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1. INTRODUCTION

The Canadian Updateable Model Output Statistics
(UMOS)system,describedin WilsonandVallée(2003,2002),
hasbeenproducingforecastsof themarinewindsfor theGreat
Lakesin real time, on anexperimentalbasis,sinceDecember
of 2002. This paperwill briefly describeUMOS, focussing
on thosemodificationsof the operationalimplementationre-
quired for its adaptationto the GreatLakes marineforecast
problem.To thatendthedesiredpredictandsaredefined,and
thosemodelpredictorsintroducedspecificallyfor theapplica-
tion of UMOSto theGreatLakesforecastarelisted.

Comparisonsof the UMOS forecastsagainstthe direct
modeloutputof theregionalGlobalEnvironmentalMultiscale
(GEM) modelwhichsuppliedthepredictorsfor theregression,
theofficial marineforecastissuedby theOntarioregionof the
MeteorologicalServiceof Canada(MSC),andtheperfectprog
forecastsof theNationalWeatherService(NWS)of theUnited
Statesarepresented.

In May, 2003 the MeteorologicalDevelopmentLab of
theNWS announcedtheoperationalimplementationof a new
ModelOutputStatistics(MOS) (GlahnandLowry, 1972)sys-
tem encompassingthe observationalnetwork maintainedby
the National Data Buoy Centre (NDBC) of the American
NationalOceanicandAtmosphericAdministration(NOAA),
(McAloon, 2003) including thoseweatherbuoys mooredon
theGreatLakessupplyingobservationsusedin theUMOSre-
gressions.Solutionsfrom theUMOSandtheMDL MOSsys-
temsarecomparedat thosesiteson theGreatLakesat which
bothof thesesystemsproduceforecasts.

Finally, weexaminetheproblemof capturingtheseasonal
dependenceof thewindspeedon theGreatLakes.Resolution
of thestrongseasonalsignalin this predictandis complicated
by theincompleteobservationalprogrammein placeto moni-
tor theGreatLakes.Removal of thebuoyseachfall, andtheir
subsequentre-deploymentin thespring,obscuresthissignalin
theregression.Wetouchuponthis featureof theproblem,and
on a possibleapproachto guaranteethe faithful reproduction
of theseasonaltrendin theregressionsolutions.

2. UMOS

In March of 2001 the CanadianUMOS system,inspired
by ideaspresentedby Ross(1989,1987), was implemented
operationallyat the CanadianMeteorologicalCentre(CMC),
providing guidanceto the forecastcentresof theMSC across
Canada. The systemis basedupon a MOS formulation for
constructingthe regressionequationsusedto obtainforecasts

of the desiredpredictands. However, as its namesuggests,
UMOS hasthecapacityto automaticallyupdatetheseregres-
sionequationswith any desiredfrequency.

Furthermore,UMOS canquickly adaptto changesin the
numericalweatherprediction (NWP) model which supplies
the predictorsto the regressionequations. UMOS permits
the assignmentof differentweightsto the predictorsamples
from the old and new NWP models. A judicious choiceof
theseweightscanacceleratetheacclimatizationof thestatisti-
calmodelto thebiasesinherentto thenew NWPmodel,with-
out introducingunacceptableinstabilitiesinto the regression
solutionsduringthecourseof thetransitionfrom theold NWP
modelto thenew one.

As a statisticalpost-processingsystemintendedto refine
the guidanceavailable for the MSC environmentalforecast
programmes,it was designedto function efficiently and ro-
bustly in an operationalNWP computingenvironment,pos-
sessingextensive configurability and a fairly high degreeof
portability acrossUNIX/Linux platforms. Thesecharacter-
istics, along with the promising resultsreportedby Wilson
andVallée (2003), strongly recommendedthe applicationof
UMOS to the problem of forecastingmarine winds on the
GreatLakes.

