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Wind forcing used to drive modern 3rd generationspectraloceanmodelsand oceanresponsemodels in generalcontinuesto be a major sourceof error. While weather prediction modelsrun in
reanalysisandforecastmodesareimproving,there canbe regionalsystematicbiasesanddeficienciesin stormeventswhichif left uncheckedwill contaminatethe oceanresponse.

Historically,a varietyof methodshavebeenappliedin hindcastandforecastmodesto improveon modeledwinds. Thispresentationdescribesseveralapproachesappliedin the WestAfricaNormalsand
Extremes(WANE3, seeFigure1) hindcastandshowthe impacton the oceanresponse. An important commonaspectof anywind correctionmethodologyrelieson the applicationof in-situ datawhich
hasbeenproperlyadjustedfor height,stabilityandtime averagingto providea commonreferencefor analysisandmodification.

Statisticalmethodswhichapplycorrectionson directionalandseasonalbasisusingsatellitemeasurementsareshownto reducesystematicbias. Windsin tropicalcyclones,whichcanbe poorly resolved
in globalsimulations,are improvedby blendingin solutionsfrom highresolutiondynamicalmodels. Finally,the impactandapplicationof classickinematicanalysistechniquesarepresentedandimpact
on the oceanresponseareshown.

Figure1. MaximumWindSpeedfor Sept-2014
TheWestAfricacoastlineposesa varietyof wind forcingchallenges
including local squalls,coastal enhancementsand well as swells
generatedfrom North Atlantic tropical systemsand oceanstorms
from both hemispheres.

Assessmentof wind reanalysisproducts using in-situ and satellite data is essential for
determining model skill. Wind measurementsneed to be adjusted for height, stability,
exposureand averagingperiod to ensurean unbiasedassessment. Most modern reanalysis
products include assimilation of common wind observations, making independent
determinationof skilla challenge.

Theincreasingnumberof wind observationplatformsassimilatedin atmosphericmodelscan
lead to inhomogeneityissuesin developinglong-term hindcastsover time. Tools,suchas
RHTest(Wang2008), can detect shifts/step changesin mean or hourly (Wanget al 2010)
modeloutput. TheRHTestanalysisshownin Figure2 indicatestwo stepchangesin the ERA-
Interim mean winds in June2002 and Sept 2011ςlikely due to changesin ingesteddata
appliedin the reanalysismodelingsystem.

Figure2. RHTestanalysisof mean SouthAtlantic winds

from CFSR(top) andERA-Interim (bottom)
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Overall systematicbias in reanalysiswinds may be reduced by statistical
method which assessesthe bias in the 1-99% Quantile-Quantile (Q-Q)
comparison on a grid point basis when comparisonsare stratified on a
directional,seasonal/monthlyandhourlybasis.

In this procedure,matchedpairs of model/measurementsare grouped (see
Figure3 for example)inά[ŜǾŜƭǎέ(seeTable1) whichincludeincreasingoverlap
of spatial, directional, seasonaland hour of the day and subjected to fit
testing. If a groupingpassesthe goodnessof fit test, a correction factor is
determinedby a linearfit to the Q-Q.

Overlap of selected stratification in each level is essential to maintain
consistencyin correctionfactors. Figure4 depictsthe geospatialcoverageof
the four levelsapplied in the correction process. Reductionin wind bias is
shownin Figure5, andlater confirmedby comparisonof resultantwavesafter
runningthe modelfor comparison(not shown).

Figure 5. Mean wind speed difference for raw CFSR(top) and
corrected CFSR(bottom) againstGLOBWAVEwind measurementsin
1998shownby basin(left) andon monthlybasis(right)

Level Spatial Box Directional
Bandwidth

Months Hours

1 +/- 112 km 45 +/- 30 deg +/- 2 All

2 +/- 112 km 45 +/- 30 deg +/- 3 All

3 +/- 140km 45 +/- 60 deg +/- 3 All

4 +/- 140km 45 +/- 90 deg +/- 3 All

Table1. Levelsappliedin WANE3 wind corrections

Figure 4. Spatial coverageof Levelsapplied in
WANE3 wind corrections

Figure 3. Directional matched
pairs during January offshore
WestAfrica.

