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Outline of the talk
❖ The history of the ICM epidemic model and results for 

influenza spread 

❖ Seeing a big picture: the landscape of the mathematical 
models for epidemic outbreaks. 

❖ What might be the goal of the epidemic models?

❖ Possible analysis

❖ How to choose proper level of representation

❖ The largest challange for detailed epidemiological 
model: the data.  



ICM UW epidemiological model
❖ Agent-based model (mikro-simulation model)

❖ Idea of the model: detailed representation of the demographic 
and sociological structure of Poland combined with the 
probabilities of virus transmission.

❖ Geo-localisation of each agent (a person)  
An agent is assigned (permanently or 
temporally) to a context. 

❖ Contexts: representations of possible contact 
spots: kindergartens, households, schools, 
workplaces, etc…

❖ Transportation module  
trains, cars, daily commutation



Population density of Poland

A basic layer of the model -  
one kilometre geo-referential grid.  



Insights learned from influenza epidemic simulations. 
3160 F. Rakowski et al. / Physica A 389 (2010) 3149–3165

(a) Number of ill individuals per day for f = 0.2. (b) Number of ill individuals per day for f = 0.4.

(c) Number of ill individuals per day for f = 0.6. (d) Number of ill individuals per day for f = 0.8.

(e) Number of ill individuals per day for f = 1.0.

Fig. 1. Disease scenarios for different f and ↵ values — plots show current number of ill individuals in millions at a given day of epidemic vs day of
epidemic (abscissa). Each graph corresponds to a fixed value of parameter f . Fig. 1(a) and (e): Each solid line presents epidemic scenario averaged over
5 runs. Fig. 1(b)–(d): Thin solid lines present epidemic scenarios averaged over 5 runs, thick solid lines present 2 example scenarios contributing to the
average. All figures: brighter shadows surrounding solid lines give the standard deviation of a particular averaged scenario. In the legends: ↵ is the input
parameter, AR (the attack rate) and R0 are the output results for each scenario. Most of the quantities characteristic for epidemics (e.g. attack rate, R0) vary
in a regular way (see text and Tables 7 and 9). (For colour versions of this and subsequent figures, the reader is referred to the web version of this article.)

above 0.14, and is not longer than two months. The attack rates in this case are not significantly higher than for the case of
f = 0.8.

The attack rates for all scenarios are gathered together in Table 9. We did not observe realistic scenarios for attack rates
between 0% and 35%. In these cases, e.g any ↵ and f = 0.2 only rare cases of infections were observed, and either the
epidemic lasted for the entire simulation period at a very low level of the current incidence, or the epidemic collapsed after
several days (see also Fig. 1(a)). This phenomenon is not strictly bound to the R0 level, but of course does not happen for
higher R0 values.

Based on the simulation results, themodel dependence on the simulationparameterswas observed. Namely, themaximal
current number of ill, the duration of the epidemic, and the attack ratewere presented as a function of the basic reproductive
number, R0, see Figs. 2–4. Since R0 is the only common indicator for both the individual based and the differential SIRmodels,
using it as an argument allows us to compare directly (on a single graph) the results obtained from these models.

The above-mentioned relations between indicators of the epidemics (attack rate, duration of epidemic, maximal number
of infected) and R0 exhibit strong regularities. The attack rate was fitted to the exponential function of the form: f (R0) =
b�a exp�kR0 . One should note, that the exponential dependence of the attack rate on the R0 value obtainedwithin the agent
based model simulation was already reported in the literature [15].

❖ Often we observe two stages of epidemic: 1st: large cities (agglomerations), 2nd: small cites 
and villages (often seen as a second peak). 

❖ One of the most important parameter is a coefficient f: fraction of infectious people staying at 
home (self-isolation). 

❖ The structure of population density plays important role in the course of the epidemic.

