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1 Intr oduction

We analysethe quality of wave forecastsproducedby DMI-WAM: DMI’ s operationalset-upof
the 3rd generationwave modelWAM Cycle4. The two-monthstudyperiodspansNovember1st-
December31st2001.Wave observationsarecollectedfrom anumberof sources,andeachstationis
analysedseparately.

Thesignificantwaveheight
���

is theprimaryparameterof interest,but otherwaveparameters(wave
period,direction,swellparameters)areexaminedwherethedatamaterialis adequate.

We calculatestandarderrormeasuresbothasa functionof forecastrange(1-48hours)andof wave
height.Grandaveragesarecalculatedasmeanvaluesoverall stations,andoverall ranges.Averages
arealsocalculatedfor a numberof separategeographicalregions.

All modelresultsareforecasts.This meansthaterrorsin theparametersdo not necessarilyimply
errorsof themodel,but mayreflecterrorsin themeteorologicalforcingdataandinitial conditions.

DMI hasproducedshort-rangeoperationalwave forecastssince1999.A pre-operationalvalidation
studywascarriedout in 1999[5], andacombinedwave-windvalidationin 2000[4] for a 14month
hindcastperiod.This reportmarksthebeginningof routinemonitoringof thewave forecastquality.

Ch. 2 briefly describestheDMI wave modelset-up,ch. 3 givesanoverview of thedatamaterial,
andch. 4 outlinesthestatisticalerrormeasuresusedto describetheforecastquality. Ch. 5 presents
anddiscussesresultsfor thetwo-monthperiod(tablesandplots). Ch. 6 concludesthework. Com-
prehensive resultsfor eachstationareput into theAppendix.References(indicatedby [ ]), andlists
of figures/tablesarefoundat theendof thereport.
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2 DMI-W AM

DMI has run an operationalwave forecastingservicefor Danish waterssince1999, using the
3rd generationwave model WAM Cycle4 forced by DMI’ s numericalweatherpredictionmodel
HIRLAM. Sincethe first release,the geographicalmodel domainhasbeenwidely expanded,to
includea largepartof theNorthernAtlantic, andtheMediterranean.The2001modelsetupis de-
scribedin detailbelow.

2.1 Physical model

WAM Cycle4solvesthespectralwave equation

���
���	��
��
 
� � � ����� � ����� � ��� � � ����� � �����

where
��� ��!#"�$ 
% !&�('

is spectralwave energy density, dependingon wave frequency, wave direction,
positionand time; � � ��!#")'

is the wave groupspeed;
���*�

is wind energy input;
���+�

is non-linear
wave-wave interaction;

��� �
is wave energy dissipationthroughwave breaking(white capping);

�����
is wave-currentinteraction;

� ���
is interactionwith theseabedthroughfriction andwave refraction.

ThepresentDMI-WAM still lackscurrentdata(
� ���

=0) andinformationaboutseaice.

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

2.2 Model setup

DMI provideswave forecastsin threegeographicaldomainsasshown below:

Figure1. DMI wavemodels.North Atlantic, NorthSea-Baltic,andMediterraneanmodel

Themodelopenboundariesarechosenasfollows. Thecoarsegrid North Atlantic modelusesthe
JONSWAP wind-seaspectrum(see[2],[1]). Thefine grid North Sea- Baltic modelis nestedinto
theNorthAtlantic model,andusesspatiallyinterpolatedwave spectracalculatedby thatmodel.The
Mediterraneanis treatedasa closedbasin,assumingnowave energy exchangewith theAtlantic or
theBlackSea.Pleasereferto Table1 for a modelsetupsummary.

Thewave forecastingsystemhasbeencoldstartedonceandfor all usingfully developedsea.Sub-
sequentmodelrunsare initialised using the seastateat analysistime, calculatedby the previous
run.
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Model NorthAtlantic NorthSea- Baltic Mediterranean

Spaceres. 30’ by 30’ 10’ by 10’ 10’ by 10’
Timestep 4 min 4 min 2 min
Frequencies 25 25 25
Directionres. 15, 15, 15,
Forcingmodel(s) Hirlam G Hirlam E Hirlam E+G
- resolutionof 0.45, 0.15, 0.15, /0.45,
Longitudes 69, W-30, E 20, W-30, E 6, W-46, E
Latitudes 30, N-75, N 36, N-68, N 30.5, N-46, N
Openboundaries JONSWAP Nested Closedbasin
Forecastrange 1-54h 1-54h 1-54h
Outputtimestep 1 h 1 h 1 h
Schedule 4x daily 4x daily 4x daily

Table1. DMI-WAM set-up.Theforecastrangewasincreasedfrom 48hto 54hduringthestudyperiod.

