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Probabilistic, Empirical or Agent
Based Models
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Urban Analysis and
Stakeholder Engagement

Societal Goals: The urban future we want
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Interactions within Social-Ecological-Technical Systems (SETs) are linked
across spatial, temporal, and institutional scales
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Current Opinion in Environmental Sustainability
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Urban Scaling Theory

PREDICTABLE CITIES

Data from 360 US metropolitan areas show that metrics such as
wages and crime scale in the same way with population size.
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Scaling Laws Can Be
Broken with Vaccines

CLARENCE H.MACKAY, PRESIDENT.

‘receVed Shal Hotel | ) E GRA

Phona Franklin sy
er TELEGRAMS sl Gy CABLEGRAMS
o j TO ALL

This is a fast Telegram unless other-
i 1 after the

wise indicated by signo ?‘
number 0] words-—-"Egg" (Day Let-
- . (Night tter) or “Nitg” - .
i / THE WORLD

ter
)ghl ‘elegram)

NOME ALASKA JANUARY 22, 1925 ‘

CUMMING PUBHEALTH WASH G
DEMIC OF DIPHTHERIA IS AIMOS
THERIA ANTOTOX
0 CMISSIONER OF HEALTH OF

7 INEVITABLE HERB STOP I AM IN URGENT

AN EPI
IN STOP MAIL IS ONLY FORM OF

NEED OF ONE MILLION UNITS OF DIPH
MADE APPLICATION T

IES FRR ANTITOXIN ALRRADY STOP THERE ARE ABOUT 3000¢'H ITB

TRANSPORTATION STOP 1 HAVE

THE TERRITOR
NATIVES IN THE DISTRICT
2 WELSH RELIEF STATION 295
VA

% 0AK RIDGE B i
ational Laboratory - M‘: Q" 2T
T oyl gLt

|



WONDERFUL MUSEUM.
: —

. " v Spp———. . I | ¥ A
/fr/tnulrgf.\lf RICH. WITTINGTONXN &xbisti?,
OAK RIDGE //.v-m an O rcenal Livnlinat . . o .
Nacional Laboratory Mrrerns Hii b, . Benoist, 1805 via wikipedia




PREDICTABLE CITIES

Data from 360 US metropolitan areas show that metrics such as
wages and crime scale in the same way with population size.
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Urban Infrastructure scales sub-linearly
Socio-economic output scales super-linearly
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Scaling Results show up around the world.

South Africa (Orange) Brazil (Purple)
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And throughout history.
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The Sample of Cities is Biased.
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The Sample of Cities is Biased.
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Empirical
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Diphtheria Cases Annual & Independent p Estimates
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/ika, Dengue, and other Modern Infectious Diseases
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The Heterogeneity and Scale
of Sustainable Development
in Cities
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Brelsford, Lobo, Hand, Bettencourt Proc.
Natl. Acad. Sci. (2017).
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Population Density
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Self Identified health

electricity housing
Development
Priorities
sanitation-sewage

@ housing land tenure
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®road * garbage land tenure

@ water-drainage sanitation-sewage

@ health () education

@ other

water-drainage

Xdi= VA&Klithousing xXlitwater xXlilsanitation xXdilelectricity

OAK RIDGE

National Laboratory




%

OAK RIDGE

National Laboratory

Sustainable
Development
Inde\g(

ViU LUV DUl VIVUY)

0.25-0.5
. 05-09
[ 0.90-0.95
B 0.95-0.99
I 0.99 - 1 (Full Services)

a Municipality Border




%OAK RIDGE

National Laboratory

Sustainble Development Index
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Measures of Heterogeneity

e Standard deviation 0=\/%$(x,- -x)*
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Measures of Heterogeneity

e Standard deviation 0=\/%S(x,- -x)*

e Gini Coefficient G= !
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Measures of Heterogeneity

e Standard deviation 0=\/%S(x,- -x)*
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Temporal Changes in X
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What makes a citye

What makes a
neighborhood?

