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Abstract

Surface wind fields from ERA-40 regionalised with the Rossby Centre
Atmosphere model RCA3.0 are underestimated. In this report a method for
correcting the wind fields is evaluated. The method is based on the
empirical linear relationship between gusty winds and mean wind. For the
validation observations from 26 automatic stations along the Swedish
coasts have been used. We found that the validation of wind over the open
sea is difficult due to the impact of land that cannot be resolved properly by
the atmospheric model as the horizontal grid resolution amounts to about
25 km. In addition, long homogeneous wind data sets are not available due
to a switch from manual to automatic readings during the 1990s. The
results show that the correction method improves the frequency distribution
of simulated wind speed at most stations. Thus the corrected wind fields
may be used to force Baltic Sea models during 1961-2004. However, the
suggested correction method should be regarded only as a temporary
solution while waiting for improved boundary layer parametrisations and
higher horizontal grid resolution in regional atmospheric models.
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1 Introduction

Atmospheric surface wind fields from the global ERA-40 re-analysis performed
by the ECMWF (Uppala et al. 2005) are too coarse to be used directly as forcing
for oceanographic circulation and wave models for the Baltic Sea because the
wind speeds are significantly underestimated (e.g. Omstedt et al. 2005). Higher
resolution has been obtained by downscaling the data with the regional model
RCA (Rossby Centre Atmospheric model, e.g. Jones et al., 2004; Kjellström et
al. 2005). Unfortunately even the downscaled ERA-40 winds underestimate high
wind speeds compared to observations (e.g. Ohlsson, 2007; Berg, 2008). Since
mixing in the ocean is proportional to the third power of the wind speed, it is
important to correct these wind fields before they can be used to force ocean
circulation models in multi-year simulations. Also for wave models correct wind
speeds are needed to avoid underestimated extremes of significant wave height
(Kriezi and Broman 2008). In this report a method for postprocessing the model
wind is investigated. The method is based on the empirical linear relationship
between gusty winds (Nordström, 2006) and the mean wind (Davis and
Newstein, 1968). Corrected and uncorrected model wind fields are compared
with synoptic wind observations that are available at SMHI. The purpose of the
investigation is to provide a corrected atmospheric model data set that could be
used to force ocean circulation models for the Baltic Sea during 1961-2004 (e.g.
Meier and Kauker, 2003).

2 Methods and data

2.1 Atmospheric model

In this report atmospheric model data from the regional model RCA version 3.0
forced with lateral boundary data from the ERA-40 reanalysis project (Uppala et
al., 2005) are analysed. RCA3 is a further development of RCA2 (Jones et al.,
2004) and the lake model PROBE (Ljungemyr et al., 1996) applied for lakes in
an area approximately covering the Baltic Sea drainage basin.

Compared to the version of RCA3 that is described in Kjellström et al. (2005)
there have been some changes including technically updated sub-routines, an
increase from 4 to 10 halo points in the semi-lagrangian interpolation, more
stored output fields, and no normal-mode initialisation. The model domain
covers Europe and the coordinates of the South Pole in the rotated lat-long grid
are (39.25S, 18.00E). Data are stored only on an inner model domain consisting
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of 170 x 190 grid points (ALONW=-21.72, ALATS=-20.68) for the period
19600901-20050531 (the last hours of 20050531 are missing). The first four
months should not be analysed due to the spinup of the atmospheric circulation.
At present the simulation will be continued until 2007/2008.

The horizontal and vertical resolutions of the simulation amount to 0.22 × 0.22
degrees (corresponding to about 24.5km) and 24 vertical levels, respectively. The
model time step is 15 minutes.

The lateral boundary data, SSTs and sea-ice charts are from ERA-40 at 2◦

horizontal resolution and 60 vertical levels (of which only levels 13-60 are used).
CO2 increases linearly with time 0.125 ppm per month. All other external
forcing conditions (aerosols, land use, solar constant = 1370 W/m2) were held
constant in the simulations.

All variables relevant to force ocean circulation or wave models are stored every
third hour, e.g., 2 m air temperature, 2 m specific humidity, sea level pressure, 10
m wind speed, precipitation and total cloudiness.