❖ The work has been published in Y2010, (Physica A, JASSS)

❖ There is a movie: https://www.youtube.com/watch?v=j46osLueJKc&t=14s

https://www.youtube.com/watch?v=j46osLueJKc&t=14s


A big picture: the landscape of the epidemic models. 
Agent-based models 

1. Geo-referential models

2. Network-based models

Machine learning models

ODE’s SEIR models

 
 
Rysunek 12​: Końcowy udział procentowy zakażonych w populacji w zależności od stopnia            
redukcji kontaktów ​f​, od części populacji używającej aplikacji ​u​, oraz od dodatkowej            
wykrywalności lekkich przypadków ​q ​’. Wykresy zostały wykonane dla populacji Wrocławia przy           
założeniu, że opóźnienie śledzenia kontaktów dla nieużywających aplikacji wynosi 2 dni a dla             
używających 0.5 dnia, zaś  wartość prawdopodobieństwa wykrycia kontaktów wynosi ​b ​=0.6.  
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Agent-based model is also an (extended) SEIR model
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Possible states of an agent

❖ The times of being in a given 
state can be approximated by 
means or given as distributions 
(e.g. gamma distr.) 

❖ The probabilities of the 
transmission among states are 
given in a form of transmission 
matrix



Susceptible

Exposed 
(incubation)

Infectious 
non-

symptomatic

Infectious 
symptomatic

Recovered

Hospitalised

ICU

Dead

Possible states of an agent

Geo-referential visualisation of the agent states. 



How our model is being utilised  
during the time of COVID-19 pandemic?

❖ The ICM model is integrated 
with Governmental GIS system 
as a prognostic module.

❖ Reports are sent to Ministry of 
Health and Chancellery of 
Prime Minister 

❖ Methods, results and problems  
will be published in scientific 
articles

GisCOVID-19 system
Government Centre for Security 



What might be the role of epidemic model?

❖ The most prevalent questions asked by decision-makers and public 
opinion usually are:  
How long will the epidemic last?  
When will be the peak of the epidemic?  
How large the peak is going to be?

❖ Although, the models provide the answers to above given questions, the 
answers are strongly conditional, dependent on a measures applied and 
social behaviour in a future.  
Therefore, the most important role of the models, is to provide the insights 
to the mechanisms of epidemic spread and effective ways of mitigating it.  



COVID-19 standard predictions

❖ We provide the predictions of the whole epidemic course in 
always, at least, in two variants: 

Subcritical regime Supercritical regime

Karta symulacji epidemii wirusa COVID-19 w Polsce

Kalibracja modelu do szacowanych danych rzeczywistych z pierwszych 61 dni epidemii. Wynikiem kalibracji jest

optymalna wiπzka przebiegów. Najlepszy z nich (niebieska linia na wykresie dla chorych, zielona - dla

hospitalizowanych) otrzymano dla wspó≥czynnika transmisyjnoúci –=3.94 i wspó≥czynnika kontaktu f=0.60,

pozosta≥e zaznaczono niebieskim (chorzy) lub zielonym (hospitalizowani) cieniem. Czarna pionowa linia wskazuje

datȩ symulacji. Dolny wykres to powiȩkszenie fragmentu wykresu górnego.

by ICM_pdyn@1.1, 20200508-12:53:21-uid8153

Karta symulacji epidemii wirusa COVID-19 w Polsce

Kalibracja modelu do szacowanych danych rzeczywistych z pierwszych 61 dni epidemii. Wynikiem kalibracji jest

optymalna wiπzka przebiegów. Najlepszy z nich (niebieska linia na wykresie dla chorych, zielona - dla

hospitalizowanych) otrzymano dla wspó≥czynnika transmisyjnoúci –=4.55 i wspó≥czynnika kontaktu f=0.16,

pozosta≥e zaznaczono niebieskim (chorzy) lub zielonym (hospitalizowani) cieniem. Czarna pionowa linia wskazuje

datȩ symulacji. Dolny wykres to powiȩkszenie fragmentu wykresu górnego.

