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Context:  The ability to distinguish between truly 

habitable Earth-like worlds and “imposters” such as a 
Venus-like world are a crucial first step in habitability 
studies.  Polarimetry provides unique information 
about planetary atmospheres and surface properties 
complementing more conventional observations. How-
ever, polarimetry is currently an under-utilized tech-
nique for planet characterization, especially for smaller 
planets, where its utility is poorly understood. Models 
of polarised light from terrestrial planets can allow for 
the detection of biosignatures and habitability mark-
ers.  Comparisons of the signatures of worlds akin to 
Earth or Venus may provide an important means of 
quick comparison. 

Methods:  Combining the abilities of the Virtual 
Planetary Laboratory's “Earth” model planetary system 
code and the University of New South Wales' VSTAR 
radiative transfer code with surface and atmospheric 
polarimetric capabilities we explore the detectability of 
ocean glint, atmospheric compositions, varying surface 
conditions and cloud cover for a selection of nominally 
Earth-like planets in polarised light.  This is compared 
to theory (e.g. [2] [3] [4])  and assessed in observation-
al contexts.  When applied to the robust problem of 
actual system observations using Virtual Planetary 
Laboratory’s “Earth Model”, this provides a means to 
map planets with spatially varying contributions from 
land/sea and atmospheric inputs including clouds 
throughout an orbit, consider noise sources, and begin 
the problem of disentangling signatures in multiple-
planet systems.  The Rayleigh and glint dominated 
“true Earth” is compared to the effects of backscatter 
from Venusian clouds in combination with Rayleigh 
scattering, and for inflated water-rich cores and worlds 
with ice-cover contributions. 

Results and Significance: A first pass test for as-
sessing the likelihood of an Earth-sized planet having 
an Earth-like atmosphere is developed.  The time-
varying signatures of a habitable Earth-like world is 
compared to signatures from Venus-like worlds which 
may prove otherwise difficult to distinguish from mod-
ern Earth, early Earth, and the volatile depleted cores 
of ice giants.  We explore the capabilities of polarime-
try in the context of state-of-the-art Earth-based imag-
ing and aperture polarimeters (e.g. SPHERE [6] or 
HiPPI [7]) and next era space telescopes (e.g. HabEx 

or LUVOIR). Contributions of a spatially varying sur-
face and cloud cover are addressed. This research is 
relevant to upcoming large ground-based and future 
NASA exoplanet characterization missions, such as the 
proposed HabEx and LUVOIR telescope concepts, 
particularly in the context of coronagraphy.  
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