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1 Intr oduction

We analysethe quality of wave forecastsproducedby DMI-WAM: DMI’ s operationalset-upof
the 3rd generationwvave modelWAM Cycle4 The two-monthstudy period spansNovemberlst-
DecembeB1st2001.Wave obsenationsarecollectedfrom anumberof sourcesandeachstationis
analysedseparately

Thesignificantwave heightH ; is theprimaryparameteof interestput otherwave parameteréwave
period,direction,swell parametersareexaminedwherethe datamaterialis adequate.

We calculatestandarcerrormeasuredoth asa function of forecastrange(1-48hours)andof wave
height. Grandaveragesarecalculatecasmeanvaluesover all stationsandoverall ranges Averages
arealsocalculatedor anumberof separatgeographicategions.

All modelresultsareforecasts.This meansthaterrorsin the parameterslo not necessarilymply
errorsof themodel,but mayreflecterrorsin the meteorologicaforcing dataandinitial conditions.

DMI hasproducedshort-rangeperationaivave forecastsince1999. A pre-operationavalidation
studywascarriedoutin 1999[5], anda combinedwave-windvalidationin 2000[4] for a 14 month
hindcastperiod. This reportmarksthe beginning of routinemonitoringof thewave forecastquality.

Ch. 2 briefly describeshe DMI wave modelset-up,ch. 3 givesan overvien of the datamaterial,
andch. 4 outlinesthe statisticalerrormeasuresisedto describgheforecasiguality. Ch. 5 presents
anddiscussesesultsfor the two-monthperiod(tablesandplots). Ch. 6 concludeghework. Com-
prehensie resultsfor eachstationareputinto the Appendix.Referencegindicatedoy [ ]), andlists
of figures/tablesrrefoundatthe endof thereport.



2 DMI-WAM

DMI hasrun an operationalwave forecastingservicefor Danish waterssince 1999, using the
3rd generationwave model WAM Cycle4forced by DMI's numericalweatherpredictionmodel
HIRLAM. Sincethe first releasethe geographicamodel domainhasbeenwidely expanded,to
includea large partof the NorthernAtlantic, andthe MediterraneanThe 2001 modelsetupis de-
scribedin detailbelow.

2.1 Physicalmodel
WAM Cycle4solvesthe spectralwave equation
oF |

_+C

at . 6F = Szn + Snl —+ Sds + Scu + Sbf

whereF(f,8;Z,t) is spectralwave enegy density dependingon wave frequeng, wave direction,
positionandtime; ¢(f, §) is the wave group speed;S;,, is wind enegy input; S,; is non-linear
wave-wave interaction;Sy; is wave enegy dissipatiorthroughwave breaking(white capping);Sc.
is wave-currentinteraction;Sy is interactionwith the seabedthroughfriction andwave refraction.
ThepresenDMI-WAM still lackscurrentdata(S.,,=0) andinformationaboutseaice.

A comprehensk descriptionof WAM Cycle4maybefoundin [3],[1].

2.2 Model setup

DMI provideswave forecastsn threegeographicatlomainsasshavn below:

e
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Figure 1. DMI wave models.North Atlantic, North Sea-BalticandMediterraneamodel

The modelopenboundariesre chosenasfollows. The coarsegrid North Atlantic modelusesthe
JONSWAP wind-seaspectrum(see[2],[1]). Thefine grid North Sea- Baltic modelis nestednto
theNorth Atlantic model,andusesspatiallyinterpolatedvave spectracalculatedoy thatmodel. The
Mediterranears treatedasa closedbasin,assumingio wave enegy exchangewith the Atlantic or
theBlack Sea.Pleasegeferto Tablel for amodelsetupsummary

The wave forecastingsystemhasbeencoldstartecbnceandfor all usingfully developedsea.Sub-
sequenimodelrunsare initialised using the seastateat analysistime, calculatedby the previous
run.



