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Introduction: China’s Chang’E-1(CE-1) micro-
wave radiometer has measured the thermal emission
from the moon at 3.0, 7.8, 19.35 and 37.0 GHz respec-
tively [1]. The heat flow experiment on Apollol15 pro-
vided us with detailed information regarding the tem-
perature variations at the surface and subsurface [2].
The infrared observations from the LRO Diviner Lunar
Radiometer experiment [3] can also be used to validate
surface temperatures at this site. We have combined the
CE-1 microwave data at the Apollo 15 site with ther-
mal model results at the Apollo 15 site [4] to derive
best fit dielectric constants for the lunar regolith.

Methods: In 1984, Keihm [4] derived a set of
thermophysical properties for lunar soil that match
surface and subsurface temperature measurements from
the Apollo 15 heat flow experiment. The soil bulk den-
sity is 1.25 g/cm?® for top 2 cm, and follows Equation 1
at depths greater than 2 cm. .

p=1.90-0.65exp((2—2)/4) (z>2cm) 1)

Figures 1 and 2 show calculated surface and sub-
surface temperatures for the Keihm’s model. Figure 1
also shows Diviner Channel 7 brightness temperatures
(A=25-50pum) for a 6 x 6 km box centered at the Apollo
15 landing site.

These temperature profiles were applied to calcu-
late the microwave brightness temperatures. For nadir
observations, the calculation method is shown in Equa-
tion (2)[5]:

T, =1-11f, p00x, 00T (e o @)
where «,(x) is the mass extinction coefficient,
p(x) is the bulk density and r is the microwave reflec-

tivity at the surface. For homogeneous medium,
x,(x) is a constant and internal reflections between

layers is neglected. By comparing the simulation result
from Eq.(2) with the microwave data from CE-1 at the
same lunar local times, the best fit of r and x, for

each channel can be found by using the least square’s
method. Based on these parameters, it is possible to
calculate brightness temperatures over a whole diurnal
cycle.

Results: A total of 75 observations at 7 different
local times of CE-1 microwave data were collected
within a 1°x 1<=box centered Apollo 15 landing site.
Fig. 3 shows the CE-1 brightness temperatures in the

four channels and the best-fit calculated brightness
temperatures as a function of local time.

Table 1 shows the best-fit model parameters and
the derived dielectric constants for each channel. The
frequency-normalized attenuation coefficient (x,/f) was
found to be similar for all channels. The derived effec-
tive dielectric constant and specific loss tangent results
are similar to those derived from ground-based obser-
vations [5].

Conclusions and Discussion: We have successful-
ly fit the observed diurnal variations in the CE-1 mi-
crowave observations at the Apollo 15 site using a rela-
tively simple thermal emission and absorption model
based on independently-derived surface and subsurface
temperatures. Our results show that the attenuation
length-scale for the CE-1 microwave channels appears
to be less than 1 meter, which suggests that CE-1 ob-
servations are sensitive primarily to near-surface rego-
lith properties. Our best-fit microwave soil properties
are strongly sensitive to the input temperature profiles,
so the availability of ground-truth thermal data at the
Apollo 15 landing site was critical for this study. We
next plan to use subsurface temperatures derived from
Diviner data and thermal models to produce global
maps of CE-1 dielectric constants.
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Fig.1 Diurnal temperature variations at the Apollo 15 site
from Keihm (1984) [4] based on Apollo 15 heat flow meas-
urements, and Diviner Channel 7 average measured bright-
ness temperatures.
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Fig.2. Temperature profiles as a function of depth at the
Apollo 15 landing site from Keihm (1984) [4] based on
Apollo 15 heat flow measurements.

Tablel. Best fit CE-1 parameters at the Apollo 15 landing
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Fig. 3. Diurnal variations in Chang E-1 brightness tempera-
tures the Apollo 15 landing site and best-fit model simula-
tions.
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Channel | A (cm) r K f K, attenuation length (cm) | g(r) | specific
(mg/lem® Hz)? | (m g/em®)? tan &
37 0.8108 | 0.0300 1.2x10%0 4.4400 11.85 2.012 | 0.0041
19 1.5504 | 0.0500 1.1x107% 2.1285 24.73 2.482 | 0.0034
7 3.8462 | 0.0425 1.6x10™%0 1.2480 42.17 2.307 | 0.0050
3 10.000 | 0.1345 2.3X107% 0.6900 76.28 4,656 | 0.0051




