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Introduction: 

 

Europe and the adjacent waters of the eastern North Atlantic and the North Sea lie within the 

mid-latitude storm track and are therefore particularly prone to mid-latitude cyclones. Storms 

over sea cause storm surges and high waves and thus form a hazard to navigation, coasts and 

marine infrastructure among others. For the design and the maintenance of coastal protection 

measures, long and homogeneous time series of wind, waves and surge are necessary, to 

derive their statistics (in especially extreme value statistics) and to analyse long-term changes 

and trends. Additionally, these time series are needed for a variety of applications, e.g. the 

design and maintenance of offshore installations such as platforms and wind farms. 

 

However for marine areas, long and homogeneous data sets are rare, also for the Northeast 

Atlantic and the North Sea. In this particular case of missing or insufficiently homogeneous 

data regional atmospheric hindcasts are frequently used as a reality substitute, either to 

analyse long-term changes and trends (e.g., Fowler and Kilsby 2007; Weisse et al. 2005) or as 

forcing for other, e.g. hydrologic, wave or storm surge models (e.g. Gaslikova and Weisse 

2006; Federico and Bellecci 2004). Regional atmospheric hindcasts are usually obtained from 

regional climate models (RCMs) driven by global reanalyses. This method of deriving 

smaller-scale information with a limited-area, high-resolution model using boundary 

conditions from a global model (such as a reanalysis) is called dynamical downscaling. 

However, it remains unclear whether or not dynamically downscaled wind speed adds value 

to the wind speed directly obtained from the reanalysis. Thus, a simple, but unanswered 

question, is addressed:  

 

Does the dynamical downscaling approach add value for near-surface marine wind fields in 

comparison to the reanalysis wind speed forcing? 

 

The question is examined using two different state-of-the-art RCMs, namely REMO 

(REgional Model, Jacob and Podzun, 1997) and CLM (Climate Local Model, Böhm et al., 

2006), utilizing both the conventional and the spectral nudging approach after von Storch et 

al. (2000).  

 

Used Hindcasts: 

 

• Two regional atmospheric hindcasts with the RCM REMO, one standard simulation 

without spectral nudging applied (STD-REMO) and one with spectral nudging applied 

(SN-REMO). 

• One regional atmospheric hindcast with the RCM CLM with spectral nudging applied. 

 



Method: 

 

The capability of REMO and CLM to add value for surface marine wind fields in comparison 

to the reanalysis wind speed forcing is assessed by the comparison with in-situ wind speed 

observations in the eastern North Atlantic in 1998. The added value is investigated for 

instantaneous wind speed (relevant for case studies) and its frequency distribution (relevant 

for e.g., extreme value statistics and estimations of wind potential).  

 

The definition of added value used in this study is: 

• For instantaneous marine surface wind speed: The RCM adds value to the reanalysis, if 

the 10 m wind speed obtained from the RCM hindcast shows a better agreement with 

measured instantaneous wind speed at 10 m height than the wind speed of the forcing 

reanalysis. 

• For marine surface wind speed frequency distributions: The RCM adds value to the 

reanalysis, if the 10 m wind speed obtained from the RCM hindcast shows a better 

agreement with observed 10 m wind speed frequency distributions than the wind speed of 

the forcing reanalysis. 

 

To determine whether the RCMs REMO and CLM add value for surface marine wind speed 

in comparison to the reanalysis forcing, the following is needed: 

• ”best guess” for real 10 m wind speed, 

• the 10 m wind speed obtained from the hindcasts with the RCMs REMO and CLM, 

• the 10 m wind speed of the reanalysis forcing. 

 

The best guess for real 10 m wind speed is the in-situ data set depicted in Figure 1. The in-situ 

wind speed data were extrapolated to 10 m height using the COARE bulk flux algorithm in 

version 3.0b after Fairall et al. (2003). The 10 m wind speed from the SN-REMO, 

STD-REMO and CLM hindcasts, is available as a diagnostic parameter. However, the 10 m 

wind speed of the reanalysis forcing is not available. Both the NCEP/NCAR (hereafter: 

NRA_R1) and NCEP/DOE II (NRA_R2) reanalyses do not deliver reanalysed but forecast 10 

m wind speed, which is used as best guess for the 10 m wind speed of the reanalysis forcing. 

In 1998 all three hindcasts are forced with the NRA_R2. Therefore, forecast 10 m wind speed 

of the NRA_R2 should be considered in the added value assessment. However NRA_R1 

forecast wind speed had to be used, because the forecast 10 m wind speed of the NRA_R2 

represents a rather unplausible data set, as is shown in the extended abstract of the talk 

“Intercomparison of horizontal wind speed components from NCEP/NCAR-Reanalysis and 

NCEP-DOE Reanalysis II.” given at the 3
rd

 WCRP International Conference on Reanalyses. 

 

The study of Sotillo et al. (2005) motivated the method used in this study. They assessed 

capability of a SN-REMO simulation to add value for surface marine wind fields in 

comparison to the reanalysis wind speed forcing. Sotillo et al. (2005) found for three Atlantic 

buoys, which were assimilated into the NRA_R1, that the NRA_R1 already realistically 

characterizes the 10 m wind fields. In contrast, at the in-situ observations in the 

Mediterranean, which were not previously assimilated by the NRA_R1, they found an added 

value of their SN-REMO hindcast. These findings might on the one hand indicate that the 

added value is determined by the assimilation status of the observation, meaning whenever a 

wind speed observation is assimilated into the forcing reanalysis the dynamical downscaling 

with an RCM cannot add value at its position. On the other hand their result may indicate 

that the RCM can add value close to complex coastlines but not in the open ocean, as their 



in-situ observations in the Mediterranean were close to coastal areas, while the Atlantic buoys 

were far offshore.  

