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the questions

Cases in county:
None
1 or more
5 or more
25 or more
100 or more
200 or more

Friday, December 11, 2009



NICO http://rocs.northwestern.eduNorthwestern UniversityESAM & NICO  Dirk Brockmann   

the questions

When?Where? How many?

Cases in county:
None
1 or more
5 or more
25 or more
100 or more
200 or more
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where?

Cases in county:
None
1 or more
5 or more
25 or more
100 or more
200 or more

May 17th, 2009 projected May 9th
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how many?

Cases in county:
None
1 or more
5 or more
25 or more
100 or more
200 or more

Chicago Area: 1100-1500

NY Area: 1100-1600

Miami Area: 65-190

Dallas Area: 65-190

LA Area: 400-700

May 17th, 2009 projected May 9th
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complex phenomena

Cases in county:
None
1 or more
5 or more
25 or more
100 or more
200 or more
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why?

„Spatial transmission of directly transmitted 
infectious diseases is ultimately tied to movement 
by the hosts.  [...] spatial spread (the disease’s 
spatial coupling) may therefore be expected to be 
related to the transportation network within the 
host metapopulation.“
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geography and  spatial dynamics of disease

“black death”  (1347-1350)

measles GB  (1956-1965)

Grenfell, B. T., Bjornstadt, O. N. & Kappey, J. Nature 414, 716 (2001).
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travel in the 21st century

• 3 billion passengers/yr.

• 4095 airports

• 2 Mio. flights/week
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the „severe acute respiratory syndrome” (SARS)

Hong 
Kong

Guangdong

Ireland

VietnamSingapore

Canada

USA

Germany Thailand

• caused by coronavirus

• first outbreak: China

• February 2003 in Hong Kong

• worldwide spread in over 30 countries

• approx 8000 infections
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the first model for the worldwide spread of an epidemic

max−planck−institut für dynamik und selbstorganisation

• Is it possible to describe & 
predict the spread of human 
infectious diseases based on 
human air transportation?

Hufnagel, L., Brockmann, D. & Geisel, T., Proc. Natl. Acad. Sci., 2004

Friday, December 11, 2009

http://rocs.northwestern.edu
http://rocs.northwestern.edu


NICO http://rocs.northwestern.eduNorthwestern UniversityESAM & NICO  Dirk Brockmann   

the SIR model

+

T

+
α

The basic reproduction number

α × T = R0 > 1

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

infectious period
e.g. 4 days.

N Population Size
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example: measles in boarding school UK
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T

+
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R0 ≈ 4 R0 ≈ 2

• N = 763

• T = 2 weeks
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The basic reproduction number

R0

The average number of 

secondary infection 

caused by one infected 

individual in an entirely 

susceptible population
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model for the worldwide spread of an epidemic

Hufnagel, L., Brockmann, D. & Geisel, T., PNAS, 2004

Is it possible to describe (& and at some point 
predict) the global spread of human infectious 
diseases based on human air transportation?
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a model for the global spread of SARS

LOCAL SIR DYNAMICS

+
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Hufnagel, L., Brockmann, D. & Geisel, T., PNAS, 2004
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Chicago vs. Frankfurt
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Take home message

With the exact knowledge of human 
traffic networks the development of 
quantitative models for the 
geographic spread of emergent 
infectious diseases on large scales is 
possible.
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multi-scale mobility networks
Germany UK & Ireland
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human traffic on large scales

# airports: 413
# links: 5684
# passengers/day: 2.36x106

R. Guimera, et al., PNAS (2005), A. Barrat, et al., JStat (2005), L. Dall'Asta et al. JStat (2006).
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multiscale traffic network

• long distance 
connections exist

• short distance 
connections are strong

• all counties connected

0%

20%

40%

60%

80%

0-50 km

200-500 km

>1500 km

nodes: 3108 US counties
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Idea: „Follow the money!“
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wheresgeorge.com - global money circulation

1.bills are registered

2.bills enter circulation

3.bills travel

4.bills are reported

5.bills reenter circulation

6....

• initiated in 1998 by Hank Eskin 

• high spatial and temporal resolution

• more than 100 million bills are registered

• more than 10 million bills with hits 
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human mobility and money dispersal

the idea
indirect measurement 
of  human travel 
behavior

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

Friday, December 11, 2009

http://rocs.northwestern.edu
http://rocs.northwestern.edu


dirk brockmann  -  northwestern university - http://rocs.northwestern.edu
NICO

www.wheresgeorge.com www.eurobilltracker.com
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we didn‘t show that

....infectious diseases 
spread by 
contaminated dollar 
bills....
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we didn‘t show that ....

....infectious 
diseases spread 
by 
contaminated 
Euros.
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report density

−1.5 −1 −0.5 0 0.5 1 1.5 2

log10 cR/ 〈log10 cR〉

total number of reports: 1,033,095
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population density

−1.5 −1 −0.5 0 0.5 1 1.5 2

total population: 280 Mio.

log10 cP / 〈log10 cP 〉
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initial entry density

−1.5 −1 −0.5 0 0.5 1 1.5 2

log10 cI.E./ 〈log10 cI.E.〉

total number of initial entries: 408,321
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dynamics and short time trajectories

Houston, TX

Seattle, WA

Jacksonville, FL

New York, NY

Petaluma, CA

T<1 week
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Distance Histogram
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more mathematically

β ≈ 0.6

inverse power law 
(20-3500 km)

p(r) ∼
1

r1+β

100 101 102 103
10 5

10 4

10 3

10 2

10 1

r [km]

p(r)

there‘s no typical travel 
distance

distances are scale 
free

Brockmann,D., Hufnagel, L. & Geisel, T., Nature 2006
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What does scale free mean?

How tall is an adult human being 
on average?

How high is the average income of  
an adult human being?
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what is scale free?   - Example: Geology

?
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Implications for the  geometry of money circulation
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individual mobility patters

from Gonzalez et al. Nature (2008)

β ≈ 0.6

p(r) ∼
1

r1+β

100 101 102 103
10 5

10 4

10 3

10 2

10 1

r [km]

p(r)
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H1N1 Outbreak

Friday, December 11, 2009



NICO http://rocs.northwestern.eduNorthwestern UniversityESAM & NICO  Dirk Brockmann   

cases in US
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a model for the spread of H1N1 in the US

LOCAL SIR DYNAMICS
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Cases in county:
None
1 or more
5 or more
25 or more
100 or more
200 or more
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comparison to other approaches

Northwestern Group Indiana Group
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pandemic scenario
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without long distance
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time

multiscale mobility local mobility
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• first asked question “Where is George?”

• invented wheresgeorge.com

Hank Eskin:

Dennis Derryberry:

• cabinet maker in Waitsfield, VT

• drew our attention to WG
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