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Experience with Statistical Analysis of Covid Data

Summary:

• Data Definition, Data Acquisition & Computational Models
Is it a well-defined problem ? Maybe not !

• Epidemic dynamics on Graphs
Epidemic Models & Complex Systems: the role of topology

• Experience with Covid Data Analysis
Creating a Knowledge Base for Covid Data: a Nightmare

I apologize for my broken English and for the large number of slides
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https://www.wired.com/2008/06/pb-theory/

The new gospel:

Chris Anderson
An English-American author and entrepreneur.
He was the WIRED editor-in-chief until 2012.

With enough data, 
the numbers speak 
for themselves.



Gaetano Salina INFN School of Statistics 2022, Paestum 17 May 2022

Experience with Statistical Analysis of Covid DataData Definition, Data Acquisition & Computational Models

https://www.wired.com/2008/06/pb-theory/

The temptation: Correlation is enough !
• Peter Norvig, Google's research director, offered an 

update to George Box's maxim: "All models are wrong, 
and increasingly you can succeed without them.”

• Forget taxonomy, ontology, and psychology. Who knows 
why people do what they do? The point is they do it, and 
we can track and measure it with unprecedented fidelity. 
With enough data, the numbers speak for themselves.

• We can stop looking for models. We can analyze the data 
without hypotheses about what it might show. We can 
throw the numbers into the biggest computing clusters the 
world has ever seen and let statistical algorithms find 
patterns where science cannot.

Chris Anderson
An English-American author and entrepreneur.
He was the WIRED editor-in-chief until 2012.
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The Knowledge Discovery Process has the aim of providing decisions based on data. The ETL (Extract, 
Transform and Load, i.e. steps 1-3) is important to have an integrated Knowledge Base, with unique,
well-defined and quality data, without redundancy. 

The Knowledge Discovery Process (KDP)

o Selection: Capturing relevant prior knowledge, identifying the data-mining goal and developing and 
understanding of the application domain. Based on that, proper data samples as well as relevant 
variables can be selected.

o Pre-processing: The selected data are processed. Handling of missing values, the noise and 
errors identification (and correction), the elimination of duplicates, as well as the matching, 
fusion, and conflict resolution for data taken from different sources are done.

o Transformation: The clean dataset is transformed into a form suitable for data mining 
algorithms analysis. To improve the analysis performance dimensionality reduction methods 
can also be applied.

o Data mining: Goals of data mining are prediction and description. In prediction some variables and fields in 
the dataset are used to predict unknown values of other variables of interest,and description helps in finding 
human-understandable patterns describing the data. Or: it involves the use of statistical and machine 
learning algorithms to extract structures, correlations, patterns and rules within data.

o Evaluation and interpretation: The patterns and models derived are analysed with respect to their validity. The user 
assesses the usefulness of the found knowledge. A data visualization of the extracted patterns and models is involved.

Machine Learning 
as Knowledge 

Discovery 
Process

Data Definition, Data Acquisition & Computational Models
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The KDP: some questions !
Data Definition, Data Acquisition & Computational Models

Data (Big) Computational Tools

Social media and networks
(all of us are generating data)

Scientific instruments
(collecting all sorts of data)

Mobile devices 
(tracking all objects all the time)

Sensor technology and networks
(measuring all kinds of data) 

Real World Quantum Computers

Knowledge

We can throw the numbers into 
the biggest computing clusters the 
world has ever seen and let 
statistical algorithms find patterns 
where science cannot.
Chris Anderson

( )

Is it 
really so?
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The KDP: some questions !
Data Definition, Data Acquisition & Computational Models

We can throw the numbers into 
the biggest computing clusters the 
world has ever seen and let 
statistical algorithms find patterns 
where science cannot.
Chris Anderson

( )

E-Promotions:
Based on your current location, 
on your purchase history, on what you 
like ! the store located next to you 
sends promotions right now to you.

Healthcare monitoring:
Sensors monitoring your activities 
and body ! any abnormal 
measure requires immediate reaction.

When is a KDP successful?

My business has 
increased by 10%

Only 10% of the abnormal 
situations are detected
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Extracting Knowledge means developing 
Computational Models

This may be a restrictive definition

Computational models are mathematical 
models that are simulated using 
computation to study complex systems. …
The parameters of the mathematical 
model are adjusted using computer 
simulation to study different possible 
outcomes.
www.nature.com/subjects/computational-models
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Knowledge " Computational Model means:
Knowledge " Theory " Algorithms.
We know the relevant observables for describing a system and their 
interaction laws. Computational models allow us to solve system 
with a large number of degree of freedom and complex dynamic or 
with non linear and/or non local interaction. Computational models 
are used when analytical tools fail or are unsuitable.

or

Knowledge " Heuristic " Algorithms.
No theory is available and/or we are not sure that the observables 
are relevant and/or the system is described by non-numerical 
observables. We use trial errors heuristic approach to define the 
observables interactions and define some numerical algorithms. 
Having a large number of degree of freedom and semantic different 
data we are playing in the field of Big Data. Computational models 
help us do define the correct observables and the system dynamic.

