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PREFACE

It is a pleasure for me to present the proceedings of the

conference on ,,Remote Sensing Methods in Meteorology and

their Application in Nowcasting“, held in Vienna, Austria

between it - 13 October 1993.

This meeting was organized under the auspices of the Central

European Initiative (CEI) and was attended by participants

from Croatia, Hungary, Poland, Slovakia, Slovenia and Austria.

Intensive discussions during this meeting resulted in plans for

joint scientific research projects especially in developing

vertical cross sections out of radiosonde and satellite data as

well as in the fields of nowcasting and synoptical applications

of cloud classification systems.

Last but not least I have to thank all the participants for their

involvement and their contributions and especially

Dr. Veronika Zwatz-Meise for her enthusiasm and the

organization of the meeting.

W. W \

(Univ.-Prof. Dr. Peter Steinhauser, Director)
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THE USE OF SATELLITE IMAGES IN OPERATIONAL

AND RESEARCH WORK AT THE CENTRAL INSTITUTE

OF METEOROLOGY AND GEODYNAMICS IN VIENNA

Central Institute for Meteorology and Geodynamics, Vienna, Austria

VERONIKA ZWATZ-MEISE, ALEXANDER JANN, ROLAND WINKLER

ABSTRACT

The reportdescribes the evaluationtools and steps used for operationaldiagnosis and
forecastas well as for research. Several data sources like satelliteinformation,surface
and radiosondemeasurementsand modeloutputare combinedinteractively.Calculations
and evaluationof parametersare done on isobaricas well as on isentropicsurfaces. For
the latterrelativestreamsutilizingsystemvelocitiesare computed.Other frequentlyused
tools are verticalcross-sections.One main aim of the whole system is the development
anduse of conceptualmodels.

Besidesthis interactivequalitativeuse of satelliteimagesquantitativesatelliteproductsare
usedandintegratedintotheevaluationprocess,too;atthemomentthisis trueforprecipitation
probabilities.The introductionof quantitativeWV-productslikewindsand humidityparameters
is ina developingstage.

ZUSAMMENFASSUNG

DieArbeitbeschreibtdieHilfsmittelund MethodeneinerinteraktivenNutzungverschiedenster
meteorologischerDatenquellenfiir Diagnose,Prognoseund Forschung.VerschiedeneDaten-
quellenwie Satellitendaten,Radiosondenmessungenund abgeleitetenumerischeParameter
werdeninteraktivkombiniert.ParameterberechnungensowieAuswertungenerfolgensowohlauf
isobarenwieauch auf isentropenFlachen.Fiir letzterewerdenu.a. relativeStromeunterVer-
wendungvon Systemgeschwindigkeitenberechnet.Ein wesentlichesZiel ist die Entwicklung
und AnwendungkonzeptionellerModelleffir die in SatellitenbildernbeobachtetenWolken-
systemeinverschiedenenGréBenordnungen.

Neben dieser interaktivenqualitativenAuswertungvon Satellitenbildernwerden auch
quantitativeProduktederSatellitenmessungenbestimmtundindenDiagnoseprozeBintegriert.
Derzeit bezieht sich dies vor allem auf abgeleiteteNiederschlagswahrscheinlichkeiten.
QuantitativeProdukteaus dem WV-Bildwie Windvektorenund Feuchteparametersind in
Vor’oereitung.
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1. INTRODUCTION

AttheCentralInstituteforMeteorologyandGeodynamicsinViennasatelliteimagesareused in
appliedsynopticresearchfor the derivationand/orcorrectionof conceptualmodels (Zwatz-
MeiseandMahringer1990; MahringerandZwatz-Meise1993) as wellas forthe evaluationof
quantitativeinformation.The resultsof these investigationsare applied in the operational
weatherservicewithintheprocessofdiagnosisandforveryshortrangeforecast.

Since June 1992 the basic technicaldeviceconsistsof a PDUS Meteosatreceivingstation
whereall imagesof the EuropeanandAtlanticarea as wellas once perday the totaldisc
are receivedand archived.This archivebeforeJune 1992 consists of the 3-hourlySDUS
imagesand untilJanuary 1994 of the 3-hourlyPDUS images. From January 1994 on the
completeamountof imagesis stored.

The imagescan be visualizedon SUN workstationsin polarstereographicprojectionwhich
allows superpositionof all meteorologicalobservations and parameter fields in use.
Examples for this followlateron (figures3ft).The images can be processed by several
filterfunctionsand enhancementcurves for a visualizationof appropriatefalse colourima-
ges. Figure 1 shows examples for a "shade filter"(figure1a), an enhancementfor cold
(figure1b)and for warmtops (figure1c) as wellas a superpositionof VIS and IR signals
(figure1d)whichenablesseparationbetweenlow,thickand highclouds.

Pixel values can be extracted for arbitrarilychosen cutlines (compare vertical cross
sections;chapter4.1) and areas (compareprecipitationdetermination;chapter3.) as well
as fortimeseries (compareProject:verticalcross sections).

There are threemain steps in analysingsatelliteimages and combiningthem withother
meteorologicalmaterial:
1. satelliteimagesincombinationwithmeteorologicalparameterson isobaricsurfaces;
2. satellite images in combinationwith parameterson lsentropic surfaces; a form of

evaluationwhichcan be dividedintotwosubsteps:
0 verticalcross sections
0 relativestreams;

3. quantitativeevaluationsof satelliteimages.

2. SATELLITE IMAGES COMBINED WITH PARAMETERS ON
ISOBARIC SURFACES

2.1 BASIC CONCEPT

The leftside of figure2 showsa flowdiagramof the singleanalysissteps.
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relativevorticitysplitup into:
curvaturevorticity
shearvorticity

absolutevorticityadvection
verticalmotion(omega)
divergence
humidity
isotachs
frontogenesisparameter(Qvector,Qn)
thermalfrontparameter

All these data fieldscan be superimposedand comparisonsbetweenthe forecastmodeland
the observationsare computedwhichat the momentis done automaticallyfor the 6-hourly
precipitationamounts.

The outputof thisevaluationstepcan be used in synopticresearch,in operationaldiagnosis
andoperationalprognosis.

There is a feedbackbetweensynopticresearchandoperationalworkbecauseone of themain
aims of research is the derivationof conceptualmodels for typicalphysicalstates of the
troposphere.Theseconceptualmodelscontainthefullcontentofmeteorologicalmaterialwhich
is fartoomuchforanoperationalapplication;thereforea fewtypicalandoperationallyavailable
"keyparameters"arechosenas an inputforoperationaldiagnosisandprognosis(Zwatz-Meise
andMahringer1990;MahringerandZwatz-Meise1993).

2.2 EXAMPLE

Figures3 to 5 presentanexamplefortheuseof a conceptualmodeldescribingthe increaseof
cloudinessandweathereventsat a coldfrontcloudbandincase a jetstreakcrosses the front
withits leftexitregion(UccelliniandJohnson1979; Zwatz-Meise1991; Mahringerand Zwatz-
Meise1993).

From the conceptualmodel describingsuch a situationthe followingis known: frontal
cloudinessis increasedand accompaniedby intensiveweatherevents(forinstancethunder-
storms)wherethemaximumofpositivevorticityadvection(PVA)whichusuallyexistsinthe left
exitregionof a jetstreakis superimposedonthefrontalcloudband.Furtheronit is knownfrom
previousstudiesthatthenumericalmodelof ECMWF underestimatesin itsforecaststhepreci-
pitationamountintheareaofthePVA maxima(Zwatz-MeiseandBendl,1992).

Figure3 containsmuchofthesetypicalconditions.The satelliteimageinfigure3a showsa cold
frontcloudband reachingfromGermanyacross Switzerlandand Franceto Spain. The high
cloudfibresat the rearof the cloud bandespeciallyover Franceand the broadeningof the
cloudbandtogetherwithverycoldtopsovertheeasternpartsof France(aroundapproximately
47N/04E) are a firstopticalindicationforthe applicationof the relevantconceptualjet streak
model. Figure 3b containssynopticmeasurementswith the green and red station-marks
standingfor precipitationrespectivelythunderstorms.There are threethunderstormreportsin
the area underdiscussion.Key parametersfor a manifestationof the conceptualmodelare
isotachsand vorticity-advectionin 300 hPa. Figures3b, 0 manifestclearlythe coincidenceof
thecloudphenomenonwitha PVA maximuminthe leftexitregionof a jetstreak.Infigure3c
the yellowlines showsthe differencesbetweenthe precipitationforecastand the measured
amountswhichdemonstratethatthemodelprecipitationdoesnotcatchthisareaverywell.

Infigure4 thePVA fieldscorrespondingwiththe imagetime(blacklines)andthosefor6 hours
aheadare superimposedandshowa northeastpropagationof the PVA maxfromeast France
across the westernparts of Switzerlandto the southwesternmostregions of Germany.
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Accordingto theexperiencefromtheconceptualmodelthispathshouldbe a regionof dense
cloudiness,highprecipitationamountsand thunderstormsduringthe 6 hoursfrom 06 UTC
(figure3)to 12UTC (figure5).

The temperaturesrespectivelycoloursin figure5a overthewesternpartsof Switzerlandand
the southwesternof Germanyconfirmthe cloud intensificationwithinthe frontalcloud band
accompaniedby3 thunderstormsanda lotof precipitationreports(figure5b).The coincidence
witha PVA maximuminthe leftexitregionof thejetstreakis stillverydistinct(figure5c) and
theprecipitationforecastunderestimatesthesituation,thesamephenomenaas alreadyshown
bytheconceptualmodel(Zwatz-MeiseandBendl1992).

3. QUANTITATIVE EVALUATIONS OF SATELLITE IMAGES

3.1 BASIC CONCEPT

The rightsideoffigure2 showstheflowdiagramofthesingleevaluationsteps.

Inputdataare:
0 IR,VISandWV pixelvaluesatgridpoints(14kmgriddistance,meanvalueof9 pixels)
0 analysesofprecipitationmeasurements(ww,RR fromthesynopcode)atthesamegridas

forthepixels
0 derivedmeteorologicalparametersfromECMWF analysisas wellas forecastvaluesatthe

samegridas forthepixels;fromthetablein2.1onlythoseparametersare selectedwhich
areancial forthecondensationprocess:

vorticityadvection
verticalmotion
divergence
temperatureadvection
Q-vector(normalcomponent)
humidity

The basic methodused (Lovejoyand Austin1979; Scofieldet al 1984)is the derivationof
precipitationprobabilitiesfroma combinationof IRandVIS signalson theone handandof IR
signalsand a relevantmeteorologicalparameteron the otherhand.The latterapproachhas
beenchosenbecauseoftherestrictedavailabilityoftheVIS image.The resultsof thestatistical
evaluationsare thresholdsfor the parametersused for precipitationprobabilities.These
thresholdscanbeappliedtotheactualcases inoperationaldiagnosisas wellas prognosisand
areaswithhighprecipitationprobabilitiesaremarkedintheimage.

Figure6 showsthe resultsof the statisticalevaluationfor a combinationof IR signaland 2
parameters(relativehumidityandvorticityadvection).At present,thedataof abouthalfa year
are includedbutthe set is updateddaily.Bothpanelsshowdistinctmaximaof precipitation
probabilitiesallowinga delineationofa precipitationclusteralthoughtheprobabilitiesarenottoo
highuptonow(Zwatz-MeiseandStockinger,1992;Zwatz-Meiseetal.,1993).

Areasofhighprecipitationprobabilitycanbe computedfromanalysisvaluesas wellas fromthe
forecastvaluesusingrelativehumidityinsteadofthe lR-signal.

3.2 EXAMPLE

Figure7 presentsthe same case as figures3 to 5. The red dottedarea is an area where
thresholdsfor60%precipitationprobabilityfromIR-andvorticityadvectionare exceeded.The
yellowdottedarea means the same fromthe forecastvalues 6 hours ahead with relative
humidityinsteadof the satellitesignals.This area of high precipitationprobabilitycan be
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comparedto the forecast6-hourlyprecipitationamountsand, as is the case in this example,
correctionsoftheprecipitationmodelforecastcan be made.The maximumof theprecipitation
amountsis too far southwestand thereforedoubtfulfor partsof Switzerlandand Southwest
Germany.

4. SATELLITE IMAGES COMBINED WITH PARAMETERS ON
ISENTROPIC SURFACES

4.1 VERTICAL CROSS SECTIONS

4.1.1 Basic concept

Verticalcross sectionsarethetopicof an Austrian-Croatianprojectwhichis describedlateron
inmoredetail.Hereonlysomenecessarybasicfactsandanexampleshallbe added.

RADIOSOUNDING; ECMWFSYN SATELLITE IMAGES ANAL. FOREC.

I I I 1

vertical cross sections of

l I l
pot.temp. IR pot.temp.
equiv.pot. VIS equiv.pot.
temp. WV temp.
rel.hum. rel.hum

temp.adv.
vorticity
von.adv.
isotachs
divergence
omega
On

V
‘———* superpositions ‘-

comparison:—p ‘-
model‘—> observ.

——> evaluations <-

synoptic operat. operat.
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A A

conceptual
models

Figure8: BlockdiagrampartII
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Figure8 showsthe blockdiagramfor the singlesteps.Three typesof verticalcross-sections
arecomputed:
0 from radio-soundingssupplementedwithsynopticmeasurementsbeing withina free

chooseabledistancefromtheoutline.The resultsare:
potentialtemperature
equivalent-potentialtemperature
relativehumidity;

0 fromsatellitesignalsforallthreechannels(IR,VISandWV);
0 fromECMWF analysisas wellas forecastfields.Resultsareprofilesof:

potentialtemperature
equivalent-potentialtemperature
relativehumidity
temperatureadvection
relativevorticity
absolutvorticityadvection
isotachs
divergence
verticalmotion(omega)
Q-vector(Qnfrontogenesisparameter)

All these types of verticalcross sectionscan be superimposedand comparisonsbetween
radiosondeandmodeldataarecomputed.

This materialis usedforoperationaldiagnosisand forecastingas wellas in synopticresearch
for the evaluationof conceptualmodelswhich are an additionaltool for the operational
evaluationprocedures.

4.1.2 Examples

Figure9 showsa well-developedcloud spiralwhichseems to accompanya classicalfrontal
system.Nevertheless,duringtheanalysisprocesstherehavebeena lotof difficultiesandcon-
tradictionstoclassicalideasaboutfronts.Twoverticalcrosssectionsarecomputedforallthree
datasources;theyareshowninfigure9a,b.

Severalinterestingphenomenacan be derivedfromfigure10a,b. Thewest-eastcross section
(figure10a)indicatesa cold frontbetweenAjaccio(07761)and Rome(16245)beinginclined
fromabout300 hPa downto 900 hPa andextendingfromthereon in formof a shallowlayer
eastward.Itis thecloudmass withratherdarkgreyshadesbetweenCorse, Sardiniaand Italy
whichbelongsto thiscoldfront.The north-southcross section(figure10b)leadingthroughthe
occlusion-likecloudbandoverAustria,Hungary,CroatiaandSloveniaalso showsalso a very
pronouncedfrontalsurfacewithhighhumidityvalueswithinandon topof itwhilelowvaluesof
humidityexistbelowthe frontalsurface.The wettestair can be foundaboveZagreb (13130)
between800and500hPa.

The samefeaturescan be identifiedfromtheECMWF cross sectionsalongthe same cutlines
(figure11a, b); the qualityof the numericalmodel can be evaluatedfrom the differences
betweenbothdatasourcesshowninfigure12.Inthiscasethemodelfitsquitewell.

Anotherremarkablephenomenoncan be identifiedfromboth cross sections in figure10,
namelyanupperlevelfrontbetweenapproximately300and400hPabeingboundedbythe318
and324K isentropes.This featurecan be appliedto thepronouncedcloudbandwithverycold
topsstretchingfromBulgariatoTunisia.
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The figures13 and 14 containthe superpositionof all three types of cross sectionsfor a
selectionof parameters:equivalent-potentialtemperaturefrom radiosondemeasurements,
frontogenesisparameter(figure13) respectivelytemperatureadvection(figure 14) from
ECMWF and IRandWV signalsfromMeteosatdata. Interestingresultscan be derivedfrom
thefrontogeneticparameterwhichinthenorth-southcross section(figure12b)showspronoun-
ced frontogenesisimmediatelysouthofZagreb(13130)inthemiddletropospherebetween800
and 600hPa; in the west-eastcross section(figure12a)frontolysisprevailsapproximatelyin
the same troposphericlayers of the frontbetweenCagliari (16560),Rome (16245)and
eastwardtoBrindisi(16320).

Inthe satellitecross sectionsbothareasshowratherwarmcloudtops comparedto the cold
topsof the cloudbandfromTunisiato theBalcanPeninsula;the ratherlowcloudtops in the
west-eastcross section can be relatedto frontolysis,but attentionhas to be paid to the
frontogeneticareawherepossiblyan increaseofcloudinesscan beexpected.

Besidesthis,satellitesignalsclearlyshowtheboundariesof thecoldcloudbandbelongingto
theupperlevelfrontandthecoolingof thetopsalongthenorth-southcrosssectionwhichmay
be causedbyupglidingprocesses.

Thisupglidingwarmairismanifestedalsointhetemperatureadvectioncrosssection(figure14)with
warmairadvectionbeingverypronouncedwithinthewholefrontalsurfacewithdistinctmaxima
in lowandmiddlelevels.

For forecastpurposes,cross sectionsfromECMWF forecastvaluesarecomputedforthenext
30 hours,thatis for00, 06, 12and 18UTC. Figure15 is an exampleforthe north-southcross
section and the combinationof equivalent-potentialtemperatureand the frontogenetic
parameter(normalcomponentof0 vector).Frontogenesisis prevalentwithinthefrontalsurface
duringthewholeperiodmovingslightlynorthwardas doesthefrontalsurfaceas a whole.

4.2 RELATIVE STREAMS

4.2.1 Basic concept

The conceptof relativestreamsrespectivelyconveyorbelts has shownto be usefulfor the
physicalinterpretationof cloud configurations(Browning1986;Carlson 1987;Zwatz-Meise
1991,MahringerandZwatz-Meise1993).Cloudinesstendsto alignalongstreamlinesrelativeto
thesystem-movementandso pronouncedcloudboundariesandcurvaturesbeingthe resultof
airmassesofdifferentorigincaneasilybeexplained.

Relativestreamsare thosean observerwouldrecognizeit movingwiththe cloudsystem.So
one crucialpointof thismethodis thedeterminationof a systemvelocity.Threemethodsare
usedsimultaneouslywhichfulfillalsotheconditionofbeingavailableinrealtime:
1. thedisplacementof thecloudsysteminthe satelliteimageby cross correlationmethods.

Inthiscasethecloudconfigurationischosenas representativeforthesynapticsystem.
2. The displacementof centersof curvaturevorticityin 500hPa representingtheupperlevel

troughofthesystemand '
3. the windvector at the maximumof absolutevorticityin 500 hPa, wherethe latteris

regardedas conservativepropertyfortheprocessesunderdiscussion(Steinacker1985).

A secondcmcialpointfor this methodis the selectionof appropriateisentropicsurfaceson
whichtherelativestreamsarecomputed.Assumingthephysicalprocessesbeingadiabatic,air
masses move on isentropicsurfaceswhichusually are inclinedto the isobaric surfaces.
Thereforeliftingorsinkingoftherelativestreamcanbe readdirectlyfromthecharts.
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Figure16showstheblockdiagramforthesingleevaluationsteps.Basicmaterialis:
1. datafromradiosoundingsand synapticmeasurementsfor the derivationof verticalcross

sectionsas basisfortheselectionof relevantisentropicsurfaces;
2. consecutivesatelliteimages for the computationof the system velocitywith cross

correlationmethods;
3. fields from ECMWF for the two other computationmethods of comparablesystem

velocities.

Withthe outputof these basic steps the relativestreamsare computedon the isentropic
surfaceand diversesuperpositionswithsatelliteimagesand otherdata fields (for instance
precipitationfromsynopticmeasurementsorverticalmotionfromECMWF data)canbe used.

The resultscanbe usedinresearchandinoperationaldiagnosiswitha feedbackbetweenboth
workingfieldsthroughthe conceptualmodels.At presentthe evaluationis not yet used for
operationalforecastbecause of a reduced availabilityof forecastedmodel surfaces. It is
intendedtofinda solutionforthisprobleminthenearfuture.

4.2.2 Example

Forthedemonstrationof relativestreamsthesamecaseas forthecrosssections(figures9-15)
is used.As has alreadybementionedthere,somedifficultiesaroseduringdiagnosingbecause
of deviationsfromclassicalfrontmodels.The formof thecloudconfiguration(figure9) gives
some indicationthatthe frontalconveyorbeltmodelwithwarmand cold conveyorbelt and
upperlevelstreamfromsouthwest(Carlson1987;Kurz1990)coulddescribethephysicalstate
inthetropospherebetter.Two isentropicsurfacesarechosenfromtheverticalcross sections
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(figure10):310Kbeingneartheupperboundaryof themainfrontalzone and320 K represen-
tingtheupperlevelfront.The systemvelocityhas beencomputedas 286°/8rn/swithonlysmall
deviationsbetweenthethreemethods.

Relativestreamson bothisentropicsurfacesare shownin figure17;twocompletelydifferent
streamscan be discriminated.On the lowerlayer(310Kfigure18a)a relativestreamfromthe
southeasternMediterraneanis risingfromnearthe groundlevelacrossthe Balcan Peninsula
and the Adriaticsea up to about500-400hPa over Austriaand Slovakiawhere it bendsto
easterndirectionswithoutany furtherrising.A differentrelativestreamfromthe southwestern
Mediterraneanandfroma muchhigherlayerof thetroposphere(approx.400hPa)meetswith
thefirststreamoverItaly.The limitingstreamlinebetweenbothrelativestreamsis verycloseto
thenorthernboundaryofthecloudband(Austria- Slovakia).
A completelydifferentsituationexistson the higherisentropicsurface(figure17b, 320K).An
onlymoderatelyrisingrelativestreamfromsouthwesterndirectionsis orientedparallelto the
pronouncedcloudbandfromTunisiato the Black Sea. There are some indicationsfromthe
analoguoscomputationsfor 12 UTC thatalso on this isentropicleveltwo relativestreamsof
differentoriginmeetatthewesternbondaryofthecloudbandwherealsothejetaxiscanbe lo-
cated.Becauseofa lackof radiosondestationsoverAfricathiscannotbeverifiedinthischart.

As a result,one can concludethatthereare twocloudsystemsaboveeach otherrelatedto
differentrelativestreamstransportingdifferentairmasses.

A practicalapplicationoftheseinvestigationscanbe shownfortheareaofmaximalrisingwithin
the AdriaticSea, Slovenia and Croatiawhere in the relevantcross sections pronounced
frontogenesishas been computedand wherethere is much more actualprecipitationthan
forecastedby the model.The area of frontolysisbetweenSardiniaand Italyis relatedto a
differentrelativestreamtransportingdifferentair masseswhichare partlysinkingin the area
underinterest.

5. CONCLUSION

The mainaimof theseevaluationsteps is to makean optimaluse of satellitematerialforthe
synopticworkbycombiningitwithalltheothermeteorologicaldatafields.This is accomplished
bytheevaluationoftypicalstructuresandtheirimplementationinconceptualmodelsas wellas
theevaluationof quantitativepixelvaluesfora combinationwithothermaterialinverticalcross
sectionsandforprecipitationprobabilities.

REFERENCES

AUSTIN, G., 1990:ObjectiveMethodsof InferringPrecipitation.Proceedingsof theWorkshoponthe
UseofSatelliteDatainNowcastingandVeryShortRangeForecasting.EUMETSAT, EUMP07.

BROWNING, K.A.,1986:ConceptualModelsofPrecipitationSystems.WeatherandForecasting1,23-
41.

CARLSON, TN, 1987:Cloudconfigurationinrelationtorelativeisentropicmotion.EUMETSAT: Satellite
andRadarImageryInterpretaton,43-61.

KURZ, M., 1990:SynoptischeMeteorologie.LeitfadenfiirdieAusbildungimDeutschenWetterdienst.
SelbstverlagdesDeutschenWetterdienstes.

LOVEJOY, S. andG.L.AUSTIN, 1979:TheDelineationofRainAreasfromVisibleandIRSatelliteData
forGATE andMid-Latitudes.Atmosph.Ocean.17(1)1979,77-92.



SOME ASPECTS OF SATELLITE METEOROLOGY I3

MAHRINGER, G. andV. ZWATZ-MEISE, 1993:A semi-operationaldiagnosismethod.Contributionsto
AtmosphericPhysics,Vol66,No12, 89-106.

SCOFIELD, R.A., E. LEROY andJR. SPAYD, 1984:A TechniquethatusesSatellite,Radarand
ConventionalDataforAnalysingandShort-RangeForecastingofPrecipitationfromExtratropical
Cyclones.NOAATechnicalMemorandumNESDIS 8.

SCOFIELD, RA. and XIE JUYING, 1989:Satellite-DerivedRainfallEstimatesand Propagation
CharacteristicsAssociatedwithMesoscaleConvectiveSystems(MCSs).NOAA Technical
MemorandumNESDIS 25.

STEINACKER, R., 1985:On theInterpretationandMotionof SynopticSystems.Arch.Met.Geoph.
Biokl.,Ser.A,34,59-83.

UCCELLINI, L.W.andDR. JOHNSON, 1979:The Couplingof Upperand LowerAtmosphericJet
Streamsand Implicationsfor the Developmentof SevereConvectiveStorms.Mon. Wea.
Rev.,107,682-703.

ZWATZ-MEISE, V. andG. MAHRINGER, 1990:SATMOD:An InteractiveSystemCombiningSatellite
ImagesandModelOutputParameters.Wea.andForecasting,Vol.5,no.2,233-246.

ZWATZ-MEISE, V'.andF. HUFNAGL, 1990:SomeResultsabouttheRelationbetweenan objective
FrontParameterandCloudBandsinSatelliteImagesanditsConnectiontoClassicalColdFront
Models.Meteorol.Atmos.Phys.,42,77-89.

ZWATZ-MEISE, V., 1990:Very ShortRangeForecastingFrontaland Non-ConvectiveWeather.
Proceedingsof theworkshopof theuseof satellitedatain nowcastingandveryshortrange
forecasting.EUMETSAT EUMP07.

ZWATZ-MEISE, V., 1991:Useofsatelliteimagesforthediagnosisandprognosisofcertainjetstreak
phenomena.Proceedingsofthe8thMeteosatScientificUsersMeeting.EUMETSAT; EUMP 08.

ZWATZ-MEISE, V., 1991:Satellite-synopticaspectsofwarmfronts.Proceedingsofthe8thMeteosat
ScientificUsersMeeting.EUMETSAT; EUMP 08.

ZWATZ-MEISE, V. 1991.Satelliten-synoptischeJet-StreakPhanomeneundihreEinbeziehungindie
Wettervorhersage.PublikationenderOsterr.AkademiederWissenschaften,math.-nat.KI.A.th
198.Bd,5.bis10.Heft.

ZWATZ-MEISE,V. andK.BENDL, 1992:PVA-Maximaandtheirconnectiontocloudsystemsinsatellite
imagesandtoprecipitation.Meteorol.Atmos.Phys.47,145-164.

ZWATZ-MEISE,V. andJ. STOCKINGER, 1992:QualitativeandQuantitativeDiagnosisofCloudImages
forUseinWeatherForecast.ISY;Munich1992.ESAlSY-1

ZWATZ-MEISE, V., 1992:Resultsof a quantitativeevaluationof satelliteimageswithrespectto
precipitationevents.9thMeteosatScientificUsers'Meeting,Locarno1992.EUMP 11.

ZWATZ-MEISE, V., A. JANNandR. WINKLER, 1993:An Analysisand ForecastMethodIncluding
SatelliteImagesand Parameterson lsobaricand lsentropicSurfaces.ConferenceDocu-
mentation.FirstEuropeanConferenceonApplicationsofMeteorology.Oxford.

Author’saddress:

VERONIKA ZWATZ-MEISE, ALEXANDER JANN, ROLAND WINKLER
CentralInstituteforMeteorologyandGeodynamics
SynopticalDivision
HoheWarte38
A-1190Vienna
AUSTRIA
Phone: 00431364453/2315,2316
Fax:00431364570
E-mail: zwa@zassun3.zamg.ac.at

jann@zassun3.zamg.ac.at



SOME ASPECTS OF SATELLITE METEOROLOGY14

29?...

page

.6cozflmaow

.m.

+

w_>

6.5

and:

Swansea

9

”or

m29.6205

82

Em;

Co

EwEoocmcco

.m:6.5

00

$53.09..2

“2

2.8

.5on

$9.55So

EoEoocwcco

.m.

.05

2

BS.

3.2

m

x:

0.5

up

Ema—.30
_.

.m_

.18.:

oumcwg

”GP

gm

-moooa

pong

.2

moEmem

;2:9...

\Q

.«Efifimvd

3.
5BE

1)

.

T

.ulfl

BEDS.

3

d?

_.

a

ESE
.5

we?$9.8os



15SOME ASPECTS OF SATELLITE METEOROLOGY

0.5

mCam;

com

«Se

69

.OP:

m

Em;oom<>m

£856.5m

562.3%

m

“w059...

359.Easy

98020.

“.328new

85:26:68.:

323

5923

950:6

conga

-626252.6

.o

882656”8::

32.9”

.32:

an...

oom203

.om_”8::can

use

co.

6m...

com

<>mHwas:

x83

.m.

”on

Adam

-orv

mm...08«Se

”85.x8:

.Esm

.5335”no.

.3

”so?

.8:

gases.

.38

“ageE82

088%

.m.

am

nm:

”on

”0.5

mo

$82.38

m

2853..a

Go

.869

zxo

to.

65E

285320

Eco:.ocozmo

-EchE

”.muoE

xmobm

6..1.538

.506

So

am:

m5.2

mawam

mm

939“.

afiiifiVhEe

5.5..»

wastage

"a...

3’.u....._.....l.

.

.

.

Safari“!

4w.—

\:.

9...)..-

.

4f:

.75....

RI}

.

.

rd..9“.

A}:

..

HF...»

.:

n.in}.

.

.kz

Artie...

L.

y.yanxamxu....m.r

vagaw

:}

.52

\sISW

*

.

.....

L...

,

.

a.

...

...

.

p

at

..;<.

.4

D.

.

fwf7..aa...

M

.x.

v._..

.L

.

L
.

.

a
a

..,2....mu

.a...Lt.
\g
A

-“few--.”

_..Aex'.£..~aa.aem§....~,- -

um

.....

.3

&

..

.

.

.

“NE

w

.

...».~.O.

..M

1.

.

.

w

«a

.

of

.g.

..

”+3.

”w

.9;

J

.

....?..

V“

..o«.

..

,

.

he?

..

(an.

N

,

M43.

,.

..

.

.

2....

N

.

ea...

....

.

.

..

:m.

u

_

.....

a

I

I

.c

.

.IU1.31an.51

J.

H...

5M

1”

.

8.8.2135“

‘

a.

.3

...

II.J

319.371

II.

NJ

.

.

._

_

.../

.

,_

.

<6.

2.;

.5

5.

3.1.3.2.;

1.

0512.3...4?
3...:
Me.

.

.93

.nu
ann

.4

(.2

2:.

5.8.3

9....

:3...

_

.3:a:.5...2.5.2.e.3“53“....”L

1..

.4..Jr.imt\.rr...

.,.......n....

._:fi._z..__._i

4.3:.

gianme...

3

232$.”wa

$3

.Awézzmxw

.

.

.:.....:.............L.m

5

25?;

oEa....Ioiccmfifix.

33.63....are»infuse...E

.

..

A...

6m...



SOME ASPECTS OF SATELLITE METEOROLOGY

Figure5:

mI“gunman

‘I’IN'ISVL-Irl:2";,;".;’:,~¢, I.)Copyrightnun,aim/hum

wasum333117,.,. I in)tjm—09-4)“1:3;()() It)I'mmmnun.Iten/fluiolhl



CID-Sumrnenatnllatlk:relativeHeeuflgkeit.Synup-mr:I.00000.....:.IOO.(I00 6a
100
90

80

:27.2.0.9.,{z}

RelctheTeLc".

0 26 52 78 ‘O4 130 156 182 208 254 255IR

SUN-Sununenntatlsttk:relativeHoeuftglteil.Synop-n;1.00000.....300.000 6b

0 i o \

I . o o I 0 0 \,,
i/ l «’ I

or" o c D Iggy/I4?’ {'61P}"..;i
r” i ' /—"7‘“‘ , 3'Z .. o s '3‘; 3.5Q45 I‘LL-’1'!I.
é: 4 ——-/f' -___._.__L:~<:,.\._..........;r”:,1.".__I
I3. . o o 3 a \25. 35‘ s45"'s, 2 / \ ’
ii ' ‘\fi 0 o o I 3 4 \33 t2/
P o \ I'5 \.5‘ o o u o 2 :8\ngj/
2r ....‘I._._.._.1: ...-...- r

\Io 0 I 7 I2 *6 q :1

: o o o 5 9 . 16 3 f
«a 25 51‘, 7;, m .30 at. ‘52 m 234'2556b:IRandvortIcrtyadvectIon500hPa

It?

