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A Causal Analysis of Human Mobility  
on Colonization of Disease-Carrying 
Tiger Mosquitoes in Spain

Mosquito colonization risk is 
multiplied by 5x on active 

human mobility routes
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User submitted (via Android and 
iOS mobile applications) and 
expert verified reports and 
photographs of Tiger Mosquitoes 
containing date, time and 
geographic coordinates.

Human 
mobility 

Nationwide trips

Egor Kotov 1,2 , Marta Pardo-Araujo 3, Roger Eritja 3, Frederic Bartumeus 3,4

We use human mobility because 
mosquitoes can be transported 
by cars (Eritja et al., 2017).

Human mobility between 2600+ municipalities in 
Spain based on mobile phones activity of Orange 
(~14 million customers). Hourly origin-destination 
matrices for almost 5 years.

R package to access national 
high-quality and open-access 
datasets on movement patterns 
derived from mobile telephone 
datasets (Kotov et al., 2026).

https://ropenspain.github.io/
spanishoddata/
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We use Mosquito Alert reports 
as they are as reliable as 
mosquito traps (Palmer et al., 
2017) and give infinite time 
resolution, whereas nation wide 
trap reports are only accurate to 
a year.
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Double Machine Learning controls for structural vectors (Freight) and
environmental enablers (Climate) to isolate Human Mobility.

Structural Causal Model

Causal Directed 
Acyclic Graph

1 · Detection data
Mosquito Alert + GBIF
→ verify (certainty ≥ 1)
→ join to municipalities

First detection
per municipality

(outcome Y)

2 · Human mobility

MITMS data (v1, v2)
→ harmonise v1 + v2

→ rolling 3-mo incoming
trips from invaded areas

High-traffic
risk corridor
(treatment D)

3 · Confounders
Climate (CERRA),
freight (ETISplus),

proximity, population,
sampling effort

Confounders
(X)

4 · Estimation (DML)

Double Machine
Learning

random forests +
cross-fitting; partial out

X to isolate the
human-mobility effect

ATT — how much
becoming a risk corridor
raises a town’s monthly

first-detection risk

Processing and Modelling 
Pipeline

Monthly 
probability of a 
first mosquito 
detection in a 

municipality
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