3. PREDICTANDS

The smallestforecastregion in the MSC marineforecast
for the GreatLakes is half a lake, the lakesbeingsplit east-
west, with the exceptionof Lake Huron and Georgian Bay,
which aresplit north-south,andWhitefishBay andLake St.
Clair, which are too small to be split. Thus the buoys dis-
playedin Fig. 1 monitorall of theregionsin theMSC marine
forecastprogrammeon the GreatLakesexceptfor Whitefish
Bay andthatsegmentof theSt. LawrenceRiverwhich flows

MSC buoy

NDBC buoy

Figure1. Weatherbuoys in theGreatLakesbasin.

throughtheprovinceof Ontario.
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Lake Michiganfalls outsideof theMSC GreatLakespro-
gramme,so the buoys on this lake wereexcludedfrom con-
sideration. Furthermore,UMOS requiresapproximately325
samplepointsin orderto obtainstableregessionequationsfor
forecastingthewind (Wilson andVallée,2002),soseveralof
thebuoyswereeliminatedbecausetheir observationalrecords
weren’t sufficiently long.

�
Thebuoysoriginally consideredin

this project,shown in Figure2, coverbothhalvesof all of the
majorlakes.

Thepredictandsemployedin theregressionconsistof the
windspeed,along with the zonal and meridionalwind com-
ponents,observedat thesebuoys. Sincethe anemometerson
mostof thesebuoys aresituatedlessthan5 metresabove the
surfaceof thewater, thewindspeedsreportedby theseinstru-
mentswerecorrectedto thestandard10metrereferencelevel,
usingBridget Thomas’implementation(Thomas,1972)of J.
L. Walmsley’s(Walmsley, 1988)algorithmfor adjustingwind-
speedto differentheights.Thearchivedmodelforecastssup-
plying thepredictorsfor theregressionwereonly availableat
thesynoptichours.Themaximumwindspeedobservedin the
6-hourperiodcentredon thesynoptichourswasthereforeem-
ployedasapredictand.For thewind direction,thepredictands
for a particularsynoptichourweregivenby thewind compo-
nentsobtainedfrom the wind with the maximumwindspeed
in the6-hourinterval bracketingthesynoptichour. In contrast
to the17 forecastprojectionsof wind speedanddirectionpro-
ducedin the operationalimplementationof UMOS (Wilson
andVallée,2003),only 9 forecastprojections(every 6 hours
from 0 to 48h) aregeneratedby theversionof UMOSadapted
to theGreatLakesforecast.

4. PREDICTORS

Theversionof UMOSin operationalusedrawsthepredic-
torsfor theregressionequationsfrom a largepoolof variables
derived from the meteorologicalfields forecastby the GEM
model- includingpersistancevariablesthereareatotalof 177
potentialpredictorsavailable to the operationalimplementa-
tion of UMOS.Thiswideselectionof predictorsnotwithstand-
ing,anumberof additionalquantitiesdeemedparticularlyper-
tinentto themarineforecastproblemwereaddedto theorigi-
nalUMOSset,includingisallobaricandcurvatureterms,vari-
ablesrepresentingthe instability of themarineatmospherein
the lower layers,andsecond-ordertermscoupling the mean
instability in theselayerswith thewindsat thetopof thelayer.

In orderto captureany climatologicalsignalsin thepredic-
tandsthe Julianday is availablein the original setof UMOS
predictors.Inspiredby theperfectprogsystemdevelopedby
theNWSfor GreatLakeswinds,thefirst harmonicsof theJu-
lian day

�
wereaddedto this predictorset.

�
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Figure2. Weatherbuoys consideredfor this study.

Theentirecollectionof predictorsofferedto the forward-
stepwise multivariate linear regression (MLR) algorithm
(Draperand Smith, 1966; IMSL User’s Manual, 1989) em-
ployed by UMOS in the forecastof continuouspredictands,
is presentedin Table1. Thosevariablesdisplayedin redwere
addedto theoriginalsetavailableto theversionof UMOScur-
rently in operationalservice.

5. TESTS

Goodness of fit − buoy:45001 run:00Z

average size of dependent sample: 274
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Figure3. Fit of UMOS equationsfor thecentralSuperiorbuoy.

