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Introduction: Microwave observations of the 

Moon were first carried out at 1.25 cm wavelength in 
the 1940s [1-3]. Those workers found that the thermal 
radiation emitted during a lunar cycle varied in a 
roughly sinusoidal fashion, and the maximum occurred 
about 3.5 days after full Moon. Since the Apollo era, 
several researchers have made ground-based micro-
wave observations of the Moon, in order to understand 
the physical properties of lunar surface materials. They 
developed theoretical models to simulate the brightness 
temperature (TB) of the Moon and to retrieve physical 
parameters of the surface from the TB data [4–9]. 

During 2010 and 2011, China’s Chang'E-2 (CE-2) 
orbiter carried a microwave radiometer (MRM) that 
conducted passive remote sensing of the Moon at 3, 7.8, 
19.35 and 37 GHz (10.0, 3.84, 1.55, and 0.81 cm wave-
lengths) [10]. Earlier, the Chang'E-1 (CE-1) MRM ob-
tained lower spatial resolution microwave data from a 
200-km orbit [11], higher than CE-2's 100-km orbit. The 
MRM datasets represent a unique set of measurements 
that have not been obtained by any other missions.  

Processing of MRM Data: During the operation of 
the CE MRMs, four observing antennas received the mi-
crowave radiation from the Moon, while four calibra-
tion antennas received the signal from the cold space 
background. The signal from the cold background 
served as the low end for calibration. A warm load with 
a known temperature served as the high end for calibra-
tion. Thermal emission of the lunar surface was meas-
ured and converted to brightness temperature. A two-
point calibration method was used to derive the TB [12]. 
Spherical harmonics fits were then used to model the TB 
variation as functions of local time for each of the four 
channels. Using the spherical harmonics fits, the day- 
and nighttime TB maps measured at various local times 
were normalized to noon-time and midnight conditions. 
The normalized TB maps were interpolated to ~6 
km/pixel, much higher resolution than any ground-
based observations and higher resolution than the MRM 
maps derived from CE-1. The 37 GHz and 3 GHz noon 
and midnight maps are shown in Figs. 1 and 2, respec-
tively. An additional normalization was carried out to 
remove the effects of latitude (essentially scaling all lo-
cations to the equator), yielding maps that show depar-
tures from the typical thermal behavior. The resulting 

eight TB maps provide key information on the surface 
and near-subsurface structure and thermophysical prop-
erties of the lunar regolith; this information is comple-
mentary to that derived from LRO Diviner observations 
in the thermal infrared and Mini-RF active radar obser-
vations at 12.6 cm.  

Discussion and Interpretation: We have identified 
many thermal anomalies. Numerous low-TB spots are 
the most obvious features in the nighttime maps (Fig. 
3b). These low-TB spots are warm in the Diviner 
nighttime map [13]. We find that high-Ti maria are 
heated more strongly in the day and are cooler at night 
than the other maria (Fig. 3). This is attributable to the 
greater abundance of ilmenite (FeTiO3) in the high-Ti 
basalts. Ilmenite is opaque and has a low albedo, leading 
to greater solar absorption in the day. Ilmenite has a 
higher dielectric loss tangent than silicate minerals, and 
thus helps to suppress microwave emissions at night, 
leading to lower TB. The Orientale basin is also a prom-
inent low-TB anomaly (Fig. 4). Orientale has been 
found to be anomalous in other datasets [14]. Interesting 
contrasts in thermal behavior exist among high-reflec-
tance, rayed craters. For example, the high-reflectance 
rays of Tycho are cooler than the surroundings in the 3 
GHz daytime and nighttime maps, while the prominent 
rays of some other craters like Giordano Bruno are not 
distinctive in the 3 GHz maps. These differences can be 
understood in terms of variations in composition, struc-
ture, and thermophysical properties of the ray materials.  
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Fig. 1. TB maps normalized to 
noon, covering 60° N to 60° S, 
centered on 0° longitude. The 
color scale applies to both images. 
Emission at 37 GHz (0.81 cm) 
arises primarily from the upper 
surface, while longer-wavelength 
radiation (3 GHz = 10 cm) is from 
greater depths. 
 
 
 
 
 
 
 
 

 
Fig. 2. TB maps normalized to 
midnight, covering 60° N to 60° S, 
centered on 0° longitude. The 
color scale applies to both images. 
At midnight, the surface sensed by 
the 0.81-cm (37 GHz) emission 
has cooled, but the subsurface 
(represented by the longer-wave-
length 10-cm (3 GHz) emission) is 
warmer. Note that the color scale 
differs from that of Fig. 1. 
 
Fig. 4 (below right). 3 GHz mid-
night image centered on the Ori-
entale basin. Contrast stretch 223–
234 K. The basin exterior has 
lower TB than the central mare 
and the regional highlands. 

 

              
Fig. 3. Portions of the 37 GHz maps of Figs. 1 and 2, focusing on Mare Tranquillitatis (T, red outline) and Mare 
Serenitatis (S, blue). (a) Noon, with linear contrast stretch 230 K (black) to 300 K (white). (b) Midnight, stretch 200–
220 K. Tranquillitatis basalts have a greater abundance of ilmenite than those of Serenitatis. 
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