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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; Kjellstrom 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 (Nordstrom, 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 Kjellstrom 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



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 x 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).
CO? increases linearly with time 0.125 ppm per month. All other external
forcing conditions (aerosols, land use, solar constant = 1370 W/mz) 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 (Nordstrom, 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 Nordstrom (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
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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 Noobs Model point Remark

Storon 16390 25664 SE

Rodkallen 16279 22733 SE

Pite-Ronnskar 16171 26370 SE

Holmon 14046 163 - Excluded due to too few
observations

Jarnasklubb 13926 21753 SE

Skagsudde 13912 27121 SE

Lungo 12839 26761 SE

Briamon 12713 26763 SE

Kuggoren 11743 27067 SE

Eggegrund 10744 25366 NE

Soderarm 9945 26515 NE

Stavsnis 9816 26774 SE

Almagrundet 9909 23118 SW

Landsort 8744 26726 SE

Gustaf Dalén 8736 21106 SE

Gotska Sandon 8923 25883 NE

Harstena 8714 26863 SE

Farosund 7855 26871 NW

Ostergarnsholm 7828 19343 SE

Olands norra udde 7721 27019 SE

Olands sodra udde 6611 26527 SE

Utklippan 5557 23480 SE

Hano 6402 26795 SE

Hallands Videro 6226 25915 NW

Nidingen 7119 26923 NW

Trubaduren 7136 1403 - Excluded due to too few
observations

Maseskér 8105 25908 SW

Nordkoster 8154 10651 SW

11
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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).
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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.

12



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.

40
35
30 -
25
20 -
15 ¢
10 ¢
5

Gust [m/s]

0 5 10 15 20 25
Mean wind [m/s]

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 Stavsnds, Gotska
Sandon and Harstena. The improvements in Jarndsklubb and Kuggoren can be
questioned.

The mean value is presented in Table 3. Improvements are shown in all stations
except in Jarndsklubb, Stavsnids, Gustaf Dalén, Gotska Sandon, Harstena, Olands
sodra udde and Hallands Videro. Already the unmodified model data for these

13



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.

Ostergarnsholm  1.43 1.54  1.38
Olands norraudde 1.56 1.61 1.40
Olands s6dra udde 1.48 1.48 1.35

136 1.60 1.44
1.44 180 1.53
1.40 1.53 1.40

Quotient all Quotient >5m/s

Station name Obs Model Modified Obs Model Modified

Storon 1.69 1.61 1.30 == 1.38 2.01 1.5 /=
Rodkallen 1.43 1.30 120 == 1.33 1.34 126 ==
Pite-Ronnskir 1.57 1.61 130 =— 138 2.14 1.57 /]
Jarnisklubb 1.68 1.33 1.22 == 1.50 1.36 1.28 —
Skagsudde 1.70 1.61 133 == 147 187 152 ==
Lungd 1.67 1.91 138 = 144 232 1.59 —/—
Brimon 1.69 1.37 1.26 == 1.50 1.43 133 ——=
Kuggoren 1.70 1.60 135 =—— 150 183 151 /)
Eggegrund 148 136 123 == 137 141 130 /=
Soderarm 140 156 137 = 132 166 146 —
Stavsniis 1.85 147 134 = 166 1.53 140 ===
Almagrundet 135 148 134 == 127 154 140 ==
Landsort 1.49 1.43 1.32 == 139 148 137 ===
Gustaf Dalén 148 143 131 = 136 147 136 =/
Gotska Sandon 1.81 1.66 144 == 171 175 152 =
Harstena 1.73 1.41 129 = 1.62 146 134 =
Farosund 1.58 1.81 1.46 =——— 147 1.93 1.57 /=
Utklippan 1.40 1.47 1.35 = 1.32  1.50 1.39 =
Hano 1.46 1.61 139 =—— 137 1.79 151 =/
Hallands Viders 1.53 145 131 = 141 148 136 —/—
Nidingen 141 1.47 1.32 =—= 1.32 1.52 1.39 =——
Maseskir 1.43 1.46 133 == 1.34 1.51 139 ==
Nordkoster 1.59 1.68 142 = 149 182 154 =—=—/—=

—_—
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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

