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Abstract

The Europearwindstormthataffectedpartsof Germany on 10 July 2002is classifiedasa
derechoWith respecto the synopticsituation,it wasidentifiedasa dynamicor strongly—
forcedderecho Examiningdifferentobserationaldata,this caseshavs mary similiarities
to thoseinvestigatedn the United Statesgiving evidencethatderechoslo occurin Europe
aswell: A well-definedsurfacecorvergenceline andathermalboundaryaloft markedthe

derechas paththatwasassociateith astrongupperlevel jet streakaswell asalow-level

jet attheleadingedgeof the storm.



1 Intr oduction

On 10 July 2002,during the VERTIKATOR field experiment(Vertikaler Austausch und Oro-
graphie, vertical transportand orography)in southernGermauy, a line of sesere corvection
crossedhe northeasterpartof Germauy, producingwidespreadvind gusts.Theline reached
Germany’s capital,Berlin, at 1815UTC, at which time a maximumgustof 42 ms~! wasob-
sened. TheBerlin Tegel airporthadto be closed,andhighwaysandrailroadswereblocked by
overturnedrees.Theweatherservicesaswell asthe public werenotwell preparedlin Berlin,
4 residentdiedand39 wereinjured. Within the city’s periphery four additionalfatalitiesoc-
curred.Most of themwerehit by uprootedrees asin the mosttragiccasewheretwo children
died at a youth camporganizedby Berlin’s fire departmentn Berlin—-Wannsee.All over the
city, thousand®f treesbroke off or were uprooted;about30000treeshadto be felled in the
following weeks. The presenpapergivesan analysisof this event, classifyingit asa derecho
usingthe definition of JohnsandHirt (1987),who developedfour criteriato identify derecho

events:

e Theremustbe a concentratedireaof reportsconsistingof corvectiely-inducedwind
damageor corvective gustsof morethan26 ms~! (50 kt). This areamusthave a major

axislengthof atleast400km.

e Thereportswithin this areamustalsoexhibit a nonrandonpatternof occurrenceThatis,
the reportsmustshav a patternof chronologicalprogressiongitherasa singularswath

(progressie) or asa seriesof swaths(serial).

e Within theareatheremustbeatleastthreereports separatetty 64 km or more,of either

F1damageor corvective gustsof 33ms—! (65 kt) or greater
e No morethan3 h canelapseébetweersuccessie wind damageggust)events.

Thisnomenclaturéasnot beenusedin Germary before leastof all thereis no climatology
that dealswith suchevents,althoughprevious corvective windstormsprobablyreachedthe
criteria. The 21 July 1992 CLEOFATRA squallline (www.pa.op.dir.de/cleocd/start.htm) may
be oneexampleof a widespreaatonvectively—inducedvindstormthatoccurredover Germary
in the past(Haase—Straubt al., 1997;Meischneret al., 1993). However, the experiencefrom

thosecasewasignoredon 10 July, whenbackgroundknowledgeof organizedcorvectionitself
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wasnot usedto improve the forecasts Accordingly Germanmeteorologistsveresurprisedat
thestormssizeandstrength.n fact,gustsupto 25ms-! hadbeenexpectediueto therelatively
large synoptic—scal@ressuregradientalongthe cold front that was predictedby operational
modelruns.

This paperis structuredasfollows: section2 givesan overview of the synopticsituation,
while section3 treatsthe evolution of the corvective system. In section4, the analysisof
obsered wind gustsis usedto classifythis severe corvective eventasa derecho. Section5

presentghe conclusion®f this casestudy

2 Synoptic Overview

In thesecondveekof July, theupperandmid tropospherid¢low over Europewasdominatedy
anintensetroughacrosshe northwesterrpart of the continent,yielding a deepsouthwesterly
flow overthewesterrregions(Fig. 1a). Over south—centraEurope the flow wassplit into two
branchesa northernbranchwhich stretchedrom Franceand Beneluxto the North Sea,and
a secondbranch,which deviatedtowardsthe centralMediterraneanwhereit formeda weak
ridge. Along the peripheryof the northwestermmaintrough,severalvorticity maximaaffected
westernEurope.

