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      Introduction: Wind ripple orientations were meas-

ured at forty locations widely distributed around Mars 

(Fig. 1).  Ripples are ubiquitous on martian sand dunes, 

but here dunes with large slip faces were intentionally 

avoided. The goal was to use wind ripples as local indi-

cators of surface winds [1, 2], with the caveat that steep 

slopes on dunes can induce secondary flow [3] or alter 

ripple direction through gravity-driven reorientation [4].  

Here we present a first assessment of ripple orientations 

at the forty sites.  

 

 
Figure 1:  Locations of 40 study sites, color-coded by 

histogram type, on a shaded relief MOLA base image. 

 

      Methodology: Ripple orientation was measured on 

HiRISE images chosen to show ripples on small dunes 

lacking prominent slip faces [5].  A line was drawn per-

pendicular to adjacent ripple crests, avoiding areas with 

superposed multiple patterns [5, 6]; drawn lines are re-

producible to <2°.  Line orientation was obtained from 

map-projected images using JMARS (first 7 sites) or 

ArcGIS (remaining sites).  Orientations are all 0° to 

180° clockwise from north (due to ambiguity of ripple 

migration direction).  Statistics were obtained using 

functions in Excel.  CTX images were used to derive 

regional maps of each site [7]. 

      Results: An initial analysis of the first seven sites 

revealed three orientation histogram types [8], a pattern 

maintained through all forty sites (Table 1, column 3). 

Twenty one sites (53%) show a clear unimodal pattern 

(Fig. 2), fifteen sites (37%) have a bimodal pattern (Fig. 

3), and four sites (10%) have a non-systematic, nearly 

random pattern (Fig. 4). 

      The first four statistical moments of a distribution 

provide a method for comparison: mean (column 4), the 

first moment, is the average; standard deviation (column 

7) is the square root of variance (the second moment);  

 
Table 1.  Site names and statistics parameters (see text). 

 

skewness, the third moment (column 8), is the degree of 

asymmetry around the mean; and kurtosis, the fourth 

moment (column 9), gives the ‘peakedness’ or ‘flatness’ 

relative to a Gaussian distribution (K=3) [9].  Median 

(column 4) is the value for which larger and smaller val-

ues are equally probable, and mode (column 5) is the 

value where the distribution is a maximum [9].  Both 
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Figure 2.  Unimodal ripple orientation histogram for 

site 7 in Arabia Terra. 

 

 
Figure 3.  Bimodal ripple orientation histogram for site 

5 in Aonia Terra. 

 

 
Figure 4.  Non-systematic (essentially random) ripple 

orientation histogram for site 3 in Nili Patera. 

 

the median and mode are useful in comparison to the 

mean.  Bimodal distributions clearly have two modes 

(Fig. 3), and although a mode is determined for the four 

‘other’ histograms, in these cases it represents a local 

maximum that may not have much relevance to the dis-

tribution pattern as a whole (Fig. 4). 

      Unimodal distributions with a relatively small 

standard deviation (<20) tend to have similar mean, me-

dian and mode (e.g., Table 1, sites 2, 7, 24).  Not sur-

prisingly, bimodal distributions generally have the larg-

est standard deviation values.  Negative skewness indi-

cates the distri-bution is asymmetric toward values 

smaller than the mean (sites 1, 18, 33), while positive 

skewness indicates asymmetry toward values larger 

than the mean (Table 1, sites 4, 29, 37).  Kurtosis <3 

indicates a flattened peak (Table 1, sites 1, 10, 25) while 

K>3 are more sharply peaked (Table 1, sites 7, 17, 39), 

relative to a normal distribution.  There is no obvious 

correlation between histogram type and location on 

Mars (Fig. 1), except that the four random (‘other’) dis-

tributions tend to occur at relatively high elevations.  In-

terpretation of the recently obtained statistics results 

continues as part of an on-going effort. 

      Regional mapping of each study site using CTX im-

ages [7] continues, providing useful context for inter-

preting the ripple orientation data, as well as an inde-

pendent indication of the formative wind direction 

based on the dominant type of sand dunes found around 

each study site. 

      Synthesis of all of these data should result in a 

global ‘snapshot’ of surface wind flow patterns.  A com-

prehensive manuscript describing all of the results 

should be submitted by early spring 2018.  We are con-

fident that the results will prove to be useful for under-

standing wind flow over individual sand dunes, wind 

flow within fields of sand dunes, and provide a glimpse 

of wind flow at settings widely distributed around Mars. 
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