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While the present-day surface of Venus is certainly 

incompatible with terrestrial biology, the planet may 
have possessed oceans in the past and provided 
conditions suitable for the origin of life. Venusian life 
may persist today high in the atmosphere where the 
temperature and pressure regime would support 
terrestrial extremophile microbes, and the pH may also 
be tolerable: an aerial habitable zone [1,2,3]. This 
thermal habitable zone is predicted to exist at an altitude 
range of 62 to 48 km; above which temperatures drop 
below the lower thermal limit of cell growth and below 
which temperatures exceed the evaporation 
temperature.   

Many factors influence the habitability of a potential 
niche, such as the stability of organic molecules and 
availability of key elements, including metals, the 
presence of suitable energy sources, as well as other 
physico-chemical parameters such as the radiation 
environment. Both ultraviolet light [4] and the ionizing 
particle radiation of the cosmic rays [5] are highly 
deleterious to the complex organic molecules of life. 
Here, we consider the potential habitability of the upper 
atmosphere with respect to the penetration of ionising 
cosmic radiation [6,7] and the flux of solar ultraviolet 
(UV) radiation. [8] 

  
Compared to Earth, this potential venusian 

biosphere may be exposed to substantially more comic 
ionising radiation: Venus has no protective magnetic 
field, orbits closer to the Sun, and the entire habitable 
region lies high in the atmosphere – if this narrow band 
is sterilised there is no reservoir of deeper life that can 
recolonise afterwards. Here we model the propagation 
of particle radiation through the venusian atmosphere, 
considering both the background flux of high-energy 
galactic cosmic rays and the transient but exceptionally 
high-fluence bursts of extreme solar particle events 
(SPE), such as the Carrington Event of 1859 and that 
inferred for AD 775. We calculate the altitude profiles 
of both energy deposition into the atmosphere and the 
absorbed radiation dose to assess this astrophysical 
threat to the potential high-altitude venusian biosphere. 
Separate transport codes were used to simulate the 
penetration of solar ultraviolet and visible light through 
the atmosphere using a radiative transfer model, to 
determine the spectral environment (and thus the UV 

biocidal effect) as a function of altitude in the 
atmosphere of Venus.   

 
In terms of the hazard posed by cosmic radiation, we 

find that at the top of the habitable zone (62 km altitude; 
190 g/cm2 shielding depth) the radiation dose from the 
modelled Carrington Event with a hard spectrum 
(matched to the February 1956 SPE) is over 18,000 
times higher than the background from GCR, and 
50,000 times higher for the modelled 775 AD event. 

  

 
Fig.1 Total energy deposited in Venusian 

atmosphere as a function of altitude by modelled 
extreme solar particle events. The estimated total 
fluence of the 1859 Carrington Event is modelled 
with three spectral shapes (the Feb 1956, Aug 1972, 
Oct 1989 events) and compared against the Galactic 
Cosmic Ray flux during solar minimum and 
maximum. 

 
However, even though the flux of ionising radiation 

can be sterilizing high in the atmosphere, the total dose 
delivered at the top of the habitable zone by a worst-case 
SPE like the 775 AD event is 0.09 Gy, which is not 
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likely to present a significant survival challenge. 
Nonetheless, the extreme ionisation could force 
atmospheric chemistry that may perturb a venusian 
biosphere in other ways [4,5].  

Solar irradiance does create a severely challenging 
UV environment at the top of the thermal aerial 
habitable zone (62 km), with extremophiles such as 
Deinococcus radiodurans expected to be able to endure 
these UV conditions for only approximately 80 seconds.  

 

 
 
Fig.2  Modelled solar Ultraviolet and 

Photosynthetically Active Radiation irradiance 
spectra as a function of altitude in the Venus 
atmosphere, compared to the Archean Earth 
conditions, present-day Earth and present-day 
Mars.   

 
 
At an altitude of around 59 km the biologically-

weighted UV irradiance drops below that calculated for 
the Archean Earth, and continues to fall with decreasing 
altitude until at 54 km it is less than that found currently 
at the surface of Earth. Crucially, longer wavelength 
photosynthetically active light continues to penetrate to 
these altitudes and below, resulting in a solar radiation 
environment in the venusian atmosphere below around 

54 km that screens biologically-damaging UV radiation 
yet permits the process of photosynthesis [6].  

 
The potential habitability of an environment is a 

complex, multi-faceted issue, but considering the 
conditions produced by the thermal gradient, cosmic 
ionising radiation and solar UV flux within the venusian 
cloud deck we define a potential habitable zone that 
extends from 59 km to 48 km altitude.  We suggest that 
this region should form the focus of future remote and 
in situ astrobiological investigations of Venus.  The 
modelling results from this habitability study are also 
applicable to modelling efforts to understand how 
fundamental planetary atmospheric processes such as 
atmospheric chemistry, cloud microphysics and 
atmospheric electrical systems are driven by solar UV 
and solar particle events. 
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