




1800    < 4% THE US POPULATION WAS URBAN

2018     > 80% URBANISED

2006 > 50% WORLD’S POPULATION 
URBANISED 

2050 > 75% URBANISED

WE LIVE IN AN EXPONENTIALLY 
EXPANDING SOCIO-ECONOMIC 

UNIVERSE!!



EQUIVALENT TO URBANISING 
OVER ONE MILLION PEOPLE 

EVERY WEEK FROM NOW TILL 
2050
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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…….TO ADDING A VIENNA EVERY TWO 
WEEKS

























SOCIO-ECONOMIC 
ENTROPY!!

















London After Climate Change?









ENERGY & RESOURCES 
(METABOLISM, INFRASTRUCTURE)

vs. 

INFORMATION 
(GENOMICS, INNOVATION)



CITIES AND UBANISATION 
ARE THE PROBLEM 



CITIES AND UBANISATION 
ARE THE PROBLEM 

BUT THEY ARE ALSO THE 
SOLUTION!!



URGENTLY NEED A QUANTITATIVE, 
PREDICTIVE SCIENCE OF CITIES

RESILIENCE

EVOLVABILITY

GROWTH

SCALABILITY







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 MOLECULAR TIME-
SCALES OF GENES AND RESPIRATORY 
ENZYMES?







WHY DO WE NEED TO SLEEP ABOUT EIGHT 
HOURS EACH NIGHT?

WHY DO MICE HAVE MANY MORE 
TUMOURS/GRAM OF TISSUE THAN WE DO 
AND WHALES HAVE ALMOST NONE?

WHAT�S THE DIFFERENCE BETWEEN 
GROWING BABIES IN YOUR BODY AND 
GROWING TUMORS (OR ORGANS)?



ARE CITIES AND COMPANIES JUST 
VERY LARGE ORGANISMS 

SATISFYING THE LAWS OF BIOLOGY?

WHY DO ALL COMPANIES DIE 
WHEREAS ALMOST ALL CITIES 

SURVIVE?
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SLOPE = ¾  <  1   SUB-LINEAR   ECONOMY OF SCALE 

SCALABILITY RESILIENCE ADAPTABILITY
EVOLVABILITY



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

















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,..……)



















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











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
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