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Abstract

HIROMB forecasts are validated against data from Danish monitoring stations operated by RDANH. The
validation study uses HIROMB data calculated in the 3 nautical mile grid and covering 18 months from
May 1997 to October 1998. The time step in the data set is 6 hours. The validation study is focused on
current data. RDANH has current meters running operationally in Oresund and the Great Belt. A direct
comparison of HIROMB output with current meter data reveals that currents through the Danish straits
are generally too weak in HIROMB. A direct comparison is not straight-forward (HIROMB predicts
volume flow rates per unit area), so HIROMB output is compared also to volume flow rate estimates
computed from the sea level difference between the southwestern Baltic Sea and the southern Kattegat.
This comparison confirms that currents, i.e. flow rates, through the Danish straits are too small in
HIROMB. It is estimated that flow rates through Oresund are underestimated by approximately 40
percent and through the Belt Sea by approximately 60 percent. It is also concluded that the
underestimation is caused by a too large flow resistance in HIROMB, either due to too narrow and/or
shallow topographies in the HIROMB grid or too large drag.

Introduction

At the 1st HIROMB Scientific Workshop, it was decided that the Royal Danish Administration of
Navigation and Hydrography (RDANH, or Farvandsvasenet in Danish) should perform a current
validation in the Danish straits. RDANH operates a national oceanographic monitoring net, which
involves current meters in the Danish straits. From these current meters, relatively long, continuous time
series of currents have been retrieved and stored. The currents in the Danish straits are generally strong,
mainly driven by the sea level difference between the Baltic Sea and the Kattegat. Furthermore, the
currents are almost bidirectional, either out- or inflowing, following the coast lines of the straits.
Together, this simplifies a current validation, even though it is not straight-forward. This report gives the
results based on an 18 month data set of HIROMB forecasts.
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Figure 1. Map showing monitoring stations
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Data sets

The current validation uses data from current meters (Aanderaa DCM 12 ADCP) placed at Drogden Fyr,
Osterrenden Syd Fyr (E28), Osterrenden Nord Fyr (W26) and Vestbroen. Currents are sampled at 6 levels
with a sampling rate of 30 minutes. Data from three sea level stations are also used in the validation
study, Gedser, Hornbaek and Skanor. The sea level station at Skandr is operated by SMHI for
@resundskonsortiet, who kindly provided the data needed in the validation study. Sea levels are sampled
every 15 minutes.

The HIROMB data is available as GRIB-coded HIROMB fields with a temporal resolution of 6 hours
covering 18 months from May 1997 to October 1998. From these, time series of considered variables at
grid coordinates corresponding to positions of the monitoring stations are extracted.

The time stamps of the observations do not always coincide with the evenly spaced time stamps of the
HIROMB forecasts, i.e. 00:00, 06:00, 12:00 and 18:00 UTC. There also exist some gaps in the time
series. To facilitate comparison and statistical calculations, observations are interpolated to these points in
time. Also the HIROMB data set contains some small gaps, which are filled with interpolated values. In
the end, continuous time series of 2149 values are available for every variable at every station, both from
observations and from HIROMB forecasts.

The variable in HIROMB corresponding to velocity is flow rate between grid AV
cells. A variable of dimension velocity is given by dividing the flow rate with
the cross-sectional area of the grid cell. Consequently, u and v components of
this velocity are not defined at the same place (cf. Figure 2). It follows that there

is no direct correspondence to a measured velocity. —»
cell (i j)

Figure 2.

Results

For a comparison of currents at Drogden Fyr, data at depth level 3 from Drogden ADCP is used. This
corresponds to a depth of approximately 3 metres. The main current direction is 45° (Figure 3), and the
current vector is projected on that direction. HIROMB data from the surface cell at grid point (82,46) is
used. The main current direction at this point in HIROMB is close to 30°.

observations
— HIROMB

270°

Figure 3. Relative frequency of current direction

Figure 4 shows time series of observed current in the main current direction 45° and HIROMB current
projected on 30°. The standard deviations are 38 cm/s and 22 cm/s, respectively, giving a ratio of 0.58,
and the explained variance by HIROMB is 56 percent. It appears that the currents at Drogden are
underestimated in HIROMB by some 40 percent, but this conclusion needs better foundation.
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Figure 4. Current at Drogden

There are no observations of the volume transport in Oresund, but there exist good models for the
transport given the sea level difference between the Baltic Sea and Kattegat. The time series of
"observed" flow rate in Figure 5 and 6 are produced using the sea level difference between Skandr and
Hornbzek and a model Q(An) = (An / K)*, K =2.03e-10. Q is flow rate and An is sea level difference.
The flow rate through Oresund in HIROMB is simply the sum of the v component times the area in a
cross section line of grid cells across Oresund, here cells (82,47), (83,47) and (84,47) for all depths.
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Figure 5. Flow rate in Oresund
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The standard deviations are 31 000 m>/s and 21 000 m’/s, respectively, with ratio 0.68, and explained
variance 61 percent. The flow rate comparison confirms the previous conclusion that HIROMB currents

are too weak in Oresund.
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Figure 6. Flow rate in Oresund, HIROMB vs. "observed"
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Figure 7. HIROMB flow rate vs. HIROMB sea level difference
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The transports through Oresund are mainly driven by the sea level difference, so either are the sea level
differences too small in HIROMB or the flow resistance too large. Figure 7 shows the flow rate in
HIROMB as a function of the sea level difference in HIROMB. The black line corresponds to the correct
flow resistance. The flow resistance is apparently too large in HIROMB. Furthermore, the sea level
difference predicted by HIROMB is rather good (Figure 8). It is slightly underestimated (by
approximately 10 percent), and the explained variance is relatively high (72 percent). Interestingly, this is
better than the explained variance for the individual sea level stations at Hornbak (63%) and Skanor
(53%).
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Figure 8. Sea level difference between Skanor and Hornbak

