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Abstract
We use data from the Lunar Orbiter Laser Altimeter
(LOLA) to retrieve the h2 tidal Love number of the
Moon and find 0.040 < h2 < 0.044. The applied
algorithm solves simultaneously for h2 and the shape
of the Moon, parametrized using cubic splines on a
global rectangular grid. The result can give valuable
constraints for the Moon’s interior and validates the
method for application to other bodies.
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Introduction

Tides from the Earth and the Sun cause periodic radial displacements on the surface of the Moon which
are described by the tidal Love number h2 . The Love
number is a function of the materials in a planet’s interior and their distribution and an important constraint
for models of the interior structure. The small amplitude of the displacements of only up to ∼10 cm makes
their detection very challenging. Previous estimates
of the lunar h2 have been achieved by LOLA [2] and
by Lunar Laser Ranging (LLR) [3]. However, significant discrepancies exist between these two h2 results
and those achieved by modelling [3]. In this study, we
present a method for retrieving h2 from LOLA data
which is different from the one used by [2]. Instead
of analyzing cross-overs of the ground tracks, we simultaneously solve for h2 and the global shape of the
Moon. This serves two purposes: reconciling the results from laser altimetry with those from LLR and
modelling; and validating the method for future applications to other solar system bodies, such as Mercury
and Ganymede.
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Methods

Coregistration of single LOLA tracks with a LOLAgenerated DEM removes gross outliers in the data.
Then, each remaining measurement can be decomposed into a time-invariable part and the radial displacement due to tides. The time-invariable part of the
shape is represented by a set of 2D cubic B-spline basis functions and their coefficients, defined on a rectangular grid. This set of basis functions allows for a
much higher resolution than for example an expansion
in spherical harmonics. The application of splines in
both directions provides an improvement over previous studies which used splines only in longitude direction [1]. The parameters of this inverse problem
are the coefficients of the spline functions and h2 . We
solve for these parameters using least squares, while
also minimizing the second derivative of the shape coefficients as a smoothing constraint.
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Results and Discussion

Figure 1: Number of measurements per grid cell used
in this study. Color scale is truncated at 150, the highest value is 481.

LOLA has been producing more than 7 · 109 laser
altimeter measurements since 2009. We focus on
data obtained between September 2009 and December
2011 when the Lunar Reconnaissance Orbiter (LRO)
was in its near-circular orbit phase. This ensures
a homogeneous coverage of the entire lunar surface
(Fig. 1). Furthermore, we limit the amount of data
by only using data from one of LOLA’s five receiver
channels. This leaves a total of ∼10000 orbits with
∼ 7.7 · 108 measurements.
We observe that the solution for h2 depends on the exact parametrization, i.e. the number and spatial distribution of the spline functions. Within this limitation
we can constrain that 0.040 < h2 < 0.044. Furthermore, we note that the same results can still be
achieved when omitting large numbers of measurements by decreasing the sampling rate in time by a
factor of 4. This is promising with respect to future
laser altimeter experiments whose coverage will not
be as dense as LOLA’s.
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