Extracting Knowledge means developing 
Computational Models
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o Theoretical Models

o Measurement Theory

o Development of Detectors 
and Measuring Instruments

Extracting Knowledge means developing 
Computational Models



Gaetano Salina INFN School of Statistics 2022, Paestum 17 May 2022

Experience with Statistical Analysis of Covid DataData Definition, Data Acquisition & Computational Models

Theoretical
Models

Measurement
Theory

Development
of Detectors 
and Measuring
Instruments

Knowledge " Theory " Algorithms.
We know the relevant observables for describing a 
system and their interaction laws. Computational 
models allow us to solve systems with a large number 
of degree of freedom and complex dynamics or with 
non linear, non local interactions. Computational models 
are used when analytical tools fail or are unsuitable.

Knowledge " Heuristic " Algorithms.
No theory is available and/or we are not sure that the 
observables are relevant and/or the system is described 
by non-numerical observables. We use trial errors 
heuristic approach to define the observables 
interactions and define some numerical algorithms. 
Having a large number of degree of freedom and 
semantic different data we are playing in the field of Big 
Data. Computational models help us do define the 
correct observables and the system dynamic.

How Physics tamed and tames (Big) Data

Keplero

Brahe was a towering figure. He ran 
a huge research program with a 
castle like observatory, a NASA-like 
budget, and the 
finest instruments
and best assistants 
money could buy. 

Brahe
http://www.chrisbaldassano.com/blog/2015/05/11/bigdata/

- The orbit of a planet is an 
ellipse with the Sun at one of the 
two foci.
- A line segment joining a planet and 
the Sun sweeps out equal areas 
during equal intervals of time.
- The square of a planet's orbital 
period is proportional to the cube of 
the length of the semi-major axis of 
its orbit.
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A Data Ontology & Data Semantic is necessary
Semantics are only one part of the solution and often not the end-product so the 
focus of the design should be on creating effective methods, tools and APIs to handle 
and process the semantics. The concept of semantic data have changed the 
approach to data managing, due to the heterogeneous and unstructured nature of 
data sets. The ontological & semantic approach has been thought to manage data 
sets of this kind, i.e. a way to Knowledge Discovery Process.

It means developing Computational Models
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The Knowledge Discovery Process (KDP)

Data Definition, Data Acquisition & Computational Models
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The Knowledge Discovery Process (KDP)

Data Definition, Data Acquisition & Computational Models
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In particular we ask whether using our 
knowledge of the past states of a system –
and without the use of models for the 
evolution equation – meaningful 
predictions about the future are possible. 
... 
The key to understanding the “proper 
level” of abstraction lies with identifying the 
“relevant variables” and the effective 
equations which rule their time evolution. 

The Knowledge Discovery Process (KDP)
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In particular we ask whether using our 
knowledge of the past states of a system –
and without the use of models for the 
evolution equation – meaningful 
predictions about the future are possible. 
... 
The key to understanding the “proper 
level” of abstraction lies with identifying the 
“relevant variables” and the effective 
equations which rule their time evolution. 

The Knowledge Discovery Process (KDP)
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The Knowledge Discovery Process (KDP)
In socio-economical systems the gap between data and our 
scientific ability to actually understanding them is typically 
enormous. Surely the availability of huge amounts of data, 
sophisticated methods for its retrieval and unprecedented 
computational power available for its analysis will undoubtedly 
help moving science and technology forward.

But in spite of a persistent emphasis on a fourth paradigm 
(beyond experiment, theory and computation) based only on 
data, there is as yet no evidence data alone can bring about 
scientifically meaningful advance.

We therefore conclude that the big data revolution is by all 
means a welcome one for the new opportunities it opens.

A clever and context-dependent trade-off 
between modeling and quantitative 
analysis stands out as the best strategy 
for meaningful prediction.
Von NeumannHowever the role of modeling cannot be discounted.
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The Knowledge Discovery Process (KDP) Big data undoubtedly constitute a great opportunity for scientific 
and technological advance, with a potential for considerable 
socio-economic impact. To make the most of it, however, the 
ensuing developments at the interface of statistics, machine 
learning and artificial intelligence, must be coupled with adequate 
methodological foundations.
H. Hosni & A. Vulpiani

When can I be 
sure that the 

dataset chosen 
for training 

allows me a 
unique 

generalization
?All possible 

generalizations 
compatible with A 

are valid !
It is more than a 
data overfitting
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The Knowledge Discovery Process (KDP)

Data Definition, Data Acquisition & Computational Models

A ontological & semantic approach to heterogeneous and unstructured datasets 
as way to Data Definition and Acquisition.

