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Today’s Agenda

• 15:00 – 15:05 Chairman’s Introduction

• 15:05 – 15:25 Keynote Presentation – Professor Geoffrey West

• 15:25 – 15:45 Question & Answer
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Today’s Speaker
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Professor Geoffrey West

Distinguished Shannan Professor & Former President

Santa Fe Institute



SCALE

THE UNIVERSAL LAWS OF GROWTH, LIFE AND 

DEATH IN ORGANISMS, CITIES AND 

COMPANIES

GEOFFREY WEST

SANTA FE INSTITUTE

GREEN-TEMPLETON COLLEGE, OXFORD UNIVERSITY
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AVERAGED FROM FROM NOW TILL 

2050 WE ARE URBANISING OVER ONE 

MILLION PEOPLE EVERY WEEK

EQUIVALENT TO ADDING A METROPOLITAN 

LONDON EVERY COUPLE OF MONTHS

OR…….A TAUNTON OR OXFORD EVERY DAY



THE GREAT ACCELERATION













THE CITY IS THE MARVELLOUS MACHINE WE 
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THE CITY IS THE MARVELLOUS MACHINE WE 

DEVELOPED FOR FACILITATING THE 

CREATION OF

• WEALTH 

• KNOWLEDGE, INNOVATION AND IDEAS

• INCREASED STANDARDS & QUALITY OF LIFE 



BUT UNINTENTIONALLY (AND INEVITABLY!) IT 

ALSO CREATES

SOCIAL ENTROPY:















DISEASE AND PANDEMICS!



AND SOCIAL UNREST!



London After Climate Change?



FIRST QUESTIONS:

I.  IS THIS SUSTAINABLE?

YES

NO

II.  IF YES, FOR HOW LONG?

10 YEARS

100 YEARS

INDEFINTELY



CITIES ARE QUINTESSENTIAL COMPLEX 

ADAPTIVE SYSTEMS

ENERGY & RESOURCES 

(METABOLISM, INFRASTRUCTURE)

+
INFORMATION 

(GENOMICS, INNOVATION)















 



Relation between number and 

size of branches within a tree
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SLOPE = ¾  <  1   SUB-LINEAR   ECONOMY OF SCALE 



SURPRISINGLY SYSTEMATIC
ECONOMY OF SCALE (THE BIGGER 
YOU ARE, THE LESS NEEDED PER 

“CAPITA”)

SIMILAR SCALING HOLDS TRUE 
FOR ALL PHYSIOLOGICAL 

PROCESSES AND LIFE HISTORY 
EVENTS OVER THE ENTIRE 

SPECTRUM OF LIFE



B.J. Enquist,J.H. Brown & GBW, Nature 2003 



heart rate scales as 

-1/4 power of body mass

Metabolic rate sets the pace of life

Small animals live fast and die young



K. Zhang, T.J.A. Sejnowski, PNAS 2000 

WHITE & GREY MATTER IN BRAINS







GBW, J.H. Brown & B.J. Enquist, Nature 2001
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SUB-LINEAR SCALING

LEADS TO BOUNDED GROWTH



INFRASTRUCTURE

SUB-LINEAR SCALING

ECONOMY OF SCALE

C. Kuhnert, D. Helbing & G.B. West, Physica A (2005)

HIDDEN LAWS OF BIOLOGY             HIDDEN LAWS OF CITIES



SOCIAL NETWORKS





POSITIVE FEEDBACK MECHANISM IN 

SOCIAL NETWORKS

SUPERLINEAR SCALING & INCREASING 

PACE OF LIFE



L.M.A. Bettencourt, D. Helbing, C. Kuhnert, J. Lobo, G.B. West      PNAS, 2007 104 (17) 7301
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ON AVERAGE DOUBLING THE SIZE OF

A CITY SYSTEMATICALLY

SAVES APPROXIMATELY 15% ON ALL 

INFRASTRUCTURE 

(ROADS, ELECTRICAL LINES, GAS 

STATIONS,..……)

