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Presenter:	Elena	García	Bustamante.	

This	presentaEon	includes	work	developed	in	the	frame	of	the	
New	European	Wind	Atlas	project.	We	have	evaluated	the	
sensiEvity	of	WRF	simulaEons	to	different	parameterizaEon	
selecEon	and	compared	it	to	observaEons.	

We	find	that:	
-Model	sensiEvity	tends	to	be	smaller	than	model	error	
-RegionalizaEon	strategies	are	useful	for	evaluaEng	model	
sensiEvity.		

Information to be provided before the chat: 
  



Mo#va#on: uncertain#es in observa#onal datasets
SREX,	AR5:	

Confidence	in	surface	wind	trends	is	low	both	over	land	and	oceans.	Uncertainty	
affects	both	observaEonal	data	and	model	simulaEons.	E.g.:	

Trends	in	surface	wind	speed	1988-2010	
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We	address	this	issue	by	compiling		datasets:	

-  Wind	mast	data	from	the	NEWA	

-  A	dataset	of	surface	wind	observaEons	
over	Europe	(~	4000	sites)	
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We	apply	a	Quality	Control	procedure	
to	the	WISED	data	to	account	for	
measurement	and	management	
errors.	

The	procedure	is	described	in	Lucio-
Eceiza	et	al.	(2018a,b;	J.	Atmosph.	
Oce.	Tech.)	



DTU Wind Energy, Technical University of Denmark

Annual mean wind speed (m/s) at 100 m
2013-2017

29 October 2018A. Hahmann11

NEWA: production run and probabilistic ensemble 

Spatial coverage: 

 Entire EU + 100 km offshore 

States of project partners 
entire North and Baltic Sea 

Calculated with the model WRF 

3 km grid width 

30 years (1988-2017) 

Additionally: ensemble runs(1 year) 

WRF 3.8.1 (modified version) 
• 3 km resolution, 61 levels 
• 8-day runs, 24 hours spin-up, spectral nudging in D1 
• MYNN PBL scheme (v3.8.1 with modifiations)  

 + MO surface layer 
• Forcing: ERA5 and OSTIA SST 
• CORINE land use patched with USGS 
• NOAH land surface model 
• radt = 12 
• IO Quilting 
• Icing 
• 480 cores Annual mean 

speed (m/s) 
2013-2017  100 

m height 

 

Figure 15: WRF model sub-domains used in NEWA mesoscale sensitivity experiments.

3.3.1 Data and Methodology

Thirteen high resolution simulations over the IB domain with alternative physical parametriza-
tions and set up choices were used to investigate the model spread. Two discontinuous years (2011
and 2015) were simulated using the version 3.6.1 of the WRF model (Skamarock et al., 2005)
with a configuration of three one-way nested domains increasing the resolution progressively up
to 3 x 3 km horizontal resolution in the innermost domain. Boundary and initial conditions were
provided by ERA-Interim v 2.0 (Dee et al., 2011), the land use data is CORINE 100m update
2012 (Copernicus Land Monitoring Service, 2019) and the SST is provided by OSTIA (Donlon
et al., 2012). More details about the common set up of all thirteen simulations can be found in Ta-
ble 6. The options involve two Planetary Boundary Layer (PBL) parameterisations, i.e.,the YSU
(Hu et al., 2013) and MYNN (Nakanishi and Niino, 2006) schemes, four variants for the Land
Surface Model (LSM, namely NOAH, RUC, NOAH-MP and CLM; Chen et al., 1996; Benjamin
et al., 2004; Niu et al., 2011; Bonan et al., 2002, respectively) and three alternate integration
methods including daily initialisation with no spectral nudging (S1), weekly initialisation with
spectral nudging only in the external domain (W1), weekly initialisation with spectral nudging
in all three domains (W3). In the W1 and W3 cases, initialised at 12:00 GMT, the first 24 hours
were disregarded. Additionally, an experimenting with 91 vertical levels instead of the usual 61
was performed.