The resultsfor the UMOS forecastsof the wind at the
NDBC’s centralSuperiorbuoy (45001),displayedin Figs3 -
6, aregenerallyrepresentativeof its performanceon theGreat
Lakes.In Fig. 3 thefits for thecomponentsof thewind peakat
anadjustedreductionof varianceneighbouring85%asthere-
gionalGEM modelspinsup. Thefit thenbeginsto deteriorate
with increasingforecastprojectionastheskill of theGEM

�
Specifically, thewatchkeeperbuoysdeployedin thefall of 1999by theMSConsomeof thesmallerbodiesof waterin Ontario,namelyLakeof theWoods,

LakeNipissing,theNorthChannel,andLakeSimcoe.Thebuoy deployedby theNDBC in LakeOntarioin 2001wasomittedfor thesamereason,althoughits
datacouldbepooledwith thatof thetwo Lake Ontariobuoys maintainedby theMSC.�

Thesecondharmonics,whicharealsoemployedby theNWSin their statisticalmodels,werenot used.�
Faucheretal. (1999)alsodiscussthepossibleutility of thefirst harmonicsof theJulianday, but usedonly theJuliandayitself asaclimatologicalpredictor

in their statisticalmodel.

2



Model Predictor Level(s) Label

Zonalandmeridionalwind components Surface,1000,925,850,700,500 UU,VV
Wind speedderivedfrom UU,VV Surface,1000,925,850,700,500 UV
Geostrophicwind components Surface,1000,925,850,700,500 UG,VG
Verticalvelocity 1000,925,850,700,500 WW
Curvatureof the MSL pressurefield Surface ��� , �
	
Surfacepressuretendency Surface D3
Gradients of the surfacepressure tendency Surface DD3X,DD3Y
Laplacianof thesurfacepressuretendency Surface LT
Divergence Surface,1000,925,850,700 DI
Meridionalshearof thezonalwind component 1000,925,850,700 UY
Zonalshearof themeridionalwind component 1000,925,850,700 VX
Temperature Surface,1000,925,850,700 TT
Zonalandmeridionaltemperaturegradients Surface,1000,925,850,700 TX, TY
Verticaltemperaturegradient Surface,1000,925,850,700 TZ
Temperatureadvection Surface,1000,925,850,700 AT
Water temperature TM
Water-air temperaturediffer ence Surface,1000,925,850,700 TMTT
Zonal,meridionalgradientsof dewpointdepression Surface,1000,925,850,700 DX,DY
Vorticity advection Surface,1000,925,850,700,500 ZA
Secondorder terms coupling TZ
with upperlevel winds 1000,925,850 UVT,UUT,VVT

Secondorder terms coupling TZ with
upper level geostrophic winds 1000,925,850 WGT,UGT,VGT

Julianday JULIAN
First harmonics of Julian day COS JUL,SIN JUL

Table1: Potentialpredictorsderivedfrom GEM forecastfields

forecastwanes.Thefit for thewindspeedexhibits similar be-
haviour, but the reductionof varianceis anywherefrom 5 to
15%lower thanthatachievedfor the wind components.The
UMOSmodelmanifestsvery little bias,asis evidentin Fig. 4,
which is to beexpectedfrom aregressionmodel.

As can be seenin Fig. 5, UMOS reducesthe meanab-
soluteerror in the model windspeedat all projections,with
correctionsof asmuchas1 knotor more.In Fig. 6 wecansee
thatthedirectionof thewind is generallyimprovedonaverage
by approximately�
� . Additional resultsontheperformanceof
this adaptationof UMOS to the GreatLakesmarineforecast
canbefoundin Peelet al. (2002).