Model | NorthAtlantic | North Sea- Baltic | Mediterranean

Spacees. 30’ by 30’ 10’ by 10’ 10’ by 10’
Time step 4 min 4 min 2min
Frequencies 25 25 25
Directionres. 15° 15° 15°
Forcingmodel(s) Hirlam G Hirlam E Hirlam E+G
- resolutionof 0.4% 0.1% 0.13/0.45
Longitudes 69°W-30°E 200W-30°E 6°W-46°E
Latitudes 30°N-75°N 36°N-68°N | 30.3N-46°N
Openboundaries JONSWAP Nested| Closedbasin
Forecastange 1-54h 1-54h 1-54h
Outputtime step 1h 1h 1lh
Schedule 4x daily 4x daily 4x daily

Table1l. DMI-WAM set-up.Theforecastrangewasincreasedrom 48hto 54hduringthe studyperiod.

2.3 Weathermodels

The forcing modelsarethe DMI limited areanumericalweatherpredictionmodelsHirlam-E and
Hirlam-G. Both arecurrentlybeingusedin the DMI weatherforecastingservice.The G modelhas
largerareacoveragethanthe E model,but in returnhaslower spatialresolution(50kmvs. 16km).
Theforcing field consistsof the wind vectorat 10m height,interpolatedinearly in time andspace
to matchthewave modelgrids.

Figure 2. DMI Hirlam. Theoutermostbox is the G model,thebox coveringmostof Europeis theE model.



3 Wavedata

Theverificationdataconsistoof DMI-WAM wave forecastsandwave obsenationsfrom a number
of fixed positions(buoysandplatforms).

3.1 Forecasts

Wave parametersutputfrom DMI-WAM areshavn in Table2.

| [ DMI-WAM output |

H | Significantwave height
H,, | Heightof swell

To2 | Meanwave period

T, | Dominantwave period
Tsw | Swellmeanperiod

#, | Meanwave direction
#,., | Swelldirection

Table 2. DMI-WAM wave parameters

The forecastsarestoredashourly mapsin modelresolution.Time seriesfor eachstation,analysis,
andparameterare extractedusingthe closestmodelgrid point. A total of 244 forecastsverepro-
ducedduringthetwo-monthstudyperiod. Theforecastdatacoverageis almost100%.

A noteontheaccurag of the dominantwave period7,. While otherwave parameterareobtained
by integratingthe wave enegy spectrum,7}, is just the discretizednodelfrequeng (inverse)con-
tainingthe highestenegy. 7,, canonly takeoneof 25 distinctvalues.In casesvith two competing
wave enegy maxima(wind seaandswell), 7, mayflip betweerthetwo, asfirst one,thenthe other
hasthe highestenegy. This meanghat7, is notasmoothfunctionof time or space.

3.2 Observations

Wave datais obtainedfrom a numberof sourcesasindicatedin table3. Table4 shavsthe number
of stationsfor eachwave parameterandfor eachof 8 geographicatiomains plusthe overall data
coverage.SMHI, KDI andNCMR datais kindly providedby eachageny in question.NDBC data
is retrievedvia the GTS. Stationnumbersaandpositionsareshavn onthemapsbelown. Only stations
thatrecordregularly wereconsidereduitablefor verification;this resultedin atotal of 28 stations.
Thefull stationlist andtime seriesplotsarefoundin the Appendix.

| | Wave Dataproviders |
NDBC | NationalDataBuoy Center(UK)
SMHI | SwedishMeteorologicalnstitute
KDI DanishCoastalAuthorities
NCMR | NationalCenterfor Marine ResearcliGreece)

Table 3. Wave dataproviders.

The normal samplingrateis 1 hour, with an overall H, datacoverageof 72%. At DanishWest
CoastandMediterranearstationsthe samplingrateis 3 hours,leadingto app. two-thirdsmissing



data.Considering3 hoursamplingas100%coverageat thesestationsthe H, datacoverageis 84%.
Figured shavsthe 1 hour H; datacoverageatall stations.

A very few stationsreportmaximumwave height H,,,,,, or meanwave directiond,,. Thesearenot
verifiedin the presenteport.