2.2 Gustiness parametrisation

In RCA3.0 the wind gust estimate (WGE) method proposed by Brasseur (2001)
is implemented (Nordström, 2006). The WGE method assumes that wind gusts
develop when air parcels higher up in the boundary layer are deflected down to
the surface by turbulent eddies. When these air parcels with a higher speed reach
the surface they become gusty winds, i.e., sudden, brief increases of the mean
wind speed. Gustiness can be estimated from the condition that the vertical
component of the turbulent kinetic energy must be larger than the buoyant energy
between the surface and the height of the air parcel. For details of the method the
reader is referred to Brasseur (2001) and Nordström (2006).

2.3 Observations

Consistent and accurate observations for the whole time period of the model
simulation at representative locations do not exist. Wind is inherently hard to
measure in a consistent way over long time periods because the instruments are
repositioned, nearby buildings are put up or torn down, forests grow up or get
cut. The switch from manual to automatic stations is the most significant change
during 1961-2004, since it affects all stations.
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Figure 1: Comparison of manual versus automatic wind observations at Landsort.
Green: Manual station for the years 1961–1995. Red: Automatic station for the
years 1996–2008. Left: The resolution on the x-axis is 1 m/s, showing manual
readings giving preference for certain values. Right: The resolution on the x-axis
is 2 m/s in order to smooth the manual readings.

In Figure 1 observations from manual and automatic stations are shown for the
location Landsort. This figure illustrates two major problems. The first is the
quality of the manual reading, in this case some values are preferred over others.
This can be dealt with since there is no reason to believe the error is systematic.
The second problem is much more severe: the statistics for the two readings
differ. As the time periods are different, perfect agreement should not be
expected. However, the found differences are larger than the differences expected
from decadal variations of about 0.2 – 0.3 m/s. The average of the observed wind
is 7.4 m/s for the manual station and 6.4 for the automatic station. In the
Appendix A the data of more manual and automatic stations are compared
together with model results. For instance, in Figure 16 the observations at
Landsort shown already in Figure 1 are compared with model results. The model
data do not show the differences between decades as the observations do.

A hypothesis why the automatic stations are better is that newer equipment
should be better than the one it replaces. However, conclusive evidence seems to
be hard to find. In this report the rational is to use only observations from
automatic stations. An alternative could have been to evaluate each station
whether a longer time period could have been used. This must then be done in a
systematic and objective way. Unfortunately this goes well beyond the the
purpose of this report. One obvious way to compare manual and automatic
stations would be to use the time period where data from both instrument types
exist. This idea fails because during the overlap period many manual readings
are from the new equipment.
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Figure 2: Location of observation stations. Model grid in green where model
points are in the middle of the squares.
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Table 1: Basic facts about the stations used. The climate number is a Swedish
identification number for the station. The number of observations are the number
of observations coinciding with times when there are model data available. Model
point denotes which of the four surrounding model grid points that has been used.

Station name Climate no No obs Model point Remark
Storön 16390 25664 SE
Rödkallen 16279 22733 SE
Pite-Rönnskär 16171 26370 SE
Holmön 14046 163 - Excluded due to too few

observations
Järnäsklubb 13926 21753 SE
Skagsudde 13912 27121 SE
Lungö 12839 26761 SE
Brämön 12713 26763 SE
Kuggören 11743 27067 SE
Eggegrund 10744 25366 NE
Söderarm 9945 26515 NE
Stavsnäs 9816 26774 SE
Almagrundet 9909 23118 SW
Landsort 8744 26726 SE
Gustaf Dalén 8736 21106 SE
Gotska Sandön 8923 25883 NE
Harstena 8714 26863 SE
Fårösund 7855 26871 NW
Östergarnsholm 7828 19343 SE
Ölands norra udde 7721 27019 SE
Ölands södra udde 6611 26527 SE
Utklippan 5557 23480 SE
Hanö 6402 26795 SE
Hallands Väderö 6226 25915 NW
Nidingen 7119 26923 NW
Trubaduren 7136 1403 - Excluded due to too few

observations
Måseskär 8105 25908 SW
Nordkoster 8154 10651 SW
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Figure 3: Comparison of different model gridpoints at Landsort. Left: The lo-
cation of Landsort station and the gridpoints in the model (red). Right: Obser-
vations (red) and model data from the four neighbouring model gridpoints (blue:
northwest, purple: northeast, green: southwest, light blue: southeast).

Non-Swedish stations have not been used because detailed information about
these stations are missing.

