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Brightness Temperature of the Moon at mm 

Wavelengths: Measurements of the disk-integrated 
brightness temperature TB of the Moon at 13 frequencies 
between 23.8 and 190.3 GHz are presented for phase 
angles within ±90° around full Moon. They were ob-
tained with six different meteorological research satel-
lites on polar orbits. About a hundred instances of the 
Moon appearing in the deep space view of these instru-
ments were identified and analyzed. The main uncer-
tainty in the calculation of the lunar TB is the beam size 
of the different channels. We determined it in flight 
from the observations of the Moon themselves and 
achieved this way a higher accuracy than the tests on 
ground. Polynomials were then fitted to the measured 
TB as a function of phase angle and the maximum tem-
perature in each channel and the phase angle of its oc-
currence were determined. A comparison of these re-
sults with model predictions [1] revealed significantly 
larger phase lags and higher amplitudes, especially for 
the lower frequencies, in the actual measurements with 
the satellites than predicted by the model (see Figure 1). 
From the random scatter of different measurements with 
the same instrument we conclude that the random un-
certainty of a single measurement is about 2.5 – 6 K.  
The agreement between different instruments observing 
the Moon at similar phase angles demonstrates that the 
uncertainty due to systematic effects like incorrect char-
acterization of the beam etc. is 6 K with each instru-
ment. We discuss to what extent the accuracy can be im-
proved by taking the effects of libration and the small 
variations of the Moon’s distance from the Sun into ac-
count. 

As the Moon has appeared hundreds of times in the 
field of view of microwave sounders on many different 
satellites, this investigation demonstrates the potential 
of weather satellites for identifying even small flaws in 
models of the radiance of the Moon. Once a model of 
sufficient accuracy to correctly reproduce the observa-
tions is available, it will be used to establish the Moon 
as SI-traceable reference source both for microwave 
sounders and astronomical radio telescopes with wide 
beams. 

 
Disk-Integrated Flux Density of the Moon in the 

Thermal Infrared: A similar investigation, but using 

fewer Moon intrusions in the deep space view, was car-
ried out with data from HIRS (High-resolution InfraRed 
Sounder) aboard eight different satellites on polar or-
bits. The fluxes in its 19 thermal infrared channels were 
measured for a similar range of phase angles as covered 
by the microwave sounders and compared to a thermo-
physical model of the Moon based on [2–7] (see Figure 
2). The random uncertainty of a single flux measure-
ment amounts for most channels to a fraction of a per-
cent. It is apparent from Figure 2 that the model cannot 
reproduce correctly the spectral energy distribution of 
the Moon, determined with satellite measurements, for 
the full range of phase angles. The whole set of these 
measurements at both mm- and µm-wavelengths be-
trays therefore our incomplete understanding of the bulk 
properties of the lunar surface.    
 

 

 

Figure 1: Disk-integrated brightness temperature of the 
Moon for different phase angles relative to full Moon at 
183.3 GHz. Green: AMSU-B (Advanced Microwave 
Sounding Unit – B) onboard NOAA-16, red: MHS (Mi-
crowave Humidity Sounding) onboard NOAA-18, ma-
genta: MHS onboard NOAA-19, violet: MHS onboard 
Metop-A, black solid line: model by [1]. The large 
square represents the value obtained with a special 
spacecraft pitch maneuver operation of ATMS (Ad-
vanced Technology Microwave Sensor) on NOAA-20 
at full Moon. 
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Figure 2: Disk-integrated flux of the Moon in 19 channels of 
HIRS on various satellites, divided by the predictions of a 
thermophysical model. The observations were carried out at 
phase angles up to ±74° away from full Moon. 
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