
EARTHSHINE AT THE LUNAR POLES AND VOLATILE STABILITY.  J. N. Head1,2, 1Raytheon Missile Systems, 
1151 E. Hermans Rd., Bldg. 808/20, Tucson, AZ 85734-1337. jnhead@raytheon.com. 2Planetary Science Institute, 1700 
E. Ft. Lowell #106, Tucson, AZ 85719-2394. 

 
Introduction:  In the context of resumed lunar explo-

ration, the existence of water ice at the lunar poles has 
become a pressing question. In support of human re-
turn to the moon, the confirmation of the water ice sig-
nature detected from orbiting spacecraft [1,2] is a high-
priority task that can only be accomplished in situ. 
Therefore, a landed mission to the permanently shad-
owed lunar polar craters is required. It has been as-
sumed that the landing site for ice validation would be 
permanently shadowed from the Earth as well as the 
sun, implying physical conditions with which the 
landed spacecraft would have to contend, prominently 
the absence of direct line-of-sight (LOS) to Earth com-
munications. Mission architecture and cost is highly 
dependent on whether a telecommunications relay sat-
ellite is required. If there are likely deposits of near-
surface water ice in locations permanently shadowed 
from the sun yet having direct LOS to the earth, then 
the mission is much less complex (no detailed planning 
of observations and transmissions to meet the orbital 
constraints imposed by the relay satellite) and much 
less expensive (~$100 M for designing, building, and 
additional launch and operations cost for the relay). 
Therefore, it would be advantageous to conduct the ice 
validation mission at a site illuminated by the Earth.  

Radar maps from Arecibo [3] have demonstrated 
that the lunar Polar Regions are periodically visible 
from earth in accordance with the lunar cycle. Further-
more, it has been shown that radar coverage of the lu-
nar South Pole overlaps with a few, small areas of per-
manent, lunar summer shadow [4]. Therefore, a simple, 
precision guided mission to an appropriate site at the 
lunar South Pole should be able to conduct the ice 
validation mission [5]. It has been claimed however, 
that earthshine provides sufficient incident flux to 
evaporate the putative ice deposits and that therefore, 
lunar ice finder missions will need to access sites in-
visible from earth and hence require relay assets. 
Hence, this work will calculate the incident radiative 
flux from the earth and estimate the implied lunar sur-
face temperature, thus evaluating the stability of lunar 
ice deposits subject to terrestrial irradiance.  

Fluxes and Surface Temperature:  In order to de-
termine whether earthshine will evaporate the putative 
lunar ice deposits one must calculate the radiative flux 
from the earth. To simplify the calculation it was as-
sumed that the earth is fixed at an elevation 10 degrees 
or less above the horizon. This ignores the diurnal cy-
cle and hence should result in a calculated time-

averaged flux and associated equilibrium temperature 
(Teq) that is conservative (too high). 

Radiative flux.  The problem is solved by identify-
ing and balancing all the sources of heat energy at the 
lunar surface with radiative heat loss Fin = Fout  (1). The 
surface temperature is then calculated using the Stefan-
Boltzmann equation: Fout = (1-A) εσ T4 (2). 

A is the lunar albedo, assumed to be 0.11, σ is the 
Stephan-Boltzmann constant, and ε is the infrared 
emissivity, assumed to be 0.95 [6]. The first step is to 
inventory the primary contributors to the lunar surface 
flux Fin. The most obvious of these is the solar flux, 
which is Fsun = 1368 W/m2. This does not apply to the 
shadowed regions, but the equilibrium temperature is 
calculated to check the method. Next, there is the radia-
tive flux from the earth Fearth. This is calculated from the 
observed brightness of the moon and the difference in 
size and albedo between the earth and the moon. First, 
the full moon (visual magnitude -12.6) compared to the 
sun (visual magnitude -26.7) has a brightness ~4.53 x 
105 times less. The earth is 3.7 times the diameter of the 
moon and has an albedo 2.7 times as high. Hence, Fearth 
= Fsun*(3.72*2.7/4.53x105) = 0.111 W/m2 (3). Equation (3) 
assumes the full earth normally illuminates the lunar 
poles, which of course is not the case. Fearth must be 
reduced by the cosine of the zenith angle to obtain the 
correct flux.  