In associationwith an intenseshort—vave trough, anothervorticity maximumtravelled
aroundthe main trough reachingthe northernborderof the Iberian Peninsuldate in the day
of 9 July. At 1500UTC on 10 July, theaxisof this negatiely tilted short—wave troughextended
from southerrGreatBritain into southerrcentralGermary. At the 300hPalevel, themaximum
wind speedreachedmnorethan50 ms™! over France. The synoptic—scaldorcing associated
with suchintenseget streakscanbe quite strong,helpingcorvectionto develop. Derechoghat
occurunderthosesynopticconditionsare calleddynamic(JohnsandHirt, 1987)or strongly—
forcedderechogEvansandDoswell,2001).

At the850hPalevel, anair masscharacterizetdy high equivalentpotentialtemperaturéf,)
upto 340K wasadwectedirom southeaster@entralEuropeinto easterrGermairy (Fig. 1b). In
contrastjntensecoolingdueto cold air advectionandevaporatiorof stratiformrain took place
westof an eastvard moving cold front in westernCentralEurope. By the afternoonthe 850

hPa #.—gradienreacheB0K overadistanceof 500km.



3 DerechoEvolution

Thelocationsof orographideaturegnentionedn thetext areshovnin Fig. 2. Thesatelliteim-
age(Fig. 3a)indicateghefront’s positionat 1449UTC, threeanda half hoursbeforethedere-
chohit Berlin. A persistentine of thunderstormsanbeseeradwancingeastvardoversouthern
Germayy. Stratiformprecipitationwasobseredwestof the front underneattthe broadcloud
shieldoverwesternGermary. Eastof the cold front, new thunderstormarevisible thatformed
rapidly parallelto the B6hmerWald Mountains,OberpfalzeMWald Mountains,and Thuringer
Wald Mountainshetweerl400and1500UTC. As thecoldfront’s corvectiondissipatediuring
thenext hour, thenew line of corvective cellsmeigedinto aMCSthatis portrayedat 1628UTC
in Fig. 3b. Downstreanof this feature the northeasterpartof Germary waspartly clear At
the surface,windswereweakwith a northerlydirectionto the westof Berlin, andsoutherlyto
easterlydirectionseastof it (seeFig. 4). A cornvergenceine reachingrom the Baltic Seaeast
of Rugenlislandto thewesternErzgebige Mountainsseparatetbothwind regimesandmarked
the pathof the derecho.Justabove this surfaceconvergenceline, the operationaB50 hPa 6,.—
fields of the BolognaLimited Area Model (BOLAM, Buzzi et al., 2003)indicateda thermal
boundaryat the leadingedgeof the southernCentralEuropewarm air adwectionregime (Fig.
1b). Obsenationalstudiesin the United Statespoint out that suchpre—«isting, line—normal
thermalboundariesan play a role in the formationand propagatiorof bow echoes. Along
thoseboundariesenhancedow—level corvergencecouldleadto moreintensecorvectionand
associateavind gusts(Davis etal., 2001).

Over easterrGerma, this thermalboundaryis well portrayedoy the surfaceobsenations
of the Germanweatherservice:Eastof this boundarytemperaturesvereabout3—6 K higher
while the dewpointswereabout3—7K lower. Thisindicateshattheboundarylayerwasmore
turbulently mixed eastof the corvergenceline thanwestof it, which is confirmedby a 1800
UTC soundingrom Lindenbeg about40 km southeasbf Berlin (Fig. 5). Thissoundingpeing
a proximity soundingin termsof the definition given by Evansand Doswell (2001), showvs
more propertiesof the pre—stormervironment. Relatvely dry air nearthe groundand steep
lapseratesup to 750hPawerepresentvhich enhancedhe potentialfor strongdowndraftgusts
and cold pool formationdueto evaporationinside the downdrafts. For the samereason the
mid—level dry airmassabove 700 hPa that was also detectedby soundingsvestand southof

