





WE LIVE IN AN EXPONENTIALLY
EXPANDING SOCIO-ECONOMIC
UNIVERSE!!

1800 < 4% THE US POPULATION WAS URBAN
2018 > 80% URBANISED

2006 > 50% WORLD’S POPULATION
URBANISED

2050 >75% URBANISED



EQUIVALENT TO URBANISING
OVER ONE MILLION PEOPLE
EVERY WEEK FROM NOW TILL
2050



EQUIVALENT TO URBANISING
OVER ONE MILLION PEOPLE
EVERY WEEK FROM NOW TILL
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OR....... TO ADDING A NEW YORK
METROPOLITAN AREA EVERY TWO MONTHS
FROM NOW TO 2050



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



CHINA URBAN/RURAL POPULATION GROWTH
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Population g YES
9.2 billion*-¢ 2050

World population growth

Fertility rates are declining, the United Nations says, but not

fast enough to stop population growth. The U.N.'s e o
medium-level projection is for the world's population to 8 billion* —# 2025
reach 9.2 billion by 2050 but still more than 3 billion higher 7.3 billion*—¢ 2015
since the turn of the century. Population activists say that's .

too much for the world to handle. 6.7 billion —¢2007

& billion 6 billion—¢ 2000

5 billion-¢ 1987

4 billion -4 1975

3 billion-¢ 1960
2.5 billion—¢ 1950

2 billion -4 1930

S million 10,000 B.C. 1 bilion 4| 1800
250 million 1 A.D. -

10000 £000 000 4000 2000 0

Sources: United Nations: Sustainable Scale Project: World Resources Institute; NationMaster com * Frojection
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BRIDGE CAPITAL

Bridge funding, as its name
implies, bridges the gap between
your current financing and the next
level of financing.

MEZZANINE CAPITAL

Mezzanine capital is also
known as expansion capital, and is
funding to help your company grow to the
next level, purchase bigger and better
equipment, or move to a larger facility.

STARTUP CAPITAL

Start-up, or working capital is the funding
that will help you pay for equipment, rent,
supplies, etc. for the first year or
so of operation.

SEED CAPITAL
Seed capital is the money you need
to do your initial research and planning
for your business.
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SOCIO-ECONOMIC
ENTROPY!!
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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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Mammals vary In size by
8 orders of magnitude




Mammals vary In size by
8 orders of magnitude




Mammals vary In size by
8 orders of magnitude
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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



Metabolic rate sets the pace of life
Small animals live fast and die young
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Newborn 2 years 5 years 15 years Adult



Energy and human life

Chemical waste
- Carbon dioxide

Chemical energy
- Carbohydrates
- Fats

- Others

Heat
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LEADS TO BOUNDED GROWTH




GROWTH CURVES OF ANIMALS

Guinea pig
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UNIVERSAL COLLAPSED GROWTH CURVE

RESCALED MASS VS. RESCALED AGE
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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"?
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NUMBER OF PETROL STATIONS
VS. POPULATION

INFRASTRUCTURE

Vg '.SUBTLINEARS_-CALING“ |

 ECONOMY OF SCALE
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SUPER-LINEAR SCALING

LN[Supercreatives USA MSAs 2003]

13 14
LN[Population] LN[Population]

Total wages per MSA in 2004 for Supercreative employment per MSA in 2003,
for the USA vs. metropolitan population.







TOTAL CRIME (JAPAN)
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UNIVERSALITY OF URBAN SCALING
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ON AVERAGE DOUBLING THE SIZE OF
A CITY

SYSTEMATICALLY INCREASES



ON AVERAGE DOUBLING THE SIZE OF
A CITY

SYSTEMATICALLY INCREASES

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



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






SAVES APPROXIMATELY 15%
ON ALL INFRASTRUCTURE
(ROADS, ELECTRICAL LINES,
GAS STATIONS,........)






UNIVERSALITY

Collapsed Income, GDP, Crime (binned), and Patents (binned)
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Collapsed Income, GDP, Crime (binned), and Patents (binned)

SOCIAL CONNECTIVITY

(Cell Phone Data)

p=1.12 R?=0.99




Portugal
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A Larger Urban Zones
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NETWORK DYNAMICS DETERMINES
THE PACE OF LIFE

IF THE SLOPE IS < 1
(SUBLINEAR)

IF THE SLOPE IS > 1
(SUPERLINEAR)

PACE OF LIFE
SLOWS DOWN

PACE OF LIFE
SPEEDS UP



Pace of biological life vs.
Pace of social life
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SOCIOECONOMIC METRIC

ACCELERATING

TIME



1982 1997
1.2 million

=lSingularity is near cegistre
8 = genetic pairs
| (75% in last 2 yrs)

B?;T:;:k 1 [Internet (3 yrs)
/ PC (6 yrs)
’& VCR (8 yrs)
%%/Cellular phone (11 yrs)
Fax (20 yrs)
Cable TV (25 yrs)
Telephone (40+ yrs)

Years to reach 10 million customers (US)
Time






N, )

NUMBER OF FIRMS

POPULATION

N=21671"  N/N=119
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WALMART, 1970-1994
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WALMART, 1970-2008
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Bankrupt or liquidation

of mortality

<1 million $
——— 1-10 million $

10 - 100 million $

100 - 1000 million $
—— 1000 - 10000 million $

Probability of survival

T - X T T T T T 1

10 20 30 40 20 30 40 50 60

Company Age Company Age

Acquisition or merger

Probability of survival
Probability of merger

20 30 40 20 30 40
Company Age Company Age







We are equivalent to a

30,000 kg Gorilla
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PAST AND PRESENT PATRONS:

NATIONAL SCIENCE FOUNDATION

GENE & CLARE THAW CHARITABLE TRUST

BRYAN & JUNE ZWAN FOUNDATION

ROCKEFELLER FOUNDATION

McDONNELL FOUNDATION



