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Background

ÅThesurfaceinfraredandmicrowaveradiations
of the Moon changeperiodicallywith the solar
illumination.

ÅThe Moon can be observed by the
meteorological satellite. The microwave
radiation from the Moon is a potential
calibration sourcefor meteorologicalsatellite
(Yanget al., 2018, Burgdorfet al., 2019).

ÅThenew generationof geosynchronousseries
satellite, Feng Yun-4M will carry the
microwave radiometers, which can observe
the Moon aswell.



Background

Models in early studiesare mainly basedon the Earth-basedmicrowave
observationsof the Moon. The dielectric constant (especiallythe loss
tangent) and thermal-physical properties of the Moon are from the
measurementsof lunarsamples(Heiken, 1991).



Background

ÅThe microwave observations of
/ƘŀƴƎΩ9-2 (2010) and infrared
observations of Diviner provide
new constrains on the dielectric
and thermal-physicalproperties of
the Moon (Fang2014; Hayne2017). /ƘŀƴƎΩŜ2 37GHzTB(FangandFa,2014).

Divinersurfacetemperature(Williams,J. P., 2017).



Lunar microwave radiation model

Fromthe radiativetransfertheory,microwavebrightnesstemperature(TB)
is the cumulativecontribution of the thermal emissionat different depths
(Keihm, 1984):
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Where Ë is the absorption coefficient. ɜis the Fresnel 

reflectivity.



Heat-conduction model

Heat conduction equation (Hayne, 2017)
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Where t is the time, T is the temperature and z is 
the depth.

Upper boundary:
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Thermal-physical parameters
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Heat capacity (Hayne et al., 2017) :
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Heat conductivity:



Surface temperatureLOLA
DEM

Clementine
Reflectance

ÅHereis an exampleof the simulatedsurfacetemperaturewith
DEMandreflectancedata.

Heat-conduction model



Temperature simulation and validation

Diviner data inside the black box are chosen to validate the heat transfer equation. The average ὃ
πȢπω. Diviner Ὕ channel (25-пм˃Ƴύ Řŀǘŀ ŀǊŜ ǳǎŜŘ ŦƻǊ ǾŀƭƛŘŀǘƛƻƴ όнлмнΣ Vasavada, A. R., JGR).

Solar reflectance of lunar center region
(Liu et al., 2018) 

Fig. 3 Validationof the heat conductionmodel. The solid red
line is the simulatedsurfacetemperature and the blue points
arethe averagetemperaturesof Divinerdata(Liuet al., 2018) .



Temperature simulation and validation

ÅThe temperature at 1.3 m is about
256K by the Apollo 17 probe 2. The
simulated temperature is 255K at
the sameplace.

ÅThe validations of temperatures at
surface and deep layer make sure
the simulated temperature can be
used to calculate the microwave
radiation.

Temperature profile of the equator 
center at noon and midnight (Liu 

and Jin, 2020) 

Liu, Fa, and Jin , Brightness Temperature of Lunar Surface for Calibration of Multi - Channel Millimeter - Wave 
Radiometer of Geosynchronous FY- 4M,IEEE TGRS,2018
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ÅPermittivity in radiative transfer model:
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Maxwell-Garnett formula (Fa, 2012)

(Liu et al., 2019) 

Dielectric constant with 
Maxwell-Garnett formula(Liu et al., 2018) 

&Å/=8.9%
4É/=2.3% 



ÅThe microwave radiation of lunar surface is very sensitive to loss tangent. 
A change of 0.003 in loss tangent results in a change of about 7 K in disk-
integrated microwave TB at 89 GHz.
ÅThe losstangentswere determinedby measurementsof lunar samples

at 450MHzon the Earthin earlystudy(Heiken, 1991; Fa,2012). But the
number of lunar samplesis very limited. The loss tangent has a wide
range.
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Loss tangent fitting

4É/ ρ×ÔȢϷ 4É/ ρ×ÔȢϷ

Å TheinvertedÔÁÎɿarein the rangeof the measuredvalues.

Å The inverted values are fitted with 4É/ becausefrom the measurementof lunar samples,the
influenceof4É/ onÔÁÎɿisdominate.

Fitted loss tangent:
ÔÁÎɿ σȢυρφρπ4É/ πȢππψχ4É/ ρϷ
ÔÁÎɿ ψȢωτυρπ4É/ πȢππωχ4É/ ρϷ

4É/37GHz TB daytime 37GHz TB night

(Liu et al., 2018) 



Microwave simulation and validation

Simulation at equator (37GHz, noon) Simulation at 60�e N (37GHz, noon)

Simulation at equator (37GHz and 19GHz, all the day)ÅMaria with large loss tangents and TiO2

abundance have high microwave brightness
temperatureduringdaytimein figuresbelow.

ÅAt high frequency(37GHz),the maximum TB is
large and the local time of the peak TBis more
close to 12:00 than low frequency (19GHz),
becausethe penetration depths are different in
right figure.

(Liu et al., 2018) 


