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IPCC-AR5 / CMIP5 

Multi-decadal forcing 
conditions are given 
for a number of 
historical and future 
scenarios for model 
validation and climate 
change attribution 
and projection. 
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gy p
multidisciplinary approach for weather & climate

Equations of conservation 
(mass,momentum,energy,water vapour) 

and gas state 

Climate change 
projections 

v = (u, v, w), T, p, ρ = 1/α and q 

Computational (and physical) constraints limit the resolution (~100-200 Km) 

Historical  
simulations 

2000 1990 1980 2010 2020 2030 2040 2050 2060 2070 2080 2090 

Future projections  
(scenarios) “delta” method 

Warming signal 
1h step x 30 years 

2,6x105 simulations/gridcell 

GCMs 
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Climate change projections are based on 
consensus multi-model information. 

Multi-Model  
climate projections 
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Multi-Model  
climate projections 



A multidisciplinary approach to weather & climate 
Santander Meteorology Group  

AAAAAAAAAAAAAAAAAAAA  mmmmmmmmmmmmmmmmmmmuuuuuuuuuuuuuuuuulllllllllllllllttttttttttttiiiiiiiiiddddddddddddiiiiiisssssssscccccccciiiiiippppppppplllllliiiiiinnnnnnnnaaaaaaaarrrrrrrryyyyyyyyy aaaaaaaapppppppppppppppppprrrrrrrrooooooooaaaaaaaacccccccchhhhhh ttttttoooooooo wwwwwwwweeeeeeeeaaaaaaaatttttthhhhhhhhhhheeeeeeeeerrrrrrrr &&&&&&  cccccccccccccllllllllliiiiiiiiiiimmmmmmmmmmmmmaaaaaaaattttttttttteeeeeeeeeeeee 
SSSSSSSSSSSSSSSSSSSSaaaaaaaaaaaaaaannnnnnnnnnnnnnnntttttttttttttttaaaaaaaaaaaaaaaaannnnnnnnnnnnnnnnnnnddddddddddddddddddddeeeeeeeeeeeeeeeeeeeeeerrrrrrrrrrrrr  MMMMMMMeeeeeettttttteeeeeeoooooorrrrrroooooollllllloooooogggggggyyyyyyy GGGGGGGrrrrrroooooouuuuuuppppppp  

AAAAAAAAAAAAAA lllllllltttttttttiiiiiiiiiddddddddddddddiiii iiii lllliiii hhhh ttt ttthhhh

Santander Meteorology Group 
    A multidisciplinary approach for weather & climate 

http://www.meteo.unican.es 

Wind in IPCC 
Reports 

IPCC-AR5 CMIP5 (2013)  

The different IPCC Assessment Reports provide 
no information on future wind projections, only 
inconclusive information on past trends. 
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Wind in IPCC 
Reports 

IPCC-AR5 CMIP5 (2013)  

The different IPCC Assessment Reports provide 
no information on future wind projections, only 
inconclusive information on past trends. 

The IPCC special 
report on climate 
extremes discussed 
the existing 
information on mean 
and extreme wind 
projections, obtaining 
also inconclusive 
results. 

SRES Special Rep. (2012) 
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Past trends 
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Mean 
wind 

Extreme 
P99 

Future projections 
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GCM Limitations 

The coarse resolution used to solve GCMs and the empirical 
representation of sub-grid processes (model parameterizations) 
severely limit the suitability of the GCMs to represent regional/local 
climate variability, particularly for surface variables (e.g. wind).   
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Downscaling 
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– Energy 
– Insurance 

– Hydrology 
– Agriculture 

R
EA

L 
W

O
R

LD
 

[subdaily, daily temporal scale] 
Models exhibit biases when 
compared with observations: 
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2. Different resolutions 

 

1. Systematic model biases 
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GCM outputs (~200 km) 
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Regional Climate 
Models (RCMs) 
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Euro-CORDEX is the last of a 
series of international 
initiatives for regional climate 
change projection over 
Europe. 
 