Themeasuringaccurag variesfrom stationto station,asmay be seenfrom the stationplotsin the
Appendix. A few buoysuse0.5mwave heightaccurag, most0.1mor 0.01m. Ty is recordedwith
0.01saccurag, while T,, accurag is 1satmoststations.Statisticson the obseredwave parameters
areshawn in theappendix.

| Parameter | H ] Too| T, [ 0w [ How | Tow | Osw | Hmao |
Atlantic 8 - 8 - - - i -
Br. Channel 4 - 1 - - - - R
Irish Sea 2 - 4 - - - - R
Scotland 1 - 2 - - - - -
North Sea 5 - 4 - - - - .
DanishWestCoast 4 4 4 - - - - -
Baltic Sea 3 3 - - - - - 3
Mediterranean 1 1 1 1 - - - -

|T0ta| | 28| 8| 24| 1| | | | 3|

| Coverage [84%[96% [ 87%] -] -] -] -] - ]

Table4. Numberof wave stationsn eachdomain,andfor eachwave parameter



Stations for WAM Verification

Figure 3. Wave recordetocations.
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Figure 4. Missingdata. Significantwave height. Stations20044,24023,25077,25138andathosonly sample
every 3rd hour.



4 Error measures

Model errorsare calculatedusing a 3-d residualmatrix, built from all available obsenationsand
forecastsWith thegeneraformularesidual = forecast — observation theresidualmatrix reads
(bracketdndicatea dependeng

residual(station, analysis, range)

with the numberof stationsdependingon the parametein question(seeTable 4), analysisevery
6 hours,andforecastsangingfrom 1-48 hoursin 1 hour steps.By averagingthe residualover all
analysesywe getthemodelbiasor meanerror:

bias(station, range)

Furtherlinear averaginggivesthe biasfor eachforecastrange(averagedover all stations)for each
station(averagedover thefull forecastange),andasagrandaverage.

biasl(range)
bias2(station)
BIAS

In the sameway, the root meansquareerror rms(station, range) is calculatedusingthe residual
squared.Therange-andstation-dependegydrms1, rms2), andthe grandaverage(RM S), is cal-
culatedin thesameway asfor the biasvalues.

For thewave heightonly, thebiasandrmserrorarealsocalculatedasafunctionof wave height. The
residualis sortedinto obsenationbins0.5mwide andaveragedor eachbin.

bias(station, obshin)
rms(station, obsbin)

It shouldbe notedthat the very high wave bin are sparselypopulated.Averagingover all stations
givesthefull modelerrordependenconwave height,calculatedothasanabsolutevalueandasa

relative errorin %.

Thescatterindex s: is obtainedoy normalisingrms with theobsered meanvalue.s: maybeused
to intercomparemserrorsat stationswith largedifferencesn wave climate. This only makessense
for positive definitevariables.

rms
<obs>

s1 =
Correlationcoeficientsarecc calculatedisingforecastpseuddime series establishedy concate-
natingall 1-6 hourforecaststhenall 7-12 hourforecastsandsoon. This givescoeficientsvalid for
eachof the6 hourrangeslocks1-6,7-12,.. , 43-48hours:

ce(station, block)

As before range-andstation-dependenrtlues(ccl, ec2), andagrandaverage(C'C'), arecalculated.



5 Results

This sectiondescribeghe nov-dec2001wave verificationresultsfor significantwave height,mean
wave period,anddominantwave period. Swell anddirectionalparametersrenot obsered at ary
fixedlocation(with oneexception)andmaximumwave heightis not calculatedoy thewave model.

Below, we discusggrandaveragesandregional averagesDetailedresultsfor eachstationarefound
in the Appendixtheendof thereport.

5.1 Significant wave height

Table5 shaws biasandrelative bias,rms error, scatterindex and correlationcoeficient, averaged
overthefull forecastrange.Thetotal numberof datapointsusedto producethe statisticas 327936.
Theerrorestimatesresortedouton 8 geographicategions.

Parameter #st| bias| rms| si | cc | bias
Region cn|icm| % | % %
Atlantic 8 -20| 57| 18|91 -6
Scotland 1 49| 76| 18| 93| -12
Br. Channel 4 30| 52|52| 86 29
Irish Sea 2 -4 36|26 92 -4
North Sea 5 1| 522392 0
DanishWestCoast| 4 11| 42| 28| 89 6
Baltic Sea 3 17| 53|49| 83| 16
Meditter, 1 -14| 50| 32| 92 -9
|AIIWaters | 28| O| 52|30|90| 4|

Table 5. Significantwave heightresults

Thewave modelhaszeroor insignificantbiason averageandanrmserrorof 0.52m. Scatterindex
is low (0.30)andcorrelationcoeficient high (0.90for the 1-6 hourrange,seeFig. 5). Thereis a
largeregionalspread Wavesareunderestimatedn averagen the Atlantic, in particularatthestation
northof theShetlandsles,andatthestationin the AegeanSea.Corversely wavesareoverestimated
in the British Channeljn the Baltic andatthe DanishWestCoast.Thescattelindex is well belov an
acceptanckevel of 0.4in mostregions,with theBaltic andtheBritish ChannebsexceptiongFig 5).

