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Introduction: China successfully launched its first 
lunar exploration satellite Chang’E-1 (CE-1) on Octo-
ber 24th, 2007, at a circle orbit of 200 km. A duplicate 
CE-2 at a lower orbit (~100 km) was also launched on 
October 1st, 2010. A multi-channel microwave radi-
ometer, for the first time, was aboard the CE-1 (and 
CE-2) satellite with the purpose of measuring the mi-
crowave thermal emission from the lunar surface layer. 
There are four frequency channels for CE-1 micro-
wave radiometer: 3.0, 7.8, 19.35 and 37.0 GHz. The 
observation angle is 0°, the spatial resolution is about 
35 km (for the channels 7, 19, 37 GHz) and 50 km (for 
3GHz), and the radiometric sensitivity is about 0.5 K 
[1]. The scientific objective of this mission is to meas-
ure the microwave brightness temperature (Tb) of the 
whole lunar surface and then realizes the inversions of 
the physical temperature and the regolith layer thick-
ness, and quantitatively estimates the total story of 3He 
in the lunar regolith [2,3]. 

The previous knowledge of the physical temperature 
of the lunar surface mainly comes from the former 
ground-based infrared observations. In the Lunar Re-
connaissance Orbiter (LRO) launched in 2009, an in-
frared radiometer Diviner was aboard for measuring 
the global radiometric temperatures of the lunar sur-
face [4]. On account of the direct insolation, the diur-
nal variation of the surface temperature on Moon is 
quite large. Diurnal thermal change of the lunar sur-
face may provide rich knowledge of the lunar media, 
such as topography, geology, layering structure and 
dielectric properties etc. 

In this paper, based on a three-layer radiative trans-
fer model [2,3], the Tb observations from CE-1 are 
first applied to invert the physical temperatures of the 
Sinus Iridum surface during different lunar local time, 
where CE-3 is planning to land in 2013. 

To see how the lunar topography affects the thermal 
emission from lunar surface, in early 1960s, non-
uniform cooling of hundreds “hot spots” were revealed 
by infrared scanning image during eclipse [5]. It was 
studied again using LRO Diviner IR data to see the 
anisothermality caused by elevated craters with rock 
abundance in those fresh craters [6].  

Using CE-1 Tb data, the anisothermality and diurnal 
change of lunar cratered surface with relevance to rock 
abundance is analyzed using a radiative transfer model. 
It shows that large diurnal change of fresh craters is 
related with physical temperature variation of rock and 

the surrounding regolith media. Taken as examples, 
CE-1 Tb data at the Tycho Crater, as a fresh crater 
with areal abundance of rocks, and at the Maurolycus 
Crater, as an old crater with rock-free on a similar lati-
tude, are especially studied. It shows that the diurnal 
change of the cratered lunar surface is closely related 
with rock abundance, which changes the physical tem-
perature under solar illumination and heat transfer dur-
ing day and night-times. 
 

Diurnal temperature change at Sinus Iridum 
area retrieved from CE-1 Tb data: The central posi-
tion of Sinus Iridum (43°N, 31°W) is taken as the im-
aging center, and the whole region is chosen as an area 
with a size of 20 degrees by 20 degrees in latitude and 
longitude directions. The resolution of the grid data is 
4 pixels per degree, and a bilinear interpolation 
method is utilized for places with no data available. 
Making CE-1 Tb data overlap the DEM, how the lunar 
topography affects Tb distribution can be recognized. 
    Based on the radiative transfer model with three 
layered media, i.e. soil dust, regolith and underlying 
bedrock, the Tb emission at an observation angle from 
the layering media can be calculated as follows [2,3]  
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The primary 1307 tracks of swath data by CE-1 mi-
crowave radiometer from November 2007 to February 
2008 and from May 2008 to July 2008 are collected, 
from which the Tb observations of Sinus Iridum at 
different lunar local time can be collected. CE-1 is a 
polar-orbiting satellite, and the Sinus Iridum can be 
respectively observed at daytime and nighttime once 
during a lunar diurnal circle. All of the primarily col-
lected data are divided into 6 lunar days according to 
its relatively long rotation period, 27 days 7 hours and 
43 minutes. In CE-1 data, besides the Tb at the obser-
vation sites, the corresponding Sun incidence angle 
and azimuth angle are provided to calculate the lunar 
local time. 