0.11º and 0.44º resolution. 
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EURO-CORDEX 
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Storminess  
and wind 

Extratropical cyclones 
can be defined as a 
minimum in the mean SLP 
field or at the 1000 hPa 
geopotential height � 
“storm track” 

Storm intensity can be characterized by 
wind speed at 10 m above the ground. In 
the reviewed literature, it was reported as:  

(i)  peak 1-3 s wind gust speed;  

(ii)  mean 10 min wind speed; or  

(iii)  percentiles (e.g., 90–98 percentiles) of 
maximum daily wind speed values. 
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CICLONES: 
Borrascas … 

CICLONES EXTRATROPICALES (BORRASCAS) 

CICLONES EXTRATROPICALES (BORRASCAS) 
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Storminess  
and wind 

For Southern Europe (Mediterranean) “unambiguously suggests a 
decreasing tendency of the projected future extratropical storminess” 

Most studies 
focused on 
Winter !!! 
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Storminess  
and wind 
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Fig. 2. (a) Cyclone tracks of recent 
extreme storms over the North Atlantic 
based on ECMWF ERA-Interim 
reanalysis data with dots indicating 
storms׳ location at six hour intervals: 
Gong (January 2013, in black), Klaus 
(January 2009, in blue) and Xynthia 
(February 2010, in red). The open circle 
marks the location of the minimum core 
pressure for each storm. (b) Core 
pressure evolution over the lifetime of 
each cyclone (core pressure in hPa). 
Dates are relative to the minimum core 
pressure time (zero Julian day). 

Extreme events: 
Explosive cyclogenesis 



A multidisciplinary approach to weather & climate 
Santander Meteorology Group  

AAAAAAAAAAAAAAAAAAAA  mmmmmmmmmmmmmmmmmmmuuuuuuuuuuuuuuuuulllllllllllllllttttttttttttiiiiiiiiiddddddddddddiiiiiisssssssscccccccciiiiiippppppppplllllliiiiiinnnnnnnnaaaaaaaarrrrrrrryyyyyyyyy aaaaaaaapppppppppppppppppprrrrrrrrooooooooaaaaaaaacccccccchhhhhh ttttttoooooooo wwwwwwwweeeeeeeeaaaaaaaatttttthhhhhhhhhhheeeeeeeeerrrrrrrr &&&&&&  cccccccccccccllllllllliiiiiiiiiiimmmmmmmmmmmmmaaaaaaaattttttttttteeeeeeeeeeeee 
SSSSSSSSSSSSSSSSSSSSaaaaaaaaaaaaaaannnnnnnnnnnnnnnntttttttttttttttaaaaaaaaaaaaaaaaannnnnnnnnnnnnnnnnnnddddddddddddddddddddeeeeeeeeeeeeeeeeeeeeeerrrrrrrrrrrrr  MMMMMMMeeeeeettttttteeeeeeoooooorrrrrroooooollllllloooooogggggggyyyyyyy GGGGGGGrrrrrroooooouuuuuuppppppp  

AAAAAAAAAAAAAA lllllllltttttttttiiiiiiiiiddddddddddddddiiii iiii lllliiii hhhh ttt ttthhhh

Santander Meteorology Group 
    A multidisciplinary approach for weather & climate 

http://www.meteo.unican.es 

Observed trends 
 in maximum wind 
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Observed trends 
 in maximum wind 
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Impact of extreme weather  
on critical infrastructure 

Projected trends 
 in maximum wind 
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Figure 4.1 Climatology of wind and snow indices for WFDEI data computed on yearly 
basis averaged over the time period 1981-2000 

Figure 4.3 Climatology of wind and snow indices for ENSEMBLES data (multimodel 
mean), computed on yearly basis considering the time period 1981-2000 

Projected trends 
 in maximum wind 
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Storm-induced 
losses 

GCM P98 winmax GCM Change (m/s) RCM Change (m/s) 

Results using ENSEMBLES data. 
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EURO-CORDEX 

Wind power 
generation 
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Met Office unified model 

Storm-induced 
losses 
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Met Office unified model 

Relative freq. of exceeding 20 m/s in the 
20th century and ratio of the relative 
frequencies in the 21st and 20th centuries. 

Storm-induced 
losses 
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Conclusiones 

Proyecciones Regionales de 
Cambio Climático Para Vientos 
Extremos en España Para el 

Siglo XXI 
Julio 2017 - Junio 2018 

ESCENARIOS-PNAC 2017 

A diferencia de otras variables (temperatura o precipitación), las 
proyecciones de cambio climático de viento tienen poca señal a 
escala global. 

A escala regional (Iberia), no se han estudiado suficientemente las 
proyecciones de viento extremo, así 
como el potencial de daño derivados, a 
través de índices y cambios en los 
patrones físicos.. 
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Tracks of the 
200 most intense 
winter cyclone 
tracks 
(1989-2009) in 
the north Atlantic 
(white lines). 