The chosen stations and their locations are shown in Figure 2. In Table 1 some
basic facts about the stations are shown. In this report stations are listed from the
northern most locations in the Bothnian Bay, followed by the stations along the
east coast to the south and then north along the west coast.

Wind close to the coast is influenced by land. Even though this affects the
observations it is a larger problem for the model data. One possible explanation
is the resolution of the model is coarse compared to the distance between the
coast and the observation site and the model do not take into account where in
the grid square the land is. This makes observations close to the coast less useful.
Unfortunately most observations are close to the coast. The way this is handled
here is to use model data from the closest grid point away from the coast even if
there are other grid points much closer. In Figure 3 model data from the four
surrounding grid points are shown together with observations from Landsort.
The figure indicates that the size of the effect might be substantial.

2.4 Correction method utilising gustiness

From observations it was found that the average quotient between the gust and
the mean wind speed over sea in 10 meter height amounts to about 1.6 (Davis
and Newstein, 1968). In Figure 4 a scatterplot of gust against mean wind at
Landsort is shown suggesting that there is a strong correlation between the two.
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In Table 2 the quotient is shown for different observation stations, both
observations and model results. It appears that the quotient in 18 out of 28
measurement stations is lower than the literature value of 1.6.
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Figure 4: Scatter plot of observed gust versus observed mean wind at Landsort.

The method for adjusting the simulated mean wind utilises this empirical
relationship. Whenever the quotient exceeds 1.6 the mean wind is replaced by
the gust divided by 1.6. The direction of the wind is not altered. Figure 5 shows
how often this happens in different locations.

3 Results

All statistics presented in this report are based only on points in time when both
model data and observations are available. However, statistics from different
positions may include data from different times with different lengths due to
different availability of observations. Thus, geographical differences between
stations might not be statistically significant.

In Appendix B graphs of the distributions of wind speeds before and after the
modification as well as observations are shown. It is clearly an improvement for
most stations, but not all. Focusing on the higher wind speeds, approximately
10–15 m/s, there are improvements in all stations except in Stavsnäs, Gotska
Sandön and Harstena. The improvements in Järnäsklubb and Kuggören can be
questioned.

The mean value is presented in Table 3. Improvements are shown in all stations
except in Järnäsklubb, Stavsnäs, Gustaf Dalén, Gotska Sandön, Harstena, Ölands
södra udde and Hallands Väderö. Already the unmodified model data for these
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Table 2: Quotient between gust and mean wind speed for observations, model
data and modified model data. The first set of values are the mean of all quotients.
The second set of values are the mean of only those values where the mean wind
speed was 5 m/s or higher. The bars are proportional in size to the values before it,
red is observations, green unmodified model data and blue modified model data.

Quotient all Quotient >5m/s
Station name Obs Model Modified Obs Model Modified
Storön 1.69 1.61 1.30 1.38 2.01 1.55
Rödkallen 1.43 1.30 1.20 1.33 1.34 1.26
Pite-Rönnskär 1.57 1.61 1.30 1.38 2.14 1.57
Järnäsklubb 1.68 1.33 1.22 1.50 1.36 1.28
Skagsudde 1.70 1.61 1.33 1.47 1.87 1.52
Lungö 1.67 1.91 1.38 1.44 2.32 1.59
Brämön 1.69 1.37 1.26 1.50 1.43 1.33
Kuggören 1.70 1.60 1.35 1.50 1.83 1.51
Eggegrund 1.48 1.36 1.23 1.37 1.41 1.30
Söderarm 1.40 1.56 1.37 1.32 1.66 1.46
Stavsnäs 1.85 1.47 1.34 1.66 1.53 1.40
Almagrundet 1.35 1.48 1.34 1.27 1.54 1.40
Landsort 1.49 1.43 1.32 1.39 1.48 1.37
Gustaf Dalén 1.48 1.43 1.31 1.36 1.47 1.36
Gotska Sandön 1.81 1.66 1.44 1.71 1.75 1.52
Harstena 1.73 1.41 1.29 1.62 1.46 1.34
Fårösund 1.58 1.81 1.46 1.47 1.93 1.57
Östergarnsholm 1.43 1.54 1.38 1.36 1.60 1.44
Ölands norra udde 1.56 1.61 1.40 1.44 1.80 1.53
Ölands södra udde 1.48 1.48 1.35 1.40 1.53 1.40
Utklippan 1.40 1.47 1.35 1.32 1.50 1.39
Hanö 1.46 1.61 1.39 1.37 1.79 1.51
Hallands Väderö 1.53 1.45 1.31 1.41 1.48 1.36
Nidingen 1.41 1.47 1.32 1.32 1.52 1.39
Måseskär 1.43 1.46 1.33 1.34 1.51 1.39
Nordkoster 1.59 1.68 1.42 1.49 1.82 1.54
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Figure 5: Percentage of times when the gustiness has been used to correct the
mean wind.
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Table 3: Mean and standard deviation of observed and simulated wind at all sta-
tions. The bars are proportional in size to the values to the left, red is observations,
green unmodified model data and blue modified model data. The improvement is
the signed change of the unsigned difference between model results and observa-
tions, i.e., abs(Model−Obs)− abs(Modified−Obs).

