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ABSTRACT

Hindcasts with reanalysis driven regional climate models (RCMs) are a com-
mon tool to assess weather statistics (i.e. climate) and recent changes and trends.
A remote sensing based method to investigate the added value of surface marine
RCM wind speed is introduced: The capability of the dynamical downscaling ap-
proach (with spectral nudging applied) to add value to the reanalysis wind speed
forcing is assessed by the comparison with QuikSCAT Level 2B 12.5 km (L2B12)
swath data in European waters for 2000 to 2007. Co-location criteria are within
0.1° and 0.06° in longitudinal and latitudinal distance from RCM grid points and
within 10 minutes. In the wind speed range QuikSCAT L2B12 is reliably repro-
ducing (3-20 m s7!), dynamically downscaled wind speed does not show an added
value in “open ocean areas. However in coastal areas with complex topogra-
phy the regional models show an added value, especially around Iceland and the
Iberian peninsula and in the Mediterranean, Baltic and Irish Seas, validating the
findings of previous in-situ data based studies on the added value. Strong inter-
seasonal differences exist, in winter enhanced cyclonic and meso-cyclonic activity
increases the potential of dynamical downscaling. In winter time the added value
is more pronounced around Iceland and Greenland, south of Iceland and within
the Gulf of Lyon/Mistral region. Summarizing the presented method can be eas-
ily applied for other ocean areas, making QuikSCAT a valuable tool to identify
marine regions where dynamical downscaling adds value to surface marine wind
speed. A detailed comparison of 10 m winds from the NCEP/NCAR and the
newer NCEP/DOE-II reanalyses is presented in the annex, motivating the use
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of the NCEP/NCAR reanalyis in the added value assessment.



1. Introduction

For the design and the maintenance of coastal protection measures, long and homoge-
neous time series of wind, waves and surge are necessary. They are needed to derive their
statistics (in especially extreme value statistics) and to analyse long-term changes and trends.
In addition these time series are used for a variety of applications, e.g. the design and main-

tenance of offshore installations such as platforms and wind farms.

However for marine areas, long and homogeneous data sets are rare. Regional atmospheric
hindcasts obtained from regional climate models (RCMs) driven by global reanalyses form
an alternative that can be used 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; Sotillo et al. 2005; Federico and Bellecci 2004;
Kim and Lee 2003). 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.

For regional hindcasts it is assumed, that they will provide an improved representation of
processes on scales below the reanalysis’ resolution such as e.g., fronts or mesoscale distur-
bances (e.g., Denis et al. 2002). Here, a crucial question is whether RCMs do indeed show
an added value in comparison to the driving reanalysis. Concerning dynamically down-
scaled marine near-surface wind fields this question has been addressed in recent years in a

number of studies. Using buoy wind speed measurements Sotillo et al. (2005), Kanamitsu



and Kanamaru (2007) and Winterfeldt and Weisse (2009) assessed the added value in the
Mediterranean Sea, offshore California and in the eastern North Atlantic and the North Sea,
respectively. For the Atlantic Basin northwest of Spain, especially far from coastal areas,
Sotillo et al. (2005) found the NCEP/NCAR-reanalysis (hereafter: NRA_R1) sufficient for
realistically representing near-surface marine wind fields derived from in situ observations.
On the other hand, Sotillo et al. (2005) found, that towards Mediterranean coastal regions
with complex orography, NRA_R1 near-surface wind fields are significantly enhanced by dy-
namical downscaling using RCMs, which is confirmed by Kanamitsu and Kanamaru (2007)
for Californian coastal waters and by Winterfeldt and Weisse (2009) in the English Channel.
However, for the North Sea coastal region, Winterfeldt and Weisse (2009) found no enhance-

ment for “instantaneous® wind speed but for the frequency distribution.

All the mentioned added value studies have in common that they are constrained to ar-
eas where buoy observations are available. This study focusses on the introduction of a
method to assess the added value of RCM marine wind speed using satellite wind speed re-
trievals, namely QuikSCAT L2B12 winds, instead of buoy measurements. This method can
be easily applied for all ocean regions. Using QuikSCAT wind speed retrievals as an estimate
of real surface marine wind speed makes the added value assessment possible in remote areas
far offshore where in-situ wind speeds are rarely measured. Even in regions where in-situ
data is more frequent, gridded QuikSCAT data often enables a cheaper, easier and regularly
spaced assessment than is possible with in-situ observations, irregularly distributed in space.
For this study we generated a gridded version of QuikSCAT’s L2B12 swath data, which is

then used in the added value assessment. Among others Kolstad (2008), Winterfeldt et al.
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(2009), Accadia et al. (2007) and Ruti et al. (2008) showed that QuikSCAT gives good rep-

resentation of 10 m wind speed in both the North Atlantic and the Mediterranean.