The elevation of the earth above the lunar horizon 
at the poles is unlikely to be more than 10 degrees ([6] 
estimated 4-6 degrees at the pole). Assuming that is the 
case, the maximum value for Fearth is 0.019 W/m2. How-
ever, there may be earth-facing slopes that would re-
ceive a higher flux. The minimum zenith angle to con-
sider for Fearth is determined by considering the likely 
elevation of the earth above the lunar horizon and the 
maximum likely slope. Assuming an angle of repose 
near 30 degrees and a maximum elevation angle of 10 
degrees, the incident angle on an earth-facing slope is 
50 degrees. In this rather extreme case Fearth is 0.071 
W/m2. Given the obliquity of the moon’s orbit, the time-
averaged value for Fearth will be less. For comparison 
purposes, it is noted that the lunar heat flux (Fmoon), 
based on Apollo measurements, is estimated to be 
0.033 W/m2 [7] (Table 1).  

Hence, it appears that on earth-facing slopes, Fearth 
is ~2-3 times the lunar heat flow and for flat surfaces 
suitable for landed missions, the maximum contribution 
of the earth’s radiant flux is less than the lunar internal 
heat flux. On flat crater floors, the earth’s contribution 
to Teq is approximately 0.002 to 0.019 W/m2, for zenith 
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angles of 89-80 degrees. This is significantly less than 
the lunar heat flux. Hence, earthshine may actually con-
tribute less heat to the lunar poles than does the lunar 
interior. Since [6] found that the lunar heat flux’s con-
tribution to shadowed crater temperatures is negligible 
for Teq > 30 K, it appears that earthshine will not evapo-
rate lunar ice deposits and hence is no objection to a 
validation mission.    

Micrometeorite Flux. In addition, the heat flux from 
micrometeorite bombardment was considered. The 
earth collects approximately 40 tons per day of dust, 
based on data from the Long Duration Exposure Facil-
ity (LDEF). This is equivalent to a continuous mass flux 
on the earth of 9 x 10-16 kg/m2s. Assuming the mass flux 
is the same at the moon (a poor assumption given the 
moon’s shallower gravitational well) and assuming an 
impact velocity of 3000 m/s, this is a heat flux of 4.1 x 
10-6 mW/m2. This is seven orders of magnitude smaller 
than the next smallest heat source and is hence utterly 
negligible as a contributor to Teq. Larger individual im-
pacts may well devolatilize the regolith locally; however 
that situation is quite different from that considered 
here.  

Surface temperatures. The fluxes can be related to 
the surface temperature in radiative equilibrium using 
(2). These results are summarized in Table 2. Tempera-
tures for only the earth-facing slopes are listed. The 
emissivity is not well-known at present, so two calcula-
tions are shown, one with ε = 1 and the other with ε = 
0.95. The calculated peak temperature from normal solar 
illumination is 406-411 K. In the absence of reflected 
solar radiation, Teq in the shadowed craters, even on 
earth-facing slopes, are estimated to be less than 40 K. 
For comparison, we took the maximum diurnal tempera-
ture of the coldest cell in the [6] model of Shackelton, 
derived an equivalent flux, and then added the esti-
mated values for Fearth and Fmoon to get a new Teq. The 
addition of terrestrial and lunar fluxes increased the 
calculated temperature from 70 K to 71 K.   

Conclusions: It is clear from the results that the 
method has reproduced results from previous work 
rather well. The peak daytime lunar temperature on the 
equator is measured to be ~395 K. The overestimates 
reported in Table 2 may be attributed to the moon’s 
rotation. Considering only earth-facing slopes, the es-
timates of lunar surface temperature in completely 
shadowed regions are 28–38 K, somewhat lower than 
published estimates of ~40-100 K. This is because the 
current calculation ignores re-radiation from solar illu-
minated nearby terrain, e.g., the crater rim. The com-
bined effect of the earth’s radiated flux and the lunar 
heat flux is small in comparison. Adding the calculated 
fluxes to previously published work results in an in-
crease of only 1 K.  

The temperature profile in a lunar shadowed crater 
is dominated by reflected solar illumination. Hence, 
there is no basis for the concern that terrestrial radia-
tion would devolatilize the lunar regolith. Therefore, an 
ice validation mission may be targeted for such sites, 
allowing landed imagery and direct LOS communica-
tions with earth, reducing cost, complexity, and increas-
ing science return.   
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Flux Source Flux (W/m2) 
Sun 1.37 x 103 

Earth, z=90 0.111 
Earth, z=50 0.071 
Earth, z=10 0.019 

Crater Rim [6] 1.275 
Lunar Interior 0.033 

Meteorites 4.1 x 10-9 
Table 1. Sources and fluxes for the lunar surface. 
 
 
 

Flux Source TEq, ε = 1 
(K) 

TEq, ε = 0.95 
(K) 

Sun 406 411 
Earth (z = 50 deg) 34 35 

Lunar Interior 28 28 
Earth + Lunar 38 38 
Crater Rim [6] - 70 

Rim + Earth + Lunar - 71 
Table 2. Radiative equilibrium temperatures for two emissivi-
ties. 
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