What about social ties
that aren’t geographically
contiguouse
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What makes a citye

USGS from LANDSAT images. (2014)
https://earthshots.usgs.gov/earthshots/node/4#ad-image-0-0
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How much space does a city take upe
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2010 Census Block Data

1 Dot = 1 Person

@ White
@ Black
® Asian

@ Hispanic

. Other Race / Native
American / Multi-racial

_ Cable, University of Virginina, 2019
B, http://demographics.virginia.edu/DotMap



Do distant social ties even mattere

U] B o T

CLIMATE INFRASTRUCTURE: TRADE: IDEAS
EL NINO BLACKOUTS GLOBAL SHIPPING  ARAB SPRING

e.g. Moser & Hart (2015)
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El Nino Southern Oscillation
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Do distant social ties even mattere

Contemporary Shipping Traffic
British Shipping Routes:
1750-1800




¥

3 Qia Romania
[}

Serbia

: 4 v
& = [tal TN - Bulgaria /\/\,
Spain k ! g | & Uzbekistan e
Bareelon Na5les Albania ¢ o B _ ) . : W
Portugal & 4 . - Turk : 5 "vrﬂ'{f
- , i, Greece urkmenistan Tajlklstan\
Alg?ers ‘ e Masb had 7 %

ry
'\I}J?sla

N
‘\

Afghanistan

s 1y ;

PL
3 S /
Pakistan-_

RAJ.

L
Tripoli

Arabian

Sea
Burkina Faso

Guinea D O

Nigeria

Sierra Leone

Ivory Coast

Central African
Republic

Liberia Ghana)

Cameroon

Democratic
Republic of

‘ | ! | SR g, VR,

Republic <|>f
Gabon  the Congo




i

N

o . TN ‘“U bﬁ ﬁ
] . i Jzbekistan
Spaln Bancelona Na.P Albania o _ > d . N\ \ jg:()ggyz
- ples = 3

RS . ¢ N > Turkmenistan [iw“‘”j
i,-Greece Tajlk%zsji?\

. R . had 7

Algiers _‘ . . ‘ }

- Afghanist
3 | ghanistan
¥ tripol i~ > I'a H i
o ‘. {\?
« U

Pakistanv/

RAJ.

- /J/j
:
#

d

“Wnited Arab )
\Er_’girates cuJ.

Karachi
L )

Mumbai |
»

-

e
Yer@

| Mali J Niger J Khartoum L
} P Chad - zErltreq

" |
A e oS |

Guinea

Sierra Leone

Ethiopia

| C tfk
vory oas( Ghana]

Central African

Liberia Republic Somalia
/_/

Democratic
Republic of

‘ | ! | SR g, VR,

Republic <i>f
Gabon  the Congo




i

N

o . TN ‘“U bﬁ ﬁ
] . i Jzbekistan
Spaln Bancelona Na.P Albania o _ > d . N\ \ jg:()ggyz
- ples = 3

RS . ¢ N > Turkmenistan [iw“‘”j
i,-Greece Tajlk%zsji?\

. R . had 7

Algiers _‘ . . ‘ }

- Afghanist
3 | ghanistan
¥ tripol i~ > I'a H i
o ‘. {\?
« U

Pakistanv/

RAJ.

- /J/j
:
#

d

“Wnited Arab )
\Er_’girates cuJ.

Karachi
L )

Mumbai |
»

-

e
Yer@

| Mali J Niger J Khartoum L
} P Chad - zErltreq

" |
A e oS |

Guinea

Sierra Leone

Ethiopia

| C tfk
vory oas( Ghana]

