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Introduction: The surface photometric parameters 
are related to chemical (composition) and physical 
properties of the surface materials (particle size, shape, 
internal structure) and their organization (compaction 
state and macroscopic roughness). These parameters 
are useful to characterize geological terrains and to 
have information on the geological context of the sur-
face materials such as the history of their formation, 
transportation,  deposit and modification. Moreover,  the 
information on the surface roughness from mm- to cm- 
scales provides quantitative information for the rover 
trafficability. 

Methodology: Taking into account the capability 
of CRISM (Compact Reconnaissance Imaging Spec-
trometer for Mars) on-board MRO (Mars Reconnais-
sance Orbiter) to provide multi-angle images (eleven 
images with varied emission angles from 0-70°) [1], 
we estimate the surface bidirectional reflectance after 
aerosols correction using the Multi-angle Approach for 
Retrieval of Surface Reflectance from CRISM Obser-
vations technique (MARS-ReCO) [2]. Fernando et al. 
[3] proposed an approach to estimate the photometric 
parameters of the surface materials in terms of struc-
tural information by using the Hapke's photometric 
model [4] in a Bayesian framework that considers: the 
single scattering albedo ω, macroscopic roughness θ-
bar, particle phase function with a 2-term Henyey-
Greenstein function that includes the asymmetry pa-
rameter b and the backscattering fraction c, and oppo-
sition effect with its width h and magnitude B0. The 
mean and the standard deviation of each parameter are 
derived. We improve the methodology by adding the 
mapping aspect which allows to observe the spatial 
variations of surface scattering properties as a function 
of geological units in terms of surface photometric 
parameters [5]. The surface photometric maps are es-
timated at 750 nm with a spatial resolution of ~200m/
pixel. This work is in the continuation of the HRSC 
(High Resolution Stereo Camera)/MEx (Mars Express) 
photometric estimates [6].

Selection of CRISM observations:  The Full 
Resolution Targeted observations (FRT) provide the 
highest spatial resolution (one nadir image at 15-20m/
pixel and 10 off-nadir images at 150-200m/pixel) [1] 

and are selected for the photometric study. Several 
criteria are used for the CRISM selection to provide an 
accurate surface bidirectional reflectance and accurate 
surface photometric parameters.  

(1) A mineral aerosol optical thickness less than 1 
and a water ice AOT less than 0.2 (not corrected by 
MARS-ReCO, considered as negligible). 

(2) Criterion on the geometries. Synthetic tests 
showed that phase angles less than 40° and greater 
100° are more suitable to constrain the parameter 
sets. Up to 1,600 observations can be analyzed. 
Moreover, phase angles less than 20° are needed to 
constrain the opposition effect parameters (B0 and h). 
Unfortunately, CRISM cannot provide phase angles 
less than 20°, the parameters B0 and h are undercon-
strained. To improve the range of geometries, CRISM 
FRT  observations can be combined if there are no 
seasonal changes.

(3) Criterion on the topography. Local topography 
biases the estimates of geometric angles. To properly 
re-estimate the geometric angles, higher spatial reso-
lution DTMs can be used. 

Applications on MER landing sites: Orbital and 
in situ observations are available at MER sites,  useful 
to compare to the photometric results estimated from 
CRISM observations. Consistent results are observed 
which validates the methodology and the use of pho-
tometry to estimate surface physical properties. Spatial 
variations of photometric parameters inside a CRISM 
observations suggest differences of surface physical 
parameters controlled by local processes rather than 
regional of global processes.  At MER-Spirit landing 
site at Gusev Crater, the variations of photometric pa-
rameters revealed that the volcanic materials (c∼0.80, 
high internal structure, high crystallized grains) are 
modified by impacts (θ-bar∼20°, rough surface) and 
aeolian processes (ω∼0.80 for dust and ω∼0.55 for 
basalt (Fig. 1a), deposit of agglutinates of dust parti-
cles and coarse basaltic grains, respectively) [5]. At 
MER-Opportunity landing site at Meridiani Planum, 
the variations of photometric parameters revealed the 
coarse hematite concretions plains (ω∼0.45, Fig.  1b) 
and the sulfate-rich deposits. The photometric parame-
ters show physical properties differences between 
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bright-toned (Meridiani plains, Mer) and dark-toned 
(Endeavour Crater at Botany Bay,  Bot) sulfate-rich 
outcrops suggesting coarser (ωMer∼0.65, ωBot∼0.45, 
Fig.1b), with higher grain heterogeneity (cMer∼0.65, 
cBot∼0.75) and smoother surface (θ-barMer∼20°, θ-
barBot∼5°) at Botany Bay [5]. These differences sug-
gest a different geological history with differences in 
environmental conditions.

Comparison to radiative transfer modeling. In 
natural environment, the planetary surfaces are com-
posed of a mixture (spatial,  intimate, stratified) of dif-
ferent materials (physical or/and chemical). Conse-
quently, the CRISM measurements is a complex signal 
from different components of the surface. To under-
stand the meaning of each photometric parameter esti-
mated from CRISM observations, we use a radiative 
transfer model to simulate different kinds of mixture 
[7]. Factors which control the mean scattering behavior 
of a medium for different kinds of mixtures are studied 
[8]. Figure 2 shows the evolution of the single scatter-
ing albedo parameter for an intimate (basalt and dust in 
the porosity) and a pseudo-spatial (basalt covered by a 
monolayer of dust) mixtures between dust and basalt 
(500µm), representative to the Gusev crater region. 
Results show that only a small fraction of dust is 
needed to hide the basalt photometric parameters (in-
timate case). When covering basalt by dust grains, the 
evolution tends to be linear as the areal fraction cov-
ered by dust increased.

Extension over Mars. Those results encourage to 
extend over the Martian surface by applying on differ-
ent geological units such as sedimentary, volcanic re-
gions and on the next or current rover landing sites to 
constrain the geological history of the Martian surface 
and to provide constraints for rover trafficability. The 
methodology is appropriate for any CRISM observa-
tion under certain condition (mineral AOT < 1 and 
broad phase angle (g) range (i.e. g<40° and g>100°)).
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Figure 1 : Maps of ω parameter at (a) MER-Spirit 
(Gusev crater) and (b) MER-Opportunity (Meridiani 

Planum) landing sites.

Figure 2 : Evolution of the ω parameter for an in-
timate mixture and of a pseudo-spatial mixture be-
tween dust (size: 10µm) and basalt (size: 500µm). 
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