by ICM_pdyn@1.1, 20200509-15:56:40-uid8153

Karta symulacji epidemii wirusa COVID-19 w Polsce

Katalog z wynikami: 20200509-25P-25U

by ICM_pdyn@1.1, 20200509-15:56:40-uid8153

Karta symulacji epidemii wirusa COVID-19 w Polsce

Katalog z wynikami: optymalna-sekwencja-20200507-zamkniete-slask

by ICM_pdyn@1.1, 20200510-21:04:13-uid8153

№ active cases (daily) № active cases (daily)



COVID-19 standard predictions

❖ We show possible burden of disease for each scenario: 

Karta symulacji epidemii wirusa COVID-19 w Polsce

by ICM_pdyn@1.1, 20200508-12:53:21-uid8153

№ hospitalised (daily)

№ on ICU (daily)



Fitting procedure

❖ And the quality of the fit (to cumulative number of cases and 
daily deaths)

Karta symulacji epidemii wirusa COVID-19 w Polsce

by ICM_pdyn@1.1, 20200508-12:53:21-uid8153

Daily number of deaths

Karta symulacji epidemii wirusa COVID-19 w Polsce

by ICM_pdyn@1.1, 20200508-12:53:21-uid8153

Cumulative number of cases



The effective mitigation strategies.
❖ The contact network is composed of several context layers:

❖ Households 
❖ Educational Units 
❖ WorkPlaces
❖ Transportation Means 
❖ Daily street contacts
❖ Other…

❖ The model allows for studying the effect of selective turning on and 
off given layers of contacts for a given time periods. 



The effectiveness of applied measures and consequences of release 
(assuming we are in super-critical regime) 

Karta symulacji epidemii wirusa COVID-19 w Polsce

Optymalny wynik (niebieska linia) otrzymany dla wspó≥czynnika transmisyjnoúci –=1.40 i wspó≥czynnika

kontaktu f=0.83. Kalibracja modelu do szacowanych danych rzeczywistych z pierwszych 42 dni epidemii. Czarna

pionowa linia wskazuje datȩ symulacji. Dolny wykres to powiȩkszenie fragmentu wykresu górnego.

by ICM_pdyn@1.1, 20200420-14:07:40-uid8153

Karta symulacji epidemii wirusa COVID-19 w Polsce

Optymalny wynik (niebieska linia) otrzymany dla wspó≥czynnika transmisyjnoúci –=1.40 i wspó≥czynnika

kontaktu f=0.83. Kalibracja modelu do szacowanych danych rzeczywistych z pierwszych 42 dni epidemii. Czarna

pionowa linia wskazuje datȩ symulacji. Dolny wykres to powiȩkszenie fragmentu wykresu górnego.

by ICM_pdyn@1.1, 20200420-22:51:01-uid8153

The putative consequences of school opening. While keeping all the schools closed
№ active cases (daily) № active cases (daily)



Reminder: ICM epidemic model is geo-referential
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The effect of regional lockdown’s. 
❖ We observe large increase of infections in Silesian voivodeship. 

Actual data: 

The effect 
of regional 

The outcome of the model, broke down into 
regions - the kindergarten lockdown is kept locally. 



The greatest challange: the data.

  1. Course of the sickness
❖ lengths of the periods of: incubation, infectiousness 
❖ proportion of the symptomatic to non-symptomatic subjects
❖ infectivity in both states: symptomatic and non-symptomatic  

2. Epidemics data
❖ daily new cases broke down into regions
❖ number of quarantined and isolated people 
❖ sources (contexts) of infection 
❖ applied measures
❖ estimation of real number of positives (sero-prevalence tests) 

3. Contact structure and infectivity weights
❖ base socio-demographical structure 
❖ changes in contact rate along the course of epidemic in contexts
❖ proportion of infectivity in various contexts
❖ travel reduction



Possible ways of calibration of contact structure and weights

Useful data sets: 
❖ Ministry of Health report about  

putative infection sources 
(contexts). 

❖ Large poll, carried out for 
assessment of the  
intensity of contacts in various 
contexts 

Model outcome,  
to be fitted to the actual datasets. 
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