30 NEWA report

DTU Wind Energy, Technical University of Denmark

Annual mean wind speed (m/s) at 100 m
2013-2017

29 October 2018A. Hahmann11

General	details	of	the	NEWA	runs:	



Model – Data comparison

NE	IB	domain	
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Differences	of	wind	speed	
between	RUC	(inner	
color)	and	Noah	(outer	
color)	WRF	simulaEons	
and	observaEons	for	wind	
tower	(squares)	and	
WISED	(circles)	sites. 

Differences	of	wind	speed	
at	the	surface	and	at	120	m	
for	the	RUC	and	Noah	
simulaEons.		
 
DeviaEons	of	the	model	
simulaEons	wrt.	are	larger	
than	inter	model	
differences	
 



NE	IB	domain	
CLM vs Noah 
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Example	for	differences	of	wind	speed	between	
CLM	(inner	color)	and	Noah	(outer	color)	WRF	
simulaEons	and	observaEons	for	wind	tower	
(squares).	
Time series show observations and model 
runs at several site examples. Differences 
may stem from very specific time intervals 

Model	–	Data	comparison	



Europe:	Bias	1989-2018	
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Mittl. 10-m-Wind 
2003-2017100 m Wind, Jahresmittel 2017

Ergebnisse mesoskaliger Windatlas 10-m	wind	speed	
2003-2017	

In	the	NEWA	
producEon	run	
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Differences	between	the	NEWA	producEon	run	and	
wind	tower	(leg	and	right	symbols	in	the	figure)	and	
WISED	sites	(circles).	
 

WRF	tends	to	overesEmate	at	the	
surface.	Local	large	values	due	to	
data	quality.	
	
 

Model – Data comparison



Europe:	correlaEon	1989-2018	
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CorrelaEons	between	
NEWA	producEon	run	
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wind	towers	and	surface	
(WISED)	
 

CorrelaEons	vary	
regionally	(e.g.	larger	at	
the	BalEc	region).	
Local	noise	can	be	due	
to	data	quality	(QC	
under	development).	
Wind	tower	values	show	
more	homogeneous	
behavior.	
	
	
 

Model – Data comparison



−4˚

−4˚

−3˚

−3˚

−2˚

−2˚

−1˚

−1˚

0˚

0˚

1˚

1˚

2˚

2˚

3˚

3˚

4˚

4˚

40˚ 40˚

41˚ 41˚

42˚ 42˚

43˚ 43˚

44˚ 44˚

45˚ 45˚

46˚ 46˚

NE IB domain Characterization of the model spread 

An	example	of	wind	speed	
regionalizaEon	for	the	NE	
of	the	Iberian	Peninsula	is	
provided	here	using	
rotated	EOF	analysis	as	in	
Jiménez	et	al	(2010;	J.	
Appl.	Meteorol.	Climatol.	
49,	210)	

Model	uncertainty:	spread	

Regions	show	different	
variability	in	wind	
behaviour.	
	
	
 
The	next	slide	shows	an	
example	for	the	two	first	
rotated	EOF	and	their	
respecEve	PCs.	Model	
spread	can	be	shown	by	
proyecEng	the	simulaEons	
onto	the	EOFs	



MODEL	UNCERTAINTY:	SPREAD	

NE	IB	domain	

Characterization of the model spread 
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MODEL UNCERTAINTY: SPREAD 

NE IB domain 
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Figure 15: Regiones obtenidas a partir de 4 EOFs rotadas. Puntos a los que pertenece cada región en diferentes colores:regi’on

1: black, región 2: red, región 3: blue, región 4: green, región 5: yellow y región no clasificados: purple
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Model	spread,	i.e.	the	
range	of	variability	in	an	
ensemble	of	simulaEons,		
can	be	shown	over	the	
regions	objecEvely	
defined.	
The	ensemble	is	produced	
in	this	examle	by	selecEng	
different	Land	Surface	
Model	configuraEons.		
	
	
 



•  Having surface and mast level observations important. 

•  Model sensitivity lower than model error !? L. 

•  Errors at EU domain yet dependent on observational QC 
(perhaps). 

 
Gracias 

Conclusions          
 

EGU,   06.05.2020    

•  EOF, REOF and regionalization 
approaches can help quantifying 
spatiotemporal model sensitivity/spread. 


