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Stark differences in levels of urbanization,
wealth, innovation, health, crime, etc...

Why?



A presumptuous goal?
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Big Data Needs a Big Theory to Go
with It

Just as the industrial age produced the laws of thermodynamics, we need universal laws of
complexity to solve our seemingly intractable problems
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Three takeaways

1. There is a statistical regularity present in urban
systems called “Urban Scaling”.

2. Every social phenomenon has a “complexity”
that summarizes many of its statistical
properties.

3. ldeas from Cultural Evolution are needed in
order to account for the differences in
development across cities.



Let’s internalize the types of questions
we’re asking
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Why 207?
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Robbery in Bridgeport

Larceny-theft in Carson City ??

Metropolitan Statistical
Area (MSA) el FREIGAT
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Numbers change... but maybe
proportions do not....
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Numbers change... but maybe
proportions do not....
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* Collective systems are full of
interdependencies, interactions, feedback
loops, etc...



A methodological decision

* The conventional approach:

Multivariate regression analysis
( 2 ldentifying effects/r.h.s.)
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Table 4: Probit Model for Characteristics of Co-Holders

02400 $e+05

Co-Holding > €500 Co-Holding > £1500
B SE M B1SE M
0.061 0311 0.060 0.840%  —0.105%*
(0.191) (0.311)
2534 0.004 0.002 0.000 0.007 0.012
(111 (0.128)
3544 0012 0.048 0.000 0.085 0.010
(0.104) (0.117)
55+ 0.001 0.044 0.008 0.025 0.003
(0.116) (0.134)
Demographics
Male (= 1} 0016 —0.004 0.007 0 0.006
(0.068) (0.088)
Married / living &s married (= 1) 0.019 0.005 0.006 0.0¢ 0.004
[ ]
Dependent children (= 1) 0111 0.020 0.020 0.166 0.020
0.084) (0.102)
Educarion
Education leaving age 0.083 0022 0.023 0.055 0.007
0.249) (0.335)
Education leaving age’ 0.003 0001 0.001 0.001 0.000
0.006) (0.009)
0.07 0040 0303 O
(0.003)
Unemployed (= 1) 0016 —0.004 0.013 0.002
0.176) (0.200)
Housing
Homeowner without morigage (= 1) 0006 0.013 0.006 0.001
(0.150)
007 0.049 0.200° 0025
(0.003) (0.109)
0.081 0021 0.7 0.003 0.043 0.005
0.078) (0.090) (0.108)
0.015 0.004 0.002 0.010 0.001
(0.010) (0.014)
0.001 0.000 0.000 0.001 0.000
0.000) (0.000)
0011 0014 0.060 0.007
(0.046)
Impulsive spender (= 1) 01020 DOBE™*  0SIE™ 0064
Read financial press (= 1) 0.041% 0.008* 0.000

Observations
Pseudo B2

jcted probability 0.189

*pell,* p<00s, *** p <00l Standard errors in pantheses.

Note: Omitied groups: Empi
Further controls for spouse employment status

Student/Housew

/Disabled. Housing:

Private renier/Social renier.
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A methodological decision

* The conventional approach:

Multivariate regression analysis
( 2 ldentifying effects/r.h.s.)

* An alternative approach:

Scaling analysis
( 2 ldentifying mechanisms/I.h.s.)
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“Scaling Analysis”

* Studying a phenomenon as it changes with
scale (e.q., size):
— Regularities
— Important underlying mechanisms
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* Studying a phenomenon as it changes with
scale (e.q., size):
— Regularities
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“Scaling Analysis”

* Studying a phenomenon as it changes with
scale (e.q., size):
— Regularities

— Important underlying mechanisms
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If interested...

“In the beat of a heart”, John Whitfield (sioLoay)

“Critical Phenomena in Natural Sciences”,
Didier Sornette (pHysics & COMPLEX SYSTEMS)

“Fractals, Chaos, Power Laws”, Manfred
Schroeder (GENERAL, ENGINEERING & PHYSICS)

“G.l. Taylor and the Trinity test”, M.A.B. Deakin
(2011) (HISTORY OF ATOMIC BOMB)



Table 1: Scaling relationships and corresponding theories.

