RESULTS OF THE APPLICATION OF THE CANADIAN UPDATEABLE MODEL OUTPUT STATISTICS
SYSTEM TO THE GREAT LAKES MARINE FORECAST PROBLEM

SydPeet, Laurencel. Wilson, Marcel Vallée
MeteorologicaResearctBranch/RPN
MeteorologicalServiceof Canada

1. INTRODUCTION

The Canadian Updateable Model Output Statistics
(UMOS) systemgdescribedn WilsonandVallée(2003,2002),
hasbeenproducingforecast®f themarinewindsfor the Great
Lakesin realtime, on an experimentabasis,sinceDecember
of 2002. This paperwill briefly describeUMOS, focussing
on thosemodificationsof the operationaimplementatiorre-
quiredfor its adaptationto the GreatLakes marineforecast
problem. To thatendthe desiredpredictandsaredefined,and
thosemodelpredictorsintroducedspecificallyfor theapplica-
tion of UMOS to the GreatLakesforecastarelisted.

Comparisonsof the UMOS forecastsagainstthe direct
modeloutputof theregionalGlobal ErvironmentalMultiscale
(GEM) modelwhichsuppliedthepredictordor theregression,
theofficial marineforecasissuedby the Ontarioregion of the
MeteorologicaBServiceof CanaddMSC),andtheperfectprog
forecastof theNationalWeatherService(NWS) of the United
Statesarepresented.

In May, 2003 the MeteorologicalDevelopmentLab of
the NWS announcedhe operationaimplementatiorof a new
Model OutputStatisticgMOS) (GlahnandLowry, 1972)sys-
tem encompassinghe obsenational network maintainedby
the National Data Buoy Centre (NDBC) of the American
National Oceanicand AtmosphericAdministration(NOAA),
(McAloon, 2003) including thoseweatherbuoys mooredon
the GreatLakessupplyingobsenationsusedin the UMOS re-
gressionsSolutionsfrom the UMOS andthe MDL MOS sys-
temsare comparedat thosesiteson the GreatLakesat which
bothof thesesystemgroduceforecasts.

Finally, we examinethe problemof capturingthe seasonal
dependencef thewindspeedn the GreatLakes. Resolution
of the strongseasonasignalin this predictands complicated
by theincompleteobsenationalprogrammen placeto moni-
tor the GreatLakes. Removal of the buoys eachfall, andtheir
subsequente-deplymentin thespring,obscureshis signalin
theregressionWe touchuponthis featureof theproblem,and
on a possibleapproacho guaranteehe faithful reproduction
of theseasonalrendin theregressiorsolutions.

2. UMOS

In March of 2001 the CanadianUMOS system,inspired
by ideaspresentedy Ross(1989,1987), was implemented
operationallyat the CanadianMeteorologicalCentre(CMC),
providing guidanceto the forecastcentresof the MSC across
Canada. The systemis basedupona MOS formulation for
constructinghe regressiorequationausedto obtainforecasts
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of the desiredpredictands. However, as its namesuggests,
UMOS hasthe capacityto automaticallyupdatetheseregres-
sionequationawvith ary desiredrequeng.

Furthermore UMOS canquickly adaptto changesn the
numericalweatherprediction (NWP) model which supplies
the predictorsto the regressionequations. UMOS permits
the assignmendf differentweightsto the predictorsamples
from the old and newv NWP models. A judicious choice of
theseweightscanaccelerat¢heacclimatizatiorof the statisti-
calmodelto the biasedgnherentto the new NWP model,with-
out introducingunacceptablénstabilitiesinto the regression
solutionsduringthe courseof thetransitionfrom theold NWP
modelto thenew one.

As a statisticalpost-processingystemintendedto refine
the guidanceavailable for the MSC ervironmentalforecast
programmesijt was designedto function efficiently and ro-
bustly in an operationalNWP computingernvironment, pos-
sessingextensie configurability and a fairly high degree of
portability acrossUNIX/Linux platforms. Thesecharacter
istics, along with the promising resultsreportedby Wilson
and Vallée (2003), strongly recommendedhe applicationof
UMOS to the problem of forecastingmarine winds on the
GreatlLakes.

3. PREDICTANDS

The smallestforecastregion in the MSC marineforecast
for the GreatLakesis half a lake, the lakes being split east-
west, with the exceptionof Lake Huron and Geogian Bay,
which are split north-south,and Whitefish Bay and Lake St.
Clair, which are too small to be split. Thus the buoys dis-
playedin Fig. 1 monitorall of theregionsin the MSC marine
forecastprogrammeon the GreatLakes exceptfor Whitefish
Bay andthatsegmentof the St. LawrenceRiver which flows
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Figurel. Weatheruoys in the GreatLakesbasin.
throughthe province of Ontario.