The develop of Computational Models, i.e.
• Heuristic Models: the goal of the is matched to a particular method, such as classification, regression, 

or clustering the transformed data. A decision about which models and parameters might be 
appropriate must be done and matching a particular data mining method with the overall criteria of the 
KDP in Datasets process is necessary.

• Theoretical Models: the transformed data are used to derive the “interaction” parameters of a 
theoretical dynamic model. The KDP coincides with the understanding of the system’s physical 
dynamics.

as Data Mining
…  

It can be, roughly speaking, the way of physics to try to tame complex systems



Gaetano Salina INFN School of Statistics 2022, Paestum 17 May 2022

Experience with Statistical Analysis of Covid DataEpidemic dynamics on Graphs

It was 
the year 
1927

SIR Model
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Classic Approach: Compartmental Models

https://arxiv.org/pdf/1408.2701.pdfo An epidemic can be rephrased as a stochastic reaction-diffusion process.

o Individuals belonging to the different compartments can be represented as different kinds of “particles” or 
“species”, that evolve according to a given set of mutual interaction rules.

o In the continuous time limit each reaction (transition) is defined by an appropriate reaction rate. 

S " Susceptible
I  " Infective

R " Recovered
E " Exposed

The SIR Model µ

µ

Let be r I = I / N ~ 0 

The number of infectious individuals grows exponentially if 

Reproduction Number 
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Classic Approach: Compartmental Models

https://www.ncbi.nlm.nih.gov/pmc/articles/PMC7175834/

SIDARTHE Model

We infer the model parameters based on the official data (…) about the 
evolution of the epidemic in Italy from 20/2/2020 through 5/4/2020.
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A New Approach: Complex Networks Models

https://www.researchgate.net/publication/225782040_Information_Theory_o
f_Complex_Networks_On_Evolution_and_Architectural_Constraints/figures
?lo=1

The network is completely described 
by the joint degree-degree 
distribution P(q’,q) and by N . It is 
convenient to use a conditional 
probability P(q’|q) that if an end 
vertex of an edge has degree q, 
then the second end has degree q’.

P(q ' | q) = q 'P(q ')
< q >

Distribution of connections and the mean 
degree of a randomly chosen vertex (left)  
differ sharply from those of end vertices of a 
randomly chosen edge (right) 

The Complex Networks Zoo
drq (t)
dt

= iq (t)

diq (t)
dt

= −iq (t)+ λq 1− iq (t)⎡⎣ ⎤⎦
q '−1
q '

P q ' | q)( )
q '
∑ iq ' (t)

SIR: µ=1 and l=b. Use two equations

(q’-1)/q’ ratio is due to the fact that an infected vertex in this model cannot 
infect back its infector, and so one of the q edges is effectively blocked.

Probability that a given link 
connects to susceptible nodes.

The contribution of the 
first neighbours nodes

iq

Iq’
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A New Approach: Complex Networks Models

The SIS models on Uncorrelated Network  

Geo-Random

Scale Free

Epidemic thresholds:

The epidemic threshold λc is a basic notion in epidemiology, the fractions of infected and recovered 
or removed vertices in the final state (stationary) are defined as:

∂t i(∞) = 0

P(q)iq (t) =
q
∑ P(q) −iq (t)+ λq 1− iq (t)⎡⎣ ⎤⎦

q 'P(q ')
< q >q '

∑ iq ' (t)
⎧
⎨
⎪

⎩⎪

⎫
⎬
⎪

⎭⎪
=

q
∑

−i(t)+ λi(t) 1− i(t)[ ] q 'P(q ')qP(q)
< q >q,q '

∑
⎧
⎨
⎪

⎩⎪

⎫
⎬
⎪

⎭⎪
= −i(t)+ λi(t) 1− i(t)[ ] < q

2 >
< q >

= 0

i(∞) = P(q)iq (t→∞)
q
∑

r(∞) = P(q)rq (t→∞)
q
∑

Exponential Networks

U.S. Highway Network

� 

P(k) = e−< k> < k >k

k!

Polinomial Networks

U.S. Airports Network

P(k)∝ k−γ

γ ∈ 2,3[ ]

Scale Free

Geo-Random

<k2> ~ <k>2

<k2> >> <k>2

In the final, stationary, state we have (SIS):

< q2 >≈< q >2

∂t i t( ) = 0 i = 0 λ < λc
i ≈ λ − λc λ ≥ λc

⎧
⎨
⎪

⎩⎪λc=<q>-1

Geo-Random

∂t i t( ) = 0

Scale Free

λc

< q2 >  >>   < q >

i ≈ λ
No epidemic threshold

The fraction of infected individuals i(λ)=i(t→∞)
in the endemic state

The Geo-Random has a finite epidemic threshold λc.If the spreading rate 
λ exceeds λc, the pathogen becomes endemic. 
For a Scale-Free network we have λc=0, hence even viruses with a very 
small spreading rate λ can persist in the population.

