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ABSTRACT

During FASTEXIOP-8 intensivewaveactivity wasobservedver the soutleastslopesof Greenland.
At the sametime an extratropical cyclonepassedo the northeas betweencelandand Greenland,
leavingbehinda troughwith a secondaryow in the surfacepressue field.

Numericalsimulatians reveal that the wavesare very sensitiveto horizantal resolutionand by
simulatirg at coarse-griddedresolution,they can be almosteliminated. In spite of beinglarge and
amplified,the waveshavevery little impacton the synopticflow field in the trough. Boththe trough
andthesecondaryow are nonethelesa productof the Greenlandopagraphy, notthrough wavesbut
via permanentdescenbf potentialy warmair in the Greenlandwake. Orographic PV is prodwced,
but mud lessin simulatonswith no wavebreakingthanin simulatonswhere thewavesare damped.
Yet, the upstieamflow is blodked. At very coarseresolutia, the topagraphy of SouthGreenlandis
reducedsignificantlyandsois the southernmogpart of the surfacepressue trough.

1 INTRODUCTION

Onepromirent featureof meansurfacepressuranapsfor the northernhemispheres the “Icelandic
low”, situatedto the southwesbf Iceland. Thewintertimelcelandiclow is relatively deep(lessthan
1000hPa) and positionedcloseto the eastcoastof SouthGreenlandwhile in late sumrer the low
is muchshallover (about1009hPa) andcenterectloseto the southcoastof Iceland. At the 500hRa
level, thereis a vortex centreover NE-Canadaput not a well definedtroughin the region of the
Icelandiclow, e.g.[11], suggestinghatthelcelandiclow is primarily alow level feature.

In anextensve study [4, 5] analyzedll cyclonesoverthe N-Atlantic from satelliteimagesduring
a 2 yearsperiodandseveral characteristicef cyclonesin the areabetweencelandcanbe deducted
from their results. Firstly, the cyclonesin this areaare muchmore frequentin autumnandwinter
thanin springor sumner. Thisis indeeda generalresultfor the whole N-Atlantic, but the seasonal
variationappearso begreatembetweericelandandGreenlandhanin mostotherareasoveredby the
study Secondlythewintercyclonesin theareaarepreferablyof arathersmallsizewith a particularly
high concentratiorf cyclones200-400km in diameter Thirdly, almost70%morecycloneseavethe
areathanthereare cyclonesenteringthe area. Furthermorethereis a strongtendeng for cyclones
to remainin the areaall their life (58%). In short, the wintertime areaof the Icelandiclow is a
preferral spotfor creationof mesogclonesof which mary do nottravel far. A combinedcaseof a



deformedcyclonewith atroughbetweernGreenlandandicelandanda mesogclonewastheobjectof
anumericalstudyby [10], (hereafteiKM99). The mesogclone (“residual” low), which they found
to be largely barotropic,formedinsidethe Icelandictroughthat formedafter the “mother” low had
passedhroughthe area. Being barotropic,the residuallow hadthe characteristiof a lee vortex in
blockedflowsasdescribedy [13] and[16]. If thetopographyf Greenlandvasremovedtheresidual
low did notappeayrbut the mothercyclonebecamedeeper

The KM99 casegivesvery corvincing evidencethatthe topographyof Greenlands indeedcon-
tributing to the Icelandiclow throughits impacton a passingextratropicalweathersystem. It does
however not rule out otherpossble sourcessuchasthermalforcing. In fact, anlcelandiclow still
appearsn large scalesimulatonsaftertopographyhasbeenremoved[6].