2.3 Weathermodels

The forcing modelsarethe DMI limited areanumericalweatherpredictionmodelsHirlam-E and
Hirlam-G.Both arecurrentlybeingusedin theDMI weatherforecastingservice.TheG modelhas
largerareacoveragethantheE model,but in returnhaslower spatialresolution(50kmvs. 16km).
Theforcing field consistsof thewind vectorat 10mheight,interpolatedlinearly in time andspace
to matchthewave modelgrids.

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
 

 

 

  

  

 

 

 
 

 

 

 

 

 

  

 

 

 

 

 
 

 

 

 

 

 
 

 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
 

 
 

 

 
 
 
 

 

 

 

 

 

 

 
 

 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

  

 

 
 

 

 

 

 

 

 
 

  
 
 

 

 
 

  

 

 

  

 

 

 

 
 

 

 

 
 
 

 

 

 

 

 

 

 

 

 

  

   

  
 
 
   
 
  

 
 
  

 

   
  
 
 

  

   

Figure2. DMI Hirlam. Theoutermostbox is theG model,thebox coveringmostof Europeis theE model.

5



3 Wavedata

Theverificationdataconsistsof DMI-WAM wave forecasts,andwave observationsfrom a number
of fixedpositions(buoysandplatforms).

3.1 Forecasts

Wave parametersoutputfrom DMI-WAM areshown in Table2.

DMI-WAM output� �
Significantwave height� �&-
Heightof swell.0/#1
Meanwave period.�2
Dominantwave period.���-
Swellmeanperiod" -
Meanwave direction" ��-
Swelldirection

Table2. DMI-WAM waveparameters

Theforecastsarestoredashourly mapsin modelresolution.Time seriesfor eachstation,analysis,
andparameter, areextractedusingtheclosestmodelgrid point. A total of 244forecastswerepro-
ducedduringthetwo-monthstudyperiod.Theforecastdatacoverageis almost100%.

A noteon theaccuracy of thedominantwave period
.�2

. While otherwave parametersareobtained
by integratingthewave energy spectrum,

. 2
is just thediscretizedmodelfrequency (inverse)con-

tainingthehighestenergy.
. 2

canonly takeoneof 25 distinctvalues.In caseswith two competing
wave energy maxima(wind seaandswell),

. 2
mayflip betweenthetwo, asfirst one,thentheother

hasthehighestenergy. Thismeansthat
. 2

is nota smoothfunctionof timeor space.

3.2 Observations

Wave datais obtainedfrom a numberof sources,asindicatedin table3. Table4 shows thenumber
of stationsfor eachwave parameter, andfor eachof 8 geographicaldomains,plus theoverall data
coverage.SMHI, KDI andNCMR datais kindly providedby eachagency in question.NDBC data
is retrievedvia theGTS.Stationnumbersandpositionsareshown onthemapsbelow. Only stations
thatrecordregularly wereconsideredsuitablefor verification;this resultedin a total of 28stations.
Thefull stationlist andtimeseriesplotsarefoundin theAppendix.

Wave Dataproviders

NDBC NationalDataBuoyCenter(UK)
SMHI SwedishMeteorologicalInstitute
KDI DanishCoastalAuthorities

NCMR NationalCenterfor MarineResearch(Greece)

Table3. Wave dataproviders.

The normalsamplingrate is 1 hour, with an overall
� �

datacoverageof 72%. At DanishWest
CoastandMediterraneanstationsthe samplingrateis 3 hours,leadingto app. two-thirdsmissing
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data.Considering3 hoursamplingas100%coverageat thesestations,the
���

datacoverageis 84%.
Figure4 showsthe1 hour

� �
datacoverageatall stations.

A very few stationsreportmaximumwave height
�4365#7

or meanwave direction
" -

. Thesearenot
verifiedin thepresentreport.

Themeasuringaccuracy variesfrom stationto station,asmaybeseenfrom thestationplots in the
Appendix.A few buoysuse0.5mwave heightaccuracy, most0.1mor 0.01m.

.0/#1
is recordedwith

0.01saccuracy, while
.�2

accuracy is 1satmoststations.Statisticson theobservedwaveparameters
areshown in theappendix.