The CE-1 Tb data at Sinus Iridum during two lunar 
time periods, from 9:00 to 14:00 at daytime and from 
22:00 to 1:00 at nighttime, are collected. From Eq. (2), 
the physical temperatures of the soil and regolith layer 
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of Sinus Iridum, T1 and T2 respectively, are inverted. 
The temporal variations of Tb, physical temperatures, 
and diurnal changes are presented.  Figure 1 shows the 
examples of T1 at noon and midnight, respectively.  

It is also interesting to compare these results with in-
frared observations. It is found that the diurnal tem-
perature change inverted CE-1 Tb data is smaller be-
cause of large penetration through the lunar media due 
to the small capability of the infrared wave and the low 
density and thermal conductivity of the soil layer, 
which contribute to a low thermal inertia. 

Specifically, at lunar day time the physical tempera-
ture variation of the lunar surface changes from 253 K 
to 300 K from 9:00 to 14:00, while this variation range 
is only about 10 K from 22:00 to 1:00 at night. The 
mean value of T1 during all of the ten lunar time peri-
ods is around 254 K, and the maximal temperature 
difference during the calculated time periods can reach 
90 K. 

 
Comparison of diurnal temperature changes at  

fresh Tycho crater and old Maurolycus crater: As 
an example, the Tycho Crater (43°S, 349°E) is chosen 
as a fresh crater with rock abundance, which is also a 
crater to show significant “hot spots” anomaly in the 
infrared scanning images according to Shrthill et al.[5]. 
The whole area of the image is 10°×10° in both longi-
tude and latitude directions with the crater at the center, 
and the gridded resolution is 0.5° for each pixel. In the 
following Tb data and physical temperature inversions, 
all images are the same sized. 

As a contrast to fresh Tycho Crater, the Maurolycus 
Crater is a relatively old one with rock free, whose 
latitude happens to be close to Tycho and may avoid 
the latitude influence on the physical temperature. 
    From the Plank radiation law, thermal emission in-
tensity of the object with emissivity e is written as  
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If the surface is composed of two parts, i.e. stone rocks 
with fraction fs and the environs with (1- fs ), it finally 
yields the difference of diurnal radiance changes, ∆I 
and ∆I0, at two lunar surfaces with and without rock 
abundance, respectively, as  
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where the superscripts d and n indicate the day- and 
nighttime, and the subscripts s and f denote the sur-
faces with and without stone rock, respectively. This 
ratio shows the difference of diurnal temperature 
change between the fresh surface with stone rocks and 
the old one without rocks.  

    Similarly, the difference of diurnal microwave Tb  
changes, ∆Tb and ∆Tb

0, at two lunar surfaces with and 
without rock abundance, respectively, as  
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Using Eq. (2) to invert T1 and T2 at these two caters 
areas, diurnal changes at these two different, fresh and 
old, craters can be used to show the difference caused 
by the surface rock abundance, as shown in Figure 2. 
It can be found that the diurnal change of the surface 
physical temperature at Tycho Crater is much large in 
comparison with Maurolycus Crater. It is most likely 
due to the rock abundance on the lunar surface with 
dramatic temperature change during day and night-
times,  
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Figure 1.  Physical temperature T1 at lunar noon and 
midnight at the Sinus Iridum area. 

  
(a) ∆T1 of Tycho     (b) ∆T1 of Maurolycus 
Figure 2. Diurnal change of physical temperature T1 
for fresh and old craters, respectively. 
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