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Lunar images acquired at non-zero phase angles show brightness variations caused by both albedo
heterogeneities and local topographic slopes of the surface. To distinguish between these two factors,
altimetry measurements or photoclinometry data can be used. The distinction is especially important
for imagery of phase-function parameters of the Moon. The imagery is a new tool that can be used to
study structural anomalies of the lunar surface. To illustrate the removal of the topographic effects from
photometric images, we used Earth-based telescopic observations, altimetry measurements carried out
with the Kaguya (JAXA) LALT instrument, and a new photoclinometry technique that includes analysis
of several images of the same scenes acquired at different phase angles. Using this technique we have
mapped the longitudinal component of lunar topography slopes (the component measured along the
lines of constant latitude). We have found good correlations when comparing our map with the
corresponding data from Kaguya altimetry. The removal of the topographic surface properties allows for
the study of the phase-function parameters of the lunar surface, not only for ﬂat mare regions, but for
highlands as well.
& 2010 Elsevier Ltd. All rights reserved.
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1. Introduction
An important goal of photometric studies of planetary images is to
identify the physical properties of the material covering the surface of
planetary bodies. One approach to this problem is to determine the
photometric function, i.e., the function of how the intensity of light
reﬂected from planetary areas varies with illumination and observation angles. The angle between vectors from the observed point to the
light source and to the observer is the phase angle a. This is the most
important angle variable in planetary photometry. The phase function
is a component of the photometric function, which depends only on a
(Hapke, 1993). The phase functions are determined by the complexity
of the structure of the surface. Usually these phase functions have a
single sharp maximum at a ¼0 being locally smooth at other a.
Therefore, they can be described with a few parameters. The simplest
parameters are ratios of phase-function values at different phase
angles a; these characterize the slopes of phase curves. The slope also
may be characterized with parameters of an analytical curve used for
ﬁtting to brightness measurements (see below). Imagery of the Moon
can be made in terms of phase-angle ratios for different pairs of a
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using original well calibrated brightness images. Such imagery is a
relatively new and effective tool that can be used to study structural
anomalies of the lunar surface (e.g., Shkuratov et al., 1994; Korokhin
and Akimov, 1997; Kreslavsky and Shkuratov, 2003; Kreslavsky et al.,
2003; Kaydash et al., 2009a, b). For instance, using photometric
images acquired with Earth-based telescopes, weak swirls were found
in the southern portion of Oceanus Procellarum (Shkuratov et al.,
2010). The phase-angle-ratio images allow one to estimate spatial
variations of the complexity of unresolved surface roughness and
microtopography. However, the resolved topography spoils the
images hampering their interpretation.
Brightness variations on images of the lunar surface depend
on the spatial distributions of local topographic slopes, albedo (that is,
a characteristic of the surface material composition), and the global
illumination/observation geometry. The lunar resolved topography
inﬂuences brightness spatial variations, since the local surface slopes,
or height gradients, change the local incident i and emergent e angles.
This effect can be especially signiﬁcant at large phase angles.
Removing the inﬂuence of the resolved topography requires data on
local slopes. Suitable global lunar height distributions have been
obtained recently with the Laser Altimeter (LALT) aboard the
spacecraft Kaguya (JAXA) (Araki et al., 2009), which we use in our
analysis. Photogrammetry, photoclinometry (shape-from-shading) or
their combination are techniques that allow one to retrieve

