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A temporally compound exceptional extreme event
• In May 2023, a series of deep low pressure 

systems affected the Italian Peninsula;

• The Emilia-Romagna region was parBcularly 
affected, due to the disposiBon of fronts 
and of the underlying topography;

• Floods covered a substanBal part of the 
region’s lowlands for several weeks;
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• In May 2023, a series of deep low pressure 
systems affected the Italian Peninsula;

• The Emilia-Romagna region was parBcularly 
affected, due to the disposiBon of fronts 
and of the underlying topography;

• Floods covered a substanBal part of the 
region’s lowlands for several weeks;

• Return Bmes have been computed to be far 
exceeding the century in some basins;
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A temporally compounded exceptional extreme event

(Brath et al. 2023)
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The climate aIribuBon of such event is 
challenged by several factors:

• The spaBo-temporal resoluBon of the event 
(subdaily rainfall extreme, submonthly 
compounded duraBon, the surface area 
spanned) 

à WWA preliminary report did not capture a 
clear Climate Change footprint;
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The challenge of attribution

(Barnes et al. 2023)
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Greenhouse Emissions 🏭

Climate Variability🌍

Weather Phenomena
-Cyclones 🔵
- Anticyclones 🔴

ClimaMeter approach…

(Faranda et al. 2024)



ALTRO LOGO

6

Clima<c Hazards
Wind💨
Rain⛈
Heat🌡
Cold 🥶

Greenhouse Emissions 🏭

Climate Variability🌍

Impacts 💵💵
Health🤒
Infrastructure 🌉
Property🏠
Tourism🏝
Agriculture  🧑🌾

Weather Phenomena
-Cyclones 🔵
- Anticyclones 🔴

ClimaMeter approach… and beyond

(Faranda et al. 2024)
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ClimaMeter and beyond: from univariate to mul4variate analogues approach

We look for dates ti in which the Euclidean 
distance between the relevant event and the 
pattern at time ti is minimized, i.e.:

Where X is a multidimensional observable (or a 
set of observables) that are present in the 
reference (R) and target (T) databases

𝑡! = arg𝑚𝑖𝑛"∈$𝑑𝑖𝑠𝑡(𝑋!
% , 𝑋"

($))
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The assessment of the impact of such 
events in a changing climate has to 
address:

- Exposure (largely industrialized area 
with intensive farming and high 
population density);

- Vulnerability (several river basins 
with irregular flow, landslide 
potential);
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Towards an impact-based attribution

(Leaman et al. 2021)
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Clima<c Hazards
Wind💨
Rain⛈
Heat🌡
Cold 🥶

Radiative 
anthropogenic forcing 
(GHG, aerosols…)

Climate Variability🌍

Impacts 💵💵
Health🤒
Infrastructure 🌉
Property🏠
Tourism🏝
Agriculture  🧑🌾

Weather Phenomena
-Cyclones 🔵
- Anticyclones 🔴

Non-radiaBve 
anthropogenic forcing 
(e.g. land-use change)

Towards an impact-based attribution



The climate aIribuBon of such event is 
challenged by several factors:

• It’s not only about atmospheric 
dynamics!

à Univariate analogues detecBon 
solely based on dynamical quanBBes 
indicaBve of the event can be 
insufficient
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The challenge of attribution

(Courtesy of M. Ginesta)
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Univariate a*ribu-on – 02/05/2023
SLP (AMJ; from ERA5)

Runoff (AMJ; from ERA5)

PrecipitaIon (AMJ; from ArCIS)

Cold Period: 1961-1990
Warm Period: 1991-2021

VorIcity (AMJ; from ERA5)
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- (orange) runoff, (blue) vorticity, 
(purple) sea-level pressure, 
(violet) precipitation;

- Depending on the level of 
«independence» it is more 
informative to use this approach:

      or this approach:

𝑑 𝑝, 𝑞 ( = 𝑞) − 𝑝) ( + 𝑞( − 𝑝( (

𝑑 𝑝 ( + 𝑑 𝑞 ( = 𝑞) − 𝑞( ( + 𝑝) − 𝑝( (

The multivariate analogues approach (ClimaMeter and beyond)
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Mul-variate a*ribu-on (SLP, precip, runoff) – 02/05/2023
SLP (AMJ; from ERA5)

Runoff (AMJ; from ERA5)

Precipitation (AMJ; from ArCIS)

VorIcity (AMJ; from ERA5)
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Summary
- Methodology of climate aIribuBon with analogues is revised in a mulBvariate 

analogues employing high resoluBon precipitaBon datasets and runoff;

- Runoff, sea-level pressure and precipitaBon are combined to consider the changes in 
occurrence of analogues of the Emilia-Romagna floods in May 2023;

- Overall, the combinaBon of these three observables provides a beIer 
characterizaBon of the climate change fingerprint on these events than the 
univariate analysis;
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Take-home messages
- Univariate approach for aIribuBon of hazards and impacts related to extreme 

weather phenomena is not efficient;

- We need to take into account non-radiaBve anthropogenic factors;

- We need good data and good model simulaBons

èSatellite coverage/gridded observaBonal datasets;

èHigh resoluBon models/impact models;
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Thank you for 
the attention!

v.lembo@isac.cnr.it


