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1800    < 4% THE US POPULATION WAS URBAN

2014     > 80% URBANISED

2006 > 50% WORLD’S POPULATION 

URBANISED 

2050 > 75% URBANISED

WE LIVE IN AN EXPONENTIALLY 

EXPANDING SOCIO-ECONOMIC 

UNIVERSE!!
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EQUIVALENT TO URBANISING 

OVER ONE MILLION PEOPLE 

EVERY WEEK FROM NOW TILL 

2050

OR…….TO ADDING A NEW YORK 

METROPOLITAN AREA EVERY TWO MONTHS 

FROM NOW TO 2050

OR……. A BERLIN EVERY TWO WEEKS

OR........A DENMARK EVERY MONTH!





















SOCIO-ECONOMIC 
ENTROPY!!

















London After Climate Change?









ENERGY & RESOURCES 

(METABOLISM, INFRASTRUCTURE)

vs. 

INFORMATION 

(GENOMICS, INNOVATION)



URGENTLY NEED A QUANTITATIVE, 

PREDICTIVE SCIENCE OF CITIES

RESILIENCE

EVOLVABILITY

GROWTH

SCALABILITY











WHY DO WE STOP GROWING?

WHY DO WE AGE?

WHY DO WE LIVE ~100 YEARS AND NOT 1000, 

OR 2-3 YEARS LIKE  A MOUSE?

WHERE DOES A TIME-SCALE OF 100 YEARS 

COME FROM? 

HOW IS IT GENERATED FROM FUNDAMENTAL 

MICROSCOPIC MOLECULAR TIME-SCALES OF 

GENES AND RESPIRATORY ENZYMES?







WHY DO WE SLEEP ~8 HOURS A DAY AND 

NOT 15 LIKE  MICE AND BABIES OR JUST 3 

LIKE  ELEPHANTS?

WHY DO ALL COMPANIES EVENTUALLY 

DISAPPEAR, LIKE WE DO, WHEREAS 

(ALMOST) ALL CITIES SURVIVE?

WHY DO CITIES (AND ECONOMIES) KEEP 

GROWING WHEREAS ALL COMPANIES 

STOP?





ARE CITIES AND COMPANIES JUST VERY 

LARGE ORGANISMS SATISFYING THE LAWS 

OF BIOLOGY?

WHY DOES THE PACE OF LIFE CONTINUE TO 

ACCELERATE?

IS ANY OF THIS SUSTAINABLE?



Blue Whale

200,000,000g

Shrew

2g

Elephant

2,000,000g

Mammals vary in size by

8 orders of magnitude



SLOPE = ¾  <  1   SUB-LINEAR   ECONOMY OF SCALE 



EXTRAORDINARY 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



heart rate scales as 

-1/4 power of body mass

Metabolic rate sets the pace of life

Small animals live fast and die young













EXPLAINED BY THE GENERIC 

MATHEMATICAL AND 

PHYSICAL PROPERTIES OF.......  







GROWTH
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SUB-LINEAR SCALING

LEADS TO BOUNDED GROWTH



GROWTH CURVES OF ANIMALS 



UNIVERSAL COLLAPSED GROWTH CURVE

RESCALED MASS VS. RESCALED AGE



BIOLOGY (LIFE)

a) DOMINATED BY SYSTEMATIC, PREDICTABLE, NON-

LINEAR (UNIVERSAL) SCALING LAWS

b) ECONOMIES OF SCALE (THE BIGGER YOU ARE, THE 

LESS YOU NEED PER “CAPITA”) - SUBLINEAR 

c) PACE OF LIFE SYSTEMATICALLY SLOWS WITH 

INCREASING SIZE

d) GROWTH IS SIGMOIDAL REACHING A STABLE 

SIZE AT MATURITY

e) FINITE LIFESPAN

e) EXPLAINED BY DYNAMICS OF NETWORKS



ARE CITIES (AND COMPANIES) 

SCALED VERSIONS OF EACH 

OTHER?

DO THEY MANIFEST 

“UNIVERSALITY”?

   

















INFRASTRUCTURE

SUB-LINEAR SCALING

ECONOMY OF SCALE
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ON AVERAGE DOUBLING THE SIZE OF A CITY

SYSTEMATICALLY INCREASES  

INCOME, WEALTH, PATENTS, COLLEGES, 
CREATIVE PEOPLE, POLICE, AIDS & FLU, CRIME, 

SOCIAL INTERACTIONS,………..

ALL BY APPROXIMATELY 15% 

REGARDLESS OF CITY



AND……………



AND……………

SAVES APPROXIMATELY 15% 

ON ALL INFRASTRUCTURE 

(ROADS, ELECTRICAL LINES, 

GAS STATIONS,..……)





POSITIVE FEEDBACK MECHANISM IN 

SOCIAL NETWORKS

SUPERLINEAR SCALING & INCREASING 

PACE OF LIFE

















NETWORK DYNAMICS DETERMINES 

THE PACE OF LIFE 

IF THE SLOPE IS < 1 PACE OF LIFE 

(SUBLINEAR) SLOWS DOWN 

IF THE SLOPE IS > 1 PACE OF LIFE 

(SUPERLINEAR) SPEEDS UP



Pace of biological life vs. 
Pace of social life

Walking Speed vs. Population SizeHeart Rate vs Body Weight





Growth Equation







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







Population growth for New York City
1790 - 2003



Successive cycles of superlinear innovation reset the singularity and 

postpone instability and subsequent collapse. The relative population 

growth rate of New York City over time reveals periods of accelerated 

(super-exponential) growth. Successive shorter periods of super 

exponential growth appear, separated by brief periods of deceleration. 

(Inset) tc for each of these periods vs. population at the onset of the cycle. 

Observations are well fit with β = 1.09 (green line).



Average “idealised, universal”
characteristics of cities of a given size 

(constrained by underlying principles and 

dynamics of network structures -

manifested in scaling laws)

vs.

Characteristics of specific cities as 

measured by deviations from scaling 

laws representing their individuality and 

local environment and conditions
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Boston (107)

Phoenix (155)

Denver (206)
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New York (272)

2003 Patenting Rankings









SO, ON AVERAGE, EACH TIME THE 
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ABOUT 21 PEOPLE, A NEW 
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AND



SO, ON AVERAGE, EACH TIME THE 

POPULATION INCREASES BY 

ABOUT 21 PEOPLE, A NEW 

BUSINESS IS ADDED, 

REGARDLESS OF CITY SIZE!!

AND

ON AVERAGE, EACH BUSINESS 

EMPLOYS ABOUT 12 PEOPLE











GDP INCREASES

EXPONENTIALLY WITH DIVERSITY

(AND AS A POWER LAW WITH POPULATION SIZE) 



GDP INCREASES

EXPONENTIALLY WITH DIVERSITY

WITH EACH ADDITIONAL BUSINESS 

CATEGORY, GDP INCREASES BY ~ 0.5%






























