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= SIR MCY

D)=

infection rate:
e.g. 2 effective contacts/week

The basic reproduction number

axT =Ry>1
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infectious period
e.g. 4 days.




SIR DYNAMICS
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* 3 billion passengers/yr.
e 4095 airports

e 2 Mio.flights/week



R ESEYERE ACUTE RESPIRATORY SYNDROME S (S

Guangdong ® caused by coronavirus
e first outbreak: China

e [ebruary 2003 in Hong Kong

Canada lreland
e worldwide spread in over 30 countries
Hong Kong ® approx 8000 infections
e 10% die
Singapore Vietnam
USA

Germany Thailand
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METAPOPULATION MODEL

local SIR dynamics
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BRRNODEL FOR THE GLOBAL SPREAD OF S

300

[ J
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A: WHO B: model

Hufnagel, L., Brockmann, D. & Geisel, T., PNAS, 2004
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global air transportation in epidemic contexts
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global air transportation in epidemic contexts

SARS 2003
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MULTI SCALE HUMAN MOBILITY
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MULTI SCALE HUMAN MOBILITY
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fyrnn Where's Ceorge? ® 2.2
| <« » o (¢} | + | & hup//www.wheresgeorge.com/ = Q- deutsche welle o)

»
AR

< where’'s george?,
Sy

Geoege's Top 10 Public Forums

uu-.mn ;]“'-_;{_—]’_r—@u—cb | Avowtus |  Contactus

HELP  with this page

Home Welcome to Where's George?! s

Log On
Register
Enter a Wil

You are not currently logged on, To Log On €

Do you ever wonder where that paper money In your pocket has been, or where it will go next? This is the place
to find out,

All you need to do is enter the denomination, series, and serial number of any US dollar bill, and your current
USA ZIP or Canadian Post Lode In the box below.

be sure to check out W ? to track yo nadian Currency!

You can always enter bills wit unt to be able to come back later

and follow the bills you have en

ng, but you will need to have an
ou can enter your bi

E N DE RFAYE DIZIC

now, and r

v NG
NV

}

Denomin

>

Serial Number [ Current Zip/Postal Code
(10 or 11 chars) [(USA or Canada ONLY)
If the serial number has a 'star’||International Users-{
use the * key (shift-8)||Don't know your Zip code? ¢

Do you have this bill right now? E Yes : No

Please enter a short note about this bill if you like:
(Where did you get it, its condition, etc...Five lines maximum).
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" RESGEORGE WORKS

p

1. bills are registered

2. bills enter circulation
3. bills travel

4. bills are reported

5. bills reenter circulation
6. ...

A
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" RESGEORGE WORKS

@ Y

1. bills are registered

2. bills enter circulation

3. bills travel

4. bills are reported

5. bills reenter circulation

6. ...

S -

r )

e initiated in 1998 by Hank Eskin

e high spatial and temporal resolution

e more than 100 million bills are registered
e more than 10 million bills with hits

oA
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HUMAN MOBILITY AND MONEY

' #

the idea

INdirect measurement
of human travel
behavior

the Immense size of
the dataset permits
reliable estimates of
the geostatistical
properties of human
travel.

DISPERSESS
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www.eurobilltracker.com

‘snn Bagleiten St die [uro-Scheine auf rer Reive
" . lQ“C""’ f"“'num--oan'yunrcoﬂ' - Q-

Usitied Mas o

EuroBillTracker

Begleiten Sie die Euro-Scheine sufl ihrer Reise

[ Ocr Fwock des Ganzen

TurniETracker it s Ftamationaies und nohtcommerpefies Tesm sus
FrotwBigen. Dwr Gins deases Projelty it us 3y verfoipen, wie de
Furptanknoten surch Turope und e ganin Wekt wanderm,

ncer Dervtyer it e Senenrummen sener Gelscheine wnd den Ort en,
wo or ge orhaten hat. Aus Gesen Informationes macht de Soe folgendes:

o Durchmmchung: Wie vermischen sch de Schene ood = wekhar Zet?
Sehen Se sch dazu den MenUpunet “Durctsmsschung”™ an

o Tracking (Verfoipen der Banancten ) Wenn ein bersts registriarter
Goldachais ermaut engegeben wird, werden alle Nutoer, de hn pyver

Batter, per e-mall Denachnrcttigt ond slle anderen kinnen

Sen Naterrogort sehen
Srtit e g Rargfoigen: Wer sind de Smster Denutinr, wekhes das
skthvate Land? Wo und de Scheme jwtnt?