Mean Std. dev.
Station name Obs Model Modified Imp Obs Model Modified Imp
Storön 4.53 3.39 4.16 +0.77 2.91 1.80 2.67 +0.87
Rödkallen 5.57 4.44 4.71 +0.27 2.96 2.42 2.73 +0.31
Pite-Rönnskär 5.08 3.32 4.10 +0.78 2.93 1.66 2.59 +0.93
Järnäsklubb 4.82 4.82 5.12 −0.30 2.90 2.63 2.95 +0.22
Skagsudde 4.77 4.15 4.97 +0.42 2.88 2.18 3.09 +0.49
Lungö 5.55 3.05 4.08 +1.03 3.32 1.55 2.51 +0.96
Brämön 5.45 4.90 5.24 +0.34 3.21 2.51 2.91 +0.40
Kuggören 4.89 4.44 5.23 +0.11 2.89 2.24 3.08 +0.46
Eggegrund 5.78 4.61 4.97 +0.36 3.02 2.45 2.87 +0.42
Söderarm 7.41 5.36 6.04 +0.68 3.72 2.60 3.23 +0.63
Stavsnäs 4.28 5.58 6.06 −0.48 2.33 2.61 3.08 −0.47
Almagrundet 6.76 5.63 6.13 +0.50 3.30 2.62 3.09 +0.47
Landsort 6.41 5.58 6.01 +0.43 3.19 2.59 3.01 +0.42
Gustaf Dalén 5.93 5.79 6.22 −0.15 3.02 2.67 3.10 +0.27
Gotska Sandön 5.50 5.75 6.57 −0.82 2.77 2.75 3.33 −0.54
Harstena 4.76 5.43 5.84 −0.41 2.46 2.55 2.99 −0.44
Fårösund 5.86 4.43 5.39 +0.96 3.33 2.20 2.89 +0.69
Östergarnsholm 6.49 6.00 6.62 +0.36 3.20 2.74 3.27 +0.39
Ölands norra udde 5.77 4.96 5.71 +0.75 3.12 2.34 3.08 +0.74
Ölands södra udde 6.14 5.97 6.46 −0.15 3.06 2.78 3.22 +0.12
Utklippan 6.80 6.14 6.60 +0.46 3.35 2.93 3.34 +0.41
Hanö 7.30 5.00 5.80 +0.80 3.65 2.37 3.20 +0.83
Hallands Väderö 6.06 5.83 6.32 −0.03 3.28 2.89 3.37 +0.30
Nidingen 6.91 5.30 5.78 +0.48 3.51 2.65 3.13 +0.48
Måseskär 7.14 5.90 6.39 +0.49 3.75 2.93 3.43 +0.50
Nordkoster 5.86 4.95 5.81 +0.86 3.16 2.54 3.33 +0.45
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Table 4: Median and 90% percentile of observed and simulated wind. The bars
are proportional in size to the values to the left, red is observations, green unmod-
ified model data and blue modified model data. The improvement is the signed
change of the unsigned difference between model data and observations, i.e.,
abs(Model−Obs)− abs(Modified−Obs).