Figure6: PrecipitationprobabilitiesfromacombinationofIR-pixelsandanumericalParameter

Imime,wane-anIt»i
ten:".4:273222.“..3. (c)eqyrigmuuc.vim/sum“

Figure7:
Evaluationofthemodel
precipitationforecast;
9 September1993/
06- 12UTC; IR06UTC,
redshaded:high
precipitationprobability
fromthecombinationIR
andPVA300hPafor
06UTC;yellowshaded:
highprecipitation
probabilityfromthecom-
binationrelativehumidity
700hPaandPVA300hPa
fromforecastfields;blue
lines:ECMWF forecastof
6-hourlyprecipitation



18 SOME ASPECTS OF SATELLITE METEOROLOGY

~11_‘e—OK“;

‘ .
“Wt".V14.151",'._";f',"'m.‘ (it)Copyright‘ZAMG,Wien/Saint“!

Figure9: 15April1993/00UTC;9a:IR,superimposedareradiosondestationnumbersandthe
selectedW-Eoutlinefortheverticalcrosssection;9b:WV,sameas9awithN-Soutline



SOME ASPECTS OF SATELLITE METEOROLOGY 19

100‘ 1 o a ~1a3
1504 //___________33”“ 451)/
zoo~ ",x’ -zoo
250- .250

300' r300

400- -400

500‘ ~500

mO-i FEED

700- r700

800- .m
850' .350
soo- “900

moo- ~1ooo

07510 07645 07551 16545 16520 15in":
STATDNEN

10a:W-Ecrosssection

100- 1 0b +1113
150; +150
200 p200
2501 .250
mu ”m

4ooI -400

mg. “Em

soo~ ~50!)

70°. ~7m

”I -aoo
50. 'fl
mo. +900

1000‘ max:

09393(Bias "5'20 11655 13130 15520
STATDNEN

10b:N-Scrosssection

Figure10: Verticalcrosssectionsofequivalentpotentialtemperature(solidlines)andrelativehumidity
(dashedandshaded)fromradiosondedata;numbersofradiosondestationsareindicated
ontheabscissa



20 SOME ASPECTS OF SATELLITE METEOROLOGY

mo lla-m
am 200
am- ado
400- «no

A m A
33;“ i
x m >600g
E 7cm mo
am. moo
900‘ 900
m It!!!

ti:3:.in(aii I?!Ei i a h in ththn it!nanaamnannennsse
ECMWF—Gm

1m 1113’“
and r200
300- mu
40o. >400

g m. .500E
2’m w,i
EN .700-

m- moo
sou «no
mo noon

2 a: :1 a a it :e r. is
a; :1 s a a a at

ECMWF-GM'ERPUNKI

Figure11: Sameasfigure10,butfromECMWF analysisgridpointvalues;numbersofgridpointsare
indicatedontheabscissa

AequévolentpotentielleTemperatur(Keno) .’00We4f:‘ur'r‘tl'ITlll’l.r.‘ll.Y:1Ir..llIrl'rl1.‘l'IVI.rl‘r.rvvvl.v-,.Vl:"'

.330

3207

{our—vac-rm

5

ZVC‘A-.l;.;;.. .l..... -L270 280 290 300fiASC—Worlu37$ 320 (5.30

Figure12: Comparisonbetweenradiosondeand ECMWF datawithinthe crosssections.Black
crosses:allavailabledata;greendots:valuesof15April1993/00UTC



SOME ASPECTS OF SATELLITE METEOROLOGY 2T

m.
z”.
“1
4(1)

’6‘5004
:1,
S ”‘"d m:
81%
a).
mi

13a:W-Ecrosssection

09.341!0919"5120FEB 1313—0 ISSN
mo- 13b-255
“”1

m. '2.I-'.‘:‘I:\~‘\:“.\E‘;‘\: ~\
A .1.5“~....‘:‘f‘M‘ if: 450
3.; W ‘x s - x Ev-‘x \ .. a\ " "-H'- ‘2‘\ x\\x 900- t x ._; Axial::\ \‘1"‘--‘,._~ . .‘1‘“1‘‘ uR“g I ‘fA“)‘/:‘.;AI‘1\Ir‘("€{(‘.‘!\“IIIIIVI\\‘?\I\t. m3.KI vvvv1‘"‘f""/‘,‘:V\.\\x<‘~<\‘\<~1/"/“-y:‘\\‘I“I;‘17cm ‘1 ,-’ r ; ’t' ‘1. //«vm~¢NJ

‘-j } i ‘ ' if}f5 Tm / I /;./ "i 0‘ \:;~/‘\. .50
‘1‘/ , ‘ Its-xv\ ’9,f It 4““ ‘-:::..:933' ‘: \..... : L “.5,.. u.33‘:

tax). - : T """ ~o

:5:e3 it i a it as a 1'83 :t :2 a a s a r; a ,
Ecuwr-crnERPlNcr 13b:N-Scrosssection

Figure13: 15April1993/00UTC,dashed:equivalentpotentialtemperaturefromradiosondedata;violet:
frontogenesisparameter(normalcomponentofQ vector)fromECMWF gridpointanalysis
data;orange:IRpixelvalues;green:WVpixelvalues

13::- I I T i ll. 255

:3“’0 mg

m , Figure14:

9‘” 15April1993/00UTC;dashed:equivalentpo-
mo tentialtemperaturefromradiosondedata;blue:

temperatureadvectionfromECMWF gridpointa ‘4. i a 9': E a . .i. .v, 3: a a - a analysrsdata;orange:lRpixelvalues;green:ECMWF—CITTLRF’UI-IKT WVpixelvalues



SOME ASPECTS OF SATELLITE METEOROLOGY22

£29523

£35028:

“85%

“22>655.252Eccfloa283233£85

2.8

53082

350569

8.:

M:

KimE

a:

92822

>==océ$

0.5
NF

“02mto.

230222595

C

0.5mo

”oEwE

at

$3098>_Soc-m

5

05
8

”2%=2

.2

wgmmowcow

”$29

8322H$220M”:26me

$20

m-z

”82

.22

2

”m:939“.

g,;.:—_._nvt,_§u

)O'BO(Dd-i)

§§3§pfiTagflvH-

Sn

a

ataDID

PIE

L!

‘nfl

H‘

:.//M/

/

//,,-.,K

H

a

J

j.

8..nit$352ng0.5N-

JWW/x/ert

/#

/

a

a

n

x

tEn

...

a

m.

aaa

a...

fig

8..

58

asLa.

8....

32

W;

L

M

8:.

am

8!

,8.

8?

.98

39

.fi

8,:

A8958“.

83.3.83

05a.

,8,

stag—crossed

c

aaa

n

a

n

a

m.m.

am

n.

..c

fit

19

8..

re.

3!

fig

9K;

18»

m

8!

figs

W

M

an.

68

M

8..

.8.

8...

$8

an.

ER

5.

Tonga

”9%:

058

6

(new)mm

§gculur’zs

dx

r

...

aamaw.a

D

iE

”Z”

‘1‘

2..@889:03:3ch058



SOME ASPECTS OF SATELLITE METEOROLOGY 23

“Helm:93mmOUTCtmzuwnoI 206/0
rowsv1.5311523390955 ((2)CopyrightZAMG.Wien/smuu

17a:310K

Plot-Dalufl‘TPVISv1.69‘.°°-o399..“ (C)COP’fi‘htZANG.Wien/Sntellil

17b:320K

Figure17: 15April1993/00UTC; IR;relativestreamsforsystemvelocity286°l8m/s;solidblue:
isobars;dashedblue:relativestreamlines;greenshaded:areaswithrising(onlyqualitatively)



SOME ASPECTS OF SATELLITE METEOROLOGY 25

CLOUD CLASSIFICATION TECHNIQUES AT THE

HUNGARIAN METEOROLOGICAL SERVICE

Satellite Research Laboratory of HMS, Budapest, Hungary

MARTA DIOSZEGHY and EDINA FEJES

ABSTRACT

Afterthe first attemptsto find appropriatethresholdsfor cloud classificationsfrom satellite
imagesa statisticalmethodofclusteranalysisis chosenwhichcan findthenaturalpartitionof a
datasetwithoutany preliminaryinformation.A bi-dimensional(visibleand infrared)frequency
histogramofthebrightnessvaluesfora 15-day-longperiodis computed.The cloudclassesare
separatedon the histogramby dynamicclusteranalysis.The methodwas testedfor dataof
May and September 1992, comparingthe results to surface observationsand visual
nephanalyses.

ZUSAMMENFASSUNG

NacherstenVersuchenzurBestimmunggeeigneterSchwellwertefLireineWolkenklassifikation
aus SatellitenbildernwurdeeinestatistischeMethodederClusteranalysegewahlt,bei der eine
automatischeAbgrenzungeinesDatensatzesohnezusatzlicheInformationenmoglichist. Ein
zweidimensionales(visibleund infrared)Histogrammder GrauwertewirdfUr eine 15tagige
Periode berechnet.Die Wolkenklassenwerden im Histogrammdurch eine dynamische
Clusteranalysegetrennt.Die Methodewu'rdefflr Datendes Mai und September1992durch
VergleichmitBodenbeobachtungenundNephanalysengetestet.
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1. THRESHOLD METHODS

At the HungarianMeteorologicalService(HMS), the firstattemptto determinecloudamounts
and typesby digitalsatelliteinformationwas madeby Tanczer (1990;1992) even beforethe
operationalreceiptofdigitalsatellitepictures.

The case studywasperformedusingvisibleand infrareddigitalimagestakenoverEuropeon
July26‘“, 1988bytheJapanesesatelliteMOS-1. Itwasdecidedto use thresholdvaluesbased
on histogramsof signalintensitiesfordistinguishingbetweencloudyandcloud-freepixels.The
cloudamountswereestimatedfora gridof 25x25 pixels(areaof approximately2500 kmz).An
investigationwascarriedouttowhichdegreethecloudamountscomputedfromthevisibleand
the infraredimagescoincide.In68%ofthecases thedifferencewaswithin1-10%. The cloud
typesweredefinedfor squaresof 5x5pixels,withspatialresolutionof about100km2using
visibleandinfraredimagessimultaneously.Threethresholdsforeachchannelweredetermined
to separatethe cloudtypes accordingto differentalbedovalues and heights.In addition,a
coherencetestwas carriedout in the infraredimage:the cumuliformand layercloudswere
separatedby comparingthe standarddeviationaroundthe pixel with a given threshold.
Altogether15cloudandsurfacetypesweredifferentiated(Table1).

053 a>3

Mature Devel-
0 Ci expanded 0 Ci oping

Cb Ch
’102 AM.

As As ’ Multi- Less
0 trans op NS 0 Ac layered develop-
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Well
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sur- or sur— or cong
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0 0

ea 68 406 ' 38 68 408
VIS VIS

Table1: Cloudtypesonthebasisofthecombinedthresholdmethod(fromTanczer,1992)
Ontheleft(right)sidetypeswithhigh(low)coherencecanbefound

In September1991 the digitalMETEOSAT receivingsystemwas installedat the Satellite
ResearchLaboratoryof the HMS and Fejes et al. (1992)workedout a programpackagefor
imageprocessing.Thispackageinvolveda cloudclassificationmoduleas an applicationof the
abovementionedmethod.The authorsintroduceda correctionin the visiblechannelfor the
solarzenithangle.Themethodcalculatesthesunelevationforeachpixel- orabovegridpoints
-andafterthatthebrightnessvaluesaretransformedfora constantsunelevation(45°).

Becauseof the fewchannelson METEOSAT thereare no possibilitiesfor a combinationof
differentchannels(addingor extractingbrightnessvalues).This factmakes itvery difficultto
determineappropriatethresholdsfor a partitioning.To avoid this problemanothercloud
classificationprocessbasedonthestatisticalmethodofclusteranalysiswasworkedout.
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2. CLUSTER ANALYSIS

2.1 DESCRIPTION OF THE METHOD

The cluster analysis can find a naturalpartitionof the data set withoutany preliminary
information.In the finalclassificationthe objectsof the same clusterare close to each other
accordingtoa resemblancemeasure,whiledistantobjectsbelongtodifferentclusters.The best
partitioncan be reachedby findingthe minimumof the similarityfunction.The Euclidean
distanceis chosenas a resemblancemeasure,theformulaofthesimilarityfunctionwillbe the
following:

w = ii Evalpmm
[:1I0; xec,

where

K isthenumberoftheclusters

Ci is clusteri

|Ci| isthenumberofobjectsinclusteri

v (x) is thefrequencyvalueoftheobjectonthehistogram

p (x,3:) is thedistanceoftheobjectfromthecentreofgravityofclusteri.

There are severaltypes of clusteringtechniques(Didayand Simon,1976)fromwhichthe
dynamicclusteralgorithmis chosen.Inthismethodthesymbolicdescriptionof a class is the
centreof gravity.Afterchoosinginitialcentresfortheclusters(randompointsor localmaxima)
allof theobjectshavetobe assignedtothenearestcentrerecomputingthecentreof gravityof
the chosen clusterat the same time.When all of the objectsare classified,the similarity
functioncan be computedand eliminatingthe classeswithtoo fewelements- a newiteration
can be started.Ideallythe process is finishedwhenthe centresof gravityshowthe same
distributionas in the formeriterationor the similarityfunctionreaches its minimumvalue.
Practicallyit is enoughto reacha relativelystabledistributionof centreswhichdoes notdiffer
toomuchfromtheformeroneaccordingtoanappropriatethreshold.

Incase of cloudclassificationtheclusteranalysishastobe appliedtothefrequencyhistogram
of the brightnessvaluesin thechosenchannels,becausethedifferentcloudtypesappearas
differentpeaksonthehistogram.

Inthe methoddescribedhere the infrared(IR, 10.5-12.5um) and visible(VIS, 0.4-1.1um)
channelsofMETEOSAT imagesareusedandthebi-dimensionalhistogramis partitioned.The
mainstepsofthealgorithmarethefollowing:

I.Preparationprocess

1. Selectionoftheregionof interestfromthe IR, VIS images(450x150pixels)
2. Polarstereographicprojection(ofthecuts)
3. Computationofthebi-dimensionalhistogramofthebrightnessvalues
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II.Clusteranalysis

1. Choiceoftheinitalcentresoftheclasses
2. Assignmentof theobjectsto the nearestcentreand recomputationof the centreof gravity
(pointbypoint)

3. Computationofthesimilarityfunction
4. Ifthenextiterationis necessarygo to ”.2. (eliminationof classeswithfewelements)if not
go to III.

III.Classification

1. Assignmentof the indices(resultsof the clusteranalysis)to the brightnessvaluesof the
images

2. Visualisationoftheclassifiedimage

Developingthe methodsome technical problems arose. Theoretically the methoddoes
not depend on the choice of the initialcentres; but practicallythe program should not
be too slow. Therefore the method of Porcu and Levizzani (1992) who divided the
histogramintobi-dimensionalintervalsand defined the local maxima as initial centres
is used. Four times as many intervals (16x16) are used as by the Italian scientists
because it was provedby Gallaudet and Simpson (1991)that more initialclusters lead
to a more stable partition.In this way the process starts with 50-70 centres (centres
withless than 5 elementsare eliminated).

Whentwocentresof clustersare too close to each other(accordingto a given threshold)
thenthetwoclustersaremerged.

Eliminatingclasses withtoo few elementsmeans that only the centres of clusters are
neglected,the pointsassignedto those clusters are againclassified in the next iteration.
The eliminationthresholdwas definedby Porcu and Levizzanias 1/20of the totalnumber
of pixelsbutthis provedto be too strictfor the firstfew iterations.Thereforethe threshold
is chosenas a functionof the numberof iterationsas follows:

threshold=1/K

K = -4|+100 ifI<20

K =20 ifI2 20

wherel is theordinalnumberoftheiteration.

According to the investigationsof Debois and Seze (1987),the alterationof brightness
values as a function of the solar zenith angle differs about three times as much in
case of latitudes as in case of longitudes. Therefore the region of interest is a
rectangularbox (450x150pixels). To avoid the correctionof brightnessvalues - mainly
because of the difficulties in the infrared channel - the panels are rather small.
Because of this, time-cumulatedhistograms for 15 days are coumputed using only
picturesof the same timeof the day.



SOME ASPECTS OF SATELLITE METEOROLOGY 29

2.2 RESULTS

Themethodwastestedfortwomonths,MayandSeptemberof 1992.Althoughtherewasgreat
interestin cumulonimbusdetection,the archivesof June and July werenotcompleteand in
AugusttherewerehardlyanycloudsoverHungary.Fromthe11UTC images5, 15and30day
histogramswerecalculatedbutthe clusteranalysesshowedthatthe 15 day periodwas the
mostusableas theconvergenceof thesimilarityfunctionwassuitable(<5%)andthe number
ofseparatedclasseswasreasonable(8-12).

Finally,the cloud type of a clusterwas determinedby the locationof the clusterson the
histogramandby comparisonoutof theclassifiedimageto surfaceobservations(takenat 12
UTC) andvisualnephanalyses.

The resultsobtainedfor the firsthalf of Septemberare presentedshowingonly the most
interestingcloudfields.Infigure1 thepartitionedhistogramcan be seenandtable2 showsthe
characteristicsof thedifferentclasses:thebrightnessvalues(VIS, IR) of thecentresof clusters
(onthescaleof0-255)andthenamesoftheclasses.On 1"September(figure2)thecloudfield
of a well developedcold frontcan be seen. The cumulonimbusclouds (green)are well
separatedfromthe frontalnimbostratusarea (white).The contaminatedpixelsappearat the
edges of the clouds (yellow).Unfortunatelythe cold land surface areas (easternpart of
CarpathianMountains)were put into the same class as the AdriaticSea (blue).On 4th
September(figure3) itisworthto lookatthecirrostratus(ochre),on thevisibleimagenocloud
appearedat that place. In the easternpart of the picturethere are bigger patches of
contaminatedpixelwithagreementto the cumulusand cumuluscongestuscloudsobserved
fromthe ground.On 7'hSeptember(figure4) a largearea was classifiedas cumulonimbus
(green)butitis evidentfromspatialcharacteristicsthatitmustbe somethingelse.Infact,there
werecirruscloudsoverlappingdensenimbostratuswiththe same brightnessvalues- bothin
VISor IRchannels- as cumulonimbuscloudsnormallyhave.

A furtherinvestigationof standarddeviationfieldswillhopefullysolvethisproblemand it can
alsohelptoavoidtheconfusionofsea andverycoldlandsurfaceareas.

COLOUR VIS IR SURFACE/CLOUD TYPES

1 blue 43 150 sea surface
2 red 46 163 land
3 ochre 60 110 denseCs
4 brown 53 138 thinCi
5 yellow 77 128 contaminatedpixels
6 grey 90 99 lessdevelopedAc, As
7 pink 119 101 welldevelopedAc, As
8 white 153 90 As orN5
9 green 132 62 Cb orNs overlappedbyCi

Table2: Coordinatesofthecentresofclassesandnamesofthecloudclasses
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2.3 CONCLUSION AND FUTURE PROSPECTS

ThemainadvantagesofthemethodarethatitisapplicableforMETEOSAT imageswithoutany
otherinformationand that it is quitefast.Once the histogramis separatedintoclustersthe
imagescan be classifiedwiththe same indexfieldfor 1-2weeks.The processseparatesthe
cloud types accordingto differentthicknessand heightsrelativelywell. Unfortunatelythe
separatedclasses are hardlycomparableto the traditionalclassificationsand it is difficultto
differentiatebetweencumuliformand layercloudswiththe same brightnessvaluesin case of
multilayeredcloudsystems.

Forthesereasonsworkinvolvingthestandarddeviationfieldsof VIS, IRimagesis goingon. It
willhopefullyleadtoa betterseparationofcumuliformandlayerclouds.As a furtherdimension
thewatervaporabsorptionbandcanbe includeintotheprocess.Itis plannedto runthecluster
programfora longerperiod(years)tobuildupa bankof indicesforeveryhalfmonthwhichcan
beuseddirectlyfortheclassification.
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Figure1:
The bi-dimensionalhistogramof the brightness
values(abscissa:lR, ordinate:VIS) separatedinto
cloudclusters

Infraredimage

Classifiedimage

Figure2: 1September1992/11UTC
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Infraredimage

Classifiedimage
Figure3: 4September1992/11UTC
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APPLICATION OF TOVS DATA AT THE HUNGARIAN

METEOROLOGICAL SERVICE

Hungarian Meteorological Service, Budapest

l. CSISZAR AND L. KOVACS

ABSTRACT

Inrecentyearsthe installationof a direct-readoutsatellitereceivingstationand the improving
computationalcapabilitieshaveallowedthequasi-operationaluse of theTIROS-N Operational
VerticalSounder(TOVS) dataattheHungarianMeteorologicalService.Inthispaperresultsof
two investigationsare presented.First the derivationof verticaltemperatureand humidity
profilesfromTOVS and their impacton the accuracyof a limitedarea numericalweather
predictionmodel is discussed.A positiveimpactwas onlyfound in the middletroposphere,
wherethe TOVS soundingshave relativelygood quality.In the second part an improved
multipleregressionalgorithmfor the calculationof the total atmosphericozone contentis
described.Comparisonswithcoincidentground-basedand ozonesondemeasurementshave
shownthatthe use of regressioncoefficientsdeterminedseperatelyfor five satellite-derived
airmassesinmostcasesprovidesa betterozoneretrievalaccuracy.

ZUSAMMENFASSUNG

Durch die Installationeiner geeignetenSatellitenempfangsanlagesowie durch verbesserte
Rechenkapazitatenist in den IetztenJahren eine quasi-operationelleAnwendungder TOVS-
Daten (TIROS-N OperationalVertical Sounder) im UngarischenMeteorologischenDienst
moglichgeworden.IndieserArbeitwerdendie ErgebnissezweierUntersuchungenprasentiert.
ZuerstwirddieAbleitungvertikalerTemperatur-undFeuchteprofileaus TOVS-Datensowieihr
EinfluBaufein LAM-Vorhersagemodelldiskutiert.Nurfi‘JrdiemittlereTroposphare,fUrdie die
TOVS-DatenrelativguteQualitataufweisen,konnteeinpositiverEinfluBfestgestelltwerden.lm
zweitenTeil der Arbeitwirdein verbesserterRegressionsalgorithmusfUrdie Berechnungdes
totalen Ozongehaltes der Atmosphare beschrieben. Vergleiche mit Boden- und
Ozonsondenmessungenhabengezeigt,daBdieVenrvendungvon Regressionskoeffizienten,die
getrenntfUrfiinfaus SatellitendatenabgeleitetenLuftmassenbestimmtwerden,indenmeisten
FalleneinehohereGenauigkeitderOzonbestimmunggewahrleisten.



1. INTRODUCTION: THE SATELLITE SOUNDING

......i. .... ..r The HRPT (high resolutionpicture trans-
333333: mission)transmissionfromthe polar orbiting

ms 1 ”.00um CO! 301.0. NOAA series consistsof the AdvancedVery
ms 2 14.70W co, 60m HighResolutionRadiometer(AVHRR)andthe
ms 3 ”.50m, co. m hp, TIROS OperationalVerticalSounder (TOVS)
ms 4 14.20.... co, 400up. data.The TOVS includes3 instruments:The
ms 5 14.000.. coL coom High-resolutionInfrared Radiation Sounder
ms 6 13.70.... col/m 0002.0. (HIRS), the MicrowaveSoundingUnit (MSU)
"”5 7 ”-‘° W“ °°1/“2° 9” h“ and the StratosphericSoundingUnit (SSU).
““‘s3 “a” ""' "m" “'"m HIRS performsmeasurementsat 20 channels,
2:: :0 3:: 1:: :1: 9:: :1: MSU at 4 channelsand SSU at 3 channels.
ms ,, 7.300... "1,, ,0,m Table 1 providesmoredetailedinformationon
runs12 0.70.... ",0 :00m these channels. This table.shows that the
ms U 4-57im- N20 1000m weightingfunctionsof thesechannels(i.e.the
"“‘S” "‘2 ""' "1° 95°"P“ partialderivativesof thetransmittancefunction
3:: i: 2:: :2 2:12: :2: 2:: withrespectto the pressureor height)have
ms ,7 4.2,00 :of ‘ 500. theirmaximumvalues at differentlevels. So
ms ,8 4.00,, ...... ...“... thesechannelsaresensitiveto differentlayers
ms 10 0.70.... mm mm. of the atmosphere.Thereforethis measure-
ms 20 0.10um window cioud mentis called satellitesounding.The regular
usux 5.96.... window sumac receptionof the HRPT transmissionfromthe
MSU2 5-58m 01 70mm satellitesNOAA - 11 and 12 began at the
:3 j j: 2'" :L 3:: 2:: SatelliteResearchLaboratoryof theHungarian

‘ ' 1 MeteorologicalService (HMS) in January
:3 : :2: 2' :21 ‘j 2:" 1992.Possibilitiesof anoperationalapplication
m J ”.00 .. co: L, m of theTOVS data,whichhavebeen archived
- and processedquasr-operationallysince then,

Table1: Someselectedinformationabout areinvestigated.
TOVS channels

2. CALCULATION OF TEMPERATURE AND WATER VAPOR PROFILES

TheseprofilesarederivedfromTOVS databythe ITPP 4.02modeldevelopedattheCooperative
Institutefor MeteorologicalSatelliteStudies(CIMSS). The principleof thismodelis the following
(Smithetal. 1985):(1)containstheperturbationformoftheradiativetransferequation.

ae— _a__3-

5T: f5 a_T31 a—de p—jaTa—lL d +8T 5T”T) (1)
ap aw aB—d apa_BT p 33— T

—-T( 0p) 0 TT(b) —(Tb)3T M
whereTb is the brightnesstemperature,T6 is the surface-skintemperature,T is the air
temperature,B is the Planckradiance,T is the transmittance,p is the pressureandW is the
precipitablewatervaporwhichis obtainedfromthewatervapormixingratiom bytheequation

W(p)=%jm(P)dp (2)

whereg is thegravitationalacceleration.
Theperturbation6 iswithrespectto an a-prioriestimatedormeanconditionwhichis represented
withoverlinedsymbols.Ifthisequationiswrittenforallof theTOVS channelsandtheperturbation
profilesare describedas a linearcombinationof theweightingfunctions,whichincludestatistical
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informationaboutthegivenprofile,theequationis inmatrixform.The solutionofthisequationleads
tothecoefficientsof thelinearcombinations.Inthiswaythetemperatureandwatervaporprofiles
canbedeterminedsimultaneouslyat56x100TOVS pixelswhichmeansa resolutionofabout50km
atthesubsatellitepoint.

3. ASSIMILATION OF TOVS PROFILES IN THE HUNGARIAN NWP

Theappliedmodelisa 120-Ievelprimitiveequationlimitedareanumericalweatherpredictionmodel
(NWP) whichwasdevelopedattheSwedishMeteorologicalandHydrologicalInstituteandadopted
bytheHMS (Undén1982).A 36hourmodelforecastis processedina 60 hourassimilationcycle
whichcontainsassimilationofradiosondedataandsurfaceobservations.

Ina firstexperiment,itwas investigatedifthe assimilationof TOVS profileshas any effecton
theNWP andwhatsortof effectthis is. A five-dayexperimentwas performedstartingon 31‘t
October 1992. Limitedby the calculationcapacityavailableat that time the profileswere
determinedfor only 200 pixels,preferablyabovethe Central Europeanarea. The forecast
productsof the HungarianNWP wereconsideredas an a-prioriestimationfor the ITPP 4.02
model.The TOVS profileswereprocessedintheassimilationbytheobjectiveanalysisscheme.
Some improvementof the500hPa temperaturefieldsabovethe CentralEuropeanarea was
foundwheretheTOVS profileshadthebestquality.However,therewasa negativeimpactfor
the otherfields. For the quantitativeevaluationof the effectof TOVS retrievals,brightness
temperaturefieldswerecalculatedfromthe NWP data also by a fonrvardradiativetransfer
model(CsiszarandKovacs1993).Inordertodecreasethetimegapbetweentheforecastand
the satelliteoverpasses+3and +15hourforecastfieldswere used in this calculation.The
standarddeviationof theNWP brightnesstemperaturefromtheTOVS brightnesstemperature
wasderived(seefigure1).Some positiveimpactfora carbon-dioxidchannel(HIRS 5) and a
watervaporchannel(HIRS 12)wasfound.Bothofthemweresensitivearound500hPa.

c
J
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z.4-
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2.-
i.a-'2 2
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at+3hourforecast at+15hourforecast

Figure1: TOVS-NWP standarddeviation

incaseofassimilationwithoutTOVS data
incaseofassimilationwithTOVS data

Ina secondexperimenttheTOVS profileswereassimilatedoverthe AtlanticOceanwherethe
amountof radiosondedatais insufficient.At thattimea workstationcouldbe used,so theprofiles
couldbe caculatedforallthe56x100TOVS pixels.PreferablyTOVS profileswereassimilatedin
cloudfreeandpartlycloudycases.Inthatcasesomeimprovementalsointhelowertropospherewas
found,butsometimestheforecast"blewup".The reasonforthisis thefollowing:The ITPP 4.02
modelcalculatestheprofilesateverysinglepixelindependently.So ithappensfrequentlythatthere
is a 2-5°C temperaturedifferencebetweentwoneighbouringpixels.This bigtemperaturegradient
oftencausesthe"blowingup"oftheforecast.



36 SOME ASPECTS OF SATELLITE METEOROLOGY

b:Dataderived
fromTOVS
radiancesusing
climatological
meanasana-
prioriestimation
(receivingtime:
04:08UTC)

a:00UTC
radiosondedata

c:Dataderived
fromTOVS
radiancesusing
modelforecastas
ana-priori
estimation
(receivingtime: d:12UTC
04:08UTC) radiosondedata

Figure2: 850hPatemperaturefields,22July1992

Thereforeina thirdexperimentitwastriedtofilterthisnoisefromtheTOVS profiles,by a hori-
zontallysmoothingof the data. In order to solve this problema numericalmethodwas
developed.A localmeanof thedataarounda givenpixelwasdeterminedandthemodification
of the pixelvalueswas a functionof theirdifferencefromthis local mean. In this way a
successfulsmoothingcouldbe carriedout.Inthisexperiment24 satelliteoverpasseswerepro-
cessed, 12oceanicand 12CentralEuropean.All of themwereprocessedusingclimatological
meanandmodelforecastas an a-prioriestimationof the profilesforthe ITPP 4.02model.In
ordertodemonstratetheresultssomefieldsarerepresentedinfigures2 and3.
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Infigure2 the 850 hPa air temperaturefieldscan be seen. The radiosondedata (figure2a)
showcoldairadvectionoverthe CentralEuropeanarea andwarmairadvectionintheNorth.
This is reflectedin thedataderivedfromTOVS radiances(figure2 b, c) as wellbut usinga
climatologicalmeanas ana-prioriconditionleadstotheunder-estimationoftheairtemperature
field(figure2b).Intheuppertroposphere,thesameprocesscanbe obsen/ed(figure3). Inthat
case, temperaturedataderivedfromTOVS radiancesusingclimatologicala-prioriestimation
are lessaccuratethaninthelowertroposhere.

b:Dataderived
fromTOVS
radiancesusing
climatological
meanasana-

; . . prioriestimation
3 ‘ ‘ e .a:00:00UTC ~ , 2 (receivingtime:

/ & radiosondedata ”I . 04:08UTC)

0:Dataderived
fromTOVS
radiancesusing
modelforecastas

. ana-priori
estimation
(receivingtime: d:12:00UTC
04:08UTC) radiosondedata

Figure3: 300hPatemperaturefields,22July1992
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The conclusionoftheseexperimentsisthefollowing:
1. Assimilationof the dataderivedfromTOVS radiancescan have a positiveeffecton the
numericalforecastwherethe amountof radiosondedata is insufficient(e.g. above sea
surface).

2. Especially in cloudfreecases a good approximationof air temperatureand watervapor
datacan be obtained.

3. The derivedprofilescan lead to the "blowingup" of the forecast if these data are not
horizontallyfiltered.

4. Theseprofilesdependonthea-prioriestimationverystrongly.

4. TOTAL OZONE CONTENT RETRIEVAL

Twomajorproblemsareconnectedwiththeretrievalof ozonefromTOVS. First,dueto thefact
thatthereis onlyone ozonechannelin the 9.6 pmabsorptionband (HIRS 9), no information
can beobtainedabouttheverticalprofileof ozone.Second,theozonechannelis contaminated
bytheemissionofthesurfaceandtheabsorptionbywatervapourinthe lowertroposphere.

The methodsforderivingtotalozonecontentfromTOVS measurementscan be groupedinto
twocategories:Statisticalandphysicalmethods.The statisticalmethods(Planetet al., 1984;
Lienesh,1988)use the brightnesstemperatureof variousHIRS channelsas predictorsfor a
multipleregressionestimation.The predictorsare chosento accountforthe effectsmentioned
above and for the good correlationbetweenthe total ozone amountand the stratospheric
temperature.The physicalmethods(Prabhakaraet al., 1970;Ma X. et al., 1984;Lefevreet al.
1991)use the radiativetransferequationeitherin an iterationalapproachor to derive the
transmittanceof the ozone channel.However,even these methodsuse multipleregression
eithertoderivea first-guessozoneprofileortodeterminethetemperatureoftheozonelayer.

