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Introduction: We present the new solution for the 

global gravity field of the Moon that is useful to re-
solve the signals as small as 27 km (or degree and or-
der up to 200) over the nearside including the rim.  The 
Lunar Prospector (LP) data during its extended mission 
period [1] were valuable to retrieve these small-scale 
graviy anomalies from radio tracking data (Doppler 
range-rate residual) at low altitudes (50 km or less).  
The inversion of the Doppler residual data was per-
formed with the localized harmonic basis functions 
encompassing the entire nearside and the rim regions.  
No Kaula regularization was needed to obtain the solu-
tion up to degrees and orders 200 for the nearside grav-
ity field while the farside gravity field remains the 
same as the a priori model in the global solution.  We 
summarize new method exteneded from the works 
done by Han [2] and show the model validation based 
on LRO LOLA topography and radio tracking data [3].  
 

Line-of-sight accleration and gravity inversion: 
The fundamental observation for gravity analysis from 
planetary orbiters is the Doppler shift measurement 
indicating line-of-sight (LOS) range change over a 
certain period between the planetary probe and the 
station on the Earth.  After some tolerable approxima-
tions, the LOS residual acceleration can be written as 

 δρ(t) ≈ δaS (t)
T e12 (t) , where 

� 

δaS (t) is the gravitational 
acceleration exerted on the probe from the planetary 
gravity field and  e12 (t)  is a LOS vector computed from 
the orbits.  It implies a linear relationship between the 
time-derivative of the Doppler range-rate residuals and 
the residual gravitational acceleration vector.  The ac-
celeraton vector 

� 

δaS (t) is usually represented with a set 
of spherical harmonic functions.  The estimates of the 
respective coefficients of those global basis functions 
from the data mostly over the nearside are not possible 
without the constraint.  However, the alternative 
‘spherical’ but ‘localized’ representation allow us to 
obtain the nearside gravity model without any damping 
effect caused by the Kaula power law [2].  We used all 
the LP Doppler residual data during the extended mis-
sion (7 months).  The precise orbits were computed on 
the basis of a priori gravity model GLGM3 [4], but 
truncated at degree and order 120.  The nearside (with 
a spherical cap radius of 100º) gravity field was esti-
mated from the LP extended mission data and named 
as LPE200.  

LPE200 - New gravity field model and its valida-
tion with LRO/LOLA topography:  Figure 1 is a plot 
to show the degree RMS (sqare-root of the power spec-
trum) of the gravity models of GLGM3, LPE200, and 
their difference (colored solid lines).  The global for-
mal error (dashed black) of any lunar gravity model 
except the one including SELENE 4-way tracking data 
[5] is dominated by the farside data gap.  By localizing 
the error covariance matrix, we delineated the error 
spectrum only for the nearside gravity solution.  The 
formal error implies that the new solution LPE200 is 
reliable up to 200 or so, while the low degree harmon-
ics are not better than the usual solution such as 
GLGM3.  Therefore, we kept the low degree gravity 
components, lower than 40, are the same as the 
GLGM3 (a priori field used for computation of range-
rate residuals) and updated the solution only from de-
grees 41 to 200 to construct LPE200.  

Figure 1. (a) Degree RMS of the gravity solutions, GLGM3 
(blue) and LPE200 (red), and the associated formal errors 
depected with the same color but with dashed lines.  The 
formal errors (blue and red dashed) represent the errors only 
over the nearside, while the black dashed line indicate the 
global error dominated by the farside tracking data gap.  The 
green line indicates the difference between LPE200 and its 
apriori field, i.e., GLGM3 truncated at 120.  

The correlations between the LOLA topography [3] 
and three gravity models, GLGM3, LPE200, and 
SGM150 [5] are shown in Figure 2.  The 4-way Dop-
pler data from SELENE substantially improved the 
quality of the farside gravity solution at low degrees 
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(lower than 80 or so).  LPE200 indicates high correla-
tion greater than 0.8 up to degree 140, while other 
models give 0.5 and drop to 0.35 at degree 150.  
LPE200 approaches to the correlation of 0.35 at degree 
200.  The gravity and topography analysis can be fea-
sible with higher fidelity ever before using LPE200 
and LOLA topography, yielding correlation of 0.7 or 
greater over a wider bandwidth from degree 60 to 160.  

Figure 2. Degree-wise correlations of various gravity models 
and with LOLA topography.  The global correlation is de-
picted with dashed lines while the nearside correlation is 
shown with solid lines.  

Figure 3 shows the (band-pass filtered) gravity and 
topography.  The small scale changes of Montes Ap-
enninus and of Craters Aristoteles, Eudoxus, Eratos-
thenes, and Aristillus are visible only from the new 

gravity field, while the Copernicus is found from 
GLGM3 too.  

Validation with LRO radio tracking data: We 
also used the radio tracking data of LRO to validate 
LPE200.  By computing the precise trajectories of 
LRO (in the form of range-rates) based on GLGM3 
and LPE200 and differencing them from  the measured 
Doppler range-rates, the residuals were computed 
every arc.  Figure 4 shows the residuals with respect to 
the two gravity models along a particular arc overpass-
ing the region depicted in Fig. 3.  The RMS of the re-
siduals is 0.16 and 0.10 mm/s with respect to GLGM3 
and LPE200, respectively, indicating a better trajectory 
computed with the new solution, LPE200, and also the 
gravity signal retained in the LRO Doppler data un-
modeled by GLGM3.  

Figure 4. The Doppler range-rate residuals (differnce be-
tween the measured and computed range-rates) with respect 
to GLGM3 (blue) and LPE200 (red) along latitudes with a 
mean longitude of 15ºE, overpassing the region depicted in 
Fig. 3.  
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Figure 3. The band-pass filtered gravity anomalies (degrees from 120 to 200 for LPE200 and LOLA topography and to 150 for 
GLGM3) are shown to highlight the features at the spatial scales of 90 km to 50 km.  The center locations and diameters of vari-
ous craters are given as follows: Aristoteles (50°N, 17°E, 87km), Eudoxus (44°N, 16°E, 70km), Aristillus (34°N, 1°E, 55km), 
Eratosthenes (14°N, 11°W, 59km), Copernicus (10°N, 20°W, 96km) 
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