Median 90% percentile
Station name Obs Model Modified Imp Obs Model Modified Imp
Storön 3.90 3.11 3.40 +0.29 8.70 5.84 8.07 +2.23
Rödkallen 5.20 4.03 4.12 +0.09 9.80 7.81 8.48 +0.67
Pite-Rönnskär 4.60 3.13 3.38 +0.25 9.20 5.60 7.86 +2.26
Järnäsklubb 4.20 4.42 4.56 −0.14 8.80 8.47 9.10 +0.03
Skagsudde 4.10 3.84 4.22 +0.14 8.90 7.16 9.32 +1.32
Lungö 4.90 2.89 3.48 +0.59 10.20 5.14 7.52 +2.38
Brämön 4.70 4.76 4.89 −0.13 9.90 8.43 9.16 +0.73
Kuggören 4.30 4.22 4.63 −0.25 8.70 7.49 9.51 +0.40
Eggegrund 5.30 4.12 4.29 +0.17 9.80 7.76 8.52 +0.76
Söderarm 7.10 5.17 5.61 +0.44 12.40 8.92 10.53 +1.61
Stavsnäs 4.00 5.36 5.64 −0.28 7.30 9.05 10.19 −1.14
Almagrundet 6.30 5.36 5.64 +0.28 10.90 9.05 10.19 +1.14
Landsort 6.00 5.38 5.61 +0.23 10.70 9.00 10.00 +1.00
Gustaf Dalén 5.50 5.56 5.77 −0.21 9.70 9.26 10.23 −0.09
Gotska Sandön 5.10 5.46 6.08 −0.62 9.10 9.37 11.05 −1.68
Harstena 4.30 5.20 5.39 −0.19 8.00 8.75 9.69 −0.94
Fårösund 5.20 4.17 4.96 +0.79 10.20 7.39 9.32 +1.93
Östergarnsholm 6.00 5.79 6.18 +0.03 10.70 9.63 11.02 +0.75
Ölands norra udde 5.40 4.71 5.09 +0.38 9.90 8.03 9.91 +1.86
Ölands södra udde 5.80 5.84 6.09 −0.25 10.30 9.68 10.82 +0.10
Utklippan 6.50 5.97 6.21 +0.24 11.30 10.04 11.05 +1.01
Hanö 6.80 4.74 5.18 +0.44 12.10 8.08 10.05 +1.97
Hallands Väderö 5.60 5.41 5.69 +0.10 10.70 9.54 10.50 +0.96
Nidingen 6.60 4.90 5.18 +0.28 11.80 8.79 9.74 +0.95
Måseskär 6.80 5.58 5.80 +0.22 12.40 9.77 10.80 +1.03
Nordkoster 5.40 4.47 4.99 +0.52 10.20 8.17 10.03 +1.86

17



stations have mean values which are too high or close to the right value. The
modification can only increase the mean value and apparently it does so.

The spread of the values are given by the standard deviation (Table 3). All
stations except Stavsnäs, Gotska Sandön and Harstena show improvements.
While Stavsnäs has a high standard deviation before the modification the other
two have about the right value. The method does not necessarily increase the
spread even though that is the expected result.

Median values are shown in Table 4. Improvements are seen for eighteen stations
while the eight stations Järnäsklubb, Brämön, Kuggören, Stavsnäs, Gustaf Dalén,
Gotska Sandön, Harstena and Ölands södra udde gets worse median value. As in
the case with mean value, these stations either already have good or too high
median value and the modification can only increase the value.

In Table 4 also the 90% percentiles are shown. Improvements are seen in all
stations except in Stavsnäs, Gustaf Dalén, Gotska Sandön and Harstena. The
station Gustaf Dalén is overcompensated by the modification while the others
have too high values already before the modification.

4 Discussions and conclusions

The wind statistics is clearly improved by the suggested modification. However,
it is important to note that only the wind statistics improves. Other measures of
quality, such as the RMS error, may get worse. This is easily understood by
examining some time series of the wind.

In Figure 6 a time series for the first two weeks of 2005 is shown from the station
Landsort. The unmodified model results are too smooth compared to
observations but follow the larger events rather good even though they are
generally too low. The modified wind is either the original mean wind or the gust
divided by 1.6. This adds some variability that is not included in the
observations, i.e., the modified wind record follows the unmodified wind record
but shows some additional fluctuations that can in general not be motivated by
the observations. However, in the overall statistics they compensate for the too
smooth model wind. This behaviour of the correction method has a negative
impact on measures that are sensitive to displacements in time such as the RMS
error.

While the statistics is clearly improved on most stations there are a few stations
where the examined measures get worse. These are mainly Stavsnäs, Gotska
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Figure 6: Time series of the first two weeks of January 2005. Observations, model
results and modified model results are denoted by red, green and blue lines, re-
spectively. The large peak around the 9th of January is the storm Gudrun.