The appliedalgorithmis partiallybasedon and incorporatedintothe3|(ImprovedInitialization
Inversion)programpackagedevelopedattheLaboratoiredeMeteorologieDynamique(LMD) in
Palaiseau,France (Chedinet al., 1985).Inthispackagethe retrievalof the three-dimensional
fieldsoftemperature,humidityandotheratmosphericparametersis carriedoutbytheselection
of first-guessprofilesfromTIGR (ThermodynamicInitialGuess Retrieval),a statisticaldataset
of 1761atmosphericsituationsgroupedin5 airmasscategoriesaccordingtotheverticalprofile
of the virtualtemperature(Achard, 1991). For each atmosphericsituationand different
observationalconditions(10satelliteviewingangles, 19 surfacepressuresand two surface
emissivities)the correspondingoutgoingradiancevalues and transmittancesin the spectral
intervalsof the TOVS instrumentsare computedby a Iine-by-lineradiativetransfermodel(4A:
AutomatizedAtmosphericAbsorptionAtlas, Scott and Chedin, 1981).TIGR contains infor-
mationon the atmosphericozonecontentobtainedfromozonesondedataandmeasurements
of thetotalozoneamountbyground-basedinstruments(Dobson,Brewerspectrophotometers)
andbyTOMS (TotalOzoneMappingSpectrometer)on boardof the Nimbus-7satellite.Inthe
lattercases a climatologicaladjustmentoftheozoneprofileswasmade.

Itwasdecidedtoapplya modifiedversionofthealgorithmdescribedbyLefevreetal.(1991).Inthis
approach,firstthetransmittanceoftheozonelayerisdeterminedfromtheradiativetransferequation:

F? —B 0

39(Te)" Be(T0,)
where1(03)is theozone layertransmittance,R, is themeasuredradiancein HIRS channel9,
B9representsthe Planckfunctionfor the wavelengthof channel9 and T, is the brightness
temperatureof HIRS channel8. T03 is the temperatureof the ozone layerwhich can be

estimatedby a multipleregressionformula:
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T03= a,T2+ b,T6+ c,T8+ d,T9+ e, (4)

HereTkdenotesthe brightnesstemperatureof the k-thHIRS channel.Then, the totalozone
valueis calculatedfromtheequation:

[03] =—fln(t (03))+ 51sz+ sz6 + cJB + d2T9 + 99 (5)

The regressioncoefficients,in additionto beinggeneratedfor each set of viewingangle,
surface pressure and surface emissivity,were also determinedfor each air mass type
separately.Since thereis a goodcorrelationbetweentheverticaltemperatureandthe ozone
profiles,the dependenceof the ozone absorptionon the altitude(ormeanpressure)of the
ozone layercouldbe takenintoaccountin thisway.The basis for these calculationsis the
TIGR dataset.

Inorderto be ableto investigatetheeffectoftheairmass-dependentregressioncoefficients,a
setof themwasderivedwithoutmakingdistinctionbetweenthe airmasses.Thenthestatistics
calculatedforthewholeTIGR dataset fromtheairmass-dependentandairmass-independent
regressionswere compared.This comparisonshoweda decrease of the error standard
deviationofabout15% (from18.9DU to 15.5DU)as an impactoftheairmass-classification.

The ozone retrievalprogramcan be run afterthe 3| inversion.It uses the cloud-cleared
radiancesand the air mass flag storedin the 3|outputfile. The regressioncoefficientsare
interpolatedaccordingto the viewingangleof the actualsatelliteobservation.The isothermal
cases (whenthe estimationof the ozone layertransmittanceis unstable)are omitted.These
situationsare definedby a differenceof less than20 K betweenthe ozone layertemperature
andthebrightnesstemperatureof channel8. The caseswithretrievedcloudtoppressureless
than423hPa seemtohavepoorqualityandarealsoomitted.

Preliminarycomparisonswerecarriedoutbetweenthe retrievalproductsand an independent
setofgroundmeasurements.Thisdatasetconsistsof197DobsondataintheEuropeanregion
inMarch1987,archivedattheWorldOzoneDataCenterin Downsview,Ontario,Canada.The
coincidentTOVS radianceswere taken fromthe global Pathfinder3| outputproductsfor
satelliteNOAA-10. Unfortunately,mostcases belongedto one of the mid-latitudeair masses
andthusitwasnotpossibletoderiveseparatestatisticsforeachairmass.However,theoverall
statisticsgaveanopportunityforthefirstevaluationofthealgorithm.

Table 2 shows some of the verificationstatistics.Itcan be notedthatthe use of air mass-
dependentregressioncoefficientsintroducedan improvementof about1.5 DU in the error
standarddeviationof thedatawhenthe coefficientswerederivedat once forthewholeTIGR
dataset. Also, by omittingthe cases at thebordersof the air masses (wherethe totalozone
valuemayhavea bigspatialandtemporalvariability),an additionalsignificantimprovementcan
beobserved.However,a largeramountofverificationdatawouldbe necessarytogivea proper
anddetailedevaluationoftheresults.

Table2: TOVS-DobsonverificationstatisticsfortheMarch1987dataset

Airmass Airmass Corr. Errorstd.
class. borders dev.
no retained 0.848 22.188
no omitted 0.909 17.797
yes retained 0.850 20.797
yes omitted 0.926 16.273
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Also ozonesondemeasurementswereinvestigatedfromthe EASOE (EuropeanArcticStrato-
sphericOzone Experiment),withtheaimof a detailedstudyof thestratosphereto monitorthe
processesthatleadtothedecreaseof theozonecontent.The measurementsweretakenin a
5-monthperiodduringthewinterof 1991-1992.Fromthesedataandavailable3|outputfilesfor
NOAA-11itwaspossibleto find19TOVS-ozonesondecoincidences,representing9 stationsin
theNorthernEuropeanarea(table3).

Table3: OzonesondestationsfromEASOE usedforthecomparisons

N
4

To be comparableto values of other instruments(Dobsonor Brewerspectrophotometers,
TOMS or TOVS), the integratedozone amountscalculatedfromozonesondemeasurements
havetobe correctedintwosteps(Kyro1989).First,theintegratedvalueX, hasto be increased
bytheresidualozonecontributionabovetheburstleveloftheballooncalculatedbytheformula:

xr =7'9p03 (6)

wherep03 is theozonepartialpressureinmPaattheburstlevel.Second,thisintegratedvalue

has to be correctedby a correctionfactordependingon the valueof the Breweror Dobson
MeasurementX,,:

X0
x, +x,

Unfortunately,C wasnotavailableformostoftheballoonmeasurements,partlydue tothefact
that duringthe arcticwinteronly focusedmoon measurementscan be performedby the
spectrophotometers.Becauseof this andthesmallsamplesize a statisticalanalysiscouldnot
becarriedout.However,thesesoundingswerevaluablefora qualitativeevaluationwithspecial
respecttotheshapeoftheozoneprofile.

c:

Table4: CoincidentTOVS-ozonesondemeasurements.TheorbitnumbersrefertoNOAA-11.
Explanationseetext.

DATE UTC ST. BURSTA. XI+XR CORR.F. TOVS ORBIT BORDER
27/12/91 10 GA 6.7 203 - 248 16776no

11 LE 8.1 230 - 267 16777no
11 Ll 6.3 318 - 332 16776no

15/01/92 09 HO 6.9 257 1.045 279 17044yes
16/01/92 12 KI 3.7 334 - 375 17058no

17 80 12.4 343 - 389 17058no
17/01/92 06 HO 10.1 239 0.942 274 17066no
20/01/92 08 HO 5.9 249 1.013 325 17115yes
27/01/92 11 AB 6.7 284 - 277 17214yes

10 GA 10.2 212 - 244 17214yes
09 HO 5.6 352 1.169 357 17214no
11 Ll 15.8 265 - 305 17214no
11 RE 8.8 278 - 342 17215yes

31/01/92 11 Ll 8.5 270 - 291 17270no
07 HO 5.3 267 1.243 300 17270no

20/03/92 11 GA 7.3 325 - 329 17962no
11 KI 11.3 300 - 407 17962yes
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Table 4 showsall the coincidences.The correctionfactorsgiven for the Hohenpeissenberg
stationandthosegivenforSodankylabyKyro(1989)are inthe intervalbetween0.95and1.25,
tendingtohavea valuebiggerthanone.Itis assumedthatthesedataarerepresentativeforthe
otherballoonmeasurements,mostof the TOVS retrievalvaluesare acceptable.However,in
certaincases thebigoverestimationcannotbe explainedinthisway(eg. theTOVS retrievals
overestimatetheballoonmeasurementsby morethan25%).These cases seemtocorrespond
tomeasurementsat thebordersof airmasses,wherethehighvariabilityof theozonecontent
mayleadto bigdifferencesitthereis nogoodtemporalcoincidence.On theotherhand,atthe
bordersdifferentairmassesmaybe stratifiedaboveeachotherin a verticalcolumn.This can
produce double-peakedozone profiles, with significantozone amounts in the lower
stratosphere.Such profileswerefound,forexample,in Reykjavikon 27Januaryand in Kimna
on 20 March.As waspointedoutbyAchard(1991),thechannel9 radianceis sensitiveto the
shapeoftheozoneprofile.Herethesecondarymaxima,dueto the increaseof absorptionwith
pressure,produce absorptioncomparableto that of bigger ozone amount in the higher
stratosphere.Since the regressionalgorithmassumes a climatologicalsingle-peakedprofile
witha maximumat around25 km, such cases can be expectedto be overestimated.The
situationis particularlycomplicatedinthe case of Kiruna,wherethe 3|boxesare assignedto
fourdifferentairmassesina smallregionaroundthemeasurementsite.This underlinesagain
thecautionrequiredattheevaluationoftheretrievalproductsinsuchareas.
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MODEL OF CLOUD CLASSIFICATION USING

MULTISPECTRAL AVHRR DATA

Department of Regional Forecasts, Institute of

Meteorology and Water Management, Krakow, Poland

DANUTA SERAFIN

ABSTRACT

A methodof multispectralanalysisof satellitedata fromthe AdvancedVery High Resolution
Radiometer(AVHRR),onthepolarorbitingsatellitesNOAA, isdevelopedat theDepartmentof
RegionalForecastinCracow.ThemeteorologicalproductsderivedfromdigitalAVHRR dataare
presentedusingtheSysVision- imageprocessingsystemfor PC computers.The SysVision
systemgivesthepossibilityof operationalprocessingandthedatahandlingcapacitynecessary
for a classificationof AVHRR data.The cloudclassificationmodelis based on a thresholding
procedurein a five-dimensionalspectralfeaturespace. The classificationalgorithmhas been
trainedandtestedforthecentralEuropeanregioninsummerseason,whenthesunelevationis
high.Operationaltestsstartatthebeginningof1994.

ZUSAMMENFASSUNG

Inder Abteilungfiir Regionalvorhersagein Krakauwirdeine Methodefiir eine multispektrale
AnalysederDatendesAdvancedVeryHighResolutionRadiometer(AVHRR)der Polarbahnsa-
tellitenNOAA entwickelt.Es werdenmeteorologischeProdukteder digitalenAVHRR Daten
mittelsdes SysVision- Bildaufbereitungssystemsfr'JrPC présentiert.Das SysVisionSystem
bietetdie MéglichkeiteineroperationellenAufbereitungebensowiedie Kapazitat,die fijreine
Klassifikationder AVHRR Daten nétig ist. Das Wolkenklassifikationsmodellbasiertauf der
Bestimmungvon Schwellwertenin einem5-dimensionalenRaumbestehendaus denWerten
der5 Spektralkanale.Der Klassifikationsalgorithmuswurdefiir den BereichvonZentraleuropa
sowiefr'JrSommerdatenmithohemSonneneinfallswinkelentwickeltundgetestet.Operationelle
Testsbeginnen1994.
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1. INTRODUCTION

The need for informationconcerning clouds for climate and forecasting models has
increased in the last years. Satellites provide the most suitable data from which an
extractionof cloud parameterscan be attempted.This is primarilydue to their global
coverage and temporal continuity. Several authors have developed methods of an
automaticcloud classification;methods of derivationof quantitativeinformationabout
surface and clouds have been tested,they are provinguseful in weatherforecastingand
numericalpredictionmodels.These methodscan be separatedintotwogroups:
1) thresholdmethods (Karlsson and Liljas, 1990) where the cloud detection and

analysisare performedon individualpixelsusingVIS and IRradiancethresholding;
and
2) statisticalmethods(Ebert,1992)wherethese twosteps are notperformedon each

pixel,butgloballyon imagesegments,usingstatisticalpropertiesof the VIS and IR
radiance.

This paperdescribes a modelfor a near—realtimecloudclassificationfromdigitalAVHRR
data. The methodis based on a thresholdingprocedure in a five-dimensionalspectral
feature space. This supervisedcloud classificationmethodfollowingalmost exactly the
Karlssonalgorithm,has been testedfor Central Europeand is foundthe most effectivein
classifyingsurfaceand cloudtypes.

The modelformsan importantpartof the imageprocessingsystem SysVision, whichwas
createdin 1990.The SysVision systemworkson a PC-386 computerwitha SVGA display
monitor and offers a wide range of image operations, for example: zooming, quick
comparison of images, contrast operations, false colouring. The SysVision permits
to calculatefromdigitaldata and to display:the brightnesstemperaturein infrared,albedo
invisible channels, vegetationindex, sea surface temperature,linear functionof albedo
andtemperaturefromdifferentchannels.

2. AVHRR DATA

The AVHRR measuresradiancein fivespectralbands:twoin the visibleband (channel1 -—>
0.55- 0.68pm;channel2 —>0.73-1.1urn),one inthe3.7 pmwindowregionandtwoinfrared
windowchannels(channel4—>10.5- 11.5urn;channel5—->11.5-12.5pm),with1.1kmspatial
resolutionat the nadir.Inorderto performthe spectralanalysis,the measuredradianceis
convertedintoalbedo(channels1, 2 and 3) and brightnesstemperature(channels4 and 5).
The channel3 albedois estimatedbysubtractingthethermalradiancethatwouldbe emittedby
a blackbodyat thetemperaturemeasuredin channel4 fromthe actuallymeasuredradiance.
The satellite-measuredalbedosare normalisedby thecosineof the solarzenithangleat each
pixelandthenscaledwithgreylevels0 - 255representing0%- 100%respectively.

Supervisedtrainingis realisedusing AVHRR satelliteimageryfor Central Europe withfull
spatialresolution;fortheclassificationprocessdatawithlowerresolution,approximately4 km
(800x 600pixelsor640x 480pixelsdependentonthegraphicalmonitor)areused.



SOME ASPECTS OF SATELLITE METEOROLOGY 45

The radiancemeasuredin differentchannelsdependson the characteristicsof the object:
temperatureandreflectivity;itdependsalsoonthefollowingfactors:

0 sunelevation;
0 satelliteviewingangle;
0 sun-satelliteazimuthangle;
0 contributionsfromatmosphericwatervapourandaerosols;
o transparencyoftheobject;
a whatpartofthefieldofviewmatchestheobject.

Someofthosefactorscontributetotheclassificationsolution,othersbringsomeproblems.The
parametersthat are regardedas significantor characteristicfor differentcloud types are
temperature(relatedtoheight),reflectivity,transmissivityandemissivity.

3. THE CLASSIFICATION MODEL

The classificationprocess splitsup intotwo parts:trainingand classifying.The SysVision
classificationprogrammeallowstoperformtrainingwithsupervision.The analystselectspixels
thatrepresenta chosenclass, the systemcalculatesstatisticsfromthis sampleofpixelsand
createsa 5 featuresignatureforthe class. The calculatedsignaturesare storedinan actual
categoryfilein thedatabase.All definedclasses are listedin table1 andthefive-dimensional
spectralfeaturesare presentedin table 2. For each sample in the five-dimensionalfeature
space, the followingsignaturesare computed:maximumand minimumvalue, standard
deviation,median,mean. Inusingthe supervisedtraining,it is possibleto createand refine
signaturesiterativelyinordertogeneratesignaturesthataccuratelyrepresenttheclasses. Itis
also possibleto manipulatethe signaturesif necessary,for examplemerge,deleteor append
signaturesfromonefiletoanother.

Once a set of reliablesignatureshas beencreatedandevaluated,the nextstep is to create
the classificationalgorithmsuitablefor the season of the year, sun elevationand satellite
(NOAA9,NOAA10, NOAA11andNOAA12).This is themostdifficultpartof the classification
process.The analystis supportedin his analysisby histograms,scatterogramsand synoptic
chartswithcloudobservationsas groundtruthdata.

Table1: Classesofobjectdefinedforclassification

1. Sea 11. Cumuluscongestus
2. Land 12. Altostratus
3. Snow 13. ThinCirmsoverland
4. Sunglint 14. ThinCirrusoversea
5. Fogoverland 15. Cirrusoverclouds
6. Fogoversea 16. Cirrostratus
7. Stratus 17. Nimbostratus
8. Stratocumulus 18. SmallCumulonimbus
9. Cumulusoverland 19. Cumulonimbus
10. Cumulusoversea 20. Notidentified



46 SOME ASPECTS OF SATELLITE METEOROLOGY

Table2: Featuresusedinthecloudclassificationmodel.

1. Albedoch.1 (A1)
2. Albedoch.2-Albedoch.1 (A2-A1)
3. Albedoch.3 (A3)
4. Brightnesstemperaturech.4 (T4)
5. Bright.temp.ch.3 - Bright.Temp.ch.4 (T3-T4)

The algorithmperformsa classificationof data accordingto a decisionrule. Each pixel is
analysedindependently.Pixelssatisfyingthe criteriathatare establishedby the decisionrule
are then assignedto the class relevantfor thatsignature.At present,SysVisionprovidesa
parallelepipeddecisionrule.Inthe future,othercommonlyused decisionruleswillbe added:
minimumdistanceandmaximumlikelihood.

4. RESULTS

The classificationmodelhasbeentestedon AVHRR imageryforthe summerseasonwithhigh
sun elevation.The analysis of the imagerypermitsto create the optimumclassification
algorithmwhichmaximisesthe separabilityof theclasses. Itis difficultto establishthe skillof
the humananalystin correctlyidentifyingsurfaceand cloud types. The verificationof the
classificationmodeldescribedby Ebert(1987)appearsto be the bestandwillbe used forthe
current model in the future. The successive steps in the classificationprocedure are
summarisedintable3.

Table3: Schemeofthestepsintheclassificationprocedureforsummerwitha highsunelevation
angle.

STEP CLASS SEPARATION FEATURES
1. Land / (Sea+CIouds) (A2-A1)
2. Sea / Clouds (A1),(T3-T4)
3. Waterclouds / Iceclouds (A3)
4. (St+Cu+Sc)/(NS+Cb) (T4)
5. St / Cu / Sc (A1)
6. Ns / Cb (A1)
7. Ac / (Ci+Cs+Cb) (T4)
8. Ci / Cs / Cb (A1)

The firstthresholdclassifiesthewholeimagery(withlowerresolution)intotwoobjectclasses:
"land"and"sea+c|ouds+snow"usingfeature(A2-A1).Thecomparisonofthealbedomeasured
in channels 1 and 2 providesthe best tool for the identificationof cloud free land pixels.
Thresholdsof the features(A1) and (T3 - T4) are then used to classify all clouds. The
differenceinbrightnesstemperature(T3- T4) is usefulforthe identificationof Ci clouds(Allen
et al, 1990).Inthenextstep low,middleandthickcloudsare separatedby using(T4)values.
The temperatureof middlelayer cloud tops lies betweenthe 700 hPa and 500 hPa level
temperatures.Watercloudswithsmallparticlesandsunglinthavea veryhighvalueof the (A3)
feature. ThickCi , Cs overcloudsandCb are separatedusingthe A1 feature.The algorithm
failsto findsmallamountsof cumulusoverland.The classesmostdifficultto identifywiththe
algorithmarethehighcloudoverlyinglowcloudsandthinCi overland/water.

Figure2 presentsan exampleof cloudtypeclassificationmapsderivedbythemethodfromthe
multispectralAVHRR image.The case studyhasbeenperformedon the04June 1992pass of
NOAA11.Figure1showschannel2 analysedimage.
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Figure2: CloudclassificationforNOAA11AVHRR,13.24GMT04June1992.
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5. DISCUSSION

For thecloudtypeclassificationa thresholdtechniquehasbeenappliedto thefive-dimensional
AVHRR data. Althoughdynamicclustermethods are also applicable,they are too much
consumingthecomputertimetobeoperationallyused (Desboisetal.,1982).On theotherhand,
the thresholdmethodis adverselyaffectedby partialcloudinesswithinthe fieldof view.The
thresholdtechniqueoffersthe reasonablecompromisebetweenefficiencyand accuracyand
has been used for cloud classificationwithAVHRR data. The success of a multispectral
classificationdependson howwell it is possible to compensatefor diurnaland seasonal
variationsof radiance.Whensometemperatureinformationis addedandthemodeltakesinto
considerationtheprevailingsunelevations,sucha modelisbelievedtooffergoodperspectives.

Cloud information(suchas cloudcover, cloud type, and cloud organisation)retrievedfrom
satelliteobservationsover areaswhereno conventionalobservingsystemis availableis very
effectivefor studiesof climatologyand large scale aspects of atmosphericdynamics.The
classificationofcloudshasmanyimportantapplications,includingstudiesof theheatbudgetof
theearth-atmospheresystem,convectiveactivityand rainfallestimation.
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TEMPERATURE PROFILE DERIVED FROM

HIRS SOUNDING DATA

Department of Regional Forecasts, lnstitut of Meteorology and

Water Management, Krakéw, Poland

BOZENALAPETA

ABSTRACT

The paperpresentsmethodsof determiningverticaltemperatureprofilesfromHIRS data,as
carriedout in the Departmentof RegionalForecastsin Cracow.Smithand Chachineiterative
schemeshave been investigatedand the moreeffectiveone willbe appliedoperationally.A
comparisonof satelliteprofilesand upper-airsoundingsfor some groundstationshas been
performedandtheveryfirstresultsaredepicted.

ZUSAMMENFASSUNG

DerBerichtzeigtMethodenfiirdie BestimmungvertikalerTemperaturprofileaus HIRS Daten,
wiesie inderAbteilungftirRegionalvorhersagein Krakaudurchgefi'ihrtwerden.Die Iterations-
methodenvonSmithundChachinewurdenaufihreoperationelleEffektivitathinuntersucht.Ein
VergleichvonSatelliten-undRadiosondenprofilenwurdefiir einigeStationendurchgefi'rhrt,und
ersteErgebnissewurdenabgeleitet.
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1. INTRODUCTION

Temperatureprofilesareofgreatimportancebothfor improvingoperationalweatherforecasting
andfora retrievalofsuchatmosphericparametersas e.g.totalozonecontent.

Temperaturesoundingfrom polar orbitingsatellitesis currentlyperformedby the TIROS
OperationalVerticalSounderwhich consists of three instruments:High-resolutionInfrared
RadiationSounder(HIRS), MicrowaveSoundingUnit(MSU) and StratosphericSoundingUnit
(SSU).HIRS dataallowto determinetemperatureprofilesforclearandpartlyclear spots.For
the remainingspots, eitherno retrievalsare made or the MSU data are used to determine
temperatureintheupperatmosphere.

This paperdescribesstudiesconcerningverticaltemperatureprofileretrievalsfromHIRS data
forclearareas,whicharecarriedoutintheDepartmentof RegionalForecastsinCracow.

2. DATA

The characteristicsof the HIRS unitare summarisedby Smithet al. (1979)and describedin
detailbySchwalb(1978).InthisworkthefirsteightHIRS channelsareused.

The radiativetransferequation,whichformsthe base for remotesensingretrieval,assumes
thatthereare no cloudsin a satellitefieldof view,whichis notalwaystrue.To identifyclear
areas, radiancesare subjectedto the surfacetemperaturetest and are processeduntilthey
give an approximationto those radiancesthat wouldbe observedin a clear atmosphere,
McMillinandDean(1982).

A gridof 250kmmeshsize has beenselectedas nominalhorizontalspacingfor temperature
soundings.To achievethat,a singlesoundingis derivedfrom9 x 7 individualHIRS fieldsof
view(FOV). These boxescontain9 FOVs acrossand7 alongthe satellitetrack.For the clear
radiancestest,individualFOVs are takenintoconsiderationandtheclearradianceforthebox
isobtainedbyaveragingfromthesefieldsofview,whichhavebeendeterminedtobe clear.Ifit
istoocloudy,notemperatureprofileis calculated.

3. METHOD

The TIROS OperationalVerticalSoundermeasuresthe outgoingradiancein severalspectral
channels.Thiscanbedescribedbytheradiativetransferequation

. o BTTIPIi=1,2, ...M /,=3,(T,)0(p,)+iB,(T)mdinp (1)

where Ii=l(o)is the spectralradiance,Bi(T) the Planck functionat wave numbern and
temperatureT(p),p thepressure,1theatmosphericspectraltransmittancefromanygivenlevel
tothetopoftheatmosphere,Ts thesurfacetemperatureandP3is thesurfacepressure.For a
givenset of radiancemeasurementsitwouldbe possibleto obtainthe temperatureprofileby
solvingEq.(1).Unfortunately,there is no uniquesolutionfor a detailedprofilefor at leasttwo
reasons: (1) the observationscontainedin a set of spectral radiancesare not vertically
independent,and (2) measurementsof outgoingradiance contain errors. Hence, some
analyticalapproachesmustbe used,Smith(1985).
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Forthestudiesunderconsiderationtwonon-linearsolutionsproposedbyChachinerespectively
Smithwereapplied.

IntheChachinemethod(1968,1970),by usingthemeanvaluetheoremandassumingthatthe
contributionto the outgoingradianceof the term BiITs) is (dependanton 1))dominantor
negligible,therelaxationequation(3)

g z 19.-mp.» (2,

is obtained,whereT'(pi)is a "guess"temperatureprofile,pi thepressureatthe levelwherethe
weightingfunctionpeaks and Ti the radiancemeasuredby the satellite.This leads to the
formula

~
1;
n-1
Ii

BrIT"(Pr)) = 31(T"’1(P,~)) (3)

The main disadvantageof the Chachinemethod is that the numberof levels for which
temperatureis calculatedis the same as the numberof radianceobservationsand if the
retrievalis notstoppedatthepointwheretheconvergencecriterionis satisfied,thesolutionwill
becomeunstable.The advantageisthatthemethodis rathereasyto beprogrammedanddoes
notrequirea lotofcomputermemory.

The generalisationof theChachineschemewasproposedbySmith.Smith(1970)suggesteda
solutioninwhich,insteadof (2),equation(4)isused:

1: 1,2,...,M;j=1,2,...,~ B,(T"(p, ))=B,(T"-‘(p,.)) +7, -/,."-1 (4)

whereN isthenumberofthepressurelevels.
Then,thetemperatureatanypressurelevelcanbeobtainedfrom:

M
ZTgw,

T"(p,) = -'=—‘..—— (5)

2W1-
i=1

whereWi-is a weightfunctionthatcanbemodifiedtoprovidethebestsolution.
Incontraryto theChachinescheme,(5)allowsto solvefora correcttemperatureat all levels
fromthe radianceresidualin each channeland no interpolationis required.Moreover,the
solution is stable in the averagingscheme (5) and one does not have to know the
measurementnoise.

To calculatethe atmospheretransmittancethe Smith polynomialrepresentationof carbon
dioxideandwatervapourtransmission,Smith(1969)werechosen.These speciesarethemain
absorbentsinthechosenHIRS channels.
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4. RESULTS

The describedschemeshavebeenappliedto invertradiancedatacomingfromsatellitesNOAA
11andNOAA 9 totemperatureprofiles.The studieshavebeendonefora fewgroundstations
andfordifferentdays.Inthispaperveryfirstresultsarepresentedbriefly.

Figure1 showsthe comparisonbetweenupper-airsoundingtemperatureprofilesand those
computedfromsatellitedata,fora correspondingarea,by usingChachinerespectivelySmith
schemes.

PRESSURE

200 21'0 zr'zo 2330 240 250 2330 2250 360
TEMPERATURE 027000

Figure1: GroundbasedtemperatureprofileandsatelliteprofilesfromNOAA-11forstations12425
(01July1993)

The US StandardAtmosphereprofile,McClatcheyet al. (1972),has been used as the initial
temperatureprofileforbothmethods.

The accuracyofsatelliteestimationsseemstobe satisfyingbutonecan easilynoticethatthere
aretworegionsof largeerrors:theupperstratosphereandthetropopause.The pooraccuracy
in the upper atmosphereresults from the fact that the initial(or mean) profile is not
representativeoftheprofilesretrievedatthosepressurelevels,(FlemingandSmith,1971).

The tropopauseregionhas alwaysbeen a difficultyfor the remotesensing retrievalof a
satisfactorytemperatureprofile,andtheproblemis veryhardto overcomewiththepoorvertical
resolutionprovidedbytheweightingfunctions.

The good accuracy obtainedat the surface results from the applicationof the surface
temperatureintheretrievals.

Figures2 and3 showthedifferentsatelliteprofilescomputedfortwodifferentinitialconditions,
for Smithand Chachineschemes,respectively.The standardprofilemeansthe US Standard
Atmosphereprofileand the summerprofilecorrespondsto the mean profilefor mid latitude
summer,McClatcheyetal., (1972).
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Figure3: ComparisonbetweenChachine'sprofilesobtainedfor two differentinitialprofiles
(10May1993,NOAA 9)

Significantdifferencesare seen immediatelyat the tropopauselevel and nearthe ground,
that correspondsto the problemsdiscussed above (inthis case the surface temperature
has notbeentakenintoaccount).Italso suggeststhata moreaccurateinitialprofilemight
improvethe resultsof thetemperatureretrievalsinthese regions.



54 SOME ASPECTS OF SATELLITE METEOROLOGY

5. CONCLUSIONS

This paperdescribesthestateof researchintemperatureprofileretrievalsbasedon the HIRS
satellitedata carriedout in the Departmentof RegionalForecastin Cracow.Italso presents
very first resultsof these studies.The comparisonbetweenChachine and Smith methods
showsthatthegeneralisationschemeis moreusefulforoperationalapplicationsas itdoes not
requireinterpolationandismorestable.

Obviously,furtheranalysisconcerninga database of the initialprofilesshouldbe performed.
This willleadto a bettersolutionof the inverseproblemas the initialprofileplaysthe cmcial
role.Next,anoperationalprocedureforthetemperatureprofileretrievalsforcloudlessareaswill
be elaborated.
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COMPUTATION OF CLOUD TOP HEIGHT BY MEANS

OF DATA FROM THE SATELLITE METEOSAT

Slovak Hydrometeorological Institute, Bratislava, Slovakia

JAN KANAK

ABSTRACT

The methodof CloudTop HeightComputationby meansof thetotalradiationmeasuredbythe
satelliteatthewavelength6.7pm (WaterVapourchannelof Meteosat)andtheknownshape
of the contributionfunction,which is computedon the basis of the radiationtheory and
measuredtemperatureandhumidityprofiles,is presentedinthisarticle.The resultsobtainedin
experimentalconditionsarediscussedanda possibilityto specifytheemissivityof cloudinessat
the wave length11.1pm (Infraredchannelof Meteosat)by means of cloud top heightis
mentioned,too.

ZUSAMMENFASSUNG

DerArtikelprasentiertdie Methodezur Bestimmungder HohederWolkenobergrenzenmittels
der Gesamtstrahlung,dieder SatellitimWellenlangenbereich6.7 pm (Wasserdampfkanalvon
Meteosat)miBt,sowieder bekanntenFormder "contributionfunction"(bestimmtaufgrundder
StrahlungstheoriemitgemessenenTemperatur-und Feuchteprofilen).Die unterexperimen-
tellenBedingungenerhaltenenErgebnissewerdendiskutiertunddieMoglichkeitaufgezeigt,die
EmissionderBewblkungimWellenléngenbereichvon11.1um (lnfrarotkanalvonMeteosat)mit
HilfederHohederWolkenobergrenzezubestimmen.
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1. INTRODUCTION

Usuallyforthecomputationof CloudTop Height(CTH)thedatafromIR channeltogetherwith
aerologicalmeasurementsare used. Inthe case of opticallythickclouds (Cu cong.,Cb, Ns)
CTH is givenby the heightof thepressurelevel,thetemperatureofwhichis equivalentto the
radiationtemperaturein IRchannel.Thincloudsare over-radiatedby lowersurfacesand it is
necessaryinthefirststeptocorrecttheirradiationtemperaturebymeansof emissivity(e).This
parameteris addedinteractivelyfromotherdata(e.g.imageofVISchannel)bya meteorologist.

Thismethodis ratherelaborateforlargerterritoriesand itneedslong-timeexperience.

TheWV channelis choseninthewatervapourabsorptionband.Itis supposedthatinthispart
of the electromagneticspectrumclouds(exceptthincirrus)act as blackbodiesand radiation
temperaturecorrectionis notnecessary.

At theSHMI thereis a sufficientlyprecisemodelforthecomputationof atmosphericradiances
for IR wavelength(1-15pm) in use. Based on processed aerologicalmeasurementsthe
developedprogramcomputesCTH fromtheWV channelandthe emissivityin the IR channel
fromtheCTH.

2. PHYSICAL PRINCIPLE

Thecontributionsofthesinglelayersoftheclearatmospheretothetotalradiancemeasuredby
theradiometersensorarecharacterizedbythecontributionfunctionC (logp)

7V2
C(log p) = I A(x).3(x,r).%flm (1)

where: C (logp) contributionfunctionofthelayeraroundthepressurelevelp
A (It) spectralsensitivityofWV channel(filterfunction)
(LT) Planckfunction

t (Mog p) atmospherictransmittancefromthepressurelevelp uptothesatellitesensor
p, T pressureandtemperatureina givenlevel
1,, 7&2 limitwavelengthsoftheWV channel.

In thecase of thecloudtopat pressurelevelpcthecloudcutsoffthecontributionfunctionand
onlythe radiationfromthiscloudsurfaceandfromthe atmosphericlayersabovereachesthe
sensor(figure1).Then,

X2 0
N, = I A(>.).B(>.,T,).d).+ I C(log p).dp (2)

A: P:

whereNcistheradiancemeasuredbythesatellite.

