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Abstract: The questionwetherwe canimprove long termforecastover a limited area,usingcoupledair-sea
modelhasbeenconsideredAs a first parametewe look into themeanSSTfor theintegrationswhoselength
was aboutone months,for the summerof 1999. Sensitvity of the resultsto atmospherianodel horizontal

resolutionwereexamined.
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1 INTRODUCTION

The basic prerequisitefor long term weatherpre-
diction (monthandlonger)evenfor alimited areais
inclusionof the air-seainteraction. Thereforea re-
gionalcoupledatmosphere-oceanodel(RAOM in
the furthertext) mustbe used. Thefirst aim is cor
rectsimulationof the SSTin theregion. Oncethat
achievedthereis "hope” for therestof theresults.In
principal,animprovementof a GeneralCirculation
Model (GCM) resultsare possibleif local forcing
suchas SST influencethrough air-seaenegy ex-
change,land-air enegy exchangeand topography
forcing are importantbut only locally. If on the
otherhandtheseforcing influencingatmospheren
the muchlarger scalethanthe areacoveredby the
RAOM theprospecbf successs smaller Of course
thereis neverclearcutin this matterandall regional
climate studies(RCM) have shovn somelevel of
success.

2 MODEL DESCRIPTION

To createa coupledmodel we choosefor its at-
mosphericcomponent,(atmospherianodel ,AM),

the NCEP mesoscalanodel (whose principal au-
thoris Z. Janjit with contributionsby F. Mesinger).
For the oceancomponent(oceanmodel, OM), the
Princetonoceanmodel has been chosen(whose
principal authoris G. Mellor with contributions
by A. Blumbeg). The basiccharacteristicof the
AM arethatit is a limited areamodelon E grid
with strict conseration of integral properties Jan-
jic [1984], strict corversionbetweenpotentialand
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kinetic enegy Janjic[1977], full physicspackage
whosemainfeaturesaretreatmenof PBL with M-
Y-2.5 approachMellor and Yamada[1974], Janjic
[1990],Janjic[1994], corvectionwith Betts-Miller-
Janjit shallov and deepcorvection schemeBetts
andMiller [1986], Janjic[1990] ,Janjic[1994] and
theradiationpackagedevelopedin GFDL Felsand
Schwarzlkopf[1981], Schwarzlkopf andFels[1985].
The surfacefluxesare computedusingthe Monin-
Obukhov approachwith the addition of viscous
sub-layerover the ocean. For its vertical coordi-
nateit haseitherclassicalsigma(c) coordinateor
the so called Eta (n) coordinatewith the idea of
having quasihorizontalvertical coordinatesurfaces
Mesingeret al. [1988]. The characteristicof the
OM are, the grid is the C' grid with splitting be-
tweenexternalandinternalmode. Boundarylayer
is treatedusingthe M-Y-2.5 approach. The verti-
cal coordinatés a versionof the sigma(c) coordi-
nate,definedas (z — h)/(z + H), where H(z, y)
is depth,h(z,y) is local elevationand z is the ver
tical coordinate,positive upwards. Provisionsare
madefor the erroneousertical fluxesandpressure
gradientforce. For horizontaldiffusion Samogorin-
sky diffusivity is usedwith diffusivity coeficient
equal0.1. The Parentalnumberwassetto 1.. For
more detailsaboutthe numericalcharacteristic®f
the model such as time steepingetc. pleasesee
the referenceBlumbeg and Mellor [1980], Mel-
lor [1998]. Theresolutionof the AM was.25x.25
deg in latitudeandlongitudewith 32 verticallevels
from 100 mb’s at the top to the ground. The hori-
zontalsizeof thedomainwasabout42 deg with the
south-norttsizeof 30deg, with thelowerleft corner
at 13.4;41.5 lon-lat coordinates.The OM we had



191 pointsin east-westirection, 58 in the south-
northdirectionand21 level in vertical. In compar
ison with the AM horizontalresolutionwas about
four timeshigherin the OM. Domainwas,in east-
westfrom -5 deg to 36. deg and south-northfrom
30.35deg to 46. deg. Horizontal resolutionwas
about.2x.2deg.