Parameter
� � .�/#1 .�2 " - � ��- . �&- " ��- �436587

Atlantic 8 - 8 - - - - -
Br. Channel 4 - 1 - - - - -
Irish Sea 2 - 4 - - - - -
Scotland 1 - 2 - - - - -
North Sea 5 - 4 - - - - -
DanishWestCoast 4 4 4 - - - - -
Baltic Sea 3 3 - - - - - 3
Mediterranean 1 1 1 1 - - - -

Total 28 8 24 1 - - - 3

Coverage 84% 96% 87% - - - - -

Table4. Numberof wavestationsin eachdomain,andfor eachwaveparameter.

7



Figure3. Waverecorderlocations.
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Figure4. Missingdata.Significantwaveheight.Stations20044,24023,25077,25138andathosonly sample
every3rdhour.
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4 Err or measures

Model errorsarecalculatedusinga 3-d residualmatrix, built from all availableobservationsand
forecasts.With thegeneralformula 9):<;>= ?�@�A�B �C�ED 9): � A�; ��FGD)H ;<:>9)I+A � = D)J theresidualmatrix reads
(bracketsindicatea dependency)

9):>;<=K?�@EA�B � ; � A � = D)JL! A J A�B M+;>=K; ! 9)A JON : '

with the numberof stationsdependingon the parameterin question(seeTable4), analysisevery
6 hours,andforecastsrangingfrom 1-48hoursin 1 hoursteps.By averagingtheresidualover all
analyses,wegetthemodelbiasor meanerror:

H =KA�; � ; � A � = D)JL! 9)A JON : '

Furtherlinearaveraginggivesthebiasfor eachforecastrange(averagedover all stations),for each
station(averagedover thefull forecastrange),andasa grandaverage.

H =KA�;+P � 9)A JON : 'H =KA�;<Q � ; � A � = D)J�'
RTSVU �

In the sameway, theroot meansquareerror 9)WX; � ; � A � = D)JL! 9)A JON : ' is calculatedusingtheresidual
squared.Therange-andstation-dependency ( 9)WY;�P ! 9)WY;>Q ), andthegrandaverage( Z\[ �

), is cal-
culatedin thesamewayasfor thebiasvalues.

For thewaveheightonly, thebiasandrmserrorarealsocalculatedasafunctionof waveheight.The
residualis sortedinto observationbins0.5mwideandaveragedfor eachbin.

H =KA�; � ; � A � = D)JL!(D)H ; H = J�'
9)WY; � ; � A � = D)JL!#D)H ; H = J�'

It shouldbenotedthat the very high wave bin aresparselypopulated.Averagingover all stations
givesthefull modelerrordependency onwave height,calculatedbothasanabsolutevalueandasa
relativeerrorin %.
Thescatterindex ;<= is obtainedby normalising9)WY; with theobservedmeanvalue. ;>= maybeused
to intercomparermserrorsatstationswith largedifferencesin wave climate.Thisonly makessense
for positivedefinitevariables.

;>= � ] 3 �
^ ,

� �8_

Correlationcoefficientsarecc calculatedusingforecastpseudotime series,establishedby concate-
natingall 1-6hourforecasts,thenall 7-12hourforecastsandsoon. Thisgivescoefficientsvalid for
eachof the6 hourrangesblocks1-6,7-12,.. , 43-48hours:

�`� � ; � A � = D)JL!(H B D �`a '

As before,range-andstation-dependentvalues( �`� P ! �`� Q ), andagrandaverage( bcb ), arecalculated.
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5 Results

This sectiondescribesthenov-dec2001wave verificationresultsfor significantwave height,mean
wave period,anddominantwave period. Swell anddirectionalparametersarenot observedat any
fixedlocation(with oneexception)andmaximumwave heightis notcalculatedby thewave model.

Below, wediscussgrandaveragesandregionalaverages.Detailedresultsfor eachstationarefound
in theAppendixtheendof thereport.

5.1 Significant waveheight

Table5 shows biasandrelative bias,rms error, scatterindex andcorrelationcoefficient, averaged
over thefull forecastrange.Thetotalnumberof datapointsusedto producethestatisticsis 327936.
Theerrorestimatesaresortedouton8 geographicalregions.

