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Outline 

• What Is Anthropic Selection? 

• Why Should Geologists Care? 

• Is There Any Evidence for Anthropic Effects? 
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What Is The Anthropic Principle? 

• Observational Bias 

• What you see is not 
typical 
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What Is The Anthropic Principle? 

• We must live on a planet suitable for 
intelligent life (& geologists) even if such 
worlds are extraordinarily rare and peculiar 
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Why Should Geologists Care? 

• Is the Earth a typical planet or the weirdest 
world in the visible Universe? 

• We can’t claim to have any real understanding 
of our planet if we can’t answer this 
fundamental question! 
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Why Should Geologists Care? 

• Plate Tectonics 

• Magnetic Field 

• Early Life 

• Climate Stability 
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Climate Stability?  What Climate 
Stability? 

• Snowball Earth Episodes (T<0 C). 
• Thermophylic Archaea (T>50 C). 
•  d18O in Archean Cherts (T>70 C!!). 
• High variation is unsurprising: 

– CO2 & CH4 orders of magnitude higher in the past (10-fold 
in Phanerozoic). 

– Albedo varying from 0.1 to 0.7 (Land Plants!). 
– Solar “constant” increasing 40% in 4Gy (5% in 

Phanerozoic). 

• But DT ~ 10s C ~ 10% variation! 



Climate Stability?  What Climate 
Stability? 

• Are there stabilizing mechanisms (especially in 
the Phanerozoic)? 

• Or is it just good luck that was a precondition 
for our existence? 



Anthropic Selection Hypothesis 

• Given >> 1022 planets in the Universe, the geological, 
biological and astronomical controls on climate 
MUST, by chance, cancel out on occasional, rare 
worlds. 

• If climate stability is needed for the emergence of 
intelligent life, we MUST live on one of those very 
unusual planets. 

• If the Earth had had a more interesting climatic 
history we wouldn’t be here to talk about it. 



Life & Climate 

Raup & Sepkoski,  
1982 

• Mass Extinctions 



Life & Climate 

• Biodiversity & 
Climate 

Willig et al, 2003 



Anthropic Selection for Climate 
Stability 

• 4 billion years of good weather may not be the 
result of stabilizing mechanisms.  

• It may just have been phenomenally good 
luck! 

• Is There Any Evidence? 

– Phanerozoic Climate Stability 

– Our Unusually Large Moon 
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Phanerozoic Sea Surface Temperatures 
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Solar Evolution 
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Earth Evolution vs Solar Evolution 

• Solar warming has been roughly cancelled by 
biological and geological trends which have 
cooled the Earth 

• Is this an unsurprising, mild coincidence or is 
there a strong cooling trend in Earth 
evolution? 

• Test this by removing solar warming and 
looking for statistically significant trend in 
what remains 
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SST Without Solar Evolution 
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SST Without Solar Evolution 
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Phanerozoic Climate Stability 

• Cooling due to geological and biological evolution 
has approximately cancelled warming due to 
solar evolution. 

• The combination of the feedback response to 
solar evolution plus a mild coincidence is unlikely 
to explain this. 

• What’s left? 
• Gaia or Goldilocks: 

– Does a complex biosphere produce climate stability or 
is climate stability a pre-requisite for a complex 
biosphere? 
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Fine-Tuning of the  
Earth-Moon System 



Everybody Knows … 

…that our large Moon helps stabilize our axis 

 



Everybody Knows … 

…that our large Moon helps stabilize our axis 

• This is NOT true! 

 

 



Everybody Knows … 

• Taking our Moon away today does make our 
axis unstable. 

• Hence our large Moon stabilizes our axis in 
this sense. 

• However, it’s asking the wrong question! 

 



Everybody Knows … 

• Don’t ask:  

– “What would happen if we magically removed the 
Moon today?” 

• Ask:  

– “What would have happened if we’d always had a 
larger moon?” 

• The second question produces the opposite 
answer to the first! 
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Earth-Moon Evolution 

• Tidal evolution eventually leads to instability 

– Earth’s rotation slows and moon recedes 

– Earth’s precession rate drops 

– Precession longer than 50ky (i.e. <26”/y) produces 
resonance 

– Our world will become unstable in ~1.5 Gy 

 



A Large Moon Causes Instability! 

• Larger moons produce more rapid tidal 
evolution 

• Larger moons therefore produce instability 
sooner than small ones 

 

 



Moon Forming Collision 
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Axial Instability 
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02/04/2014 Lucky Planet 34 

(Waltham, 2004) 





Fine-Tuning of the  
Earth-Moon System 

• Real Earth-Moon system is extraordinarily 
close to instability 

• At fixed angular momentum, increasing lunar 
radius by 10-80 km gives instability after 4.5 
Gy of tidal evolution (i.e. today) 

• Only 5±4% of stable alternate Earth-Moon 
systems have slower precession than the true 
Earth-Moon system  



Dave 

A “Habitable Zone” for Axial Stability? 
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Axial Instability 

• The Earth-Moon systems properties may lie in 
a “habitable zone” between the climatic chaos 
produced by the axial instability of a slowly 
spinning world and run-away freezing at the 
cold poles of a rapidly spinning one 
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Conclusions 

• It’s possible that complex biospheres can only 
emerge on planets with a peculiar combination of 
properties 

• If so, the Earth must be one of those odd worlds 

• This potentially very strong observational bias 
must be taken into account if we want to properly 
understand our planet 

• For example, there is evidence that luck has 
played a role in climate stability 
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Further Information: davidwaltham.com 
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