Sandön and Harstena. From the graphs in Appendix B it is evident that the
unmodified winds on those stations were already too strong and the modification
could only make the situation worse. One problem is to find a model grid point
which is representative for the location of the observations. It is important to
make such choices in a consistent way to avoid subjective tuning of the results.
Also from a data users point of view it is not always feasible to manually choose
model grid points for all points of interest, especially for points where no
observations are available. This becomes evident when, e.g., forcing fields for an
oceanographic model are generated. As mentioned above, in this report the
method is to choose the closest model grid point away from the coast in order to
avoid a too strong land influence in the modelled wind. However, this strategy
does not work when the observations are significantly influenced by land. In
general, the validation should be performed only with stations far away from any
coast.

In Appendix C the unmodified wind records from the four surrounding model
grid points are compared with observations for all stations. In general, the model
grid point away from the coast (normally the one with the strongest wind speeds)
fits best with observations. This point is in many cases rather far away from the
observation station as can be seen in the map in Figure 2.

For some stations the modelled winds for all surrounding model grid points are
much too weak compared to observations. This applies to Storön, Pite-Rönnskär,
Lungö, Söderarm, Hanö, Nidingen and Måseskär in varying degree. The
examined correction method can only increase the wind and thus will improve
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the results for these stations unless an overcompensation occurs. The correction
for Storön is impressive while the rest of the above listed stations are only
slightly improved.

In the case of Harstena and Stavsnäs the closest model grid point away from the
coast has too strong wind while the closest grid point in the other direction has
too weak wind. Interpolation could solve the problem for these particular points
but would in general give too weak wind.

The situation is different at Gotska Sandön where the simulated wind at all
surrounding grid points is stronger than the observed wind. Perhaps the central
location of the tower of the wind measurements on the island is the explanation
why the observations do not represent open sea wind.

There are unfortunately no other observation stations that are far enough from
the coast. The station with the next largest distance to the coast is Almagrundet.
At this station the simulated wind is slightly underestimated.

Evidently there is a need for more observations over open sea. One possibility
could be to use observations from ships (e.g. Bumke and Hasse, 1989).
Observations from many different ships could be used to cover a large area but
there might be problems to judge the quality of the observations. There is also a
risk for the observations to be biased towards weaker wind speeds since the ships
are likely to avoid the strongest storms.

There is also a need for long time series of observations. In this report only
observations from 1996 and onwards have been used. This is due to the change
to automatic stations. The statistics do not agree between the earlier manual
observations and the new automatic stations. In Appendix A the periods with
manual and automatic stations are compared, both for observations and model
results. Some stations show a clear shift in the statistics which can not be
explained with decadal variations. Such variations would have been visible in the
model data as well. Other stations do not show this shift. It might have been
possible to use older data from those stations in order to get longer time series.
There is clearly a need to investigate and document the quality of the older
observations for future use.

This report shows that the suggested correction method improves the simulated
wind fields although some open questions remain. For instance, the reason for
the underestimated model wind over the open sea is not understood. We can only
speculate that the surface roughness length of the planetary boundary layer
parametrisation or any other parameter is not appropriately chosen. Of course,
the model parameterisations should be corrected instead of post processing the
model results. More investigations are needed to generate better model wind
fields that could be used to force ocean circulation models for the Baltic Sea.
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Appendix A: Comparison between manual and
automatic stations

This appendix contains frequency distributions of wind records from two time
periods. The dashed line denotes data from 1995 and older where manual
observations have been used. The solid line denotes data from 1996 and later
where automatic observations have been used. In all figures observations,
unmodified model results and modified model results are depicted as red, green
and blue lines, respectively.
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Figure 7: Storön
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Figure 8: Rödkallen
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Figure 9: Järnäsklubb
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Figure 10: Skagsudde
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Figure 11: Brämön
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Figure 12: Kuggören
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Figure 13: Eggegrund
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Figure 14: Söderarm
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Figure 15: Stavsnäs
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Figure 16: Landsort
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Figure 17: Gustaf Dalén
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Figure 18: Gotska Sandön
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Figure 19: Harstena
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Figure 20: Ölands norra udde
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Figure 21: Ölands södra udde
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Figure 22: Utklippan
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Figure 23: Hanö
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Figure 24: Hallands Väderö
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Figure 25: Nidingen
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Figure 26: Måseskär