Besides the introduction of the QuikSCAT based added value assessment menthod, this
study aims at the confirmation and generalization of the findings of Sotillo et al. (2005)
and Winterfeldt and Weisse (2009). Additionally it enables the identification of areas in the
eastern North Atlantic and European waters where dynamical downscaling with RCMs is
skillful as far as surface marine wind speed is concerned. It is investigated whether dynam-
ical downscaling is more skillful in different seasons and whether the added value is mainly

determined by the finer resolution of the RCM land sea mask.

The paper is structured as follows. The analysed data sets and the method are described
in Section 2. In Section 3 the added value of dynamical downscaling is assessed. Section 4

elaborates on the seasonality of the added value. Section 5 concludes the paper.

2. Data and Method

a. The NCEP/NCAR-reanalysis (NRA_R1)

The global reanalysis of atmospheric fields from National Centers of Environmental Pre-
diction (NCEP) and National Center for Atmospheric Research (NCAR) involves the re-
covery of land surface, rawinsonde, pibal, aircraft, satellite, surface marine (ships, buoys,

oil rigs, C-man platforms) and other data (Kalnay et al. 1996; Kistler et al. 2001). These



data are quality controlled and assimilated with a data assimilation scheme that is kept
unchanged over the reanalysis period and does not use QuikSCAT data. Forecast 10 m hori-
zontal wind speed components on a T62 gaussian grid with a grid spacing of 1.875° x 1.875°
were obtained from the NOAA/OAR/ESRL PSD, Boulder, Colorado, USA, from their Web
site at http://www.cdc.noaa.gov/ for the comparison with QuikSCAT and modelled 10 m
wind speed. The Forecast 10 m wind speed of the NCEP/NCAR reanalysis is used instead
of the forecast 10 wind speed from the newer NCEP/DOE-II reanalysis (Kanamitsu et al.
2002) since the latter gives unrealistically high wind speeds. The differences between the 10

m wind speed from both reanalyses are presented in detail in Section 6 in the appendix.

b. Regional atmospheric hindcast

The SN-REMO hindcast with a horizontal grid spacing of 0.5° (~ 50 km) used in this
study was generated and described by Feser et al. (2001). SN-REMO has an integration
time step of five minutes, the output is given every hour. It is initialized and forced with
the NRA_R1, the modelled domain covers almost the whole eastern North Atlantic and is
depicted in Figure 1. The SN-REMO hindcast uses a Type 2 dynamical downscaling accord-

ing to the classification described by e.g. Castro et al. (2005) and Rockel et al. (2008).

REMO is a regional hydrostatic atmospheric model (Jacob and Podzun 1997). It has been
developed from the Europa-Modell (EM) of the German Weather Service/Deutscher Wet-
terdienst (DWD), its dynamics are based on the primitive equations in a terrain-following

hybrid coordinate system with 20 vertical layers. The prognostic variables of the model are



surface pressure, temperature, specific humidity, liquid water, and horizontal wind compo-
nents. REMO is set up in its climatic mode using the same parameterization scheme as in
the global climate model ECHAM4 (Roeckner et al. 1996). Vertical diffusion and turbulent
surface fluxes are resolved as shown by the Monin-Obukhov theory (Louis 1979). Feser et al.
(2001) generated the current 58-year (1958 - 2006) Central European hindcast by forcing
REMO with the NRA_R1 atmospheric global reanalysis with the spectral nudging method
after von Storch et al. (2000) applied with the nudging parameter set to a = 0.05. SN-
REMO delivers diagnostic 10 m wind speed, meaning that the 10 m wind speed is calculated

from the prognostic wind speed at the lowest model level, which is 32 m.

c. QuikSCAT L2B12

The US launched the SeaWinds scatterometer on the QuikSCAT mission satellite in
1999. The SeaWinds scatterometer is an active radar which transmits microwave pulses
towards the earth’s surface and receives the backscatter. Over the ocean the latter is largely
determined by the roughness of the surface due to small centimeter-scale waves, which are
assumed to be in equilibrium with the wind stress at the ocean surface (Tang et al. 2004).
Multiple and simultaneous normalized radar cross section (0g) values are obtained from the
backscatter power at a single geographical location or wind vector cell (WVC) and converted
to wind speed and direction measurements (10 m equivalent neutral winds) using a Geophys-

ical Model Function (GMF, Callahan 2006).