The error dependenc on forecastrangeand on wave heightis shovn in Fig. 6 for the full model
system.

Themodelbiasdoesnotdependnforecastrange while thermserrorincreaseslowly, from 0.45m
at shortrangeto 0.60mat 48hrange.Thermserroris significantalreadyat analysistime sincethe
modelis initialisedwithout ary useof the obsered seastate.

Thereis astrongdependenconwave height. Smallwaves(below 2m) areoverestimatedyhile high
waves(in excesof 3m)areunderestimatedlhisnegative bias,andthermserror, bothincreaseawith

increasingvave height. Very smallwaves(belon 0.5m)areoverestimatedy about75%, andsince
mostof thewavesaresmall,this leadsto the rathermisleadingresultof no averagewave bias.

10



Scatter diagram 0-6h, all stations
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Figure5. Upperpanel:shortrange(1-6h)scattediagram Jower panel:scattelindex

Resultsfor eachsingle stationis shavn in the Appendix. Pleaserefer to Table 8 andFig. 3 for
stationnumbersandlocations.
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5.2 Meanwave period

Themeanwave periodTy, is only measureat8 stations.Grandaveragesareshavn in Table6, and
ashort-rangescatterdiagramin Fig. 7.

Parameter #st| bias| rms| si| cc | bias
Region sec.| sec.| % | % %
DanishWestCoast| 4 | 2.08 | 2.33| 51 | 66 46
Baltic Sea 3 1065(098|24| 72 16
Meditter. 1 |1065|/095|22|84| 15
| All Waters | 8 | 1.37| 1.65| 37 | 70 | 31 |

Table 6. Meanwave periodresults

At theDanishWestCoaststations/y is grosslyoverestimatedT hereasorfor thisis yetunresohed.
At thestationdn the Baltic andthe MeditteraneafT} is slightly overestimatedwith a positive bias
of 0.65sor 15%. The scatterindex is well belov the acceptang level of 0.4. Datasheetdor these
stationsarepresentedn the Appendix.

Scatter diagram 0—6h, all stations Scatter diagram 0-6h, Baltic stations
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Figure 7. Meanwave period,1-6hrange.Left panel:all stationsright panel:Baltic stations

5.3 Dominant wave period

The dominant(or peal wave periodT, is recordedat the 20 NDBC stations.Grandaveragesare
shavn in Table7, short-rangescatterdiagramsn Fig. 8.
T, showsvery badverificationresultsfor anumberof reasons:

¢ alow recordingaccurag of 1 sec
e acorrespondindpw forecastaccurag
¢ time serieghatflick betweera highandalow periodpeak

The latterreasoris theworst. Evenwhenthe wave spectrumis ratherwell predictedwe maygeta
very large7,, errorin situationswith a two-peakedspectrum(swell andwind sea).
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Parameter #st| bias| rms| si| cc | bias
Region sec.| sec.| % | % %
Atlantic 8 2.74| 3.37| 43| 60| 35
Scotland 1 289|322|39|68| 35
Br. Channel 4 0.25|267| 48| 42| 11
Irish Sea 2 245|397| 78| 28| 49
North Sea 4 287 381| 65| 39| 49
DanishWestCoast| 4 090 3.11| 44| 34| 13
Meditter. 1 |-025|1.20|21|75 -4
| All Waters | 24 | 1.90| 3.24| 50 | 47 | 29 |

Table 7. Dominantwave periodresults

Only thesingleAegeanSeastationin the Meditteraneamasa goodscore with a smallnegative bias
of -0.25s(-4%) anda scatterindex of 0.21. This stationis the only onewhereswell is mostoften

not presentasBaltic stationsdo notrecord’;,.
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Figure 8. Dominantwave period,1-6hrange.Left panel:all stationsyight panel:Athos
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6 Conclusion
DMI wave forecastdrom nov-dec2001areverified, usingwave datafrom 28 buoys.