 0

 2

 4

 6

 8

 10

 12

 14

 16

 18

 0  5  10  15  20  25

R
el

at
iv

e 
fr

eq
ue

nc
y 

[%
]

Wind speed [m/s]

Figure 27: Nordkoster
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Appendix B: Frequency distributions

This appendix contains graphs of the frequency distribution of observed and
simulated winds. In all figures observations, unmodified model results and
modified model results are depicted as red, green and blue lines, respectively.
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Figure 28: Storön
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Figure 29: Rödkallen
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Figure 30: Pite-Rönnskär
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Figure 31: Järnäsklubb
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Figure 32: Skagsudde

 0

 5

 10

 15

 20

 25

 0  5  10  15  20  25

R
el

at
iv

e 
fr

eq
ue

nc
y 

[%
]

Wind speed [m/s]

Figure 33: Lungö
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Figure 34: Brämön
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Figure 35: Kuggören
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Figure 36: Eggegrund
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Figure 37: Söderarm
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Figure 38: Stavsnäs
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Figure 39: Almagrundet
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Figure 40: Landsort
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Figure 41: Gustaf Dalén
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Figure 42: Gotska Sandön
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Figure 43: Harstena
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Figure 44: Fårösund

 0

 2

 4

 6

 8

 10

 12

 14

 0  5  10  15  20  25

R
el

at
iv

e 
fr

eq
ue

nc
y 

[%
]

Wind speed [m/s]

Figure 45: Östergarnsholm
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Figure 46: Ölands norra udde
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Figure 47: Ölands södra udde
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Figure 48: Utklippan
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Figure 49: Hanö
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Figure 50: Hallands Väderö
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Figure 51: Nidingen
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Figure 52: Måseskär
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Figure 53: Nordkoster

30



Appendix C: Comparison between surrounding
model grid points

This appendix contains comparisons of model results from the four surrounding
model grid points and the observation stations. The red, green, blue, purple and
light blue lines denote observations, the model wind from the closest model grid
point to the southwest, northwest, northeast and southeast, respectively.
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Figure 54: Storön
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Figure 55: Rödkallen
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Figure 56: Pite-Rönnskär
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Figure 57: Järnäsklubb
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Figure 58: Skagsudde
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Figure 59: Lungö
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Figure 60: Brämön
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Figure 61: Kuggören
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Figure 62: Eggegrund
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Figure 63: Söderarm
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Figure 64: Stavsnäs
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Figure 65: Almagrundet
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Figure 66: Landsort
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Figure 67: Gustaf Dalén
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Figure 68: Gotska Sandön
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Figure 69: Harstena

33



 0

 5

 10

 15

 20

 25

 0  5  10  15  20  25

R
el

at
iv

e 
fr

eq
ue

nc
y 

[%
]

Wind speed [m/s]

Figure 70: Fårösund
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Figure 71: Östergarnsholm
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Figure 72: Ölands norra udde
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Figure 73: Ölands södra udde
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Figure 74: Utklippan
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Figure 75: Hanö
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Figure 76: Hallands Väderö
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Figure 77: Nidingen
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Figure 78: Måseskär
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Figure 79: Nordkoster
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SMHIs publiceringar 
 
SMHI ger ut sex rapportserier. Tre av dessa, R-serierna är avsedda för internationell 
publik och skrivs därför oftast på engelska. I de övriga serierna används det svenska 
språket. 
 
Seriernas namn Publiceras sedan 
 
RMK (Rapport Meteorologi och Klimatologi) 1974 
RH (Rapport Hydrologi) 1990 
RO (Rapport Oceanografi) 1986 
METEOROLOGI 1985 
HYDROLOGI 1985 
OCEANOGRAFI 1985 
 
 
 
I serien  OCEANOGRAFI har tidigare utgivits: 
 
 1 Lennart Funkquist (1985) 
 En hydrodynamisk modell för spridnings- 

och cirkulationsberäkningar i Östersjön 
 Slutrapport. 
 
 2 Barry Broman och Carsten Pettersson. 

(1985) 
 Spridningsundersökningar i yttre fjärden 

Piteå. 
  
 3 Cecilia Ambjörn (1986). 
 Utbyggnad vid Malmö hamn; effekter för 

Lommabuktens vattenutbyte. 
 
 4 Jan Andersson och Robert Hillgren (1986). 
 SMHIs undersökningar i Öregrundsgrepen 
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