It appears that the general conclusions for Oresund: too weak currents and consequently too small flow
rates in HIROMB, are also valid in the Great Belt. Below is shown a comparison of the currents at
Vestbroen, where the currents have been calculated in the same manner as at Drogden (Figure 9). Here
the degree of underestimation is even worse. The standard deviation of observed currents is 48 cm/s,
while in HIROMB it is 16 cm/s, giving a ratio of 0.33. The explained variance is 38 percent.

Even though there are no as simple but still good models for the flow rate through the Belt Sea as for
Oresund, it is still possible to produce quite accurate estimates based on the sea level difference. Starting
from an existing model for the total transport between the Baltic Sea and the Kattegat, and subtracting the
modelled transport through Oresund, one gets a model Q(An) = (An / K)*, K = 0.125¢-10, applicable for
the transport at Darss sill, for instance. An is now the sea level difference between Gedser and Hornbaek.
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Figure 9. Current at Vestbroen

Figure 10 shows a comparison where the transport in HIROMB is calculated through a cross section at
the Darss sill. The explained variances are 139 000 m®/s and 55 000 m’/s, respectively, ratio 0.40, and
explained variance 28 percent. The very low percent explained variance is partly due to the simplified
model for the flow rate being too simple, but the ratio should be accurate. It is similar in magnitude to the
ratio of currents at Vestbroen, and confirms that the currents are underestimated in the Great Belt as well.
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Figure 10. Flow rate in the Great Belt
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Again the conclusion must be that the flow resistance is too large in HIROMB, as the sea level difference
between Gedser and Hornbzk is well predicted by HIROMB. It is underestimated by 10 percent, and the
explained variance is 75 percent.

Conclusions

It is concluded that currents, and therefore also transports through the Danish Straits, are underestimated
in HIROMB. The following table summarizes the results:

Ratio of | Explained
standard | variance
deviations
Oresund |~ 0.65 ~ 0.60
Belt Sea |~0.40 ~ (0.40

Too small transports through the Danish Straits are a serious problem, most probably giving erroneous
results with respect to the exchange of water, salt and energy between the Baltic Sea and the Kattegat.

Fortunately, the increased resolution of 1 nautical mile that will become operational during spring 2000
may very well, at least partly, solve the problem. Too large flow resistance can be due to the straits being
too shallow, too narrow or/and too long in the model bathymetry. It can be difficult with coarse resolution
to have simultaneously a correct width, depth, "effective" length and cross-sectional area. Nevertheless, it
is important that the transports are validated again when the new resolution is in use, to either confirm the

coarse resolution explanation or to look for other possibly more unpleasant explanations.

HIROMB validation

Johan Mattsson

8/8




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveEPSInfo true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /Unknown

  /Description <<
    /FRA <>
    /ENU (Use these settings to create PDF documents with higher image resolution for improved printing quality. The PDF documents can be opened with Acrobat and Reader 5.0 and later.)
    /JPN <FEFF3053306e8a2d5b9a306f30019ad889e350cf5ea6753b50cf3092542b308000200050004400460020658766f830924f5c62103059308b3068304d306b4f7f75283057307e30593002537052376642306e753b8cea3092670059279650306b4fdd306430533068304c3067304d307e305930023053306e8a2d5b9a30674f5c62103057305f00200050004400460020658766f8306f0020004100630072006f0062006100740020304a30883073002000520065006100640065007200200035002e003000204ee5964d30678868793a3067304d307e30593002>
    /DEU <>
    /PTB <>
    /DAN <>
    /NLD <>
    /ESP <>
    /SUO <>
    /ITA <>
    /NOR <>
    /SVE <>
    /KOR <FEFFd5a5c0c1b41c0020c778c1c40020d488c9c8c7440020c5bbae300020c704d5740020ace0d574c0c1b3c4c7580020c774bbf8c9c0b97c0020c0acc6a9d558c5ec00200050004400460020bb38c11cb97c0020b9ccb4e4b824ba740020c7740020c124c815c7440020c0acc6a9d558c2edc2dcc624002e0020c7740020c124c815c7440020c0acc6a9d558c5ec0020b9ccb4e000200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /CHS <FEFF4f7f75288fd94e9b8bbe7f6e521b5efa76840020005000440046002065876863ff0c5c065305542b66f49ad8768456fe50cf52068fa87387ff0c4ee563d09ad8625353708d2891cf30028be5002000500044004600206587686353ef4ee54f7f752800200020004100630072006f00620061007400204e0e002000520065006100640065007200200035002e00300020548c66f49ad87248672c62535f003002>
    /CHT <FEFF4f7f752890194e9b8a2d5b9a5efa7acb76840020005000440046002065874ef65305542b8f039ad876845f7150cf89e367905ea6ff0c4fbf65bc63d066075217537054c18cea3002005000440046002065874ef653ef4ee54f7f75280020004100630072006f0062006100740020548c002000520065006100640065007200200035002e0030002053ca66f465b07248672c4f86958b555f3002>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


