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Introduction:  Lunar regolith, a mixture of fine and 
coarse grained fragmented material is spread across the 
lunar surface and almost completely covers the under-
lying bedrock. The estimated regolith thickness distri-
bution is 4-5m for the mare region and 12-15m for the 
highland region [1]. The regolith had undergone conti-
nuous bombardment by small and large impactors, 
which significantly increased its bulk density below 
the surface. Using the passive microwave remote sens-
ing, the distribution and cover of regolith below the 
lunar surface can be estimated better than any other 
orbiter based data. The penetrating capability of pas-
sive microwave signals help to explore the regolith 
distribution over the lunar surface and gives a global 
scenario of regolith distribution. In this study, the pas-
sive microwave brightness temperatures are simulated 
at L (1.25GHz) and S (2.1GHz) band with varying 
physical parameters. A model based on brightness 
temperature index is evolved for inverting the regolith 
depth. The regolith thickness is estimated and com-
pared with the Apollo landing site locations. 

 
Simulating brightness temperature and regolith 

inversion: To understand the thermo-physical proper-
ties of the lunar regolith, a three layer model has been 
proposed. The top layer consists of thin soil cover, 
which has a high insulating property, the middle layer 
consists of regolith, which has the conductive property 
and the bottom layer is the rock stratum below the re-
golith cover. The lower frequencies (L- and S-band) 
are chosen for this simulation, because of their higher 
penetrating capability. The lunar physical properties 
like depth, dielectric permittivity, bulk density, tem-
perature, FeO+TiO2 (ilmenite) content are varied ac-
cordingly to simulate various lunar surface conditions 
and the brightness temperature (TB) is derived from 
equation given by [2]   

 
 
 
 
 

 (r -Fresnel coefficient, alpha - loss tangent, T - tem-
perature of the layer). The simulated Tb is fed as an 
input to the inversion algorithm, to retrieve the regolith 
thickness. In this study, two inversion algorithms (one 
from [2] and other this study) are modeled and com-
pared for their retrieval accuracy. The first inversion 

model is from [2,3] and the regolith depth is inversion 
from equation given as 

 
 
 
 
For this model [2], the depth retrieval process was 

entirely recreated to suite the current frequencies used 
in this study. The second inversion model uses an in-
dex-based approach to retrieve the regolith thickness. 
The retrieval of regolith thickness is highly dependent 
on FeO+TiO2 content, loss tangent, bulk density and 
dielectric permittivity. The FeO+TiO2 distribution over 
the lunar surface is obtained from [4]. However, the 
other parameters are not available except for the Apol-
lo landing sites. Thus, to retrieve the regolith depth 
using these known parameters this index based ap-
proach has been proposed in this work. An empirical 
relationship is derived from the known parameters 
using this index-based model and then it will be ex-
tended to unknown locations to retrieve the regolith 
thickness. The regolith depth index inversion approach 
takes following variable as input:  

 
  
 
where, TBS and TBL represent the simulated S- and 

L-band brightness temperatures. The use of two lower 
frequency channels leads to estimate the regolith 
thickness better than the single lower frequency chan-
nel. The index-based model-1 takes ilmenite content as 
external input and their results are discussed, whereas 
model-2 takes all physical parameters into considera-
tion which is still in progress.  

 

Fig. 1. Brightness temperature depth index model to 
estimate regolith thickness  
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Fig. 2. Simulated brightness temperature for L- and S-
band with ε2=2.5+j0.01. 

 
Results: Fig. 2. shows the simulated brightness 

temperature for day time temperature (400K) and for 
an ilmenite content assumed as 10%. The L-band 
shows relatively higher penetration than the S-band, 
whereas, TB is higher for S-band and vice versa. To 
validate the two inversion approaches ([2] and index-
model-1), the brightness temperature is simulated for 
all the six Apollo landing locations [5]. The simulated 
TB is given as the input for the retrieval algorithm for 
regolith thickness estimation. Comparison to these 
sites will help in fine tuning the simulation to non-
Apollo regions, where the regolith depth can be in-
verted using the proposed index based regolith inver-
sion model. 

 
The inversion model from [2] is applied for Apollo 

locations for the L- and S-band and their retrieved 
depths are given in Table 1. The highland site (Apollo 
16) shows a higher regolith depth in the retrieval 
process, in accordance with earlier estimates [1]. 

 

 
Fig. 3. Regolith depth index approach for estimating 
regolith thickness using model-1 for S=10%.  

 

  
Fig. 3 shows the derived index-based empirical rela-
tionship from combining the L- and S-band for rego-
lith retrieval. The index-based inversion approach car-
ried out separately for the six Apollo locations (consi-
dered ground truth values) and the generalized model 
uses a model value of dielectric permittivity (ε2) as 
2.5+j0.01 and bulk density of 1.5g/cm3, where the il-
menite content (S) varied from 5 to 30 wt%. Increase 
in ilmenite content is clearly reflected as a decrease in 
the penetration depth. In addition to this, the inversion 
from model-1 is carried out when the TBL and TBS > 
235K. The regolith thickness values for both the 
process are given in Table 1 as Index_Apollo and In-
dex_Model-1. The thickness derived from all the mod-
els are in agreement with few meter difference. Such 
variations are caused due to the difference in the phys-
ical parameters considered in the simulation.  

 
Discussion: In this study, we have used a three 

layer model for simulating TB at L- and S-band. The 
forward model has been developed for understanding 
the variability of TB due to various physical and elec-
trical properties of regolith. Based on the forward 
model, the inversion model-1 was carried out by deriv-
ing a new parameter called TB depth index. The rego-
lith depth index has been used for inverting the rego-
lith depth for all the Apollo landing sites. Model- 1 
clearly brings out the effect of ilmenite on the regolith 
depth. Further it is planned to extend to model- 2, 
where all possible conditions and parameters will be 
taken care. This regolith depth index model can be 
used to generalize the regolith retrieval process to oth-
er regions on the Moon. 
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Table 1. Regolith thickness estimation  
Apollo  L-

band 
(~m)  

S-
band  
(~m) 

Depth 
Index_ 
Apollo  

Depth 
Index_ 

Model-1 

Depth (m) 
 [5]  

A11  4  2 4  4 4-5 
A12  6  3 7  5 4-5 
A14  6  3 7  10 4-5 
A15  4  2  5  7  4-5  
A16  11  5 14  14 10-15 
A17 3  1  4  4  4-5  
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