For this study wind speed retrievals of the QuikSCAT Level 2B data at 12.5 km resolution
(L2B12) are obtained from Jet Propulsion Laboratory (JPL), NASA website (http://podaac-
www.jpl.nasa.gov). Wind solutions that have not been modified by the Direction Interval
Retrieval with Thresholded Nudging (DIRTH) algorithm after Stiles (1999) have been used
and data flagged for rain after the Impact-based Multidimensional-Histogram (IMUDH, Hud-

dleston and Stiles 2000) were discarded in this analysis.

Winterfeldt et al. (2009) compared L2B12 swath wind speed with buoy observations in
the eastern North Atlantic and the North Sea and found it to give good representation of
observed near-surface wind speed. They reported a root-mean-squared error (RMSE, L.2B12
minus buoy) of 1.7 m s™!, demonstrating that QuikSCAT’s mission requirement of providing
wind speed with an RMSE of 2 m s~'is met for the eastern North Atlantic and the North

Sea. QuikSCAT showed good agreement with buoy data for wind speeds up to 20 m s~

1) GRIDDED L2B12 DATA SET

While gridded L3B12 wind data are available from JPL, they are not considered in this
analysis as the 1.2B12 data are clearly more accurate (Sharma and D’Sa 2008). Thus a
gridded L2B12 data set was produced for the assessment which uses the same grid as the
SN-REMO hindcast (0.5x0.5° grid spacing, domain depicted in Figure 1) and covers the years

2000 to 2007. Like the SN-REMO hindcast the gridded L2B12 uses a temporal resolution



of one hour. Whenever a QuikSCAT measurement is within 10 minutes of the full hour and
0.1° and 0.06° in longitudinal and latitudinal distance from a grid point it is assigned as a
record to that grid point of the gridded L2B12 data set. These criteria result in at most
two QuikSCAT records per day at any grid-point: one in the early morning and one in the

evening.

d. Method

The gridded QuikSCAT data set and SN-REMO have the same grid dimensions. QuikSCAT
is co-located with SN-REMO through the generation of the gridded data set with a co-
location criteria of 10 minutes and 0.1° and 0.06° in longitudinal and latitudinal distance as
described in the previous section. The NRA _R1 is available every six hours and has a coarser
grid spacing than SN-REMO. For the purpose of co-locating the NRA_R1 with SN-REMO
and QuikSCAT it is interpolated in time (to the one hour resolution of SN-REMO) and

space onto the SN-REMO grid.

The gridded QuikSCAT L2B12 wind speed serves as estimate of real surface marine wind
speed in the added value assessment. A modified Brier Skill Score (BSS) is used to test
to what extent the regionally modelled wind gives a better reproduction of QuikSCAT
wind speed than the NRA _R1. The BSS is defined, e.g. von Storch and Zwiers (1999),
by B = 1 — o%0y?, where 0% and o represent the error variances of the “forecast® F
(the time series of regionally modelled wind speeds) and the reference “forecast® R (the

time series of NRA_R1 wind speeds). The error variances are computed relative to the same



predictand, here the respective time series of L2B12 wind speed. The modified version of
the BSS used here simplifies the comparability of positive and negative scores and is given
by

1—o20y? 0% <o}

B= (1)

okon? —1 o2 > o3

By definition the Brier Skill Score can vary between —1 (reference exactly matches the L2B12
observations) and +1 (forecast exactly matches the L2B12 observations). Negative values
indicate a better performance of the reference forecast (NRA_R1), positive values indicate

an added value of the regionally modelled winds in comparison to the NRA_R1 time series.

The added value assessment is carried out for the years 2000 to 2007.

Uncertainties in the assessment may be introduced by the different temporal and spatial
resolutions of the QuikSCAT, NRA_R1 and SN-REMO wind speeds. However this is partly
inevitable as the aim of this analysis is to find out whether a medium resolution product
(SN-REMO) is able to add value to the coarse resolution driver (NRA_R1) by the means
of comparing it with a high resolution data set (QuikSCAT). In the presented analysis
the NRA_R1 was time interpolated to one hour resolution. Subsampling the modelled and
QuikSCAT wind speeds to the six-hour frequency prescribed by NRA_R1 is an alternative
approach. Winterfeldt and Weisse (2009) tested the sensitivity of the added value assessment

to both methods, the resulting differences were negligible.
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3. Results

