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About me...
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� Post-Doc in Financial Modeling @ University
Polytechnic of Marche, IT
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Research as a Network, Not a List

Rank-Size
Analysis

Textual Data
Analysis

Machine Learning
Clustering

Earthquakes
Ficcadenti and Cerqueti (2017)

Football
Ficcadenti et al. (2023)

US President Speeches
Ficcadenti et al. (2019),

Cerqueti and Ficcadenti (2022),

Cerqueti et al. (2022)

Elections
Voting

Finance
Markets

UK
Higher Education

Fantozzi et al. (2025)

Linguistic
Pro�ling

Each node = a paper/topic;
Edges = shared methods (rank laws, textual data analysis, Clustering).
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Methodological Kernel: Rank-Size Laws

Definition

Rank-size laws describe how elements in a dataset|when ranked in decreasing
order|follow a regularity described by a set of mathematical functions.

Historical Origins:

� Pareto (1896): Wealth distribution follows a rank-size regularity!

� Auerbach (1913): Applied rank-size to city populations.

� Zipf (1945, 1949): Observed that word frequencies scale inversely with rank|gave
the law its name.

� Modern Forms: Zipf{Mandelbrot Mandelbrot (1953, 1965), Lavalette Lavalette
(1996), the Discrete Generalised Beta Distribution, and the Universal Law Ausloos
and Cerqueti (2016) allow for a more 
exible �tting.
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Methodological Kernel: Rank-Size Laws

The Zipf{Mandelbrot Law (ZML):

z =
�

(� + r)

; (1)

�, �, and 
 to be estimated.
The Universal Law (UL):

z = k5 �
(N(r + �))�


(N + 1� r +  )��
; (2)

k5, �,  , 
, and � to be estimated,
and N is the sample size.

0.2

0.3

0.4

0.5

0.6

0 2000 4000 6000 8000

Rank

B
-a

ry
 E

nt
ro

py

Legend Observed UL Fit ZML Fit

6 / 37



Rank-Size Laws: Earthquakes’ economic cost

From: Ficcadenti and Cerqueti (2017)

Calibrated Value
Parameter

�̂ 9.48

�̂ 68.80

̂ 0.14

R2 0.98

Table: Calibrated parameters of best-fit on
Eq. 1 on earthquakes from April 16, 2005 to
March 31, 2017 (N = 13239, M � 2:5), in
Italy.
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Figure: All the earthquakes registered from 16/04/2005 to
31/03/2017 with magnitudes not smaller than 2.5 with ZML
�t, from Eq. 1.
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Rank-Size Laws: US President Speeches

From: Ficcadenti et al. (2019)

R2 Std err.
Max 1,00 5,68
Min 0,91 0,26

m 0,99 1,00
� 0,98 1,25
� 0,01 0,87

Table: Stat. summary of R2s and
non-linear regression std err. for each �t
with Eq. (1). They represent the models
goodness of �t calibrated over each US
President speech’s words frequencies.

Figure: Relationship between Eq. 1’s �̂ and speeches’ length in
term of total number of words used per corpus
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Rank-Size Laws: COVID-19
From: Cerqueti and Ficcadenti (2022).

z = a + b � r + c � r 2 + d � r 3; (3)

wherez is new death per million andr
represents the rank.

Parameter Italy United Kingdom

â 13.09504 15.66925
b̂ -0.04930 -0.12922
ĉ -0.00000 0.00038
d̂ 1:0 � 10� 7 � 3:8 � 10� 7

R2 0.99 0.99
RMSE 0.48 0.41

Table: Calibrated parameters and
goodness-of-�t metrics (R2 and RMSE)
for the �tted model in Italy and the
United Kingdom. Figure: UK and Italy new deaths per mil. & best �ts (red lines) via Eq. 3.
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Rank-Size Laws: Soccer
From: Ficcadenti et al. (2023)

(a) Analysis by year for the championship �nished in 1937. (b) Analysis by team for championships in which SPAL has played.

Figure: DGBD: z = � (R+1 � r )�

r 
 , where � , � , and 
 are non-negative parameters to be calibrated, andR = max( r ) over the considered data sample.
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Rank Laws: Meta-Observation

� Ranks capture hierarchy, competition, institutional inertia in a certain setting.
� Same laws �t di�erent phenomena, e.g., earthquakes' magnitude, words' frequencies,

scored points, each of these rank under a di�erent framework of rules.
� Deviations from law signal structural change, especially when observed in the same

framework for the same phenomenon.
� In the same phenomenon, rank-size law parameters contain information on the

phenomenon when the �t is run on repetitions under the same framework of rules.
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Rank Laws: Meta-Observation - Soccer

Discrete Generalised Beta
Distribution:

z =
� (R + 1 � r ) �

r 
 (4)

where� , � , and 
 are
parameters to be
calibrated, and
R = max(r ).
Figure The �gure presents the Eq. (4)
estimated parameters' probability density
(smoothed by a kernel density estimator)
when one performs the best �ts \by year" and
\by team'.' Figure from Ficcadenti et al.
(2023).
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Rank Laws: Meta-Observation - COVID19

Country â b̂ ĉ d̂ R2 RSME In
ection Point

Italy 13.09504 -0.04930 -0.00000 1.000000e-07 0.99 0.48 2.78
Japan 0.56195 -0.00512 0.00002 -2.000000e-08 1.00 0.01 288.22
Norway 0.95166 -0.01289 0.00006 -8.000000e-08 0.97 0.04 243.20
South Korea 0.19842 -0.00168 0.00001 -1.000000e-08 0.98 0.01 269.90

Table: Estimated parameters and clusters per each country. The last column represents the rank at which
the best �t of Eq. (3) presents a change in concavity.
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Rank Laws: Meta-Observation - US President Speeches

Figure: Eq. (1) 0s �̂ s from US President speeches against the summed di�erences in relative frequencies of
the top 6 repeated words within each speech. Figure from Ficcadenti et al. (2019)
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