Comparisonsagainstthe official forecastissuedby the
Ontario Region of the MSC necessitatedthe parsingof the
MAFOR, a highly structured,codifiedversionof the marine
forecastfor theSt. LawrenceSeaway. TheMAFOR classifies
windspeedforecastsinto thecategorieslistedin Table2.
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Figure4. Biasin UMOS forecastsfor thecentralSuperiorbuoy.
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Windspeed error − buoy:45001 run:00Z

average size of independent sample: 91
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Figure5. Windspeederrorat thecentralSuperiorbuoy.

Wind direction error − buoy:45001 run:00Z

average size of independent sample: 69
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Figure6. Wind directionerrorat thecentralSuperiorbuoy.

Verification of the forecastsystems,employing this cat-
egorizationof the windspeed,resultsin ����� contingency
tablessuchas thosepresentedin Tables3 - 5. The contin-
gency table for a perfectforecastsystemwould consistof a
diagonalmatrix,andtherelativesizeof thediagonalelements
for the correspondingcolumn from eachof the contingency
tablesaffordsan initial impressionof thecomparative quality
of the forecastsof wind speedin that forecastrange.On this
basisit canbeseenthatUMOSimprovesonGEM modelout-
put for all windspeedcategoriesexcept the lowest two. The
elementsontheprincipaldiagonalof thecontingency tablefor
theUMOS forecastsaremarkedly largerthanthecorrespond-

ing elementsin the table for the official MSC forecastin all
windspeedcategoriesexceptthelowest.

MAFOR windspeedrange
windspeedclass (knots)

0 0 - 10
1 11- 16
2 17- 21
3 22- 27
4 28- 33
5 34- 40
6 41- 47
7 48- 55
8 56- 63
9 � 63

Table2. MAFOR wind speedclasses.

Forecastbiasesin eachwindspeedrangearegivenby the
ratio of the total numberof forecastsfor that range,which is
found in the ”totals” column at the right for the row corre-
spondingto thedesiredwindspeedrange,to the total number
of buoy reportsfalling into that range,given in the matching
columnof the”totals” row at thebottom.Henceit canbeseen
from Table4 thatUMOS greatlyunderforecastswinds in the
lowestspeedcategory, possessinga biasof ���������� . Conversely,
UMOS overforecastswinds in the second-lowestwindspeed
category, with a biasof � ���������� . This over-forecastingbiasper-
sistsfor therestof thewindspeedclasses,but relaxeswith in-
creasingwindspeedto nearunity at theupperendof thewind-
speedspectrum,wherethe UMOS forecastsexhibit a biasof
�
�
���

for gales.
Thisbehaviour in theUMOSforecastsresultsfrom theten-

dency of regressionsolutionsto forecasttowardsthe mean.
Windspeedfollows a Weibull distribution (Somerville and
Bean,1979), which is positively skewed. Hence,while in-
spectionof the columntotals in Tables3 - 5 revealsthat the
modeof the distribution of windspeedsreportedat the buoys
occursin thelowestrange,themeanfalls in thesecond-lowest
windspeedcategory.

Thebiasesresultingfrom theUMOSequationsdiscernible
in Table4 aremirroredin Tables6 and7, which tabulatethe
Probabilityof Detection(POD)andFalseAlarm Ratio(FAR)
for the thresholdsseparatingeachof the adjacentwindspeed
categories.Thesetablesdemonstratethatwhile UMOSscores
PODscomparableto thoseachievedby theofficial MSCfore-
castfor all thresholds,theUMOSFARsarenear, andfor some
thresholdsbelow, half of thecorrespondingFARs of the offi-
cial forecasts.
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Observed
0 1 2 3 4 5 6 7 8 9 totals

0 0562 0133 0023 0002 0000 0000 0000 0000 0000 0000 0720
F 1 0383 0413 0225 0017 0000 0000 0000 0000 0000 0000 1038
o 2 0037 0119 0299 0097 0007 0000 0000 0000 0000 0000 0559
r 3 0007 0010 0077 0128 0023 0002 0000 0000 0000 0000 0247
e 4 0000 0001 0004 0019 0029 0016 0000 0000 0000 0000 0069
c 5 0000 0000 0000 0001 0010 0014 0000 0000 0000 0000 0025
a 6 0000 0000 0000 0000 0001 0001 0000 0000 0000 0000 0002
s 7 0000 0000 0000 0000 0000 0000 0000 0000 0000 0000 0000
t 8 0000 0000 0000 0000 0000 0000 0000 0000 0000 0000 0000

