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Introduction:  Size and shape are fundamental quanti-
ties to provide insights into interiors and origins of 
planetary bodies. The 1994 U.S. Clementine mission’s 
laser altimetry determined topography improved our 
understanding of the lunar internal structure and ther-
mal history [1]. The lunar topography, when combined 
with gravity, seismic, geochemical or magnetic data, 
quantifies crustal thickness, tides, isostasy, subsurface 
density anomalies, mantle, core, geology, geomorphol-
ogy, crustal dichotomy and impact crater loca-
tions/features leading to lunar origin studies [2][3]. 13 
years after Clementine mission, several contemporary 
lunar orbiter missions equipped with laser altimetry 
measuring lunar topography have been launched.  The-
se missions include China’s Chang’E (CE-1) and Ja-
pan’s SELenological and ENgineering Explorer 
(SELENE) in 2007, followed by India’s Chandrayaan-
1 in 2008, and U.S.’s Lunar Reconnaissance Orbiter 
(LRO) in 2009.  They have different mean orbital alti-
tudes (50 km, 100 km, and 200 km for LRO, SELENE 
and CE-1, respectively), distinct instrument precision 
(10 cm, 1 m, and 5 m, respectively) or sampling (1 Hz 
data from SELENE and CE-1, 140 Hz data from 
LRO’s multi-beam laser), and different radio-tracking 
systems (DSN, USB, VLBI, lunar orbiting relay-
satellite tracking).  LRO’s Lunar Orbiter Laser Altime-
ter (LOLA) has a multi (5)-beam laser with the lowest 
mean orbital altitude (~50 km) and with the highest 
precision (<10 cm) [4]. 

These laser altimetry measurements with distinct 
orbital coverage provide an unprecedented opportunity 
to improve the accuracy and resolution of the lunar 
topography. The improved topography or shape of the 
Moon, lunar gravity field, and rotation/libration allow 
one to address open lunar science questions, including 
quantifying the causes of global scale-asymmetry, im-
pact basin sizes/location/features, interior composition, 
crustal thickness, lunar isostacy, moho depth, and con-
straints on lunar tidal parameters. LRO’s multi-beam 
laser altimetry (LOLA) represents the most accurate 
lunar laser altimeter instrument in terms of ranging and 
pointing precision and has the lowest orbital altitude 
(~50 km) todate, affording more sensitivity for its data 
to improve the resolution of gravity field modeling and 
more accurate geolocation for topography modeling, in 
particular over the lunar near-side.  Here we combine 
laser altimetry from CE-1, SELENE and LRO for orbit 

adjustments using a technique of differenced altimetry 
measurements in favor of the traditional altimeter 
crossovers 

Methodology:  Each of the respective laser altime-
try data are calibrated against the lunar laser ranging 
retroreflectors (LLRR) amd the radio-tracked Apollo 
Lunar Surface Experiments Package (ALSEP) refer-
ence sites for absolute calibration of the laser altimeter 
measurement [5]. A bias correction of +150 m has 
been added to the interpolated radii of Chang’E-1 to-
pography [5. The differenced altimeter technique, as 
opposed to crossovers, is used for generate each altim-
etry types with respect to a reference topography for 
orbit and bias adjustments. The three adjusted topo-
graphic heights are then integrated using iterative and 
surface fitting algorithms for an improved topography 
model with 1/160 resolution. . 

Results:  Figure 1 shows the comparison of lunar 
topography models (top, ULCN0205; bottom, com-
bined lunar laser altimetry from this study). Red stars 
denote locations of the LLRR sites, and black rectan-
gles show the two nearside and farside regions, Ocea-
nus Procellarum and Dririchlet-Jackson basins, for 
regional topographic spectrum analysis studies. Fig. 2 
shows the recent advances in lunar topography model-
ing shown in lunar (CE-1, SELENE, LRO, and com-
bined), compared with Mars (MOLA), Venus (Magel-
lan) and Earth (ETOPO5) in terms of topographic 
power spectra (horizontal scale λ/2=2πRp/2l, Rp is the 
planetary radius, and l is spherical harmonic degree). 
Fig. 2 shows that the combined lunar model has a dis-
cernable highter power than the individual altimetry 
derived model extended to l=2880 (1.89 km at lunar 
equater).  Fig. 3 and Fig. 4 shows the respective re-
gional spectra of the lunar topography models for the 
Oceanus Procellarum (nearside) and the Dririchlet-
Jackson Basin (farside) regions, indicating that the 
combined topography model has higher resolution. 
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Lunar Topgraphy (CE-1, SELENE, LRO) 

Figure 1. Comparison of lunar topography models 
(top, ULCN0205; bottom, combined lunar laser altime-
try). Red stars denote locations of the Lunar Laser 
Ranging (LLR) sites, and black rectangles shows the 
two nearside and farside regions, Oceanus Procellarum 
and Dririchlet-Jackson basins, for regional studies. 

 

 

Figure 2. Lunar (CE-1, SELENE, LRO, and com-
bined), Mars (MOLA), Venus (Magellan) and Earth 
(ETOPO5) topographic model power spectra (horizon-
tal scale λ/2=2πRp/2l, Rp is the planetary radius, and l 
is spherical harmonic degree). It is shown here the fea-
sibility to obtain improved or higher resolution lunar 
topography modeling via combining data from orbiting 
laser altimeters, with the lunar topographic power 
spectra extended to l=2880 (1.89 km at lunar equator). 

 
Figure 3. Localized power spectra over the Ocea-

nus Procellarum region (lunar nearside) for the lunar 
models centering at (150 N, 3150E) with radius 200. 
Estimated localized spectra used Selpian tapering 
method (L=15). 

 
Figure 4. Localized power spectra over the Dri-

richlet-Jackson Basin region (lunar farside) for the-
lunar topography models, centering at (00 N, 2000E) 
with radius of 200. Estimated localized spectra used 
Selpian tapering method (L=15). 
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