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Introduction:  The lunar poles represent an inter-

esting science target due to their possible stores of 
cold-trapped volatiles.  From an operational standpoint 
the poles offer a favorable illumination environment 
that can provide consistent solar power and benign 
thermal conditions.  Full knowledge of the year-round 
illumination conditions at the surface is therefore im-
portant to both scientific and operational objectives.  
To date, most analysis of lighting conditions at the 
poles has been conducted using photomosaics of polar 
Clementine images [1] assembled into animations [2-
4].  These data are limited to southern winter and 
northern summer.  Simulations of lighting conditions 
within idealized simple craters [5] and constraints from 
near-polar Clementine laser altimetry [6] have also 
been used to help determine the total area of perma-
nent shadow.  Illumination models based on stereo 
imagery and radar interferometry DEM’s have shown 
good correspondence with single Clementine and Lu-
nar Orbiter images [7].  In order to obtain information 
about the integrated lighting conditions at the poles at 
any time of year, and identify areas of favorable illu-
mination, we have developed a full year illumination 
model based on DEM's derived from Arecibo radar 
interferometry [8].  Our illumination model permits 
identification of areas of near-permanent sunlight and 
allows visualization of the sun's path as it moves 
across the lunar horizon. 

Methods:  We use the DEM’s of [8], with a reso-
lution of 600 m/pixel.  While this dataset has gaps due 
to limitations of viewing geometry, many gaps occur 
in low elevation crater floors that will not affect the 
illumination of high elevations.  The DEM’s extend 
over 3.0º below the poles, allowing us to investigate 
areas outside the range of animated Clementine polar 
mosaics.  We take into account the effect of topogra-
phy on illumination by calculating the elevation of the 
horizon at all azimuths for each point and comparing 
that to the solar elevation over one lunar synodic pe-
riod. The horizon elevation is calculated from the sur-
rounding topography taking into account the planet’s 
curvature.  Fig. 1 shows an example of this calculation 
for two locations at 88ºN at the most favorable time of 
year, i.e. the synodic period is centered on the summer 
solstice. 

We integrated the lighting conditions at both poles 
over a period of two lunar days, centered on the winter 
and summer solstices.  For visualization the results 

were then laid over radar backscatter images (Figs. 2 
and 3). 

 

 
Figure 1: Two different locations at the same latitude 
(88ºN) during the same lunar day. The elevation of the 
surrounding topography is shown in gray with the path 
of the sun shown by the dashed line.   
 

Results and Discussion:   
South Pole Summer:  Well-illuminated terrain is 

located along the elevated rims of larger craters, par-
ticularly for Shackleton (89.9ºS, 0.0ºE) and a con-
nected ridge at approximately -120ºE (Fig. 2a).  Over-
all, a surprisingly small amount of terrain within 1.5º 
of the pole is illuminated over 50% of the time, mainly 
due to topography effects.  The majority of the polar 
regions thus spend more time in darkness than equato-
rial regions, even in summer. 

South Pole Winter: In the winter we find two areas 
that receive sunlight greater than 75% of the time near 
the crater de Gerlache (88.5ºS, -87.1ºE) and Shackle-
ton, both of which were identified by [2] (Fig. 2b). We 
also identify a new area on the northwestern rim of the 
crater Sverdrup (88.5ºS, -152.0E).  This area has the 
highest percentage of illumination on the south pole, 
with 22 pixels (~8 km2) between 75-95% illumination. 

North Pole Summer:  On the north pole the floor of 
Peary (88.6ºN, 33.0ºE) contains a large continuous 
region of well illuminated terrain, and other well-
illuminated areas are distributed throughout rough “in-
tercrater” terrain (Fig. 3a) [8].  Some of the intercrater 
terrain contains areas illuminated greater than 95% of 
the time.  In agreement with [1], we also find that the 
north rim of Peary contains areas of near-permanent 
sunlight. 
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North Pole Winter:  In winter there are few well-
illuminated surfaces compared to winter at the south 
pole.  Fig. 3b shows a wider view of the pole, and we 
point out two areas with the most light (over 75% in 
some pixels): the west rim of Hermite (86.0ºN, -89.9E) 
(Fig. 3c) and the south rim of Peary (Fig. 3d).  The 
eastern rim of Hermite also has a significant number of 
pixels that show illumination between 50-75%. 

Conclusions: We have identified new areas of fa-
vorable illumination at both poles during summer and 
winter.  Our illumination model extends over 3.0º be-
low the poles in most places, and is in general agree-
ment with Clementine photographic animations.  This 
model can help predict day to day lighting conditions 

at many high elevation at any time of year.  We will 
report on these illumination patterns and the corre-
sponding effect on the thermal environment in these 
locations.  We will also compare our results with pre-
vious estimates of permanently shadowed area [2, 6, 
8]. 
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Figure 2:  Blue areas represent 50-75% illumination over two lunations, green areas represent 75-95%, red areas 
represent 95-100%, and uncolored areas are illuminated <50% of the time.  Red arrows point out areas of maximal 
illumination and parallels are plotted every degree.  A) South pole summer.  B) South pole winter. 
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Figure 3: Color assignments same as in Fig. 2. A) North pole in summer. B) North pole in winter, note change 
in scale.  C-D) Close-ups of areas with maximal winter illumination on the rims of Hermite and Peary. 
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