Episodicperiodsof modelbiasin stormsare difficult to correctusingthe procedure
detailedin the sectionabovesinceconditionsexistover a muchshorter time frame
andtranslatein space.

During initial analysisof CFSRin the WANE3 basin it was noted that low pressure
systemsin the North Atlantic tropicalbelt depictedunusuallystrongwinds(example
in Figure6) that were not supportedby observationaldata. Theseάǎǳō-ǘǊƻǇƛŎŀƭέ
storms sometimesdeveloped into tropical systemsand were subject to overlay
within the CFSRtropical methodology,but periodsprior to tropical storm statusor
eventswhichdid not developposeda significantsourceof bias.

Storm systemswithin the WANE3 domain were determinedusingSTORMTRACKER
software (pressurecenter tracking) and matched with existing tropical database
from HURDATto remove comparisons when tropical cyclones occurred. A
comparisonof CFSRwinds and GLOBWAVEwinds within 500 km of each storm
center (Figure 7) confirmed the model bias over ~ 9 m/s and corrections for
individualstorms identified were applied. Figure8 depictsthe changesapplied in
September 1984 for both sub-tropical adjustment as well as overlay of high
resolutiontropicalmodeloutput.

Figure 6. Exampleof άǎǳō-ǘǊƻǇƛŎŀƭέstorm
found in CFSRhindcastoutput.

Figure7. Tracksof sub-tropical storms (top)
with Q-Q comparisonusingGLOBWAVEwinds
for datawithin 500kmof the storm(bottom).

Figure8. Comparisonof CFSRwindsduringSept-1984prior
to (top) and after (bottom) sub-tropical correction and
inclusionof tropical winds from a high resolution tropical
boundarylayermodel(seeCardone2009for description).

Kinematicanalysis,the direct manualreanalysisof wind fieldsby a skilledmarine-
meteorologist,is perhapsthe most powerful tool in reducingmodel biasin storm
events. It haslongbeenestablished(Cardone, et al. 1995) that a carefulreanalysis
of storm windsyieldsa direct improvementin the oceanresponsepredictedby a
wave model. Graphicaltools such as the Wind WorkStation(Cox,et al. 1995)
make it possible to evaluate and improve the top storm systems within a
continuoushindcast.

Stormswithin the WANE3 hindcastwere selectedusingstormsfound during the
VESSstudy (Cardone, et al. 2014) and stratified by top eventswhich are likely to
sendswellsto the WestAfricacoastline(Figure9). Additionalstorm periodswere
selectedby analysisof in-situ data(windsandwaves)alongthe coastlineaswell as
evaluationof top eventsfrom a globalhindcastat selectlocations.

In all, 194 storm events(both localand swell storms)from the period 1979-2014
wereanalyzedandstorm wind fieldslike the oneshownin Figure10 wereoverlaid
into the continuoushindcast.

An exampleof the predictedwaveimprovementin the generationzoneis shown
in Figure11 which depicts an altimeter passin a South Atlantic storm prior to
analysis(GROW2012) and in WANE3 after wind analysis. Wavesarriving at the
coastline(Figure12) alsoshowan improvementin the wavehindcastresults.

Figure 9. Locations of VESSevents for
kinematicreanalysis

Figure10. Examplekinematicanalysisduring
a SouthAtlanticstorm.

Figure 11. Altimeter comparison of unmodified CFSR
(GROW2012, blue) and WANE3 storm analysis(red) duringa
SouthAtlanticstorm.

Figure12. Modelledwaveheight (black)
for unmodified (top) and kinematic
storm analysis(bottom) for unspecified
industry measurementlocation in West
Africa.
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