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Presentation plan 

ÅRegional climate modeling 

 

ÅEvaluation of impact of climate change on 
wind energy production 

 

ÅEvaluation of climate impacts of a wind energy 
scenario 



Future climate projections 
(IPCC 2014) 

Two extreme 
scenarios among 4 

Ą See JP van Ypersel presentation !!  



Global and regional modeling 

Why? 
ÅTo provide higher-resolution climate projections for impact studies 
ÅTo better describe extreme events 
ÅTo evaluate the effects of regional policies (for some issues) 
Uncertainty: use ensembles of simulations 

Zoom & 
Downscaling 

Global model (eg IPSL-CM) Regional model 



Example : what will European 
climate look like in a +2°C world? 



www.impact2c.eu 

When is +2°C relative to pre-industrial reached? 

Scenario SRES A1B : quite soon: 2030 - 2050 

Evolution of global temperature.  

Observed historical (black line) 

and future projections from 

different GCMs based on the A1B 

emission scenario.  

 

Time series are smoothed using  

a 30-year running mean. The 2°C 

threshold is marked in red.  



Robust climate changes in a +2ÁC 

Scenario (statistics from 15 models) 
 

Å Warming (relative to 1971-2000) doubled over Mediterranean 

areas in Summer 

Å Warming (relative to 1971-2000) doubled over Mediterranean 
areas in Summer 

Å All models agree on sign 

Source: IMPACT2C  



Source: IMPACT2C  

Robust changes in precipitations 

 
 

Å Less précipitation over Southern/Central Europe in summer 

Å More winterime precipitation almost everywhere, but models 

agree on sign only over Northern Europe 

Colored areas: where 12 models at least agree over 15 



CORDEX : Climate projections 
towards impacts ς IPSL Contribution 

EURO-CORDEX 

MED-CORDEX 

AFRICA CORDEX 

SOUTH AMERICA 



Summertime temperature anomalies (1971-2005) for each 
summer in various scenarios and models for Northern France 

(Simulations of CMIP5/EURO-CORDEX projects) 

EURO-CORDEX 



How can regional modeling help 
for energy scenarios? 



Impacts of climate change on 
energy 

ÅExtreme events (heat & cold waves) expected to change 
(frequency, intensity) 
ĄEnergy demand variability modified 
ĄRisks of lack of cooling water availability  
ĄRisks of power outage changed 
 

ÅChange in renewable energy resources & their variability 
ïWater resource 
ïWind resource 
ïSolar resource 

 

ÅOther applications: provide « extreme event generators » 
with fully consistent physics 
 
 



Impact of climate change on wind 
power potential and production 



Methodology 

Ą Calculation for each wind farm and national fleets 



Changes in wind energy density 

2050-Present 



Wind turbines in Europe in 2012 

Source http://www.thewindpower.net 



Time series and uncertainties 

Production with hypotheses 2012 fleet 



Scénario (climate and energy package) 



Spatialisation for 2020 

2012 2020 



Changes in national productions 



Conclusion 

ÅNo major threat for A1B 

 

ÅNeed of an economic analysis 

 

ÅNeed other CO2 scenarios 

 

ÅNeed of further downscaling for better 
resolving coastal, orography effects 



Wind stilling: a topic of concern? 

ÅObservation effects? 
ÅClimate change effect? 
ÅLand-use/cover 

change effect? 
ÅAerosol effects? 

 
ÅDoes it affect energy 

resource? 

McVicar et al 2012 BAMS State of 
Climate in 2012 

Vautard et al 2010 



Does massive development of renewable 
energy modify regional climate? 



The impact of a european wind 
energy deployment on regional 

climate 

The case of wind energy in Europe 



Energetics of a wind turbine 

Flow kinetic 
energy (wind) 

Turbulence 

Power 

Flow kinetic 
energy (wind) 

ὅ ὖὩὰὩὧȾὖόὴίὸὶὩὥά 

ὅ ὖὨὭίίὭὥὸὩὨὝὑὉὉὰὩὧὸȾὖόὴίὸὶὩὥά 



Wind turbine power extraction 
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Characteristic curves 

Adams & Keith, 2013 



Temperature differences 
around large texan wind farms 

Zhou et al., 2013 


