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predictability
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predictability

predictability = knowing inrtial condrtions
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predictability

predictability = knowing parametric conditions
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the millennium bridge, London
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traveling waves In

scaled cases
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Grenfell, B, et al, Nature 414, 716—723 (2001).
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predictability in global disease dynamics
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MIATHEMATICS IN EPIDEMIOLOGCES

model for smallpox inoculation
use of differential equations

published in 1766

the use of calculus, in particular
differential equations was novel
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DALEMBERT DID NOT LIKE
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olobal mobility and dense populations
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HINI (swine flue) 2009

Pandemic (H1N1) 2009, Status as of 01 July 2009
Number of laboratory confirmed cases as reported to WHO 09:00 GMT

Cumulative cases

Total: Chinese Taipei has reported 61 confirmed cases
77 201 cases | ofinfluenza A (H1N1) with 0 deaths. Cases from
332 deaths Chinese Taipei are included in the cumulative totals,

£ 4
s used on this map do not imply the expression of any opinion whatsoever Data Source: World Health Organization g*
2 status of ar y, teri y or area or of its authorities, Map Production; Public Health Information p NS
or concerning the delimitat s ere daries ) mate border lines for which gra nformation Systems (GIS)
there may not yet be full agreement. World Health Organization © WHO 2009. All rights reserved

'.’.L):‘\‘g World Health

& Organization

~F

Map produced: 01 July 2

y World Health
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e foodborn disease
NORWAY '
A £INLAND o b Col

| ‘ Infected: 1

l e May - June 201 |
e e 4000 affected, 60 died

. B Infected: 32
HUS: 15 (1)

THE NETHERLANDS
Infected: 4
HUS: 4

DENMARK
Infected: 11
HUS: 7

UNITED
KINGDOM
Infected: 8
HUS: 3

POLAND
HUS: 2

GERMANY
Infected: 1,683 (7)
HUS: 642 (15)

LUXEMBOURG
Infected: 1 4

.\
SPAIN ,
Infected: 1 ‘ ?
HUS: 1 . CZECH
' AUSTRIA REPUBLIC
Infected: 2 Infected: 1

Infected: Cases of enterohaemorrhagic E. col
Infected: 10 HUS: Cases with HUS )

Numbers

Frank, et al., New England Journal of Medicine (201 1).
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finding outbreaks
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Ackland, G. |., Signitzer, M., Stratford, K. & Cohen, M. H. P PNAS (2007).
Pinhasi, R, Fort, . & Ammerman, A, Plos Biol (2005)
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questions

Speed?

Arrival?

Origin®?

(A
%

Noble, Nature (1974) vol. 250 (5469) pp. 726-728
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SIR DYNAMICS

X mean field dynamics:
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reaction diffusion models

ol S/N — BI + DO-I
—alS/N + Do2S

v X\ (Ryg—1)D
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Pandemic (H1N1) 2009,
Number of laboratory confirmed cases as reported to WHO
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quantitative computational models
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Hufnagel et al. Forecast and control of epidemics in a globalized world.
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measuring human mobllity
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4453 cases in the US Confirmed cases as of May 18
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s something more fundamental going on?
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redefining the notion of distance
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simple idea: effective distance

LHR, New York

P(i|j) : fraction of traffic: j — ¢

PIT, Pittsburgh, PA

FRA, Frankfurt

JFK, New York

RDU, Raleigh Durham, NC
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a different notion of distance

PIT, Pittsburgh, PA
® LHR, New York

JFK, New York ®

FRA, Frankfurt

A(ilj) = 1 — log P(ilj)
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A(ilj) = 1 — log P(ilj)

© dirk brockmann

shortest path trees

D(m|n) = mrin A(T)

Grady, Thiemann, Brockmann., Nat. Comm. (2012).
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SPT representation
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SPT representation




propagating waves




the spread In effective distance
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reconstructing an outbreak origin
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outbreak origin reconstruction
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outbreak origin reconstruction
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outbreak origin reconstruction
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a key component of predictability
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ongoing projects

neolithic spread
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