
L: Lifetimes of Civilizations 



N = N* fs fGHZ fp nH fl fJ f�fEufmfifcL /T 
 
L: lifetime of a communicative civilization 
 
T: age of the Galaxy 
 
L/T: the fraction of the age of the 
Galaxy during which the civilization is able 
to communicate.  

The Last Term 



T is known. T ~ 1010 years. 
 
The age of the universe is 13.7 Gyr. 
 
The oldest stars in our Galaxy are about 13 Gyr 
old (but are metal-poor). 
 
The stars that make up the disk of the galaxy 
are younger than about 10 Gyr. 
 
The Sun has a 10 Gyr main sequence lifetime 
 
The Sun is 4.5 Gyr old. 
 
 

T 



L is not known.  
 
L for humanity is about 100 years (so far). 
 
A typical species survives 106 years. 
 
The Earth becomes uninhabitable in 109 years. 
 
How long will we (or our successors) last? 

L 



What Affects a Civilization? 

Communication methodologies 
•  Broadband -> cable/satellite 
•  Decline in curiosity 



What Affects a Civilization? 

Self-destruction 
•  Military technologies become more 

lethal 
•  Nuclear weapons 
•  Biological weapons 



What Affects a Civilization? 

Inadvertent destruction 
•  Over reliance on technology 
•  Reliance on monocultures 



What Affects a Civilization? 

Natural causes 
•  Carrying capacity 
•  Depletion of resources 
•  Human And Natural DYnamics model 



HANDY model 
Human and Nature Dynamics (HANDY): 
Modeling Inequality and Use of Resources in 
the Collapse or Sustainability of Societies 

Ecological Economics, 2014, 101, 90–102 
 
Motesharrei, S., Rivas, J., & Kalnay, E. 



Predator-Prey Relation 



HANDY model 

•  Humans as predators 
•  Nature as prey 
Parameters: 
•  Population 

– Elites 
– Commoners 

•  Natural resources 
•  Accumulated wealth 



HANDY Equations 
•  Δxc = βcxc – αcxc 

•  ΔxE = βExE – αExE 

•  Δy = γy(λ – y) - δxcy 
•  Δw = δxcy - Cc – CE 

•  βc = βE : birth rate 
•  αc, αE : death rate 
•  δ : depletion per worker 

•  y : natural resources  regeneration, depletion 
•  w: wealth production – consumption 
•  C : consumption   

–  Cc = sxc 

–  CE = κsxE  

 



HANDY Equations 
•  Birth rate same for commoners and elites 

•  Death rate differs, depends on wealth 

•  Consumption depends on wealth 
–  Commoners consumption ceases when wealth falls below 

threshold 
–  Elites consumption ceases when wealth falls below 

threshold/κ 



Handy Solutions 

•  Vary parameters to find equilibria 
•  Look for maximum carrying capacity 



HANDY Conclusions 

Stable equilibria exist for  
•  xE = 0 
•  κ = 1 
•  Slow growth 



HANDY Conclusions 

No equilibria exist for  
•  κ >> 1  (large inequality) 
•  Rapid growth 



xE = 0 



xE = 0 



xE = 0 



xE = 0 



κ = 1 (equitable salaries) 



κ = 1 (equitable salaries) 



κ = 1 (equitable salaries) 



κ = 1 (equitable salaries) 





κ = 100 (inequitable salaries) 



κ = 100 (inequitable salaries) 



κ =10 





Fate of Human Societies 

Most have failed within a few hundred 
years 



Fate of Western Civilization 

•  Overpopulation 
•  Anthropogenic climate change 
•  Resource depletion  

– Oil 
– Water 
– Uranium/thorium 
– Rare-earths 



L 

•  L ~ 120 years. 

•  How much longer will we go? 



10-8 < L/T <1 
 

L/T 



N = N* fs fGHZ fp nH fl fJ f�fEufmfifcL/T 
• N* = 4 x 1011  
• fs = 0.2  
• fGHZ = 0.002  
• fp = 1.0  
• nH = 2  
• fl = 1.0  
• fJ = 0.5 
• f� = 0.01 
• fEu = 0.2  
• fm = 0.1 
• fi = 0.3  
• fc= 0.1  
• L/T = 0.0875 
• N = 42 

N 



But … 

Uncertainties in the values 
are generally more important than 
the exact values 



N = N* fs fGHZ fp nH fl fJ f�fEufmfifcL/T 
• N* = 4 x 1011 ± 25% 
• fs = 0.2 ± 0.1 
• fGHZ = 0.002 +0.01, -0.001 
• fp = 1.0 ± 0.2 
• nH = 2 ±1 
• fl = 1.0 +0, -0.99 
• fJ = 0.5 +0.3,-0.5 
• f� = 0.01 +0.1, -0.01 
• fEu = 0.2 +0.8, -0.2 
• fm = 0.1+0.9, -0.1 
• fi = 0.3 +0.7, -0.25 
• fc= 0.1 +0.7, -0.3 
• L/T = 0.0875  (10-6 –> 0.5)   
• N = 42 (from 1 (us) to 4x1010)  

N 



The shape of the Galaxy is ~ cylindrical, with 
• Radius = 50,000 ly 
• Height = 1000 ly 

 
The volume of the Galaxy is ~πr2h, or 

VG = 7.5 x 1012 ly3 
 
The density ρ of communicating civilizations is 

ρc = N/VG 
 
The mean distance dc between civilizations is 

dc ~ (ρc)-1/3 

The Distance Between 
Neighbors 



 
With N=42 
 
 ρc ~ 6 x 10-12 ly-3 
 
dc = 3600 ly 
 
 

The Nearest Civilization 

For dc = 100 ly, we need N  ~ 7,500,000  
 



N* fs fGHZ fp nH fl fJ f�fEufmfifcL/T = 42 
 
Answers between 1 and 4 x 1010 acceptable with 
justification 
 
 
 
                     (YMMV) 

The Final Answer ? 


