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Extreme temperatures & Power systems

Power grid outage in Greece: 

high-voltage transmission 

system at fault, Jul. 2025

Outage in Toulouse, Jul. 2019, FR
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Power grid outage in Greece: 

high-voltage transmission 

system at fault.

OUTTAGE in Toulouse, FR
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Extreme temperatures & Power systems

Overview of an electrical network

Les réseaux électriques, un enjeu majeur de la résilience 

climatique (Carbone4, Aboukrat & Lepousez)
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Attribution science 
The process of  evaluating the relative contributions of  multiple causal factors to a 

change or event with an assignment of  statistical confidence.

Attribution of climate state 

Figure from Otto FEL. 2017,. Annu.Rev.Environ.Resour
Temperature of  23th July 2019 – 1pm

ERA5 reanalyzed gridded data
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Conditional attribution

Analyse of  the climatic event 

Data: 

- gridded data from reanalyses based on ERA5 (1950 to Present)

Event Definition: 

- Time averaged Surface Pressure Anomalies map in a lon-lat box

Analogues Analysis

- Assess differences in Present vs. Past Analogues

Periods: 

- Split into two periods (1950 - 1980 | 1980 – 2024 )

Diagnosed Changes: 

- Pressure, Temperature, Precipitation, Winds

Natural Variability Modes Change of  phase in analogues: 

- ENSO, AMO, PDO

Dates of  weather analogs 
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Weather analogs
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Figures from : María Laura Bettolli, Analog Models for Empirical-Statistical Downscaling
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ClimaMeter analysis 8



Heatwave  of  23-24 July 2019

ClimaMeter analysis
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Heatwave  of  23-24 July 2019

Climate variability 
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ClimaMeter analysis



Heatwave  of  23-24 July 2019
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Conditional attribution

From climate event attribution to impact 

attribution: what is the next step?

How can the influence of  climate change on societies and ecosystems – the real observed 

consequences faced by populations – be assessed?
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From climate event attribution to impact attribution: what is the next step?

Conditional attribution
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How can we assess the impact of  extreme temperatures on the power system ?

From climate event attribution to impact attribution: what is the next step?

Focus on the energy system: 

1st approach: 
Attribution of  renewable energy production: a case study

Conditional attribution
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Modeling the impact on renewable production
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Model potentiel & production

Spatial distribution of  renewable production 

under current capacity

Data: 

- gridded data from reanalyses based on ERA5 (1950 to Present)

- gridded installed renewable power in France in 2022 (FR open data)

Capacity factor definition: 

- Ratio of  actual production to maximum possible output, calibrated 

to current system performance

Analogues Analysis

- Assess differences in Present vs. Past Analogues

Periods: 

- Split into two periods (1950 - 1980 | 1980 – 2024 )

Diagnosed Changes: 

- Capacity factors, production of  PV panel, windfarms
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Wind speed

Potential of  production of  a wind turbine in 

relation to wind speed
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Potential of  production of  a PV panel in 

relation to solar radiation & T cell

T° PV cell = f(  ,     ,     )
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Heatwave  of  23-24 July 2019

PV PANEL ANALYSIS

Modeling the impact on renewable production : 
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WIND FARMS ANALYSIS

Heatwave  of  23-24 July 2019Modeling the impact on renewable production : 

14



Bootstrap analysis

Modeling the impact on renewable production
Method  
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PV PANEL ANALYSIS

Fixed threshold : 90th percentile

CAPACITY FACTOR

Average increase :  + 0.01

Max increase : + 0.05

PRODUCTION

Total increase : + 375 MWh

Heatwave  of  23-24 July 2019Modeling the impact on renewable production : 
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WIND FARMS ANALYSIS

Fixed threshold : 90th percentile

CAPACITY FACTOR

Average decrease :  - 0.01

Max decrease : - 0.09

PRODUCTION

Total increase : - 195 MWh

Heatwave  of  23-24 July 2019Modeling the impact on renewable production : 
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Conclusion

A ClimaMeter approach applied to energy production :

• Production potential modeled from weather variables ;

• Estimated production based on 2022 installed capacity ;

• Spatial mapping of  gains and losses ;

• Identification of  statistically significant variations. 

Impacts of  extreme 

temperatures on renewable 

energy production
Extreme events attribution
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Perspectives

EnergyMeter : A methodological framework to assess the 

impacts of  extreme temperatures on the power systems

• Integration of  additional production source (thermal, hydro) ;

• Evaluation of  energy demand sensitivity to temperature 

extremes ;

• Analysis of  vulnerabilities in transmission and distribution 

networks ;

• Additional case studies focused on the Mediterranean Basin. 
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