Ifthemeasuredradianceis knowntheheightofa cloudtoplevelcanbe determined.
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-' Figure 1
pressure

radiance ——3-

Figure1: InfluenceofacloudupontheradianceintheWVchannel
C (logp)-contributionfunctionoftheatmosphere
NA-measuredradianceoftheatmosphereabovea cloud
Nc- radianceofacloudsurface
h¢-cloudtopheight

InthespectralportionoftheIRchannelthemajorityof cloudsis over-radiatedby radiationfrom
the surface.The measuredradianceMchas twocomponents:one fromthe cloud surface-
N,F,(T,)andonefromtheearth'ssurface- N,R(Ts)(figure2)

Mo = eIR'NIFl(TC)+(1—913).~11?(Ts)

whereemistheemissivitywhichcan be expressedas follows:

NIR(TS)_MCe = (3)
IR NIH(Ts)"' NIR(To)

The amountoftheemissivityis givenbythemicrostructureandthethicknessofthecloudlayer.

F i gure 2

Figure2: InfluenceofacloudontheradianceinIRchannel
N",(Tc),Tc- radiance,resp.temperatureofCTH
N",(T5),T5- radiance,resp.temperatureoftheearthsurface
eIR-cloudemissivity
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3. COMPUTATION

Fromtheaerologicalmeasurementsevery6 hoursdataonthetemperatureandmoistureprofile
oftheatmosphereareavailable.The areaof interest1024x1024km2(CentralEurope)is divided
into regionsaroundthe stationswhichhave providedsoundingdata. For every region a
temperatureandmoistureprofileis computed.

The atmospherein the model is dividedinto 40 levels fromwhichthe lowertwentyones
(troposphere)areused forthistopic.Besidesthis,the modelgivesthe possibilityto compute
theinfluencefunctionsinthespectralintervaloftheWV channelandoftheirpartialsumsN'

NI = Ir-1C(Iog pk)'Apk

where:
pk pressurelevelinthecentreof k'hlayer
Apk layerthicknessexpressedbymeansofpressure

The radianceNcmeasuredby the satelliteis aftera correctionin respectto noise,compared
withthepartialsums.Inthecaseof

N’ < NC < N”1

theCTH (=hc)is computedby interpolationoftheheightshiofthepressurelevels

NC -N’
h =h’ ——.———.C NI+1_NI

.(hl _hi+1) (4)

where:h,,Ni - height,resp.radianceof i‘hpressurelevel.

The CTH computedinsuchwayis comparedtothetemperatureprofile;thetemperatureT0of the
cloudsurfaceis derivedand the radiancein the IR channelis computed.Togetherwiththe
temperatureoftheearth'ssurface,computedfromgroundmeasurements,theemissivityofthecloud
canbecomputedusing(3).

The resultsare in formof imagefiles,whichcan be displayedby means of an interactive
graphicsysteminvariousconfigurations.Mostfrequentlyanoutputis usedwhichis dividedinto
fourquadrants.TheoriginalIRandVIS imagesofMeteosat,cloudtopheightsandemissivities.

The whole softwarewas developedin FORTAN 77 and runs under the RSX11 operating
system.

4. RESULTS

The CTH determinationis influencedbymaximumandshapeof thecontributionfunctioninthe
WV channel,aswellas bythequalityofthegiventemperatureandmoistureprofiles.The exact
calibrationoftheWV channelisveryimportant,too.
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InwelldevelopedconvectivesystemstheresultsaresimilartotheCTH determinedfromtheIR
channelonly(basedon the assumptionthate",= 1)as wellas similarto the resultsof radar
measurements.Inothersituationsthe methodcomputesheightswhichdifferfromthose of
radarrespectivelyvisualobservationsfromaircrafts.As is the case for all satellitemethods
thereis a negativeinfluenceby thepresenceof thincirrusclouds.They reducethe valuesof
radiancesin all channels,buttheyaredifficultto recognize.This may be one reasonforthe
mentioneddifferencesbetweensatelliteandnon-satellitemeasurements.

Anotherreasonmay be that separatemethodsworkwithradianceof variousorigins(heat
radiation,scattered solar and radar radiation)and thus contain other microstructure
characteristicsof a cloudwhichprobablyleadto differentlydefinedCTHs. Itis obviousthatall
inaccuracieswhich are caused by only partialcloud cover of a pixel or by multi-layered
cloudinessare important,too.

The determinationof the IRemissivitycan alsobe usedas a testof themethod.Considerable
inaccuraciesshouldleadto meaninglessvaluesof emissivity,becausedatafromIRandWV
channelsareindependentfromthepointofviewofmeasurementaswellas ofcalibration.
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STATUS REPORT OF SATELLITE METEOROLOGY

RADAR METEOROLOGY AND NOWCASTING

Part I: SATELLITE METEOROLOGY

Hydrometeorological Institute of Slovenia, Ljubljana, Slovenia

JASNA VEHOVAR

ABSTRACT

The existingsatellitesystemat theHydrometeorologicalInstituteof Sloveniais describedand
futureplansarementioned.

ZUSAMMENFASSUNG

Das derzeitigeSatellitensystemam HydrometeorologischenlnstitutSlowenienswird be-
schriebenund zukiinftigePlanewerdenerlautert.
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Part I: SATELLITE METEOROLOGY

I.1 ACTUAL STATE

At the HydrometeorologicalInstituteof Slovenia, satellite data from METEOSAT
geostationarymeteorologicalsatelliteare received by means of a Secondary Data User
Station (SDUS). The use of satellitedata for furtherapplicationsis limitedbecause the
satellite images received as an analog signal and cannot give the informationabout
absolutepixelvalues. Itonlygives informationaboutlocationand approximateintensityof
cloudphenomena.

A signal receivedby SDUS is digitizedand writteninto BMP format,which is sent to the
data base at the MicroVAX. Inthiswaymorethanone user can receivethe imageat the
same time.The imagesare visualizedat P03, whichare connectedto MicroVAX through
Ethernet(PCSA) to enablea quickertransferof satelliteimages.The softwarefor satellite
imagepresentationis a MicrosoftWindowsapplicationwhiththis softwareit is possibleto
choose among three spectral channels of satellitedata - InfraRed, Visible and Water
Vapour. The resolutionof the full imageis 1000x 800pixels,but it is possibleto enlargea
detail of the imagewith a zoom facility.In the zoom mode the resolutionof the image
remainsunchanged,because it is limitedby the resolutionof the receivedanalog image.
An animationloopof a sequenceof imagesis also supported.At theMicroVAX all images
of the lastday are accessible.

I.2 SATELLITE/RADAR COMBINATION

Inthe future,satelliteand radardatawillbe combinedto estimateregionsof precipitation
inthe satelliteimage,butbeforethis, a changefroma SDUS to a PDUS has to take place.
Hopefullya PDUS willbe installedinthebeginningof 1994.

The fundamentalalgorithmwhichwillbe used for the combinationis takenfromA. Bellon
et al., 1980. Itconsists of two bivariatefrequencydistributionsfromvisible and infrared
images, colocatedwithsimultaneousradar data in order to discriminatebetweenraining
and no-rainingclouds. Remapped visible and infrareddigital pictureand corresponding
radarmaps formthedata base. The radarenables an identifcationof raining(R) fromthe
non-raining(RNR)points.For each RR,the correspondingvalues (VR)on thevisibleand (IRR)
on the infrared image are located. The set (an, VR) becomes the subscript of a
contingencymatrixinwhichall the RR pointsare accumulated.Similarly,the pair (IRNR,VNR)
providesthe coordinatesof the no-rainmatrixfor all the radarecho-freepointsRNR.

These two arrays of bivariate frequencydistributionin infrared-visiblespace are then
combined to yield a probabilityof rain distributionas a functionof infraredand visible
values, expressedas:

H, (lFi,V)

(FIR(IR,V) + RM, (IR,v»
PRUR, V) =



SOME ASPECTS OF SATELLITE METEOROLOGY 63

RR(IR,V)is the numberof occurencesof rain withassociated(IR,V)magnitudesand the
denominatorrepresentsthetotalnumberof pointsin each (IR,V)interval.The aboveempirical
relationship,derivedfrom(IR,V)valueswithinradarrangeis thenassumedto applyoverthe
entiredomainof the satelliteimage.Thus, the underlyingassumptionused in extractingrain
informationfrom satellitedata is that those clouds that are thick (i.e., of intensevisible
brightness)incomparisonwiththeirheight(as inferredfrominfraredcounts)possess a greater
probabilityofproducingrain(fromA. Bellonetal, 1980).

For implementationof thisalgorithmmorethanone radarwouldprobablybe needed.Thiswill
be possibleby exchangingradardatawithsurroundingcountries,whichis plannedto startat
theendof1994.
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OPERATIONAL WEATHER RADAR DATA IN AUSTRIA

Central Institute of Meteorology and Geodynamics,

Vienna, Austria

ALEXANDERJANN

ABSTRACT

ThearticlegivesanoverviewofthecurrentAustrianweatherradarsystem.The mostimportant
problemsarecausedbytheorographyandthemethodusedto reducethevolumeof theradar
data.The consequencesfora fewapplicationsarebrieflydiscussed.

ZUSAMMENFASSUNG

Es wirdein Uberblickfiber das operationelleosterreichischeWetterrardarsystemgegeben.
ProblemeergebensicheinerseitsdurchdieausgepragteOrographieinOsterreich,andererseits
dadurch,dal3durch eine Reduktionder Datenmengeein groBerTeil der von den Radars
gemessenenInformationverlorengeht. Als Konsequenzergibtsich mangelndeEignungfiir
bestimmteAnwendungen,wie z.B. die Ableitungvon Niederschlagsmengen.Von Ombro-
graphendatenkonnenhierfijrbessereErgebnisseerwartetwerden.HingegenistmitAusnahme
von Westosterreich(Vorarlberg,Nord-und Osttirol,Pinzgau)bei qualitativenAussagendas
RadardurchdiebessereréiumlicheAuflésungimallgemeinenUberlegen.
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1. INTRODUCTION

At present,theAustrianradarnetworkconsistsof 4 C-bandradarswhoselocationsare: near
the airportWien-Schwechat,near Salzburg, on the Zirbitzkogelin Styria, and on the
Patscherkofelnear Innsbruck(figure1). The radarnetworkwas designedforthe detectionof
severe weatherconditions,which could be dangerousto aircrafts,and it is doubtless
appropriateforthispurpose.A successfulextrapolationof themovementof thunderstormcells
associatedwithintenserainfallhasbeenreportedbyHailzl(1989).

A studyaboutotherapplicationsof theAustrianoperationalradardatahasbeencarriedoutby
Jam (1993).One questionwas the suitabilityof the radardata for the derivationof rainfall
rates.The presentarticlechieflyrecapitulatesthemostimportantpointsofthatstudy.

Schwechgt
*Salz burg

Patscherlc ofel

Zirbitzkogel

Figure1: Locationsofthe4Austrianoperationalweatherradars.Itisnoteworthythatthealtitudesof
theradarsZirbitzkogelandPatscherkofelare2372mand2454m,respectively.

2. DATA PROCESSING

The rainfallrateR (inmm/h)is derivedfromthe radarreflectivityZ (inmmsm'3)usingthewell-
knownMarshall-Palmerrelationship

2 =200R‘-6

The wholerangeof radarreflectivitiesrespectivelycorrespondingrainfallrates is subdivided
into8 categoriesincludingcategory0,whichrepresentsnorain(seethescaleinfigure2).

R is transformedintothe correspondingcategorycode alreadyat the radarsite. The idea
behindthis approachis to reducethe data volumethatneedsto be transmitted.Towardthe
sameaim,themaximumprojectionmethodis applied,i.e. onlythemaximumintensityinx-, y-
andz-directionis transmitted.There is no possibilityof an access to thefullthree-dimensional
informationor to the reflectivityvalues.This, of course,drasticallylimitsthepossibleaccuracy
ofanyquantitativeevaluation,whichis discussedlateron insection4.3.
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3. AVAILABLE PRODUCTS

Every 10minutes,each radarproducesan image.The horizontalresolutionof the imagesis
2 km,verticalresolutionis 1 km.Displayedis a groundviewcontainingthemaximumcodesof
the verticalcolumns.Two side viewsshowthe maximumsignalsobservedin the horizontal
columns,thelatterrunningapproximatelynorth-southoreast-west,respectively.The sideviews
allowtheheightassignmentofthemostintenseprecipitationevents.Besidesthesingleimages,
a compositeimagecombiningthe informationfromall4 radarsis available(figure2). Ifa point
is coveredby twoor moreradars,themaximummeasuredcategorycode is displayedin the
compositeimage.

n
c

-own-«wu.mum.-\wwm-.m«umMM-MI-NW‘m‘4mmweI‘mwiwnwx-«wwma-:«w—em.

«vroam-(Ana?-«W4»;--

WIW-VWWM“‘a.

Figure2: AustriancompositeradarimagefromJuly22nd,1992,15.55UTC.

4. PROBLEMS

For a thoroughdiscussionof possibleerrorsof radarmeasurements,see Clift(1985).Here,
onlythosedifficultiesaredescribedwhicharemoremomentousin Austriathanin mostother
countries.
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4.1 CLUTTER

Tworadars(Salzburg,Patscherkofel)areequippedwithDopplerprocessorsto enablethesup-
pressionofclutter.However,theperformanceis satisfactoryonlyinSalzburg(Randeu,1994).

The otherradarsuse a three-dimensionalcluttermapwherethepixelscontaminatedbyground
clutter(determinedduringrain-freeperiods)areflagged.Ifthereareonlycontaminatedpixelsin
a verticalcolumn,the minimummeasuredintensityis displayed.Otherwisethe maximum
clutter-freeinformationisdisplayedandthepixelis notreportedtobecontaminated.

An impressionof the usual cluttercontaminationin an Alpine countrylike Austriacan be
obtainedfromfigure2. Itshouldbe emphasizedthattheremay be additional,unrecognized
clutter-contaminatedpixels.

4.2 SHIELDING

Pronouncedshieldingoccursinsomepartsofthecountry.This is an especiallyseriousproblem
fortheTyroleanradaron the Patscherkofel,whichconsequentlycannotbe used foranyother
applicationthanthedetectionofsevereweatherconditions.The radarSalzburgusuallyshowsa
sectortothesouth-west(centralangleapproximately50°)wherehardlyanyechosareobtained
due to shielding.Referenceis made to Jose and Waldvogel(1990)who describedsimilar
problemsoccurringinSwitzerland.

4.3 LOSS OF INFORMATION CAUSED BY THE DATA REDUCTION

Itis obviousthataccuraterainfallratescannotbe expectedfromradardata reducedin the
mannerdescribedinsection2. Assumptionsrequiredto retransformthecategorycode intorain
ratesare associatedwitherrors,whichplaya particularlyimportantrolewhenone is forcedto
avoidaveragingoverlargeareasor longperiods,as is thecasewhenit is intendedto combine
precipitationfieldsandsatelliteimages.For thisapplication,betterquantitativeresultscan be
expectedfroman interpolationofgagereports.However,fornowcastingtheoccurrenceof rain
or a roughestimateof its intensity,8-categoryimagesmightbe sufficient(Anderssonand
lvarsson,1991).

The gage-radarcomparisonsperformedby Jann (1993)clearly indicatethat the qualitative
informationoftheradarimagesisverygoodoverflatterrainclosetotheradar(uptoa distance
of about100km), in mostotherregionsthe distinctionbetweenrainand no rain is at least
betterthanthatattainablewitha gagenetwork(forexceptionsto thatrule,see section4.2.).It
is thereforedesirableto incorporatethequalitativeradarinformationforthoseareaswherethe
radardata seem reliable(ie. wherethereis fair agreementbetweenradarimageand gage
reports),andto decidebetweenrainandno rainon basisof the radarimage.Additionally,the
gage-basedprecipitationfields should be modifiedwhen the radar image shows a small
phenomenonlikea thunderstormcellwhicha gagenetworkwitha comparativelycoarsespatial
resolutionpossiblyfailsto notice.The gage-radarcombinationis plannedtodevelopduringthe
nexttwoyears.
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REPORT ON THE WEATHER RADAR

MEASUREMENTS IN HUNGARY

Meteorological Service of Republic of Hungary,

Budapest, Hungary

FERENC DOMBAI

ABSTRACT

In this article a comprehensiveexpositionon the present status of the weather radar
measurementsin Hungaryis provided.The configurationof the weather radar network,
briefdescriptionsofthekey elementsanddigitalradardataproducts,as wellas an outlook
forthe nextfuturearediscussed. Followingowndevelopmentsinthe pastthe analogMRL-
5 radars used in Hungaryare providingregularlydigitalradardata for the forecastersof
the HMS and forotherusers.

ZUSAMMENFASSUNG

In dieser Arbeit wird ein ausfiihrlicherUberblick fiber den gegenwartigenStand der
Wetterradarmessungen in Ungarn gegeben. Es werden die Konfiguration cles
Wetterradarnetzes,die wichtigstenElemente und digitalen Radarproduktesowie eine
Vorschau auf die nachsteZukunftbeschrieben.InWeiterfiihrungder Entwicklungin der
Vergangenheitversorgen in Ungarn die analogen MRL-5-Radars die Prognostikerdes
HMS sowieauch andereNutzerregelméBigmitdigitalenRadardaten.
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1. THE NETWORK

At presentthereare twoweatherradarstationsinoperationin Hungary.(Therewas a third
one atthe BudapestAirportbut itwas cancelled in 1992).The radarstationsare operating
since abouttenyears fromthe beginingof theeighties.

These stationsare

SZENTGOTTHARD/FARKASFA (1982) N 46.54.49 E 16.19.01(327m)
NYIREGYHAZA/NAPKOR (1983) N 47.57.45 E 21.53.19(141m)

The radar stationsare equippedwithMRL-5 dual-wavelength(S and X band) weather
radars which are automatized with a Weather Radar Processor WRP32C system
developedin Hungary(PC and DSP32C based) to produce high resolutiondigitaloutput
(Nyiregyhaza1991,Szentgotthard1993).

The networkis based on the publictelephonenetworkand on the Radar Communication
Servers - RCS. The RCSs are placedat the radarstationsand at the mainusers including
the Centerof theMeteorologicalService.

Inthe case of precipitationeventsthe measurementis repeatedevery five minutesup to
256 km rangeusingthe WRP320. The digitalradarpicturesare sent to the Center every
15 minutes.Inthe Center the measured radar data are stored with full resolutionon a
server computerof the integratedLAN so they can be accessed at every forecaster's
workplace.

Presentlythe staffof the radar stations(8 or 9 people)makes synopticobservationsand
manualradarmeasurementseveryhour,too. The outputof these radarmeasurementsare
the radartelegramsthat containmanuallycoded rainfallintensityvalues (0-9).The radar
telegramscan be sentto theusers via telex (thiswillbe cancelledin 1994).

2. THE MRL-5 WEATHER RADAR

The MRL-5 is a conventionalanalogweatherradarwithanalog intensityoutput.A special
featureof theMRL-5 is the dual wavelengthcapability.For measuringin twowavelengths
simultaneously,the MRL-5 has two transmittersand two receivers but it has only one
antennaanddisplayequipment.The maincharacteristicsof MRL-5 radarare:

X BAND 8 BAND
Antenna 4.5m parabolic (for X band there is 1.5 m dish

also)
Radome yes
beamwidth 0.5degree 1.5 degree
polarization vertical horizontal
gain 49 dB 40 dB

Transmitter
wavelength 3.26cm (9.5Ghz) 10.6cm (2.95Ghz)
type magnetron magnetron
peakpower 250kW 550kW
pulse length 1/2 us 1/2 us
losses 5 /7 dB 5 /7 dB
pulses/s 500/250Hz 500/250Hz
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X BAND 8 BAND
Receiver

min.det.signal -134dBW -136dBW
type log log
dynamicrange 80dB 80 dB
attenuators 78dB 78 dB
rang corr. yes yes

3. DIGITAL WEATHER RADAR MEASUREMENTS

3.1 THE WRP32C WEATHER RADAR PROCESSOR

The WRPSZC Weather Radar Processor is based on the DSP320 floatingpoint digital
signal processor that is hosted in a small computerof the PC/AT type. The system is
developedin Hungaryby KOSZOFA. The WRP32C has a special interfaceto the MRL-5
radartakingthe status,video,etc. signalsandcontrollingthe radarmovements.

In the WRP32C the radar video signal is digitizedwith8 bit resolution.The minimum
samplingdistance (maximumsamplingrate)is 62.5 m. The first step of the processing is
the conversionof the 8 bit digitalvalues into four byte real words. Followingthis, all
calculationsare executedwiththese floatingpointvalues. The WRP320 has parameters
fortakingmeasurementson X andS bandalternatively.

The WRP320 can be controlled interactivelybut it is able to work withoutoperator
interactionsfulfillingthepreprogrammedmeasurementtasks. The digitalradardata can be
displayedon the SVGA color displayof the WRP32C and are archivedand sent to the
RadarCommunicationServervia theradarstationLAN.

A moredetaileddescriptionof theWRP3ZC is given inthe referencedpapers.

3.2 DIGITAL RADAR DATA

The primaryradardataproductsare the arraysof the radarreflectivityfactorvalues in dBZ
takenfromradarmeasurementsof differenttypesfromPPI (horizontal),RHI (vertical)scans
andHY-SCAN (combinedarrayfrom4 PPI) scans. Everyradardataarrayhas 256 rowsand
256columnswith8 bitpixels.The radarreflectivityfactorvaluesrangefrom-15to+ 63.5dBZ
with0.5dBZ resolution.Thesedataarraysareina Cartesiancoordinatesystem.

The resolutionsare:

Range Resolution A/Dsampling_
PPI&HY-SCAN 256km 2.0 *2.0 km 500m

128km 1.0*1.0 km 250m
64 km 500*500m 125m
32 km 250*250m 62.5m

RHI 256km 1.0 *0.25km 500m
128km 500*125m 250m
64 km 250 *62.5m 125m
32 km 125*31.3m 62.5m

"5';‘0‘v ’,..—-J'lv I,11' .-
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3.3 OTHER DIGITAL RADAR DATA PRODUCTS

The reflectivityfactor,dBZ arraysmeasuredevery5 minutesis convertedintoradar rainfall
intensityvalues of the same temporal resolutionusing the well-knownMarshall-Palmer
formula.Fromthesevaluesalso 1 hourand 6 hourprecipitationtotalsare calculatedat the
radarsite.

3.4 THE RCS - RADAR COMMUNICATION SERVER

The RCS, Radar CommunicationServer has to transportthe digitalradardata between
two RCS systems via the public switchedtelephonenetwork.The workingmodus can be
interactivelyrequestingfromthe remoteRCS any radarpicturesselectedby an operatoror
automaticallyfulfillinga preprogrammeddatatransferschedule.

The transmissionspeedcan vary from1200bps to 9600bps dependingon the line quality
and on the installedmodems. For transfer purposes the RCS compresses respectively
decompressesthe rawdigitalradardata. Usuallythe transferof one 256by 256 radardata
arraywith8 bitvalues needs about0.5 - 1.0 minuteson a 1200bps line.The RCS is able
to displaythe radardataon itsSVGA colordisplay,too.

Now RCSs are workingat the radarstations,at the MeteorologicalServiceof Hungaryand
attwowaterauthorities.

4. FUTURE PLANS

4.1 BUDAPEST RADAR

Itis plannedto reestablishthe weatherradarmeasurementsat the Budapestregionusing
a MRL-5 radarwhichwas removedfrom the hall suppression networkcancelled in 1990.
This radarwillbe equippedwithWRP32C modificationkitto providedigitalradardata. The
siteof this radarwillbe the UpperAir ObservationStationat Budapest.This stationshould
workfromthe 3'dquarterof 1994.The coordinatesof this stationwillbe N 47.26& E 19.16
(150m).

4.2 WHOLE VOLUME SCANS - 3D MEASUREMENTS

At presentthe digitalradardata measuredautomaticallyevery 5 minutesare coming from
twodimensionalradarscans, fromPPI or HY-SCAN scans (RHI is done fromtimeto time).
The 3-dimensionalmeasurementsshall be introducedin the next future.These 3-dimen-
sional measurementswillopen the possibilityto derive more digitalradar data products
necessaryforderivingthe3-dimensionalstructureof the cloud-precipitationsystems.
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4.3 DUAL-WAVELENGTH MEASUREMENTS

Itis plannedto utilizethe special featuresof a MRL-5 weatherradarto furtherdevelopthe
WRP320 system for taking measurements at two wavelengths simultaneously.The
significantlydifferent properties of the microwave propagationat the 3 and 10 cm
wavelength in heavy rainfall events give the possibility to improve the echo type
identification(shower,hail etc.) and the rainfallcalculations.This work is goingon in the
frameof the CEC COST 75 projectwhichhas been startedin 1993.The followingtopics
willbe consideredinthe nextfuture:
0 preparingthe radarinstallationat Budapestforbothoperationaluse and research;
0 modificationof theWRP3ZC systemto makemeasurementsat the twowavelengths

simultaneously(newA/D converterboard) and embeddingof the second DSPBZC
floatingpointsignalprocessorfor rawvideodatahandling;

0 assessmentof the algorithmsto be used for real-timeprocessing.

4.4 RADAR DATA EXCHANGE

Followingthe recommendationsof the Meetingof the directorsof the Central European
MeteorologicalServices an operationalradar data exchangevia GTS is prepared,which
willbe finishedby theend of 1994.The coordinationof thisworkis doneby Austria.
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THE PRESENT STATUS AND FUTURE PLANS

OF SATELLITE AND RADAR MONITORING

IN CROATIA

Meteorological and Hydrological Service, Zagreb, Croatia

IVAN CACIC and DUSAN BIZIC

ABSTRACT

The monitoringandusageofthesatelliteandradardataintheMeteorologicalandHydrological
Serviceof the Republicof Croatia(hereafter:MHS) is stillin thedevelopingstage.This is the
reason why the MHS is wide spreadingits activitytowardsCentral European Initiative
(hereafter:CEI) projectsand particularlyto the participationin the joint Project"Remote
Sensing Methodsin Meteorologyand theirApplicationin Nowcasting"that is supportedby
moderninformaticandmathematicalmethods.At the momenttheMHS is operatinga simple
SDUS stationand one conventionalS-bandweatherradarnearZagreb.Seriouseffortshave
been made to producedigitizedradarpicturesas a first step towardsthe futurenational
compositeradarpicture.The paperpresentsthe actualandthe plannedradarnetworkas well
as themaincharacteristicsoftheradarproducts.

ZUSAMMENFASSUNG

MonitoringundVewvendungvonSatelliten-undRadardatenimMeteorologicalandHydrological
Service der Republik Kroatien (im folgenden:MHS) sind noch immer in einem Ent-
wicklungsstadium.Das ist einGrund,warumdas MHS seineAktivitateninnerhalbder Central
European Initiative(im folgenden:CEI) Projektesehr breitgestreutunternimmt;das gilt
besondersfiir das gemeinsameProjekt"RemoteSensingMethodsin Meteorologyand their
Applicationin Nowcasting",das moderneMethodender MathematikeinschlieBt.lm Moment
unterhaltdasMHS eineeinfacheSDUS StationsowieeinkonventionellesS-BandWetterradar
nahe von Zagreb. Als ersterSchrittin Richtungeines nationalenRadarbildmosaikswurden
Anstrengungenin Hinblickauf die ErstellungdigitalisierterRadarbilderunternommen.Der
Bericht prasentiertdas aktuelle und geplante Radarnetz sowie die hauptsachlichen
Radarprodukte.
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1. SATELLITE METEOROLOGY

The usage of satellitedata in Croatia is very limitedby the lack of professionalequipment.
At the moment, the MHS is operatinga simple SDUS station for the purpose of the
WeatherService. Unfortunately,such the receiverserves only the monitoringand storage
ofWEFAX images.There is no possibilityto extractand process the gray levels.Therefore
itwas decidedto purchasea highqualityPDUS stationas a highpriorityrealizationof the
strategicplanforthe developmentof the NationalMeteorologicalCenter-Zagreb(hereafter:
NMC). There is a realistichope that in the 1994the MHS willhave the possibilityfor the
aquisitionof the PDUS station "Skyceiver Rainbow"manufacturedby the Swiss firm
Tecnavia.

Firstof all, theMHS has in 1993signeda CooperationAgreementwiththe EUMETSAT for
the satellitedatausage licenceand the MDD receivingsystemwhichis valid in the period
from1 January1993to 31 December1995.

2. RADAR METEOROLOGY

In Croatia weather radars so far have been used exclusively in the hail suppression
program.Radarmeasurementswereperformedmanuallyin convectivesituationsonly and
duringthe hail suppressionseason (May-September).In 1993, serious effortshave been
made to organize and produce digital radar output useful in other areas of interest
(precipitationmeasurements,nowcasting).The initialimpulsefor the developmentof more
modern radar data organizationand presentationwas "Remote Sensing Methods in
MeteorologyandtheirApplicationinNowcasting",a projectwithinthe frameworkof CEI.

The radarmeasurementsperformedin the hail suppressionprogramfor the period 1987-
1991were compiled in order to investigatevarious characteristicsof convectiveclouds
(Bizic et al., 1994).Effortshave been made to produce digitizedradar pictureas a first
steptowardsthe futurenationalcompositeradarpicture.So far, the prototypeof the digital
radarsignalprocessoranddisplayis developedandwillbe in experimentaluse in 1994.

At presentthe CroatianMeteorologicaland HydrologicalService is operatingtwo S-band
weatherradars from EEC: one conventionalnear Zagreb (RC-Sljeme)and one Doppler
near Virovimca(RC-Bilogora).The thirdone (RC-Osijek)is out of functiondue to serious
damagecaused duringthewar. In1993hourlymeasurementsof severalcloudparameters
wereperformedfor the CEI project(Glasnoviéet al.,1994),includingthe descriptionof the
cloudsystem.

The new standpointin the radarnetworkimplementationis that all radarsare to be used
equally in nowcastingand hail suppression. Figure 1 shows the existing as well as the
plannedradarlocationsfortheperiod1994-1996.The Osijek radarwillbe repairedand the
Pula radar willbe installedwiththe financialsupportof the UnitedNationsDevelopment
Program.All radars operate at S-band, and Bilogora and Pula are the third generation
Dopplerradars.
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RADARNETWORK
INCROATIA

\ / \ LEGEND

Figure1: RadarnetworkinCroatia

The nationalcompositeradarpicturewillhavethefollowingcharacteristics:

1) Scanningmode
every30min,startingatH00
16elevations
range:0-150km,1-12kmabovem.s.l.

2) Generatedproduct
groundprojectionandtwosideprojectionsof
non-clutteredmaximumreflectivities
pixelsize:5x 5x 1km,optionallyforsingle
pictures2.5x 2.5x 1km(range70km)
sevenprecipitationrateintensitylevelsplusone
"nodata"level:<0.3,0.3, 1,3, 10,30, 100mm/h
usingMarshall-Palmerrelation2 '=200R”5

The pixelsize is selectedaccordingtothesatellitedataresolution,sothatthe implementationof
thecombinedradar-satellitepicturecouldbe readilydone.The Dopplermodewillbe usedfor
variousresearchprojects,primarilyinsevereconvectiveandwindsituations(borainAdriatic).
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STATUS REPORT OF SATELLITE METEOROLOGY,

RADAR METEOROLOGY AND NOWCASTING

Part II: RADAR METEOROLOGY

Hydrometeorological Institute of Slovenia, Ljubljana, Slovenia

JASNA VEHOVAR

ABSTRACT

The existingradarsystemat the HydrometeorologicalInstituteof Sloveniais describedand
futureplansarementioned.

ZUSAMMENFASSUNG

Das derzeitigeRadarsystemam HydrometeorologischenlnstitutSlowenienswirdbeschrieben
undzukiinftigePlanewerdenerléiutert.
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Part II: RADAR METEOROLOGY

|I.1 EXISTING CAPABILITIES

At presentthe Slovenianweatherradarnetworkconsistsof onlyone radar,situatedon Lisca
Peak,about70kmeastfromLjubljana,anda nationalradardataacquisitionanddissemination
centerin Ljubljana.Theradaris a conventionalC-band1-degreepencilbeamradarfromEEC,
controlledby a PDP-11/44computer,linkedwiththe centerby the fixed4800-baudtelephone
line.Volumescans are performedin intervalsof 30 minutes(surveillancemode),15 minutes
(nowcastingmode)or 7.5 minutes(precipitationmode) in the rangeup to 200km on 16
elevations.An "echofieldstructure"productis generated,consistingof groundprojectionand
twosideprojections.All projectionsconsistof non-clutteredmaximumreflectivityinthevolume
of 400x400x12km.The extentof one volumeelementis 2xe1 km.Thereare six levelsused
forechointensity:16,24,32,40,48 and56dBZ, correspondingto rainfallintensityof 0.3, 1,3,
10, 30 and 100mrn/h.This productis transmittedto the center and from the center it is
disseminatedto the primaryand secondaryusers, using fixed and dial-uptelephonelines.
Primaryusers are themeteorologicalservice,the HydrologicalServiceand the Brnikairport.
Secondaryusers consistof 2-3departmentsat the hydrologicalpartof the institute.All users
aresuppliedwithPC-basedlow-costdisplaysystems.