Parameter #st bias rms si cc bias
Region cm cm % % %

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
NorthSea 5 1 52 23 92 0
DanishWestCoast 4 11 42 28 89 6
Baltic Sea 3 17 53 49 83 16
Meditter. 1 -14 50 32 92 -9

All Waters 28 0 52 30 90 4

Table5. Significantwaveheightresults

Thewave modelhaszeroor insignificantbiasonaverageandanrmserrorof 0.52m. Scatterindex
is low (0.30)andcorrelationcoefficient high (0.90 for the 1-6 hour range,seeFig. 5). Thereis a
largeregionalspread.Wavesareunderestimatedonaveragein theAtlantic, in particularatthestation
northof theShetlandIsles,andatthestationin theAegeanSea.Conversely, wavesareoverestimated
in theBritish Channel,in theBaltic andattheDanishWestCoast.Thescatterindex is well below an
acceptancelevel of 0.4in mostregions,with theBaltic andtheBritishChannelasexceptions(Fig 5).

Theerror dependency on forecastrangeandon wave heightis shown in Fig. 6 for the full model
system.

Themodelbiasdoesnotdependonforecastrange,while thermserrorincreasesslowly, from 0.45m
at shortrangeto 0.60mat 48hrange.Thermserror is significantalreadyat analysistime sincethe
modelis initialisedwithout any useof theobservedseastate.

Thereis astrongdependency onwaveheight.Smallwaves(below 2m)areoverestimated,while high
waves(in excessof 3m)areunderestimated.Thisnegativebias,andthermserror, bothincreasewith
increasingwave height.Very smallwaves(below 0.5m)areoverestimatedby about75%,andsince
mostof thewavesaresmall,this leadsto therathermisleadingresultof noaveragewave bias.
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Figure5. Upperpanel:shortrange(1-6h)scatterdiagram,lower panel:scatterindex

Resultsfor eachsinglestationis shown in the Appendix. Pleaserefer to Table8 andFig. 3 for
stationnumbersandlocations.
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5.2 Mean waveperiod

Themeanwave period
.�/(1

is only measuredat8 stations.Grandaveragesareshown in Table6, and
a short-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 0.65 0.98 24 72 16
Meditter. 1 0.65 0.95 22 84 15

All Waters 8 1.37 1.65 37 70 31

Table6. Meanwaveperiodresults

At theDanishWestCoaststations
.0/#1

is grosslyoverestimated.Thereasonfor thisis yetunresolved.
At thestationsin theBaltic andtheMeditteranean

.�/#1
is slightly overestimated,with apositivebias

of 0.65sor 15%. Thescatterindex is well below theacceptancy level of 0.4. Datasheetsfor these
stationsarepresentedin theAppendix.
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Figure7. Meanwaveperiod,1-6hrange.Left panel:all stations,right panel:Baltic stations

5.3 Dominant waveperiod

Thedominant(or peak) wave period
. 2

is recordedat the 20 NDBC stations.Grandaveragesare
shown in Table7, short-rangescatterdiagramsin Fig. 8..�2

showsverybadverificationresultsfor a numberof reasons:

g a low recordingaccuracy of 1 secg a correspondinglow forecastaccuracyg timeseriesthatflick betweena highanda low periodpeak

Thelatterreasonis theworst.Evenwhenthewave spectrumis ratherwell predicted,wemaygeta
very large

.�2
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 2.89 3.22 39 68 35
Br. Channel 4 0.25 2.67 48 42 11
Irish Sea 2 2.45 3.97 78 28 49
NorthSea 4 2.87 3.81 65 39 49
DanishWestCoast 4 0.90 3.11 44 34 13
Meditter. 1 -0.25 1.20 21 75 -4

All Waters 24 1.90 3.24 50 47 29

Table7. Dominantwaveperiodresults

Only thesingleAegeanSeastationin theMeditteraneanhasagoodscore,with asmallnegativebias
of -0.25s(-4%) anda scatterindex of 0.21. This stationis theonly onewhereswell is mostoften
notpresent,asBaltic stationsdonot record
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Figure8. Dominantwaveperiod,1-6hrange.Left panel:all stations,right panel:Athos
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6 Conclusion

DMI wave forecastsfrom nov-dec2001areverified,usingwave datafrom 28buoys.

Main conclusionsare:

g Thesignificantwave height
� �

givesreasonableresultsg Otherwave parametersareeithernot recordedor have somedataproblemg Theforecastqualitydecreasesslowly with increasingforecastrangeg Thereis a largeregionalspreadin forecastqualityg Thereis a strongerrordependency onwave height

Thesignificantwaveheightis recordedatall stations.Theerrordistributionis examinedin termsof
forecastrange,asafunctionof observedwave height,andfor separategeographicalregions.