Lake Michiganfalls outsideof the MSC GreatLakespro-
gramme,so the buoys on this lake were excludedfrom con-
sideration. Furthermore UMOS requiresapproximately325
samplepointsin orderto obtainstableregessiorequationgor
forecastinghe wind (Wilson andVallée,2002),so several of
thebuoyswereeliminatedbecausé¢heir obsenationalrecords
werent sufficiently long.* The buoys originally consideredn
this project,shavn in Figure2, cover bothhalvesof all of the
majorlakes.

The predictandemployedin the regressionconsistof the
windspeed along with the zonal and meridionalwind com-
ponentspbsenedat thesebuoys. Sincethe anemometersn
mostof thesebuoys aresituatediessthan’5 metresabove the
surfaceof the water, the windspeedseportedby theseinstru-
mentswerecorrectedo the standardLO metrereferencdevel,
using Bridget Thomas’implementationThomas,1972) of J.
L. Walmslg/'s (Walmsley, 1988)algorithmfor adjustingwind-
speedo differentheights. The archived modelforecastsup-
plying the predictorsfor the regressionwereonly availableat
the synoptichours. The maximumwindspeedbsenredin the
6-hourperiodcentredon the synoptichourswasthereforeem-
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Figure2. Weatherbuoys consideredor this study
The entirecollectionof predictorsofferedto the forward-

stepwise multivariate linear regression (MLR) algorithm
(Draperand Smith, 1966; IMSL Users Manual, 1989) em-

ployed by UMOS in the forecastof continuouspredictands,
is presentedn Tablel. Thosevariablesdisplayedn redwere
addedo theoriginal setavailableto theversionof UMOS cur-

rently in operationakervice.

ployedasa predictand For thewind direction,thepredictands 5. TESTS

for a particularsynoptichourweregivenby the wind compo-
nentsobtainedfrom the wind with the maximumwindspeed
in the 6-hourintenval bracketingthe synoptichour. In contrast
to the 17 forecastprojectionsof wind speedanddirectionpro-
ducedin the operationalimplementationof UMOS (Wilson
andVallée,2003),only 9 forecastprojections(every 6 hours
from 0 to 48 h) aregeneratedby theversionof UMOS adapted
to the GreatLakesforecast.

4. PREDICTORS

Theversionof UMOS in operationalisedrawvs the predic-
torsfor theregressiorequationgrom alarge pool of variables
derived from the meteorologicafields forecastby the GEM
model- including persistanceariableshereareatotal of 177
potentialpredictorsavailable to the operationalimplementa-
tion of UMOS. Thiswide selectiorof predictorsotwithstand-
ing, anumberof additionalquantitiesdeemedarticularlyper
tinentto the marineforecastproblemwereaddedto the origi-
nal UMOS set,includingisallobaricandcurvatureterms,vari-
ablesrepresentindgheinstability of the marineatmospherén
the lower layers,and second-ordetermscoupling the mean
instability in thesdayerswith thewindsatthetop of thelayer.

In orderto captureary climatologicalsignalsin thepredic-
tandsthe Julianday is availablein the original setof UMOS
predictors.Inspiredby the perfectprog systemdevelopedby
the NWS for GreatlLakeswinds, thefirst harmonicsof the Ju-
lian day* wereaddedto this predictorset.*
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Figure3. Fit of UMOS equationdor the centralSuperiorbuoy.

The resultsfor the UMOS forecastsof the wind at the
NDBC's centralSuperiorbuoy (45001),displayedin Figs 3 -
6, aregenerallyrepresentatie of its performancen the Great
Lakes.In Fig. 3 thefits for thecomponentsf thewind peakat
anadjustedeductionof varianceneighbouring85%asthere-
gional GEM modelspinsup. Thefit thenbeginsto deteriorate
with increasingorecastprojectionasthe skill of the GEM

*Specifically thewatchleeperbuoys deplg/edin thefall of 1999by the MSC onsomeof thesmallerbodiesof waterin Ontario,namelyLake of theWoods,
Lake Nipissing,theNorth ChannelandLake Simcoe.Thebuoy deplg/ed by theNDBC in Lake Ontarioin 2001wasomittedfor the samereasonalthoughits
datacouldbe pooledwith thatof thetwo Lake Ontariobuoys maintainedoy the MSC.

