
THE LUNAR SEASON CALCULATOR: AN ACCESSIBLE TOOL FOR FUTURE MISSION PLANNING.  
S. F. A. Cartwright1 and J. M. Bretzfelder2, 1Department of Geological Sciences & Engineering, University of 
Nevada—Reno, (scartwright@nevada.unr.edu), 2Department of Earth, Planetary and Space Sciences, University of 
California Los Angeles. 

 
 
Introduction:  The Lunar Season Calculator 

(https://www.lpi.usra.edu/lunar/tools/lunarseasoncalc/) 
is an Excel-based tool hosted by the Lunar and Planetary 
Institute (LPI) that provides users with an efficient and 
accessible method for exploring the timing of seasonal 
variation on the Moon.   

Like on Earth, lunar seasons can be measured by 
subsolar latitude, the latitude at which the Sun is directly 
overhead at local noon (Fig. 1). Accordingly, this value 
describes the degree of tilt toward or away from the Sun 
in the northern and southern hemispheres. Subsolar 
latitude oscillates between ±1.59° due to the inclination 
of the spin axis of the Moon with respect to the ecliptic 
[1, 2]. When subsolar latitude is positive, the Sun’s rays 
are normal to the surface at a point in the northern 
hemisphere; this is referred to as Northern Summer or 
Southern Winter and the inverse is true when subsolar 
latitude is negative. 

 

 
 
Figure 1. Illustration of the effect of the Moon’s axial 
tilt on the progression of lunar seasons, which are 
measured by subsolar latitude. The Lunar Season 
Calculator allows users to explore changes in this value 
through the end of 2029, information that can guide 
proposing and planning future human and robotic 
exploration. 
 

Motivation:  In equatorial regions, variations in 
lunar subsolar latitude have a limited effect on surface 
conditions. However, due to the dramatic topography at 
the poles, even small steps in seasonal progression lead 

to large changes in illumination conditions at very high 
latitudes. Given the increased interest in exploring lunar 
polar regions, an understanding of the timing of the 
seasons has important implications for mission 
planning. This is especially true for missions that will 
rely on solar power, including those in the Artemis 
program [3]. For example, exploration at the south pole 
must be planned for periods in which subsolar latitude 
is near its minimum (-1.59°) in order to maximize 
available solar energy.  

The lunar seasonal cycle does not coincide with a 
consistent set of dates on Earth and instead must be 
calculated from information on the geometry of the 
Moon’s orbit. Currently available methods for exploring 
lunar seasonal state can be either inefficient (e.g., 
inadequately featured online tools) or inaccessible for 
general users (e.g., require coding with SPICE [4]). The 
Lunar Season Calculator was built to bridge this gap by 
providing a fully featured and accessible tool that can 
meet the needs of future mission proposals and 
exploration plans. 

Features:  The Lunar Season Calculator provides 
two complementary interfaces for exploring seasonal 
state on the Moon: 

Date Lookup.  In this worksheet (Fig. 2a), the user 
enters a calendar date using dedicated dropdown menus 
for the year, month, and day. The subsolar latitude for 
that date is displayed, along with the corresponding 
seasonal states (Summer/ Winter) for the northern and 
southern hemispheres. The date is highlighted on a plot 
showing subsolar latitude oscillations over time.  

Range Lookup.  In this worksheet (Fig. 2b), 
dedicated dropdown menus allow the user to select start 
and end sates for a temporal search window. The user 
also enters desired minimum and maximum values for 
subsolar latitude. All date ranges within the search 
window for which the subsolar latitude criterion is met 
are shown in a table and highlighted on a plot for 
context. 

Source Data:  Excel-based calculations and plots in 
the tool are based on a database of lunar subsolar 
latitude values populated by a custom Python script. 
This script was modeled after [5] and leverages the 
SpiceyPy subslr module to calculate subsolar latitude at 
00:00:00 UTC on each day between 1 Jan 2020 and 31 
Dec 2029. Calculations are made using the following 
SPICE kernels: naif0012.tls (LSK), de438.bsp (SPK), 
moon_080317.tf (FK), pck00010.tpc (PCK), and 
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moon_pa_de421_1900-2050.bpc (PCK). The database 
is provided in a dedicated sheet of the workbook and the 
script used to populate it is also available from the 
authors upon request. 

Accuracy: Subsolar latitude on the Moon can 
progress as much as 0.04° over the course of 24 hours. 
Given the 24-hour temporal resolution of the Lunar 
Season Calculator, the value reported by the tool for a 
particular date can deviate up to ±0.04° from the true 
value at a given time during that day. This uncertainty 
is assumed to be higher than the degree of precision 
achieved with SPICE kernels over the decade which the 
calculations cover. 

Future Development: Users are encouraged to 
submit comments and suggestions that could help guide 

future updates to the tool. Possible updates include 
expanding the tool’s temporal range and resolution. 
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Figure 2. Screenshots of Lunar Season Calculator interfaces for a) direct lookup of subsolar latitude on a user-defined 
date and b) determining all suitable date ranges within a search window for which lunar subsolar latitude falls within 
a specified range. 
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