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Abstract 
Passive microwave remote sensing of lunar surface helps to understand the lunar sub-surface physical characteristics, especially 
the regolith cover. In this study, the lunar surface and sub-surface conditions are simulated using a three layer model (top-thin 
soil, middle-regolith and bottom-rock stratum), and the lunar brightness temperatures (TB) are simulated at 1.25GHz and 
2.1GHz. The simulated TB reveals the variation of brightness temperature vis-a-vis to dielectric permittivity, bulk density, 
temperature, frequency and FeO+TiO2 content. The effects of each of the above mentioned parameters are also addressed 
individually.  Moreover, the simulated brightness temperature also reveals the penetration capability, which is further utilized to 
estimate the regolith thickness using as inversion algorithm. For the six Apollo landing sites, the TB was simulated and the 
regolith thickness was inverted for the L-band frequency. The low ilmenite content at the Apollo 16 (Highland landing) site 
reveals higher penetrating capability and the inverted regolith cover was ~11m. Similarly, for the other Apollo landing sites 
(which are Mare landing), the high ilmenite and dielectric permittivity tends to lesser penetration depth and the inverted regolith 
cover was ~4m. 
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Introduction 
 
The top most layer of the lunar surface is known as the regolith, which consists of fragmented materials such as 
rock, soil, breccias and so on. The regolith thickness for the mare region is 4-5m and for the highland region it is 12-
15m (Mckay et al., 1991). The wide variation in the regolith cover on these two regions plays several key roles in 
their further evolution by impact cratering, material distribution, etc. Passive microwave remote sensing of lunar 
surface is one of the technique which helps to understand the lunar sub-surface physical characteristics, especially 
the regolith cover. The penetrating capability of microwave signals helps to explore the regolith distribution over the 
lunar surface. In this study, the passive microwave signals are simulated to understand the signal penetration over 
the regolith cover and they are inverted to estimate the regolith thickness. 
 
Simulation of brightness temperature (TB) and regolith inversion 
 
To study the thermo-physical properties of the lunar regolith, a three layer model (Fa and Jin 2007) has been 
proposed. The top layer consist of thin soil cover (highly insulating), the middle layer consist of regolith (conductive 
layer) and the rock stratum extent below the second layer. The lunar brightness temperatures are simulated at 
1.25GHz and 2.1GHz frequency. The lower frequencies are chosen because of their higher penetrating capability 
than the higher frequency channels. The lunar physical properties like depth, bulk density, temperature, FeO+TiO2 
content are varied accordingly to simulate various lunar surface conditions using the brightness temperature 
equation given by Fa and Jin (2007)   
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 where r is the Fresnel coefficient, alpha is the loss tangent and T is the temperature of the layer. The simulated TB 
was given as the input to the inversion algorithm, to retrieve the regolith thickness. The inversion is carried out for 
the L-band channel from Fa and Jin (2007) is given as  
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For the validation purpose, the Apollo landing site locations are chosen, and the TB and regolith thickness 

are inverted accordingly.  

Figure 1. a) Effects of ilmenite content in the L-band penetration depth with varying bulk density, b) effects of ilmenite content 
in TB. Simulated day- and night-time brightness temperature for L-band frequency at different dielectric permittivity for c) 
Apollo 15 site d) Apollo 16 site.  
 

Results 
 
The simulated TB reveals the variation of brightness temperature vis-a-vis the dielectric permittivity, bulk density, 
temperature, frequency and FeO+TiO2 content. The effects of each of the above mentioned parameters are also 
addressed individually and effects of ilmenite content are given in Figure 1a and 1b. The simulated TB for the 
Apollo 15 and Apollo 16 with corresponding dielectric permittivity during the day- and night-time temperature are 
shown in Figure 1c and 1d. The penetration depth of L-band is high when the bulk density and the ilmenite content 
is lower (Figure 1a). In addition to this, the simulated TB for various ilmenite content also reveals notable difference 
between the brightness temperature at higher depth when the ilmenite content is less. This clearly reveals the role of 
ilmenite content in regolith inversion.  
  For the Apollo 15 landing site, the presence of high ilminite content and dielectric permittivity plays a 
crucial role in saturating the simulated TB and the inverted regolith thickness is ~4m. Similarly, for the Apollo 16 
landing site, which is a highland mission, the low ilmenite content and dielectric permittivity allows the signals to 
penetrate deeper. The inverted regolith depth for this site is ~11m, which is in agreement with Mckay et al. (1991) 
estimation of lunar regolith thickness.  
 
Conclusions 
 
The three layer model simulation is a valuable tool for understanding the lunar regolith distribution. Simulation of 
L- and S- band revealed that they are more applicable for the sub-surface analysis. The effects of dielectric 
permittivity and ilmenite content clearly bring out their penetrating capability and also in retrieving the regolith 
thickness. The simulated brightness temperature is relatively lesser for the highland region than the mare region 
because of their high ilminite content. The decrease in brightness temperature is one of the indications for the higher 
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regolith content. The influence of dielectric permittivity and ilmenite is clearly evident on the simulated brightness 
temperature. Understanding the effects of lunar physical parameters should lead to better estimate of regolith 
distribution over the lunar surface.  
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