This particularcombinationof AO andOM is used
at National Center for Environmental Prediction
(NCEP)in Washingtorfor operationapredictionof
the seasurfaceelevation for the region next to the
Atlantic coast. For detailsof the projectseeAik-

manetal. [1996], Mellor andEzer[1994].

3 MODEL INITIALIZATION

The OM was initialized using the MODB initial

temperatureand salinity fields. The MODB is
a Mediterraneardatabasethat has climatological
data,seasonatverages.The onewe took wasthe
summerdataset. Its resolutionis 1x1 deg in lat and
lon andhas34 verticallevels.

For the AM initialization was done from NCEPs
global data set with horizontal resolutionof 1x1
deg lat-lonandwith 23 standargressurdevel from
1000. mb to 50 mb. althoughmodeltop wassetto
100 mb. Datafrom bothdatasetswerelinearly in-
terpolatedto the respectie gridsin horizontaland
vertical.

Whenwe have a limited areamodelswe have also
lateral boundaries. For the AM we took NCEPs

global analysiswhosetime stepwas 6 hoursand
linearly interpolatedin between. In principal for

both componentwe shouldto specifyinflows and
outflows. But sincein the areawe have in mind,

the South-EastEurope,"dominant” seasurfaceis

the Mediterranearseawho is almosta lake, ocean
boundariesrenotsoimportant.Of coursefrom the
modelling point of view having openboundariess

not a problembut the lack of datais. Soasa first

iteration, we chooseto close Gibraltar and Dard-
anelles.Therestof the SST, theonefor the Atlantic

and the Black Seawere obtainedfrom the global
analysisandwaskeptconstant.

4 THE RESULTS

Thelengthof all runswassetto 40 days. In Figure
1 we shaw time evolution od the spatiallyaveraged
SST, overthewholeMediterraneamreafor August
1999(dashedhin line) andthe obsenedone(thick

line).
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Figure 1: Time variationsof the meanSST (°C)
over the whole MediterranearSeaduring 40 days,
startingwith Augustthe 1st. 1999.Dashedhin line
obsenations,while the thick line is the modelre-
sults.

Thereasornwe have choserthis particularmonthis
thattheobsenedSST, usedfor theinitial fields,and
the climatological SST (from MODB) were very
close.Presumablyleepetayerof theoceanverein
the equilibriumwith that SST Visualinspectionof
thefigureshovsthattheobsenedSSTandthefore-
castedoneat the end of the run differedabout0.6
°C. In moredetailedanalysiswe seethatthe fore-
castedSST followed the obsened SST quite well
till the very end when the obsenations shawv in-
creasdiy about.25 deg (roughestimateof daily av-
erage)while forecastedSST declinesby aboutthe
samevalue,giving total differenceof about.6 deg.
In Table(1)we shav valuesfor eachof the flux, for
thewhole integrationperiodandspatiallyaveraged
overthewhole Mediterranearsea.

Oncewe werereasonableurethat our couplingis
correctwhichindicateghatbothAM fluxesarecor-
rect and that OM reactscorrectly to atmospheric
fluxes we did a sensitvity experimentwhere we
have considerablyreducedresolutionof the AM.
From0.25x.25deg in thereferenceun (RR) to low
resolution(LR) with 1x1 deg. lat-lon.