Main conclusionsre:

¢ Thesignificantwave height H; givesreasonableesults

Otherwave parameterareeithernotrecordedr have somedataproblem
Theforecastjuality decreaseslowly with increasingorecastrange
Thereis alargeregional spreadn forecasguality

Thereis a strongerrordependencon wave height

Thesignificantwaveheightis recordedat all stations.Theerrordistributionis examinedin termsof
forecastrange asafunctionof obseredwave height,andfor separatgeographicategions.

Thebiasis zeroon average.Thereis alarge geographicaspreadanda strongdependencon wave
height.Low waves(belowv 3m) areoverpredictedwhile highwaves(in excessof 3m) areunderpre-
dicted.Therelative errorincreasesvith wave height;,wavesof 10mheighthave anaverageneggative
biasof 17%.

The averagerms erroris 0.52m,increasingslowly with forecastrange. Thereis a large regional
spread High waves(>3m) have aratherconstantelative rmserror of roughly 20%.

An averagescatterindex SI1=0.30is acceptablewith just a few stationshaving si>0.4 (sometimes
usedas an acceptancéevel) dueto low recordingaccurag. The averagecorrelationcoeficient
CC=0.90.

Two typesof wave periodarerecordedthe meanwave periodandthedominant(peak)wave period.
Dominantwave period predictionsare not good. This is a dataproblem; a well predictedwave
spectrundoesnotguarantea correctdominantwave periodin situationswith two spectramaxima.
Also, moststationssampleonly with 1saccurag andsodoesthemodel;thisin itself leadsto large
errormeasuresOnly the Meditteranearstationshavs goodresults with a biasof -0.25sanda scat-
terindex of 0.21.

The meanwaveperiodis recordedat 8 locations half of which have a datainterpretatiorproblem.
At theremainingd stationghemodeloverestimatethemeanwave periodby 0.65sor 15%o0n aver-
age,with ascatterindex of 0.24anda correlationcoeficient of 0.75.

Heightof swellis notrecordedatary of thefixedpositions.A few recordmaximumwvaveheightbut
thisis not predictedoy thewave model.

Only a singlestationrecordswvave direction;this is not verified.

Futurereportsareplannedon a three-monthlybasis.
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7 Appendix
This Appendixcontainsastationtable(below), obsenationstatisticdables forecasstatisticdables,

anda plot sheetfor eachstationandeachparamete{H,, Ty2, 7,), arrangedsequentiallyaccording
to the stationtable.

7.1 Station table

| StationID | Ageny | Region | lat. | lon. | parameters
almag SMHI Baltic 59.15N | 19.13E| H,, Hmaz, 102
oland SMHI Baltic 56.07N| 16.68E| H,, Hnaz, 102
truba SMHI Baltic 57.60N| 11.63E| H,, Hmaz, 102
20044 KDI D. WestCoast| 57.58N 9.41E H,,To2, T,
24023 KDI D. WestCoast| 56.47N 8.06E H,,To2, T,
25077 KDI D. WestCoast| 55.81N 7.94E H,,To2, T,
25138 KDI D. WestCoast| 55.35N 8.23E H,,To2, T,
62001 NDBC Atlantic 45.20N | 5.00W H,,T,
62026 NDBC North Sea 55.30N 1.10E H,,T,
62029 NDBC Atlantic 48.70N | 12.40W H,,T,
62101 NDBC B.Channel | 50.60N| 2.70W H,,T,
62103 NDBC B.Channel | 49.90N| 2.90W H,,T,
62105 NDBC Atlantic 54.90N | 12.60W H,,T,
62106 NDBC Atlantic 57.00N| 9.90W H,,T,
62107 NDBC Atlantic 50.10N| 6.10W H,,T,
62108 NDBC Atlantic 53.50N | 19.50W H,,T,
62109 NDBC North Sea 57.00N 0.00 H,,T,
62117 NDBC North Sea 57.90N 0.00 H,,T,
62145 NDBC North Sea 53.10N 2.80E H,,T,
62163 NDBC Atlantic 47.50N | 8.50W H,,T,
62301 NDBC Irish Sea 52.30N | 4.50W H,,T,
62303 NDBC Irish Sea 51.60N| 5.10W H,,T,
62304 NDBC B.Channel | 51.10N 1.80E H,,T,
62305 NDBC B.Channel | 50.40N 0.00 H,,T,
62414 NDBC North Sea 53.80N 2.90E H,
64045 NDBC Atlantic 59.10N | 11.40W H,,T,