9 0000 0000 0000 0000 0000 0000 0000 0000 0000 0000 0000
totals 0989 0676 0628 0264 0070 0033 0000 0000 0000 0000 2660

Table3. Verificationof regionalGEM forecastsat all projections

Observed
0 1 2 3 4 5 6 7 8 9 totals

0 0213 0020 0001 0000 0000 0000 0000 0000 0000 0000 0234
F 1 0688 0408 0137 0007 0000 0000 0000 0000 0000 0000 1240
o 2 0081 0222 0343 0056 0003 0000 0000 0000 0000 0000 0705
r 3 0006 0024 0143 0165 0017 0003 0000 0000 0000 0000 0358
e 4 0001 0002 0003 0034 0038 0006 0000 0000 0000 0000 0084
c 5 0000 0000 0001 0002 0012 0021 0000 0000 0000 0000 0036
a 6 0000 0000 0000 0000 0000 0003 0000 0000 0000 0000 0003
s 7 0000 0000 0000 0000 0000 0000 0000 0000 0000 0000 0000
t 8 0000 0000 0000 0000 0000 0000 0000 0000 0000 0000 0000

9 0000 0000 0000 0000 0000 0000 0000 0000 0000 0000 0000
totals 0989 0676 0628 0264 0070 0033 0000 0000 0000 0000 2660

Table4. Verificationof UMOSforecastsat all projections

Observed
0 1 2 3 4 5 6 7 8 9 totals

0 0338 0106 0020 0002 0000 0000 0000 0000 0000 0000 0466
F 1 0400 0255 0129 0012 0000 0000 0000 0000 0000 0000 0796
o 2 0188 0210 0207 0045 0001 0000 0000 0000 0000 0000 0651
r 3 0052 0084 0187 0099 0012 0003 0000 0000 0000 0000 0437
e 4 0007 0018 0070 0063 0012 0002 0000 0000 0000 0000 0172
c 5 0003 0003 0014 0041 0029 0012 0000 0000 0000 0000 0102
a 6 0000 0000 0000 0000 0013 0006 0000 0000 0000 0000 0019
s 7 0000 0000 0001 0002 0003 0010 0000 0000 0000 0000 0016
t 8 0000 0000 0000 0000 0000 0000 0000 0000 0000 0000 0000

9 0000 0000 0000 0000 0000 0000 0000 0000 0000 0000 0000
totals 0989 0676 0628 0264 0070 0033 0000 0000 0000 0000 2660

Table5. Verificationof official MSC forecastsatall projections
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threshold
forecast class0-class1 class1-class2 class2-class3 class3-class4 class4-class5

light-moderate moderate-strong strong-neargale neargale-gale
DMO 0.91 0.73 0.66 0.69 0.45

UMOS 0.99 0.85 0.82 0.78 0.73
FPCN20 0.92 0.84 0.84 0.84 0.85

Table6. Comparisonof probabilitiesof detection.

threshold
forecast class0-class1 class1-class2 class2-class3 class3-class4 class4-class5

light-moderate moderate-strong strong-neargale neargale-gale
DMO 0.22 0.19 0.29 0.26 0.44

UMOS 0.32 0.28 0.37 0.35 0.38
FPCN20 0.30 0.40 0.59 0.72 0.80

Table7. Comparisonof falsealarmratios.