Reproduction Number 
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A New Approach: Complex Networks Models

Go beyond the time evolution: 
Metric Spaces and Network Topology

o The Compartmental Models assume random and homogeneous mixing, where 
each member in any compartment is similar and indistinguishable from the others.

o In reality, each individual has his own social contact network over which diseases 
propagate, usually differing from that of other members in a compartment.

o Individuals move in a metric space. Once a spatial scale has been set, the social 
contact network can be divided into short or long interactions.  

o Diekmann et al. (2012) show the weakness of R0 by studying a line and square 
lattice topology and they conclude that network and percolation theory needs to be 
consulted to compute the epidemic threshold, leading to a new definition of the 
basic reproduction number depending on the topology / metric of the network. https://arxiv.org/pdf/1408.2701.pdf

The unipartite projection of the 
bipartite network provides a 
contact network for the contagion 
process. Different transmission 
rates and weights on the network 
depends on the location and type 
of interactions. 

Schematic illustration of the 
construction of a synthetic 
population and the resulting 
contact network

At the macroscopic level, a synthetic 
population and its movements are 
constructed from census and 
demographic data. 

A bipartite network associating 
individuals to locations, and 
eventually weighting the links with 
the time spent in the location, is 
derived from the synthetic 
population. 
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Go beyond the time evolution:
Metric Spaces and Network Topology

SIR models on 2D Grid

λ= 0.8

λ= 1.0

λ= 1.6

V = 100 x 100
V = 400 x 400

λc

Literature:
lc=1.1162(1)

Finite Volume 
Effects

Day 1                       Day 2                       Day 3                      …  Day n
Day

Day

Day

S
I

R

Cluster Perimeter

Cluster Volume: 
n = Number of (     ||     )

Cluster Perimeter: 
m = Number of (           ||           )

Closed 
Boundary
Conditions 

n

n

n

n/V

λ

Exponential
or Linear  
Growth ?

n ~ 95000

n ~ 1200

n ~ 65
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Go beyond the time evolution:
Metric Spaces and Network Topology

SIR models on 2D Networks

Closed 
Boundary
Conditions 

…  …  …  ..  . …  …  …  .

…
  …

  …
  ..  . …

  …
  …

  .

…  …  …  ..  . …  …  …  .

…
  …

  …
  ..  . …

  …
  …

  .

…  …  …  ..  . …  …  …  .

…
  …

  …
  ..  . …

  …
  …

  .

First Neighbors
Next – Next Neighbours

2D NN NetworkER Network 2D SW Network

ER Random Regular Network 2D Square Lattice o Start from a 2D Square Lattice and a Erdos-
Renyi (ER) Regular Random Graph. <q>SL = 
<q>ER = 4; < d >SL = < d >ER = <q>SL /2.

o Adding the same links number to defined 
graphs, we obtain:

- Erdos-Renyi (ER) Random Graph.
- 2D Small Word (SW) Network 
- 2D Next-Next Neighbours (NN) Network

o < d >ER = < d >ER = < d >ER
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SIR models on 2D Networks

…  …  …  ..  . …  …  …  .

…
  …

  …
  ..  . …

  …
  …

  .

2D NN Network

…  …  …  ..  . …  …  …  .

…
  …

  …
  ..  . …

  …
  …

  .

2D SW Network

Small World Links; Size = 100; l = 0.5; +Links: 30 %

< d >SW = < d >NN

Next-Next Links; Size = 100; lc = 0.5; +Links: 30 %

Day

n

Exponential
or Linear Growth ?

n ~ 400

Day

n

l = 0.5

l = 0.5

n ~ 310

Different 
spread 

in Space
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…  …  …  ..  . …  …  …  .

…
  …

  …
  ..  . …

  …
  …

  .

2D NN Network

ER Links; Size = 100; l = 1.6; +Links: 30 %

< d >SW = < d >NN

Next-Next Links; Size = 100; lc = 1.6; +Links: 30 %

Day

Exponential
or Linear 
Growth ?

n ~ 96000

n ER Network

l = 1.6

l = 1.6

n

Day

n ~ 95000

SIR models on 2D Networks

Different 
spread 
in Time
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SIR models on 2D Networks
+Links: 0 %

2D NN Network

ER Network

2D SW Network

2D SW Network
2D NN Network

ER Networks

+Links: 6 %

+Links: 50 %

V = 100 x 100

n/V

λ

n/V

n/V

λ

λ

+Links = 0 %

+Links = 6 %

+Links = 50 %

ER λc = NN λc = SW λc

ER λc = NN λc = SW λc

ER λc = NN λc = SW λc <d>ER = <d>NN = <d>SW

SW Networks quickly forget the 2D 
Square Lattice substrate.

