 x 10-5 s-1 for the standard deviation of both vorticity and divergence. 

 Granularity and statistical averaging have large uncertainties, and a visual approach is 
useful. The PowerPoint file fig_s1_polar_vortex_blink allows one to toggle back and forth 
(blink) between the two vorticity maps (slides 1and 2) and the two divergence maps (slides 3 and 
4). The maps are 8 minutes apart, and one clearly sees small features in the vorticity map 
circulating counterclockwise at 80 m s-1 around the large cyclones and clockwise around the 
large anticyclone at somewhat lower speed. A time step of 1 s or less is most useful for blinking. 
Here one is using vorticity itself as a tracer of the motion, and one observes features moving at 
speeds several times lower than 80 m s-1. While not moving as fast, other features are useful 
because they are captured in both maps even though the maps are based on entirely separate data. 

  

 Figures. 

Figure S1. fig_s1_polar_vortex_blink is a PowerPoint file that allows the user to shift 
back and forth (blink) between the n0103 maps and the n0204 maps. These are the same maps 
that appear in Figure 2 of the main body of the paper. Slides 1 and 2 show the vorticity maps and 
slides 3 and 4 show the divergence maps. A time step for blinking of 1 s or less is most useful. 
The 80 m s-1 winds around the large cyclones are clearly visible, particularly in the vorticity 
maps. The wind field is the same for divergence, but the contrast is less and perhaps the features 
are changing shape over the 8 minute time interval between the images.  



Figure S2. fig_s2_entropy_masks_removed is a PowerPoint file that shows two different 
versions of Figures 2 and 3 of the main body of the paper, one with and the other without the use 
of Shannon’s entropy to filter out low-contrast regions. Slide 1 shows the vorticity and 
divergence maps with the entropy filter applied, and slide 2 shows them without it. Slides 3 and 
4 show the same for the histograms of vorticity and divergence. Thus slides 1 and 3 are the same 
as Figures 2 and 3 of the main paper.  Note that the histograms of the unfiltered data are slightly 
wider than those of the filtered data. Slide 5 shows the histograms of the entropy itself, for the 
two measurements of the wind field n0103 and n0204. The vertcal lines show the threshold 
below which the filter was applied. 

 

Data Files. 

data_s3_mapped_brightness.tar.gz  is a compressed tar file which contains the 48 
brightness observations after map projection and conversion to the VICAR file format. 

 

data_s4_velocity_vectors.tar.gz  is a compressed tar file which contains the velocity 
vectors (tiepoints) that the VICAR program Tracker3 generated by matching features in pairs of 
images. 

The origin of each vector in sample and line pixel coordinates and the velocity components 
in [km/second] are tabulated in these VICAR-format files. 

 

data_s5_figure_2_data.tar.gz  is a compressed tar file which contains the data files that 
we used to produce Figure 2.  There are three directories of data files: vorticity, divergence and 
entropy maps.  Each directory has one file for n0103 and one for n0204. 

The files are stored in a FITS-like format.  The detached label information for each file is 
named *.hdr and describes the data type of the pixels, the number, and the extent of each 
dimension of the data array.  The data files are named *.img and contain only pixels.  All the 
pixels in these files are REAL*4. 

 

  