The mainobjectof this studyis to investgatethe impactGreenlanchason the formationof the
Icelandictrough, eitherthroughgravity wavesaloft or throughotherorographicprocessesuchas
blockingof theairflow. For this purposewne have choserto studyin deptha casefrom the Frontsand
Atlantic StormTrackEXperiment{FASTEX) campaigri7] wherenumerousurfaceandupperair ob-
senationswereprovidedin additionto theregularoperationabbsenationnetwork. FASTEX wasan
internationafield projectthattook placein JanuaryandFebruaryl997to make detailedobsenations
of extratropicalcyclonesover the North Atlantic. During FASTEX several Intensve Obsenational
Periodsor IOP’s, wereconductecandwe useoneof these the IOP-8, which took placeon the 27th
to the29thof Januaryl997.Mostimportantly, this FASTEX IOP providesdropsond@bsenationsof

intensve wave actvity over GreenlandIn the
00 e A O o 2 O following sectionthereis a shortdescription
ANV A of thenumericalmodelusedin this studyand
b /0 /0w 17" thesetupof experimens. Section3 describes
/ /AX=36km | | v . .
O the synoptic flow in the caseand presents
: S the resultsof the simuations. Thesearedis-
\\ cussedin section4 which is followed by a
1" shortconcludingsummary

70 F AL
60

50 F

‘1 2 MODEL SETUP

The numericalmodel usedfor this study is
the fifth generationPennsylana StateUni-
versity/Natonal Centerfor Atmospleric Re-
search(PSU/NCAR)mesoscalenodelMM5
[3, 17].

Unlessotherwisestated,the simulatons

. are run with a twofold nesting a horizon-
Figure 1. The FASTEXIOP-8 model setup, the ta| resolutionof 12 km inside a motherdo-

straight |ine, (AAI) in domain3, indicatesthe loca- main with 36 km resolutionanda 4 km res-
tion of cross-secans. olution in the innermostdomain. As canbe
seenn Fig. 1, themotherdomaincoversmost

of Greenlandall of Icelandand extendsto GreatBritain in the east. The motherdomainsizeis
3200 x 3200 km?, domaintwo is 2160 x 2160 km? anddomainthreeis 600 x 600 km? in dimension.
Threetypesof verticalresolutionrhave beenemployed,25,40and65 o layers(referedto asFX25,
FX40 andFX65, respectrely). Themodeltopis at 100hPain all casesgxceptfor FX65, whereit
is setto be at 50 hPa. At the top level a radiationboundarycondition minimizesthe reflectionof
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vertically propagatinggravity waves[9]. Themodelemploys a parameterizatioschemeor subgrid
turbulence[12]. Initial conditonsandboundarywalueswereacquiredrom the ECMWF reanalysis.

3 RESULTS

3.1 Synoptic overview and comparison with observations

Figure 2 shows the evolution of the meansealevel pressureandthe low level temperaturdields as
simulatedin FX40. At 28/12UTC (t,+00h), thereis a 1004 hPa low betweenlcelandand Green-
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Figure 2: Synopticoverviev: Meansealevel pressue [hPa] and potentid tempeature [K] at 850
hPa for FX40.

land and a stationaryhigh over GreatBritain. The low moves to the NE and deepenshput leaves
behinda trough with a secondarypressureminimum along the southeastoastof Greenland. At
30/00UTC (t,+36h),the mainlow hasdeepenedo 984 hPa and passedlanMayenandthe trough

Table 1: Comparisorof measued meansealevel pressue (MSLP)and geopotentaiheight(GH) at
500hPa andcalculatedone Pressueis in hPa andgeopotentidheightin metes.

Location Meas.| Calc. | Diff. Meas. Calc. Diff.
MSLP | MSLP 500hPa GH | 500hPa GH
Jan Mayen 996 998 | +2 5270 5270 0
Scoesbysund 1000 | 1005 | +5 5100 5100 0
Keflavik 1012 | 1013 | +1 5370 5380 +10
Narssassiaq | 1023 | 1022 | -1 5280 5290 +10
Thorshavn | 1029 | 1029 | O 5650 5650 0




with the secondaryjiow hasdisappeared.The deepeningdf the main low is associatedvith a low
level temperaturgradientandthereis a relatvely warm airmassat low levelsin the troughbehind.
The evolution of the 500 hPaflow field is shavn in Fig. 3. As in a classicalexampk of a developing
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Figure 3: Synopticovervianv: 500 hPa geopotentid height[m] and potentialtempeature [K] for
FX40.