 

 
Figure 1: Locations of wind speed observations (obs) over land sea mask of NRA_R1. 

 

To elaborate on this issue the 12 in-situ observations used in this study are discriminated 

according to their proximity to land and their assimilation status, meaning whether they are 

assimilated into the reanalysis or not. Using the NRA_R1-PREPBUFR files it was examined 

whether the wind speed observations are assimilated into the NRA_R1. The discrimination 

into coastal and open ocean stations is done with the help of the land sea mask of the 

NRA_R1. The 12 observations can thus be divided into the four groups (see Figure 1): 

 

• assimilated open ocean stations: K1, K5, RARH 

• not assimilated open ocean stations: Frigg, F3, NSBII 

• assimilated coastal stations: Chan, GRW, Sand 

• not assimilated coastal stations: K13, Ems, DeBu 

 

The added value for both instantaneous wind speed and its frequency distribution are 

elaborated. The Brier Skill Score (BSS) is used to test to what extent the regionally modelled 

wind gives a better reproduction of in-situ wind speed than the NRA_R1. It is defined, e.g. 

von Storch and Zwiers (1999), by BSS = 1 − σ²F/ σ²R, where σ²F and σ²R represent the error 

variances of the ”forecast” F (here: the time series of regionally modelled wind speeds) and 

the reference ”forecast” R (here: the time series of NRA_R1 wind speeds). 



Results: 

 

Instantaneous wind speed: 

 

 
Figure 2: Brier Skill Scores using NRA R1 time series as reference ”forecast” and SN-REMO, 
STD-REMO and CLM time series as ”forecast”.    

 

While negative BSS values show a worse representation of the observations than by the 

reference NRA_R1 wind speeds, positive values show an improvement in comparison to the 

NRA_R1 time series. As illustrated in Figure 2 the spectrally nudged simulations always have 

a higher BSS than STD-REMO, thus CLM and SN-REMO always reflect the measurements 

better than the unnudged STD-REMO. While STD-REMO has negative BSS values at all 

stations apart from the coastal station Sandettie, SNREMO and CLM have positive BSS 

values for the four coastal stations Channel, Greenwich, Sandettie and DeBu. Thus NRA_R1 

wind speed time series fit the observations better at all open ocean stations (independent of 

their assimilation status) and even at the two coastal stations K13 and Ems. 

 

The assimilation status of the coastal observations is again of minor importance, as 

SN-REMO has positive BSS values for all three assimilated light ships in the Channel, but 

only for one unassimilated coastal station (DeBu). Therefore the proximity to the coast and 

the exposition to winds affected by the land sea transition might be the determining factor for 

a better performance of regionally modelled winds.  

 

Wind speed frequency distribution: 

 

When wind speed distributions are concerned, the regional models always show a better 

representation of observed frequency distributions than the NRA_R1 for coastal areas, 

especially for higher wind speed percentiles, while in "open ocean" areas the NRA_R1 is 

better reflecting observed distributions (exemplarily shown in Figure 3 for the open ocean 

buoy RARH and the coastal light ship Channel). 

 



 
Figure 3: Percentile-percentile distributions of wind speed in 1998, measured (x-axis) 
vs. NRA_R1, SN-REMO and CLM percentiles at a) the buoy RARH as an open ocean station and 
b) the light ship Channel as a coastal station. The 99 dots represent the wind speed percentiles 
in steps of 1 percent. Thus the first (last) dot represents the 1st (99th) percentile and the wind 
speed below which one (99) percent of all in-situ and NRA_R1, CLM and SN-REMO wind speeds 
can be found, respectively. In the ideal case of perfect agreement between in-situ and simulated 
or reanalysed wind speed frequency distributions all percentiles would lie on the bisector line. 

 

Conclusions: 

The results show that for instantaneous wind speeds the regional models do not have an added 

value both in "open ocean" areas and the German Bight. However, in the English Channel, 

where local topography and associated local wind regimes become important, the regional 

model shows an added value for instantaneous wind speeds. 

 

Concerning the wind speed distribution there's a clear indication for an added value of the 

regional models in coastal regions, especially for higher wind speed percentiles, while in 

"open ocean" areas the NCEP/NCAR Reanalysis is better reflecting observed distributions. 

These findings hold independently of the measurements' assimilation status, meaning whether 

a specific measurement is assimilated into the reanalysis or not. 

 

Thus, combining the results of Sotillo et al. (2005) and this study, the answer to the question  

“Does the dynamical downscaling approach add value for near-surface marine wind fields in 

comparison to the reanalysis wind speed forcing?” posed in the introduction, is that added 

value of regionally modelled marine wind speed fields can be seen close to very complex, 

rough coastal areas with a complex orography such as in the Mediterranean and the English 

Channel. Offshore from coastal areas with a less complex topography like in the German 

Bight, with its adjacent flat plains of Northern Germany and the Netherlands, there is an 

indication for an added value but only in the distribution and not for single events. For ”open 

ocean” areas there is no sign of an added value of regionally modelled wind speeds. 
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