TTheseconcharmonicswhich arealsoemplo/ed by the NWS in their statisticalmodels werenot used.

fFaucheretal. (1999)alsodiscusghepossibleutility of thefirst harmonicsof the Julianday, but usedonly the Juliandayitself asa climatologicalpredictor

in their statisticalmodel.



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
Geostrophiavind components Surface,1000,925,850,700,500 | UG,VG
Verticalvelocity 1000,925,850,700,500 ww
Curvature of the MSL pressuefield Surface K,.K;
Surfacepressurdgendeny Surface D3
Gradients of the surface pressue tendency Surface DD3X,DD3Y
Laplacianof the surfacepressurg¢endeng Surface LT
Divergence Surface,1000,925,850,700 DI
Meridionalshearof the zonalwind component 1000,925,850,700 uy
Zonalshearof the meridionalwind component 1000,925,850,700 VX
Temperature Surface,1000,925,850,700 TT
Zonalandmeridionaltemperaturgradients Surface,1000,925,850,700 X, TY
Verticaltemperaturgradient Surface,1000,925,85000 TZ
Temperaturadvection Surface,1000,925,850,700 AT
Water temperature ™
Water-air temperature differ ence Surface,1000,925,850,700 TMTT
Zonal,meridionalgradientsof dewpointdepression Surface,1000,925,850,700 DX,DY
Vorticity adwvection Surface,1000,925,850,700,500 | ZA
Secondorder terms coupling TZ

with upperlevel winds 1000,925,850 UVT,UUT, VT
Secondorder terms coupling TZ with

upper level geostiophic winds 1000,925,850 WGT,UGT,VGT
Julianday JULIAN
First harmonics of Julian day COS_JUL,SIN _JuL

Tablel: Potentialpredictorsderivedfrom GEM forecasffields

forecastwanes.Thefit for the windspeedxhibits similar be-
haviour, but the reductionof varianceis arywherefrom 5 to
15% lower thanthat achieved for the wind components.The
UMOS modelmanifestsserylittle bias,asis evidentin Fig. 4,
whichis to be expectedirom aregressiormodel.
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Windspeed error — buoy:45001 run:00Z
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Figure5. Windspeecerrorat the centralSuperiorbuay.
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Figure6. Wind directionerroratthe centralSuperiorbuay.

Verification of the forecastsystems,employing this cat-
egorization of the windspeed resultsin 9 x 9 contingenyg
tablessuchasthosepresentedn Tables3 - 5. The contin-
geng tablefor a perfectforecastsystemwould consistof a
diagonalmatrix, andtherelative sizeof thediagonalelements
for the correspondingcolumn from eachof the contingeny
tablesaffordsaninitial impressionof the comparatie quality
of the forecastf wind speedn thatforecastrange. On this
basisit canbe seenthatUMOS improveson GEM modelout-
put for all windspeedcategyoriesexceptthe lowesttwo. The
elementontheprincipaldiagonalof the contingeny tablefor
the UMOS forecastsaremarkedly largerthanthe correspond-

ing elementdn the table for the official MSC forecastin all
windspeedateyoriesexceptthe lowest.

MAFOR
windspeedclass

windspeedrange
(knots)
0-10
11-16
17-21
22-27
28- 33
34-40
41- 47
48- 55
56- 63
> 63

Table2. MAFOR wind speectlasses.

o
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Forecastiasesin eachwindspeedangearegivenby the
ratio of the total numberof forecastdor thatrange,whichis
found in the "totals” column at the right for the row corre-
spondingto the desiredwindspeedange,to the total number
of buoy reportsfalling into thatrange,givenin the matching
columnof thetotals” row atthebottom.Henceit canbeseen
from Table4 that UMOS greatlyunderforecastaindsin the
lowestspeedcatayory, possessing bias of %. Corversely
UMOS overforecastavinds in the second-lavestwindspeed
catgyory, with a biasof %. This over-forecastingoias per
sistsfor therestof thewindspeectlassesbut relaxeswith in-
creasingvindspeedo nearunity atthe upperendof thewind-
speedspectrumwherethe UMOS forecastsexhibit a bias of
38 for gales.

Thisbehaiourin theUMOS forecastsesultsfrom theten-
deng of regressionsolutionsto forecasttowardsthe mean.
Windspeedfollows a Weibull distribution (Somerville and
Bean,1979), which is positively skewed. Hence,while in-
spectionof the columntotalsin Tables3 - 5 revealsthat the
modeof the distribution of windspeedseportedat the buoys
occursin thelowestrange themeanfallsin the second-lavest
windspeedateyory.