Thebiasis zeroonaverage.Thereis a largegeographicalspread,anda strongdependency onwave
height.Low waves(below 3m) areoverpredicted,while highwaves(in excessof 3m)areunderpre-
dicted.Therelativeerrorincreaseswith waveheight;wavesof 10mheighthave anaveragenegative
biasof 17%.

The averagerms error is 0.52m,increasingslowly with forecastrange. Thereis a large regional
spread.High waves( h 3m) have a ratherconstantrelativermserrorof roughly20%.

An averagescatterindex SI=0.30is acceptable,with just a few stationshaving si h 0.4 (sometimes
usedas an acceptancelevel) due to low recordingaccuracy. The averagecorrelationcoefficient
CC=0.90.

Two typesof waveperiodarerecorded;themeanwaveperiodandthedominant(peak)waveperiod.
Dominantwaveperiod predictionsarenot good. This is a dataproblem; a well predictedwave
spectrumdoesnotguaranteeacorrectdominantwaveperiodin situationswith two spectralmaxima.
Also, moststationssampleonly with 1saccuracy andsodoesthemodel;this in itself leadsto large
errormeasures.Only theMeditteraneanstationshowsgoodresults,with a biasof -0.25sandascat-
ter index of 0.21.

Themeanwaveperiod is recordedat 8 locations,half of which have a datainterpretationproblem.
At theremaining4 stationsthemodeloverestimatesthemeanwaveperiodby 0.65sor 15%onaver-
age,with ascatterindex of 0.24anda correlationcoefficient of 0.75.

Heightof swellis notrecordedatany of thefixedpositions.A few recordmaximumwaveheightbut
this is not predictedby thewave model.

Only a singlestationrecordswave direction;this is not verified.

Futurereportsareplannedona three-monthlybasis.
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7 Appendix

ThisAppendixcontainsastationtable(below), observationstatisticstables,forecaststatisticstables,
anda plot sheetfor eachstationandeachparameter(

��� ! . /(1 ! . 2
), arrangedsequentiallyaccording

to thestationtable.

7.1 Station table

StationID Agency Region lat. lon. parameters

almag SMHI Baltic 59.15N 19.13E
� � ! �4365#7 ! .�/(1

oland SMHI Baltic 56.07N 16.68E
� � ! �4365#7 ! .�/(1

truba SMHI Baltic 57.60N 11.63E
��� ! � 365#7 ! . /(1

20044 KDI D. WestCoast 57.58N 9.41E
��� ! . /#1 ! . 2

24023 KDI D. WestCoast 56.47N 8.06E
��� ! . /#1 ! . 2

25077 KDI D. WestCoast 55.81N 7.94E
��� ! . /#1 ! . 2

25138 KDI D. WestCoast 55.35N 8.23E
��� ! . /#1 ! . 2

62001 NDBC Atlantic 45.20N 5.00W
��� ! . 2

62026 NDBC NorthSea 55.30N 1.10E
� � ! .i2

62029 NDBC Atlantic 48.70N 12.40W
� � ! .i2

62101 NDBC B.Channel 50.60N 2.70W
� � ! .i2

62103 NDBC B.Channel 49.90N 2.90W
� � ! .i2

62105 NDBC Atlantic 54.90N 12.60W
� � ! .i2

62106 NDBC Atlantic 57.00N 9.90W
� � ! .i2

62107 NDBC Atlantic 50.10N 6.10W
� � ! .i2

62108 NDBC Atlantic 53.50N 19.50W
� � ! .i2

62109 NDBC NorthSea 57.00N 0.00
� � ! .i2

62117 NDBC NorthSea 57.90N 0.00
� � ! .i2

62145 NDBC NorthSea 53.10N 2.80E
��� ! . 2

62163 NDBC Atlantic 47.50N 8.50W
��� ! . 2

62301 NDBC Irish Sea 52.30N 4.50W
��� ! . 2

62303 NDBC Irish Sea 51.60N 5.10W
��� ! . 2

62304 NDBC B.Channel 51.10N 1.80E
��� ! . 2

62305 NDBC B.Channel 50.40N 0.00
��� ! . 2

62414 NDBC NorthSea 53.80N 2.90E
� �

64045 NDBC Atlantic 59.10N 11.40W
� � ! .i2

64046 NDBC Scotland 60.70N 4.50W
� � ! .i2

athos NCMR Mediterr. 39.96N 24.72E
� � ! .�/#1 ! .i2 !(" -

Table8. Wavestations.Stationname/number, driving agency, position,andwaveparameters.SMHI=Swedish
MeteorologicalInstitute,NDBC=NationalDataBuoy Center(UK), NCMR=NationalCenterfor MArine Re-
search(Greece),KDI=CoastalAuthorities(Denmark). jck =significantwave height, j\lLmon =maximumwave
height, p�q�r =meanwaveperiod, p+s =peakor dominantwaveperiod, t<u =meanwavedirection.
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7.2 Observedwavestatistics