”.2 PLANNED STRATEGY

The radar networkwillbe expandedby addingthe second Micro VAX, controlledC-band
DopplerradarwithdualpolarizationfromEEC, on SlavnikPeak in the south-westernpartof
Slovenia.The mainproducts(echofieldstructure,rainfallintensity,horizontalwindandvertical
wind profile)will be transmittedto the centerand echo field structurecompositeswillbe
generated.Both radarswillperformvolumescans simultaneouslyevery7.5 minutes,using
identicalsets of 16 elevations.Scan parametersfor the conventionalradar will remain
unchanged.Dopplerradarwilloperatealternatelyin "Half-Doppler"mode(reflectivity,Doppler
capabilitiesusedforcluttersuppressiononly)and"Full-Doppler"mode(reflectivity,velocityand
turbulenceproducts).The numberof userswillbe increasedby theKrskoNuclearPowerPlant
andthenationaltransportauthorities.

”.3 WEATHER RADAR DATA ADJUSTMENT

To estimatetheinstantaneousgroundrainfallratefromthe radar-measuredreflectivityaloft,the
followingprocedureisused:

0 The "preliminary"rainfallrate R is calculatedusing the relationZ=A*RB,withA=250and
B=1.6.Z is measuredinmm“/m3andR inmm/h.

e The "true"groundrainfallrateG is determinedusingthe equationlogG=a+b*logR+c*logr,
witha=-0.38,b=0.89andc=0.37(ris thedistancefromtheradar).G andR aremeasuredin
mm/hand in km.The correctionequationwasobtainedfroma multipleregressionanalysis
oftheground-measuredandradar-estimatedhourlyrainfallamounts(oneyeardataset).
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Investigationsare underwayto includetwoadditionalregressionvariables:the heightof the
zero-degreeisothermandthedecorrelationdistanceoftheprecipitationfield.

As an improvementto the above-mentionedstatisticalmethodof adjustment,the following
verticalreflectivityprofilecorrectionmethodisbeinginvestigated:

0 Selectionof the"representative"verticalreflectivityprofileZ(h)(dailyaverage5-50kmfrom
theradaratpresent).

0 Estimationof the "true"groundreflectivityfrom the measuredreflectivityaloft and the
calculatedreflectivityprofile.

0 ConversionofgroundreflectivitytorainfallrateusingthestandardZ-R relation.

“.4 CURRENT ACTIVITIES

II.4.1 COST-75

Operationalradar measurementsof rainfall show a systematic range-dependingunder
estimationanda largescatteringaroundraingauge-measuredvalues.InSlovenia,forexample,
the radar-estimatedhourly-accumulationsat 100 km are approximately40%of raingauge
values,whereastheaveragescatteringreachesa factoroftwo.The physicalcausesforthese
discrepanciessuggestthatthediscrepanciescouldpossiblebe diminished,to someextent,by
usingtheverticalreflectivityprofiles.Apartfromthe pioneerworkin Switzerland,littleresearch
activityhas been carriedout in this direction.As a contributionto the COST-75 project,is
proposedto investigatetheuseofverticalreflectivityprofilesto improvetheaccuracyof rainfall
measurementsonanoperationalbasis.

The contractwithCEO is alreadysigned. It is expectedto constructand implementan
"adequate"algorithmforthedeterminationof the verticalreflectivityprofilesand,by usingit in
realtime,to improvetheaccuracyof rainfallmeasurementsonanoperationalbasis.

II.4.2 GORN

There is a participationin the LiaisonGroup for EuropeanOperationalRadar Networking
(GORN). Inthis framethe softwarehas to be adoptedfor internationalradardataexchange
throughtheGTS/MSS system.All radardatawillbe exchangedinbinaryBUFR form.Thereare
alreadysome agreementsmadewithsurroundingcountriesfor radar data exchange.The
exchangeshouldstartinthefirstquarterof 1994.
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DEVELOPMENT OF A DECISION PROCEDURE FOR

STORM WARNING AT LAKE BALATON

Storm Warning Observatory of Hungarian

Meteorological Service, Siofok, Hungary

IMRE BARTHA

ABSTRACT

As a resultof successiveinvestigationsan objectivedecisionprocedurehas been developed
which combinesmethodsbased on conventionaldata withthe use of radar data. This
procedurecanbe executedinteractivelyon a computer.The permanenceofwindhazardswas
investigatedduringfrontaland convectiveweathersituationsusing radardata and synoptic
observations.Theresultingdistributionfunctionsof empiricalprobabilityfor the permanenceof
windhazardsassociatedwithcumulonimbuscan be used for the furtheroptimizationof the
decisionmethod.

ZUSAMMENFASSUNG

Als Folge ausgedehnterUntersuchungenwurdeeine objektiveEntscheidungsprozedurent-
wickelt,bei der Methoden,die auf konventionellemMaterial aufbauen mit Radardaten
kombiniertwerden.Die Prozedurkanninteraktivam Computerausgefflhrtwerden.Die Dauer
von Sturmereignissenwurde fijr synoptischeund erirkonvektiveWettersituationenmittels
RadardatenundsynoptischenBeobachtungenuntersucht.DieresultierendeVerteilungsfunktion
der empirischenWahrscheinlichkeitender Sturmdauerim'ZusammenhangmitCumulonimben
kannfiireineweitereOptimierungderMethodenbenutztwerden.
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1. INTRODUCTION

Inwindforecasting,oneofthemostdifficulttasksis topredictthedegreeofwindstrengthening
associatedwithcumulonimbus(Cb)fordifferentsynopticsituations.(1954)FawbushandMiller
workedouta simplemethodfor the predictionof maximumwindspeedsassociatedwithnon-
frontalthunderstorms.This methodis based on the idea that there is a close relationship
betweenthetemperaturedecreaseinducedbythunderstormsandthemaximumwindspeedat
thesurface.

InHungary,duringthe 19703,identificationof Cb and qualitativeestimationof windgusts
associatedwith Cb have made use of radar data. However,new problemshave arisen
concerningtheveryshortrange(t5,2 hours)forecastofthewindspeed.Inparticular,following
eachradarobservationofCb-echoes,ithasbeennecessaryto estimatetowhichwindcategory
the maximumwindgusts (Vm in unitsof m/s)belongfromthe pointof viewof the storm
warningsatLakeBalaton:nowarning(Vm<12),alert(125Vm517)orstormwarning(Vm,>17).

Inthe 1990s,an objectivedecisionmodelhas beendeveloped(Bartha,1987)to estimatethe
maximumwindgustsassociatedwithCb measuredby radar.

2. DECISION METHOD

Thedecisionmethodthathasbeendevelopedisbasedona combinationof radarandupper-air
dataaswellas synopticobservations.The decisionsystemis summarizedintheblockdiagram
inFigure1:

a) Itcan be seen thattheveryshortrangeforecastforthe regionof Lake Balatonserves as
basisforthedecision-makingon stormwarning.

b) Wheneverprecipitationsystemsdetectedby satelliteandweatherradarappearclose tothe
lakeandtheirverticaldevelopmentand intensityreach or exceedcertainthreshoulds(Hmz
4 km;ng3 >0)morefrequentradarobservationsare initiated.(Hm...= radarecho top,23=
radarreflectivityfactor). '

c) Then inputdata (see Bartha,1987)are fed intothe decisionsystem,classifyingthe Cb-
echoesonthebasisofthedegreeofwindhazard.

d) Itis followedbyconsiderationoftheactualweathersituationthatmayhaveinfluenceon the
developmentof Cb. Significantsituationsare analyzedeveryone or threehourson meso-
synopticcharts.The surfacepressurepatternsare determinedby the hourlychange of
horizontalpressuregradient(Ap)

e) Thedecision-makingrequiresthemonitoringofchangesinthecoolingrate(AT)as wellas in
themaximumwindgusts(VW)measuredbya telemetrysystemaroundLakeBalatonand in
thesurfacepressuregradient(Ap)intheregionofWest-Hungary.

f) Finally,the decisionprocedureresultsin one of thedecisions:no warning,alertor storm
warning.
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Figure1: Blockdiagramof theobjectivedecisionsystemforforecastingthemaximumwindgusts
(Vw)associatedwithmaxCbechoes

The procedureusingthecomputerizedinterpretationofmanuallydigitizedradardatahas been
workingsince1988.The decisionmethodwastestedon the basis of an independentsample.
Warnings issued by the use of computerizeddecision proceduresand those based on
conventionalmethodswerecomparedin 548cases fromtheyears 1986,1987and 1989.The
new procedureproved to be more reliableby 5% as compared to the one based on
conventionaldata (thevalueof accuracyincreasedfrom76%to 81%).At the same timethe
objectiveprocedurereducedthecasesofoverestimationby 10%(BarthaandZsikla,1990).

3. DEVELOPMENT OF DECISION METHOD

The decisionmethodused in the stormwarningprocedurerequiresa knowledgeof the
permanenceof windhazardsduringvariousweatherconditionsconnectedwithCb (Barthaet
al.,1989).Thereforeanswerswererequiredtothefollowingquestions:
0 Whendoesa Cb producewindhazardsatthesurface?
o Is there a differencebetweenthe permanenceof wind hazards associatedwith Cb
developedduringvariousweathersituations?

0 Howfaraheadcanwindhazardsbe estimatedinvariousweathersituations?
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3.1 DATA USED AS THE STARTING POINT FOR INVESTIGATION

Inorderto answerthe questionsaboutthe permanenceof windhazards,some activecold
fronts(I)and convectivesystems(C: convergencezone; H: instabilityline;MCC: mesoscale
convectivecomplex)were studied.These weathersituations(36 frontaland 20 convective
storms)were collectedin 1986and 1987duringthe periodsfromMay to September.The
followingdatawereusedfortheinvestigation:

0 Hourlyradardata(Hm; IgZ,;Y= Hm,IgZ,) fromthedetectionregionwitha radiusof 150or
200kmoftheSzentgottha’rrd/FarkasfaweatherradarstationinWest- Hungary.

0 Synoptic observationof the Cb (SYNOP: CL = 3 or 9) and some significantweather
phenomena(showers;thunderstorms;hailstonns;windgustsof7m/sorstronger,associated
withCb) of13mainsynopticsurfaceweatherstationsinWestHungary.

0 One or threehourlymeso-synopticchartsforanalysingthedevelopmentandmovementof
frontalandconvectivesystemsovertheregionofWest-Hungary.

3.2 RESULTS

Itis knownthatthedowndraughtwithina developedCb startsapproximatelyat the0 °C level.
The outflowingcoldairspreadsoutatthesurfaceundertheCb andproducesa gustfrontat its
boundarywiththeambientairfrequentlyassociatedwiththunderstorm,showeror hailstorm.On
that account, the maximumwind gusts connectedwith a Cb can be expected either
simultaneouslywiththe firstobservationof heavyshowerrespectivelythunderstorm,or soon
after.As a verification,the frequencydistributionof At =thax - t,,,,,,,,:,,,,,,,,,,,,,,,wereinvestigated
(figure2) wherethax is the developmenttime of maximumwind gusts with shower or

thunderstormand t,,,,,,,,:,,,,,,,,,,,,,,,,the timeof the surface observationof the same significant
phenomena.

It followsfrom figure2, that the overwhelmingmajority(84%)of maximumwind gusts
associatedwithCb developedeithersimultaneouslywiththe first surfaceobservationof a
heavyshoweror thunderstorm,or at a latertime.The synopticbackgroundof the cases for
intervalsAt < 0 andAt 2 2 hourswasalso studied.The maximumwindgustsobservedwith
intervalAt<0 (in16%ofthecases)werethe resultoftheCb associatedwitha coldfront(I)or
instabilityline(H).This is in accordancewiththe factthatthegustfrontmaypropagatein the
boundarylayer for distancesup to 80 - 100 km away from severe thunderstormsources
(BrowningandCollier,1982).IncaseswhereAt2 2 hours,themaximumwindgustsdeveloped
in pre- or post-frontalisobaricpatternswithstrongsurfacepressuregradient(in9%of the
cases). These windgustswerethe resultsof the Cb associatedwithfrontal(I)or convective
systems(C or H). On the basis of investigations,the maximumwindgustsdevelopedeither
duringthe firstsurfaceobservationof a heavyshoweror thunderstorm,or soon after,within
hoursin75%ofthecases.
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Figure2: Frequencydistributionof intervalsAt=tm, - tmmmmm(seetext)incaseoffrontaland
convectivesystemintheregionofWest-Hungary,(1986-1987)

Furtherinvestigationsrequiredtheintroductionoftheideaofpotentialandeffectivewindhazardperiods:

0 Potentialwindhazardperiod(AtM)is the timeuntilthe wind reaches its maximumvalue
whenthewindspeedis rapidlyandpermanentlyincreasingor thegustsare exceedingthe
valueof7m/s,duetoCb ortheirsignificantweatherphenomena.Thesewindgustsdevelop
whentheoutflowingcoldairfromthedowndraughtspreadsoutatthesurfaceundera Cb.

0 Effectivewindhazardperiod(At,,,)is thetimetakenforthewindto reachitsmaximumvalue
whenthewindspeedis rapidlyincreasingor thegustsare exceeding12m/s,dueto Cb or
theirsignificantweatherphenomena.These windgusts can be expectedat the surface
whenevertheradardetectsCb echoeswiththevalueofY = Hm,IgZ,210.9(Bartha,1987).

Using these definitionsan investigationwas carriedout in respect to the permanenceof
potentialandeffectivewindhazardperiods( AtpotandAt,,,)duringdifferentsynopticsituations
connectedwithCb.The resultsareshowninfigures3a,b and0.

Figures3a and b showthatitwindsare observedto exceed7 m/sthereis about40 to 45%
probabilityof the maximumgustsoccurringwithinthe nexttwo hours.However,if the wind
exceeds12m/sthe correspondingprobabilityis about65to 70%wheneverthe radardetects
Cb withvalueof Y 2 10.9.On thebasisof figures3a andb itcan be seenthatthedistribution
functionsforpotentialandeffectivehazardousperiodsofmaximumwindgustsconnectedwith
non-frontal(C, MCC, H)thunderstormsare similar,butdifferfromthe distributionfunctionfor
thefrontal(I)cases giveninfigure3c. This figureshowsa probabilityof 23%thatthemaximum
gustwithinthenexttwohoursifthewindexceeds7 m/s.

However,if thewindexceeds12m/sthe correspondingprobabilityis 85%wheneverthe radar
detectsCb withthevalueofY 2 10.9.Fromfigures3a,b andc itcan be seenthattheeffective
windhazardperiodsfortheweakerconvectivesystems(C, MCC) and instabilitylines(H)are
shorterby 0,5-1houron theaverageas comparedto thepotentialones. Similarly,the same
periodprovedtobe shorterbyabout2 hoursin respecttocoldfronts(I).
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4. CONCLUSIONS

The followingconclusionscanbe drawn:

a) Nowadays,weatherradar and satellitedata are available.The success of the so-called
nowcastingwarningsis largelydependenton the integrationof non-conventionalinformation
intoa complexmeso-scaleanalysis(e.g. Horvéthand Prager,1990;Zwatz-Meiseet al.,
1993)includedintothegeneralsynopticframework.

b) Inweakconvectivesystemsdevelopedwithinthesameairmass overWest-Hungary,it is
mostlikelythatthemaximumwindgustsoccureitherduringthe firstsurfaceobservationof
heavyshowerorthunderstorm,orsoonafterwithin2 hours.

0) For the productionof stormwarningsthe subjectiveor objectiverecognitionof instability
linesmustbe performedbeforeidentifyingthisweatherobjectby radarbecause the gust
frontmaypropagatein the boundarylayerfordistancesup to 80 - 100km awayfromthe
thunderstormsource.

d) The permanenceofwindhazardsassociatedwithCb canbe increasedbythe strengthening
surfacepressuregradientduringpre-andpost-frontalweathersituations.

e) The empiricalprobabilitydistributionfunctionsconcerningthepermanenceof windhazards
indicatethe periodsfor practicalapplicationof thewarnings.For this reasonthese results
canbe usedfora furtheroptimizationof the nowcastingdecisionmethod.Inthe nearfuture,
thisdecisionmethodwillbe developedso thatituses digitizedsatelliteinformation(Horvath
etal.,1992)aswellas digitalradardata.
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METEOTREND AND NOWCASTING

Slovak Hydrometeorological Institute, Bratislava, Slovakia

JAN KANAK

ABSTRACT

MeteotrendwhichwasdevelopedintheSlovakHydrometeorologicalInstituteas an implement
for Very short-rangeWeatherForecastingand Nowcastingis described.The linear extra-
polationused for forecastingcloudfieldsand an expertapproachto a satelliteimageclassi-
ficationarediscussed.A simplestatisticalmethodforthespecificationof rainfieldsas a partof
Meteotrendis consideredinthisarticle.Meteosatinfrared(IR) andwatervapour(WV)dataas
wellas radarmeasurementsofprecipitationintensitiesareusedinthismethod.The resultsare
includedintotheinformationaboutroadweatherconditions.

ZUSAMMENFASSUNG

In diesem Berichtwird Meteotrendbeschrieben,ein Beitragdes SlovakischenHydrome-
teorologischenInstituteszur sehrkurzfristigenWettervorhersageund Nowcasting.Die lineare
Extrapolationfijr die Vorhersagevon Wolkenfeldernsowieein Expertensystemzur Klassi-
fikationvon SatellitenbildernwerdendiskutiertebensowieeineeinfachestatistischeMethode
zur Bestimmungvon Niederschlagsfeldern.DafiirwerdenMeteosatIR undWV Bildersowie
Radarmessungenvon Niederschlagsintensitétenvenrvendet.Die ErgebnissebildeneinenTeil
der Informationfl'irdenStraBenwetterdienst.
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1. INTRODUCTION

Meteotrendas a methodusingprimarilysatellitedata to be meteorologicallyinterpretedhas
beenworkedout in thepastyears at the SHMI Maly Javornik(Podhorskyand Olsina, 1986;
Podhorsky,1990).Itcomprisestheveryshort-rangeforecastofthecloudfield,the cloudtypes
classification,and thatof the meteorologicalphenomenarelatedto themas wellas the very
short-rangeforecastofthisclassification.

The programmesystemrealizingtheMeteotrendmethoduses a PDP 11/34computer,whichis
a part of the Maly JavornikWIRPS (WeatherImagesReceivingand ProcessingSystem)
satellite receptionequipment.The individualprogrammesare writtenin FORTRAN 77
programmelanguage,andtheirreleaseintheabove-mentionedsystemis beingcarriedoutby
a.setof batchfields.Theprogrammepackagecan be startedautomatically,or by an operator,
wherebytheoperatoris enabledto changetheprimarysystemparametersif necessaryat any
time.

2. MP3 PRIMARY OPERATIONAL CHARACTERISTICS

MPS (MeteotrendProgrammeSystem)is usuallystartedautomaticallyin accordancewiththe
WIRPS operationalschemeimmidiatelyafterreceivingandprimaryprocessingof the Meteosat
data.Besides,theoperatormay releaseit at any timehe considersimportant,withregardto
otheroperationaltasks.

Accordingtotheoutputasked,theoperationis endedbetweenthe25thor30thminute,wherea
primaryoutput,the MeteosatIR-channelcloud field forecast(11.1um) and convectiveand
advectivetendenciesavailablefor the users alreadyin the 25thminute.Inthe 30thminute
anotheroutput,the classificationof cloud types and thatof the meteorologicalphenomena
relatedas wellas theveryshort-rangeforecastof thisclassificationis givenwithinthe MPS. At
present,the outputis computedonly if necessary,becausetheWIRPS is overburdenedwith
otheroperationaltasks.At presentthe MPS outputcoversthe territoryof Central Europeof
1024x1024krn2rangewitha resolutionof8x8km“.

3. MRS OUTPUT

3.1 CONVECTIVE AND ADVECTIVE TENDENCIES

Imageoutputin falsecolourcomprisesa changeof theobjecttemperature(measured in the
MeteosatlR-channel),withinthe timeintervalof twoconsecutiveimages(30or 60 minutes),
computedby the isodensitiescorrespondencemethod(Podkorskyand Vlcak, 1986). The
meteorologicalinterpretationof thechange(theconvectivetendency)is fromthephysicalpoint
of viewcomplicated.For instanceinthecase of cloudinesshavingan emissivityof 100%,the
temperaturechangeis relatedtotheupperboundaryofthecloudiness;a factthatis used inthe
case of convectivecloudiness.Inthe case of layeredcloudinesswithan unchangedupper
boundarythetemperaturechangemaybe a consequenceofanemissivitychange.
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The computationmightbe misledby a big change in the observedcloud shape withinthe
intervalof measurementsbecauseof an improperisodensitycorrespondence.The convective
tendencyimageriescarriedoutby imagingonlythosecloudfieldsexceedinga pre-determined
temperaturechange.

The advectivetendencyis picturedin the imageryas horizontalcloud movementvectors
determinedby the isodensitycorrespondencemethod.Movementdirectionand speed is
determinedforeverysquareof 32sz km2size.The convectiveandadvectivetendenciesarea
meansfor the recognitionof the changesof the cloudfieldand are used for meteorological
interpretationaswellas a basisfortheforecastcomputationsinMP8.

3.2 CLOUDINESS FORECASTING

Theactualcloudinessforecastyieldsan imagerysetfora territoryof 1024x1024km2rangewith
8x8km2resolutionconsistentwiththeMeteosatIR-channel.Itcomprisesfor everysquareIR-
temperatureforecasts,beingdeterminedbythemethodoftheisodensitiescorrespondenceand
linearextrapolationof cloudmovementandtemperaturechanges.

Forbetterinformationthecloudfieldforecastis ina fourimageformwhichcontainsinthefirst
threequadrantsthe realsituationrepresentedby thethreelast images,whilethe actualcloud
fieldforecastis inthefourthquadrant.

3.3 CLASSIFICATION OF CLOUD TYPES AND THE
METEOROLOGICAL PHENOMENA

The CentralEuropeanterritoryis dividedintosquaresof 8x8krn2range.To everysquarethe
numericalvaluesofthecloudclassesareattributeddeterminedbytheprocessof classification.
Classeswhichcanbe classifiedatpresentareas follows:

.eanh

. As, Ns

. Ci, Cs, Cc

. shower

. developingCb

. thunderstorm

. thunderstormwithhail

a) Summerperiod

\Imm-hODN-L

b) Winterperiod 1.earth
2.fogor lowcloudiness
3.As, N8
4. stratus
5. cumulus
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3.4 CLOUD TYPE CLASSIFICATION METHOD

Duringthe first step the so-calledsets of symptomsare prepared.These are the image
matricesof theCentralEuropeanterritorywhichmightconsistof theMeteosatsatelliteprimary
data aloneor a combinationof thesedatawithso-calledsupportingones (TEMP or SYNOP),
or productsof the previousprocessedprimarysatellitedata. Itis essentialto choose for the
classificationprocessthosesetsofsymptomswhichunambiguouslyspecifycloudclasses.Until
nowthefollowingsetsofsymptomshavebeenused:

MeteosatlR-channel(11.1um)
MeteosatWV-channel(6.7pm)
ConvectivetendencyforIR-channel
Differencebetweenthe lR-temperatureandthatofthetropopause(fromTEMP)
ConvectivetendencyforWV-channel
Differencebetweenthe lR-temperatureandthatoftheearthsurface(fromSYNOP)939195-083?

The last symptomis used mainlyin the winterperiodwhen fog and low cloudinessare
classified.

So-calledEtalonsets consistingof the symptomvectorsforthe individualclasses havebeen
preparedfrom unambiguousmeteorologicalsituations.

The methodoftheMPS classificationis as follows:sets of symptomsforthetimeToshouldbe
preparedas wellas forT1inthecase ofa classificationforecast.Thenthedataoftheindividual
symptomsetsarecombinedtomakevectorsof symptoms.The actualclassificationprocedure
uses a classificationprogrammespecifiedfor it (classifier).The classifierhas to findoutthe
smallestdeviationbetweenthe vectorsof symptomsand those of the etalons.The class
numberbelongingto theetalon,chosenfromthe classifierprocess,is attachedto the relevant
pointofan image.

Primaryintentionof the classificationof the cloudtypeswiththe helpof satelliteimages,is to
facilitatethemeteorologialinterpretationsfortheend-users.

3 .5 PREPARATIONS OF ETALONS FOR THE CLASSIFICATION WITHIN THE MPS

Because of the characterof the data whichenter the process of classificationin formof
sets of symptoms, it is necessary to have an expert evaluationof the meteorological
situationin orderto pick out a convenientset of etalons.Substantialdifferencesare found
between the character of etalons determined for summer and winter situations.The
convective cloudiness is dominantin the summer period and therefore the convective
tendency symptomis playinga significantrole. The earth surface temperaturecombined
withthe IR-channelhas highpriorityinthewinterperiod.

Preparationof the etalonsets is doneby an expertevaluationof the meteorologicalsituation
and by visual interpretationof satelliteimages. For this purposesthe expertmust use an
interactivegraphicsystemto displayimagesandto drawarea bordersof variouscloudtypes.
Then specialsoftwaremakesbitmapsof these areas, whichare statisticallyevaluatedand
values of etalonsare computed.Etalon sets created in this way are used for automatic
classificationinrealtime.
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Withinthetheoriesofpatternrecognitiononeapproachforsucha problemis theso-calledself-
learningprocedure.Withregardto the meteorologicalphenomenaand datawhichare at the
disposalof the Institute,it is impossibleto realizethis approach,at present,and underthe
conditionsof an operationalservice. Therefore,far more effectiveseems to be the expert
approachwhichprovidesoptimumsymptoms,its number,as wellas, an optimumnumberof
etalonsforanymeteorologicalsituation.

4. RAIN FIELD ESTIMATION BY MEANS OF METEOSAT DATA

The methodfor rainfieldestimationfromMeteosatdata was developedas an alternative
methodto the cloud type classificationmethodused in Meteotrend.There was a strong
requirementto estimaterainfields in the winterseason for a specificiationof road weather
conditionsfor the case thatthe Meteotrendmethoddoes notworksuccessfullybecause of
prevalentlowcloudiness.

The principleof the methodis based on the statisticalevaluationof sufficientlong series of
satelliteimagesandsurfacemeasurementsof precipitation.The localcomparisonof thesetwo
datatypesledtothefollowingempiricalrelation:

WV“
IV”. = b (1)

1O4
I radiationtemperatureof lR-channel,
W radiationtemperatureofWV-channel,
V, exponentspecifyingweightof IR-channeland
V,w exponentspecifyingweightofWV-channelwithconsiderationof precipitation

abilityofcloudinesswithradationtemperatureIandW

where:

Thevaluesofweightsmustbechosenbeforethestatisticalevaluationofdata.

The parameterb in the equation(1) called as parameterspecifyingthe thresholdfor rain
occurrencewas obtainedforvaluesV,,=1 andV,,,=2. The resultsof thestatisticalevaluation
areforthewinterperiod:

15<b<30 forrain
and 25<b<40 forsnow.

Ifthese conditionsare appliedin relation(1),the conditionsof the probableoccurrenceof
precipitationcanbederived:

Viw
l"" W

104
The methodis notableto specifythe probabilityof precipitationin a concretelocationof the
satelliteimagefromthephysicalcharacterof theuseddata(IRandWV channels).Therefore,
this methodis used in combinationwithradardata,whichexactlyspecifythe precipitation
intensity.For areas,whichare notcoveredby radarsignal, onlydatafromsatellitesare used.
Thisfactis knowntotheusersofthis informationandis exactlygraphicallydisplayedbymeans
ofvariouscoloursofsigns.

( b (2)

The describedmethodis used as a partof Meteotrendand appliedon forecastIR and WV
images.Itservesas a nowcastingmethodforspecifyingtheroadweatherconditions.
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STUDY OF POSSIBILITY OF PRECIPITATION

NOWCASTING USING DIGITAL RADAR

AND METEOSAT DATA

Centre of Aerology, Institute of Meteorology

and Water Management, Legionowo, Poland

STANISLAW MOSZKOWICZ

ABSTRACT

BothradarandMETEOSAT dataaretransformedinthesameprojection.Radardataareused
to separatethe satellitepictureintozones of high,mediumand lowrainprobability(satellite
pictureclassificationwithradardata).Usingcross-correlationof subsequentIRsatellitepictures
a fieldof cloud motionis determined.Motionvectorsare determinedfor classifiedsatellite
picturesanda forecastof rainoccurrenceprobabilityis givenfor1, 1.5and2 hoursahead.The
forecastpicturesarecomparedwithobservedones inordertodeterminetheforecastquality.

ZUSAMMENFASSUNG

Sowohl Radar als auch Meteosat Daten werden auf dieselbe Projektiongebracht. Die
Radardatenwerdendazu benutzt,Satellitenbilderin Zonen mithoher,mittlererund niedriger
Niederschlagswahrscheinlichkeitzu unterteilen(SatellitenbildklassifikationmittelsRadardaten).
Unterder Verwendungvon Kreuzkorrelationsmethodenwirdaus aufeinanderfolgendenSatelli-
tenbildernein Feld von Wolkenverlagerungenbestimmt.WerdenWolkenverlagerungenfiir
klassifizierteBilderbestimmt,so kénnenNiederschlagswahrscheinIichkeitenfiir 1, 1.5 und
2 Stundenvorhergesagtwerden.Zur BestimmungderQualitatderVorhersagewerdendievor-
hergesagtenmitaktuellenBildernverglichen.
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1. INTRODUCTION

The presentstudyhas the aim to clarifythe possibilitiesof a jointuse of digitalradarand
satellitedatatopredicttheprobabilityof rainoccurrenceupto2 hoursahead(nowcasting).

Firstofallbothtypesofdatashouldbe transformedintoa commoncoordinategrid.Ithasbeen
foundconvenientto transformsatellitedata intothe local radarcoordinatesystem.As a next
step the radar data (precipitationand no-precipitationpixels) are used to construct a
discriminativefunction,whichis thenusedto dividesatellitepictureintoregionof high(250%),
moderate(230%)andlow(<30%)rainprobability.

By movingregionsof IR satellitepicturesbetweensuccessiveimagesand calculatingcross-
correlationcoefficientsa fieldofcloudmovementsas seenbysatelliteis determined.

Withthefieldofcloudmotionsa displacementoftheclassifiedpartsofthesatellitepicturegives
a predictionof rainoccurrenceprobability.This picturehas to be comparedwithobserved
picturesin orderto determinethe forecastquality.Such a comparisonperformedfor one
situationgivesencouragingresults.

2. DATA

The AutomatedRadarSystem(ASR) [Ciachetal., 1991]is composedof a MRL-5 radar,APOS
equipmentof radarcontroland radarsignaldigitising,IBM PC networkand software.The
system installedin the Centre of Aerology of the Instituteof Meteorologyand Water
Managementin Legionowo(Poland) has been operatingevery 10 minutes24 hoursa day
since3 June1991.The radarobservationcomprisesscansupto250kminrangeand 20kmin
height.From radardata processingradar reflectivitymaps on 6 levels, maps of echo tops,
maps of precipitationintensityand maps of recognisedmeteorologicalphenomenaare
obtained.Full space scan dataare archivedeveryhouron a disk, twomaps (echotops and
precipitationintensity)every10minutes.

A receivingstationof METEOSAT digitaldata (UKWTechnik)is availableat the Centre of
Aerology since August 1992. Satellitedata files are archivedonly sporadicallywhen the
situationis consideredtobe interesting.

The presentworkisbasedonbothtypesofarchivedata.

3. ANALYSIS

3.1 COMBINING RADAR AND SATELLITE PICTURES

The satellitedataaretransformedwithhelpofthe IMAGE programme(partoftheASR system)
intolocal radarcoordinatesusingobviousgeometricalconsiderations.Experiencehas shown
thatquiteoftena spatialdiscrepancybetweenradar(e.g.echotopsmap)andsatellite(e.g.IR)
picturesis observed.As Polandis seenfromMETEOSAT ata ratherinclinedangle,ithasbeen
supposedthata parallaxerrormaybe at least partiallyresponsiblefor this discrepancy.To
accountfor the parallaxthe radiancetemperature,determinedfromthe IRsatellitepicture,is
transformedintocloudtop heightusingthe standardatmosphere.The followingapproximate
empiricalformulaforcloudtopheight[km]hasbeenobtained:



COMBINED METHODS AND NOWCASTING IOI

2_h = p 260p+19200 (1)
960

wherep-valueof IRpixel(p<130;ifp2130itis rathergroundthana cloud).

Thenfora pixelwithvaluep, theEarthradiusis increasedbythecloudtopheightderivedand
the geometricaltransformationis performed.The satellitepictureis transformedgoing from
North and East, as in that directionthe satellite is projectingits picture. Using this
transformationsome shadows(i.e.emptypixels)appearin the transformedsatellitepicture.
The cloudtopheightsdeterminedinthismannerarestoredto be usedfora parallaxcorrection
intransformationof visible(VIS) andwatervapour(WV)pictures.A subjectivecomparisonof
correctedandnotcorrectedpictureswithcorrespondingradarpicturesshowsthatthisparallax
correctionimprovestosomedegreethespatialcoincidenceofbothkindsofdata.

Even afterthe parallaxcorrectionsometimessome discrepancybetweenradarand satellite
pictureisobserved.Movingtheradar(echotops)againstthesatellite(IR) pictureandsearching
for maximumcross-correlationbetweenthem one can determinean additionalcorrection
(displacement)forthe satellitepicture.These twocorrections(parallaxand shiftaccordingto
correlation)permitto obtainsometimesa goodcoincidenceof bothpicturesbutunfortunately
noteverytime.