Central African

Liberia Republic Somalia
/_/

Democratic
Republic of

‘ | ! | SR g, VR,

Republic <i>f
Gabon  the Congo




/\
i . ekistan, K rayz
Spain Barncelona Y gy
Portugal ¥
- 2 Greec ] Turkmenistan |stan
Mashhad ,_V;z‘i
. ? Afghanistan
| it o
\'.‘ N <
| 7 > b ~— \/_/
| LY
,,,,,,,,,,, ' aklstanw
; -2 = RAJ.
! i Karachi
United Arab =
\Emlrates GUJ.
Mumbai |
- »

e
Yeru\

: - \
J hUgs J Khartoum LY
o Chad f . z Eritreals

R ,
Sugan :
e L
Guinea eenm . /N\ ......... o

N — s
'geria Ethiopia

Sierra Leone T°9°

| C tfk
vory oas( Ghana]

Central African
Reptblic Somalia
L

Lo

7

Liberia

ameroon

Republic of Democratic
Gam“e c‘;‘g° Republic of

‘ | ! | SR g, VR,




/\
i 2 ekistan, K ravz
Spain Barncelona Y gy
Portugal <& g
’ = Groneaw | Turkmenistan |stan

‘ L U~
D Mashhad ,-Vﬁi
[ ]

? Afghanistan
\

°
Algiers

£y

T»
\\ if Trlpoll

u
= N

\\/—/

:
¢

\Emlrates GUJ.

aklstanw

RAJ.

Karachi
L )

Mumbai |
»

S

e
Yenam

. . \
J Niger J Khartoum L
o Chad g( . z Eritreals
fg\ T ( . D

Guinea

> \ J .
Si L \ Togo
ierra Leone IvoryCoast/ EthIOpla

( Ghana]

{ . Central African
Fagos Republic ﬁSomalia

Liberia

Republic of Democratic
the c‘;‘g° Republic of

‘ | ! | SR g, VR,




| > /)\
i . ekistan, K ravz
Spaln Barcelona Y 9y
AL . * - Y. ] Turkmenistan |stan
. e~ Mashhad f-wﬁ
Algiers = &
S)@
3 |Ia ? Afghanistan
\
Wraa - '@n \
Cairo< »\ N
‘ _“Kuv\biéit —
,,,,,,,,,,, < y aklstanw
E > {j RAJ.
gm { ¢ Karachi
g ] United Arab =
SaUdleabla \E:ﬁrat: GUJ.
Yeddah
Mumbai |

e
Yenam

Khartoum z LY
) Eritreag

T ( . D

Guinea

) | -
vy Cors Tl ece Ethiopia
( Ghana]

Sierra Leone

{ . Central African
Fagos Republic ﬁSomalia

Liberia

Republic of Democratic
the c‘;‘g° Republic of

‘ | ! | SR g, VR,




/\
[ . ekistan K ravz
Spain Barncelona Y gy
Portugal ! 0
- =~ Y. ] Turkmenistan |stan
Mashhad ,_V;z‘i

°
Algiers

? Afghanistan
\

{v aklstanw

{j RAJ.

i Karachi
L )

United Arab '
\Emlrates A GUJ.

Mumbai |
»

Ye"@‘ Arabian "
Sea

. ! \
J Niger J hartoum L
o Chad f . z Eritreals

§ Burkina Faso Kano w\l
. Guinea Benin’ ¢ \
> \ Nigeria
Sierra Leone \ Togo
Ivory Coast /

Liberia / Ghana

v b 11 [

Ethiopia

Central African
Republic Somalia
L

! .
Leppes

Cameroon

Republic of Democratic
Gam“e c‘;‘g° Republic of

‘ | ! | SR g, VR,




/\
i 2 ekistan, K ravz
Spain Barncelona Y gy
Portugal <& g
’ = Groneaw | Turkmenistan |stan

‘ L U~
D Mashhad ,-Vﬁi
[ ]

? Afghanistan
\

°
Algiers

£y

T»
\\ if Trlpoll

u
= N

\\/—/

:
¢

\Emlrates GUJ.

aklstanw

RAJ.