In the limit of infinite links added, SW 
Networks behaves like ER Networks.
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SIR models on 2D Networks

2D NN Network

ER Network

2D SW Network

In the limit of infinite links added, SW Networks behaves as ER Networks.

SW Networks quickly forget the 2D Square Lattice substrate.

λc

<d>

SW and NN Networks have 
the same local properties, 

but the same cannot be said 
of the global ones

< d >SW = < d >NN

DSW << DNN

A graph's diameter D is the largest number of vertices which must be traversed in order to travel from 
one vertex to another when paths which backtrack, detour, or loop are excluded from consideration.

The probability to have k-loops goes 
to zero in thermodynamic limit, i.e.  
p(k-loops) " 0. Statistically 
irrelevant giant loops are present.

Adding SW links, the open m-paths 
grows, while the number of loops 
remains constant (V 4-loops). Due 
to SW links, statistically irrelevant 
giant loops are present.
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SIR models on 2D Networks                     Ising Model on 2D Networks 

2D NN Network

ER Network

2D SW Network

λc

<d>
<d>

2D SW Network

ER Network

2 3 4 5

bc

In different physical models we observe the same effects due to the topological and metric 
properties of the network underlying the dynamics of the models.
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Go beyond the time evolution:
Metric Spaces and Network Topology

SIR models on 2D Networks
• Open and Closed Paths
• Clusters Perimeter versus Cluster Volume 

λ= 1.6

A B
n 18 18
k 17 18

l 0 1

m 38 36
p 38 36
χ 1 1

A B

χ = n − k + l
m = 2dn − 2k
m = 2n d −1( )− 2l + 2χ
χ = Euler Characteristic

m = p

The probability to have k-loops goes to zero in 
thermodynamic limit, i.e.  p(k-loops) " 0. 
Statistically irrelevant giant loops are present. ER 
Networks can be seen as Trees.

Adding SW links, the open m-paths grows, while 
the number of loops remains constant (we have 
V 4-loops). Due to SW links, statistically 
irrelevant giant loops are present. SW Networks 
can be seen as Trees.

In thermodynamic limit the ratio k-loops over k-paths 
remains constant, so that the effects of closed loops 
cannot be neglected.

ER Network

2D SW Network

2D Square Lattice
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Go beyond the time evolution:
Metric Spaces and Network Topology

SIR models on 2D Networks
Clusters Perimeter versus Cluster Volume 

λ= 1.6

ER Network

2D Square Lattice

Finite 
Volume 
Effects

Finite 
Volume 
Effects

Closed 
Boundary
Conditions 

V = 4096 x 4096

V = 4096 x 4096

2D 
Square 
Lattice

  m = 4 2n−1

m = 2+ 2n

  m = 4 2n−1

m = 2+ 2n

<p>

<p>

<n>

<n>

k = 0            k = 1 k = 2            k = 3

2D Square Lattice

Finite 
Volume 
Effects

It sees 
the 

lattice
It sees 

the 
lattice

A like-tree 
behavior

  
m ≈ 2 −1( )n

2D Square Lattice

n = p k2
m = p k
m = (p n)1/2

R2

  m = 4 2n−1
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Go beyond the time evolution:
Metric Spaces and Network Topology

SIR models on 2D Networks
Clusters Perimeter versus Cluster Volume 

λ= 1.6

Finite 
Volume 
Effects

It sees 
the 

lattice

A like-tree 
behavior

  
m ≈ 2 −1( )n

2D Square Lattice

Size = 100; 
l = 1.6; 
+Links: 30 %

l = 1.6

n

Day

n ~ 95000

Small Clusters. 
Small loops cannot be 
neglected. 
The clusters volume n
is polynomial in Day.

Big Clusters. 
We have a like-tree behavior. Small 
loops contribute to determining the 
effective coefficient of n. The clusters 
volume n is exponentional in Day.

  m = 4 2n−1

The impact of heterogeneous connectivity patterns, 
reflected by an underlying network topology, on epidemic 
behavior is a key point and must be understood.
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Go beyond the time evolution:
Metric Spaces and Network Topology

Modeling human mobility is madatory for the 
construction of a realistic theory of the space-
time spread of an epidemic.

Time-dependent hierarchy structure, with both 
temporal and spatial scales to be determined.

The complexity and heterogeneity of the 
present time human mobility network favor
considerably the global spreading of infectious 
diseases. Only unfeasible mobility restrictions 
reducing the global travel fluxes by 90% or 
more would be effective.

1970: 310 x 106

2019: 4560 x 106

2020: 1810 x 106

The Hong Kong flu was a flu 
pandemic whose outbreak in 1968 
and 1969 killed between one and 
four million people globally.

The first recorded instance of the 
outbreak appeared on 13 July 1968 
in British Hong Kong.

