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Introduction to Ae. albopictus

● Aedes albopictus, also known as the Asian tiger mosquito, is a highly invasive 
species and a vector for several viruses, including dengue, Zika, and 
chikungunya.

Aedes albopictus distribution range. Map indicates the year of first detections (interceptions and vector 
surveillance of Ae. albopictus) by country and whether established populations were formed (full 
colour).
Source: https://parasitesandvectors.biomedcentral.com/articles/10.1186/s13071-022-05413-5
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Introduction to Ae. albopictus

● Aedes albopictus, also known as the Asian tiger mosquito, is a highly invasive 
species and a vector for several viruses, including dengue, Zika, and 
chikungunya.

● Understanding its spatio-temporal distribution is crucial for public health planning 
and vector control strategies.
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algorithms

A brief introduction to Machine Learning (ML)

pattern identification prediction / decision

Artificial 
Intelligence (AI)

Machin
e 

Learnin
g (ML)

supervised

unsupervised

reinforcement

types of 
learning
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Conventional statistical models

Machine learning (ML) in ecology

Pros

Predefined, explicit 
assumptions and 
relationships.

Easier to interpret.

Cons

Struggle with complex, 
non-linear interactions 
and large datasets.

Machine Learning

Pros

Capture of complex 
patterns.

High-dimensional 
datasets.

Cons

More difficult to 
interpret (e.g. 
causality)
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Which model is “the best”?
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No single model is "the 
best"; the choice depends 
on:

1. problem
2. data quality
3. goals

data with clear 
relationships between 
variables

image 
recognition

combine the strengths of 
multiple modelsstacking
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Stacked generalisation

Stacked generalisation (stacking) combines multiple models to improve prediction 
accuracy. 

It works by training a meta-model to learn from the predictions of base models, 
effectively reducing overfitting and bias.
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What kind of model?

● Stacked machine learning models have already been implemented 
and tested in several studies (e.g. Ae. albopictus in Southern 
Europe);
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What kind of model?

● Stacked machine learning models have already been implemented 
and tested in several studies (e.g. Ae. albopictus in Southern Europe);

● However, in this study we focus solely on the Emilia-Romagna region;
● Specifically, the aim of this project is 

○ to conduct a sensitivity analysis to discern the quantity of data required for reliable 
estimates of egg distribution and abundance.

○ use the model  selected through the sensitivity analysis to forecast Ae. albopictus 
egg abundance over medium (seasonal) and short (weekly) periods.
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Case Study: Aedes albopictus in Emilia-Romagna

● What data?
● What model(s)?
● ML workflow
● Results: metrics and maps
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What data?
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Response variable

● Ovitrap observations

Predictors

● ARPAE historical average weekly temperature 
(median)*

● ARPAE historical weekly precipitation (sum)*
● Photoperiod*
● Fourier harmonics (seasonal and interannual)
● Urbanization Index (ESA CCI landcover)

* lagged weekly data (2 and 3), as current distribution of 
the target variable depends on past values

Spatial resolution

● 5 km grid of Emilia-Romagna

Temporal resolution

● 1 week
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To sum up:
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Modelling workflow
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* lagged weekly data (2 and 3), as current 
distribution of the target variable depends on 
past values

 5 iterations for every combination = 100 
models
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* lagged weekly data (2 and 3), as current 
distribution of the target variable depends on 
past values

** 5 iterations for every combination = 100 
models

**

Modelling workflow

GOAL 
1 GOAL 2
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* lagged weekly data (2 and 3), as current 
distribution of the target variable depends on 
past values

** 5 iterations for every combination = 100 
models

**

Modelling workflow

GOAL 
1 GOAL 2
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* lagged weekly data (2 and 3), as current 
distribution of the target variable depends on 
past values

** 5 iterations for every combination = 100 
models

**

Modelling workflow

GOAL 
1 GOAL 2
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Results: RMSE for fraction of ovitraps
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● Comparable scale of 
error;

● ANOVA: both training 
years and fraction 
have a statistically 
significant effect (p < 
0.001);

● Clear trend of 
decreasing RMSE as 
the fraction increases;

● Lowest RMSE:
 0.9 fraction 
(mean RMSE: 89.35).
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The Tukey HSD:  0.9 
fraction significantly 
outperforms lower 
fractions. 
Q: How significant is the 
difference in error 
between 0.9 and other 
fractions?

Results: RMSE for fraction of ovitraps
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Results: RMSE for years of training data
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The lowest mean 
RMSE is observed for 
the 2021-2022 
training period.

102.3 102.7

105.4 94.15
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Results: RMSE for years of training data
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Is a model trained 
on 2 years of 
data better than 
the one trained 
on 12 years?
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Medium term predictions on 2023
TRAINING ON YEARS 2021-2022 AND FRACTION 0.9
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TRAINING ON YEARS 2011-2022 AND FRACTION 0.9
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Medium term predictions on 2023
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Date start
2 May 2023 (I fase)

15 May  2023 (II fase)
Date end

3 May 2023 (I fase)

17 May 2023 (II fase)

Medium term predictions on 2023
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Spatial predictions on 2021
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TRAINING ON YEARS 2011-2022 AND FRACTION 0.9
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Spatial predictions on 2022
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TRAINING ON YEARS 2011-2022 AND FRACTION 0.9
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Spatial predictions on 2023
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TRAINING ON YEARS 2011-2022 AND FRACTION 0.9
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Forecasting for 2024
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JUNE - JULY - AUGUST - SEPTEMBER

TRAINING ON YEARS 2011-
2022 AND FRACTION 0.9

TEMPERATURE AND 
PRECIPITATION ESTIMATES

+ lags 2 and 3
+ fourier harmonics
+ urbanisation

AE. ALBOPICTUS  EGG 
ABUNDANCE FOR THE 
NEXT 3-4 WEEKS
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Forecasting for 2024
JUNE - JULY - AUGUST
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Forecasting for 2024
JUNE - JULY - AUGUST
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Conclusion

● ML show promise in forecasting the spatio-temporal abundance of Aedes 
albopictus;

● Data driven approaches allow to save time and expenses;
● Model performance improves with more data;
● Trade-offs between model complexity, data quantity, and computational 

efficiency;
● Stacked generalisation balances model bias and variance - better 

generalisation.
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Thank you for your attention!
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Q & A
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