Karachi
L )

Mumbai |
»

: : \
J Niger J Khartoum L ' '
—— Chad O EdtEa) ' Arabian

Sea

Guinea

> \ J .
Si L \ Togo
ierra Leone IvoryCoast/ EthIOpla

( Ghana]

{ . Central African
Fagos Republic ﬁSomalia

Liberia

Republic of Democratic
the c‘;‘g° Republic of

‘ | ! | SR g, VR,




/\
i . ekistan, K rayz
Spain Barncelona Y gy
Portugal ¥
e - = o S Turkmenistan |stan
. .
H Mashhad ,_V;z‘i
Algiers
? Afghanistan
o
N———
,,,,,,,,,,, aklstanw
> {j RAJ.
{ ( Karachi
United Arab i
\Emlrates GUJ.
Mumbai |
-»

Khartoum z LY
) Eritreag

T ( . ) 11 [
Guinea -

) | -
vy Cors Tl ece Ethiopia
( Ghana]

Sierra Leone

{ . Central African
Fagos Republic ﬁSomalia

Liberia

Republic of Democratic
the c‘;‘g° Republic of

‘ | ! | SR g, VR,




/\
i . ekistan, K rayz
Spain Barncelona Y gy
Portugal ¥
- 2 Greec ] Turkmenistan |stan
H Mashhad ,_V;z‘i
Algiers &
? Afghanistan
o
N— \/—’/
,,,,,,,,,,, aklstanw
> {j RAJ.
{ ( Karachi
United Arab .
\Emlrates GUJ.
Mumbai |
- »

e
Yenam

Khartoum z LY
) Eritreag

T ( . ) 11 [
Guinea -

) | -
vy Cors Tl ece Ethiopia
( Ghana]

Sierra Leone

{ . Central African
Fagos Republic ﬁSomalia

Liberia

Republic of Democratic
the c‘;‘g° Republic of

‘ | ! | SR g, VR,




/\
i . ekistan, K rayz
Spain Barncelona Y gy
Portugal ¥
- 2 Greec ] Turkmenistan |stan
H Mashhad ,_V;z‘i
Algiers &
. ? Afghanistan
| ! o
\'.‘ N <
| o ‘. .
. | O
,,,,,,,,,,, ' aklstanw
i 2 = RAJ.
{ ( Karachi
United Arab =
\Emlrates GUJ.
Mumbai |
- »

. . \
Niger ) e
,f—J / Chad J AT z Eritreaty Yena1
\N/

™ ,
. Kano™ 5\/
Clne Benin; ¢ . )/S\ e 77 . <
) | Nigeria N ~ »

Sierra Leone ' T°9° Ethiopia v
Ivory Coast /

( Ghana]

Central African
Reptblic Somalia
L

Lo

7

Liberia

ameroon

Republic of Democratic
Gam“e c‘;‘g° Republic of

‘ | ! | SR g, VR,




/\
i . ekistan, K rayz
Spain Barncelona Y gy
Portugal &4 :
- =~ S ] Turkmenistan |stan
H Mashhad ,_V;z‘i
Algiers &
< . ? Afghanistan
: o g ,@n )
| o ‘. .
. | LY
,,,,,,,,,,, ' aklstanw
i 2 = RAJ.
{ ( Karachi
United Arab =
\Emlrates GUJ.
Mumbai |
- »

e
Yenam

Khartoum z LY
) Eritreag

T ( . D

Guinea

) | -
vy Cors Tl ece Ethiopia
( Ghana]

Sierra Leone

{ . Central African
Fagos Republic ﬁSomalia

Liberia

Republic of Democratic
the c‘;‘g° Republic of

‘ | ! | SR g, VR,




/\
i ekistan, K rayz
Spain Bare.elona Y gy
Portugal - :
e ;& =~ S ] Turkmenistan |stan
H Mashhad ,_V;z‘i
Algiers
? Afghanistan
o
- N \’_/
,,,,,,,,,,, aklstanw

{j RAJ.