baroclinicwave, the upperlevel troughis situatedbehindthe surfacelow. At 28/12UTC (t,+00h),
the 500 hPa troughis to the SSW of capeFarewnell and during the following 36 hoursit movesto
the NE andendsup over JanMayen, beinglesspronouncedhanat the beginning. The flow is def-
initely baroclinic. The simulatedflow describedn Figs.2 and 3 is in very good agreementvith
surface and upperair obsenations from Greenland,celandand JanMayen, including all supple-
mentaryobsenatiors of the FASTEX campaign.Comparisorof measuredndcalculatedmeansea
level pressureandgeopotentiaheightat 500 hPa is shawvn in table1. The validationtime is 29/12
UTC (ty+24h). It is only at Scoresbysundhat the meansealevel pressuredeviatesconsiderably
from measurementhis is mostlikely dueto stronglocal topographicakffects. We may therefore
regard this as a referenceflow or control simdation. The choiceof casefor this studyis heavily
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Figure 4: Position of dropsordes.

basednthehigh-resolubn dropsondealatafrom theflight of the NOAA Gulfstreamaircraftin FAS-
TEX IOP-8. During this IOP, the flow disturbanceover Greenlandvasgiven particularattention as
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Figure5: A crosssectionalongthelinein figure
4 showingpotentid tempeature[K] atapprox-
imately29/12(ty+24h).

29/12 UTC (to+24h)

can be seenin Fig. 4, which shaws the position
of dropsoneés during the flight. Figure 5 shawvs
the potentialtemperaturdield constructedrom the
dropsondeobsenatiors. Thereis obviously very
strongwave actvity and presumablywave break-
ing, reachingrom the stratospherdown to approx-
imately 500 hPa. From 500 hPa anddown to about
mountaintop level the flow is smootherwhile fur-
therbelow therearesteepwavesandpossbly wave
breaking. The flight took place at approximately
200hPaandatthatlevel therewassignificantturbu-
lence(M. Shapiro,personatommuncation). Sim-
ulationof theflow in the samesectionasin Fig. 5,
using 65 o-levels, revealsindeedstrongand steep
waves (Fig. 6). The flow is highly non-statbnary
but both time-stepsshavn in Fig. 6 shov more
wavesandwave breakingbelony 600hPaandin the
stratospherthanin theuppertroposplere.Between
500hPaandthetropopausethesimulatedflow isin
otherwordsmoresmooh thanobsened. Themodel
produceshowever someturbulenceat theselevels,
but lessthanatthelower levels

Figure 6: Cross-sectio®A: Simulaedpotentialtempeature [K] and TKE[J/kg] for FX65. Contour
intervalsfor TKE is 2 J/kgand2 K for isotherms.



3.2 Sensitivity tests
3.2.1 Horizontal and vertical resolution

To testthe impactof the nesting the samecasewassimulatedusingonly the first domain,(Fig. 1),
with a horizontalresolutionof 36 km. This is comparabldo mary of the NWP modelsthatarerun
operationallyin the area. Theresultingsurfaceflow field betweenlcelandand Greenlands almost
identicalto the nestedsimulation. With decreasethorizontalresolution i.e. the 36 km run, the flow
is smoothwith only littl e wave actwity in the troposplereaswell asin the stratosphereTurbulence
kineticenegy (TKE) is alsomuchlesscomparedo the breakingwavesin the nestedun.

To giveamorecompleteview of theimpactof resolutionthehorizontallynestedlow hasbeenrun
with differentnumbersof verticallevels. Thereis no qualitative differencebetweerthesesimulatons.
Both have intensewave actvity in the lower troposplereandin the stratosphereyith more smooth
flow inbetween.