The total amount of available co-locations between QuikSCATS’s L2B12, the NRA_R1
and SN-REMO for the period 2000 to 2007 is depicted in Figure 2(a). The mean QuikSCAT
L2B12 wind speed from the total number of co-locations is displayed in Figure 2(b). Sev-
eral features are discernible. In the Atlantic four wind speed nadirs are visible which have
been reported by Kolstad (2008): between Iceland and Jan Mayen, between Jan Mayen and
Spitsbergen, southeast of Spitsbergen between Hopen and Bear Island and to the southwest
of Iceland. The latter wind speed nadir and the area of higher wind speed in the vicinity
of the east Greenland topography have been attributed to wake effects downstream of the
Greenland topography in westerly flow and to the barrier flow described by Moore and Ren-
frew (2005). The wind speed nadir in the northwestern most corner of the model domain
is an artefact of the seasonal extension of the sea ice. In winter the wind speed retrieval
is impossible due to sea ice, leading to a reduced amount of wind speed retrievals (bluish
area in Figure 2(a)) and to a reduced mean wind speed since the wind speed in summer is
generally lower.

Apart from the maximum wind speed in the storm track local wind speed maxima can be
identified near the southern tip of Spitsbergen, northwest of the Galician coast, in the Mistral
region in the Gulf of Lyon, in the Straits of Sicily and in the Aegean Sea. Local wind speed
minima in the Mediterranean are located between the Iberian Peninsula and the Baleares,
in the Tyrrhenian Sea between Sardinia, Italy and Sicily, southeast of Sicily, in the Adriatic

Sea and around Cyprus.
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The number of co-locations in the wind speed range of 3 to 20 m s™!, which is reliably
reproduced by L2B12 (e.g. Winterfeldt et al. 2009), is depicted in Figure 3(a). For almost
the whole modelled North Atlantic more than 500 co-locations exist in this wind speed range.
The number of co-locations is highest in the high latitudes and reduces southwards due to
QuikSCAT’s orbit specifications. Sea-ice contamination leads to a reduced number of co-
locations east of Greenland. At any grid point in the model domain less than nine percent
of all available L2B12 co-locations have wind speeds beyond 20 m s~ 'as illustrated by the
isolines in Figure 3(a) which represents the wind speed percentile value corresponding to 20

m s~!. Less than 10 to 15 percent of all co-locations are below 3 m s~!(not shown).

The modified BSS after Equation 1 is displayed in Figure 3(b). In vast areas of the North
Atlantic the BSS is negative indicating that dynamical downscaling does not add value there.
The same holds for the interior of the Mediterranean, Baltic and Black Seas. Frequent oc-
currence of meso-scale phenomena like meso-cyclones (e.g. polar lows or meso-cyclones due
to cyclogenesis in unstable cold air behind synoptic cyclones or a cold front), fronts, land
sea breezes or orographic induced wind flow would increase the possibilities of RCMs to add
value. Land sea breezes and orographic induced wind flow do not occur in the open ocean
and are constrained to coastal areas. Accordingly there is hardly any possibility for SN-

REMO to add value at the open ocean which is reflected by the negative Brier Skill Scores.

As indicated by positive BSS values SN-REMO is able to add value in coastal areas, mainly
for those with complex coastlines/topography, especially in the Mediterranean, around the

Iberian peninsula, between Iceland and Greenland, in the English Channel and the Irish Sea

12



and close to the coastlines of the Baltic and Black Seas. Here meso-scale phenomena are
more common, especially in the Mediterranean Sea where local or regional winds triggered
or modified by orography are frequent (e.g. Zecchetto and Biasio 2007), e.g. the Mistral

area can be identified by positive BSS values.

These results confirm earlier results by Sotillo et al. (2005) and Winterfeldt and Weisse
(2009). Their assessments with wind speed data from the buoys depicted in Figure 1 indi-
cated an added value for coastal areas in the Mediterranean and the English Channel but
hardly any for the North Sea coastal waters. They found no added value in the open ocean

waters of the North Atlantic.

4. Seasonality of the added value

The seasonality of the added value of SN-REMO is investigated by subsampling the co-
located data into winter (DJF), spring (MAM), summer (JJA) and fall (SON). The BSS for
all seasons is depicted in Figure 4, the strongest interseasonal differences were determined
between summer and winter. In general higher Brier Skill Scores stand out for the whole
North Atlantic in winter time which coincides with stronger meso-scale activity during this
season (e.g., Harold et al. (1999)) which can be attributed partly to Polar Lows and meso-
cyclones developing behind synoptic cyclones in cold air outbreaks. Polar Lows (e.g. Zahn
and von Storch 2008) occur mainly in winter time near the ice-edge, between and around
Greenland and Iceland and between Spitsbergen and the Norwegian coast. For those areas

the RCM adds value at more grid points in winter time. According to Harold et al. (1999)
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the strongest seasonal changes in meso-cyclone activity occur near the Norwegian Coast,
near the ice edge and south and southwest of Iceland. The large area of added value south
of Iceland in winter time may be partly attributed to meso-cyclones generated behind the

cold front of cyclones.