( Karachi

L)
i i United Arsb »
SaUdleabla \E:Tﬁrat: GUJ.
Jeddah
(]
Mumbai |
- »

e
Yenam

Khartoum z LY
) Eritreag

T ( . D

Guinea

) | -
vy Cors Tl ece Ethiopia
( Ghana]

Sierra Leone

{ . Central African
Fagos Republic ﬁSomalia

Liberia

Republic of Democratic
the c‘;‘g° Republic of

‘ | ! | SR g, VR,




/\
[ . ekistan K ravz
Spain Barncelona Y gy
Portugal g S o
- =~ Y. ] Turkmenistan |stan
Mashhad ,_V;z‘i

°
Algiers

? Afghanistan
\

c e etk {\»H
,,,,,,,,,,, i | _ S aklstanw

> {j RAJ.
- { i Karachi
Saud|°ab|a’ |tedArab ae

L)
_ |rates

Yeddah
[ ]

Mumbai |
»

S

e
Yenam

Khartoum z LY
) Eritreag

T ( . D

Guinea

) | -
vy Cors Tl ece Ethiopia
( Ghana]

Sierra Leone

{ Central African
.

Liberia i
iberi Lagos Republic ﬁSomalla

Republic of Democratic
Gam“e c‘;‘g° Republic of

‘ | ! | SR g, VR,




/\
i ekistan, K rayz
Spain Bare.elona Y gy
Portugal ¥
- =~ S ] Turkmenistan |stan
H Mashhad ,_Vﬁ&
Algiers &
ia ? Afghanistan
h@occo i N KTriBoli Hn \
,f/) | A \ —
,,,,,,,,,,, A)eria \ \ =X 4 aklstanw
> {j RAJ.
<’t> { ( Karachi
L)
United Arab
— v | \Emlrates GUJ.
\/{;\\\\\\\\\\J MUmbai |

e
Yenam

Khar.toum z Eritr y
Su&n
T ( . D

Ethiopia

Guinea

Sierra Leone |
Ivory Coast /

( Ghana]

! .
Leppes

Liberia

Kano
ngerla f\ ~
Central African

Republic Somalia
/_/

Cameroon

Republic of Democratic
Gam“e c‘;‘g° Republic of

‘ | ! | SR g, VR,




/\
i . ekistan, K rayz
Spain Barncelona Y gy
Portugal ¥
- 2 Greec ] Turkmenistan |stan
H Mashhad ,_V;z‘i
Algiers &
? Afghanistan
o
N— \/—’/
,,,,,,,,,,, aklstanw
> {j RAJ.
{ ( Karachi
United Arab .
\Emlrates GUJ.
Mumbai |
- »

e
Yenam

Khartoum z LY
) Eritreag

T ( . ) 11 [
Guinea -

) | -
vy Cors Tl ece Ethiopia
( Ghana]

Sierra Leone

{ . Central African
Fagos Republic ﬁSomalia

Liberia

Republic of Democratic
the c‘;‘g° Republic of

‘ | ! | SR g, VR,




Teleconnections have an effect on the world.
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Geo-located tweets give a measure of spatially
embedded social stfructure.
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Methods

« An aspatial network of direct twitter mentions is created
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Methods

o An aspatial network of direct twitter mentions is created
e Those tweets are aggregated info grid cells
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Methods

« An aspatial network of direct twitter mentions is created

e Those tweets are aggregated info grid cells
o Clusters within the aggregate network are identified.
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Southern States
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Urban NorthEast
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Uniform grid

US counties
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How does this dataset
inform our understanding

of societal
teleconnections@
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Results & Conclusions

e This is a globally scalable method that can be applied to any
relational geographic dataset.

e Infernationally consistent.

e Regional clusters from ftwitter in the United States broadly
concur with typical descriptions of regions.

* Level 1 hierarchical clusters begin to identify major urbban areas,
and level 2 clusters identify sub-city regions that are consistent
with known socio-political regions.
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Challenge Questions

e How can we use multi-scalar research to better understand
urban processese Which processes should be studied at which
scalese

« What theoretical and empirical tools are useful for thinking
about how processes at different scales interact with each
other and co-evolvee
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