64046 | NDBC Scotland 60.70N | 4.50W H,, T,
athos NCMR Mediterr. 39.96N | 24.72E| H,,Ty2, T}, 00

Table 8. Wave stations.Stationname/numbedriving ageng, position,andwave parametersSMHI=Swedish
Meteorologicallnstitute, NDBC=NationalDataBuoy Center(UK), NCMR=NationalCenterfor MArine Re-

search(Greece) KDI=CoastalAuthorities (Denmark). H.=significantwave height, H,,,=maximumwave

height, 752 =mearnwave period,T,,=peakor dominantwave period,§.,=mearwave direction.

16



7.2 Observedwave statistics

| Station| mean| stder | min | max |
almag 1.09| 0.94| 0.21| 5.44
oland 1.32| 0.67| 0.19| 5.13
truba 0.90| 0.62| 0.13| 4.12
20044 1.52| 0.84| 0.19| 4.18
24023 1.69| 0.84| 0.32| 4.39
25077 1.66| 0.86| 0.25| 5.09
25138 1.20| 0.75| 0.18| 3.59
62001 2.61| 1.04| 0.80| 6.90
62026 2.32| 1.29| 0.50| 7.30
62029 3.05| 1.08| 1.10| 6.90
62101 0.84| 0.50| 0.00| 3.50
62103 1.24| 0.60| 0.30| 3.40
62105 3.70| 1.39| 1.30| 9.40
62106 3.79| 1.57| 0.90| 10.90
62107 2.06| 0.97| 0.70| 6.40
62108 3.77| 1.27]| 1.60| 9.30
62109 257 1.32| 0.10| 6.90
62117 2.39| 1.20| 0.40| 5.30
62145 1.76 | 1.06| 0.30| 6.10
62163 2.75| 1.01| 1.00| 6.70
62301 1.20| 0.74| 0.00| 4.00
62303 1.58| 0.98| 0.20| 6.30
62304 0.86| 0.57| 0.20| 3.70
62305 1.09| 0.79| 0.10| 4.60
62414 2.16| 0.98| 0.60| 4.00
64045 410| 161 | 1.10| 12.30
64046 418 | 1.63| 1.10| 10.70
athos 1.59| 1.18| 0.11| 5.56

Table 9. Obseredwave height
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Station | mean| stdes [ min | max |

almag
oland
truba
20044
24023
25077
25138
athos

3.93
4.61
3.91
4.37
5.01
4.82
4.10
4.32

0.74
0.90
0.75
0.83
0.86
0.89
0.91
1.09

2.70
2.60
2.40
2.47
2.84
2.61
2.22
2.47

6.10
8.50
7.00
6.56
7.69
7.69
6.90
7.28

Table 10. Obseredmeanwave period

Station | mean| stdes | min | max |

oland

20044
24023
25077
25138
62001
62026
62029
62101
62103
62105
62106
62107
62108
62109
62117
62145
62163
62301
62303
62304
62305
64045
64046
athos

4.61
6.64
8.49
7.81
6.19
7.23
6.20
7.51
3.96
7.75
8.09
7.99
8.72
8.01
6.58
5.81
4.93
7.23
4.40
6.56
6.28
7.44
8.20
8.34
5.73

0.90
2.30
2.56
2.40
2.28
1.48
1.34
1.17
0.89
1.64
1.24
1.25
1.44
1.04
1.34
1.23
1.02
1.36
1.13
1.43
0.77
1.94
1.17
1.15
1.68

2.60
2.27
2.78
2.78
1.89
5.00
3.00
5.00
2.00
5.00
6.00
4.00
6.00
6.00
4.00
3.00
3.00
5.00
3.00
4.00
3.00
3.00
4.00
6.00
2.10

8.50
15.38
16.67
15.38
13.33
12.00
10.00
13.00

7.00
18.00
12.00
13.00
14.00
12.00
16.00

9.00

7.00
12.00

9.00
19.00

9.00
26.00
13.00
13.00

9.57

Table11. Obsereddominantwave period
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7.3 Waveforecaststatistics

