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Context

Transforming "big data" from climate observation and modeling into 
actionable knowledge on extreme events and climate change

Challenges

Use conceptual framework and methods from point processes and extreme 
value theory

Objectives

Understand and model the spatial and temporal (co-)occurrence of extreme events 
focusing on : 

• event representation,        

• subdivision of geographic space,   

• risk analysis



Marked Point Processes
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 A collection of discretely observed stochastic events.

 Each event is characterized by: 

 A point: a coordinate in time, space, or space-time.

 A mark: one or more numerical variables (e.g., duration, 

size of the event or numerical value).

 Examples:

 Spatial processes: clustered distributions (e.g., urban heat 

islands) or regular patterns (e.g., wind farm layouts).

 Temporal processes: clustered events (e.g., rainfall bursts 

during storms), periodic events (e.g., seasonal floods).

 Spatio-temporal processes: wildfire occurrences over a 

landscape with marks representing burned area and 

duration, and extreme events in their meteorological 

drivers (humidity, precipitation, temperature, wind).

From Zscheischler et al. 2020 



Key functions
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Intensity function

Represents the mean number of events in a time interval: 

λ =
1

𝑇
𝐸 # 𝑡𝑖 ∈ 0, 𝑇

Represents expected number of events per unit measure.

Correlation Function K-Function

Measure correlations between events over time: 

𝐾 𝑟 =
1

λ
𝐸 #{𝑡𝑖 ∈ 𝑡0 − 𝑟, 𝑡0 + 𝑟 event at 𝑡0}

• Under the null hypothesis of a homogeneous Poisson process (no interaction), K(r) = 2r 

• K(r) > 2r  suggests temporal clustering (aggregation of events).

• K(r) < 2r suggests temporal regularity or inhibition (dispersion of events).



Point Process of Extreme Events
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 Our goal is to analyze extreme events, so the first key question is how to define an extreme event. 

 We have data at the scale of individual pixels (0.25° or 1° resolution).

 We choose a threshold for exceedance to identify extreme values.

 We then group the exceeding points using connected component analysis.

 Two numerical applications, based on ERA5 data from the Copernicus Data Store :

 One for precipitation events, with a more  temporally centered approach.

 One for temperature anomalies, with a more spatially centered approach.

Variable from 1940-01-01 to 2024-12-31.

Total daily precipitation

Max daily Convective Available Potential Energy 

Max wind speed at 10m             

Copernicus Data Store



Regionalization
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 NUTS level 2 : 332 regions, 11,796 data points.

 Extreme events definition: 

 On wet days : Daily total precipitation above the 

98th percentile

 Daily maximum wind speed above the 99th 

percentile

 Daily maximum convective available potential 

energy (CAPE) above the 99th percentile

 For all variables, the exceedance (mark) is computed as 

the observed value minus the quantile threshold and 

can be used as the event's mark in the point-process 

analysis



Clustering and temporal MPPs for Aquitaine and PACA
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 Connected component analysis applied within each NUTS region

 Spatial proximity: events within 50 km are connected ; Temporal proximity : 3-day window



Temporal dependence between two point processes
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Cross-K Function for Temporal Point Processes (from Cebrian (2021)

෢𝐾𝑥𝑦 𝑟 =
1

𝑇
෍

𝑡𝑖∈𝑁𝑥

෍

𝑠𝑗∈𝑁𝑦

𝟏 𝑡𝑖 − 𝑠𝑗 ≤ 𝑟

෢𝜆𝑥 𝑡𝑖 ෢𝜆𝑦 𝑠𝑗

• With X and Y denote two temporal point processes observed over a period T with event times ti
and sj

• Quantify whether events of type Y tend to occur close in time to events of type X, and at which 
temporal scales.

• For each event of type X, we count how many events of type Y occur within a time window r,
and compare this to what would be expected under temporal independence. 



Test of independence
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• Monte carlo simulation to build an envelope, if observed cross-K exceeds the simulation envelopes 
→  evidence of temporal dependence beyond chance

• Global Envelope Test (GET) for statistical significance → Extends spatial interaction testing to the 
temporal domain and give global pvalue

PACA



Results in Aquitaine
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• In Aquitaine we don’t see the same results, CAPE seems to be dependent with precipitation and 
wind in warm seasons



Fire Weather Index Analysis 
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• We also investigate the 
behavior of the Fire Weather 
Index (FWI) in three fire-prone 
Mediterranean regions: 
Aquitaine, Portugal, and 
Catalonia.

• Our goal is to assess how local 
meteorological conditions 
shape wildfire risk using a 
point–process framework, 
where wildfire occurrences are 
represented as spatio–temporal 
events. 



Preliminary results
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• Interaction between FWI temperature and radiation



Outlook
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 This is an interesting analysis, not just correlation but events-based representation. We aim to go further do 

an analysis of all Europe

 The current thresholds (50 km and 3 days) are somewhat arbitrary and could be adapted based on the data 

(for instance using PoT as in (Barton et al. 2022).        

 Work on extreme value theory and time series analysis could also be incorporated, for instance through the 

use of extremal indices.        

 A spatial work is also in progress to give additional insights.

 Move towards a spatio-temporal analysis to include the study of events, using tools like Spatio-Temporal Point 

Pattern methods.

 Use Impact data.
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