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Introduction:  The scene on the night-time lunar 

surface is still poorly understood until today, making it 
an curious and attractive topic for the astronomers and 
the general public. Without heat preservation by at-
mosphere like as on the Earth, the lunar surface cools 
rapidly during lunar night or lunar eclipse 1. However, 
the heating and cooling rate of the lunar surface is not 
uniform. Many ground-based observations in micro-
wave (MW) and infrared (IR) band have revealed that 
some areas on the Moon cool much slowly or rapidly 
than the surroundings, which resulted as hot spots or 
cold spots on the Moon. In infrared observation from 
the Earth, the entire disk during lunar total eclipse dot-
ted by hundreds of "hot spots" 2.  

Data and Method:  The new observation data sets 
of the Moon give us a chance to renew our understand-
ings of the lunar thermal anomalies. The MW and IR 
observation data sets are much benefit to this research. 
The MW observations were carried by China’s 
Chang’E-1 (CE-1) and Chang’E-2 (CE-2) in 2007 and 
2010, respectively. The infrared observation was car-
ried by LRO Diviner radiometer 3. We have discovered 
many cold spots on the nighttime lunar surface in CE-
1’s observation 4. In this paper, we will present the 
complete catalogue of lunar thermal anomalies discov-
ered from the recent CE-2 observation. The thermal 
anomalies have been corroborate verified between CE-
1’s and CE-2’s MW data. Diviner’s nighttime surface 
temperature and the image data are integrated by GIS 
software. We hope to classify the different thermal 
anomalies, to understand their correlation with surface 
temperature and geologic features. 

Results and Discussion: Generally, thermal anom-
alies is described as those regions where is colder or 
warmer than the surroundings. If the center TB (TBcent) 
is higher than the surrounding TB (TBsurr), these re-
gions should be identified as hot spots. Otherwise, the 
regions with lower center TB should be identified as 
cold spots. It is necessary to give a subjective threshold 
value to define the cold spots or hot spots. In this paper, 
we define 3 K as a rational threshold value.  

The 37 GHz nighttime image is used to construct 
the catalogue of thermal anomalies. We use the micro-
wave image to produce a contour map (Fig. 1). On the 
interval of 0.5K contour map, the thermal anomalies 
were shown as multi-ring patches or spots. The TB 
value of the outermost ring was treated and extracted as 

TBsurr, the TB within the centre ring was treated and 
extracted as TBcent. ∆TB=TBsurr-TBcent, stands for the 
abnormal degree of the thermal anomalies. We identi-
fied 266 thermal anomalies. Among them, 244 are cold 
spots, 22 are hot spots in the nighttime microwave map.  

Fig. 1. Identification of microwave thermal anoma-
lies on the Moon. Total 266 thermal anomalies are 
identified from the contour Map of TB.  
 

TBsurr, TBcent, ∆TB in four frequ ency channels at 
lunar noon and midnight were loaded into the cata-
logue. Then the auxiliary information, i.e. the latitude 
and longitude in the center, the size and area, the 
standard deviation of TB data in the anomalies, were 
also loaded. The full catalogue with detail information 
will be published as soon.  

All lunar thermal anomalies in the range of N60° to 
S60° are shown on the visible image (Fig. 2). The dis-
tribution density of anomalies in the highland are high-
er than those in the maria. The maria are covered by 
the homogeneous basaltic material with similar thermal 
properties. In addition, the maria are characterized by 
their smooth topography and low density of craters 
which lead to relative uniform thermal performance in 
the maria. 

In order to understand the factors to cause thermal 
anomalies on the Moon, we combined the different 
data sets to study the correlation between their visible 
image, microwave TB map and infrared observation. 
The data sets include the CE-2’s and LRO WAC’s vis-
ible image, 37GHz daytime and nighttime TB data, and 
the Diviner infrared data which is corresponding the 
surface temperature well. According to the correspond-
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ing topographic features, the 266 thermal anomalies in 
our catalogue, including cold spots and hot spots, could 

be classified as five types (Table 1).  

Fig. 2 The distribution of lunar thermal anomalies in the range of N60° to S60° 
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Fig. 3. The performance of thermal anomalies in 
nighttime microwave map and infrared maps. X 

axis: the 37GHz ∆TB. Y axis: the infrared tempera-
ture difference  between the center and surround-

ing. The negative values means cold spots. The posi-
tive value means hot spots. 

 
The characteristics of thermal anomalies in the MW 

and IR observations, and their corresponding topo-
graphic features are summarized in Table 1. Four types 
of topographic features, ray crater, crater with bright 
wall, crater with rough floor, and shadowed topography, 
presents as cold spots in the nighttime microwave map. 
However, they have shown different characters in the 
daytime microwave map and the nighttime infrared 
map. These characters give us clues to reveal the un-
derlying physical mechanism  of thermal anomalies.  

 
 
 
 

 
Table 1. Classification and the performance of thermal 

anomalies in the MW and IR observation. 
∆TB ray 

crater 
crater 
with 
bright 
wall 

crater 
with 
rough 
floor 

shad-
owed 
topogra-
phy 

others 

IRnight Hot spot Hot spot Hot 
spot 

Cold spot Cold /hot 
spot 

MWnight Cold spot Cold 
spot 

Cold 
spot 

Cold spot Cold /hot 
spot 

MWnight Cold /hot 
spot 

Cold 
spot 

Hot 
spot 

Cold spot Cold /hot 
spot 

Total 103 22 21 71  49 
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