The first recorded case of the 
outbreak appeared in Italy was in 
January 1969, six months later.
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Epidemic on complex networks and definition 
of a Knowledge Base for the analysis of the 
Covid19 in Italy

Networks Dynamics

Knowledge Base
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Networks Dynamics
Multiplex mobility network and metapopulation 
epidemic simulations of Italy based on Open Data 

https://arxiv.org/pdf/2205.03639.pdf

The patterns of human mobility play a key role in the spreading of 
infectious diseases and thus represent a key ingredient of epidemic 
modeling and forecasting.

Unfortunately, as the Covid-19 pandemic has dramatically highlighted, 
for the vast majority of countries there is no availability of granular 
mobility data (not only).

We build a multiplex mobility network based solely on open data, and 
implement a SIR metapopulation model that allows scenario analysis 
through data-driven stochastic simulations.

The mobility flows that we estimate are in agreement with real-time 
proprietary data from smartphones (as Facebook Data for Good).

Our modeling approach can thus be useful in contexts where high-
resolution mobility data is not available. 
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Networks Dynamics
Mobility Network

The mobility network is defined by representing 
each of the M = 7897 municipalities as a node. 
We use ISTAT data to collect information on 
identification number, reference province, 
population, surface, latitude and longitude of 
each municipality.
https://www.istat.it/it/archivio/6789

The evolution of the 
disease is described by a 
SIR Metapopulation Model 

Mi = { i,ni, ri , Pri … }

Modelling the mobility of individuals
At each time step of the dynamics we:

a) A sample a fraction pM = 0.1 of the population of each 
municipality is choosen

b) Move it to other municipalities. This moving population is 
distributed over the four layers with the pLayer

c) Execute a Metapopulation Dynamic step

d) At the end of the current time step, the moving population 
returns to the municipality of departure. 

Modelling the Municipalities

a) b)

c) d)

Mi " Mj

Mj " Mi

i = 1,2,3, …,7897
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Networks Dynamics
Mobility Network

Modelling the short range networks:
Intra-province and Inter-province layers 

The connectivity of the Intra-Province and 
Inter-Province layers is set by the territorial 
contiguity matrix collected by ISTAT. 
https://www.istat.it/it/ archivio/157423

= 1

= 0
ci,j =

Adjacent Municipalities

Not Adjacent Municipalities

i,j = 1,2,3, …,7897

1) Intra-Province  Layer

2) Inter-Province  Layer

All Mi            Mj if ci,j = 0 and Pri = Prj

All Mi            Mj if ci,j = 0 and Pri = Prj

Connections in these layers are weighted using 
gravity-like assumptions:

where ρi is the population density of node i, ri,j is 
the distance between the two municipalities and 
L ∈ {Intra, Inter} denotes the layer. 

In order to transform such weights into 
Markovian connection probabilities we use the 
following normalization

where nL
i are the territorial neighbours of node i

in the corresponding layer. 
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Networks Dynamics
Mobility Network

Inter-Province layerIntra-Province layer

Sardinia (zoom) Sardinia (zoom)

Modelling the short range networks:
Intra-province and Inter-province layers 
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Networks Dynamics
Mobility Network

The Trains layer
We use the RESTful API of Viaggiatreno to 
retrieve information.
http://www.viaggiatreno.it/ 

Modelling the long range networks:
Train layer 

o Each station is identified by a id, latitude and longitude

o Each train departing from station i we have the id j of the 
next stop station and the type of connection e (Frecciarossa, 
Intercity, Metropolitana, EuroNight, Regionale, EuroCity)

o We associated each station with the municipalities that are 
located no more than 5 km away (in this way, on average a 
single station corresponds to three municipalities). 

https://www.istat.it/it/archivio/13995 

is boolean indicator for the 
presence of a connection

L = Train

is the fraction of total travellers
for train type e. Dati ISTAT 
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Networks Dynamics
Mobility Network

The Flights layer

Modelling the long range networks:
Flights layer 

o To build the Flight layer, we collect IATA and ICAO codes, 
latitudes and longitudes of airports from Open- Flights

o From the annual ENAC 2019 report we collected the air 
traffic data: origin and destination airports, with IATA and 
ICAO Ids, and total passengers moving between airports.

o We associated each airport with all municipalities located no 
more than 15 km away (on average a single airport is 
mapped on ten municipalities). 

is the fraction of total travellers i-j. Dati ENAC

https://openflights.org/data.html

https://www.enac.gov.it/pubblicazioni/dati-di-traffico-2019

L = Flights
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pIntra = 0.4
pInter = 0.3
pTrain = 0.2
pFlight = 0.1

https: //www.dati.lombardia.it/Mobilit-e-trasporti/ 
Matrice-OD2020-Passeggeri/hyqr-mpe2

Values for pLayer

L ∈ {Intra, Inter, Train, Flight}

Probability that an individual 
moves from i to j

t

Outbreak starting in Milan with seed size of 25 (the initially 
infected individuals)
Plot shows the maximum distance as a function of time for 
different mobility restriction scenarios.
At t = 10 we remove a single or a pair of layers and re-add 
them at t = 38. 