Curturinoten und aaorien wutden am 01, Jesuar JOOJ in Uelaul
putracht und et Sesern Tag verfolgen wir e Schere. Phippe Crolarm)
(Gere) hat Sesn Ste uripringlcn geschalfen. Assw Johassion (Avl) Detrete
S et Mte 2003 sin rwmaitnr Welrnaster. UtersetzunQen ung sshirmthe
anders Aufgeben werten durth sine Orupoe shtiver EST User arlegt - chon
S0 wdrah wir NES s, i wir haute and ) Deshe!

EuroBiiTrackes it 5 kpher Wetse Mt der Ecropiaches Utian, der
Europdachen Zentratbank, nationaen Zentrabanken Oder Fpenderen
Finanzesatienter verdunden. Die Senutzung von E57 k2 volkommen
Aostenion. STte descchen Sie Ou Rubrfken FAQ, Statistiaen ung
Durtnmiscthiung, wm mahr Informatonen 2u erhaten

. Treffer nach Datum
200%-00- 38 2131
NO-OFM e
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F006- 0% 29 194700
200803 29 19:48: 93
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REPORT

DENSHESE

[ []

[ 1]

p

total number of reports: 1,033,095
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POPULATION

DENSITY

P

total population: 280 Mio.




INITIAL ENTRY

[f—

[]

DENSITY

-

total number of initial entries: 408,32 |
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DYNAMICS AND SHORT TIME TRA|
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SHORT TIME TRAJECTORY STATISTICS

50 _1'1'_
iy ..,I

BEE
- power law (20-35

¢ travel la Cks

e e s Lo SNCS
pat J}:r"',. 7‘-" s [

r [km]

R —

p(r) ~ 35 B~ 0.6

Brockmann,D., Hufnagel, L. & Geisel, T., Nature 2006
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. SHORTTIMETRAJECTORY STATISTICS
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Brockmann,D., Hufnagel, L. & Geisel, T., Nature 2006
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DENOMINATION ANALYSIS
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RAN

DOM WALKS

2-d random walk

Ax, p(Ax) = p(|Ax]) (ax?) =0’

p(x,N) ~ NG (X/Nl/é)

AXN

gaussian

AXl

position after N steps

n=1

NIC Dirk Brockmann ESAM & NICO Northwestern University http://rocs.northwestern.edu
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RAN

2-d random walk

DOM WALKS

p(Ax) = p(|Ax]) (Ax?) =0’

2
10

[ 1%l

AN

NICO— Dirk Brockmann ESAM & NICO Northwestern University http://rocs.northwestern.edu
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1
|Ax|D+5

2-d random walk
AX,,

p(Ax) =

p(x,N) ~ N~2/PLg (x/N'/F)

AXN

leévy stable law

AXl

=» T SR
- 5
s

position after N steps

v s DR A,

n=1

Dirk Brockmann ESAM & NICO Northwestern University http://rocs.northwestern.edu
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LEVY FLIGHTS AN

ordinary diffusion

D FRACTIONAL DISPERSAL

levy stable process
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| EVY FLIGHTS AND FRACTIONAL DISPERSAL

ordinary diffusion levy stable process

fractional Laplacian
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levy flights and heterogeneities

n(x) # const

Dirk Brockmann ESAM & NICO Northwestern University http://rocs.northwestern.edu
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levy flights and heterogeneities

n(x) # const GRAVITY MODEL

n(x)én(y)¢
sl o« T

0<&éEL

Dirk Brockmann ESAM & NICO Northwestern University http://rocs.northwestern.edu
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levy flights and heterogeneities

n(x) # const GRAVITY MODEL

n(x)én(y)¢
R

Oip(x,t) = n(x) A ?p(x,t) — p(x,t) AP/ ?n(x)

Dirk Brockmann ESAM & NICO Northwestern University http://rocs.northwestern.edu
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o Dy
5 Dy

R, — EXP(-A/K)AT +1,)" -

300 400 600 600 700
[km]

from Gonzalez et al. Nature (2008)
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GENERIC PAT TERNS
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@ susceptible
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reaction-diffusion
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GENERIC PAT TERNS
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@ susceptible
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reaction-diffusion
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GENERIC PAT TERNS
@7

Q@ Q§— §+§
7
" ‘ @ infected
& @ susceptible
@ rccovered/removed
reaction-diffusion reaction-superdiffusion
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FLUX COMPARISON




