
Astronomical Circumstances

Planet's Orbital

Properties

Geologic State of Planet

Planetary

Surface

Environment

D
iverse and D

ynam
ic

Environm
ental C

ircum
stances

Dispersal

Preadaptatio
ns

Adaptations

Environmental
Stress

Evolution

Life's

Abundance

Innovation

Biosynthesis

Environmental Consequences

of Life's Abundance

Mass of moons around 

planet

Diversion of solar wind, recapture of ionized gasesGravitational possession

H2O

O2

CO2

O2

All gases

CO2, H2O, methane

Changing mix of all gases

Atmospheric water and cloud droplet nuclei

Cloud droplet nuclei

CO2, N2, H2O

CO2, N2, H2O

Erosion of all gases

O2

H2O

CO2, H2O, N2, SO2

O2

Chaotic inuence on 

obliquity

Ocean / Continent ratio of 

coverage

Continental shelf areaFragmentation of 

continents

Outgassing of juvenile gases

Vigor of internal heat 

engine

Mass of planet

Volcanic regeneration of buried 

atmospheric gases

Tectonic activity & 

crustal plate movement 

Planetary surface area

Planet's surface gravity

Ground water pumping 

by continental life

Consumption of biological 

compounds, O2 & recycling of CO2, 

H2O, N2

Seasonal temperature 

extremes

Continental rainfall

Planet's orbital period

Speed of increasing 

brightness

Outward migration speed 

of habitable zone

General brightness of 

primary star

Biosynthetic demand for 

solid biological compounds

Polar / Equatorial 

continent distribution

Delivery of calcium 

carbonate to oceans

Burial of organismal 

remains in oceans

Biogenic calcium 

carbonate precipitation

Burial of calcium 

carbonate in oceans

Rock weathering rate

Biogenic dimethyl 

sulde production

Continental cloud 

formation

Planet's current rate of 

rotation

Maximum time available for 

biological evolution

Exposure of bare rock

Initial biosynthetic demand 

for CO2, H2O, H2, H2S, N2Current biosynthetic demand 

for CO2, H2O, H2, H2S, N2

Amount of elegible territory for 

life to pioneer

Frequency of reproductive 

events

Strength of magnetic eld

Variations in crustal 

topography

Latitudnal temperature extremes

Planetary albedo

Planet's surface 

temperature

Introduction 

of  innovations

Burial of organismal 

remains on continents

Distance and depth of 

continuously habitable zone

Planet's orbital distance 

from star

Oceanic cloud 

formation

Mass of oceans

Hydrogen escape

Atmospheric pressure

Stratospheric ozone

Mass of atmosphere

Greenhouse warming

Planet's initial rate of 

rotation

Initial frequency of 

precession

Planet's initial orbital 

eccentricity

Planet's initial obliquity 

extreme

Planet's current orbital 

eccentricity

Planet's current 

obliquity extreme

Current frequency of 

precession

Oceanic tidal extremes

Day / night temperature 

extremes

Vigor of ocean circulation

Consumption of CO2, H2O, H2, N2 

& production of solid biological 

compounds, O2

Vigor of surface winds

Time in main sequence stage

Maximum possible time in 

habitable zone

Environmental stress:

variety / magnitude

Vigor of stellar wind

Age of planet

System-wide collision threat 

from threatening bodies

Mass of primary star

Number of planets in star 

system

Planet's risk of impacts with 

threatening bodies

Accumulation,

regeneration and

conservation of atmospheric gases

Depletion of atmospheric

gases

Atmospheric N2

Atmospheric CO2 Atmospheric O2

Atmospheric hydrogen

Atmospheric water Cloud droplet nuclei

Atmospheric methane

Impact from asteroid or 

comet

Mass of life

Range of occupied 

continental environments

Range of occupied 

marine environments

Emergence 

of  adaptations

Biological evolution by

natural selection

Initial, changeable, multi-

modal reproductive system

Current, changeable, multi-

modal reproductive system

Diverse and dynamic 

environmental

circumstances

Density of life in 

occupied territory

Biologically available 

territory

Pioneering new 

environments

Incentive and/or ability to pioneer 

new environments

Adaptations that are 

useful pre-adaptations

Planet's surface 

temperature

An increase in this factor goes
to influence another factor.

A decrease in this factor goes
to influence another factor.

A change in another factor causes
an increase in this factor.

A change in another factor causes
a decrease in this factor.

How to Read this Diagram

Copyright© 2022 by Tom Morris. All rights reserved.

A whole world systems perspec�ve

Division of Natural Sciences
Fullerton College

by Tom Morris

This diagram presents a working model of planetary biology on 
Earth. It lays out the qualita�ve interac�ons between about 80 
different phenomena. The goal of this model is to help 
visualize and comprehend the totality of the many complex 
interac�ons that influence the planetary surface environment.

Working from this model, a theory of planetary biology can be 
developed. Such a theory would explain why such a system 
persists and why it ul�mately produces planet-changing 
outcomes. The planetary biology perspec�ve presents a 
prac�cal path of inquiry as science tries to understand how 
worlds with life work. 

Astrobiology. As science con�nues to hunt for signs of “life” in 
the rapidly expanding catalog of known exoplanets, the 
planetary biology perspec�ve can help. For instance, 
astrobiologists work on the premise that if “life” is present on 
a planet, it should transform the planet's atmosphere in 
recognizable ways. The presence of highly reac�ve gases in a 
planet's atmosphere might indicate the ac�vi�es of “life.” If a 
planet's atmosphere can be observed, its content can be 
determined with a telescope and a spectrometer. If an 
intriguing mix of gasses is found, then a new planetary biology 
framework can be constructed for the planet in an effort to 
account for those gases.

“Planetary Biology” is a whole world systems perspec�ve that 
considers how the interac�ons between life and the planet 
produce environmental changes on a global scale. In short, 
given enough �me, the ac�vi�es of life (and analogous 
phenomena on other worlds) can transform the surface 
environment of a heavenly body.

For more informa�on on planetary biology, go to:
planetarybiology.com
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