While thesestatisticsprovidea measureof thecumulative
performanceof the forecastsystemsconsidered,it is alsoin-
terestingto examineindividual cases.On October14, 2003a
deepeninglow pressuresystemcrossedthelowerGreatLakes,
triggeringstormwarningsfor Lake Ontario. Fig. 7 displays
the UMOS and regional GEM wind forecastsat the eastern
Ontariobuoy (45135),basedon the initialization of theGEM
modelat00ZonOctober13. UMOSforecastawindspeed(red
squares)of 45 knotswith a leadtime of 42 hours,which was
corroboratedby a reportedwindspeedof 47 knotsobservedat
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Figure7. Verificationof UMOSandGEM forecastsfor astormevent
onLake Ontario.

the anemometeron 45135(solid black line). UMOS consis-
tently forecastawindspeedin this rangewith eachsubsequent
integrationof themodel.

The UMOS forecastsfor the direction of the wind (red
windbarbsnearthetopof thefigure)werein fairly goodagree-
mentwith the buoy reports(black wind barbs)exceptfor the
36hourforecastvalid at12ZOctober15. The ��� � discrepancy
betweentheUMOSforecastof south-southeasterlywindsand
thewest-southwesterlywindsobservedat thebuoy is simplya
phasingerror, asthe model is a few hoursslow bringing the
cold front through easternLake Ontario. The concomitant
lag of the UMOS windspeedsbehindthoseobserved by the
buoy correspondsto thedelayin thedisplacementof a stable
southerlyflow with anunstablewesterlyone.

MDL MOS Forecastsfor the GreatLakesbecameavail-
ableearlyin May of 2003.This systemproducesforecastsfor
6 sitesat which UMOS alsogeneratesforecasts,namelythe
NDBC buoys in Superior, Huron,andwesternErie. Thepre-
dictorsfor theMDL systemareobtainedfrom theNWS GFS
NWP model, which is integratedevery 6 hours. Moreover,
theMDL systemprovidesforecastsevery 3 hours(McAloon,
2003).In orderto compareagainstUMOSonly thoseforecasts
on the synoptichourswereused,andthe preliminaryresults
reportedherewhereobtainedfrom theforecastsof modelruns
initializedat 00Z.

Forecastsof the wind direction are in quite good agree-
ment, ascanbe seenin Figure 8. Comparisonof the wind-
speedforecasts(Fig. 9) is complicatedby thefactthatthepre-
dictandfor the UMOS windspeedforecastsis the maximum
windspeedobserved over the 6-hour interval bracketing the
synoptichour. Thustheforecastswerecomparedto themaxi-
mumwind speedobservedin these6 hourintervals.Sincethe
MDL systemproducesforecastsat 3-hourintervals, for each
synoptichour the largestof: theMDL windpseedforecaston
the synoptichour, the MDL forecastfor 3 hoursbeforethe
synoptichour, andtheforecastfor 3 hoursafter thehour, was
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takenastheMDL forecastat thesynoptichour
�
.

MAE in wind direction forecasts − run:00Z

average size of independent sample: 425
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Figure8. Comparisonof errorsin UMOS,GEM, andMDL forecasts
of wind direction.

MAE in windspeed forecasts − run:00Z

average size of independent sample: 851
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Figure9. Comparisonof errorsin UMOS,GEM, andMDL forecasts
of windspeed.

6. SEASONAL SIGNAL IN THE WINDSPEED

Plotsof thewindspeedobservedat theanemometeron the
easternOntariobuoy (45135),alongwith thelow-level stabil-
ity of theatmosphereasdeterminedby thedifferencebetween
thesurfaceair temperatureandthetemperatureof thewaterin
thelake,aredisplayedin Fig. 10for theperiodextendingfrom
late1998throughtheendof 2002. TheeasternOntariobuoy
is a 12-metrediscusbuoy which normallyremainsin thelake
throughouttheyear.

However, the other buoys monitoring conditionson the
GreatLakesareremovedfrom the waterevery fall, to be re-
deployedeachspring. Theannualentryof thebuoys into the
water roughly coincideswith the minimum in the instability
of the marineatmospherewhich resultsfrom the cooling of
thelakesto nearthefreezingmarkover thewinter, alongwith
thenorthwardretreatof thearcticairmass.Thecorresponding
minimumin thewindspeedis duein partto thedampeningef-
fectof thestrongmarineinversionprevalentin thisverystable
atmosphere.The retrieval of the buoys in the fall occursjust
prior to theannualpeakin thelow-level instability, ascold air

periodically invadesthe GreatLakesbasinwith the passage
of synopticdisturbanceswhile lake temperaturesonly slowly
recedefrom their latesummermaxima.