Strong interseasonal differences are detected for the Mediterranean and Black Seas. In
winter the near-surface circulation in the north-west Mediterranean is characterized by a
cyclonic meso-scale circulation (e.g. Millot 1987, 1991) in the Gulf of Lyon which is a sea-
sonal characteristic induced by the frequent north-west winds or Mistral events. With the
Mistral blowing more frequently from November to March (e.g. Zecchetto and Cappa 2001
and references therein) SN-REMO adds value in the whole Gulf of Lyon basin in winter
time while adding value to a more constrained area in summer. In the land sea mask of
the NRA_R1 Corse, Sardinia, Sicily and South Italy are not existing, while they do in the
land sea mask of SN-REMO, a fact that probably contributes strongest to the added value
of SN-REMO in the lee of those land masses in dominating northwesterly winds. North of
Tunisia and in the Straits of Sicily increased wind speed associated with barrier flow close
to the Atlas Mountains and gap flow in the Straits is discernible in Figure 2(b). In the wake
of the Atlas Mountains east of Tunisia, meso-scale anticyclonic structures are reported by
Accadia et al. (2007) which may be the reason for the added value to be visible there in
all seasons. After Zecchetto and Biasio (2007) this anticyclonic area is particularly wide
and deep in the spring and summer, when the Saharan low pressure system and the wind

shielding effect of the Atlas Mountains under northerly winds concur to enhance its strength.
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The etesian is a regional scale northerly wind in the Aegean Sea. In summer time when
the etesians are strongest, steadiest and their wind speed variability is lowest (Zecchetto
and Biasio 2007) SN-REMO can not add value in the etesian region north and south-east of
Crete and Rhodes. In the Black Sea an area of positive BSS stands out stretching from the
northern shores of Turkey to the island of Crimea in winter time. This feature is entirely
missing in summer. Whether it is due to the western Black Sea anticyclone (Efimov and
Shokurov 2002) and/or the stronger synoptic scale activity in winter interacting with the
surrounding orography leading to stronger but directionally unsteady winds as reported by
Zecchetto and Biasio (2007) remains unclear. In addition, Accadia et al. (2007) reported
strong directional differences between the winds from the RCM QBolam and QuikSCAT in

the western Black Sea in winter time.

We have seen that SN-REMO is unable to add value in the open ocean. It is important
to note that the open ocean areas of the North Atlantic coincide with the interior of the
model domain. Therefore the loss in value is a combination of the low frequency of meso-scale
features in the open ocean and the position within the interior of the model domain far from
the lateral boundary forcing of the reanalysis, which may lead to a significant deviation of
large-scale features such as cyclone tracks or the location of pressure systems from those in
the reanalysis (e.g., von Storch et al. 2000). The spectral nudging technique after von Storch
et al. (2000) used for the SN-REMO simulation attempts to overcome these shortcomings
and partly succeeds in it since the loss in value is lower for spectrally nudged simulations than
for their unnudged counterparts (Winterfeldt and Weisse 2009). Nevertheless the spectral

nudging technique needs to be optimised because large-scale value is still lost in the model
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interior. The results in winter time are promising in a sense that dynamical downscaling
with RCMs may add value even in the open ocean. However an improved coupling of the
RCM to the large-scale forcing retaining the large-scale value of the reanalysis needs to be

achieved first.

5. Discussion and Conclusion

A remote sensing based method to investigate the added value of marine RCM wind speed
is presented: The capability of the dynamical downscaling approach to add value for surface
marine wind speed in comparison to the reanalysis wind speed forcing is assessed by the com-
parison with QuikSCAT Level 2B 12.5 km (1.2B12) swath data in European waters for 2000
to 2007. The dynamical downscaling approach is represented by a regional simulation with
the RCM REMO which downscales the global NCEP/NCAR reanalysis using the spectral
nudging technique after von Storch et al. (2000). In the wind speed range QuikSCAT 1.2B12
is reliably reproducing (3-20 m s™!), dynamically downscaled wind speed does not show an
added value in “open ocean® areas. However in coastal areas with complex topography the
regional models show an added value, especially around Iceland and the Iberian peninsula

and in the Mediterranean, Baltic and Irish Seas.