Parameter| bias| rms | si | cc | bias
Station cm| cm| % | % %
almag 9| 57|53|79 8
oland 15| 50|38 |85| 12
truba 26| 52|58|85| 29
20044 1| 41| 27| 88 1
24023 17| 46|27 89| 10
25077 26| 47129]90| 15
25138 -1| 36| 30| 87 -1
62001 40| 59|23|91| -15
62026 4| 44|19 94 -2
62029 -20| 46| 15| 93 -7
62101 39| 55|66 84| 46
62103 57| 72|58 | 87| 46
62105 -22| 60| 16| 92 -6
62106 22| 61|16 | 94 -6
62107 20| 52| 25|88| 10
62108 25| 62|16 | 90 -7
62109 8| 5421|911 -3
62117 39| 73|130|89| 16
62145 6| 39|22]|93 -3
62163 22| 44 16| 92 -8
62301 -11| 31|26 92 -9
62303 3| 40| 25|91 2
62304 5| 38|44 |81 6
62305 20| 4213990 | 19
62414 -15| 49| 23| 93 -7
64045 30| 71|17 92 -7
64046 49| 76|18 | 93| -12
athos -14| 50| 32| 92 -9

Table 12. Predictedsignificantwave height
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Parameter| bias| rms| si | cc | bias
Station S s| % | % %
almag 0.67|1.14| 29| 62| 17
oland 055|081 17| 83| 12
truba 0.73|1.01| 26| 71| 19
20044 156|178 41| 72| 36
24023 216 | 2.26| 47| 69| 43
25077 2.18|2.40| 50| 66| 45
25138 242|277 68| 55| 59
athos 065|095 22|84 | 15

Table 13. Predictedneanwave period

Parameter| bias| rms si | cc | bias
Station S s| % | % %
20044 0.26| 2.72| 41| 33 4
24023 0.36| 2.70| 32| 45 4
25077 0.97| 3.27| 42| 29 12
25138 2.00| 3.76 | 61| 29 32
62001 2941 392| 54|51 41
62026 2.40| 3.38| 55| 57 39
62029 341|1391| 52|55 45
62101 2.88| 3.95| 100 | 39 73
62103 0.56| 246 | 32| 45 7
62105 3.03| 3.49| 43| 65 38
62106 3.21|362| 45|58 | 40
62107 0.75| 2.13| 24| 64 9
62108 2.73| 3.05| 38| 57 34
62109 2.82|390| 59|36 | 43
62117 4,121 491| 84| 21 71
62145 212 | 3.05| 62|44 | 43
62163 2.85| 3.55| 49| 61 39
62301 3.09| 457|104 | 24 70
62303 1.81]338| 51| 32 28
62304 -097|153| 24| 50| -15
62305 -146 | 2.75| 37| 34| -20
64045 296 | 3.32| 40| 66 36
64046 2.89| 3.22| 39| 68 35
athos -0.25]1.20| 21|75 -4
Table 14. Predicteddominantwave period
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7.4 Significant wave height station plots

Thefollowing pagesshaw significantwave heighterrorstatisticsfor eachstation.
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Figure9. st. Almagrundet:significantwave height
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Obs/Pred wave height [m] at st. oland Observation distribution [m] at st. oland
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Figure 10. st. @land: significantwave height
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Obs/Pred wave height [m] at st. truba Observation distribution [m] at st. truba
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Figure 11. st. Trubadurensignificantwave height
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Obs/Pred wave height [m] at st. 20044 Observation distribution [m] at st. 20044
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Figure 12. st. 20044:significantwave height
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lllllllIllllllIllIIIIIllIIIII.IIIIIllIIIIII.IIIIII.IIIIII.II 1000 I e I I I I I I I
L. min=0.32... S b RS - - SRS Y SO USROG OO O SRS OO

imax=4.39 | 1 i 1 1 3 900 §

800 |~

700 |
600 {4+
500 H-+1| -

400 HHF

300 Ht}
200 H1 1
100 H-++

=
o

O R, N W DM T O N O ©

11/03 11/17 12/01 12/15 12/29 0O 1 2 3 4 5 6 7 8 9 10
observation bin

Residual error [m] at st. 24023 Error distribution [m] at st. 24023

25 T T T T T T T T 1
o L bias=0.17 =—— P o P
rms=0.46 —— oo
L i
i EERE e
05

0
-0.5
-1
-1.5
-2

B (T T T S S
0 6 12 18 24 30 36 42 48 0 1 2 3 4 5 6 7 8 9 10
forecast length observation bin