Stordn 453 339 416 +0.77 = 291 1.80 2.67 +0.87 ==
Rodkallen 557 444 471 40271=—= 296 242 273 4031 =<
Pite-Ronnskir 508 3.32 410 +0.78 =— 293 1.66 259 +0.93=—
Jarnisklubb 4.82 4.82 512 —0.30 — 290 2.63 295 +0.22=
Skagsudde 477 4.15 497 +042=— 2.88 2.18 3.09 +0.49=——
Lungo 555 3.05 408 +1.03=— 332 155 251 +096=—"
Bramon 545 490 524 +40.34 —— 321 251 291 +040=
Kuggoren 489 444 523 +0.11 == 2.890 224 3.08 +0.46=——
Eggegrund 578 4.61 497 4036=——  3.02 245 287 4+042=—=
Séderarm 7.41 536 6.04 +0.68=—/— 3.72 2.60 323 +0.63=—7/—
Stavsnis 428 558 6.06 —0.48=—= 233 261 3.08 —0.47 —
Almagrundet 6.76 5.63 6.13 +0.50 =——— 330 2.62 3.09 +047 ==
Landsort 6.41 558 6.01 +0.43 3.19 259 301 +042=
Gustaf Dalén 593 579 622 -0.15 3.02 267 310 +027==
Gotska Sandon 550 575 6.57 —-0.82 277 275 333 —0.54 /—/——
Harstena 476 543 584 —041=—— 246 255 299 —044=7—
Farosund 586 443 539 +0.96 —— 333 220 289 +0.69 —
Ostergarnsholm  6.49 6.00 6.62 +036=—/m— 320 2.74 3.27 +039=—
Olands norraudde 5.77 4.96 571 +0.75=—— 3.12 234 3.08 +0.74=—
Olands sodraudde 6.14 597 6.46 —0.15 3.06 278 322 +0.12=—=
Utklippan 6.80 6.14 6.60 +0.46 335 293 334 4041 ==
Hand 7.30 5.00 580 +0.80=— 3.65 237 320 +0.83=—7/—
Hallands Viders 6.06 5.83 6.32 —0.03=——— 3.28 2.89 3.37 +0.30=—7—
Nidingen 6.91 530 578 4048=—/— 351 2.65 3.13 +048=—7/—
Maseskar 7.14 590 639 +049 =/ 375 293 343 +050==—
Nordkoster 586 495 581 +086=—— 3.16 2.54 333 4045=—
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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
Model Modified Imp

Station name

Obs

Obs

90% percentile

Model Modified Imp

Stor6én
Rodkallen
Pite-Ronnskir
Jarnasklubb
Skagsudde
Lungo

Bramon
Kuggoren
Eggegrund
Soderarm
Stavsnis
Almagrundet
Landsort

Gustaf Dalén
Gotska Sandon
Harstena
Far6sund
Ostergarnsholm
Olands norra udde
Olands sodra udde
Utklippan

Hano

Hallands Vadero
Nidingen
Maseskr
Nordkoster

3.90
5.20
4.60
4.20
4.10
4.90
4.70
4.30
5.30
7.10
4.00
6.30
6.00
5.50
5.10
4.30
5.20
6.00
5.40
5.80
6.50
6.80
5.60
6.60
6.80
5.40

3.11
4.03
3.13
4.42
3.84
2.89
4.76
4.22
4.12
5.17
5.36
5.36
5.38
5.56
5.46
5.20
4.17
5.79
4.71
5.84
5.97
4.74
5.41
4.90
5.58
4.47

3.40
4.12
3.38
4.56
4.22
3.48
4.89
4.63
4.29
5.61
5.64
5.64
5.61
5.77
6.08
5.39
4.96
6.18
5.09
6.09
6.21
5.18
5.69
5.18
5.80
4.99

+0.29 =

+0.09 ="
+0.25 ="
0.4 ==
+0.14 ==

+0.59 ="
—-0.13=
025 =

+0.17 =——=

1044 ==

—0.28
+0.28 ==
+0.23 ==
—0.21
—0.62
—0.19
+0.79 =
+0.03 ==
+0.38 ==
—0.25
+0.24
+0.44 ="
+0.10 ==
+0.28 ==
+0.22 ==="

+0.52 —m—
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8.70
9.80
9.20
8.80
8.90
10.20
9.90
8.70
9.80
12.40
7.30
10.90
10.70
9.70
9.10
8.00
10.20
10.70
9.90
10.30
11.30
12.10
10.70
11.80
12.40
10.20

5.84
7.81
5.60
8.47
7.16
5.14
8.43
7.49
7.76
8.92
9.05
9.05
9.00
9.26
9.37
8.75
7.39
9.63
8.03
9.68
10.04
8.08
9.54
8.79
9.77
8.17

8.07
8.48
7.86
9.10
9.32
7.52
9.16
9.51
8.52
10.53
10.19
10.19
10.00
10.23
11.05
9.69
9.32
11.02
9.91
10.82
11.05
10.05
10.50
9.74
10.80
10.03

+2.23 =2
+0.67 ==
4226 ==
+0.03 ==
+132 =
+2.38 =/
+0.73 ==
+0.40 ===
+0.76 ==
+1.6] ——
1.4 =
+1.14 ==
+1.00 =
—0.09 /==
—1.68 /=
—0.94 ==
+1.93 =—
+0.75 =/
+1.86 =—=
+0.10 ==
+1.01 ==
+1.97 ==
+0.96 —=
+0.95 ——
+1.03 =

+1.86 ——==




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 Stavsnids, Gotska Sandon and Harstena show improvements.
While Stavsniés 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 Jarnidsklubb, Brimon, Kuggoren, Stavsnis, Gustaf Dalén,
Gotska Sandon, Harstena and Olands sodra 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 Stavsnis, Gustaf Dalén, Gotska Sandon 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 Stavsnds, 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.

