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host-host

Cattuto et al. PLoS ONE (2010)
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population & space
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model complexity
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predictions
epidemic forecasts ???

weather forecasts

fluid and gas masses
physical laws

heterogeneous individuals
social behavior & infection 
process

satellites

large systems non-linear eqs
supercomputer infrastructures
for weather forecasts
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feasible?

development of new informatics tools

tremendous progress in data gathering
cell phones, GPSs, embedded sensor technologies, ...

increase in computational power

collection, analysis, integration and visualization of
huge flows of quantitative demographic, social,
geographic, behavioral datasets

large scale modelslarge-scale models
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ingredients: people, mobility
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ingredients: people, mobility

H1N1 influenza pandemic, 2009
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air travel
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ingredients: people, disease model
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GLEaM – GLobal Epidemic and Mobility model
Geographical resolution

Population Distribution World Airport NetworkCommuting Network
Population layer Mobility layers

resolution 15’x15’ arc
data source: SEDAC  

(Columbia University)

3362 airports  in 220 
countries

16842 connections with 

census data for >30 
countries in 5 continents, 
extended to all the ( y)

travel flows
more than 99 % of the 

global commercial traffic

countries

data source:  IATA, OAG 

Balcan, Colizza et al. PNAS (2009). © Vittoria Colizza



GLEaM – GLobal Epidemic and Mobility model
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equations...

infection

i t lair-travel

number of individuals 
in compartment [m]
in subpopulation jin subpopulation j

Balcan et al. JoCS (2010). © Vittoria Colizza



integration of air travel operator

chance in flight occupancy from j to l

probability of flying from j to l

multinomial distribution for passengers flying from j to l
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integration of epidemic operator

from [m] to [n]; from [n] to [m]

for latent individuals:

ti  f  i f tigeneration of new infections
= force of infection
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force of infection

within the city

ith i hb  iti  with neighbor cities 
through commuting

time-scale separationtime scale separation
technique (commuting is fast!)
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algorithm

Balcan et al. JoCS (2010). © Vittoria Colizza



GLEaM @ work: H1N1 pandemic

di idi ipredictions ???predictions ???
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the unknown

genome

incubation period, infectious period

transmission potential, R0

pathogenicityp g y

attack rate by age classes

mortalitymortality

seasonality

spreading patternspreading pattern

mutation

 ... ...

© Vittoria Colizza



the problem

... ... ???

end of April mid May mid June .... .... ....         Oct/Nov/Dec

 l ti    our solution:   global epidemic & mobility model

transmission potential, R0

seasonality
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R0 estimation on empirical arrival times
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Balcan et al, BMC Medicine (2009)
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Monte carlo likelihood analysis

max likelihood estimate

R0 = 1.75 [1.64 – 1.88]
αmin = [0.6 – 0.7]

Balcan et al, BMC Medicine (2009)
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predictions for Europe

Balcan et al. BMC Medicine (2009) © Vittoria Colizza



comparison with data

s surveillance data

ca
se

s surveillance data

95% reference range
simulations

time
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comparison 
with data
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CPU requirements and data production

2006: most powerful computer 
in US university
2006: among 50 fastest in the world
theoretical peak performance:
>40 teraflops
achieved >28 teraflops on 
numerical computations

256 nodes, 4 cores

May – AugustMay – August

~ 50 TB data
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H1N1 = warming up exercise...

tool for public health crisis?...tool for public health crisis?

complex flexible

sophisticate

realistic

computationally feasible

accessible

models easy to use
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GLEaMviz Simulator: architecture

http://www.gleamviz.org/simulator © Vittoria Colizza



GLEaMviz Simulator: workflow

http://www.gleamviz.org/simulator © Vittoria Colizza



elements
manage client connections
custom protocol for commands 
and dataand data
run engine instances
configurable setup
Pythony

easy to use interfaceeasy to use interface
flexible model builder
simulation wizard
georef map vizgeoref map viz
output data plots
Adobe Air platform

P th CPython
core execution
multi-run analysis

C++
stochastic 
computation© Vittoria Colizza



application example: 

pandemic emerging in Naples...

http://www.gleamviz.org/simulator © Vittoria Colizza



epidemics in 21st century
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challenges: epidemic framework
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who we are...
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