Observinganimatedsatellitepictureswithsome groundfeatureswellvisible(e.g. the Alps,
BalatonLake,sea coastandmountainsinAfrica),onecanobservethatsometimesthefeatures
moveandtwistfrompicturetopicture,too.Thereforethismeansthatstrictcoincidenceof both
typesof picturesis impossible.Consequently,thereexistsituationsforwhicha predictionby
thismethodis impossible,too.As fornowitcannotbe statedhowoftenthosesituationsappear.

3.2 CLASSIFICATION OF SATELLITE PICTURES USING RADAR DATA

Thealgorithmofsatellitedataclassificationis as follows:
1. Data:
R(X,Y)- radarfieldofprecipitationandno-precipitationpixels(1and0values),
IR(X,Y) - satelliteinfraredfield(128values),
VIS(X,Y), orWV(X,Y)- satellitevisibleorwatervapourfield(128values),
X, Y - localradarcoordinates,
p1,p2- thresholdlevelsofprecipitationprobability(default0.5and0.3).

2. Take (IR, VIS) or (IR,WV) as phase space and create frequencyhistogramsHP for
precipitationand HN for non-precipitationelements.Find highestIR value (lRmax)for
precipitation.

3. FindcentresofgravityCP =(UP,VP) andON= (UN,VN)forbothhistogramsin (IR, VIS) or
(IR,WV)space.

4. Ifthe distanceD betweenCP and ON is small (<2 unitsin IR,VIS or IR,WV space) -
discriminationis impossible,gotoEND

5. Dividesubsequently(k=1, 2,..39)the phasespace intotworegionsin sucha waythatan
elementbelongingtothefirstregionis k:(40-k)timesclosertoCP thantoON. Each time(for
each k) find in the firstregionthe numberof precipitation(NP) and non-precipitation(NN)
elements.IfNP/(NP+NN) > p1 the firstregionis consideredas discriminatingprecipitation
with probabilityhigherthan p1. The highest k, fulfillingthe condition,is stored as
discriminatingvalue(k1).Makethe samewithp2 to obtaink2.Thus 7 values(lRmax,UP,
VP, UN,VN, k1,k2)formtwodiscriminativefunctionsforp1andp2probabilities.
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6. Applythe discriminationto satellitedataand createa picturein radarcoordinatesof high
(>p1),medium(>p2)and lowprecipitationprobability.The discriminationis performedas
follows:
Iffor somepixellR<IRmaxandthedistance(inIR,VISor IR,WV space)toCP is k1:(40-k1)
smallerthanthedistancetoON - thenthepixelis a precipitatingonewithp>p1.
Ifnot,but lR<IRmaxanddistance(inIR,VIS or IR,WV space)to CP is k2:(40-k2)smaller
thandistancetoCN -thenthepixelis precipitatingwithp>p2.
Ifneitherconditionis satisfied,the pixel is consideredas non-precipitating(probabilityof
precipitationnotgreaterthanp2).

7. Store the discriminativevalues on disk for subsequentapplicationto satellitepicturein
greaterareathantheradarcoverage.

8. END.

The discriminativevalues can be applied to actual satellitedata (used to create the
discriminativefunction)or to past and futuredata, e.g. if thereare not enoughprecipitation
elementsunderradarcoveragetocreatetheactualdiscriminationfunction.

The visible(VIS) or watervapour(WV)data is used accordinglyto its accessibility(e.g.there
are no visibledata in the night)and usefulness(e.g. in winterthe visibledata are notvery
informative).

3.3 FIELD OF CLOUD MOTION

As the precipitationforecastshouldbe appliedto theterritoryof Poland,thesatellitepictureis
limitedto thisterritorywithsomesurroundings.35 regionsof 30x 30 pixelshavebeen chosen
for cloud movementdetermination.They cover the area betweenapproximatelythe south-
westernpart of the ScandinavianPeninsula,the north-easternpart of Adriatic,the north-
westernpartoftheBlackSea andtheRigaGolf.

Every30x 30 pixelregionat timeH (actual)is movedas far as 24 pixelsin N, S, W and E
directionand compared to the correspondingpixels at H30 min (previous).For each
displacementthecorrelationcoefficientbetweenthetwofieldsis calculated.The displacement
resultinginthehighestvalueof thecoefficientis consideredas actualcloudmovementforthe
region.The correlationis notcomputedifthe regioncontainstoofewcloudelements(<100in
anyof actualandpreviousregion).The movementis expressedinnumberof pixelsin N-S and
E-Wdirection.

Havingcomputedcloudmotionin everyregion(wherepossible),the averagemotionvectoris
calculated.Thenall regionsareanalysed:if a localvectordiffersindirectionby morethan90°
fromthe averagevectoror fromanyvectorfromclose surroundings,thevectoris rejectedas
outstanding,andtheregionis treatedas ifthevectorhas notbeencalculated.As a nextstep,
for all regions,wherethe motionvector is not determined,a meanmotionvector fromthe
surroundingsiscalculated,ifpossible.

Then a smoothingprocedureis appliedto the motionfield: every vector is replaced by
aweightedaveragedvectorfromthe regionand surroundings,wherethe regionis takenwith
weight4, and neighbouringregions(withexistingvectors)withweights1. Insuch a waythe
field of motion is devoid of random fluctuationsusually existingwhen cross-correlation
proceduresareused.

An animationof a time sequenceof such smoothedfields showsa good continuityof the
motion.
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3.4 AN ATTEMPT OF PRECIPITATION PROBABILITY NOWCASTING

Areasof a satellitepicture(IR, VIS) or (IR,WV), classifiedintoregionsof high,moderateand
lowprecipitationprobabilities,are displacedaccordingto the motiondeterminedas abovefor
60, 90 and 120minutesaheadformingpredictedpictures(nowcasting)of differentlevelsof
precipitationprobability.They are then comparedwithactualpicturesclassifiedin the same
way.A testof sucha nowcastingtechniquehas beenperformedforthe territoryof Poland(11
regions30 x 30 pixels)usingdataof 10August1993.Every regionhas beendividedinto36
sub-regions5 x 5 pixels.Ineverysub-regionthe maximumprecipitationprobabilitybothfrom
predictedandactualpictureshasbeendetermined.A comparisonbetweenpredictedandactual
classesas of maximumprecipitationhasbeencalculated.The resultsare presentedintable1,
2 and 3. Inthe tablesclass 0 means low,class 1 moderate,and class 2 highprecipitation
probability.

Table1: Comparisonof predictedandactualclassof maximumprecipitationprobability(numberof
casesinsub-regionsof5x5 imagepixels).
Forecastfor1hour-4situationsof10August1993

P r e d i c t e d
Observed Class0 Class 1 Class2
Class0 182 70 0
Class1 35 875 233
Class2 0 105 102

Table2: Comparisonof predictedandactualclassof maximumprecipitationprobability(numberof
casesinsub-regionsof5x5 imagepixels).
Forecastfor1.5hour-4situationsof10August1993

P r e d i c t e d
Observed Class0 Class 1 Class2
Class0 168 92 1
Class1 48 823 289
Class2 0 111 52

Table3: Comparisonof predictedandactualclassof maximumprecipitationprobability(numberof
casesinsub-regionsof5x5 imagepixels).
Forecastfor2hours-3situationsof10August1993

P r e d i c t e d
Observed Class0 Class 1 Class 2
Class0 123 76 4
Class 1 35 602 246
Class2 0 82 20

The resultsseemto be encouraging.The greatestnumberstendto be close to the diagonal.
Whentheclass0 ispredicted,theredoesnotexistanyclass2, evenfor2 hoursforecast.Class
2 is notsowellpredicted,butthenumberofcaseswithobservedclass0 isverysmall.
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4. DISCUSSION

The resultsand algorithmspresentedaboveshouldonlybe consideredas preliminary.There
stillremaina lotof problemsto be resolved.Firstof all thecoincidenceof radarand satellite
picturesis notalwaysgoodenoughtoperformsatellitedataclassification.Itshouldbe stressed
thatthelackofcoincidencecanbeexplainedtosomedegreebythecompletelydifferenttypeof
teledetectionby radar and satellite.One can say that radar makes a sort of X-rayingof
precipitatingcloudswhilesatellitegives a "flat"picturefromabove.The satellitedetectse.g.
Cirruscloudswhicharenearlyundetectedby radar,so an attemptto correlateradarechotops
withcloudtopsdefinedbytheirradiancetemperaturemayleadto confusingresults.

Neverthelessthe comparisonof predictedandobservedpicturesshowsthatat leastin some
casessucha forecastispossibleandcanbe useful.
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PART I: INTRODUCTION AND AIMS OF THE PROJECT

Central Institute of Meteorology and Geodynamics, Vienna, Austria

VERONIKA ZWATZ-MEISE

Duringthe firstmeetingof the participantsof the CEI project"Remotesensingmethodsin
meteorologyandtheirapplicationin nowcasting"(Budapest,1992)itwasrecognizedthatthere
aredevelopmentsinthefieldofverticalcrosssectionsattheZAMG (Vienna)as wellas at the
MHS (Zagreb).Althoughthebasic ideasabouta use of thosetoolsforsynopticresearchand
operationalworkareverysimilarinbothinstitutes,therearedifferentmathematicalapproaches,
differentparametersanddifferentdatasources.

So themodelusedatZagreb(HRID, see partII)hasa physicalbasiswhileat ZAMG (seepart
III)a merelymathematicalanalysismethodis used.At Zagreb,singlestationanalyses,time
andspace cross sections(restrictedtoW-E andN-S directions)are available;at Vienna,only
spacecrosssectionsbutwithanarbitraryorientationarecomputed.

At Zagreb the data basis are (foroperationalpurposes)radiosondemeasurementswhileat
Viennaradiosondemeasurements,ECMWF analysisandforecastdataandsatellitesignalsare
usedandcombinedoperationally.

Besidesparameterscomputedinbothinstitutes(potentialandequivalent-potentialtemperature,
relativehumidity)atZagreba coupleofparametersina localscale,mostlybeinga measurefor
stability,are used whileat Viennasynopticand meso-scaleparametersare computedfrom
ECMWF dataandcombinedwithsatellitesignals.

Thus this initialsituationis a very luckybasis for a combinationof bothmethodsleadingto a
supplementationof resultsforbothinstitutes.

Themainaimsoftheprojectcanbe summarizedas follows:

1) test and comparisonof the mathematicalmodelsand a test of the qualityof the derived
parameters.

The resultshouldbe a finalcombinedmodelwhich is appropriatefor the evaluationof
troposphericweatherphenomenaindifferentscales.
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Thetestandcomparisonismadeinseveralways:

0 withhelpofcase studiesstressingtheabilitiesofthedifferentmodelsandparametersfor
determiningweatherphenomena.

0 Bytheoreticalandnumericalinvestigationsofdifferentinterpolationtechniquesincluding
theoneusedinHRID, thePolynomialHydrostaticAdjustmentTechnique(PHAT).

o By a testof the usefulnessof one of the parametersderivedby HRID, the Richardson
number, for detectingClear Air Turbulence (CAT). This test is planned in tight
cooperationwiththeaviationweatherservice(Vienna)whichcontributesthe pilotreports
of observedCAT. This test can clarifythe potentialof this partof the HRID outputfor
CAT warnings.

2) The studyof troposphericweatherprocesses in differentscales containedin the diverse
parametersof the cross sectionsand the developmentof conceptualmodels.Interactions
betweenstratosphericandtroposphericprocesses.

Besidesnewinsightsintothephysicalprocessestheoutputof this investigationshall leadto a
basicmanualfortheuseofverticalcrosssectionsinsynopticresearchandoperationalservice.

For thisjointwork4 fixedcross sectionshavebeenchosenwhicharecomputedand archived
twicedailyandthefeaturesexhibitedbythedifferentprogramsarecomparedand thephysical
situationinvestigated.

A: 07145 07180 10739 10868 11035 12843
Paris Nancy Stuttgart Munich Vienna Budapest

B: 07510 07481 16080 16044 13130 15120
Bordeaux Lyon Milan Udine Zagreb CIuj

C: 06181 09184 09393 09486 11520 11035 13130 16320
KopenhagenGreifswaldLindenbergWahnsdorf Prag Vienna Zagreb Brindisi

D: 10035 10338 09548 10739 16080 07761 16560
Schleswig Hannover Meiningen Stuttgart Milan Ajaccio Cagliari

Besides the aimsof the projectmentionedbeforean additionalimportantaim refersto the
satellitematerial:theintroductionoftheremotesensingdatainconventionaldataevaluationsy-
stems(thecrosssections)andthecombineduseofthreedatasources(radiosondes,numerical
modeloutput,satellites).This is exactlythewaythemeteorologicalcommunityhas agreedto
be the best one in respectto satelliteinformation(Workshopon the Use of SatelliteData in
Nowcastingand VeryShortRangeForecasting,1990).At presentthenumericalmodelused is
theECMWF model.Itis intendedto includeina secondstepdatafromlimitedareamodelslike
AladinwhichwillbeavailableattheZAMG fromautumn1994.
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PART II:

HRID: THE CROSS SECTION METHOD

AT THE MHS ZAGREB

METHODOLOGY AND APPLICATION OF

THE HIGH RESOLUTION ISENTROPIC

DIAGNOSTIC MODEL (HRID)

Meteorological and Hydrological Service, Zagreb, Croatia

DRAZEN GLASNOVIC, IVAN CACIC and NATASA STRELEC

ABSTRACT

This papergives a detailedreviewof the contributionof Croatianscientiststo the CEI joint
Project"Remotesensingmethodsinmeteorologyandtheirapplicationinnowcasting".The high
resolutionisentropicdiagnosticmodel(HRID) basedon the polynomialhydrostaticadjustment
technique(PHAT) representsa methodologyto computeverticalcross-sectionsin timeand
space. In order to improve diagnosticsof the atmosphericstratificationa number of
thermodynamicandstabilityparametershavebeeninvolvedandrelatedtothe energychanges.
Specialattentionhas been paidto the interpretationof the meteorologicalphenomenain the
cross-sectionsandparticularlytothecomparisonofdifferencesintheirvisualizationinboththe
potentialtemperatureand geometricalheightcoordinatesystems. It is shown that such
objectivelyderivedcross-sectionshavea sensitivityand resolutiongoodenoughto resolvethe
processesnotonlyonthesynoptic,butalsoonthelowerscales.

ZUSAMMENFASSUNG

DieseAbhandlungbeabsichtigteinenausfl'ihrlichenUberblickfiberdenBeitragvonkroatischen
Wissenschaftlernzu dem CEI Gemeinschaftsprojekt"Remote Sensing Methodenin der
Meteorologieund ihre Anwendungauf das Nowcasting"zu geben. Das hochauflbsende
DiagnosemodellHRID, das auf der PolynomialHydrostaticAdjustmentTechnique (PHAT)
basiert,représentierteine Methode,um zusammengesetztevertikalezeitlicheund raumliche
Querschnittezu konstruierenund zu interpretieren.Urndie Diagnostikder atmospharischen
Schichtungzu verbessern,wirdeineZahl von thermodynamischenund Stabilitatsparametern
betrachtetund in Bezug zu den Energieanderungengesetzt.SpezielleAufmerksamkeitwird
sowohl der Klérung und Erklé'lrungvon Phé’lnomenenin den raumlichenund zeitlichen
Querschnittenals auchdemVergleichvon Unterschiedenin der Visualisierunggeschenkt.Es
wirdgezeigt,daB solche objektivabgeleitetenQuerschnittegeniigendeEmpfindlichkeitund
Auflr‘jsunghaben, um nicht nur die Prozesse des synoptischen,sondern auch kleinerer
Bewegungs-Scaleszu erfassen.
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1. INTRODUCTION

Insightintothenatureof atmosphericprocesses,as wellas intotheverycomplexmechanisms
of theironset and development,stronglydependson the availableobjectivemethods.The
elaborationof new,moresophisticatedcomputationaltechniquesand theirproperintegration
intotheoveralldiagnosisshouldresultin betterresolutionof lowerscale processesandmore
appropriateinterpretationof seriesof objectivelyderivedmeteorologicalfields.At NMC Zagreb,
a diagnosticmodel named "High ResolutionlsentropicDiagnosis"(hereafter:HRID) was
developed.Itsmainpartconsistsof highresolutionisentropictimeandspacecross-sectionsas
wellas "theisentropichighresolution2+1D diagnosis"ofcombinationsofvariousparametersor
their changes. The methodologyof HRID has been workedout in detail by Glasnovié
(1978,1983,1990;hereafterG78,G83,G90)andappliedinGlasnoviéandJurcec (1990)as well
as in Jurcec and Glasnovié (1991)to specific problems.Since June 1993, the further
developmentof the consideredmodelis a partof a bilateralresearchprojectundertakenby
CroatiaandAustriawithinthe"CentralEuropeanInitiative"(hereafter:CEI).

The basic method of the HRID is the "PolynomialHydrostaticAdjustmentTechnique"
(hereafter:PHAT). Itscmcialpointis relatedto the specialsubjectof interest,wherethe key-
questionis:"Howto achievea broaderandbetterapplicationof thewell—knownthermodynamic
and hydrodynamicprinciplesin a computationalprocedureminimizingthe influenceof
systematiccomputationalerrors?"Also,PHAT takesintoaccountthefactthatmanychangesin
the atmospheredo not happenlinearlyso thatnonlinearapproximationof the meteorological
parametersby polynomialswouldbe a betterwayto calculatethem.Accordingly,it includesa
high resolutionof inputparameterson predeterminedisentropiclevels, where any of the
polynomialsfromthe firstto theeighthdegreeas wellas the uppermostlevelof the analysis
and its verticalresolutiondegreemay be chosen arbitrarily.Insteadof applyingthe finite
differenceapproximationsPHAT involvesboththe isentropichydrostaticrelationsand their
derivativesof higherorder.Anotherobviousdifferencebetweenthe presentapproachandthe
otherinterpolationroutinesis intheselectionoftheinterpolationfunction.AlthoughtheHermite
interpolationschemeis used,hereitis essentiallymodified.

I£T.-AERO.CBS.I GTSDATA I GDPSDATAr ZAGREB43133L (awn.WUETIN)I (GRID.GRID)
I I I

I
DATAINITIAIJZAI'ION

---------------I

I VERTICAL«hummer:
AERCXOGICAL

INTERPOLATION '
finnureJ ( NSPACE—)Gum/ices)

F I
[mt-loner [WWN [WON-u

I . I 'I
------

l_ VISUALIZATION [ NUMERICALTABLES

Figure1.1: FlowdiagramoftheisentropicdiagnosticmodelHRID
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A detailedinformationon the flowdiagramof the model is given in Figure 1.1. The HRID
softwarestructureis a modularone, enablingsimplecontrol,optimizationand development.
Afterthe inputdataassimilationprocess,verticalinitializationis startedby definingthe upper
and loweranalysislevelsanddeterminingthe interpolationpolynomialdegree.As a nextstep,
theinterpolationandtransformationintoarbitrarilyselectedcoordinatesystemsare performed.
For interpretation,the user selects parametersand the formof the graphicalpresentation.
Duringthe operationalapplicationof HRID special attentionwill be paid to its objective
interpretationinconnectionto satelliteandradarproducts.

2. "HRID" - ISENTROPIC DIAGNOSTIC MODEL

Besidesa detailedpresentationof theexistingatmosphericstructure,thebasic purposeof the
high resolutionisentropicmodel is a bettercalculationof the lowscale and shortduration
processes.A goodexampleto illustratetheformeris upwardfrontalstreaming,whichis rather
turbulentandnotuncommonin the relativelynarrowinclinedzones.Takingintoconsideration
the fact thatthe horizontalcomponentof the frontallevel surfaceinclinationis significantly
biggerthantheverticalone, itbecomesevidentthatthe distancebetweentworelevantpoints
alongtheverticallineshouldnecessarilybe around100meters.Thorpe(1993)pointsoutthat
fortheoptimalresolutionof the slopingfrontalzonesthe numericalgridshouldbe constmcted
in sucha waythattheratioof theverticalandhorizontaldistancebetweenthepointsis closeto
thefrontalinclination.

Basically,theobjectivelyderivedtimeandspacecross-sectionsare two-dimensionalusingan
isentropiccoordinatesystemwithtime or space as horizontalaxis and withthe potential
temperaturein the vertical.A changeablegrid dependingon the prevailingatmospheric
processes is usuallyobtainedin constructionof the isentropes.The spatialdistributionof
isentropesaswellas theirshapeandassociatedgrid-pointvaluesof parametersinvolvedgives
a powerfultoolfora discussionofthephysicsofpredominantatmosphericprocesses.

Defaultvaluesare 1K intheverticalupto 100hPa leadingto about120- 180isentropiclevels.
This meansthatan averagedistancebetweentwoadjacentisentropesis about100mor less
than 50 hPa, dependingon the prevailing atmosphericstability.The horizontalresolution
defaultis onehourinthetimescaleand10’forthespacecross-section.

2.1 ANALYTICAL METHOD FOR VERTICAL INITIALIZATION

For vertical initialization,the modifiedHermitepolynomialinterpolationroutineis applied.
Shapiroand Hastings(1973)were the firstto introducethis computationalprocedureinto
meteorology,but itwas successfullyappliedonlyin horizontalinterpolation.The attemptof its
applicationintheverticalresultedina seriesof inconsistentphenomena,for instanceformation
ofunrealisticsuperadiabaticgradientsbothinthefreeatmosphereandclosetothegroundand
entwiningof isentropesincertainpartsofthenumericalfield.The failure,as wasshowninG83,
wasa directconsequenceof the approximationin finitedifferencesandof the truncationerror
implicitlycontainedbysucha calculationofverticalchangesoverthevariousthicknesslayers.

As shown in G83 and G90 these problemscan be avoidedby applyingPHAT and by a
modificationof the Hermite interpolationroutine.A simplifiedexampleof the so-defined
computationalschemeis giveninthe Figure2.3.1wherethe indexi denotesend-pointsof the
interpolationintervalwhereinputdataare definedand the indexj interpolationlevelsfor the
outputvalues,verticalresolutionbeingunambiguouslydeterminedby the previouslydefined
seriesyj(forj=1,2,...).The generalformoftheinterpolationpolynomialis givenbytherelation
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yim)((=X) mIZ£m )xk—mak (2.1.1)
k-m

wheretheindexn indicatesthepolynomialdegree,andtheindexinthederivativeorder.

Therefore,thebasicpolynomial(m=0)ofthen-thdegreemaybe expressedas

" k
Yn(X) 2‘Z (0}kak

The interpolationroutineis definedby the algebraicsystemof equationswhich includesa
certainseries of polynomialpairsof arbitrarilychosen degree n and theirderivativesof a
differentorderm. These polynomialpairs are formedin the end-pointsof the interpolation
intervals.The firsttwoequationsarethe basic polynomialsdefinedby the relation(2.1.2)and
each subsequentpairrelatesto thederivativesof a subsequentlyhigherorderm givenby the
generalrelation(2.1.1).Indistinctionto the originalHermiteinterpolationroutine,the modified
system of algebraicequationsdoes not contain all of the basic polynomialderivatives.
Thereforeat selectingthe fifthpolynomialdegree, for n=5,the basic systemwillcontainsix
equationswithsixunknownswhichareexpressedintheform

5 k
YI(X) = Z(O}ikak

5 k
YI+1(X)= ;[O}I+tkak

(2.1.2)

5 (k
YI2)(X)=2!Z 2}IK-Zak

“A (213)(k - . .

y I31) F222 (2}in 23k

y(4)(x)=4lkz(:]x,k- 43k

yIXIIfiIMEI: Ira/“al.

where only the second and fourthderivativesof the basic polynomialare taken into
consideration,whilethefirstandthethirdones are leftout.

The verticalinterpolationprocedureconsistsof twoseparatesteps.The firststep determines
thesystemunknownsak. For n=5itamountsto a totalof sixcoefficients,whichare calculated
on thebasisof theavailableseriesof knownvaluesy (x)andx, butalsoof theirderivativesin
theend-pointsof the interpolationintervals.Afterthe fieldof coefficientshas beendetermined,
bytheirsubstitutionintotheinterpolationpolynomial

5 k
Y)(X) = 2(0jmxjk (2.1.4)

k=0
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interpolatedvaluesandtheirhigherderivatives

(m) _ ' 5 k k-m
y] (x)—m.2 m kx, (2.1.5)

k=m

arecalculatedonpredeterminedinterpolationlevelsxi.

ModificationoftheoriginalHermiteinterpolationroutineoffersconsiderablymoreoptionsforthe
formationof thesymmetricalmatrixof thebasicalgebraicsystem.In thecase of selectingthe
polynomialof the seventhdegree,the systemshouldencompassa totalof 8 equationswhich
will, in theiroptimalcombination,besides the basic pair of polynomials,includealso their
derivativesof the second, fourthand sixthorder.At that,the firstor any other subsequent
derivativecan be leftout,on theconditionthatitpreservesand implicitlycontainsthe physical
andmathematicalpropertiesof allof itslowergradepredecessors.

2.2 POLYNOMIAL HYDROSTATIC ADJUSTMENT TECHNIQUE

A successfulapplicationof themodifiedHermiteinterpolationroutinerequiresan unambiguous
answertothefollowingkeyissue:Whatis thewayof calculatingderivativesof the higherorder
intheend-pointsof the interpolationinterval.As proposedin G83 andG90, PHAT is usedfor
thecalculationofthederivativesy,” in(2.1.3).Itis basedontheisentropichydrostaticequation

a—M=a (2.2.1)
39

wheretheMontgomery'spotentialisdefinedbytherelation

M =89+ 4) (2.2.2)

andExner'sfunction,alsocalled"modifiedpressure",by

e = cp(p/po)“ (2.2.3)

where1c=R/cp,withR as gas constantof air and cpas specificheat at constantpressure.
Choosingthepressurep as an interpolationfunctiony(x)withinthesystemof equations(2.1.3),
andpotentialtemperature9 as an independentvariablex, PHAT offersa possibilityof a simple
calculationnotonlyof thefirst,butalsoof all higherorderderivativesof p in respectto 9. An
alternativerelationforthereciprocalvalueofthethermalstabilityis

— =—— (2.2.4)

By themultifolddifferentiationof theequation(2.2.4)a generalfunctionalrelationfor them-th
derivativeofpressureisobtainedintheformofa differentialequation

amp(e) H[1+(k.—1)1(] p

p‘””(9) =“567 =("1)m H K’" T97 (2-2-5)

derivedin G83. On the basis of the relation(2.2.5)it can easilybe concludedthat for the
calculationof pressure changes with potentialtemperatureit is not necessary to use
approximationsin finite differences.This impliesthat the pressure values and potential
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temperaturesintheend-pointsof each interpolationintervalare sufficientto solvethealgebraic
equationsystem(2.1.3).An equallyrelevantand veryusefulfeatureof this relationcan easily
bediscernedfromitsalternativeform

_1+(m—1)1<am-‘p

KB 39""1
p‘m’(6)= (2.2.6)

whichhas provedto be very convenientfor writingcomputerprograms.Itshowsthat each
higher derivative implicitlycontains the physical and mathematicalproperties of its
predecessors,entirelymeetingthe basic consistencyconditionof the modifiedHermite
interpolationroutine application.Such a localizationof mathematics on infinitesimal
surroundingsof interpolationpointsensuresto a largeextentminimizationof the influenceof
systematicnumericalerrorsand,by thatmeans,preservesthe mostsubtlecharacteristicsof
atmosphericstructureintheobjectiveanalysis.Althoughtheconsideredobjectivetechniqueis
strictlyhydrostatic,it is due to themathematicallocalizationthatitcan be successfullyapplied
ina positivelynonhydrostaticatmosphere,whichis morethanonceshowninthispaper.

Inadditionto that,PHAT offersthepossibilityof a transitionfromthe isentropicintoany other
coordinatesystem,as wellas thecalculationof a seriesof derivedthermodynamicparameters
inthissystem.Whenselecting2 as verticalcoordinate,themodelappliesan alternativeformof
theisentropichydrostaticequation

2 =§=C_pI_2] (2,2,7)
66 g g p.

bywhosemultifolddifferentiationa generalequationforthecalculationof itshigherderivatives
is obtainedintheformof

m-1
m 1+ k—l

z ( ) ae'" ( ) xm-‘em-1 ae (' ')

Still, in orderto reducethe calculationtime, it is considerablymore economicalto use its
alternativeform

_ _[1+(m—2)1<]a”’“z

KB 89""1
2"")(9) (2.2.9)

implicitlycontainingthe numericalvalues of lowerderivativescalculated in the previous
mathematicalstep.

For the interpolationof potentialtemperatureonto the arbitrarilychosen geometricalheight
levels,PHAT appliesthefollowingrelations

m ame Z 1 m
6‘ ’(z)= 825" )= 9m (3) (2.2.10)



VERTICAL CROSS SECTIONS - A PROJECT BETWEENAUSTRIAANDCROATIA I15

a’"9(z) _ g 8””9
Of —-

azm ’ 3532“
(2.2.11)

whichareusedfortransitionfromthe isentropicintothegeometricalheightcoordinatesystem.
A similarapproachcan be appliedforany basic thermodynamicparameterscombination.For
example,thechangeofthe Exnerfunctionin respectto thetemperatureatany isentropiclevel
couldbe presentedas

88(T) 1
—, =cT/6 2.2.12

8T I-KT 8 p I I

atwhichitsm-thderivativetakestheform

:amEIT)=g[(k—1>(k—2)+1]i (2213)
aT'" (1—K)'" T’" ' '

8"")(T)

Itis evidentthatPHAT is characterizedby suchfeatureswhichenablea moreeconomicaland
correctverticalinitializationthanapplicationof any conventionalnumericalmethods.Avoiding
approximationsinfinitedifferencesandanykindof averagingduringcalculationjustensuresa
betterimplementationoflowerscaleprocesses.

2.3 NUMERICAL ROUTINE FOR HORIZONTAL INTERPOLATION

The routinefor interpolatingin the horizontalcoordinate,timeor space, appliedby the HRID
modelhas beenworkedout in GQO,and is based on Hermite'sthirddegreepolynomials.In
orderto preservetendenciesfromthe previousinten/althe successiveinterpolationmethodis
used. On the contraryto PHAT, in computationof the derivativesfinitedifferencesare used.
The initialalgebraicsystem,createdinthe end-pointsof interpolationintervalat coordinatesti
andt. consistsoffourequationsinthefollowingforms:

p,(t) = t,2A+ (,23+ t,C + D

(3)—f),= 3t,2A+ 2t,B + C

(2.3.1)
pl+1(t): tl+13A+tl+128+ tl+1C+ D

(%)m =3t1+12A+ 2tl+1B+ C

By the successiveshiftingof thestartingpointduringinterpolationandpositioningintothefirst,
i.e. left-handsidepointofeach interpolationinterval,thevariablet becomesidenticallyequalto
zero, so thecoefficientsC=(ap/at)iand D=pican easilybe determineddirectlyfromthe input
data. At the same time,by rearrangement,the algebraicsystem (2.3.1)is reducedto two
equations

a
ti+13A+t' 28 :(p1+1-p1)‘('B1+1 at ),-+1 (2.3.2)
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a a
3t...2A+2t...B=(—5‘t3>,..—<a—‘,’>, (2.3.3)

withtwounknownsA andB whicharedeterminedalongthesingleisentropesbetweenpointspi
(O,p,)andpM(tm,pm).UpondeterminingthecoefficientsA andB, knowingthevaluesC andD,
the interpolatedpressure p is calculatedfor an arbitrarilychosen coordinate1,, by their
substitutionintotheinterpolationpolynomial

px(t)=A1:k3+Brrk2+Ctk+D (2.3.4)

anditschangeswithhorizontalcoordinatetaccordingtotherelation

[Egg] = 3A1 ,2 + 23: k+ 0 (2.3.5)
k

The Figure2.3.1givesa simplifiedillustrationof theabovedescribednumericalscheme,which
comprisessuccessiveinterpolationswiththe changeableleft-handside "end-point"of the time
orspace intervalalonga particularisentrope.

p(fmm m=n:1.!Zr... Tk Tk+1Tk+2| I
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Figure2.3.1: Leftside:illustrationofaschemeforverticalinterpolationofparameters
Rightside:a schemeforhorizontal(timeorspace)interpolation

3. PACKAGE OF DIAGNOSTICS

One of the aimsof theprojectis to producea packageof diagnostictoolsfora deeperinsight
intothe verticalstructureof the atmosphere.Accordingly,a numberof thermodynamicand
stabilityparametershas been choosenand their verticalprofileswere calculatedby use of
PHAT. The resultingcurvesconsistofmorethanonehundredpointswitheverynumericalvalue
beingstrictlyrelatedtotheinfinitesimalneighbourhoodof itslocation.

The consideredpackagecombinesthe thermaland dynamicas wellas energyand stability
featuresof the atmosphericstructurein the unsaturatedand saturatedair. Besidesthe basic
meteorologicalvariables,the followingderivedparametersare computed:realand hydrostatic
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ant-Vaisala frequency,Scorerparameter,Richardsonnumber,dimensionlessenergynumber,
temperatureand potentialtemperaturelapse rates,verticalacceleration,specificand relative
humidity,themixingratioandtheequivalentpotentialtemperature.

3.1 BRUNT-VAISALA FREQUENCY

Manystudies(seeTumer,1973)concerningtheatmosphericstaticstabilityinvolvean important
quantitywhichhasthedimensionofa squaredfrequencyandmaybe expressedintheform

89N2 =2_
6 62

containingthegravityacceleration,the potentialtemperatureand its lapse rate.This quantity
representsthe governingterm in a differentialequationwhichdescribesthe motionof an
elementof inviscidfluiddisplacedtoa smalldistanceverticallyfromitsequilibriumposition.The
square root of the expression(3.1.1)defines a parameteroften called the Brunt-Vaisala
frequencyor,moredescriptively,thebuoyancyfrequency.The characteristicperiod211/Nof the
consideredbouyancyoscillationsis usuallyof theorderof a fewminutesinthestaticallystable
stratifiedlayersoftheatmosphere,andofmanyhoursinthedeepocean.