Sandon 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 Storon, Pite-Ronnskir,
Lungo, Soderarm, Hano, Nidingen and Maseskér 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 Stordn is impressive while the rest of the above listed stations are only
slightly improved.

In the case of Harstena and Stavsnis 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 Sandon 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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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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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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SMHiIs publiceringar

SMHI ger ut sex rapportserier. Tre av dessa, Reg@aiar avsedda for internationell
publik och skrivs darfor oftast pa engelska. | ddga serierna anvands det svenska
spraket.

Seriernas namn Publicer as sedan
RMK (Rapport Meteorologi och Klimatologi) 1974

RH (Rapport Hydrologi) 1990

RO (Rapport Oceanografi) 1986
METEOROLOGI 1985
HYDROLOGI 1985
OCEANOGRAFI 1985

| serien OCEANOGRAFI har tidigare utgivits:

1 Lennart Funkquist (1985) 11 Cecilia Ambjorn (1987)
En hydrodynamisk modell fér spridnings- Spridning av kylvatten fran Oresundsverket
och cirkulationsberakningar i Ostersjon
Slutrapport. 12 Bo Juhlin (1987)
Oceanografiska observationer utmed sven-
2 Barry Broman och Carsten Pettersson. ska kusten med kustbevakningens fartyg
(1985) 1986.
Spridningsundersdkningar i yttre fjarden
Pited. 13 Jan Andersson och Robert Hillgren (1987)
SMHIs undersodkningar i Oregrundsgrepen
3 Cecilia Ambjorn (1986). 1986.
Utbyggnad vid Malmd hamn; effekter for
Lommabuktens vattenutbyte. 14 Jan-Erik Lundqvist (1987)
Impact of ice on Swedish offshore ligh-
4 Jan Andersson och Robert Hillgren (1986). thouses. Ice drift conditions in the area at
SMHIs undersokningar i Oregrundsgrepen Sydostbrotten - ice season 1986/87.

perioden 84/85.
15 SMHI/SNV (1987)

5 Bo Juhlin (1986) Fasta forbindelser 6ver Oresund - utredning
Oceanografiska observationer utmed sven- av effekter pa vattenmiljon i Ostersjon.
ska kusten med kustbevakningens fartyg
1985. 16 Cecilia Ambjérn och Kjell Wickstrom
(2987)
6 Barry Broman (1986) Undersodkning av vattenmiljén vid utfyllna-
Uppfolining av sjovarmepump i Lilla Var- den av Kockums varvsbassang.
tan. Slutrapport for perioden

18 juni - 21 augusti 1987.
7 Bo Juhlin (1986)
15 ars matningar langs svenska kusten med 17 Erland Bergstrand (1987)

kustbevakningen (1970 - 1985). Ostergoétlands skargard - Vattenmiljon.

8 Jonny Svensson (1986) 18 Stig H. Fonselius (1987)
Vagdata fran svenska kustvatten 1985. Kattegatt - havet i vaster.

9 Barry Broman (1986) 19 Erland Bergstrand (1987)
Oceanografiska stationsnat - Svenskt Vat- Recipientkontroll vid Breviksnas fiskodling

tenarkiv. 1986.
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25

26

27

28

29

30

31

32

Kjell Wickstréom (1987)
Beddmning av kylvattenrecipienten for ett
kolkraftverk vid Oskarshamnsverket.

Cecilia Ambjérn (1987)
Forstudie av ett nordiskt modellsystem for
kemikaliespridning i vatten.

Kjell Wickstrém (1988)
Vagdata fran svenska kustvatten 1986.

Jonny Svensson, SMHI/National Swedish
Environmental Protection Board (SNV)
(1988)

A permanent traffic link across the
Oresund channel - A study of the hydro-en-
vironmental effects in the Baltic Sea.

Jan Andersson och Robert Hillgren (1988)
SMHIs undersékningar utanfor Forsmark
1987.

Carsten Peterson och Per-Olof Skoglund
(1988)
Kylvattnet frdn Ringhals 1974-86.

