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Introduction:  The semi-empirical model devel-
oped by Hapke is widely used to analyze reflectance
data from planetary surfaces. It requires the knowledge
of six parameters to calculate the bidirectional reflec-
tance. Its application relies on physical quantities char-
acterizing the optical properties of the materials under
examination: the phase function, the opposition effect,
and the roughness. We focus here on the physical
meaning of the shadowing function parameter and
show with new laboratory observations on natural sur-
faces that the mean topographic slope angle (q) is an
integral of the mesoscale and microscale roughness
properties in the submillimetric - centimetric range.

Meaning of q parameter from experimental studies:
q parameter is considered in [1] as the mean slope an-
gle averaged over all distances between the resolution
of the detector and the physics of radiative transfer
equation. It has been suggested [2] that the smallest
faceted scale is the dominant one for surface shadow-
ing. From lunar regolith observations produced with
the Apollo Lunar Surface Closeup Camera (ALSCC),
[3] found that the relative contribution from surface
relief at scales of 8 cm and larger is small.
We reinvestigate [4,5], with a new experimental ap-
proach relying on laboratory spectral imaging, and
numerical simulations, the q variations as a function of
both the texture induced by the grains and the material
optical properties in the case of planetary surface ana-
logs. In order to explore the intermediate domain of the
parametric space both in terms of grain size and level
of reflectance typical of planetary rocky surfaces, par-
ticularly in the case of Mars, we have prepared 12
samples involving 3 materials (a fresh unaltered basalt,
labeled “Basalt”, a highly altered basalt, palagonitic-
like material, labeled “Palagonite”, an oxidized basal-
tic red-tephra, labeled “Tephra”) and four grain  size
classes. Materials were crushed to produce powders
and sorted into four classes using sieves (G1-G4) with
G1< 75 µm, 75 µm <G2< 250 µm, 250 µm <G3 < 500
µm, 500 µm < G4 < 2mm. Photomicrographs show
that at the scale of a few tens of microns the roughness
of the grains is the same whatever the sample: grains
are mainly clumps of aggregated small particles, co-
existing with individual beads.
In the following, we will consider three levels:
- a microscale level that describes the particulate me-
dium having typical size about 10 x the wavelength
(until a few tens µ m). The smallest grain size class
samples (G1) are mainly composed of such  particles.
The microscale properties remain similar for all the

samples.
- a macroscale level representing the underlying large
topography variations of the samples. When preparing
the target, the powders are poured into the sample
dishes and gently tapped to induce settling. Conse-
quently each surface is flattened and all significant
macroscopic topography effects are eliminated.
- a mesoscale level that is intermediate between these
two scales: It depends on the surface textural topogra-
phy with features in the submillimetric-centimetric
range and is dominated by the “rocky” aspect of the
surface involving the shape, roughness and topog-
raphic structure of grains (in particular for the G3 and
G4 grain size classes).
The values of the function for macroscopic roughness
parameter q derived from our study with an uncertainty
on the determination of about +/- 1° are:

q g1 g2 g3 g4

Basalt 5,8 13,5 16,2 20,7

Palagonite 14,4 20,4 21,9 24,9

Tephra 14,2 19,2 23,6 28,7
   Table 1. Values of parameter q in degrees.

For the smallest grain size class (G1), we may consider
that the target is mainly composed of a particulate me-
dium. The q values, between 5.8° and 14.4°, are prin-
cipally related with the microscale features (shape and
roughness of particles). These new laboratory meas-
urements show that even for fine particles the contri-
bution of q is not negligible and that particulate sam-
ples used in laboratory measurements cannot be as-
sumed to be photometrically smooth (i.e., q=0°).
In the case of larger grain sizes, in the millimeter range
(G3, G4), the q parameter increases by 10° or 15° from
the G1 cases, depending on the material. The mi-
croscale properties remain similar to the G1 case, but
the textural topography variation inside the pixels is
dominated by the “rocky” aspect of the surface: It
arises from the grains slope and distribution, sizing
between 250 mm and 2 mm, and defines in the milli-
metric-centimetric range what we call the mesoscale
properties. It has a large influence on the topographic
shadowing function.
Then, we compare our experimental results of q pa-
rameter versus single scattering albedo with those of
non-icy rocky surfaces derived from whole disk and
disk-resolved observations at regional scale for the last
20 years [e.g., 3, 6-9]. This comparison is instructive:
both the single scattering albedo w at 0.559 mm and the
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q estimates derived for G3 and G4 classes are very
much within the range of the values resulting from
photometric observations at regional scale.

Figure 1. q parameter as a function of w
It appears that the most representative case for de-
scribing the photometric behavior of natural regolith
surfaces lies in the G3-G4 texture classes. It shows that
the main effect that influences the topographic shad-
owing function results predominantly from a combina-
tion of the microscale and mesoscale characteristics. It
involves the shape, roughness and topographic struc-
ture of grains smaller than the centimeter, these grains
being either clumps of aggregated small particles or
individual beads and shards. Therefore the contribution
from scales larger than the centimeter is almost negli-
gible. On this experimental basis, we show that the
parameter q is mainly an integral of the roughness
properties in the submillimetric - centimetric range
inside the pixel of observation.

     Numerical approach:   This experimental result
prompts us at demonstrating in a wide context the im-
portance of boundary topography for interpreting
photometry of regolith-like surfaces. The shadow-
hiding effect and multiple scattering are calculated in
particulate surfaces whose borders are complicated
with different topographies. Their characteristic scales
are much larger than the particle size of the surfaces.
To simulate light scattering in such structures, the
Monte Carlo ray-tracing method is used [10]. Here we
focus on the following surfaces: - case 1: random sin-
gle-valued topography with the characteristic scale
much larger than the particle size; - case 2: random
fractally-arranged topography with two hierarchical
levels (each is a random Gaussian relief), with the
minimal scale much larger than the particle size.
 For case 1 (Fig. 2), the single scattering (w = 0) phase
curves appear to provide good fits of the multiple
scattering (w = 0.2 - 1) phase curve by small decreases
of q. The least-squares method is used for the fitting.
Multiple scattering of light between different parts of a
rough surface suppresses the effect of shadowing.
Hence the phase curve of a rough surface with high
albedo should have less slope than that of a dark sur-
face with the same roughness. Therefore we can expect
that the albedo increase may at least approximately be

compensated with the proper roughness decrease.
It supports the
idea expressed
by [5,11,12],
that the pho-
tometric rough-
ness depends on
both the geo-
log i ca l  and
optical proper-
ties of the sur-
face materials.
For rough sur-
faces with rather
small q, the effects of albedo and roughness on phase
angle curves could be viewed as interchangeable.
In case 2 (Fig. 3), the phase curves for fractal-like sur-
faces of 2-levels with q = 20° and 40° correspond to the
“equivalent” surfaces that are a simple (1-level) random
Gaussian topography with qeff = 25.5° and 46°, respec-
tively. It appears
that accounting for
multiple scattering
on large-scale
topographies with
the characteristic
angle > 30° and
albedo > 0.2 is
important. As the
standard model
does not take into
consideration the
multiple scattering, all determinations of the roughness
parameter are slightly underestimated. Besides, it is
often found that the roughness parameter q  reveals an
albedo dependence. From the present results, we can
offer an explanation for this puzzling feature with the
contribution of multiple scattering.

Conclusions:  Our findings highlight the need for an
improved theoretical model for describing the real case
of natural regolithic surfaces, including regolith pow-
ders, in preparation of interpreting upcoming in situ and
orbital remote sensing observations at high spatial
resolution and/or under varied geometries.
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