This analysis confirms the findings of previous in-situ data based studies on the added

value by Sotillo et al. (2005) and Winterfeldt and Weisse (2009). In agreement with Sotillo
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et al. (2005) this study shows that dynamical downscaling is capable to add value in coastal
areas in the Mediterranean especially in the lee of islands, e.g. Corse, Sardinia, Sicily and
the Aegean islands which are better resolved by REMO’s land sea mask, and in areas of
regional wind regimes as for the Gulf of Lyon (Mistral) and for the anticyclone in the wake
of the Atlas Mountains east of Tunisia. However, in the etesian region north and south-east
of Crete and Rhodes SN-REMO is unable to add value in summer when the etesians are
strongest and steadiest. Winterfeldt and Weisse (2009) reported no significant added value
for instantaneous wind speed in the North Sea coastal region while they found added value
in the English Channel. Both findings are confirmed by this study. Stronger cyclonic and
meso-cyclonic activity in winter increases the potential of dynamical downscaling. Areas of
enhanced added value can be attributed partly to Polar Lows and meso-cyclones developing

behind synoptic cyclones in cold air outbreaks.

Several error sources relevant to this study exist: Apart from the QuikSCAT error of 2
m/s (e.g., Winterfeldt et al. (2009)), the direct comparison of SN-REMO and NRA_R1 wind
speed with microwave winds is erroneous, as QuickSCAT wind speed retrievals represent
equivalent neutral 10 m wind, while SN-REMO and NRA_R1 give diagnostic 10 m wind
speed at modelled stability conditions. At sites where strong unstable or stable stratifica-
tion occurs frequently equivalent neutral 10 m wind deviates from actual stability dependent
wind, which, aside from the dynamics, could have a influence on the seasonal variations of
the BSS presented in Section 4. While a detailed quantification of this stability effect is
beyond the scope of this paper, a high level assessment was made converting winds from two

buoys, namely K1 and Ems (Fig. 1) both to the 10m equivalent neutral wind (EQNW) after
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Liu and Tang (1996) and the stability dependent wind (STDW) according to the bulk-flux
algorithm after Fairall et al. (2003). The seasonal BSS values were then determined for both
conversion methods. At K1 no dependence of the BSS on the conversion method (EQNW
or STDW) is found as illustrated in Table 1, which is plausible, since for the open ocean the
logarithmic wind profile is well known from observations (e.g., Edson and Fairall 1998). At
K1 the stability conditions are near neutral during the whole year as indicated by the air/sea
temperature difference at K1 depicted for winter (DJF) in Figure 5(a) and summer (JJA) in
Figure 5(b). Thus, the seasonal BSS values determined with QuikSCAT’s equivalent neutral

winds can be considered realistic for offshore locations.

The air/sea temperature difference and hence the stratification often shows higher seasonal
variations at nearshore locations. While the stratification at the nearshore lightship Ems is
near neutral during summer as depicted in Figure 5(d), large stability variations exist in au-
tumn and winter (Figure 5(c)). Therefore EQNW based BSS values deviate more strongly
from STDW ones at Ems in autumn and winter as illustrated in Table 1. However, the
qualitative result is not influenced at Ems (lower BSS values in spring and summer, higher
ones in autumn and winter). Nevertheless, a qualitative dependence of the seasonal BSS

fluctuations on seasonal stability variations cannot be generally excluded for coastal areas.
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APPENDIX

6. Comparison of 10 m wind speed from NRA_R1 and
NRA_R2

Both the NCEP/NCAR Reanalysis (NRA_R1, Kalnay et al. 1996; Kistler et al. 2001) and
the the newer reanalysis from NCEP and the Department of Energy (DOE), the NCEP-DOE
Reanalysis II (hereafter: NRA_R2, Kanamitsu et al. 2002) deliver forecast 10 m horizontal
wind speed. Often the different 10m forecasts are treated as interchangeable products,
however there is a strong systematic bias between the forecast 10 m wind speed of both
reanalyses, as this section shows. A comparison with marine in situ observations is presented
which indicates a major inconsistency in the NRA_R2 reanalysis/forecast system and that

the 10 m wind speed forecast of the NRA _R1 is closer to reality.
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a. Introduction

Briefly the NRA_R1 reanalysis assimilation scheme works as follows: The 6h forecast
started from the previous analysis serves as the first-guess field. In the spectral statistical
interpolation (SSI) step, differences between the assimilated observations and the first guess-
field are determined, which deliver the analysis correction. The analysis is updated with the
analysis correction in the next step. The initial field for the next 6h forecast is determined
from the analysis in the fourth step. Finally the forecast creates the guess for the next
analysis step. The forecast model used is the T62/28-level NCEP global spectral model.
The details of the model dynamics and physics are described in NOAA/NMC, Kanamitsu

(1989) and Kanamitsu et al. (1991)