Bo Juhlin (1988)
Oceanografiska observationer runt svenska
kusten med kustbevakningens fartyg 1987.

Bo Juhlin och Stefan Tobiasson (1988)
Recipientkontroll vid Breviksnas fiskodling
1987.

Cecilia Ambj6rn (1989)
Spridning och sedimentation av tippat ler-

material utanfér Helsingborgs hamnomréade.

Robert Hillgren (1989)
SMHIs undersékningar utanfor Forsmark
1988.

Bo Juhlin (1989)
Oceanografiska observationer runt svenska
kusten med kustbevakningens fartyg 1988.

Erland Bergstrand och Stefan Tobiasson
(1989)

Samordnade kustvattenkontrollen i Oster-
g6tland 1988.

Cecilia Ambjorn (1989)

Oceanografiska forhallanden i Brofjorden i
samband med kylvattenutslapp i Tromme-
kilen.

33a Cecilia Ambjorn (1990)

Oceanografiska forhallanden utanfor Ven-
delsdfjorden i samband med kylvatten-ut-

slapp.

33b Eleonor Marmefelt och Jonny Svensson

34

35

36

37

38

39

40

41

42

43

44

45

(1990)
Numerical circulation models for the
Skagerrak - Kattegat. Preparatory study.

Kjell Wickstrém (1990)
Oskarshamnsverket - kylvattenutslapp i
havet - slutrapport.

Bo Juhlin (1990)
Oceanografiska observationer runt svenska
kusten med kustbevakningens fartyg 1989.

Bertil Hakansson och Mats Moberg (1990)
Glommaalvens spridningsomrade i nord-
Ostra Skagerrak

Robert Hillgren (1990)
SMHIs undersékningar utanfor Forsmark
1989.

Stig Fonselius (1990)
Skagerrak - the gateway to the North Sea.

Stig Fonselius (1990)
Skagerrak - porten mot Nordsjén.

Cecilia Ambjorn och Kjell Wickstrém
(1990)

Spridningsundersdkningar i norra Kalmar-
sund for Monsteras bruk.

Cecilia Ambjorn (1990)
Stromningsteknisk utredning avseende ut-
byggnad av gipsdeponi i Landskrona.

Cecilia Ambjorn, Torbjérn Grafstrém och
Jan Andersson (1990)
Spridningsberakningar - Klints Bank.

Kjell Wickstrém och Robert Hillgren
(1990)

Spridningsberakningar fér EKA-NOBELSs
fabrik i Stockviksverken.

Jan Andersson (1990)
Brofjordens kraftstation - Kylvattensprid-
ning i Hanneviken.

Gustaf Westring och Kjell Wickstrém
(1990)

Spridningsberakningar for Héganas kom-
mun.



46 Robert Hillgren och Jan Andersson (1991)
SMHIs undersékningar utanfor Forsmark
1990.

47 Gustaf Westring (1991)
Brofjordens kraftstation - Kompletterande
simulering och analys av kylvattenspridning
i Trommekilen.

48 Gustaf Westring (1991)
Vagmatningar utanfor Kristianopel -
Slutrapport.

49 Bo Juhlin (1991)
Oceanografiska observationer runt svenska
kusten med kustbevakningens fartyg 1990.

50A Robert Hillgren och Jan Andersson
(1992)
SMHIs undersékningar utanfor Forsmark
1991.

50B Thomas Thompson, Lars Ulander,
Bertil Hakansson, Bertil Brusmark,
Anders Carlstrom, Anders Gustavsson, Eva
Cronstrom och Olov Fast (1992).
BEERS -92. Final edition.

51 Bo Juhlin (1992)
Oceanografiska observationer runt svenska
kusten med kustbevakningens fartyg 1991.

52 Jonny Svensson och Sture Lindahl (1992)
Numerical circulation model for the
Skagerrak - Kattegat.

53 Cecilia Ambjorn (1992)
Isproppsférebyggande muddring och dess
inverkan pa strommarna i Torneélven.

54 Bo Juhlin (1992)
20 &rs matningar langs svenska kusten med
kustbevakningens fartyg (1970 - 1990).

55 Jan Andersson, Robert Hillgren och
Gustaf Westring (1992)
Forstudie av strommar, tidvatten och
vattenstand mellan Cebu och Leyte,
Filippinerna.

56 Gustaf Westring, Jan Andersson,
Henrik Lindh och Robert Axelsson (1993)
Forsmark - en temperaturstudie.
Slutrapport.

57 Robert Hillgren och Jan Andersson (1993)
SMHIs undersékningar utanfor Forsmark
1992.

58 Bo Juhlin (1993)
Oceanografiska observationer runt svenska
kusten med kustbevakningens fartyg 1992.

59 Gustaf Westring (1993)
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