The resultsof both RR and LR are presentedn

Figure2.We seethattheskill, for thelow resolution
cassis still highthoughhasslightly decreasedom-
paredwith the RR. Thereweretwo episodesvhere
LR shaved anincreaseof the meanSST The first
onebetweenl6-26daysof integrationandthe sec-
ond onenearthe end. To tracethe reasonfor this,
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Table1l: Component®f the enegy balancefor the
SST averagedover the whole integration areaand
overtheintegrationdomain.Thenetflux is theaver-
ageof all fluxesshav here.All fluxesarein Wm 2

I flux | meanvalueWm? |
sensibleheat -11.63986
latentheat -80.75194
incomings.w rad. 283.23843
atmospherid.w. rad. 379.77249
blackbodyl.w. rad.n -451.90899
net 118.71013
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Figure2: MeanSST, in °C, overthewholeMediter
ranearSeafor 40 days startingwith Augustthe 1st.
1999.Dashedhin line is thereferencaunwhile the
full line is thelower resolutionrun.

first we lookedat eachcomponentf theenegy ex-
changedetweerthe AM andOM. Againin theTa-
ble(2) we shaw thefluxes,for thewholeintegration
periodaveragedverthe whole Mediterranearsea,
for bothruns. We seethatthe enegy exchangewas
very similar. The netfluxesdifferedonly 4.5 Watts
I Looking at eachcomponenive seethatradiation
fluxes,long wave, shortwave and outgoing, black
body, radiationprettymuchbalance Sotherelation
betweerturbulentfluxesis decisive. The history of
momentum(top), sensible(middle) andlatentheat
(bottom)flux is shavn in Figure3.Thin dashedine
is for the LR while thick line is for RR. Sensible
heatflux, in the LR case gxceedshe Sensibleheat
flux for RR from day 20 to the endof therun, while
thelatentheatflux, for theLR shonsadeficitin the
rangeof 13-21 daysanda weakone nearthe end.
Two curvesfor the Sensibleheatare so closethat

403

Table2: Component®f the enegy balancefor the
SST averagedover the whole integration areaand
overtheintegrationdomain.Thenetflux is theaver-
ageof all fluxesshaw here.All fluxesarein Wm 2

Case
flux | RR | LR

sensibleheat -11.63986 | -15.19394
latentheat -80.75194 | -77.70714
incomings.w rad. | 283.23843| 274.69039
atmospheri¢.w. rad. | 379.77249| 385.35563
blackbodyl.w. rad. | -451.90899| -452.87004
net 118.71013| 114.2749

the differencecannotexplain the increaseof SST
The latentheat,in the first periodis smallerin the
LR caseandthat obviously doescontrikbute to the
effect. But in the caseof momentumwe seethe
strongestdifferencein the two runs. Most of the
time differenceshetweentwo curvesarerelatively
smallexceptfor thefirst 3-4 dayswherewe seethat
the RR producesa large peak, several times that
for the LR. For the oceanmodel reducedmomen-
tum forcing meanlessstirring which in turn means
shallover penetration of the enegy fluxescoming
from AM. Thereforeflux convergenceoccursin a
shallaver layer of waterandthereforeover-heating
develops. Coming backto the Sensibleheatflux,
the atmosphereéknows” that the oceanbeneathis
to warm andtraysto releasethe extra heat, but it
is not enough. Whatis the spatialstructureof the
momentumflux filed ? To seethatwe looked, for
thatperiod,in evengreaterdetail at the distribution
of the surfacewinds. In figures4 and 5 we showv
the surfacewind for days11,13,15and 17 of inte-
gration,for the RR andLR casesespectiely. We
seethatthe intensive surfacewinds werelocalized
attheareasouthof the lonianseaandthatit moved
to thewestin the next few days. For day 13, when
we hadthatpeakin thewind-stresgheintensive sur
facewinds developednearthe Turkey coast.Inten-
sivewindsstayedn thatareawealkeningin thenext
3-4days.Sothatstrongraisein wind-stressvasre-
ally ratherlocal but wasstrongenoughto causedif-
ferencesbetweenthe RR andLR cases.lt is also
presentin the LR and movesin a similar way, but
theintensitylacks.

5 CONCLUSIONS

RAOM hasshown succesén predictingthe SSTon
the time scaleof a months,at leastfor a summer
month,usingthe globalanalysisof NCER Therel-
ative successneanghatthe AM hasdonea "good