The NRA_R2 provided upgrades to the forecast model Kanamitsu et al. (2002). The im-
plementation of the Hong-Pan planetary boundary layer non-local vertical diffusion scheme
Hong and Pan (1996), a smoothed orography and different convective parameterizations may
cause changes in the wind speed relative to NRA_R1. Both reanalyses are intercompared
concerning the forecast wind speed at 10 m height. Main focus is the comparison with in-situ
wind speed observations at 10 m height in the eastern North Atlantic and the North Sea in

the year 1998.

b. Method

The buoy data set used for this analysis is identical to that used by Winterfeldt and Weisse

(2009) and is depicted in Figure 1. The in-situ wind speed observations were converted to
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10 m height using the COARE bulk flux algorithm in version 3.0b after Fairall et al. (2003).
For the comparison the 10 m wind speed forecasts of both the NRA_R1 and NRA_R2 are
bilinearly interpolated onto the locations of the in-situ measurements. In addition, both the
NRA_R1 and NRA_R2 forecasts were time interpolated linearly to the one hour resolution

given by the observations.

c. Results and Discussion

The results of the comparison are displayed in Figure 6. In general a large positive bias
between the NRA_R2 and the NRA_R1 in the order of 2 m s™' can be inferred (see also Fig-
ure 7(a)). Far offshore at K1, RARH, K5, FRIGG and F3 the NRA_R1 agrees better with
observed mean wind speed while the NRA_R2 overestimates 10 m wind speed by up to 2 m
s7t (3 m s7! at K5 due to both NRA_R2 large bias and too low wind speed measurements
at K5). Closer to the coast and, especially within the English Channel, the NRA_R2 shows

a much better agreement with the observations.

The latter represents a highly unplausible result, because both forecasts calculate wind
speed over approximately 200x200 km wide grid boxes and can therefore hardly resolve the
topography within the English Channel. At each grid box within the English Channel some
kind of smoothed topography, averaged over the water and adjacent land surfaces, is used
in both forecasts. As a result the surface roughness will be higher and consequently the
forecast wind speed within the English Channel should be lower than that measured by the

English Channel lightships Chan, GRW and Sand. While this is the case for the NRA_R1,
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the NRA_R2 gives mean wind speeds comparable to the in-situ data.

Similarly, where topographic features, averaged over a forecast grid cell, are relatively homo-
geneous (such as for open waters) near-surface wind speed is expected to show less variance
and in-turn a better agreement between in-situ and forecast wind speed might be expected.
While again this is the case for the NRA_R1, it is not for the NRA_R2. While representing an
average over 200x200 km with an integration time step of 20 min, the NRA_R2 forecast gives
wind speed variabilities higher than observed for 9 of 12 cases, which is highly unplausible.
The RMSE of the NRA_R2 10 m forecast again shows its counterintuitive behaviour, since
it gives lower RMSE values near coastlines it cannot resolve and higher RMSE for areas far
offshore. As depicted in Figure 7(b), the strong bias between the NRA_R2 and NRA_R1 10
m wind speed forecasts is not constrained to the Northeast Atlantic. With the exception of
the subtropical latitudes around 30° and some patches in the Antarctic, the NRA_R2 shows
too high 10 m wind speed as compared to the NRA_R1. This positive bias peaks to 1.5
m s~! and above in and around the Antarctic and on the Eurasian and North American
land masses. The overestimation of near-surface marine wind speed of the NRA_R2 is the
reason why Kara et al. (2008) could not improve near costal winds of the NRA_R2 with their
creeping sea-fill technique while they could improve the near coastal winds of the ERA-40
reanalysis and the NOGAPS forecast model. In case of the NRA_R2 the creeping sea-fill
method interpolates “stronger winds from the interior ocean to the coastal regions. In other

words, land contamination improves the accuracy of the NRA_R2 product over the sea near

the coast by weakening the generally excessive winds in the ocean interior “ (Kara et al. 2008).
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In 1998, the mean sea level pressure in the investigated area is similar to the 1013 hPa
given for the U.S. Standard Atmosphere after NASA (not shown). Thus, in agreement with
the standard atmosphere, the 1000 hPa level is expected to be in average at a height of
around 100 m. Consequently, according to the vertical wind speed profile in the surface
layer, the wind speed at 1000 hPa is in average higher than that at 10 m height. For 1998,
the differences of the annual averages of the reanalysed 1000 hPa and forecast 10 m wind
speed are depicted in Figure 8. While the NRA_R1 shows higher wind speeds on the 1000
hPa level (Figure 8(a)), the NRA_R2 forecast wind speed in 10 m height even exceeds the
reanalysed wind speed at the 1000 hPa level (Figure 8(b)), indicating a major inconsistency

in the NRA_R2 reanalysis/forecast system, as far as near-surface wind speed is concerned.