FLUX COMPARISON
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FLUX COMPARISON

Normalized flux w in commuting dataset

10 1

1 1 1

107° 107 10~

Normalized flux W in Where’s George dataset
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COMPUTATIONAL MODELS
HINI PROJECTIONS, US 2009

7
P
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NY Area: | 100-1600
b
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Dallas Area: 65-190
Cases in county:
I None
.1 or more
-5 or more ,

. 25o0rmore ‘
B 100 or more |
I 200 or more
P ——

[

v‘l‘

Miami Area: 65-190

&)

B May 17th, 2009 projected May 2nd
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[Southern California: 182

Cases in county
B Lessthan S
S or more
20 or more
i B 50 or more
B 200 or more
B 500 or mere

4453 cases in the US

ESAM )

1.

(0allas Area: 200

H N |

"AN

{Northeastern Hotspot: 371

Miami Area- 42/

Confirmed cases as of May 18

DEMIC 2009

http://rocs.northwestern.edu
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{Northeastern Hotspot: 371

[Scuthern California: 182

Cases in county
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Miami Area: 42
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4453 cases in the US Confirmed cases as of May 18
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DEMIC 2009

Chicago Area: 1,100-1.500

[Scuthern California: 400-700

Cases in county
B Less than S
S or more
20 or more
B 50 or more
B 200 or more
B 500 or mere

6,600 to 7,900 cases in the US

™

ESAM Northwestern

{Daltas Area: 120-350

A
/

—

Vi
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[Northeastern Hotspot: 1,100- 1,600

Miami Area: 65-190]

Projection for May 17
of a worst-case scenario
starting on 5/6/2009
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PANDEMIC SCENARIO

t = 0.0 days

RoCS ESAM Northwestern http: //rocs northwestern edu

48



1H

- IMPACT OF LONG RANG

- | RAFEIS

49



TRAFFIC

THE IMPACT OF LONG RANG
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PROXIMITY, PATHS AN
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proximity matrix

Tz’j —

1

wij

eEEEC LY

= PROXIMEES
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SHORTEST PATHS AN

proximity matrix
1

wz’j

Tij -

welghted shortest path
distance

i E 7%

{k1}eP},

D) EEFEC RS

DISTANCE




SHORTEST PATHS AND EFFECTIVE DISTANCE
proximity matrix through topology
1
R A @ ' B

welghted shortest path
distance

dij = Z T

{k1}eP},




SHORTEST PATHS AND EFFECTIVE DISTANCE
proximity matrix through topology
1
Tij — wij

welghted shortest path
distance

{k1}eP},




REIORIEST PATH TREES EXAMEES

NIC Dirk Brockmann ESAM & NICO Northwestern University http://rocs.northwestern.edu

55



NIC

SHORI

ST PATH TR

- XAMES

56



REIORIEST PATH TREES EXAMEES
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d vs T Correlation — Lattice Noise

200 400 600 800

d vs T Correlation — Lattice Small World

200 400 600 800
T(>1)

eEEEC LIVEVELOCHES

arrival time:  T'(I > Iy)

shortest path distance: d

effective velocity
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CFFECTIVE VELOCITY AS A FUNCTION OF
LONG RANGE LINKS

Velocity in Small World Model
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WORLDWIDE AIR TRANSPORTATION NETWORK
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US MULTISCALE MOBILITY
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J._ n " .- = aricopa County
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&
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CONCLUSIONS

Shortest paths and shortest path tree
representations simplify the dynamics

effective propagation speeds based on effective
distance

long links along iImply constant velocity

the combination of scale free traffic and welight
heterogenerty yield exponential spread
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~OGRAPHICAL SUBDIVISIONS

hierarchical structure
spatially compact
historically evolved

oseographic determinants
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~OGRAPHICAL SUBDIVISIONS

p

A

* \What are the effective subdivisions of

* \Where are effective borders’
* Are effective subdivisions spatially

the United States!?

compact!
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effective:
based on mobility

J
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FINDING COMMUNITY STRUCTURE IN NETWORKS
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OPTIMIZING MODULARITY
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approx. optimum:

Q=0.56266
k=13

F. J. Theis, P. Gruber and M. Vingron, Soft Clustering finds hard partitioning, (2008, submitted)
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* olobal units are

compact

* regional correlation

with geographical
features (rivers,
mountains)

2 * regional correlation

with state boundaries

F. J. Theis, P. Gruber and M. Vingron, Soft Clustering finds hard partitioning, (2008, submitted)
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