Networks Dynamics
Mobility Network

No Trains & Flights layers 

No 
Flights 
layer 

No Inter & 
Trains 
layers 

All layers 
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Building a Knowledge Base

Federico Zuccari, Inferno Canto III.

Collecting data: 
a nightmare
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Building a Knowledge Base

The goal is define and implement a KB that: 

o identifies the different domains and the different data sources

o is integrated and standardized between the data of the various 
sources, with high quality, unambiguous and homogeneous data

o is useful for studying the Covid19 in Italy and for discovering the 
factors that determined its evolution

o supports the simulation of different scenarios, regarding different 
containment strategies

o supports policymakers’ decisions to be taken based on a Data-
Driven approach

o is useful for defining a response strategy for any future 
epidemics by means of a predictive model 

The first three steps define the ETL process: these will 
allow one to build a solid structure for the KB, defining its 
fundamental variables, computational models and logical 
and physical architecture, i.e. the whole set of 
information (dataset and metadata). 

This is particularly relevant, given that the analysis of the 
Covid19 epidemic has highlighted the lack of a solid KB 
useful for studying the phenomenon itself: few data available, 
affected by systematics that are sometimes not well defined 
and of poor quality. Written two years ago. It was true then, 

unfortunately, it is still true today

To reread them today, the last 
two points are pure Utopia
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Building a Knowledge Base Epidemic Data: 
o github.com/pcm-dpc/COVID-19, PL
o https://github.com/collections/open-data, ML Some
o ISS DataSet, PL Not Open

Demographic and Environmental Data: 
o www.istat.it, ML 
o Open Data Sites of ARPA Regional Agencies, ML 
o Open Data Sites of Italian Regional Administrations, ML

National Health System Data: 
o www.dati.salute.gov.it/dati/homeDataset.jsp, ML
o www.iss.it/basi-di-dati, ML
o Open Data Sites of Italian Regional Administrations, ML

Mobility Data: 
o www.istat.it, ML
o dati.mit.gov.it/catalog/dataset, ML
o www.stradeanas.it/it/le-strade/osservatorio-del-traffico
o www.enac.gov.it/open-data
o dataforgood.fb.com/docs/covid19/, PL & ML
o https://news.google.com/covid19/map?hl=it&gl=IT&ceid=IT%3Ai, PL

Open Data Regional Administrations Economic Data: 
o www.istat.it, ML
o www.camcom.gov.it/P43K973O0/open-data.htm, ML

Generic Data:
o www.dati.gov.it
o www.datiopen.it/it 

The KB must contain Data and Metadata of different types: 
o Concerning the parameters of the epidemic of the individuals (provinces as 

elementary entities)

o Concerning to the description of the spatial distribution of the elementary sets of 
then individuals (municipalities as elementary entities) and of all the characteristics 
of these elementary sets (geolocation, inhabitants, surface, urbanization level, 
demographic distribution, mortality data, ethnic distribution, geophysical variables, 
etc.)

o Concerning the structure of the National Health System (territorial location of 
hospitals and treatment centres and their characteristics as beds, hospitalizations, 
etc.). The following time series should be at a daily detail: emergency interventions 
and their description, clinical trials aimed at monitoring certain diseases.

o Concerning response operations aimed at containing the epidemic (government’s 
decrees, identification of health structures aimed at curing Covid19, identification of 
municipalities subject to further restrictions, red areas, etc.)

o Concerning to mobility (origin destination matrices of individual movements at 
municipal level, road and motorway distance matrix, road and motorway flows, 
railway, air and naval network and respective flows)

o Concerning to the productive structure (number of industries and number of 
employees at the municipal level by Ateco class, matrix of goods/people flows 
generated by the production processes). 

Main Open Data Resouces
Administrative Elementary Entities: ML = Municipal Level. PL = Provincial Level . 
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Building a Knowledge Base
The KB must contain Data and Metadata of different types: 
o Concerning the parameters of the epidemic of the individuals (provinces as 

elementary entities) 

o Concerning to the description of the spatial distribution of the elementary sets of 
then individuals (municipalities as elementary entities) and of all the characteristics 
of these elementary sets (geolocation, inhabitants, surface, urbanization level, 
demographic distribution, ethnic distribution, geophysical variables, etc.)

o Concerning the structure of the National Health System (territorial location of 
hospitals and treatment centres and their characteristics as beds, hospitalizations, 
etc.). The following time series should be at a daily detail: emergency interventions 
and their description, clinical trials aimed at monitoring certain diseases.

o Concerning response operations aimed at containing the epidemic (government’s 
decrees, identification of health structures aimed at curing Covid19, identification 
of municipalities subject to further restrictions, red areas, etc.)

o Concerning to mobility (origin destination matrices of individual movements at 
municipal level, road and motorway distance matrix, road and motorway flows, 
railway, air and naval network and respective flows)

o Concerning to the productive structure (number of industries and number of 
employees at the municipal level by Ateco class, matrix of goods/people flows 
generated by the production processes). 