Berlin could had beenimportantfor the cold pool formation. Another point that shouldbe
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discusseds the instability of the pre—stormervironment. At Lindenbeg, a 50 hPa mean—
layer CAPE of around1000J/kg wasobsened. However, this obsenation did not reflectthe
CAPE—alueswestof the corvergenceline, whereshallov low—level moisturewas obsered
thatwasnot reproducedy availablenumericalmodels. Finally, the vertical wind profile did
notindicatevery stronglow level shearby the time the rawinsondewasstartedat 1645UTC.
But 1290MHz wind profilerandsodameasurementst the sameplaceshav thedevelopment
of low—level shearover Lindenbeg during the next hours(Fig. 6) with increasingow—level
southeasterlyinds. In therangeof the 850 hPa level, the wind changedrom aboutl0 ms™
southeasto morethan20ms~! south—southeabetweer 600and1900UTC. Theoperational
1200UTC run of the Local Model (LM, DomsandSchaettler, 1999) of the Germanweather
serviceshavedthis low—level jet, just downstreanof the negatively tilted 850 hPa troughaxis
extendingto thenorthwith Berlin atits westerrflank. At 300hPa, LM outputsuggestshatthe
strongCentralEuropearjet streakhadreachedsoutheasterermary, while its left exit region
affectednortheasterGermary. This regional relationshipof upperlevel andlow—level flow
canalsobeidentifiedfrom theoperationaBOLAM 0000UTC + 15 h forecasfieldsin Fig. 1a
andl1b (cf. www.cmirl.ge.infn.it/map/bolarmybolamin.htm).

The obseredlow—level jet may have formedasa resultof the indirectthermalcirculation
underneatlthe exit region of this jet streak(Uccellini and Johnson;1979). Accordingly, isal-
lobaricsurfaceanalysig(not shavn) indicatesa synoptic—scaléncreaseof the surfacepressure
of 4 hPa within 3 h over the CzechRepublicand southeasterGermary anda decreasef 3
hPawithin 3h over northeasteriGerman. Thelow—level jet wasdirectedalongthisisallobaric
gradient.

Thecorvectiveline reachederlin at1815UTC. TheC-bandDopplerradarat Berlin Tem-
pelhof airport documentedhe mesoscalestructureof the corvectie line (Fig. 7). There-
flectivity over Berlin at 1845UTC shows signatureslescribedn conjunctionwith high wind
eventsin the United StateCannoretal., 1998).Over northernBerlin, abow—shapedegment
of the propagatingderechas visible. This featureoriginatedfrom an intensecorvective cell
thatmeigedwith the corvective line, andmostlik ely producedhe strongwind gustsobsened
betweenl815and1845UTC. New pre-stormcorvective cellsaredetectedo the northeasbf
the city thatmegedwith the MCS lateron. By this meansa coupleof bow—shapedegments
developedalongtheleadingedgeof the corvective line asit movednorthward, classifyingthe

derechasaserialone. Southof thebow echothatis displayedn Fig. 7, the southwesterpart
5



of Berlinis coveredby aweakreflectvity region known asarearinflow notch(RIN, Przybylin-
skiandGery,1983;BurgessandSmull, 1990). Descendingir originatingfrom therearinflow
jet andevaporations thoughtto leadto this weakradarreflectvity (Burke andSchultz,2003).
Therearinflow jet pointsfrom therearof the corvective systento theleadingedgeof thebow
echo. It transportgelatively dry air into the downdraft,enhancingevaporationandassociated
cooling (Weisman2001). In this case therearinflow jet reachedhe groundonly closeto the
bow echo,whereast waselevatedsomekilometersbehindit, asindicatedoy wind profiler data
from Lindenbeg southeasbf Berlin (seeFig. 6). It shouldbe notedthatLindenbeg wasnot
hit by thederechahatpassedhelocationto thenorthwest Nonetheless strongwesterlyflow
wasmeasure@00metersabove Lindenbeg after1900UTC thatremainediuringthefollowing
hours.