(3.1.1)

Ingeneral,thephysicalmeaningofthisstabilityparameterenablesto laydownan appropriate
stabilitycriterion.Thereare threepossiblestatesof stabilitywhichcan clearlybe indicatedby
theant-Vaisala frequency.Any positivevalueof itssquareindicatesa staticallystablestate,
negativeis unstableandforN=Othereis a neutralequilibrium.

Introducingthe hydrostaticrelation(2.2.8)andthe Exnerfunction(2.2.3),a hydrostaticBrunt-
Vaisalafrequencycanbederivedas

N,,=—g = 9 (3.1.2)

Any pointof itsverticalprofilecorrespondsto the observedtemperatureat thegivenpressure
andheightrepresentingthefrequencyof thebuoyancyoscillationof an infinitesimalisothermal
atmosphereinhydrostaticbalance.The combinationof thetwoconsideredparametersenables
thebasicstabilitycriteriontobeextendedas follows

N >NI, verystable
N =N, hydrostaticequilibrium (3.1.3)
0.<N <N, relativelystable

whichgivesanadditionalinformationabouttheexistenceofverystablelayerscharacterizedby
temperatureinversionsaswellas thepositionofhydrostaticequilibrium.

The basic idea is to make comparisonsof both, the actualand hydrostaticBrunt-Vaisala
frequencycurves.Accordingto (3.1.3)figure3.1.1clearlyindicatesfivestablelayersinthe left
picturewhereN is muchgreaterthanN,. At about16kma tropopausecan be locatedand a
strongtemperatureinversionat about11 km.On theotherhand,the unstablesuperadiabatic
layerscan be recognizedas the layersbetweentwopointswherethe solidcurvereachesthe
neutralstabilitylineforN=0.At themoment,theverticalprofileis restrictedto positivevalues,
becausethebuoyancyfrequencyN isnota realnumberwhenitssquareis negative.Therefore,
an unstablestatecharacterizedby superadiabaticlayersshouldbe representedas a complex
numberintheimaginarypartofthecomplexplane.
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Figure3.1.1:An exampleof thehighresolutionverticalprofileof theactualBrunt-Vaisalafrequency
(solidline)inrespecttoitshydrostaticform(dashedline).Twocasesareshown:Miinchen,
2July198912UTContheleftandMilano,15November199300UTContheright.

3.2 SCORER PARAMETER

Anotherimportantquantity,usuallycalledtheScorerparameter,has been involvedto describe
spatialcharacteristicsof the buoyancyoscillations.The square of consideredparameteris
expressedbytherelation

N2 1 a2u
(3.2.1)/‘°'=— ——-

u2 u 822

withthewindvelocityu anditsverticalshearandatmosphericstabilityexpressedby the Brunt-
Vaisalafrequency.Sincethenon-lineartermin (3.2.1)is oftenneglected,theScorerparameter
maybedefinedas a ratioofthebuoyancyfrequencyN andthewindvelocitytakingtheform

I=fl (3.2.2)

This parameterhas a dimensionof the wave number. Its reciprocalL=21r/lenables an
evaluationof thewavelengthforbuoyancyoscillationsof a fluidelement in an environment
with stable stratification.Followingthe same approachas for N, the hydrostaticScorer
parameterI,hasbeendefinedbysubstitutingN byN, in (3.2.2).

80, eachoneofverticalprofilesinFigure3.2.1givesanopportunitytomakespeculationsabout
thewave lengthof the oscillationwhichcouldhaveoccurred.For instance,smallvalues of I
referto possiblelargeoscillationsand reducedstaticstability.Conversely,the large Scorer
parameterindicatessmalloscillationas wellas enlargedstability.Inaddition,havinginmindthe
fact thatthe fluidelementsoscillateonly in stablystratifiedenvironmentany unstablelayer
characterizedby superadiabaticconditionscan be identifiedbetweentwo adjacentneutral
pointsforl=0.Ontheotherhand,a comparisonoftherelativepositionof twoconsideredcurves
clearlyenablesidentificationofthetemperatureinversions.Such verystablelayersexistwhere
thesolidcurveis locatedtotherightofthedashedone.
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Figure3.2.1: ThehighresolutionverticalprofilesoftheactualScorerparameter(solidline)compared
totheirhydrostaticcurves(dashedline)forthesamecasesasshowninFigure3.1.1

Accordingto this, many interestingfeaturesin figure3.2.1 may be clearly recognized.On
the rightpicturefor Milanothe largewavelengthsprevaileven at the tropopauseleveland
in the stratosphereincludingan unstablesuperadiabaticlayerwithoutoscillationsfrom5.4
to 5.9 km. Very smallwavelengthsare relatedto the largevalues of the Scorer parameter
fromthe groundup to 1 km. The same featureexists for Miinchen,butonly in the hydro-
staticcase representedbythedashedline,whilethe solid curve indicatesa superadiabatic
layerjustabovethe surfacelevel.

3.3 RICHARDSON NUMBER

The dimensionlessRichardsonnumberhasbeenderivedby consideringtheparametrizationof
thewaveproblemanditisusuallyexpressedintheform

gae

FII= 982
2

Bu

82

whereg is the accelerationof gravity,6)is the potentialtemperature,u is the horizontalwind
speedandz is the geopotentialheight.Followingthedefinitionsgivenin theWMO Technical
NoteNo.155,theRichardsonnumberis basicallytheratioof the rateof destructionof turbulent
energybythenegativebuoyancyofthestablelayertotherateofproductionofturbulentenergy
by theverticalwindshear.Ri decreaseswithdecreasingstaticstabilityand increasingvertical
windshear.

(3.3.1)

One of theatmosphericphenomenarelatedto the Richardsonnumberis theKelvin-Helmholtz
instability.This is a process of turbulenceassociatedwithstrongverticalwind shear in a
staticallystablelayer. The energysourcefor thistypeof instabilityis themechanicalenergy
producedbytheverticalwindshear.Inthefreeatmosphere,Kelvin-Helmholtzinstabilityoccurs
inthin,stablelayers,wherestrongverticalwindshearis present,andis usuallycalledClearAir
Turbulence(CAT).The Richardsonnumbermustbe lowerthana certaincriticalvalueto satisfy
the conditionsfor productionor intensificationof the turbulence.Theoreticalpredictionsand
observationsagreethatRi_<,0.25is a necessary,butnotsufficientconditionforshearinduced
instabilitytooccur.
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An exampleof the Richardsonnumberprofileis givenin Figure3.3.1.Valuesof Ri less then
zerostandforstaticallyunstablelayersinthe atmosphere.Inthe figureshownherethereis a
superadiabaticlayer,at about1kmabovetheground,whichis representedby Ri> 0. Values
between0 and 0.25 (or accordingto some authors0.5) representthe layerswhere CAT
occurrenceispossible.
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Figure3.3.1: ProfileofdimensionlessRichardsonnumber.ThedashedlinestandsforRi=0.25which

isthecriticalvalueunderwhichturbulenceformsandintensities.

3.4 LAPSE RATES OF TEMPERATURE AND POTENTIAL TEMPERATURE

Anothermeanstoexaminethestabilitypropertiesoftheatmospherearethelapseratesoftem-
peratureandpotentialtemperature.InFigure3.4.1thetemperaturelapserate7 is shownbythe
solidcurve.The thicker,verticalsolidlinestandsfora temperaturelapserateequalto thedry-
adiabaticlapserateI‘,.lfthecurveofy is on therightofthe1“dlineitmeansthatthetemperature
is decreasingfasterthanin dry-adiabaticair whichthen representsan unstablelayer.On the
otherhand,iftheycurveis fartotheleftof I“, (y<<I‘,)itrepresentsa verystablelayer.
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Figure3.4.1: Lapseratesoftemperatureandpotentialtemperatureforthesamecasesas shownin
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The dashedcurveshowsthe potentialtemperaturelapseratewhichcan be comparedto the
verticaldashedlinethatstandsfor89/8z=0.Incase of 89/82>>0 the layeris verystable,and
it is unstablefor89/82<0. Itcan alsobe seen thatthe profilesof y and 89/82are reversely
proportional(infact theyare almostmirrorreflected)wherebythe 89/82curve showsmore
sensitivitytochanges.

3.5 DIMENSIONLESS ENERGY NUMBER

Inorderto relatetheatmosphericstabilityandpossiblestaticenergychangesan attemptwas
madeinG83toderiveanappropriatedimensionlessparameter.A differentiationof theoriginal
expressionfortheMontgomerypotentialfunction(2.2.2)in respectto the geopotentialgivesa
relation

8
aM_aM/ae_§§I‘°'9+I’I (351)

art) 8¢/89 aquae "

whichby itsrearrangementtakestheform

8 lne1 _
M=1+—_—EI+8ln9) (352)
3(1) a¢/ae ' '

andenablesa furtherdiscussionofthethermodynamicstateinan infinitesimalneighborhoodof
any point. Inthe case of hydrostaticequilibrium,when the surfacesof constante and M
coincide8M/89equals1andthereforethesecondtermontherightsidein (3.5.2)mustbe zero.
Obviously,itmaybeformulatedas a condition

8|ne_

8M9-

However,in the generalnonhydrostaticcase, when there is a deviationfrom hydrostatic
equilibrium,the aboveconditionmaybe reexpressedby defininga dimensionlessparameter
suchas

1+ 0 (35$

~ 8 Ina
E =1+ 35A

ame I I

Byadditionalrearrangementsusingtheisentropicrelations(3.5.4)canbewrittenas

- amp 8MT
E = 1+K = 3.5.5

8M9 ame ( I

oralternatively

. 1 8(89) 9 8T
E =— =—— 3.5.6

8 as T 39 I I

Itcan easilybe seen from(3.5.6)thatthe so defineddimensionlessenergynumberindicates
thechangeofthespecificenthalpywithpotentialtemperaturein respectto the Exnerfunction.
Also,takingintoaccountthehydrostaticequation(2.2.1),itbecomesobviousthatthe equation
(3.5.6)comparesthe moregeneralchangesof this specificenthalpywitha change of the
Montgomerypotentialinthehydrostaticequilibrium.



I22 VERTICAL CROSS SECTIONS - A PROJECT BETWEENAUSTRIAANDCROATIA

Munchen12UTC02July1989/Analysis Milano00UTC15November1993/Anabm’s
I I I I_ —— E _ . —- E16 . I ----- 3:350 16_ I ----- E=B.=o

" : --——E=E_=1 ; ———-E=E.=1
_ . I _ Il ’ l

12—‘ I I 12_.
A . I A :_ , -
.5. fr 3 : E. — :
a 'I I I a ‘ I
a: 3* : I so 8‘ I0 — I I CD -‘ l
A I I I: _ l

- I I .. I II I I I
4— | | 4— : I
_ I ' - . :

: : I '_ , I - Il I _ l
I l I i

0 I 1 I r 1' 11 I I F D I I I I I I I I I
-5 -3 -1 1 3 5 -5 —3 -1 1 3 5

dimensionlessenergynumber dimensionlessenergynumber
Figure3.5.1: TheverticalprofilesofthedimensionlessenergynumberE forthesamesituationsshown

inFigure3.1.1

In practice,the usefulnessof the consideredparameterfor an extractionof very detailed
stabilityfeaturesinvolvedinthe realatmosphericstructureis demonstratedin figure3.5.1. Its
high resolutionverticalprofileis drawn in respectto the auxiliarylines which indicatean
isothermalstateandthe hydrostaticequilibriumforE =0 as wellas the neutralequilibriumfor
E = 1. In such a way,the figureis dividedin threeregionsof interest.There is a very stable
regioncharacterizedby temperatureinversionbetweenthe neutraland isothermalline, a
staticallystableregionontheleftoftheneutrallineandontherightof ittheunstableone. Such
a design of the figure offers a better visualizationand many features are much more
recognizable,for instance,the intensityof superadiabaticlayersas wellas the positionand
thicknessofanytemperatureinversion.

3.6 VERTICAL ACCELERATION

The verticalaccelerationis derivedhere as a parameterproportionalto atmosphericstability
includingthedimensionlessenergynumberdefinedbyequation(3.5.4).Itcanbewrittenas

dw=_E
?t— T (1+E)l‘d (3.61)

where1‘dis thedry-adiabaticlapserateandE isthedimensionlessenergynumber.

It shouldbe emphasizedthat the verticalaccelerationitselfdoes not give the information
whetherthere is ascendingor descendingmotionbut onlywhetherthe verticalmotionthat
existsis acceleratedordeceleratedduetostabilityorunstabilityofthelayer.

As shownbytheprofileonthe leftsideof figure3.6.1theverticalaccelerationforMunichtakes
positivevaluesabout0.5 kmabovethe ground.Thatmeansthat in this layeraccelerationof
verticalmotioncan be observed.This itselfis notan evidenceof accendingmotionbut its
comparisontoanyotherparameter,forexampleE indicatinga superadiabaticlayerthereleads
tosucha conclusion.
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Figure3.6.1: Theverticalaccelerationprofilesforthesamecasesas inpreviousparameterfigures.
Thedashedlinestandsfordw/dt=0.

3.7 EQUIVALENT POTENTIAL TEMPERATURE

Equivalentpotentialtemperatureis a parameterthat gives the informationaboutthe water
contentin the air. It is wellknownthathumiditytriggersthe most intenseprocesses in the
atmosphere,thereforethe informationgivenby equipotentialtemperatureprofilesor cross-
sectionscouldbeofvitalimportance.

Equivalentpotentialtemperatureis thetemperaturethatanairparticlehas afterbeinglifteddry-
adiabaticallyto the condensationlevel,thenpseudo-wet—adiabaticallyhighup, losingall the
waterthatwascondensedduringthisupwardmotion,andthenlowereddry-adiabaticallydown
tothe1000hPa level.

The formthatis usedinHRID forexpressingtheequipotentialtemperaturewasgivenby Bolton
(1980).Itispartlyempiricalandcanbewrittenas

e e =0 ' exp{[3.376/T, - 0.00254] r(1+ 0.00081r)} (3.7.1)

whereTL standsfor the condensationleveltemperature,r is the mixingratioand 9‘ can be
writtenas

Fl1000];[1—0.00028r]

(3.7.2)9I=TK[_p_

whereTKistheabsolutetemperature.
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4. BASIC PRINCIPLES OF INTERPRETATION

4.1 SOME BASIC FEATURES OF THE CROSS-SECTIONS

The elementaryHRID tool is the fieldof isentropes,whichare, in fact, the isopletsof the
potentialtemperature.Theirverticalcrowding(89/82)is directlyproportionaltotheatmospheric
staticstabilityN" with high values indicatingthe very stable layers such as temperature
inversions,whileviceversa,wideverticalspacingofthe isentropesindicatesrelativelyunstable
regionsusuallyrelatedtothefreeconvection,cloudinessorprecipitation.Horizontalcrowdingof
isentropesis a verygoodindicationofthefrontalzones.

Thisisvalidforbothtimeandspace-crosssections.Undertheassumptionthattheatmospheric
motionsare mostlyadiabatic,the isentropicsurfaces in the space cross-sectionsmay be
consideredas "materialsurfaces".On the otherhand isentropesin the time cross—sections
enablemonitoringof diabaticflow,as a consequenceof the time change of the potential
temperature(89/8t).

SURFACE
340

.330

320

310

300
HEIGHT(km)

POT.TEMPERATURE(K)290

280

l 2?at 27° THERMOYNAMIC"al.-INN

0 12 24. 35 43 0 12 24 35 48
HOURS HOURS

Figure4.1.1: Timecross-sectionof isentropesin z coordinatesandthecorrespondingisohypsesin
9 coordinatesystemonthe27'"ofDecember1992,00UTC+48,atZagreb

The configurationof the isohypsesin 9 coordinatesystem is inverselyproportionalto the
isentropicconfigurationin the 2 system.This followsfromthe reversedfunctions89/82and
82/89.As showninfigure4.1.1,thedescendingpartof thetroposphericwavebetween24 and
48hoursinz coordinatescorrespondstotheascendingpartof thewavein9 coordinates.On
theotherhandthe ascendingpartin z coordinatescorrespondsto the descendingpartof the
wavein9 coordinates.

Itmustbe emphasizedthatthe9 coordinatesystemcomprehendssomespecialfeaturessuch
as the so called"ThermodynamicMountain"(TM)whichis the groundvalueof the potential
temperature9.
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Figure4.1.2: Timecross-sectionof isohypsesandthecorrespondingisobarsin9 coordinatesonthe
27‘“ofDecember1992,00UTC+48,atZagreb

Figure4.1.2very clearlyexpressesthe fact that in the 9 coordinatesystemisohypsesmay
satisfactorilyreplaceisobars.This indicatesthatthe highsimilarityin the configurationof the
isopletsalso exists in the corresponding2 (geometricalheight)and p (pressure)coordinate
system.Thereforethere is no reasonto use bothof them. Inthe paper,2 is chosen as a
relevantcoordinatebecauseofa simplevisualisationoforographyinthecross-sections.

4.2 BASIC ATMOSPHERIC FEATURES INTERPRETED FROM CROSS-SECTIONS

Position,slopingandcrowdingof isentropescharacterizethebasicfeaturesof the atmosphere
suchas atmosphericfronts,temperatureinversionsandthetropopause.Theircorrespondence
in space and time cross-sectionsexists only if the time cross-sectionsare based on
measurementsin the downstreamflowrelativeto the incomingfeatures.Consequentlythe
basicatmosphericfeaturesinthetimeandspace havea mirrorreflection.

The figures4.2.1and4.2.2illustrateschematicallythemirrorreflectionphenomenaof a warm
and a cold front in the space and time cross sections.The positionof the air sounding
measurementsfor a timecross-sectionof the incomingatmosphericfrontis drawnby the
dashedline.

Correspondingfrontaltypesbasicallydifferin the mirrorreflectionof the inclinationof their
isentropes.Inrespecttothepropagationdirectionupwardinclinedisentropesof a warmfrontin
thespacecross-sectionsappearas declinedisentropesinthetimecross-sections.On theother
handdeclinedisentropesof a cold frontin the space cross-sectionscorrespondto upward
inclinedisentropesinthetimecross-sections.
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As showninthe figures4.2.1and4.2.2, thedeflectionof the isothermsat theborderof the
frontallayerproducessolenoidswitha resultantsolenoidalcirculationwhichtendsto level
the frontal layer no matterwhat the type of the cross-section is. For both types this
circulationproduces ascendingmotionon top of and descending motionbelow of the
frontalsurface.
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Figure4.2.3: Comparisonofthetimecross-sectioninz and9 coordinatesofa warm(upperpanels)
andacold(lowerpanels)frontpresentedbyisentropes,isohypsesandisotherms.

Itshouldbe notedthat, in mostof the cases, time cross—sectionswith9 coordinatesoffer
a betterresolutionof the thermodynamicstructure.This particularlycorrespondsto the
thermal (figure 4.2.3) and wind (figure4.2.4) structureof the frontal layers and the
tropopause(figure4.2.5) as well as to the thermalstructureof temperatureinversions
(figure4.2.6).The deflectionof isothermsand isotachsat the frontalboundaryis in mostof
thecases muchbetterin9 coordinates,too.

In the 9 coordinate system the frontal boundaries are deflecting the isohypses, too.
Inclinedisohypses, withvalues decreasing in time correspondto the warm front,while
declinedisohypses,withvalues increasingintime,denotethe cold front.
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Figure4.2.5: Timecross-sectionsinz and9 coordinatesof a tropopausepresentedby isentropes,
isohypsesandisotherms

Inmanycases tropopauseshave long,continuouswave-shapedlines,whichis a common
featurein space cross sections(figure4.2.7).Similarpatterncan also be seen in timecross-
sections(figure4.2.5).Becauseof a strongdeflectionof isotherms,solenoidalcirculationalso
tendsto levelallslopingpartsofthetropopause- nomatterwhatthecross-sectiontypeis.
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Figure4.2.6: Timecross-sectionsin z andG)coordinatesof a temperatureinversionpresentedby
isentropes,isohypsesandisotherms.

in spaceas wellas intimecross-sectionstemperatureinversionsarequasihorizontallayersof
highstaticstabilitywiththe lackof solenoids.Generally,a dominantfactoris the evolutionof
inversionlayers,whichcanbe seen intimecrosssections.
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Figure4.2.7: Timecross-sectionofa coldfrontpassingovera lowtroposphericinversiondefinedby
isentropesorisohypses,isotherms,andzero-valueoflapseratetemperatureinz ande
coordinatesonthe27'“ofDecember1992,00UTC,atZagreb.Heavylinedenotesthe
valuesofthezerovaluetemperaturelapserate,GAMMA=O.

Figure4.2.7comprehendstheconsideredbasicatmosphericfeaturesintimecross-sectionsin
z and G)coordinatesbasedon a real case: the cold frontpassageover a lowtropospheric
inversiononthe27‘hof December1992,00UTC, atZagreb.



130 VERTICAL CROSS SECTIONS - A PROJECT BETWEENAUSTRIAANDCROATIA

Bothcross-sectionsshowthewavepatternsof isentropesand is‘ohypses.Figure4.2.7showsthe
coldfront(betweenapprox.15and27 hours)thatappearson theascendingpartof thewaveof
isentropesinz coordinates(thedescendingpartof thewaveof isohypsesinG)coordinates).The
frontallayeris characterizedbystrongbaroclinityalongtheslopedandmostcrowdedisentropes.It
mustbe notedthatin mostcases thispartof thewaveembodiesa coldfront.Vice versa, the
descendingpartof thewavein z coordinates(theascendingpartof thewavein {-3coordinates)
betweenapprox.27and48hoursinmostcasesembodiesawarmfront.

Dueto a highstaticstability,a goodobjectiveindicatorof frontalzones anda very helpfultool
forthe atmosphericfrontvisualizationand an objectiveinterpretationis the isopletof the zero
valuetemperaturelapserate,GAMMA=O. Figure4.2.7presentsthattropopauseand inversion
layersarewellmarkedwiththeisopletofzero-valuetemperaturelapseratetoo.

Figure4.2.7 is also an exampleof monitoringa temperatureinversiondissipationin the
boundarylayerwhichis describedin the nextparagraphin moredetail.This phenomenonis
alsowellknownas maskedcoldfront.Insuchcases thearrivalof thecoldfrontcoincideswith
theformationofthethermalmountain;and itsmaximaldevelopmentis connectedwiththefinal
dissipationof the inversionlayer.Usuallly,the beginningof the dissipationcorrespondsto the
appearanceof a thermodynamicmountain(figure4.2.7 right side, from 12 hours on).
Simultaneously,the dissipationof the lowtroposphericinversionlayer (between7 and 23
hours)resultsinan isothermdeflection.The beginningof thetemperatureinversiondissipation
also correspondsto a slightdescendingof isentropes(figure4.2.7 left side). Such sloped
isentropesactas a veryshallow"falsewarmfront".

4.3 EXAMPLES OF SPECIAL ATMOSPHERIC PROCESSES AND
PHENOMENA IN THE TIME CROSS-SECTIONS

4.3.1 Inversion Splitting and Dissipation

One of the possible mecha-
nismsfor thedissipationof a
low tropospherictemperature
inversion is a cold front
passagedescribeson base of
figures4.2.7. and 4.3.1. The
schematicpresentationfigure
4.3.1 is extractedfrom the

l I:25”;----- --- ‘ ‘1“ “xx .‘ time cross-sectionof 27‘'1of
£2.75________ _ __________ 4 December, 1992, at Zagreb

~ \ ( (figure4.2.7).
-- ‘- 3 "tab?

(:10 q . X .' s ' “T '
\ Figure4.3.1:Schematicresen-

. Wfinfimo’ 12 2‘ til-l tationof a lowtropospthicin-
" 9. versiondissipationduring the
W passageofacoldfront

4.3.2 Conditions of a Thermodynamic Mountain Growth

The appearanceof a thermodynamicmountain(TM)primarilycorrespondsto the temperature
increase.The influenceof the pressuredecrease is one orderof magnitudeless. There are
numerouscomplexconditionsfor increasinganddecreasingof a TM. Theseconditionsdepend
notonlyon the atmosphericfeaturesbutalso on the seasonof a year. Fromexperienceit is
knownthatthefollowingdominantfactorscontributetotheshapeof a TM.
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A tropopausefunnelisthecaseof a "falsetropopause"ina deepcyclonewhichis describedby
PalmenandNewton(1969)usingspace cross sections.Herea tropopausefunnelis presented
in the time cross-sectionin z and O coordinates(figure4.3.3.1)correspondingto the real
situationon3rdofJanuary1993,atBrindisi.

Itmustbe emphasizedthatthe air just above the "tropopause"depressioncould not have
originatedin the stratosphereand moved down to 500 hPa because in that case the
temperatureof "tropopause"wouldhavebeentoo highcomparedto usualvalues(-36°C)The
realtropopausecan be locatedmuch higher.Inthe presentcase it is splitin several layers
between9 and11kmwithtemperaturesbetween-42°Cand-56°C.

4.4. SOME ADDITIONAL TOOLS AND PARAMETERS OF THE CROSS-SECTIONS

4.4.1 Equivalent Potential Temperature and Relative Humidity

The furtherproductsinvolvethe moist atmosphericprocesses and the monitoringof their
evolution.The productsalso implementthe diagnosisof the availableparametersin "2+1D"
dimensionaltimecross-section.

_Isentropen(solidlines) equipottemperatureisopleths(solidlines)
wind(arrowsandtheir thickness) rel.hum1d.ttyisopleths(dashedlines)

12. . ,: .-.,

height(km) height(km)
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Figure4.4.1: Latitudinalspacecross-sectionalong48.75N (correspondingtocrosssectionA inpartI)
of isentropes,horizontalwindvector,equivalent-potentialtemperatureand relative
humidityinz coordinatesonthe3'“ofJuly1989at12UTC

The moistureinthecross-sectionscan be visualizedby the equivalentpotentialtemperatureand
specifichumidityasquasi-conservativeandconservativeparameters,andrelativehumidity.The last
parameterisa significantmeasurewhetherthethermodynamicprocesswillbedryorwet.
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Figure4.4.1 is an examplefor a weathersituationwithconditionalinstabilitythroughoutthe
tropospherewhichis a commonstabilityconditioninsummerweather(Cacic,1984,1986).The
drasticdifferencesinthestaticstabilityindryandmoistair ina summerperiodareevidentby
comparingthe configurationof the equivalentpotentialtemperatureand potentialtemperature
isopletsthat are completelydifferent.The influenceof moistureclearly is reflectedby the
coincidenceof the relativehumidityand equivalentpotentialtemperaturemaxima.Assuming
thatregionswheretherelativehumiditymaximaexceedthevalueof 80%areaccompaniedby
condensation,the equivalentpotentialtemperaturedescribes well the thermodynamical
processesintheatmosphere.

isentropes(solidlines) botschs(solidlines) isentropes(solidlines)
isotherms(dashedlines) isotherms(dashedfine.) isoplethsofIPVnorms]component(dashedlines)
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Fig4.4.2: Latitudinalspacecross-sectionalong45.75N (correspondingtocross-sectionB inpartI)
of isentropes,horizontalwindvector,isotachs, equivalentpotentialtemperature,
relativehumidityand IPVnormalcomponentis0p|etsin z coordinateson the 29‘“of
November1993,12UTC

4.4.2 lsentropic Potential Vorticity

The isopletsof the isentropicpotentialvorticitycomponentnormal to the cross-section
(hereafter:IPV) arepresentedinfigure4.4.2.As statedby Reedand Danielsen(1959)as well
as by Hoskins(1985),the IPVcomponentmaybe successfullyutilizedas an air-masstracer.
So, becauseof itsquasi-conservativeproperty,theconsideredfieldenablesspeculationsabout
an injectionofthecoldanddrystratosphericair intothemiddletropospherethrougha breakor
fold in the tropopause.Such a process is clearlydetectedin figure4.4.2 by very strong
stratospheric-troposphericinteractionsduringa pronouncedupper-levelfrontogenesisabove
the Alps, Stratosphericair has been advecteddownwardsto even 4 km along sloping
isentropes.Owing to the similarconservativecharacteristics,it seems very promisingto
connecttheIPV-fieldandthewater-vapor(WV)satelliteimages.

4.4.3 "2 + 1D" Presentation

Anotherapproachin thepresentationof the atmosphericprocesses,whichenablesa slightly
differentviewintotheirdevelopmentin time,has been definedhere as "thehighresolution
isentropic2+1Ddiagnosis".This is a fictitiousthree-dimensionalCartesiancoordinatesystem
withtimeas one of theaxis.Any twootherparameterscan be chosenforthetwootheraxis.
The resultingsurfacehas a verycharacteristicshapeand itstopographystronglydependson
theprevailingatmosphericstructureandtheprocessesinvolvedatanytimeinterval.
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Figure4.4.3: The"2+1D"timecross-sectionsoftherelativehumidityisopletsandisohypsesinz coordinates
onthe27'hofDecember1992,atZagreb,viewedfromtwooppositepositions

An interestingexampleoftheconsidered"2+1D"-diagnosticsis presentedinfigure4.4.3,where
the surfacef(r,z,t)=0is viewedfromtwooppositepositions.Such a visualizationinvolvesnot
onlyan importantinformationof the time—changesof the relativehumiditydistribution,butalso
consequentlythetime-changesof cloudinesswichmay be connected.Itseems reasonableto
comparethisdiagnostictoolwithsatellitedata.The "2+1D"diagnosisinfigure4.4.3referringto
figure4.2.7clearlyindicatesthe mainpartof theavailablemoisture,andfrontalpassagescan
beidenfified.

5. CONCLUSION

The resultsindicatethecapabilityofthemodeltoresolvemeteorologicalphenomenanotonlyof
the synoptic,butalso of the lowerscales betweentwo inputdata groups.The highvertical
resolutionof themodelis realizedby applicationof PHAT. This analyticalmethodimpliesquite
a newapproachin respectto the conventionalnumericalschemesinfinitedifferences.Instead
of suchan approximationof thederivative,PHAT prefersthederivativeitselfandthe inclusion
ofthermodynamicandhydrodynamicprinciplesinthecomputationalprocedure.

The theoreticalbasisof PHAT are the hydrostaticisentropicrelationsand theirderivativesof
higherorderas wellas a modificationoftheHermitepolynomialinterpolationroutine.The most
importantresultof its applicationassertsthatthis"hydrostaticallyadjusted"techniquealways
gives a satisfactoryapproximationof an actual, generally nonhydrostaticstate in the
infinitesimalneighbourhoodof a point:On the first impressiona paradox.The hydrostatic
adjustmentofthebasicalgebraicsystemis relatedtoderivativesofhigherorderof theso-called
"end-pointconditions".For instance,themeaningof the secondderivativeof the pressurein
respectto the potentialtemperatureis the rateof changeof the reciprocalof thermalstability
parameter,wherethe hydrostaticpropertiesof the first derivativeare implicitlycontained.
Conversely,the basic pair of "end-pointconditions"comprehends"a nonhydrostaticreality"
involvingthe actualvalues of observedpressure and potentialtemperatureor any other
combinationof inputparameters.The hydrostaticassumptionis onlyan appropriateandvery
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usefulphysicalapproximationof theactualandgenerallynonhydrostaticthermodynamicstate.
Accordingly,thehydrostaticsolutionof PHAT may,underhydrostaticcircumstances,appearas
a particularsolutionof the basic algebraicsystem. In generalcase, the solutionmust be
nonhydrostatic.The rearrangementof Eq.(3.5.5)definingthedimensionlessenergynumberand
its theoreticalconsiderationaffirmthis fact clearly.Itstatesthat,for any combinationof the
pressureandpotentialtemperature,thefirstderivativeofthepolynomialtendsto itshydrostatic
valuewhenthedimensionlessenergynumbertendssimultaneouslytozero.

Nevertheless,thepresentstateof PHAT containssomegenerallyunansweredquestions.The
most importantof them is relatedto the determinationof an optimalalgebraicsystem to
approximatethe function,where the key issue is: "How best to choose the degree of
approximatingpolynomialand an order of its higherderivatives".As statedby Bakhvalov
(1977),this is a generallyunresolvedproblem.Therefore,he pointedoutthe necessityof the
experimentsin elaborationof computationalmethods,wherethe first reliableevidenceof its
successfulnessor failureisclearlyindicatedby resultingnumericalvalues.
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PART III:

THE CROSS SECTION METHOD AT THE ZAMG (VIENNA)

COMPUTATION AND EVALUATION OF VERTICAL CROSS

SECTIONS AT THE CENTRAL INSTITUTE FOR

METEOROLOGY AND GEODYNAMICS IN VIENNA

Central Institute for Meteorology and Geodynamics, Vienna, Austria

VERONIKA ZWATZ-MEISE, ALEXANDER JANN, ROLAND WINKLER

ABSTRACT

The paperpresentsthecrosssectionanalysisusedoperationallyfordiagnosisandforecastas
well as for research.First the analysis algorithmis introducedand the data sources and
parametersused in the cross sectionsare mentioned.Three data sources are combined:
radiosondedata, derivedparametersfrom the ECMWF model and satellitesignals. All
parameterscanbe superimposedandvisualizedas necessary.

Ina secondpartseveralexamplesof cross sectionanalysesfor typicalweathersystemsare
discussed.

