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Introduction:  The combination of the Moon’s tilt 

and inclination with respect to the ecliptic plane creates 
unique solar illumination environments near the lunar 
poles. Using images [1-3] and digital terrain models [4-
7] regions of near-continuous illumination and 
permanent shadow have been mapped in detail around 
each pole. Areas of near-persistent illumination offer a 
benign thermal environment for long duration missions 
and consistent access to solar energy. At the other 
extreme, regions of permanent shadow create natural 
cold traps (< 110 K; sublimation temperature for water 
ice [8]) that have the potential to sequester volatiles [9]. 
In some cases, these two regions are adjacent to each 
other, which is advantageous for landed missions 
aiming to assay resources and investigate the in-situ 
resource utilization potential of a region.  

Solar illumination and Earth visibility map products 
have been guiding landing site selection for future 
human missions to the polar regions as well as a series 
of robotic precursor missions. For example, the Artemis 
Plan [10] identifies six potential sites for the Artemis III 
mission slated for 2024. The numbering scheme for the 
sites is correlated with the numbering scheme of highly 
illuminated points in [5]. Additionally, Masten Space 
Systems, Intuitive Machines and Astrobotic have all 
been given task orders as part of the NASA Commercial 
Lunar Payload Services (CLPS) program to deliver 
payloads to the polar regions in 2022 and 2023, which 
will all require direct to Earth communication due to the 
lack of a relay satellite. 

However, these illumination and visibility maps 
only offer a single metric for a particular location on the 
surface. Times of peak illumination do not always align 
with periods of Earth visibility. Furthermore, lighting 
and viewing conditions are not the same year-to-year. In 
this study, we investigate the dynamic lighting and 
Earth visibility environment around the lunar south pole 
and identify regions suited for short duration missions 
(such as CLPS) as well as regions well-matched for 
longer exploration missions between now and 2030.  

Methods: While images provide an unambiguous 
look at the lighting conditions at a set time, computer 
models using high resolution topography enable 
lighting and Earth visibility predictions at any point in 
the future. For this investigation, we used a digital 
terrain model (DTM) derived from altimeter tracks 
captured by the Lunar Orbiter Laser Altimeter (LOLA) 
[11]. For each location in the map, we derive a binary 
value for whether the Sun or Earth is visible (1) or 
blocked by local topography (0). From these binary 
maps (0 = blocked; 1 = visible) we can calculate the 

illumination percentages for each year. This creates a 
similar product to the illumination maps depicted in 
[4,5], except it is unique for the year in question since 
the azimuth of the Sun during peak illumination varies 
annually (Fig. 1). 

 

 
Fig. 1- Plot of sub-solar point between 1-Jan-2021 and 
1-Jan-2030. Low points in the graph indicate when the 
Sun is highest in the sky at the South pole. These low 
points change in magnitude and location each year. 

 

For each timestep, we calculate the direct line of 
sight between each pixel in the terrain model and the 
Sun. We assume that the Sun is a point source, meaning 
our estimates for total solar illumination will be lower 
than estimates calculating the illumination with a disk 
representing the Sun [5]. However, this method assures 
that ~50% or more of the solar disk is visible, which is 
important for power generation. Additionally, for this 
initial investigation, we also assume the Earth is a point 
source. This can later be refined to account for direct 
line of sights to nodes of the Deep Space Network or a 
series of other ground stations of interest instead of 
using the center of mass. 

For short duration missions to the polar regions, it 
may be necessary to identify times when both the Sun 
and Earth are visible. This enables the charging of solar 
panels and direct-to-Earth communications (i.e., not 
requiring a relay satellite).  For some missions, the 
length of continuous lighting and Earth visibility 
requirement may be as long as 14-days, while other 
mission profiles may require shorter durations to 
complete the mission objective(s).   

Results: Using a 100 m/pixel LOLA DTM [11], we 
modeled the solar illumination and Earth visibility every 
2 hours between 1 January 2021 and 1 January 2030. 
We then created a series of maps that identified how 
long each point on the surface was illuminated and 
visible to Earth for each year as well as created an 

2558.pdf52nd Lunar and Planetary Science Conference 2021 (LPI Contrib. No. 2548)



aggregate product for the entire time span. Fig. 2a and 
2b shows the longest continuous period of solar 
illumination and Earth visibility, respectively.  
Combining these maps with Diviner ice stability (Fig. 
2c; [12]) and slope (Fig. 2d.[11]) maps we can identify 
candidate landing sites for future missions. For a short 
duration mission, we identified points where the 
location was illuminated and visible to Earth for at least 
five continuous Earth days as well as had slopes < 10° 
(red area) and modeled to potentially have ice within the 
top 0.25 m (blue points) (Fig 2e). Additionally, to 
identify sites for longer duration missions without the 
constraint of Earth 
visibility (i.e., Artemis), we 
located regions that were 
illuminated for 28 days and 
had slopes < 10° (green). 
Following this method 
yields additional sites to 
the ones considered, but 
still meet the landing site 
requirements. By 
expanding the models, we 
can assess potential landing 
sites and monitor how their 
accessibly in terms of 
lighting and viewing 
geometry change on year-
to-year basis.  
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Fig. 2: A: LOLA derived solar illumination (0=no 
sunlight; 255=21+ days of continuous illumination). B: 
LOLA derived Earth visibility (0=no visibility; 
255=21+ days of continuous visibility). C: Diviner ice 
stability map [12] (0=Ice stable at surface; 255= Ice 
stable at or below 2.5 m). D: LOLA Slope (0=0°; 
255=>30°). E: Red- Areas with at least 5 days of 
simultaneous solar illumination and Earth visibility 
with slope < 10°. Blue: Same criteria as Red, but with 
the potential for ice within top 25 cm. Green: Areas with 
28 days of illumination and slope < 10° overlayed on 
solar illumination map for the years 2021-2030.  
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