Thebiasegesultingfrom theUMOS equationgliscernible
in Table4 aremirroredin Tables6 and 7, which takulatethe
Probabilityof Detection(POD)andFalseAlarm Ratio (FAR)
for the thresholdsseparatingeachof the adjacentwindspeed
categyories.Thesetablesdemonstrat¢éhatwhile UMOS scores
PODscomparabléo thoseachievedby the official MSC fore-
castfor all thresholdsthe UMOS FARs arenear andfor some
thresholdsbelow, half of the correspondind-ARs of the offi-
cial forecasts.



Obsenred

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 regional GEM forecastsat all projections

Obsered

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 UMOS forecastsatall projections
Obsenred

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 forecaststall projections



threshold
forecast | classO-classl classl-class?2  class2-class3 class3-clas#A class4-classs
light-moderate moderate-strong strong-neagale 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. Comparisorof probabilitiesof detection.
threshold
forecast | classO-classl classl-clas2  class2-class3 class3-classA4  class4-classs
light-moderate moderate-strong strong-neagale 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. Comparisorof falsealarmratios.

While thesestatisticsprovide a measuref the cumulative
performanceof the forecastsystemsconsideredit is alsoin-
terestingto examineindividual cases.On Octoberl4, 2003a
deepenindow pressureystemcrossedhelower GreatLakes,
triggering stormwarningsfor Lake Ontario. Fig. 7 displays
the UMOS and regional GEM wind forecastsat the eastern
Ontariobuoy (45135),basedon theinitialization of the GEM
modelat00Zon Octoberl3. UMOS forecastawindspeedred
squarespf 45 knotswith a leadtime of 42 hours,which was

corroboratedy areportedwindspeedf 47 knotsobsenedat
45135 2003/10/14 00Z
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Figure7. Verificationof UMOS andGEM forecastdor astormevent
on Lake Ontario.

the anemometeon 45135(solid black line). UMOS consis-
tently forecastawindspeedn this rangewith eachsubsequent
integrationof the model.

The UMOS forecastsfor the direction of the wind (red
wind barbsnearthetop of thefigure)werein fairly goodagree-
mentwith the buoy reports(black wind barbs)exceptfor the
36 hourforecastvalid at12Z Octoberl5. The90° discrepanyg
betweerthe UMOS forecasiof south-southeasterlyindsand
thewest-southwesterlwindsobsenedatthebuoy is simply a
phasingerror, asthe modelis a few hoursslow bringing the
cold front through easternLake Ontario. The concomitant
lag of the UMOS windspeeddehindthoseobsened by the
buoy correspondso the delayin the displacemenof a stable
southerlyflow with anunstablevesterlyone.

MDL MOS Forecastdor the GreatLakes becameavail-
ableearlyin May of 2003.This systemproducedorecastgor
6 sitesat which UMOS also generategorecastshamelythe
NDBC buoysin Superior Huron, andwesternErie. The pre-
dictorsfor the MDL systemareobtainedfrom the NWS GFS
NWP model, which is integratedevery 6 hours. Moreover,
the MDL systemprovidesforecastsvery 3 hours(McAloon,
2003).In orderto compareagainstUMOS only thoseforecasts
on the synoptichourswere used,andthe preliminary results
reportecherewhereobtainedrom theforecastof modelruns
initialized at 00Z.

Forecast=of the wind direction are in quite good agree-
ment, as can be seenin Figure8. Comparisonof the wind-
speedorecastgFig. 9) is complicatedoy thefactthatthepre-
dictandfor the UMOS windspeedorecastss the maximum
windspeedobsenred over the 6-hour interval bracleting the
synoptichour. Thusthe forecastsverecomparedo the maxi-
mumwind speedbsenedin these6 hourintervals. Sincethe
MDL systemproducedorecastsat 3-hourintenvals, for each
synoptichourthe largestof: the MDL windpseedorecaston
the synoptichour, the MDL forecastfor 3 hoursbeforethe
synoptichour, andthe forecastfor 3 hoursafterthe hour, was



takenasthe MDL forecastatthe synoptichour*.
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Figure8. Comparisorof errorsin UMOS, GEM, andMDL forecasts
of wind direction.
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Figure9. Comparisorof errorsin UMOS, GEM, andMDL forecasts
of windspeed.