Without losing intensity the derechoreachedhe northeasterrcoastof Germaiy shortly
after2000UTC, producingwind gustsupto 35 ms~! at Riigenlisland,andthendecayecbver
the Baltic Sea.

4 Analysisof obsewvedwind gusts

Fig. 8 shavs obsenedwind gustsof thederechoandits position,asindicatedby thewind shift
detectedby two ground-obseration networks, one of the Germanweatherservice, the other
of Meteomediaa private weathercompary. Combiningthesetwo networks, morethan 100
surfacewind obsenrationsdenotethe positionof thewind shift of the cold front andassociated
derechaver northeaster@ermary, whichis displayedoy solid anddashedines. As the 1200
and1500UTC dataindicate,the cold front propagatiorwasrestrictedto southerrandcentral
Germany while it was stalling over northernGermary. At this time, broad corvectionthat
marked the cold front positionwas obserable on satelliteimages(Fig. 3a). To the east,a
new line of corvectionwasforming, leadingto a new outflov boundaryat 1600UTC thatis
displayedby adashedine in Fig. 8. Thenew corvectie line reachedts maturestagebetween
1600and1700UTC asindicatedby the satelliteimagein Fig. 3b andthe subjectve analysisn
Fig. 4: Justbetweertheleadingedgeof the outflow boundaryandtheremainingsurfacetrough
of the cold front a sharpmesoscaleidge wasanalysedyielding to the assumptiorthata cold
pool hadformedincreasinghe pressurgradientaswell astheisallobaricgradientto the south
of Berlin. RasmusseandRutledgg(1993)foundthatthe propagatiorspeedf corvectivelines
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increasedy thetime of thetransitionbetweertheintensifyingandmaturestage this wasalso
obseredon 10 July over easterrGermaily, whenthe corvective line suddenlyacceleratedfter
1600UTC. This wasassociatedvith a strenghteningf obsened wind gusts,asdepictedby
crossesdotsandgrey circles, markingwherewind gustsof morethan22, 26, and34 ms™!
occuredyespectiely (seeFig. 8).

Over southernGermary, no gustsof morethan26 ms—! were obsened excepton moun-
tains.In contrastwidespreadnaximumwind gustsupto 34 ms~! did occurover broadpartsof
northeasteriisermary, wherefront propagatiorwasfastest.Nearly two-thirdsof all obsered
gustsof morethan26 ms™! occurredwithin a strip extendingfrom the westernErzgebige
Mountainsto Berlin andfurther to the Baltic SeanearRigenlsland. The path of strongest
wind gustswas about500 kilometerslong and 100 kilometerswide. Insidethis region, five
measureavind gustsexceeded4 ms~! , six moreobsenationsattained33 ms~!. Four of the
gustreportsof morethan34 ms—! wereseparatedby at least100 kilometers. Therefore the
windstormunderconsideratiorsatisfiedthe criteriafor a derechgproposedy JohnsandHirt

(1987).

5 Conclusions

This casestudy of a derechoover Germalty shavs that severe corvection can attain a size
andintensitycomparabldo thatin the United States.Eventhoughthe Europeariand massis
smallerandmoreheterogeneousrganizedsererecorvectionover CentralEuropehasshovn
to be anappreciabldazardto life andproperty More preciselythe Berlin derechoof 10 July
2002sharedsomewell establishedynoptic-andmesoscaléeaturesof derechosn the United

States:

e Thesynoptic—scaldlow patternwascharacterizedby anintensenegatiely tilted upper
short—vave troughassociateavith a strongupperlevel jet streak. A thermallyindirect
circulationmay have provided a low—level jet, enhancingvarm air advectionandmois-

turepoolingjust below theleft exit region of theupperlevel jet.

e Along theleadingedgeof the low—level jet, a pre—isting frontal boundarymarkedthe
derechopath over northeasterrGermary. At the surface,it was possibleto analyzea

well-definedore—eisting corvergencdine.
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e Theincreasdn the speedof obsernedwind gustsover easternGermary wasassociated
with an acceleratiorof the leadingedgepropagationof a corvectie line after it had

reachedts maturestage.

e Radarreflectvity imagesshav signature®ftendescribedn conjunctionwith high wind
events,includingbow echoesrearinflow notchesandcell melgersatthe leadingedgeof

theline of corvection.

e Wind profiler datafrom Lindenbeg indicate stronglow—level wind shearaheadof the

derechandsuggesthepresencef anelevatedrearinflow jet.