Quantities

Scaling Law

Name

Theory

Orbital period 17" and
distance to the Sun r
Average radius of
diffusion T and
time t

Metabolic rate B
and body mass M
Socioeconomic

rates Y and popula-
tion size N

T =Ty r*/?
T =17y /2

B = By M?/*
Y =Yy N”

Kepler’s third law

Law of diffusion

Kleiber’s law

Urban Scaling Laws

Theory of planetary
motion
Theory of Brownian
motion

Metabolic Theory of
Ecology
777




Table 1: Scaling relationships and corresponding theories.

Quantities

Scaling Law

Name

Theory

Orbital period T"and 1T =T} /2 Kepler’s third law Theory of planetary
distance to the Sun r motion

Average radius of r =g /2 Law of diffusion Theory of Brownian
diffusion r and motion

time ¢t

Metabolic rate B B = Byg M3 Kleiber’s law Metabolic Theory of
and body mass M Ecology
Socioeconomic Y =Y) N? Urban Scaling Laws 777

rates Y and popula-
tion size N




Allometric laws in urban systems



LN[Total Wages USA MSAs 2004]

LN[Supercreatives USA MSAs 2003]

Allometric laws in urban systems
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Bettencourt, L.M., Lobo, J., Helbing, D., Kiihnert, C. and West, G.B., 2007.
Growth, innovation, scaling, and the pace of life in cities.
Proceedings of the National Academy of Sciences, 104(17), pp.7301-7306.
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The Statistics of Urban Scaling and Their Connection to
Zipf's Law

Andres Gomez-Lievano'*, Hyelin Youn? Luis M. A. Bettencourt?
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Figure 1. Annual number of homicides in cities of Colombia, Mexico and Brazil versus population size (2007). Large cities are defined
in terms of metropolitan areas which are aggregations of municipalities (red drcles) while non-metropolitan municipalities are shown separately
(green squares). The solid blue line fits only the scaling of homicides for metropolitan areas. Large variations, espedally among the smaller population
units, and the faat that many municipalities have Y =0 (not shown) prevent a direct scaling analysis. However, it is possible to analyze the data
consistently through the estimation of conditional probabilities.
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Urban Scaling: Y= Y, N (1-1667)

Scaling Relation Exponent Error Observations Region/Nation Urban Unit Year

Socioeconomic rates

GDP =113 [1.11,1.15] 363 USA MSA 2006
GDP 3 =1.22 [1.11,1.33] 273 China Prefectural Cities 2005
GDP 3 =1.10 [1.01,1.18] 35 Germany LUZ 2004
income G =1.12 [1.07,1.17] 12 Japan MA 2005
wages g=1.12 [1.07,1.17] 363 USA MSA 1969-2009
violent crime 5 =1.16 [1.11,1.19] 287 USA MSA 2003
violent crime 3 =1.20 [1.07,1.33] 12 Japan MA 2008
violent crime 5 =1.20 [1.15,1.25] 27, 5,570 Brazil MA; Municipios 2003-07
new AIDS cases 0 =1.23 [1.17,1.29] 93 USA MSA 2002-3
new patents 6 =1.27 [1.22,1.32] 331 USA MSA 1980-2001
supercreative jobs 8=1.15 [1.13,1.17] 331 USA MSA 1999-2001
R&D employment 6 =1.19 [1.12,1.26] 227-278 USA MSA 1987-2002
Average socioeconomic rates 5 = 1.17 [1.01,1.33]

Table S3, from:
“The Origins of Scaling in Cities”,
Bettencourt, L. M. A. (2013, Science)
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Scaling Relation Exponent Error Observations Region/Nation Urban Unit Year
Socioeconomic rates
GDP =113 [1.11,1.15] 363 USA MSA 2006
GDP 3 =1.22 [1.11,1.33] 273 China Prefectural Cities 2005
GDP 3 =1.10 [1.01,1.18] 35 Germany LUZ 2004
income G =1.12 [1.07,1.17] 12 Japan MA 2005
wages g=1.12 [1.07,1.17] 363 USA MSA 1969-2009
violent crime G =1.16 [1.11,1.19] 287 USA MSA 2003
violent crime 3 =1.20 [1.07,1.33] 12 Japan MA 2008
violent crime 5 =1.20 [1.15,1.25] 27, 5,570 Brazil MA; Municipios 2003-07
new AIDS cases 0 =1.23 [1.17,1.29] 93 USA MSA 2002-3
new patents 6 =1.27 [1.22,1.32] 331 USA MSA 1980-2001
supercreative jobs 8=1.15 [1.13,1.17] 331 USA MSA 1999-2001
R&D employment z ; [1.12,1.26] 227-278 USA MSA 1987-2002
Average socioeconomic rates [1.01,1.33]
G