Station mean stdev 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 2.57 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 4.10 1.61 1.10 12.30
64046 4.18 1.63 1.10 10.70
athos 1.59 1.18 0.11 5.56

Table9. Observedwaveheight
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Station mean stdev min max

almag 3.93 0.74 2.70 6.10
oland 4.61 0.90 2.60 8.50
truba 3.91 0.75 2.40 7.00
20044 4.37 0.83 2.47 6.56
24023 5.01 0.86 2.84 7.69
25077 4.82 0.89 2.61 7.69
25138 4.10 0.91 2.22 6.90
athos 4.32 1.09 2.47 7.28

Table10. Observedmeanwaveperiod

Station mean stdev min max

oland 4.61 0.90 2.60 8.50
20044 6.64 2.30 2.27 15.38
24023 8.49 2.56 2.78 16.67
25077 7.81 2.40 2.78 15.38
25138 6.19 2.28 1.89 13.33
62001 7.23 1.48 5.00 12.00
62026 6.20 1.34 3.00 10.00
62029 7.51 1.17 5.00 13.00
62101 3.96 0.89 2.00 7.00
62103 7.75 1.64 5.00 18.00
62105 8.09 1.24 6.00 12.00
62106 7.99 1.25 4.00 13.00
62107 8.72 1.44 6.00 14.00
62108 8.01 1.04 6.00 12.00
62109 6.58 1.34 4.00 16.00
62117 5.81 1.23 3.00 9.00
62145 4.93 1.02 3.00 7.00
62163 7.23 1.36 5.00 12.00
62301 4.40 1.13 3.00 9.00
62303 6.56 1.43 4.00 19.00
62304 6.28 0.77 3.00 9.00
62305 7.44 1.94 3.00 26.00
64045 8.20 1.17 4.00 13.00
64046 8.34 1.15 6.00 13.00
athos 5.73 1.68 2.10 9.57

Table11. Observeddominantwaveperiod
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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 47 29 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 54 21 91 -3
62117 39 73 30 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 42 39 90 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

Table12. Predictedsignificantwaveheight
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Parameter bias rms si cc bias
Station s s % % %

almag 0.67 1.14 29 62 17
oland 0.55 0.81 17 83 12
truba 0.73 1.01 26 71 19
20044 1.56 1.78 41 72 36
24023 2.16 2.26 47 69 43
25077 2.18 2.40 50 66 45
25138 2.42 2.77 68 55 59
athos 0.65 0.95 22 84 15

Table13. Predictedmeanwaveperiod

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 2.94 3.92 54 51 41
62026 2.40 3.38 55 57 39
62029 3.41 3.91 52 55 45
62101 2.88 3.95 100 39 73
62103 0.56 2.46 32 45 7
62105 3.03 3.49 43 65 38
62106 3.21 3.62 45 58 40
62107 0.75 2.13 24 64 9
62108 2.73 3.05 38 57 34
62109 2.82 3.90 59 36 43
62117 4.12 4.91 84 21 71
62145 2.12 3.05 62 44 43
62163 2.85 3.55 49 61 39
62301 3.09 4.57 104 24 70
62303 1.81 3.38 51 32 28
62304 -0.97 1.53 24 50 -15
62305 -1.46 2.75 37 34 -20
64045 2.96 3.32 40 66 36
64046 2.89 3.22 39 68 35
athos -0.25 1.20 21 75 -4

Table14. Predicteddominantwaveperiod
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7.4 Significant waveheight station plots

Thefollowing pagesshow significantwave heighterrorstatisticsfor eachstation.
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Figure36. st. Athos:significantwaveheight
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7.5 Mean waveperiod station plots

The following pagesshow meanwave perioderror statisticsfor eachstation. Only stationswith
reasonablestatisticsareincluded.
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7.6 Dominant waveperiod station plots

Thefollowingpagesshow dominantwave perioderrorstatisticsfor eachstation.Only stationswith
reasonablestatisticsareincluded.
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