
Venus habitability?

• Morowitz, H. & Sagan, C. Life in the clouds of Venus? Nature 215, 1259–1260 
(1967).

• New: Venus PH3 phosphine detection at cloud layer, speculation and controversy: 
• In September 2020, an international team of astronomers made headlines when it reported 

finding phosphine — a potential (?) marker of life — in the planet’s atmosphere. Greaves, J. 
S. et al. Nature Astron. https://doi.org/10.1038/s41550-020-1174-4 (2020).

• The Joint ALMA Observatory then issued a revised calibration of the data.
• Multiple articles claimed that the data were wrongly interpreted (polynomial fitting can 

identify instrumental features similar to absorption lines).
• Villanueva, G.L., Cordiner, M., Irwin, P.G.J. et al. No evidence of phosphine in the atmosphere 

of Venus from independent analyses. Nat Astron 5, 631–635 (2021). 
https://doi.org/10.1038/s41550-021-01422-z

• Greaves, J.S., Richards, A.M.S., Bains, W. et al. Reply to: No evidence of phosphine in the 
atmosphere of Venus from independent analyses. Nat Astron 5, 636–639 (2021). 
https://doi.org/10.1038/s41550-021-01424-x
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Multiple workshops on Habitability of 
the Cloud Layer

New!! 3 NASA & ESA missions to Venus
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Special Regions (SR): water and temperature 
as habitability requirement

• SR Requirements: 

T> 255 K and 

RH (water activity) > 0.6

Rummel, J.D. et al 2014. A New 
Analysis of Mars Special 
Regions: Findings of the Second 
MEPAG Special Regions Science 
Analysis Group (SR-SAG2). 
Astrobiology 14, 887-968.
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• Venus’s surface is too hot for organic life forms.

• It has been argued, that the lower cloud layer (at 40 to 70 km) has a temperature range 
that makes it potentially habitable. The clouds of Venus consist mostly of sulfuric acid 
droplets but there are indications of water vapour too.

• Most of the previous discussions about the potential challenges of habitability of Venus 
clouds has only considered the extreme acidity of sulfuric acid clouds. Some extreme 
acidophiles are capable of metabolism close to pH 0. Record growth: Pierophilus torridus
(pH -0,06 at 60°C, which is equivalent to only 11,5% w/w sulfuric acid).

• Water activity is a potent determinant of functionality for microbial cells. It varies 
between 0 and 1. The present “record” for water activity tolerance is 0.537 (fungal 
halophile/xerophile Aspergillus penicillioides).

• We compute the water activity (Relative Humidity) within the clouds of Venus from 
OBSERVATIONS of Temperature and water-vapour abundance and find aw<0.004 for the 
sulfuric acid droplets which constitute the bulk of Venus clouds. 

• Pressure and temperature is taken from Venus entry probes measurements. The water-
vapour mixing ratio is taken from the parametrization of Gao et al, which is based on 
observations from Bertaux et al. using SPICAV on Venus Express (2007) and the Venera
11, 13 and 14 missions (1983).

• We derive then the sulfuric acid concentration that corresponds to this water activity 
according to models of H2SO4-H2O mixtures. This is consistent with published 
observations and models of acid content on the clouds of Venus.
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Habitability is defined by 
Temperature and water 

activity (=RH/100):

The water level is orders 
of magnitude lower than 

any known terrestrial 
limit for life

Sulfuric acid displaces water Venus cloudsTerrestrial life limit
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Venus, poses no concern for planetary protection  
...because “life as we know” from Earth would not 

proliferate there.
• Finding: Based on the existing measurements VENUS CLOUDS ARE 

NOT SPECIAL REGIONS. Due to the low level of water in the clouds 
where the temperatures are mild enough, life as we know, would not 
be able to replicate there even if there were nutrients available (and 
protection from radiation, sulfuric acid etc).

• Recommendation: unless there are new measurements that 
demonstrate water activity > 0.6 (RH> 60%), Venus clouds are not a 
concern for planetary protection. They are of course extremely 
interesting for planetary science, including atmospheric chemistry, P 
cycle, etc.
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