Employing only theJuliandayasa climatologicalpredic-
tor could thereforeintroducesignificanterrorsinto the wind-
speedforecastsfor the winter monthsdueto an incorrectex-
trapolationby the statisticalmodel. The traceof the time-
seriesfor the windspeedwould be moreaccuratelymodelled
by atermin thecosineof theJulianday, andthis termdoesap-
pearfrequentlyin the regressionequationsfor thewindspeed
at severalof thebuoys on theupperlakes. At theselocations
springarriveslater, andwinter earlier, sothat theminimaand
maxima in the windspeedtrends,apparentin Fig. 10, fall
within theobservationalrecordof thebuoys,andthereforein-
fluencetheregressions.On thelower lakestheseminimaand
maximamay beabsentfrom the observationalrecord,result-
ing in a betterfit to eithertheJuliandayor its sine.
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Figure10. Seasonaltrendin windspeedandlow-level
instabilityat theeasternOntariobuoy.

7. DISCUSSION AND CONCLUSIONS

TheUMOS forecastsof marinewindson theGreatLakes
certainlyimproveon theGEM modelguidance.This appears
to holdespeciallyfor forecastsof windspeedat thehigherend
of the spectrum,at the price of a significantover-forecasting
bias at the lower end of the windspeedspectrum. Prelim-
inary resultsof a comparisonof UMOS to the NWS MOS
forecastsindicate fairly good agreementfor wind direction.
UMOS windspeedforecasts,which are essentiallyforecasts
of the maximumspeedover a 6-hour interval, are generally
strongerthantheNWSsolutions.

Several of the predictorsintroducedexpresslyto model
marinewinds did appearfrequently in the regressionequa-
tions,in particularthesecond-ordertermscouplingwindsaloft
to the low-level instability, aswell astermsmodellingthe in-
stability alone,andthe isallobaricterms.Thecurvatureterms
couldprobablybeomittedwithoutseriousconsequences,con-
sistentwith thefindingsreportedin Faucheret al. (1999)and
Burrowsetal. (1998)for theirreconstructionof awind climate
at thewestcoastbuoys.

 
For the6-hourprojectiononly two MDL forecastswereavailable:at thehourandthreehoursahead.
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With regard to the climatological predictors, reliance
solelyon theJuliandaymayresultin extrapolationerrorsfor
thosemonthsduringwhichthebuoysarenot in thewater. One
possiblerecoursewould be to deny the Julianday to the re-
gressionsfor the windspeed,while at the sametime possibly
forcing the inclusionin the regressionequationsof a term in
thecosineof theJulianday.

The MDL systemcircumventssuchextrapolationerrors
(McAloon, 2003) arising from the interruptionin the obser-
vationprogrammeonthelakesby generatingequationsfor the
buoy locationsin LakesSuperiorandHuronfrom pooledsam-
plesincludingdatafrom CoastalMarineAutomatedNetwork
(C-MAN) stations(seeFig. 11). The C-MAN stations,typi-
cally locatedon lighthouses,monitormarineconditionsonthe
lakesyear-round.ForecastsusingtheC-MAN dataarenotcur-
rently availablein UMOS becausetheobservationaldatawas
not availableat CMC in theformatrequiredfor ingestioninto
UMOS. It will be interestingto comparethe forecastsfrom
the MDL andUMOS systemsafter the buoys arewithdrawn
from thewaterto seeif theMDL strategy producesforecasts
significantlydifferentfrom thoseof UMOS.

MSC buoy

NDBC buoy

NDBC CMAN station

Figure11. Observationplatformsin theGreatLakesbasin.
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