Table S3, from:
“The Origins of Scaling in Cities”,
Bettencourt, L. M. A. (2013, Science)
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The question of
Individual vs. Systemic effects

* Analytic:  However, additional
— Are individuals in larger assumptions would be
cities are more needed to explain the
educated, innovative, scaling law.

productive,
entrepreneurial (... but

also more violent, * It wouldn’t explain the
unhealthy), etc...? disproportionate
concentration of crime
* Productive individuals and disease in larger
self-select into larger urban areas.

urban areas.
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The question of
Individual vs. Systemic effects

Holistic:

— Is output (aggregate
GDP, patents, crime,
disease, etc...) a
function of the number
of social connections?

FE =

2
Individual s®
N2

Interactions o
Y x F «

Nx(pX(N—l)

)

Size and the Density of Interaction in
Human Aggregates’

Bruce H. Mayhew
University of South Carolina

Foger L. Levinger
Temple University

wr

ize and the Density of Interaction in Human Aggregates
uthor(s): Bruce H. Mayhew and Roger L. Levinger
urce: American Journal of Socielogy, Vol. 82, No. 1 (Jul., 1976), pp. 86-110
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The question of
Individual vs. Systemic effects

Holistic:

— Is output (aggregate GDP,
patents, crime, disease,
etc...) a function of the
number of social
connections?

B Nx(pX(J;f—l)

Interactions o< Individuals®
Y x E o« N?
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Size and the Density of Interaction in
Human Aggregates’

Bruce H. Mayhew
University of South Carolina

Foger L. Levinger

Temple University

ize and the Density of Interaction in Human Aggregates
uthor(s): r

tho! Bruce H. Mayhew and Roger L. Levinger
urce: American Journal of Socielogy, Vol. 82, No. 1 (Jul., 1976), pp. 86-110
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More individuals engage
in productive as well as
harmful, disadvantageous
activities.




Urban Scaling: Y= Y, N (1-1667)

Scaling Relation Exponent Error Observations Region/Nation Urban Unit Year
Socioeconomic rates
GDP 5 =1.13 [1.11,1.15] 363 USA MSA 2006
GDP [ =1.22 [1.11,1.33] 273 China Prefectural Cities 2005
GDP 5 =1.10 [1.01,1.18] 35 Germany LUZ 2004
income 8 =1.12 2 — == e
wages G =1.12 o o e e )
Why do different urban activities
violent crime 3 =1.16 | d' I ? |
violent crime 5 =1.20 ff
violent crime 5 =1.20 Sca e l erent y *
new AIDS cases 3 =1.23 A7 ) [JSA
new patents 8 =127 [1.22,1.32] 331 USA MSA 1980-2001
supercreative jobs g =1.1F [1.13,1.17] 331 USA MSA 1999-2001
R&D employment 5 =1.19 [1.12,1.26] 227-278 USA MSA 1987-2002
Average socioeconomic rates g=1.1 [1.01,1.33]

Table S3, from:

“The Origins of Scaling in Cities”,
Bettencourt, L. M. A. (2013, Science)
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A
Admin. services: ﬁ =1.08(0.02), In(Yp) =-3.61(0.23)
A
Wholesale brokers: ﬁ =1.29(0.03), In(Yp) =-8.91(0.39)

A
== (Creatives: ﬁ =1.11(0.01), In(Yp) =-3.23(0.14)

A
Inventors: ﬁ =1.47(0.06), In(Yg) = -14.09(0.74)

== Burglary: ﬁ =1.01(0.02), In(%) =-5.16(0.24)

Robbery: f = 1.35(0.03), In(Yo) = -11.65(0.34)

@& High school: f = 1(0), In("\\’o) =-0.15(0.04)

Graduate: f =1.11(0.02), In(f\\’o) =-3.82(0.21)

== Chlamydia: f = 1.06(0.02), In(Yy) = 6.37(0.29)

Syphilis: = 1.46(0.05), In(Yo) = -16.91(0.65)
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¥/ systems called “Urban Scaling”.
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. Every social phenomenon has a “complexity”
that summarizes many of its statistical
properties.
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International trade

SITC-4 Rev 2: V72 Products, 129 Countries (Year 2000)
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Very similar approach to R. Carneiro
(1962, 1967, 1970)



... it is the type of pattern you’'d expect
if countries were playing a game...