Scatter index [%] at st. 24023 Error distribution [%] at st. 24023
1
I I I I I I I I

| | | | |
r.bias=0.10 =——
‘r.rms:O‘.27 —_

! !

si=0.27 | | | |

i i i i i i i 0.8
0.8 [ oo o e S

i i i i i i i 06 |-~ e

0.6 [ 04

0.2

0
S02 [
S e e e s o e
ol —o v g
0 6 12 18 24 30 36 42 48 0 1 2 3 4 5 6 7 8 9 10
forecast length observation bin

Figure 13. st. 24023:significantwave height
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Obs/Pred wave height [m] at st. 25077 Observation distribution [m] at st. 25077
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Figure 14. st. 25077:significantwave height
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Obs/Pred wave height [m] at st. 25138 Observation distribution [m] at st. 25138
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Figure 15. st. 25138:significantwave height
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Figure 16. st. 62001:significantwave height
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Figure 17. st. 62026:significantwave height
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Figure 18. st. 62029:significantwave height
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Obs/Pred wave height [m] at st. 62101 Observation distribution [m] at st. 62101
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Figure 19. st. 62101:significantwave height
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Figure 20. st. 62103:significantwave height
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Figure 21. st. 62105:significantwave height
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Obs/Pred wave height [m] at st. 62106 Observation distribution [m] at st. 62106
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Figure 22. st. 62106:significantwave height
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Obs/Pred wave height [m] at st. 62107
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Figure 23. st. 62107:significantwave height
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Obs/Pred wave height [m] at st. 62108 Observation distribution [m] at st. 62108
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Figure 24. st. 62108:significantwave height
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Obs/Pred wave height [m] at st. 62117 Observation distribution [m] at st. 62117
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Figure 26. st. 62117:significantwave height
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Obs/Pred wave height [m] at st. 62145 Observation distribution [m] at st. 62145
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Figure 27. st. 62145:significantwave height
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Obs/Pred wave height [m] at st. 62163 Observation distribution [m] at st. 62163
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Figure 28. st. 62163:significantwave height
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Obs/Pred wave height [m] at st. 62301 Observation distribution [m] at st. 62301
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Figure 29. st. 62301:significantwave height
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Figure 30. st. 62303:significantwave height
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Obs/Pred wave height [m] at st. 62304 Observation distribution [m] at st. 62304
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Figure 31. st. 62304:significantwave height
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Obs/Pred wave height [m] at st. 62305 Observation distribution [m] at st. 62305
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Figure 32. st. 62305:significantwave height
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Obs/Pred wave height [m] at st. 62414 Observation distribution [m] at st. 62414
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Figure 33. st. 62414:significantwave height
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Obs/Pred wave height [m] at st. 64045 Observation distribution [m] at st. 64045
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Figure 34. st. 64045:significantwave height
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Obs/Pred wave height [m] at st. 64046 Observation distribution [m] at st. 64046
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Figure 35. st. 64046:significantwave height
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Obs/Pred wave height [m] at st. athos Observation distribution [m] at st. athos
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Figure 36. st. Athos: significantwave height
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7.5 Meanwave period station plots

The following pagesshav meanwave period error statisticsfor eachstation. Only stationswith
reasonablstatisticsareincluded.
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Figure 37. st. Almagrundet:meanwave period
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Obs/Pred wave mean period [s] at st. truba Observation distribution [s] at st. truba
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Figure 39. st. Trubadurenmeanwave period
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Obs/Pred wave mean period [s] at st. athos Observation distribution [s] at st. athos
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Figure40. st. Athos: meanwave period
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7.6 Dominant wave period station plots

Thefollowing pagesshov dominantwave perioderror statisticsfor eachstation.Only stationswith
reasonablstatisticsareincluded.
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Obs/Pred wave peak period [s] at st. athos Observation distribution [s] at st. athos
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Figure41. st. Athos: dominantwave period
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