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Climate Overview

The boundary conditions for evolution of habitable 
planets within a CHZ are the product of stochastic 
processes as a function of time.  In the case of 
terrestrial planets habitability and specifically a 
biosphere is an emergent phenomenon resulting 
from the interrelationship between internal and 
external variability including geologic, 
hydrospheric and atmospheric forcings.  The most 
significant outcome of these interrelationships is 
climate which, in turn, can be defined by two 
states  1) a vector state - a set of changing 
conditions with space and time 2) a scalar state 
which emerges from the vector state and is 
defined as a mean set of values within a fixed 
point in space and time.  In the case of Earth the 
vector state includes climatic oscillations from 
warm, ice free periods through cold, glacial 
periods as the emergent scalar value on a global 
scale is the current mean temperature of 15c, and 
atmospheric pressure of 1013 hPa. However, 
such values decompose on local scales i.e. 
geographic location.  Habitability, is a product of 
local climatic conditions which in turn determines 
biotic environments hence the substructure of 
ecosystems ranging from lower entropic levels 
e.g. terrestrial and marine extremophile 
environments to higher entropic levels of e.g. rain 
forests and coral reefs.

Earth as a Working Model

Using the Earth’s history as a working model, this 
investigation will commence by expounding upon 
the relationship between climate and habitability 
i.e. the emergence of a biosphere within 
fluctuating and changing boundary conditions on 
both local and global scales. For example, Earth’s 
biotic evolution  is determined by orbital variability 
e.g. changes in earth-sun geometry, solar output, 
and suborbital variability e.g. atmospheric and 
oceanic composition and circulation .plate 
tectonics e.g. continental drift and the 
redistribution / configuration of continental plates. 
The spatial / temporal framework  for this 
investigation will include the six eras of 
terrestrial evolution ( developed by R. Hazen),
the Koppen climate classification scheme, and 
chaos theory ( originated by R. Poincare and 
further pioneered by E. Lorenz).

Habitable Worlds: A New Climate 
Classification Scheme

The investigation will culminate in a new climate 
classification scheme for terrestrial planets in which 
their respective stable climate states represent a range 
of potential habitability from lower entropic 
extremophile environments to higher entropic 
ecosystems. The respective classifications can be 
summarized as follows: Type 1: Water World - △T 
values within the range for liquid  state water with 
significant surface water mass present. Examples: 
Earth = 71%; Exoplanets Kepler 22b and GJ 1214 b. 
Type 2: Frozen Water World- △T within the range 
for liquid water subterranean to  a solid state surface. 
Examples: Europa and Enceladus. Type 3: Pseudo-
Water World. △T << 0c resulting in liquid  
hydrocarbons e.g. ethanol / methane and surface liquid 
state mass ( oceans) and atmospheric dynamics that 
mimic the hydrologic cycle. Example: Titan.Type 4: 
Desert World: △T within range for liquid water, 
mostly subterranean but surface liquid water mass 
absent. Type 5: Hothouse - △T >> 100c  
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