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Introduction:  NASA’s exploration of our Solar System 
and beyond is heavily reliant on our advances in remote sens-
ing via spectroscopy. The definition of which missions to fly 
and which instruments to develop are established in order to 
maximize the science return, requiring accurate and precise 
modeling of the different components for such investigation, 
from the properties of the object of study (composition, orbit, 
temperature) to accurate modeling of the mission perfor-
mance in space. For that purpose, we have developed the 
Planetary Spectrum Generator (PSG), which is an 
online tool for synthesizing planetary spectra (atmos-
pheres and surfaces) in a broad range of wavelengths 
(0.1 µm to 100 mm, UV/Vis/near-IR/IR/far-
IR/THz/sub-mm/radio) for observatories (e.g., JWST, 
ALMA, Keck, SOFIA, HST), orbiters (e.g., MRO, 
ExoMars, Cassini, New Horizons), or landers (e.g., 
MSL). This is achieved by combining state-of-the-art 
radiative-transfer/planetary models, and spectroscopic 
databases.  
Planetary generator: there are numerous radiative 
transfer packages, each tailored to a specific object-
type, spectral range, geometry, or instrument. More 
problematic, these packages typically require complex 
installations, compilations, and libraries; and require 
maintenance, and are restrictive in operational scope. 
PSG overcomes these limitations by implementing 
several efficient radiative-transfer modules on high-
performance NASA servers, which are accessed via a 
user-friendly web interface. The operational principle 
is similar to that of the JPL/Horizons ephemeris calcu-

lator, in which calculations are performed on the server 
side, with the user simply defining the parameters.  
 
PSG capabilities - ssed.gsfc.nasa.gov/psg  
A 3D (three-dimensional) orbital calculator for all 
solar system bodies and confirmed exoplanets, for Na-
dir, limb and occultation geometries. 
The tool ingests billions of spectral lines and spectral 
constants from almost 1,000 chemical species from 
several spectroscopic repositories (e.g., HITRAN, 
CDMS, USGS, GSFC-Fluor). 
Accurate atmospheric profiles and surface templates 
are available for the main bodies (e.g., Venus, Earth, 
Mars, Titan, Uranus, Pluto).  
Radiative transfer performed with several modules: 
GENLN3, correlated-K, non-LTE fluorescence, and 
surface models. 
The code synthesizes fluxes in any desired unit. 
The tool allows applying terrestrial transmittances 
for a broad range of conditions (altitude and water, 
also from SOFIA and balloons). 
For exoplanets, it includes the possibility to integrate 
realistic stellar templates (0.15-300 µm), and the 
high-resolution ACE Solar spectrum (2-14 µm) for G-
type stars. 
It includes a noise and signal-to-noise calculator for 
quantum and thermal detectors, at any observatory 
(e.g., Keck, ALMA, JWST). 

 

The tool can synthe-
size a broad range of 
planetary spectra by 
combining a modern 
and versatile online 
radiative transfer suite 
that uses state-of-the-
art spectroscopic data-
bases. The modules 
are computationally 
optimized, with a typi-
cal runtime of one 
second. 
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