3.2.2 No-Greenland

Previousexperimentswith variablehorizontalresolution of which somealmosteliminatethe gravity

wavesover Greenlanddo all shav almostidenticaldevelopmentof the surfacepressuregatternin the
leeof GreenlandOur next stepin investgatingtheconnectiorbetweernthe Greenlandopographyand
theflow field betweercelandandGreenlands to reducethe heightof Greenlandlown to onemeter
Figure 7 shaws the resultingsealevel pressureand potentialtemperatureat 850 hPa. Comparing
this to Fig. 2 shaws large differences.In the No-Greenlandun, thereis no troughleft behindthe
main low andthe surfacepressureat the eastcoastof Greenlands some20 hPa greaterthanin the
controlrun. At CapeTobin (70°N), the No-Greenlandsimulation gives on the otherhandabout10
hPa lower surfacepressurghanthe control run. Figure 8 shaws the differencebetweenControland
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Figure 7: Synopticoverviev: Meansealevel pressue [hPa] and potentid tempeature [K] at 850
hPa whenthetopagraphyof Greenlandhasbeenreducedo onemeter



No-Greenlandn potentialtemperaturat 850 hPa. It is especiallyinterestirg to notethewarmzone
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Figure 8: Differencein potentid tempeature [K] betweenContmol and No-Greenland(Control -
No-Greenland)at 850hPa.

eastof Greenlandhat adwectsto the east. At the 500 hPa level thereis a slight trough over Cape
Tobinat 30/00UTC (t,+36h)in the controlrun which is not presenin the No-Greenlandun. Apart
from this, the 500 hPa flow fields arealmostsurprisinglysimilar, in view of the large differencesn
thesealevel pressurdield.

3.2.3 Potential Vorticity

WhenGreenlands presentn thesimulations therearestreamer®f PV thatoriginateoverthemoun-

tains and extend far downstream. Figure 9 compareghesestreamerdor the areaof our smallest
domainat differentresolutions.The magnitudeandstructureof the PV streamerglearly dependon

thehorizontalresolution shaving bothfiner structureandmuchhighervaluesat4 km resolutionthan

at 36 km resolution.In agreementvith the anticyclonic flow field, thereis little or negative PV in the

No-Greenlanctase.

4 DISCUSSION

The simulationspresentedheremanageo a certainextent (althoughnot quite aswell as[2]), to re-
producethe obsened strongwave actiity over the easternslopesof SouthGreenland. The steep
and presumablybreakingwavesin the stratospherandlower troposphereare simulated,while ob-
senationsindicatewave actity thatis strongerthansimulatedin the uppertroposphereVery high
verticalandhorizontalresolutiongdo notalterthis. Thesurfaceand500hPapressurdieldsto theeast
of Greenlandandover Icelandarevery well reproducedn the simulatons. If horizontalresolution
is decreasedrom 4 to 36 km over the Greenlandee slopes,the waves are largely eliminatedand
yet the surfaceflow field eastof Greenlands almostunchangedSmallvaluesof TKE in the 36 km
simulaticns confirmthata possilte effect of wave breakingis not beingdealtwith by the subgridtur-
bulencescheme.The apparentack of connectiorbetweerthe wavesandthe surfaceflow field is an



29/18 UTC (t5+30h) 29/18 UTC (t,+30h)
D1 (sub-area) - Control D3 - Control

46 W 44 W 42 W 40w 38 W 36 W
T il L T T 4 T T T T

48 W 46 W 44 W 2w 0w 38 W 36 W 48 W
7 " ~F 7 T 7 7 T PVU 150 g7mmm

i = 66
50 ¥

7364 Ny

40

/ P e :
2@"/\m\"\m\m\"m,« PR P S TR

{ul el I
10 20 30 40 50 60 70 B0 90 100 110 120 130 140 150

-
MAXIMUM VECTOR: 25.5 m s™* — MAXIMUM VECTOR: 32.8 m s —

Figure 9: Comparisonof potential vorticity [PVU] for different horizortal resolutionat 925 hPa
height. Thesub-aea of Domain1 is the areawhich Domain3 covers. Arrows indicate horizantal
wind speed.

interestingresult,sincethe scaleof the obseredwavesis large enaugho allow for somegeostrophi
adjustmentindtherebyanimpacton the synopticflow.