A thirdpartpresentssomeresultsof the scientificcross sectionprojectbetweenAustriaand
Croatia.Of specialinterestisthecombinationoftimecrosssectionswithsatellitedata.

ZUSAMMENFASSUNG

Der BerichtbefaBt sich mit den Querschnittsanalysen,die operationellfiir Diagnose und
Vorhersageebensowie fiir die Forschungvewvendetwerden.Es werdendrei Datenquellen
kombiniert:Radiosondendaten,abgeleiteteParameterdes EZMW- ModellsundSatellitendaten.
AlleParameterkonnenjenachBedarffiberlagertwerden.

IneinemzweitenTeil werdenmehrereBeispielevon QuerschnittsanalysentypischerWetter-
systemediskutiert.

ln einemdrittenTeil werdendie erstenErgebnissedes internationalenQuerschnittsprojektes
zwischenOsterreichundKroatienprasentiert.Davonist eineKombinationzwischenzeitlichen
QuerschnittenundSatellitenbildernbesonderszu erwéhnen.
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A. FUNDAMENTALS OF CROSS-SECTION VISUALIZATION

1. INTRODUCTION

For a couple of years, objectivelycalculatedcross-sectionsare being available at the
Zentralanstaltfiir MeteorologieundGeodynamikin Vienna.As experiencewiththe products
hasconfirmed,theyprovidea deeperinsightintosynopticsystems.

2. DATA SOURCES, ANALYSIS METHODS, AVAILABLE PARAMETERS

2.1 CROSS-SECTIONS FROM RADIOSONDE DATA

Cross-sectionsfromradiosondedataarerealizedfor4 parameters:
- potentialtemperature
- relativehumidity
- twoslightlydifferentformsoftheequivalent-potentialtemperature(seepartB.).

The numberof incorporatedradiosondestationsandthedirectionof thecross-sectioncan be
chosenarbitrarily.The radiosondedata,projectedontothe lineconnectingthetwooutersonde
stations,is transformedintoa regulargridpointfield(whichis necessaryforthe visualization
software)by bilinearinterpolation.The horizontalgridpointdistanceis, dependingon the cross-
section,between50 and 100km,theverticalgridpointdistanceis approximately20 hPa. The
layersnearthe earth'ssurfaceare subjectedto a specialtreatmentas theyare modifiedby
values providedby synopticstations.Only those synopticstationsare consideredwhichare
close enoughtothepolygonconnectingtheradiosondestations;usuallythemaximumdistance
fromthatlineis chosentobe50km,a valueempiricallyfoundto be adequate.The inclusionof
synopticstationsmakesa moreaccuratelocationofthesurfacefrontfeasible.

2.2 CROSS-SECTIONS FROM ECMWF DATA

For this type of cross-section,gridpointdata providedby the EuropeanCentre for Medium-
RangeWeatherForecast(ECMWF) are used.The datamaybe takenfromanalysisfieldsas
well as fromforecastfields(basedon analysisof 12 UTC of the precedingday). A special
productcomprisesthe forecastfield for 00, 06, 12, and 18 UTC. At present,the data are
availableonly on a few pressurelevels,but the situationshall improvein the near future.
Interpolationtotheregulargridis Lagrangianintheverticaland linearinthehorizontaldirection.
The verticalgridpointdistanceis largerthaninthecase of radiosondecross-sections:between
50and100hPa (dependingontheparameter).
The usercanchooseamongthefollowingparameters:

- potentialtemperature
- relativehumidity
- equivalent-potentialtemperature
- relativevorticity
-vorticityadvection
-divergenceofthehorizontalwindfield
-windspeed
- a)(=dp/dt)
- divergenceoftheQ-vector
- normalcomponentoftheQ-vector

An explanationofthemeaningofthelasttwoparametersisgivenbelow.
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2.3 "CROSS-SECTIONS" OF SATELLITE INFORMATION

Pixelvaluesof satelliteimagesalonga sectionlinecan be visualized,eitherfromlR-,VlS-, or
WV-images.Visualizationof the IRtemperature(=surfaceor cloudtop temperature)andWV
temperature(=brightnesstemperatureofWV signal)is alsopossible.

2.4 SUPERPOSITION

Alltypesofcross-sectionscanbe superimposedon eachother.

B. DISCUSSION OF PARAMETERS AND EXAMPLES

Thewholecross sectiondiagnosticdone inViennais basedon thecombinationof thedifferent
datasets mentionedbefore:radiosonde,ECMWF modeland satelliteimages.Thereforethe
nextsectionsdealwitha usefulcombinationoftheseparametersrespectivelydata.

Mostof the parametersdescribedin the nextchaptersbelongto basic synopticknowledge,
thereforeonlythosemathematicalrelationswillbe reproducedwhicharenotcommonlyused.

1. POTENTIAL TEMPERATURE, EQUIVALENT-POTENTIAL
TEMPERATURE AND RELATIVE HUMIDITY

1.1 BASIC CONCEPT AND IDEAS

Equivalent-potentialtemperatureis computedby (1):

“Ie =e e —m 1EK XP[Cka] I I

where9 is thepotentialtemperature,r the latentheatof condensation,qmthemixingratioand
c the specificheat at constantpressure.As is pointedout in Mahringerand Zwatz-Meise
( 993)thisformof equivalent-potentialtemperaturecontainsin the exponentTk, whichis the
temperatureof the condensationlevel;the advantageof this formof the equivalent-potential
temperatureis thatitcanbeusedfordryandwetatmospheresandthereforeforcloudyas well
as cloudlesspartsof thesatelliteimage;inthedrycase isentropesof potentialandequivalent-
potentialtemperaturedifferonlyby a factor,whilein thewetcase equation(1)computesthe
equivalentpotentialtemperature.

To takeintoaccounttheseproblems,a blockof fourpanelscontainingpotential,bothformsof
equivalent-potentialtemperature and relative humidity with the actual radiosonde
measurementsis visualized(figure1a).The comparisonof potentialand equivalent-potential
temperaturefieldsclearlyshowsthe influenceof humidityresultingina muchmorepronounced
frontalgradientintheequivalent-potentialtemperaturecrosssection.Althougha comparisonof
bothtypesof equivalent-potentialtemperatureindicatessome (rathersmall)deviationsin the
values itself,especiallyin the lower layers, no differencesin the isoline patterncan be
recognized.
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Typicalfeaturesinthecross sectionsare (Zwatz-Meiseand Hufnagl1990;Zwatz-Meise1991;
Zwatz-Meise1987):

o Frontalsurfaceswhichshowup as inclinedzones of crowdedisentropessome of them
reachingthe ground,others being merely upper level fronts. These are phenomena
connectedwithcloudbandsrespectivelycloudshieldsinsatelliteimages.

0 Non-frontal,mostlymeso-scale,featureslikefor instancephenomenainthecold air.These
arephenomenaconnectedwithcommacloudsorenhancedcumulicloudinessinthesatellite
images.

0 Special stratificationsof the troposphereapartfromthe featuresjustmentioned.To this
grouptherebelonglabileareasas wellas verystableboundarylayersor tropopauselayers.
These are phenomenawhichcan be accompaniedby cloudinessin satelliteimages (for
instanceconvectivecellsorfog)butthisis notnecessarilythecase.

The combinationof isentropes,relativehumidityand satellitesignalsshowsa wide variety.
Sometypicalexamplesare :

o High humidityvalueson top of the frontallayer (representingupglidingwet air) and low
humidityvaluesbelowof it(representingsinkingdryair).

0 Highhumidityvaluesalsobelowthefrontalzonefromthegroundlevelupward.

0 Upperlevelfrontswithhighhumidityontopoftheisentropicsurface.

0 Coldairfeatureslikecommaandenhancedcumuli(EC) can be connectedeitherwitha thick
layerofhighhumidityor highhumidityonlyinupperlayers.

1.2 EXAMPLES

1.2.1 Cold Front

Figure2 showsan exampleof a coldfront.The cloudbandin figure2a has a zonalorientation
andthecrosssectionleadingfromnorthto southis indicated.Figure2bshowsa distinctfrontal
surfacewitha multiplestructure.One branchreachesthe surfacesouthof Meiningen(09548)
andis connectedwithhighhumidityfromthesurfaceupto about500hPa whiledry airbelow
thefrontalsurfacehasmoveddownwardto about800hPa.A thickzoneof crowdedisentropes
is horizontallyorientedsouthwardacrosstheAlps.Southof theAlps itseparatesa wetground
layerfroma dry layerabove. Inthe satelliteimagecloudinesswithinan upperzone of high
humidityconnectedwithan upperlevelfrontbetween300hPa aboveSchleswig(10035)down
toabout500hPaaboveMilan(16080)is superimposed.

1.2.2 Warm Front

Figure3a showsthe ratherpatchycloud shieldof a warmfront.The zonallyorientedcross
section(figure3b) reachesfromthe very openwarmsector at approximatelyParis (07145)
acrossthesurfacewarmfrontnearNancy(07180)eastward.

There is a second warmfrontalsurface in higherlayers from about600 hPa above Paris
(07145)up to 300hPa aboveMunich(10868).This seemsvery similarto a warmfrontshield
type(Zwatz-Meise1991)wherethe higherfrontalzone indicatesthe upglidingairof thewarm
conveyorbeltwhilethelowerzonebelongstothemoreclassicalwarmfronttype.
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1.2.3 Cold Air Cloud Feature

The satelliteimage(figure4a) shows several cloud featuresalongthe cross section. The
cloudband with cold tops east of Vienna (11035)belongs to the cold front; the cloud
structurebetweenStuttgart(10739)and Munich (10868)is thereforea typical cold air
featurewhichcouldbe diagnosedas commaor EC (enhancedcumuli).The cross section
(figure4b) indicatesthe cold fronteast of Vienna and a warmfront-likezone in the west
over France. Inbetweenthesetwoconfigurations,the cloudmass is withina layerwithout
any gradientsof the isentropesreachingfromthe groundsurface up to 500 - 400 hPa. It
representsa thick,wet,maybe labilelayer.

2. EQUIVALENT-POTENTIAL TEMPERATURE COMBINED
WITH TEMPERATUR ADVECTION

2.1 BASIC CONCEPT AND IDEAS

Temperatureadvectionis computedfromthicknessvaluesin all availablelayersfromECMWF
analysisas wellas forecastdata.

Temperatureadvectionis a parametercontainedin the omega equationand therefore
connectedwithupwardmotionand the formationof typicalcloudiness.Warm air advection
(WAA) indicatesrising,coldairadvection(CAA) sinking.

Therefore this parameteris used for the determinationof differentfront types, cold air
phenomenaand non-frontalWAA cloudiness. Waves on frontsare characterisedby a conti-
guityofWAA andCAA maxima.

Sometypicalconfigurationsshallbe mentioned.
0 Cold frontswitha zoneofWAA on topof thefrontalzone, indicatingtheupglidingwarmair
andCAA belowthefrontalzone,beingconnectedwithsinkingcoldair.

0 Warmfrontsof differenttypes(Zwatz-Meise1991)witha broadzoneofWAA withinandon
topofthefrontallayer.

s CommaandEC-cloudinesswithinCAA.
o Waves on frontsshowingthe movementof warmand cold air aroundthe depressionin
contraryto jetstreakwaveswhichhaveonlythecloudappearanceofwavesbutarewithin
CAA (Zwatz-Meise1991b).

2.2 EXAMPLES

2.2.1 Cold Front

Infigure2c thereisWAA on topof themaincoldfrontsurfacebutCAA withinandbelowof it
whichis a veryclassicaldistribution.Howeversouthof theAlps CAA is alreadyin frontof the
coldfront.

Satellitesignalsshowa very abruptnortherncloudedge followedby a broadareawithhigh
greyshadesreachingas faras southof Milano(16080).The peakimmediatelynorthof Ajaccio
(07761)is muchmorepronouncedin the IR than in the VIS signals,thereforeit consistsof
ratherhighthincloudiness.
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2.2.2 Warm Front

Infigure3c, WAA withinandon topof bothfrontalsurfacesis dominant.The satellitesignals
especiallyfromIRarevery highalongthewholecross section.This indicatesthata highlevel
cloudshieldperhapsconnectedwiththe warmconveyorbeltof the higherfrontalsurfaceis
superimposedontheclassicalwarmfrontbandbelongingtothesurfacewarmfront.

2.2.3 Cold Air Cloud Feature

Fromfigure4d it is clear thatthe EC cloudinessis situatedwithinCAA. The IRsignals rise
immediatelywestof Stuttgart(10739)and remainhighuntileast of Munich (10868)witha
ratherraggedappearancewhichis typicalfor convectiveclusters.The highestVIS signals
can be foundin this area, too. The stillhigherIRvalues east of Vienna belongto the cold
frontcloudiness.

2.2.4 Wave Development

Figure5a showstwosatelliteimages12hoursapartwitha classicalwavedevelopment.At
12 UTC, it can be seen betweenUdine (16044)and Zagreb (13130),and 12 hours later
this featurehas moved to Brindisi (16320).The developmentis rather slight duringthis
periodbutbecomesmorerapidfromthenon.

Figure5b showsthetemperatureadvectionfor bothpointsof time.At 12 UTC WAA can be
foundfromthe groundup to about800 hPa betweenUdine and Zagreb (16044- 13130);
this is the boundaryfor cloudinessshownby an increasein the IRas wellas VIS curve. 12
hours later the area of warm air advection can be found nearly through the whole
troposphereeast of Brindisi(16320).This is the area of the brightestcloud signals which
are now extendedalso more to the west as a consequence of the cyclonic circulation
existingthere.

3. EQUIVALENT-POTENTIAL TEMPERATURE COMBINED WITH
DIVERGENCE AND VERTICAL MOTION (OMEGA)

3.1 BASIC CONCEPTS AND IDEAS

Althoughin workwith satellite images it has proved to be useful to look at the single
contributorsto vertical motion in the omega equation (vorticityadvection, temperature
advectionetc), there is of course also high interest in the fields of vertical motionand
divergenceitself.Verticalmotion(representedby omega)anddivergenceare linkedby the
Richardsonequationand havea directconnectionto the cloudfields.

Certainsituationsof interestshallbementioned:

0 Classical frontsoften show upwardmotionon top of the frontal surface and sinking
below of it which is anothersign for the relativemotionat frontal surfaces and has
alreadybeenmentionedinconnectionwithhumidityandtemperatureadvection.

0 Deviationfromthisdistributioncan be connectedwitholdorweaklydevelopedfronts.
o Inthe classicalfrontcases the fieldof divergenceaccompaniesthe frontalsurfaceby a
zone of convergencewhiledivergenceprevailsabovethiszone.
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o A special distributionof vertical motionand divergence is also connected with the
verticalcirculationcells in the entranceand exit region of jet streaks. In the left exit
regionas wellas in the rightentranceregionthere is convergencein lowerlayerswith
upwardmotionin middleand upper layersand divergencein the jet level. Especially in
the leftexit regioncloudconfigurationslikeEC-cloudinessor commascan be founddue
tothementionedprocesses (Zwatz-Meise 1991b).

3.2 EXAMPLES

3.2.1 Cold Front

Figure2e showsverticalmotion(omega)withrisingbetweenMeiningen(09548)and Milano
(16080)whichis the area of the coldestcloudtops (peaksare colderthan -70°C). Sinking
prevailsinthe lowerpartofthefrontalzonenorthofMeiningen(09548).Thedoublestructureof
the verticalmotionfield againdraws attentionto the thick ground layer south of the Alps
mentionedalreadyin 1.2.1.The frontseems to move across the Alps as well as further
southwardontopofthisgroundlayer.

Figure2f showsa classicaldistributionforthedivergencefield.There is a zoneof convergence
withinthe main frontalzone from the surfaceover Stuttgart(10739)up to approximately
400hPa above Hannover(10338);abovethisconvergencezone divergenceprevails.Such a
distributionconfirmstheideaofverticalcirculationcells.

3.2.2 Cold Air Cloud Features

Figure4e confirmsthe idea of verticalcirculationfor the cold air cloudinesswhichcan be
locatedbetweenthe gridpoints(31/24and 34/23).Very similarto the mentionedjet streak
circulationthereis convergenceinthe lowertroposphereup to about700hPa anddivergence
aloft;upwardmotionhas itsmaximumbetween850and500hPa.The VIS signalsshow,apart
froma raggedappearance,thehighestreflectivitiesinthisarea.

4. EQUIVALENT-POTENTIAL TEMPERATURE COMBINED WITH
VORTICITY, VORTICITY ADVECTION AND ISOTACHS

4.1 BASIC CONCEPTS AND IDEAS

Vorticityand vorticityadvectionare parametersresponsiblefor developmentand formationof
special cloud systems.The verticalchange of vorticityadvectionis a part of the omega
equationwherebyan increaseof cyclonicvorticityadvectionwithheightcontributesto upward
motionand may playthereforea role in clouddevelopment.Vorticityis responsiblefor the
formationof a moreor less distinctspiralstructurewithinthe cloud mass. Therebythe two
contributorsto vorticity,curvatureand shear vorticityhave an importantinfluenceon the
configuration.

In satellitemeteorologya simple identificationmethod for vorticityadvectionhas been
introduced.Assumingthatwindusuallyincreaseswithheightthepronouncedmaximaof posi-
tive vorticityadvection(PVA) at 500 and/or300 hPa are evaluatedinsteadof its vertical
change.Althoughthisassumptionmaynotbe fulfilledeverywherethemethodhasprovedto be
veryuseful.
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The followingsituationsare typicalfor the parametercombinationsunderdiscussion(Zwatz-
MeiseandMahringer1990,Zwatz—Meise1991):
0 coldaircloudphenomenawithina deep layerof isentropeswithoutremarkablegradientsare
connectedwitha PVA maximuminhighlevelsdownstreamfroma vorticitymaximuminthis
layen

o Inthecase of cloudphenomenainthe leftexitregionof jetstreaksan isotachmaximumat
highlevelsisconnectedwiththePVA maximum.

Increasedfrontalcloudinessin connectionwithwavedevelopmentsor in connectionwiththe
crossingof a jetstreakare characterisedby a PVA maximumin highlevelssuperimposedon
thefrontalzone.

4.2 EXAMPLES

4.2.1 Cold Air Cloud Features

Figure4c containsthejustmentionedconnectionbetweenvorticityandvorticityadvectioninthe
layer500 to 300 hPa above the gridpoint31/24which is just at the westernedge of the
enhancedcloudconfiguration.

4.2.2 Wave Development

Figure5c showsan intensivePVA maximumintheheightwhichis areaof thewavecloudiness
betweenUdine(16044)andZagreb(13130).Thiswasthepointof timewherecycloniccircula-
tionjusthadstartedwithWAA ina lowlayer.The PVA maximumis a signforthedeepeningof
thecyclonicdepression.

12hourslaterthereis stillPVA eastof Brindisi(16320).

5. EQUIVALENT POTENTIAL TEMPERATURE AND
FRONTOGENESIS PARAMETER

5.1 BASIC CONCEPT AND IDEAS

The normal-componentOnoftheQ-vectorcanbederivedfrom:

a Vn 39
0,, = -—— (2)

an an
withn representingthedirectionnormalto the isothermsand Vn thewindcomponentin this
direction.Itcan be used as frontogenesisparameter(Hoskinsand Pedder1980;Kurz 1989).
Thereforeitsevaluationtogetherwithfrontalzonesis useful.

Thefollowingtopicsareofmuchinterestforanevaluation:

0 The existenceof frontogenesisor frontolysiswithinthe frontalsurfacewhichmay leadto
conclusionsaboutan increaseordecreaseofthefrontalstrengthandweatheractivity.

0 Connectionbetweenthe areas of frontogenesisand otherparameterslike upwardmotion
andhumidity.
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5.2. EXAMPLES

5.2.1 Cold Front

Figure2d showsintensivefrontogenesiswithinthe mainfrontalzone northand a secondary
maximumwithmuchweakervaluessouthof theAlps.Againthecoincidencewiththebrightest
satellitesignalsis evident.

5.2.2 Cold Air Cloud Features

The frontogenesisparameterin figure4f clearlyconfirmsthe diagnosisof the cloudsystems
alongthe cross section.There are highvaluesof frontogenesiswithinthe cold fronteast of
Viennawhilethereare no remarkablevaluesof thisparameterconnectedwiththe non-frontal
cloudsystemoftheEC betweenStuttgart(10739)andMunich(10868).

.For furtherexamplessee also the paper "The use of satelliteimages in operationaland
researchworkat the CentralInstituteof Meteorologyand Geodynamicsin Vienna"(Zwatz-
Meiseetal.)inthisvolume.

6. SOME AIMS OF THE CROSS SECTION EVALUATION

As alreadymentioneditis intendedinthisprojecttomakea collectionofcases foroneyear.

Thereareseveralaimsforthecase studyevaluations:

o togetmuchmoreknowledgeaboutthephysicalstateofsynopticandmesoscalesystems;

0 to derive a relationbetweenthe distributionof parametersin cross sectionand actual
weather;

0 special weightshall be given to differencesbetweenthe classical situationsand their
deviations;

o to use cross sectionsfor forecast.At present,forecastfieldsof ECMWF parametersare
alreadycomputedand operationallyavailable.Figure 1b, c shows two examples.From
equivalent-potentialtemperatureand relativehumidity(figure1b)a veryfastpropagationof
thecoldfrontzonefromgridpoint32/24at00 UTC (whichis betweenStuttgartandMunich)
togridpoint36/23at06 UTC (whichis veryneartoVienna)andfurtherto37/23at 12UTC
(whichis verynearto Budapest)can be concluded.A zoneof highhumidityin frontof the
very steeplyinclinedfrontalsurfaceretainsits values and positionrelativeto the frontal
surfaceduringthese12hours.

The coldfrontis followedby a warmfront-likebarocliniczone;at 12 UTC itszoneof crowded
isentropesextendsfromabout800hPaabovegridpoint28/24(whichisverycloseto Paris)up
to about450hPa abovegridpoint34/23(whichis verycloseto Salzburg).A maximumof high
humidityon top of this barocliniczone reaches Switzerland.Figure2c supplementsthese
prognosticconsiderationswiththepropagationof theforecastWAA maximaon topas wellas
withinthefrontalzone.

7. FIGURES AND UNITS

Forthedescriptionoftheexamplessee paragraphs2-5.
Fora listofunitsfortheparametersusedinthelegendsseeAppendixA.2.
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Wahnsdorf07March199412UTC+36/Analysis
Equivalent-potentialtemperature(black),relativehumidity(green)

Satellitesignals(asterisks):IR(red),WV(black)
“fin_.a-i"

ZAMGVENINA MHSCROATIA
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Figure7: HRID timecross-sectionwithsuperimposedtimeseriesof satellitesignals,atWahnsdorf,
Germany
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Appendix A.1

CH

tunat
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Appendix A.2

List of units and isoline distances:

Parameter:unit; isolinedistance
Potentialtemperatures:K :2
relativehumidity:%;20
temperatureadvection:(K/12h); 1
vorticityadvection:(1.E-10s**-2);20
vorticity:(1.E-6s**-1);20
omega:(hPa/h);5
divergence:(1.E—Ss**-1) ;1
isotachs:(m/s);20
On: (1.E-11K/(m*S));20
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C. COMBINATION OF THE TWO DIFFERENT ANALYSIS METHODS

Thecross-sectionprogramsdevelopedattheNMCZagreb,Croatia,havebeenimplementedat
theZAMG. For thetimebeing,radiosondedatais investigatedin singlestationanalyses,time
cross-sectionsandspacecross-sections.Inoperationaluse, theverticalcoordinateis pressure,
butthereis an optiontousez-system.Severalcomparisonswiththecross-sectionvisualization
systemdevelopedattheZAMG havealreadybeenmade(Figure6).

Recently,an optionto superimposetime series of satelliteinformationon the time cross-
sectionsoftheparameterscalculatedinHRID hasbeenadded(Figure7).

Theoreticalconsiderationshavebeen initiated,finalresultswillbe publishedelsewhere.
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Guttal,Glocknerhaus,Margaritze,Fuscher-Lacke).
Wien1979,94Tab.

CHALUPA,K.:ErgebnissederRegistrierungderImmissionvon
Stickoxiden,Ozon und Schwefeloxidin Wien-
HoheWarte,1978.Wien1980,58 8., 30 Tab.,
15Abb.

CHALUPA,K.:ErgebnissederRegistrierungderImmissionvon
Stickoxiden,Ozon und Schwefeloxidin Wien-
HoheWarte,1979.Wien1980,65 8., 32 Tab.,
20Abb.

RAGETTE, G.: Methodenzur BerechnunggroBra‘iumigen
Niederschlages.Wien1980,478., 1Tab.,2Abb.

Klimadatendes Glocknergebietes,V. Teil: Tabellender
StundenwertederLufttemperaturundderRelativen
Luftfeuchte,1977-1979(Wallack-Haus,Hochtor-
Sa'd,Hochtor-Nord,Fuscher-Lacke).Wien 1980,
135Tab.

BRUCKL, E., G. GANGL, W. SEIBERL und Chr. GNAM:
SeismischeEisdickenmessungenauf dem Ober-
undUntersulzbachkeesindenSommernderJahre
1973and1974.Wien1980,238., 2Tab.

Klimadatendes Glocknergebietes,IV. Teil: Tabellender
StundenwertederLufttemperaturundderRelativen
Luftfeuchte,1977-1979(Fusch,Piffkaralm,Guttal,
Seppenbauer,Margaritze,Glocknerhaus,Schnee-
té/chen,ObereGrasheide,Polsterpflanzenstufe).
Wien1981,110Tab.
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304
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308
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312

314
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322

Geophysik

Meteorologie

Geophysik

Hydrometeorologie

Meteorologie

Geophysik

Meteorologie

Meteorologie

Geophysik

Meteorologie

ZYCH, 0.: MessungendererdmagnetischenVertikalintensitat
und Suszeptibilitatsuntersuchungendurch die
DMV-AGalsBeitragzurKohlenwasserstoffexp/ora-
tionin Dsterreich.Wien1985,14 8., 2 Tab., 2
Abb.,3Kartenbeilagen

HOJESKY,H.:Langja'hrigeRadiosonden-undH6henwindmes-
sungenUberWien1952-1984.Wien1985,2198.,
64Tab.,13Abb.

Resultsof the AustrianInvestigationsin the International
LithosphereProgramfrom1981-1985.Wien1986,
798.,4Tab.,28Abb.

ECKEL, O. und H. DOBESCH: Mitte/werteder
Wassertemperaturvon Traunseeund Mil/statter
See nach mehrjahrigenRegistrierungenin
verschiedenenTiefen.Wien1986,878.,74Tab.

KOLB,H.,G. MAHRINGER,P.SEIBERT,W.SOBITSCHKA,P.
STEINHAUSER undV. ZWATZ-MEISE:Diskussion
meteorologischerAspekte der radioaktiven
BelastunginOsterreichdurchdenReaktorunfa/Iin
Tschernobyl.Wien1986,638.,4Tab.,20Abb.
E. BRUCKL: Ergebnisse der seismischen
EisdickenmessungenimGebietderStubaierAlpen
(Daunkogelferner),derVenedigergruppe(Schlaten-
kees und Untersulzbachkees)undder Silvretta-
gruppe(Vermunt-Gletscher).Wien1987,188., 4
Tab.,10Abb.,4Kartenbeilagen

CHALUPA,K.:ErgebnissederRegistrierungderSchwefeloxid-
Immissionin Wien- HoheWarteundin Wien-
Stephansplatz,1981.Wien1987,678., 41Tab.,
11Abb.

CHALUPA,K.:ErgebnissederRegistrierungderSchwefe/oxid-
Immissionin Wien- HoheWarteundin Wien-
Stephansplatz,1982-1985.Wien1987,76 8., 27
Tab.,15Abb.

ARIC,K. etal:Structureof theLithosphereintheEasternAlps
DerivedfromP-residualAnalysis.Wien1988,35
8.,3Tab.,17Abb.

CHALUPA,K.:ErgebnissederRegistrierungderSchwefeloxid-
Immissionin Wien- HoheWarteundin Wien-
Stephansplatz1986-1987sowieeineUbersichtder
20ja'hrigenReihe1968-1987.Wien1988,808., 38
Tab.,20Abb.

ARIC, K.,
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10

11

12

13

215

221

230

240

244

245

264

273

288

323

Jahresbericht1973.VerhandlungenderGeologischenBundes-
anstalt.Jahrgang1974,H.4,S.A138-A148

Jahresbericht1974. Zentralanstaltfiir Meteorologieund
Geodynamik,Wien1975,218.,5Abb.

Jahresbericht1975. Zentralanstaltfiir Meteorologieund
Geodynamik,Wien1976,748., 14Abb.

WALACH, G.: GeophysikalischeArbeitenim Gebiet des
Nordspornsder ZentraIaIpenI: Magnetische
Traverse 1 (Neunkirchen-Hochwechsel-Pé/Iauer
Bucht). Zentralanstaltfiir Meteorologieund
Geodynamik,228., 5Abb.,4 Beilagen

Jahresbericht1976. ZentralanstaltfiJr Meteorologieund
Geodynamik,Wien1977,1018.,21Abb.

Jahresbericht1977,Tell1.ZentralanstaltftirMeteorologieund
Geodynamik,Wien1978,548.,9Abb.

Jahresbericht1977,Teil2. ZentralanstaltfiirMeteorologieund
Geodynamik,Wien1979,608.,19Abb.

Tagungsberichtfiberdas1.AlpengravimetrieKolloquium- Wien
1977. Herausgeber: P. STEINHAUSER,
Zentralanstaltfiir MeteorologieundGeodynamik,
Wien1980,1298.,35Abb.

GCTZE, H. J., O. ROSENBACH undP. STEINHAUSER:Die
Bestimmungder mittlerenGelandehéhenim
Hochgebirgeft'irdietopographischeReduktionvon
Schweremessungen. Zentralanstalt itir
MeteorologieundGeodynamik,Wien1980,168.,
2Tab.,5Abb.

ROSENBACH, 0., P. STEINHAUSER, W. EHRISMANN,H. J.
GDTZE, O. LETTAU, D. RUESS und W.
SCHDLER: TabellendermittlerenGeléndehb’hen
der Ostalpenund ihrerUmgebungfU'rRaster-
elementeAcp: 0.75’. AA: 125’. 1. Lieferung.
ZentralanstaltfiJrMeteorologieundGeodyna-mik,
Wien1982,238.,20Tab.

TagungsberichtL'iberdas 2. InternationaleAlpengravimetn'e
Kolloquium- Wien 1980. Herausgeber:B.
MEURERS undP. STEINHAUSER, Zentralanstalt
ttirMeteorologieundGeodynamik,Wien1983,168
8.,85Abb.

Tagungsberichtfiber das 3. InternationaleAlpengravimetrie
Kolloquium- Leoben 1983. Herausgeber:B.
MEURERS, P. STEINHAUSER undG. WALACH,
Zentralanstaltfiir MeteorologieundGeodynamik,
Wien1985,2228.

TagungsberichtUberdas 4. InternationaleAlpengravimetrie
Kolloquium- Wien 1986. Herausgeber:B.
MEURERS undP. STEINHAUSER,Zentralanstalt
fiirMeteorologieundGeodynamik,Wien1988,200
8.,77Abb.
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329

332

336
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356
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Meteorologie

Geophysik

Geophysik

Meteorologie

Meteorologie

Geophysik

Meteorologie

Umwelt

Geophysik

Meteorologie

TagungsberichtEURASAP,Wien,14.-16.Nov.1988,Evaluation
of AtmosphericDispersionModelsAppliedto the
ReleasefromChernobyl.Wien1989,20Beitrage,
1988.,100Abb.,17Tab.

Tagungsberichtfiberdas 5. InternationaleAlpengravimetrie
Kolloquium- Graz 1989. Herausgeber:H.
LICHTENEGGER,P. STEINHAUSERund H.
SUNKEL,Wien1989,256s., 100Abb.,17Tab.

Schwerpunktprojekt847-GEO: PraalpidischeKruste in
Osterreich,ErsterBericht.Herausgeber:V. HCCK
undP. STEINHAUSER,Wien1990,15Beitrage,
2578.,104Abb.,17Tab.,23Fotos

LANZINGER,A. et al:Alpex-Atlas.FWF-ProjektP6302GEO,
Wien1991,2348.,23Abb.,2Tab.,200Karten

BDHM, R.: Lufttemperaturschwankungenin Csterreichseit
1775.Wien1992,953.,34Abb.,24Tab.

MEURERS,B.: UntersuchungenzurBestimmungundAnalyse
desSchwerefeldesimHochgebirgeamBeispielder
Ostalpen.Wien1992,1468.,72Abb.,9Tab.

AUER, l.: Niederschlagsschwankungenin Osterreichseit
BeginnderinstmmentellenBeobachtungendurch
die Zentralanstaltft’ir Meteorologie und
Geodynamik.Wien1993,73 8., 18Abb.,5 Tab.,
6 Farbkarten

STOHL,A., H. KROMP-KOLB:AnalysederOzonsituationim
GroBraumWien.Wien 1994,1358., 73 Abb.,
8Tab.

TagungsberichtUberdas 6. InternationaleAlpengravimetrie-
Kolloquium,Leoben 1993. Herausgeber:P.
STEINHAUSERund G. WALACH,Wien 1993,
2513., 146 Abb. [Korrekturder irrtfimlichen
NummerierungHeft8/Pub1.353]

ZWATZ-MEISE, V.: Contributionsto Satelliteand Radar
MeteorologyinCentralEurope.Wien1994,1698.,
25Farbabb.,42SW-Abb.,13Tab.
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