
Extreme Rainfall from Tropical Cyclones 
Described Through the Metastatistical

Extreme Value Distribution

A. Miniussi 1),*, G. Villarini 2) & M. Marani 1)

1)University of Padova 
and

2)IIHR-Hydroscience&Engineering

* now at Helmholtz Centre for Environmental Research - UFZ

Corresponding author: 

arianna.miniussi@ufz.de



Storm surges

Heavy rainfall

Strong wind

Tropical cyclones (TCs) effects

In the following, we will focus on

HEAVY RAINFALL



(Some) impacts of heavy rainfall

Waterborne diseasesFlooding/flash flooding
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Drought mitigation Reservoir replenishment

IMPORTANCE
of accurate extreme 

value estimation
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- 𝐹𝑛𝑇𝐶 𝑥; 𝜽𝒋 : distribution of the ordinary non-TC events in year j

- 𝐹𝑇𝐶(𝑥; 𝜽) : distribution of the ordinary TC events in the whole sample

- 𝑛𝑗
𝑛𝑇𝐶 (𝑛𝑗

𝑇𝐶) : number of non-TC (TC) events in year j

- M : length of the series

The Metastatistical Extreme Value 

Distribution (MEVD)
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𝑛𝑗 In its single-component…

…and mixed formulation

(Marani and Ignaccolo, 2015;

Zorzetto et al., 2016)

(Miniussi et al., 2020)



The mixed MEVD
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M = 10 years M = 10 years
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Case studies

Can mixtures of distributions improve the 

accuracy in the estimation of extreme

values of rainfall?

Buffers for identifying trajectories of TCs influencing rainfall

Miniussi et al., 2020



Are TC and non-TC rainfall statistically different?

All rainfall values

Non-TC rainfall

TC rainfall

YES! The use of a mixed-MEVD is justified

Miniussi et al., 2020



Single-component or mixed MEVD?

Daily rainfall 3-days rainfall

Does the temporal scale matter?

5 cases out 

of 6 benefit 

from the 

mixed 

MEVD (FSE 

ratio < 1)

FSE: Fractional Standard Error

S: Calibration sample size

No 

consistent 

outperfor-

mance of 

one 

method

Return period/Calibration sample size Return period/Calibration sample size

Miniussi et al., 2020



Conclusions

1. The MEVD naturally incorporates different phenomena (e.g., non-TC and

TC-induced rainfall)

2. The mixed-MEVD reduces the estimation error in most of the cases analyzed

3. The time scale for which the advantage becomes consistently more relevant

is 3 days
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