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motivation

▶ Use statistical physics to help understand the problem of mobility.

▶ How do people move around in Bogotá?



Context of the city

▶ 4 modes(BRT system, buses,
mixed buses and aerial tramway).

▶ Transference between modes (125
minutes).

▶ More than 4 million passangers
per day.



Data 1

▶ 2 years of data, divided in 4 semestres (July 2023-June 2025).

▶ More than 2300 millions of records.

1Portal de datos abiertos Transmilenio, 2025



Analysis of mobility time patterns of public transport users in Bogotá



Analysis of mobility space patterns of public transport users in Bogotá



Statistical representation of the 11 most frequent motifs
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Matrix representation of public transport mobility in Bogotá

0 1000 2000
Destination

0

500

1000

1500

2000

2500

O
ri

gi
n

(a)

0 1000 2000
Destination

0

500

1000

1500

2000

2500

O
ri

gi
n

(b)

100

102

104

106

N
u

m
b

er
of

tr
ip

s

0

10000

20000

30000

40000

D
is

ta
n

ce
(m

)



Comparative study of OD matrices using the Jensen–Shannon criterion

OD-2 OD-3 OD-4 OD-5 OD-6
OD Matrix addition
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Semester I

Semester II

Semester III

Semester IV

S1 S2 S3 S4
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S
3

S
4

0.000 0.034 0.064 0.088

0.034 0.000 0.043 0.071

0.064 0.043 0.000 0.037

0.088 0.071 0.037 0.000
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Lévy flights2

▶ Generalisation of the normal
diffusion associated with
Brownian motion

▶ Spatial dynamics of the system
can be approximated by a Lévy
flight model using geographic
distance. di j

ω
(OD)
i→ j ∝ d−γ

i j for di j > 0

2R. Metzler and J. Klafter, The restaurant at the end of the random walk: recent developments in
the description of anomaluos transport by fractional dynamics, 2004



Relationship between the transition probability ωi→ j and geographic
distance di j

Defined in terms of OD matrix entries
Ti j

▶ ω
(OD)
i→ j =

Ti j

k(out)i

where the out-degree k(out)i = ∑
N
l=1 Til

with N denoting the number of zones,
ensures the normalization.

Defined a transition probability for a
hop i to j (model)

▶ ω
(γ)
i→ j =

Ω
(γ)
i j

∑
N
l=1 Ω

(γ)
i j

With Ω
(γ)
i j = (d0/di j)

γ



Relationship between the transition probability ω
(OD)
i→ j and geographic

distance di j

log10

(
ω

(OD)
i→ j

)
=C−γ log10 (di j/d0)

With γ = 0.92



MKLS(γ) to identify the exponent γ∗

We denine a Symmetrizes measure
MKLS(γ) based on the Kullback-Leibler
divergence and transition probability
models

MKLS(γ)=
1
2
[DKL(P(γ)∥Q)+[DKL(Q∥P(γ))]

provides a quantitative measure of the
discrepancy between empirical and
modeled transition probabilities to
identifie the exponent γ∗



Statistical analysis of displacements between zones in the system



Conclusions

▶ Motif-based analysis reveals complex mobility patterns beyond simple home–work
trips, improving the reconstruction and resolution of OD matrices from entry-only
data.

▶ User displacements follow Lévy flight dynamics, with stable parameters across
time, indicating robust and scale-invariant mobility behavior in Bogotá’s public
transport system.

▶ The methodology provides a reliable framework for urban mobility analysis,
offering practical value for transport planning while highlighting limitations and
opportunities for improving OD estimation methods.



More Information

▶ jalayonm@unal.edu.co

▶ alperezri@unal.edu.co
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