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Introduction:  Since before the arrival of the Mars 

Reconnaissance Orbiter (MRO) at Mars, a relationship 
has been assumed between exposed stratigraphy 
observed at the north polar layered deposits (NPLD) and 
radar stratigraphy of the NPLD [e.g., 1]. Shallow Radar 
(SHARAD) data has since shown a multitude of radar 
reflectors, an intricate radar stratigraphy, and a history 
dominated by cycles of accumulation and removal [e.g., 
2, 3]. The HiRISE investigation has also revealed that 
layering present in the NPLD is on the scale of a few 
tens of centimeters [4], far below the theoretical range 
resolution of SHARAD in ice (~8.5 m). This disparity 
has been a substantial impediment to understanding 
what generates individual SHARAD reflections in the 
NPLD. 

We are presenting a new approach in examining a 
possible correlation between SHARAD reflections and 
the observed layering in HiRISE data (Becerra et al., 
2018 LPSC, abs# 1888), including a review of past work 
by other investigators [5, 6]. In examining such possible 
correlation, however, it is necessary to assess how the 
radar response of the subsurface varies at sites where 
stratigraphy has been derived from HiRISE data. Here 
we show how we are characterizing the SHARAD data 
to be used for stratigraphic correlation. 

Data Properties: The SHARAD signal consists of 
86-µs radar pulses that span from 15 to 25 MHz as 
linearly modulated up-chirps. The instrument acquires 
data in frequency domain, where one sounding of the 
subsurface corresponds to one transmitted pulse. Pulses 
are transmitted with a repetition frequency of ~700 Hz, 
but soundings are pre-summed (incoherently added) on 
board to reduce downlink data volume. With the 
spacecraft orbital speed of ~3400 m/s and a nominal 
pre-sum level of 8 for NPLD data, this comes out at a 
sounding every ~40 m along track. Most of the surface 
response to the SHARAD signal lies within the first 
Fresnel zone, which corresponds to 3 to 6-km around 
the sub-spacecraft point. Synthetic aperture processing 
improves along-track spatial resolution to 0.3 to 1 km, 
while cross-track resolution remains 3-6 km. 

Range resolution is inversely proportional to signal 
frequency bandwidth, and it corresponds to 15 m for 
SHARAD. In dielectric media with relative dielectric 
constant e, this resolution is changed by  1 ε. For ice, 
e = 3.12, the theoretical resolution of SHARAD in the 
NPLD is 8.5 m. If some layers in the NPLD are 
dominated by dust with a relatively high dielectric 
constant of 8, then the theoretical SHARAD range 
resolution for that medium may be as small as 5.3 m. In 

both cases, range resolution still exceeds the thickness 
of observed layers on the NPLD by more than one order 
of magnitude, and a single subsurface SHARAD 
reflector may correspond to a packet of different 
dielectric layers instead of a single interface. 

Processing the signal of SHARAD to generate 
time/depth domain radargrams nominally involves the 
application of weighting to the SHARAD chirp to 
reduce side lobes, which arise from the pulse-
compression technique and may be misinterpreted as 
shallow subsurface reflectors. The cost for reducing side 
lobes in this manner is to broaden the main-lobe or 
reflection peak. In the case of Hanning function, 
broadening at -6 dB is by a factor of 2, worsening the 
nominal SHARAD NPLD resolution from 8.5 to 17 m.  

Analysis:  We have thus far analyzed SHARAD 
data immediately adjacent to two stratigraphic locations 
from [7]: N0 (87.11°N, 93.52°E) and N11 (86.21°N, 
46.04°E). Our goal is to investigate the variability, if 
any, of the observed radar stratigraphy to constrain input 
to correlation studies with HiRISE-derived stratigraphy. 
The walls of NPLD troughs are difficult to observe with 
SHARAD because they produce off-nadir surface 
clutter that overprints subsurface reflections, and their 
sloping surfaces reduce the power of the observed nadir 
reflections. For this reason, we selected soundings that 
are just upslope of [7]’s profiles and lie within a 3-km 
wide circular area, comparable to the first Fresnel zone 
for SHARAD (Fig. 1). Because the slopes of reflectors 
and layers on the NPLD are very low (<<1°), this 
displacement of a few km should, assumedly, have an 
undetectable effect on our results. 

 
Fig. 1 – Map showing the location of the N0 
stratigraphic location of [7] (black line) on HiRISE and 
MOLA DEMs (colored background; purple=-2900 km, 
pink = -2300 m). Location of the 3-km wide SHARAD 
ROI, centered at (87.1712°N, 94.2381°E), is shown by 
SHARAD track segments (white lines). 
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We normalized reflection power to the strongest 
surface reflection in all of the soundings within the ROI. 
We implemented an algorithm that detects the first 
arrival and assumes it to be the surface reflection. This 
is an adequate assumption due to the low slopes and lack 
of surface clutter away from the troughs, and we have 
tested it by examining the clutter models of [8]. As 
shown in Fig. 2, detectable variation of surface 
reflection power is present. A number of different 
factors may be causing this variation, such as spacecraft 
attitude and configuration, solar zenith angle and 
ionospheric distortion. Although SHARAD is not 
radiometrically calibrated and subsurface reflection 
power can be normalized with respect to surface 
reflection power on a sounding by sounding basis, 
variations in surface reflection power may be used as 
way of controlling radargram quality; radargrams 
showing large variations in surface response were culled 
out from our determination of average ROI response.  

 
Fig. 2 – SHARAD soundings found in the 3-km circular 
ROI in Fig. 1. Color corresponds to the interpolated 
values of surface reflection normalized power seen by 
SHARAD. Large discontinuity in power near the 10-
o’clock position is due to a bad surface reflection pick. 

 
The subsurface response to the SHARAD signal also 

shows noticeable variations within the ROI, not only 
along a single SHARAD radargram, but across different 
radargrams. Radar-stratigraphy is most stable within the 
first 1 µs (85 m), not only in terms of reflector power 
but also in reflection time/depth (Fig. 3). For the N0 
location, for example, there are 5 reflectors in this time 
window, and they are nearly entirely parallel to the 
surface. In some of the radargrams, however, these 5 
reflectors shift, and reflection peaks merge and change 
in power (Fig. 3, right-most panel). There may be two 
reasons behind these changes: i) layers locally change 
in depth, thickness or permittivity, or ii) poor 

ionospheric correction does not account for all phase 
distortion and defocuses the reflection [e.g., 9]. To 
address the latter, we cull observation with day-time 
solar zenith angle (SZA) values from our determination 
of average ROI response. 

 
Fig. 3 – Three different SHARAD responses within N0 
ROI of Fig. 1. Gray curves correspond to all soundings 
of a given radargram, while red is their average.  

 
Reflections arriving after 1 µs are generally more 

variable in power and arrival time, and this variability is 
more prevalent at the N0 site. Although reflectors at this 
depth are sub-parallel to the surface, which contributes 
to the scatter or jitter in position, some reflectors are 
nearly absent, as seen between 2 µs and 3 µs in the left 
two panels of Fig. 3. Again, this could be due to 
variations in thickness of layers below the range 
resolution of SHARAD causing constructive or 
destructive interference.  

Caution should be exercised when determining a 
radar profile to compare to HiRISE strata, as there is 
significant variation in the radar data within a single 3-
km SHARAD Fresnel footprint, even in the smooth and 
laterally continuous NPLD. 
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