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Introduction: A realistic model for the reflectance
of a particulate medium with a rough surface is neces
sary when interpreting both diskresolved and diskin
tegrated observations of atmosphereless solarsystem
bodies. Due to the complexity of the effects arising
from the medium porosity and surface roughness, the
analytical models are bound to be based on approxim
ations. Here we investigate the effects due to one of
the common approximations, the omission of the azi
muth angle between the incident and emergent direc
tions.
Simulations: We have implemented a geometric
optics MonteCarlo lightscattering code to study the
volume and roughsurface effects on reflectance from
particulate media mimicking the asteroid regolith[1].
The media were generated using MonteCarlo pack
ing, and roughened versions of the media were ob
tained by combining the packed media with twodi
mensional random fields representing surface rough
ness. The output of the simulations was a numerical
reflectance model as a function of the angle of incid
ence ι, angle of emergence ϵ, azimuth angle φ, scat
tering order, medium volume density, and two rough
surface parameters.
Results: In Fig. 1a, we show the results for a sim
ulation with realistic medium parameters as a function
of ϵ, φ=0, and four values for ι. In Fig. 1b, we show
the results for varying φ, three ι, and ϵ = ι. In Fig. 2
we show the reflectance model applied to an fictitious
asteroid geometry, simulating a diskresolved observa
tion. Figure 2a shows the complete reflectance model

Figure 1: A simulated reflectance model as a function of
angles of emergence.

Figure 2: A simulated reflectance model applied to a fictitious asteroid geometry with and without azimuthal effects, and the difference between the two cases.

with azimuthal effects, and Fig. 2b shows what hap
pens if φ=0, and only ι and ϵ are used. Finally, Fig.
2c shows the difference of the two images.
The brightening near the opposition as a function of
the angles of emergence and incidence is explained by
the volume and roughsurface shadowing, and in
cluded in most of the analytical models. Nevertheless,
reflectance also varies substantially as a function of φ,
even when ϵ = ι. This φ dependency is often omitted
from the analytic models. The differences between
Figs. 2a and 2b are clear. Maximum diskresolved dif
ference in brightness is ~50% of the model with azi
muthal effects included.
In conclusion, the azimuth angle plays an import
ant role in the reflectance of rough particulate media.
Azimuth angle dependence should not be omitted
from an analytical model including shadowing effects,
but should be modeled together with the angles of
emergence and incidence.
References: [1] Parviainen H. and Muinonen K.
(2007) JQSRT, 106, 398–416.

