JOHNS HOPKINS
APPLIED PHYSICS LABORATORY . ! jl

Noam R. Izenberg' (noam.lzenberg@jhuapl.edu; @izenplanet), Diana M. Gentry?, David J. Smith2, Penelope J. Boston2, David Grinspoon?

. . LUNAR AND PLANETARY
. " g SCIENCE CONFERENCE
Grzegorz Slowik4, Mark Bullock®, and Martha Gilmore#
!Johns Hopkins Univ. Applied Physics Laboratory, Laurel, MD, USA, 2NASA Ames Research Center, Moffett Field, CA, USA, *Planetary Science Institute, Washington, DC, USA
“University of Zielona Géra, Poland, *Science and Technology Corp., Boulder, CO, USA, ‘Wesleyan University, Middletown, CT, USA

Breakout: The chance escaped its point of
origin to spread across the planet

On earth life may have arisen, dozens, or thousands of times
in different pools or fumaroles, only to be snuffed out by
random events and changes, of which we have no record.

Life is only detectable if it breaks out of its point of origin, \ |

and spreads across the planet. This is encapsulated in the \\ 3 -‘/

. Variable Og, which for Earth is became 1 early in its pea—
history, though we can likely never know how many false starts
life had here. If we assume early Venus was similar to’Archean

Robustness:
Earth for 2+ billion years, an Oz of 0.9 to 1 may be reasonable
Accounting for breakout as well as start of life make fhe
P T —

; the potential
Origination term a little more complex: CurrenT Ond
y O=(0,+0;)* Oy Or:
Origination: The chance

historical size and
0 =(1-((1-04) * (1- Op))) * O,
(o)) Yenus our estimations for the subfactors
life both began and “broke

diversity of the Venus
give a range for O of 0.09 to 0.4, a possibly H
conservative to probably generous blosphere .
T estimate for life getting a foothold on Life on Earth has survived in part because it spread so
out” on Ven US,- . . . the second planet. wide, with such variety and quantity, that it was hard to
Life on a planet can start via independent abiogenesis, completely eradicate. An estimation of Robustness may
or importation from elsewhere (panspermia) or: be expressed with:
O, + O, or possibly: R=R; * Ry
1-((1-04) * (1- Op)
where O, is the likelihood of origin by abiogenesis and Op
is the likelihood of origin by panspermia. In our own solar
system, for lack of definitive evidence, we assign O, ~ 1 for
Earth, and 2 for other bodies. O, depends on how “easy”
life is to arise. Op in our solar system can be nonzero from
possible transportation of life due to impact from Earth, at
the very least. Venus is the most likely to receive viable life
from Earth, and thus, over geologic history, we can hazard
a value of O, ~ 0.1-0.5. But just starting life is not enough

where R; is a measure of potential biomass supported, and
Rp is @ measure of potential Diversity. On
Earth, BIOMQASS has been sufficient to
allow survival of dramatic climatic

events. Perhaps early Earth is.a
reasonable template for
estimating Ry for early

Venus; between 0.5-0.8.
Life: The Net

Current Venus is more
chance life exists

»”constrained by sheer
mass available for biomass; even imagining every
cloud or haze particle in the Venus atmosphere is actually
today on Venus.
With estimates for all 3 factors for
Venus, we can calculate a range for the

an organism gives a number of organisms several orders of
magnitude lower than for Earth
for extant life on the second planet, 4
chance of life. Using the high and low
Cramtewstodede 159 yalues throughout:

Diversity includes functional, lineage
netic, and more.

and perhaps elsewhere. genetic, and more
L= 0.09*0.125 * 0.1 ~ 0.001 (low) or

L= 04 *0.51 *0.5~0.1(high)

On Earth, nearly every liquid and solid surface is colonized
a o 5 though some harsh niches are sparsely inhabited and
What is your estimation? predominantly inactive: R, approaches 1
This exercise can be performed for any potential abode of
life in our solar system, and adapted and estimated for
any potential habitable world

Yet one of the few places we don't see a f.U|| life cycle
Acceptability: the
f

(gestation, growth, and reproduction) is in the upper
atmosphere. s this due to alack of continuous
chance that conditions
The L determined by of the Venus Life

selection pressure and residence, or is not even life
on Earth robust enough to conquer this hostile
a men0b|e 1-0 ||fe persisfed zone? Again using early Earth as a template
Equation, adapted for and integrated 1- || d 1 || 1- cmd PN aange of 02900 1 R We
over many possible worlds, is related _s SpO 1a y an emporo y o get g ]r(;g%i;o(r);between
to the term f, of the Drake the prese Nt. This factor reflects the -
Equation: the fraction of hecessity of continuous existence of habitats
planets in our galaxy that over time/and space. This factor is the most quantifiable for
The B.O.C.L develop life. The equation Venus threugh direct measurement; determining the
Boston Operafional Checkist of Lie applied fo Venus shows of cumrent'resources in potential niches (e.g. The elements C, H,
+ Boundary conditions how we might : N, O, P, & S and solvents in Venus clouds), and through
approach questionsgs ;1 3 unraveling the geologic history of the planet to determine §
of habitability i i
on worlds
beyond
Earth

|

if a continuous path might have been available for life to
. evolve to survive and maintain itself for tens or hundreds of
* millions of years of post-ocean Venus history. If, for example, fodventy
life had evolved to survive in the Venus clouds as we know
~them today. This factor is hard to estimate given how little we
.

know about both Venus' history and current potential habitats.
Davia Latimer's 0 vear enariom. ASSIGNING for A arange of 0.1 o 0.5 may be generous, or not