Not only small-scalebut alsolarge—scaleserereconvectionover Europebearsmary simi-
laritiesto convective phenomenan the United States As a consequencef theBerlin derecho,
the GermanweatherserviceandMeteomedidhave developednen conceptdor severeweather
warnings.In addition,the "EuropearStormForecasExperiment”(www.estofe.org) wasini-

tiatedby a groupof Europearmeteorologists$o forecastseverecorvectionover Europe.
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Figure captions

Figurel: OperationaBOLAM forecastor 10 July, 1500UTC. (a) 300hPageopotentia{gpm)
andwind speedms1!). Geopotentiaheightsareshawvn by blacklines,wind speeds indicated
by gray shading.(b) 850 hPa §,—field in K andwind vectorsscaledby the 10 ms™! vectorat
the bottomof thefigure.

Figure2: Orographianapof the affectedregion. Terrainheightsareshadedn greyscale.
Figure3: NOAA satellitevisible channeimagesof Germary at 1449(a) and1628UTC (b).

Figure4: Subjectve analysisof surfacepressurdield at 1700UTC basedbn obsenationsby

the Germanweatherservice. Temperatureanddewpointsin ° C, wind barbsin kt.

Figure5: 10 July, 1800UTC soundingat Lindenbeg in the pre—stormervironment40 km

southeastf Berlin. Wind barbsaregivenin knots.

Figure6: Wind profilerandsodardatafrom the Germarnweatherserviceat Lindenbeg. Wind

barbsaregivenin knots.

Figure7: Radarreflectvity in the Berlin region at 1845UTC. Arrows point at the rearinflow

notchsouthof thebow echoover Berlin anddevelopingpre—storncornvection.

Figure 8: Measurednaximumwind gusts(symbols)andcold front position (lines) over Ger
mary. Wind gustsabove 22 ms~! aredepictedby crossesabose 26 ms~! by dots,andabove
34ms ! by grey circles. The UTC time of cold front positionis shavn at the endof eachline.

Solid linesareplottedevery threehours,with dashedinesof hourlyintenals.
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Figurel: OperationaDperationaBOLAM forecastor 10 July, 1500UTC. (a) 300hPa
geopotentia(gpm)andwind speedms™1). Geopotentiaheightsareshavn by blacklines,
wind speeds indicatedby grayshading.(b) 850hPa#.—field in K andwind vectorsscaledby
the 10 ms~! vectoratthe bottomof thefigure.
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Figure2: Orographiamapof the affectedregion. Terrainheightsareshadedn greyscale.
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Figure3: NOAA satellitevisible channeimagesof Germaiy at 1449(a) and1628UTC (b).
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Figure4: Subjectve analysisof surfacepressurdield at 1700UTC basedn obsenationsby
the Germanweatherservice.Temperatureanddewpointsin ° C, wind barbsin kt.
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Figure5: 10 July, 1800UTC soundingat Lindenbeg in the pre—stormervironment40 km
southeastf Berlin. Wind barbsaregivenin knots.
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Figure6: Wind profilerandsodardataof the Germanweatherserviceat Lindenbeg. Winds
aregivenin knots.

17



Figure7: Radarreflectvity in theregion Berlin at 1845UTC. Arrows pointattherearinflow
notchsouthof the bow echoover Berlin anddevelopingpre—storncornvection.
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Figure8: Measurednaximumwind gusts(symbols)andcold front position(lines)over
Germary. Wind gustsabove 22 ms~! aredepictedby crossesabore 26 ms~! by dots,and
above 34 ms~! by grey circles. The UTC time of cold front positionis shovn atthe endof

eachline. Solidlinesareplottedevery threehours,with dashedinesof hourlyintenals.
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