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Introduction: Lunar heat flow provides important 

information for constraining internal temperature profile 

of the Moon, estimating the bulk concentration of radi-

oactive elements (Th, U and K) in lunar crust, and test-

ing models for formation and thermal evolution of the 

Moon [1]. Based on long-term measurements of Apollo 

heat flow probes, heat flows at the Apollo 15 and 17 

landing sites were estimated as 0.021 and 0.016 Wm
-2

, 

respectively [2]. Given these two measurements were 

conducted at the boundary between highlands and 

maria, it is still in debate whether the estimated heat 

flow is representative at global scale or not.  

Given the low dielectric loss of lunar regolith,  mi-

crowave at proper frequency can penetrate several me-

ters below lunar surface. Thermal emission from lunar 

surface layer correlates closely with subsurface tem-

perature profile, from which internal heat flow of the 

Moon can be estimated. Therefore, spaceborne passive 

microwave remote sensing provide an effective tool for 

global studying of heat flow of the Moon.  

In this study, Chang’E-2 (CE-2) microwave radiome-

ter (MRM) Level 2C data were analyzed with the pur-

pose to invert lunar heat flow at global scale. The ob-

served brightness temperatures (TBs) were prepro-

cessed by radiation correction, removal of sidelobe 

components in Level 2A and 2B procedures, and vali-

dation based on ground truth at Apollo landing sites . 

Then a radiative transfer model is used to simulate 

thermal emission from lunar regolith layer, with consid-

ering the dielectric and temperature profile of lunar 

subsurface. This model shows a linear relation between 

brightness temperature and internal heat flow. Using 

this relation, heat flow at mid-latitude region (60°S – 

60°N) is inverted from TB at 3 GHz.  

Thermal Emission Model and Heat Flow Inversion 

Approach: In this study, lunar surface layer is de-

scribed by a two layer model, i.e., a regolith layer atop 

an underlying bedrock. The regolith layer is described 

by its physical temperature, dielectric constant and 

thickness, and the underlying bedrock is described by 

its dielectric constant. Using a similar radiative transfer 

approach as in [3], thermal emission from lunar surface 

layer can be calculated, with considering temperature 

and dielectric profiles within the regolith layer. Based 

on the relation among dielectric constant, bulk density 

and regolith composition [4], dielectric constant profile 

of regolith layer was introduced with an assumed po-

rosity profile [5]. The model input physical temperature 

profile was obtained by resolving one-dimensional heat 

transfer equation [6] where temperature gradient at 

equilibrium depth is mostly dominated by internal heat 

flow [7].  

Figure 1 shows the simulated TBs at 3.0, 7.8, 19.35 

and 37 GHz as a function of heat flow for highland re-

gion at lunar midnight. It can be seen that TB at four 

channels increases linearly with internal heat flow. 

Among the four channels, 3.0 GHz is most sensitive to 

heat flow because of its larger penetration depth. Fur-

ther analysis shows that this linear relation depends on 

frequency, FeO and TiO2 abundances, lunar regolith 

thickness, and local time. Therefore, as this parameter 

dependent relation (represented by two coefficients) is 

obtained from thermal emission model, lunar internal 

heat flow can be estimated from TB at 3 GHz.  

 

 
Figure 1.  Simulated TB as a function of heat flow for 

lunar highlands at lunar midnight.  

 

Data Validation and Normalization: In this study, 

CE-2 MRM level 2C data are analyzed for our heat flow 

inversion. Because cross-polarization leakage and spill-

over factor of antennas were not measured, TB at 2C 

level does not rigorously follow the properties of an-

tenna system [8] and data validation is required before 

any quantitative analysis . Here the data were validated 

by using the simulated TBs at Apollo 15 and 17 landing 

sites where in situ measurements of heat flow and other 

geophysical parameters are available. We found that 

there is an obvious offset about 14 K between the ob-

served TB and model simulations. Therefore, this offset 

was added directly to the observed TBs in the heat 

flow inversion. 

For a given location, thermal emission correlates 

closely with dielectric properties of regolith as well as 

physical temperature that depends upon solar illumina-
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tion [9]. In order to reduce the effect of time- and lati-

tude-dependent influences on TB, the TBs used in heat 

flow inversion should be normalized for latitude and 

local time. Figure 3 shows the normalized TB map at 3.0 

GHz with a spatial resolution of 2°, which represents 

thermal emission at midnight if each resolution cell were 

at lunar equator. 

Results and Discussions: Using maps of FeO and 

TiO2 abundances [10] and regolith thickness [11], the 

coefficients in linear relation between TB and heat flow 

can be obtained from TB simulation for each pixel. Then, 

heat flow can be estimated from TB at 3 GHz by using 

these coefficients. 

Figure 3 shows the inverted heat flow map for mid-

latitude region. It is prominent that heat flow of Ocea-

nus Procellarum varies from 0.05 to 0.15 Wm
-2

, which is 

much higher than other regions. Heat flow of Ferroan 

Highland Terrane is relatively uniform with a mean val-

ue about 0.03 Wm
-2

, and that of South-Pole Aitken is 

about 0.04 Wm
-2

. The inverted heat flows in Apollo 15 

and 17 landing sites are 0.053 and 0.019 Wm
-2

, respec-

tively. Our inverted heat flow at Apollo 15 landing site 

deviates largely from the in situ measurement, which 

might be caused by the scale difference between the 

large resolution of CE-2 radiometer and the in situ geo-

physical measurement.  

Spherical harmonic analysis of the inverted heat 

flow shows that the average heat flow of the Moon is 

0.029 Wm
-2

 and the difference of heat flow between 

farside and nearside is about 0.001 Wm
-2

.  

Conclusions: In this study, lunar heat flow for 

mid-latitude region is inverted from 3.0 GHz TBs ob-

served by CE-2 MRM. Our results show that: (1) Ocea-

nus Procellarum has a very high heat flow. Ferroan 

Highland Terrane and South-Pole Aitken present a heat 

flow around 0.03 Wm
-2

 and 0.04 Wm
-2

, respectively. (2) 

The mean heat flow of the Moon is 0.029 Wm
-2

 and 

heat flow difference between farside and nearside is 

about 0.001 Wm
-2

. The inversion error depends mainly 

on TB uncertainty and dielectric constant of regolith 

( relative with FeO and TiO2 abundances). The in site 

measurements of heat flow were only conducted at two 

points, whereas a 3.0 GHz observation represents ther-

mal emission from a resolution cell with a diameter of 28 

km. If thermal conditions of these two points cannot 

represent their surrounding areas within a resolution 

cell, the estimated offset could be large. 
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Figure 2. Normalized 3.0 GHz TB at lunar midnight  for mid-latitude region. 

 
Figure 3.  Inverted heat flow map for mid-latitude region. 
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