-
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Hidalgo, C. A. and Hausmann, R. (2009).
The building blocks of economic complexity. PNAS,
106(25):10570-10575.

Hausmann, R. and Hidalgo, C.A. (2011),
The network structure of economic output. J Econ Growth,

16:309-342.






A ========A



—

2 EEILT



G G e e aeaaeaeeses L







PRODUCTS

- G & A.l

5 ..u..u..nuu.....lifﬁl! l\ - ﬂ.
(@] (®]
RS 8 8 ¢ o
mm_‘_uc—._ou
[ ] [ ] [ ]
I I I
I I I
I I I
I I I
I I I
4 A/ <
® ad
X/ SV




N

X/'Bﬁﬂ @:H/‘ B

P 19O OF =02l Co)y

*

Y
T4

N

ELECTRONICS

MACHINERY

AIRCRAFT

BOILERS

SHIPS

METAL PRODUCTS

CONSTR. MATL. & EQPT.

HOME & OFFICE

PULP & PAPER

CHEMICALS & HEALTH

AGROCHEMICALS

OTHER CHEMICALS

INOR. SALTS & ACIDS

PETROCHEMICALS

LEATHER

MILK & CHEESE

ANIMAL FIBERS

MEAT & EGGS

FISH & SEAFO0D

TROPICAL AGRIC.

CEREALS & VEG. 0ILS

COTTON/RICE/SOY & OTHERS

TOBACCO

FRUIT

MISC. AGRICULTURE

NOT CLASSIFIED

TEXTILE & FABRICS

GARMENTS

FOOD PROCESSING

BEER/SPIRITS & CIGS.

PRECIOUS STONES

COAL

oIL

MINING



The product space predicts which
products will be produced next

o - Entry into new product is easier if
you already produce related
" products
i - Products appear in cascades
' (Klimek/Hausmann/Thurner 2012)
0.05
0 =)
0 0.1 02 0.3 0.4 35 06 0.7 0.8 0.9 1
Source:

Hidalgo C.A., Klinger B., Barabasi A.-L., and Hausmann R., 2007. The Product Space Conditions the Development
of Nations. Science (317) pp. 482-487.



GHANA VS. THAILAND

Huge divergence in income Investment in education
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Thailand vs. Ghana in the Product Space
1965

Thailand Ghana



1970

Thailand Ghana
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The Theory of Economic Complexity

 Economic processes arise from a multiplicity
of factors.

* More complex processes require more factors.

— # of factors required = complexity = q

* Richer countries have more factors.

— Endowment of factors = diversity = r




small g

large q
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Metropolitan Statistical Year Pooulation Robbery Rate (cases per Larceny-theft (cases per
Area (MSA) P 100,000 inhabitants) 100,000 inhabitants)

Carson City, NV M.S.A. 2010 55,119 6.3 1,393.3
Wil getn Clipgla Petiis, (1Y 2010 111,553 81.6 2,656.1
M.S.A.

Chico, CA M.S.A. 2010 222,130 70.7 1,582.4
LI BT LT i (] 2010 450,078 79.1 1,763.5
M.S.A.

Bridgeport-Stamford-

ol A 2010 895,941 110.6 1,226.2
Lais Wi Paraelizs, 2010 1,951,609 240.6 1,580.0
M.S.A.

PlvosribeiilzsClandsls, A7 2010 4,229,275 124.0 2,400.4
M.S.A.

Los Angeles-Long Beach-

e e 2010 12,912,749 189.5 1,428.3
New York-Northern New

Jersey-Long Island, NY-NJ- 2010 19,042,526 164.2 1,300.3

PA M.S.A.

Source: https://www.fbi.gov/about-us/cjis/ucr/crime-in-the-u.s/



* Robbery rates do not seem to increase
exponentially with population size.
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Three takeaways

&\ There is a statistical regularity present in urban

& systems called “Urban Scaling”.
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Every social phenomenon has a “complexity”
~~— that summarizes many of its statistical

properties.

. ldeas from Cultural Evolution are needed in

order to account for the differences in
development across cities.



* Robbery rates do not seem to increase
exponentially with population size.



Cumulative culture

* Robbery rates do not seem to increase
exponentially with population size.