Remwing Greenlandhaslargeimpacton the surfacepressurdield, but small effect at 500 hPa.
Theelimination of theresidualtroughthatthe motherlow leavesbehindbetweericelandandGreen-
landis in agreementvith thecasdnvestigatedoy KM99. They explainedthisby Greenlandsblocking
effect, hinderingadwectionof coldlow level air to thewestof themotherlow. Anotherway of looking
atthisis to comparehelow level flow field (Fig. 2) andthedifferencein potental temperaturet 850
hPain thecontrolrunandthe No-Greenlanaun (Fig. 7). Fromthesefiguresit becomespparenthat
Greenlandorcesa permanentlescenbf warm air to levels belov the mountin top, similar to the
idealizedsetupof blockedflow in [14]. Theresiduallow appearsasa sourcefor thewarmair thatis
beingadwectedto the east,over Iceland. Theremoval of Greenlandeduceghe sealevel pressureat
CapeTobin, aneffectthatwe alsorelateto blockingof GreenlandThedensdow level air is diverted
to the southalongthe eastcoastof Greenlandnorthof 70°N) giving a pressurgise comparedo the
No-Greenlandlow. This featureis alsopresentin KM99, confirmingthattheir resultshave a more
generalvaluethanin the casethey studied. The similarity of the 500 hPa flow fieldsin simulatons
with andwithout Greenlandis someavhatsurprisingsincethe perturbationsver the lee slopetravel
easilyup throughthe troposphere This is however consistentith the aforementionedlimatalogy
shaving thelcelandiclow to be mainly alow level phenomeno.

The differencein PV in the lee of Greenlandn simulationswith andwithout wave breakingis
consistentvith theresultsof [1], indicatingthatdissitionby wave breakingis actively contributing
to the generationof PV. The streamerf PV in the coarseresolutionexperimentare in fact also
relatedto steepeningf isentropesn a hydraulicjump-like flow pattern. In this aspectthe flow is
morereminiscenbf thenon-blocledwave breakingcaseof [16], andyettheflow in ourcases indeed
blocked. Theresultof KM99 andthe presenttudyindicatethatthe “Icelandic trough”is to a large



extentaresultof theinteractionbetweerthetopographyf Greenlandndtheairflow. Consequentla
poorrepresentationf Greenlandn coarsaesolutionGCM’s mayleadto anoverestinationof surface
pressurdetweerGreenlandandicelandanderroneousnterpretatiorof changesn theregionalwind
climate. The economicimpactof this may be significant. The surfacewind field and particularly
the frequeng of strongsouttwesterlywinds areknown to influencethe biological conditionsin the
oceanandthegrowing conditionof codlarve at the soutwestoastof Iceland[8, 15]. As fishingis of
primaryimportancen the economyof this region, indications of changesn thewind climatehave a
potentiallylarge economicvalue.

5 coNcLuUsioNs

The numericalexperimentsof the Fastex IOP-8 caseof wavesover Greenlandndicatethatthe syn-
optic flow, especiallythe deformationof a cyclone passingbetweenlicelandand Greenlands not
significantlyinfluencedby the mountainwavesover Greenlandin spiteof the wavesbeingamplified
andbreaking.Greatlydampedwvave actvity by reducedhorizontalresolutionhassignificantimpact
on the structureandthe magnitule of the PV generationn the lee of Greenlandsuggestig thatal-
thoughthelow level flow is blocked, wave breakingcanremainanimportantdisspationmechanism
preceedinghe creationof PV in real flow aroundmountans. The numericalsimulatians presented
herehave confirmedmountainwavesand mounain wave breakingto be a highly transientprocess,
which is more sensitve to horizontalresoluton in the rangeof 4-36 km thanto vertical resolution
from 25-65sigmalevels This may of coursebe site andcasedependentAlthoughthe simulations
shaw little connectiorbetweerthe Greenlandnountainwvavesandthesurfacetroughandresidualow
betweencelandandGreenlandthetopographyof Greenlancappearseverthelesso be a governing
factorin the deformationof the passingcyclone,not throughgravity waves,but blocking of cold air
atlow levelsandpermanentownward deflectionof potentiallywarmair.
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