Both reanalyses show similar wind speed patterns at 1000 hPa, which is not surprising
given that both reanalyses assimilate similar marine near-surface wind speed observations.
In detail, the differences are much smaller than the differences between the 10 m wind speed
forecasts and have the opposite sign (Figure 8(c)). These findings indicate on the one hand,
that the NRA_R2 10 m wind speed forecast is not representative for the near-surface wind
field of the NRA_R2 reanalysis. On the other hand, a problem within the Hong-Pan plane-
tary boundary layer non-local vertical diffusion scheme Hong and Pan (1996) implemented
in the NRA_R2 forecast model is indicated. Additionally, the strong bias may be attributed
at least in part to the different convective parameterizations leading to more intense storms

in the NRA_R2 (W. Ebisuzaki, Climate Prediction Center, NCEP, pers. comment).

The effects are also visible in the wind speed frequency distributions in Figure 9. While
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the bias between both forecasts is similar at all stations, the bias between the NRA_R2
forecasts and in-situ wind speed is strongest for open ocean areas as depicted in Figure 9(a).
The latter bias is lowered in coastal areas by the increasing influence of the surrounding land
mass on the forecast wind speed, leading to apparently well matched wind speed frequency
distributions in the German Bight and especially in the English Channel as illustrated in

Figures 9(b) and 9(c).
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Fic. 1. Model domain and land sea mask of SN-REMO. The buoy data sets used in the

added value assessments by Sotillo et al. (2005) and Winterfeldt and Weisse (2009) are

depicted.
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Fia. 2. Total number of co-locations between QuikSCAT L2B12, NRA_R1 and SN-REMO

(left) and mean wind speed of co-located QuikSCAT L2B12 retrievals (right).
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Fia. 3. a) Number of co-locations between QuikSCAT L2B12, NRA_R1 and SN-REMO
for the wind speed range 3 to 20 m s~!and the years 2000 to 2007. The isolines show the
percentile values corresponding to a wind speed of 20 m s~*. b) Modified Brier Skill Score
after Equation 1 using QuikSCAT L2B12 as “truth“, NRA_R1 as reference “forecast“ and

SN-REMO as “forecast “.
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Fi1G. 4. Seasonal BSS after Equation 1 using QuikSCAT L2B12 as“truth®, NRA_R1 as
reference “forecast“ and SN-REMO as “forecast “ for a) winter, b) spring, ¢) summer and d)

autumn.
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Fi1c. 5. Histogram of temperature difference between air and sea temperature (Ta-Ts) at

K1 (top) and Ems (bottom) in winter (DFJ, left) and summer (JJA, right) in 2002. The

temperature difference is an indicator for atmospheric stability, negative/positive values

indicate a unstable/stable stratification.
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Fic. 6. Comparison of in-situ wind speed with 10 m wind speed forecasts of NRA_R1 and
NRA_R2 in 1998: a) mean wind speed, b) its standard deviation and c¢) root-mean-square

error.
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Fi1G. 7. Bias between the 10 m forecast wind speed of the NRA_R2 and NRA_R1 in the

eastern North Atlantic and the North Sea (left) and globally (right) in 1998 .
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Fic. 8. Comparison of the reanalysed 1000 hPa and forecast (fc) 10 m wind speed of both

reanalyses in 1998: a) NRA_R1: 1000 hPa - 10 m fc, b) NRA_R2: 1000 hPa - 10 m fc, ¢)

1000 hPa: NRA_R2 - NRA_R1.
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Fi1G. 9. Comparison of percentile-percentile distributions of 10 m wind speed from NRA_R1
and NRA_R2 forecasts (y-axis) and in-situ data (x-axis) at a) the buoy RARH as an open

ocean station and b) the light ships DeBu and ¢) Channel as coastal stations.
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TABLE 1. Seasonal Brier Skill Scores after Equation 1 using buoy winds as “truth“, NRA_R1
as reference “forecast® and SN-REMO as “forecast“. The buoy winds at K1 and Ems were
converted either to the 10m equivalent neutral wind (EQNW) after Liu and Tang (1996) or
to the stability dependent wind (STDW) according to the bulk-flux algorithm after Fairall

et al. (2003) prior to the BSS calculation.

conv algorithm BSS
buoy | STDW/EQNW | DJF | MAM | JJA | SON
K1 EQNW -0.21 | -0.03 | -0.08 | -0.13
K1 STDW -0.20 | -0.02 | -0.08 | -0.13
Ems | EQNW -0.28 | -0.30 | -0.15 | -0.11
Ems | STDW -0.36 | -0.28 | -0.10 | -0.19
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