=) The diversity of factors (i.e., cultural traits) does
not change in proportion to population size.
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* Robbery rates do not seem to increase

Cumulative culture

exponentially with population size.

=) The diversity of factors (i.e., cultural traits) does
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Models of cultural evolution
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What the Theory Predicts

With the prevalence of a phenomenon in a single city, To test the predictions, we simulated the Procedure
the theory predicts what the prevalence in the rest of cities 50 times for each phenomenon, for a total of 2150
is likely to be. simulations.
Procedure: For all phenomena:
Given coefficients s, and s, and the populations o Apply the Procedure
of all cities ny, n;, ... o Compute the fraction f of cities within the

predicted bands
For a phenomenon of interest:

Pick a random city ¢ with known population size and
prevalence:

(ne, ye)

Apply th tions: . .
pply the equations Results of Simulations

plored) — 1-s;In(yc)

1—syIn(ne)
= plored) 200- === Theoretical expectation = 0.9
In(Yp)Predd = —— 0 "\
51 c f
k=]
glered) — B(pred‘) -1 ‘—:“ ’
Sz £
@ 100- /
. . 5 / \
Use the populations n;, n;, ..., to predict the 5
prevalence of the phenomenon in the rest of o =
cities within some prediction bands: g B
= ——TTTTT
yE = ee(p{\n(‘(u)(pred') + B In(n; ) £ zuo(pred-’}, foralli=1,2,... 0- | |

00 02 04 06 08 10
Fraction of cities within predicted 90% bands (= f)
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Contact info:
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by interacting.
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* |Individuals learn by going to school, by doing,
by interacting.

* Cities “learn” by attracting new individuals
with more diverse skills (Florida, 1995, Futures).
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Learning at Different Levels

* Individuals are limited by the amount of
knowledge that they can learn;

e Societies, however, are not.
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Getting a patent requires:

1) Having a technological problem

2) Having a solution

3) Presenting the idea clearly

4) Applying for a patent

5) Including corrections from examiners
6) Satisfying all legal requirements




Example

Getting a patent requires: City c Person1 Person2 Person3
1) Having a technological problem X X X
2) Having a solution X - X
3) Presenting the idea clearly X X X
4) Applying for a patent X X X
5) Including corrections from examiners X X X
6) Satisfying all legal requirements X X

Person 1 Person2 Person3

Gets the patent?

YES | NO VYES
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Example

Getting a patent requires:

City c

Person 1 éPerson 2 éPerson 3

1) Having a technological problem
2) Having a solution
3) Presenting the idea clearly
4) Applying for a patent
)
)

5) Including corrections from examiners

6) Satisfying all legal requirements

X X X

Gets the patent?

Person 1 éPerson 2 éPerson 3

YES | NO YES

‘ City ¢ has 2 inventors (from a population of 3).



The Model

* The activity in question requires N, substeps.

* The substeps provided by the city as a N x1 vector, 5, 1 for
the substeps provided, 0 otherwise.

* We represent the substeps that person j needs using a N _x1
vector, Pj , with 1 for the missing substeps, 0 otherwise.

— — — —3

Cityc Person1 Person2 Person3 C 1 P2 3
X X X 0 0 0 0

X X 0 0 1 0

X X X » 1 0 0 1

X X X 0 0 0 0

X X X 1 0 0 1

X X 1 0 1 1




The Model

* The activity in question requires N, substeps.

* The substeps provided by the city as a N x1 vector, 5, 1 for
the substeps provided, 0 otherwise.

* We represent the substeps that person j needs using a N _x1
vector, Pj , with 1 for the missing substeps, 0 otherwise.
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Cityc Person1 Person2 Person3 C 1 P2 3
X X X 0 0 0 0

X X s 0 0

X X X » T_ 0 @ 1

X X X 0 0 ( 0

X X X 0 ' 1

X X 1 0 1 1




The Model

Table 1: Parameters of the model. The parameters M, g and r are in principle phenomenon-dependent.

Parameter Meaning

N >0 City population size susceptible of participating of a given phenomenon.
M >0 Number of possible factors required for the given phenomenon.
qe€(0,1) Probability that an individual needs any given factor from the environment.

re (0,1) Probability that the city facilitates any one of the factors to the individual.

 The main parameters, r and g:
— r: the average “diversity” of the city.
— @g: the average “complexity” of the activity.

N
* Prevalence of the activity in the city: y = Z X;
+ E[YI1=IN,r,q)="? =
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