AND



INCREASES  

INCOME, WEALTH, PATENTS, 

COLLEGES, CREATIVE PEOPLE, 

POLICE, CRIME, SOCIAL 

INTERACTIONS, AIDS, FLU, 

AND



INCREASES  

INCOME, WEALTH, PATENTS, 

COLLEGES, CREATIVE PEOPLE, 

POLICE, CRIME, SOCIAL 

INTERACTIONS, AIDS, FLU, 

AND 

COVID-19

ALL BY ABOUT 15%





M. Schlapfer, L.M.A.Bettencourt, M. Raschke, R, Claxton, Z. Smoreda, G.B. West, C. Ratti 

J. R. Soc. Interface 11 (98), 20130789 (2014)
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SECOND QUESTION:

WILL WE BE “SAVED” BY:

• IT AND THE INTERNET

• BIG DATA

• AI AND MACHINE LEARNING

• CULTURAL/SOCIAL REVOLUTION

• DIVINE INTERVENTION

• NONE OF THE ABOVE



Growth



SUPERLINEAR SCALING LEADS TO UNBOUNDED GROWTH



BUT ALSO TO A

FINITE TIME SINGULARITY



FINITE TIME SINGULARITY



UNBOUNDED 

GROWTH  

REQUIRES 

ACCELERATING

CYCLES OF 

INNOVATION TO 

AVOID 

COLLAPSE



Telephone (40+ yrs)

Cable TV (25 yrs)

Fax (20 yrs)

Cellular phone (11 yrs)

VCR (8 yrs)

PC (6 yrs)

Internet (3 yrs)

Registered 

genetic pairs 

(75% in last 2 yrs)

1.2 million
19971982

Years to reach  10 million customers (US)

Time

Damien
Broderick



• UNBOUNDED GROWTH LEADS TO “FINITE-TIME 

SINGULARITY” & COLLAPSE

• UNLESS INNOVATIONS OCCCUR 

(SYSTEMATICALLY) FASTER AND FASTER 



• UNBOUNDED GROWTH LEADS TO “FINITE-TIME 

SINGULARITY” & COLLAPSE

• UNLESS INNOVATIONS OCCCUR 

(SYSTEMATICALLY) FASTER AND FASTER 

• EXAMPLE OF THE ACCELERATING PACE OF ALL 

SOCIO-ECONOMIC LIFE!!

• NEED TO ADAPT FASTER AND FASTER USING 

THE SAME BRAIN AND BIOLOGY WE’VE ALWAYS 

HAD!



SUSTAINABLE????



THE SCALING, GROWTH & MORTALITY OF COMPANIES





COMPANIES SCALE SUB-LINEARLY LIKE ORGANISMS



THE GROWTH OF COMPANIES

COMPANY METABOLIC RATE

=

MAINTENANCE 

+

GROWTH
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GROWTH OF FIRMS

COMPANY METABOLIC RATE

(SALES + FINANCING)

=

MAINTENANCE 

(EXPENSES) 

+

GROWTH

(INCREASE IN ASSETS)



GROWTH EQUATION PREDICTS THAT

COMPANIES GROW FOLLOWING A POWER 

LAW IN TIME WITH A LARGE EXPONENT

RATHER THAN

EXPONENTIALLY

~  6







THIRD QUESTION:

HOW LONG DO YOU EXPECT YOUR COMPANY OR 

INSTITUION TO LAST?

• 5 YEARS

• 10 YEARS

• 50 YEARS

• 100 YEARS

• INDEFINITELY



MORTALITY OF COMPANIES











The ever accelerating progress 

of technology….gives the 

appearance of approaching 

some essential singularity in the 

history of the race beyond 

which human affairs, as we 

know them, could not continue. 

John von 

Neumann

(1903 - 1957)

THE SINGULARITY IS NEAR!

http://www.google.co.nz/




Comments, Questions & Answers
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Thank You For Listening

Forthcoming Events

• Tue, 07 Sep (10:00-10:45) Assessing Extraordinary Claims: Actuarial Science And The Search For Truth

• Wed, 08 Sep (15:00-15:45) The Code Of Capital: How The Law Creates Wealth And Inequality

• Tue, 14 Sep (15:00-15:45) Share Schemes For Non-Employees & The Gig Economy

• Wed, 15 Sep (15:00-15:45) Deforestation-Linked Sovereign Bonds – A Nature-Based Solution?

• Thu, 16 Sep (09:00-09:45) All Party Parliamentary Groups: What Purpose Do They Serve?

Visit  https://fsclub.zyen.com/events/forthcoming-events/

https://fsclub.zyen.com/events/forthcoming-events/

