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Introduction:  Martian polar ice may hold keys to 

understanding Mars’ past climate. It is well known that 
Mars has extensive polar ice caps which combined 
contain a similar volume of ice as Greenland. Included 
in Mars’ large polar caps are the north and south polar 
layered deposits (NPLD and SPLD, respectively), that 
are composed of kilometers-thick deposits of water ice. 
The PLDs have been built up over time as layers of 
water ice with variable dust content were emplaced at 
the poles, and serve as a record of the climate at the time 
they were deposited. 

Previous studies [1–3] have used Fourier transform 
analysis on the brightness and/or protrusion of exposed 
NPLD layers, and found dominant wavelengths in the 
layers that may represent climate variations due to 
Milankovitch-like orbital forcing. However, brightness 
and protrusion can only be calculated at exposures, 
rather than directly observed throughout the interior of 
the NPLD. We adopt similar methods to quantify 
whether there is a dominant wavelength in the 
SHARAD radargrams of the NPLD ice, which can look 
at the full depth of the NPLD and inform paleoclimate 
analysis. 

Methods: We use radar observations from the 
SHARAD (Shallow Radar) sounding radar onboard 
NASA’s Mars Reconnaissance Orbiter (MRO) to 
examine the subsurface radar stratigraphy of ice 
throughout the NPLD. SHARAD’s horizontal 
resolution is 3–6 km cross-track and 0.3–1 km along-
track, and its vertical resolution is 15𝜀!

"#/% through a 
material with a real component of the dielectric constant 
𝜀!, which for water ice (𝜀! 	= 	3.15) results in a vertical 
resolution of approximately 8.45 m [4]. As the 
transmitted signal penetrates into the subsurface, echoes 
may be reflected by dielectric contrasts between 
materials. 
     SHARAD observations are displayed as radargrams, 
which map returned power at a given time delay 
(vertical axis) and position along the spacecraft’s orbital 
track (horizontal axis). Subsurface reflectors are present 
where the dielectric constant of the material changes, 
which we interpret to be a change in the composition of 
the ice, likely a result of variable dust content. It has 
been proposed that these reflectors are caused by a 
single layer [e.g., 5] or packets of multiple thin layers of 
dust-enriched ice [e.g., 6].  
     At each of the 34 selected locations (Fig. 1), we 
constructed a depth profile of the returned radar power, 
with depth on the horizontal axis and power on the 

vertical axis (Fig. 2). To convert the depth axis from 
time-delay to meters, we assume a dielectric constant of 
3.15, equal to that of water ice. Each depth profile was 
trimmed to only include the signal returned from within 
the NPLD ice, so we excluded the parts of the signal 
representative of the atmosphere, the NPLD basal unit, 
and the surface return. We exclude the surface return 
because unlike subsurface reflectors, which we interpret 
to represent changes in the composition of the ice, the 
surface return represents a much larger material change 
(atmosphere to ice) that should not be compared with 
the other, smaller material contrasts.  

To analyze the periodicities within these depth 
profiles, we used Fourier transforms to produce 
wavelength spectra. As a null hypothesis, we considered 
that the spectral structure is consistent with red noise, a 
type of noise that can appear in climate records and is 
unrelated to orbital forcing [e.g., 2]. To test our 
hypothesis, we constructed 20,000 synthetic depth 
profiles around the same best-fit skewed gaussian line, 
with the same mean, standard deviation, and lag-1 
autocorrelation as the real depth profile. 

Preliminary Results: In radargrams from 17 out of 
34 locations, we observe a wavelength in the Fourier 
power spectrum of the real radar depth profile that was 
stronger than 95% of the randomly generated red noise 
profiles at that wavelength. This dominant wavelength 
appeared between 25 and 50 meters, with a cluster 
around 40 meters which may be attributed to variability 
of the dielectric constant of the material through the 
NPLD, rather than being uniform as we assumed in the 
depth correction.  
     It has been previously argued that it is a ratio 
between two different dominant wavelengths that match 
the ratio of two orbital periodicities that is required for 
a confident detection of orbital forcing in Martian ice 
[2]. This ratio would be 2.4 if the two controlling orbital 
cycles are obliquity variations and orbital precession, as 
is often hypothesized [e.g., 3]. Because the vertical 
resolution of SHARAD is ~8 m, we are unlikely to see 
a significant wavelength shorter than the ~40 m 
wavelength we observed. It may also be difficult to 
detect enough layers for a significant detection of a 
wavelength 2.4 times larger than the wavelength we 
detected. However, for 7 of our locations, we were able 
to detect a second, longer wavelength stronger than 95% 
of the noise. Of the locations that have two dominant 
wavelengths, the average ratio is 2.2, but more 
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investigation is required to determine if this could be a 
significant detection of orbital forcing. 

Future Work: To combat the uncertainties and 
heterogeneities in the dielectric constant throughout the 
NPLD, we intend to apply a tuning procedure called 
dynamic time warping [7] to quantify the stratigraphic 
similarity of the radar depth profiles in different 
locations across the NPLD. The application of dynamic 
time warping to paleoclimate records has been 
successful on both Earth and Mars. 

Other authors [8] proposed that the NPLD is 
stratigraphically similar to the ice deposit in nearby 
Korolev crater. Korolev crater is well-covered with 
SHARAD observations, and exhibits clearly-defined 
layer packets in the radar data. We will quantify this 

stratigraphic similarity using the dynamic time warping 
method. This stratigraphic similarity, if significant, 
could have implications for the relationship between the 
deposition of Korolev, the NPLD, and perhaps the other 
ice deposits located in craters near the NPLD [9, 10].  
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Figure 1: Locations of the 34 radar profiles 
used for analysis, shown over MOLA/HRSC 
colorized relief.  

Figure 2: On the left, the depth profile extracted from the SHARAD radargram at location 6, with data in red and 
best-fit skewed gaussian in blue. The center plot shows one of the 20,000 synthetic depth profiles created to test the 
significance of the power spectrum. On the right is the spectral power as a function of wavelength for the depth 
profile at location 6. Average spectral power from the 20,000 synthetic depth profiles, which follows a lag-1 red 
noise process, is shown by the red solid line. The 95% confidence level, also from the 20,000 synthetic profiles, is 
shown by the dashed red line. In this case, spectral power exceeds the 95% confidence level at a wavelength of 41 
meters. 
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