6. SEASONAL SIGNAL IN THE WINDSPEED

Plotsof thewindspeedbseredattheanemometeon the
easterrOntariobuoy (45135),alongwith the low-level stabil-
ity of theatmospherasdeterminedy thedifferencebetween
thesurfaceair temperaturandthetemperaturef thewaterin
thelake,aredisplayedn Fig. 10for theperiodextendingfrom
late 1998throughthe endof 2002. The easterrOntariobuoy
is a 12-metrediscusbuoy which normallyremainsin the lake
throughoutheyear

However, the other buoys monitoring conditionson the
GreatLakesareremoved from the waterevery fall, to bere-
deployed eachspring. The annualentry of the buoys into the
waterroughly coincideswith the minimum in the instability
of the marineatmospheravhich resultsfrom the cooling of
thelakesto nearthefreezingmarkover thewinter, alongwith
thenorthwardretreatof the arcticairmass.The corresponding
minimumin thewindspeeds duein partto the dampeningef-
fectof thestrongmarineinversionprevalentin thisvery stable
atmosphereThe retrieval of the buoys in the fall occursjust
prior to theannualpeakin the low-level instability, ascold air

periodically invadesthe GreatLakes basinwith the passage
of synopticdisturbancesvhile lake temperaturesnly slowvly
receddrom theirlate summemaxima.

Employing only the Julianday asa climatologicalpredic-
tor could thereforeintroducesignificanterrorsinto the wind-
speedforecastsor the winter monthsdueto anincorrectex-
trapolationby the statisticalmodel. The trace of the time-
seriesfor the windspeedwvould be more accuratelymodelled
by atermin the cosineof the Julianday, andthistermdoesap-
pearfrequentlyin the regressiorequationdor the windspeed
at several of the buoys on the upperlakes. At theselocations
springarriveslater, andwinter earlier sothatthe minimaand
maximain the windspeedtrends, apparentin Fig. 10, fall
within the obsenationalrecordof the buoys, andthereforein-
fluencethe regressionsOn the lower lakestheseminimaand
maximamay be absentfrom the obsenationalrecord,result-
ing in abetterfit to eitherthe Juliandayor its sine.

Time series of windspeed and low-level instability at 45135
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Figure10. Seasonairendin windspeedandlow-level
instability at the easterrOntariobuay.
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7. DISCUSSION AND CONCLUSIONS

The UMOS forecastof marinewinds on the GreatLakes
certainlyimprove on the GEM modelguidance.This appears
to hold especiallyfor forecastof windspeedatthe higherend
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 agreemenfor wind direction.
UMOS windspeedforecasts which are essentiallyforecasts
of the maximumspeedover a 6-hour interval, are generally
strongerthanthe NWS solutions.

Several of the predictorsintroducedexpresslyto model
marinewinds did appearfrequentlyin the regressionequa-
tions,in particularthesecond-ordetermscouplingwindsaloft
to the low-level instability, aswell astermsmodellingthein-
stability alone,andtheisallobaricterms. The curvatureterms
couldprobablybeomittedwithout seriousconsequencespn-
sistentwith thefindingsreportedin Faucheretal. (1999)and
Burrowsetal. (1998)for theirreconstructiorof awind climate
atthewestcoastbuoys.

*For the 6-hourprojectiononly two MDL forecastaereavailable: atthehourandthreehoursahead.



With regard to the climatological predictors, reliance
solely on the Julianday may resultin extrapolationerrorsfor
thosemonthsduringwhichthebuoys arenotin thewater One
possiblerecoursewould be to dery the Julian day to the re-
gressiondor the windspeedwhile at the sametime possibly
forcing the inclusionin the regressionequationsof atermin
the cosineof the Julianday.

The MDL systemcircumvents such extrapolationerrors
(McAloon, 2003) arising from the interruptionin the obser
vationprogrammeon thelakesby generatingquationdor the
buoy locationsin LakesSuperiorandHuronfrom pooledsam-
plesincluding datafrom CoastalMarine AutomatedNetwork
(C-MAN) stations(seeFig. 11). The C-MAN stations typi-
cally locatedon lighthousesmonitormarineconditionsonthe
lakesyearround.ForecastsisingtheC-MAN dataarenotcur-
rently availablein UMOS becauséhe obsenationaldatawas
not availableat CMC in theformatrequiredfor ingestioninto
UMOS. It will be interestingto comparethe forecastsfrom
the MDL andUMOS systemsafter the buoys are withdrawn
from the waterto seeif the MDL stratgy producedorecasts
significantlydifferentfrom thoseof UMOS.
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Figurell. Obsenration platformsin the GreatLakesbasin.
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