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Introduction 

Because of its high resolving capabilities, the High 

Resolution Imaging Science Experiment (HiRISE) 

onboard MRO is mainly used for specific targeted ob-

servations and not for global mapping purposes. This 

makes HiRISE especially useful for studies of small 

scale (of order of meters) variable phenomena, for ex-

ample seasonal evolution of polar ices, active 

processes of ice sublimation/condensation, etc. To en-

sure correct comparison of surface reflectance in im-

ages taken on different dates one has to remove, or at 

least reduce, the impact of atmospheric aerosols on 

observed reflectance. The contribution of aerosols is 

known to vary both temporally and spatially [1]. Addi-

tionally, how a given amount of aerosols affects an 

observed surface reflectance depends on the observa-

tional geometry. We propose to adapt the procedure of 

recovery of surface reflectance spectra originally de-

veloped for OMEGA observations [2] to HiRISE im-

ages. The procedure applies as follows: We first need 

to estimate the visible aerosols opacity at the time and 

place of the considered observation. For low to mid 

latitudes, this is done by averaging the measurements 

performed by Spirit and Opportunity on a daily basis 

since the beginning of the MRO mission. A study 

based on OMEGA data has indeed shown that these 

measurements provide a good proxy whatever the lon-

gitude [2]. Optical depth are scaled to the altitude of 

the target area. Then need to estimate the optical prop-

erties of dust particles for the visible wavelengths of 

HiRISE camera filters. This is done using recent reas-

sessments of those properties on the basis of OMEGA 

and CRISM data. Subsequently, look-up tables popu-

lated by a Monte-Carlo model of radiative transfer are 

used to retrieve aerosol-free maps of surface reflec-

tance. The presence of atmospheric aerosols influences 

high- and low-reflectance surfaces differently ecause of 

both attenuation and scattering of light. Dark areas 

become brighter and bright areas become darker when 

looked at through a layer of atmospheric aerosols. The 

value at which this separation happens depends on pho-

tometric angles, atmospheric opacity and wavelengths. 

It is typically around albedos of 0.2 - 0.4. Removing 

the atmospheric contribution thus changes the absolute 

values of reflectance and generally increases the image 

contrast.  

 

Test cases using HiRISE stereo observations  

HiRISE performs stereo observation by pointing to the 

desired area on different orbits, hence obtaining differ-

ent emission angles [3]. Thus two images, that form a 

stereo pair, are taken with a time delay of one orbit or 

more in between them. The atmospheric contribution 

for these two observations might be significantly dif-

ferent due to the changes in time and photometric an-

gles. We can use specific observations to evaluate the 

applicability of our technique for recovery of surface 

reflectance from atmospheric aerosol contribution. In 

case of areas with negligible surface seasonal activity 

the surface albedo does not change between the obser-

vations. 

   

 
Figure 1  Top panel: Stereo observations of Gusev crater 

before (left) and after (right) atmospheric correction. The 

sub-frame is approximately 100 m wide. Bottom panel shows 

profiles of reflectance factor across top panel images. Reflec-

tance factor corresponds to I/F divided by the cosine of solar 

incidence angle. 
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After applying an atmospheric correction, the surface 

reflectances of the stereo pair should be comparable 

irrespective of the different atmospheric conditions 

(with the exception of possible strong differences in 

surface reflectance with photometric angles due to non-

Lambertian behavior of the phase function).  

Fig. 1 shows one example of stereo observation of Gu-

sev crater. 3 images (ESP_013499, ESP_013921 and 

ESP_014277) are taken at Ls=284.3º, Ls =304.2º , and 

Ls =320.8º. The observation geometries were as fol-

lows: emission angles were 10.1º, 8.5º , 2.8º, incidence 

angles respectively were 39º, 36º, 33º, phase angles are 

48º, 27º, 36º. As expected, the atmospheric correction 

has bigger influence on the image that was taken when 

atmospheric opacity was high: values of reflectance for 

ESP_013499 (red curves) after the correction become 

close to those of the two other images. The maximum 

reflectance differences between images are typically 

reduced by two (from 6 - 8% before the correction to 3 

- 4% after it). 

Other performed example calculations show that the 

atmospheric correction has weaknesses in recovering 

observations made under one of the following condi-

tions: a) very high atmospheric opacity; b) very low 

atmospheric opacity combined with photometric angles 

variations: this latter case does not require major at-

mospheric correction and differences are in fact mainly 

due to the non-Lambertian surface reflectance behavior 

which requires a surface model to be accounted for; c) 

in the presence of water ice clouds or localized dust 

storm, as the correction is performed using a back-

ground dust opacity. 

 

Application to ice patches in recent impact craters 

A set of recent impact craters was reported to show 

excavated patches of water ice [4]. These patches be-

came dimmer with time and visually completely disap-

peared after approximately 100 sols. Relative changes 

in reflectance of bright patches were attributed to ice 

sublimation. The top panel of Fig. 2 shows the devel-

opment of one of the patches in the crater from place 1 

listed in [4]. At Ls =162º the surface appears to be 

much darker than in previous observations. Optical 

opacity at this time exceeded 1. Values of surface ref-

lectance are not reliably constrained for such cases, as 

surface contribution to the observed signal is relatively 

small. As an alternative to the sublimation hypothesis 

[4], the decrease of reflectance in ice patches could 

also be due to the reduction of image contrast at high 

optical opacity. Moreover, subsequent images were 

also obtained through relatively high atmospheric dust 

contamination. Even when the atmosphere cleans up, 

sedimentation of atmospheric dust after such a long 

dust activity should mask ice patch features from detec-

tion by HiRISE. As noted in [4] just 17µm of dust is 

enough to do this. Craters in site 2 reported in [4] show 

similar behavior. Based on these observations, we ex-

pect ice to be covered rapidly by a thermally protective 

dust layer before it sublimes away.  

 

 

 
Figure 2 Temporal evolution of a recent 4 m crater with ice 

patch. Top panel - sequence of sub-frames from HiRISE 

images, lower panel - profile of reflectance factor across the 

crater. 

 

Conclusions 

The Monte Carlo-based model of recovery of surface 

reflectivity [2] was for the first time applied to visible 

wavelengths and using MER optical depth values. It 

proved applicable and useful for HRISE observations. 

It increases the contrast of images keeping the absolute 

values physical. It helps to better constrain temporal 

variation of surface reflectivity.  
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