~ 90.000.000 Records
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Some Analysis 
Mortality March 2020 #" November 2020

Mortality Istat 2020 – Average 2015-2020
Protezione Civile Data 2020
Confidence Level-

Protezione Civile Data (CovKB): Source github.com/pcm-dpc/COVID-19
Mortality Istat (CovKB): Source https://www.istat.it/it/archivio/240401

Mortality Istat (CovKB): Source https://www.istat.it/it/archivio/240401
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Some Analysis 

We analyze the excess mortality (in ZScore) in 

municipalities with and without RSA in Lombardy

Mortality & RSA: March 2020 #" April 2020

RSA are Nursing home for the elderly

Milan

Bergamo

Val Seriana

Zscore 32

Zscore 1

Municipalities with RSA
Municipalities without RSA

We can see a weak 
correlation between 
excess mortality and the 
presence of an RSA
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Some Analysis 
Effect of the Vaccination Campaign: January 2020 #" November 2021

o In blue the incidence (number of infections per 100,000 individuals) processed by the data of the Civil Protection 
from March 2020 for all age groups, Full Population.

o In red (right axis) the ratio between the Susceptible Population and the Full Population. This ratio is less than one 
since the vaccination campaign. 

Full Population P
Susceptible Popolation PSIn

ci
de

nc
e

Start of the 
Campaign 
Vaccination

o The Susceptible Population is 
evaluated starting from the data on 
the temporal evolution of vaccines. 
It is the sum of the number of 
people not vaccinated plus the 
fraction of the cohorts (vaccinated 
one dose, vaccinated two doses, 
vaccinated one dose + previous 
infection) multiplied by 1 – a, a is
the average efficacy factor of the 
vaccines (from ISS). In orange the 
incidence calculated on the 
Susceptible Population. 

Vaccines work !
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Mobility Data 

Mobility Data

Tiles 1.6 x 1.6 Km2

NW Italy

OD Matrix: MA"B A,B Italian Provinces

OD Matrix: MA"B A,B Italian Provinces

OD Matrix: MA"B A,B Tiles

Vector: PA A Tiles

Vector: PA A Italian Province

Colocation Matrix: 
MA"B A,B Italian Provinces
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Mobility Data 

Mobility Data

From My post on FB.
Tonight I was "lucky" to hear an interview with Flavio Briatore. 
He rattled off numbers with extreme ease about the 
economic situation. The message is always the same: "The 
economic crisis will kill more than the coronavirus, and that 
closing restaurants and nightclubs as well as being crazy is 
useless in order to fight the epidemic."

I would like to contrast the following graph with Briatore's
numbers. In blue the infections in the province of Sassari. In 
orange the FB index proportional to the population present in 
the province of Sassari normalized to the average of the 
index value in the first 15 days of March. In red the same 
quantity in the Porto Cervo area where Il Billionare is located 
(it is a small square of 1.6 Km x 1.6 Km).

I don't think any comments are needed.

Covid Infections
FB Population: Sassari Province
FB Population: Tile around Billionare
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Mobility Data 

Mobility Data

The denominator is the maximum 
number of colocations observed in 

the week. The link values are hence 
always symmetric as well
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Human mobility and the 
spread of the pandemic

Some Analysis 
Temporal evolution of the OD colocation matrix and temporal 
evolution of Covid infections

Covid Infections
FB Colocation Index

OD Colocation Matrix: Graph Diameter
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Some of my Considerations
o “Few data are available, affected by systematics that are sometimes not well defined and of poor 

quality”. It was true two years ago, remains true today.

o Paradoxically, in the first months of 2020 there was a greater availability of data. Movements for 
OpenData released epidemic data at the municipal level obtained with scraping techniques on 
institutional servers. When the fact was publicly known all the servers were removed from Internet.

o The lack of granular data for the outbreak is a purely political choice. There was no possibility of 
agreeing anything in the ISS-Lincei and ISS-INFN agreements. This makes the ISS dataset, in 
fact, no more useful than that of civil protection.

o Facebook offered better mobility data than those provided by the big tech companies, but their 
metrics do not allow easy integration with the models.

o You should start with the data of the telephone operators, but they are expensive and the work to 
arrive at the mobility data is enormous.

o Building a knowledge base for Covid was a beautiful illusion, but the task is bigger than the 
capabilities of our small group.

o However, the built database is very useful as a support to the study of realistic diffusion models on 
complex networks.
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Conclusion

I go back to 
simulating Physical 
Systems on 
complex topology 
networks. 

At least, in case of 
missing or poor 
quality data, I know 
who to contact.

Grazie !


