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I.INI'RODUCTTON
1,, nrr,^'r"r, Jt,nh,.-,rL,d e.l re.pnrp\peflr.e,,

r. ls,'rL l'.r'bcendn r lor . .1., .ebv'lruh^r.'r'dhi
Floinka2. We preselt here a case stu.li for ock,b{,r 15,
1990 in the framel\'ork of ihe l'vrcnecs lxp.rindl
(IrYl{trX3) an cxtensne measurcinent prog;nr $'ith
l r, r\1, J,.d sp.,nr.l' n.r.lr.p.'tio. hr.,h ro. I pl,.' i

.,,o )r.rrrlrl," l'\ 
"1 

,. .d,irirAll,, f.r ,'.1o. l;o, ' Il^Nolcmbcr 30, 1990. Figure 1 sirows the .loJnain ot
nrtcrcst for PYRFX with the miior teographical ele
rnents. The objective of the expeimori $ as kr s iuLl y thc
mesoscrle atmospheric nrfluence of thc I'y.enccs and
thelocalwinds generaiedbv this moontain chnnr und.rr
ceItainmeieorolo€lical conditt(xls. The long termobjec
tive is to improve lveaiher forec.rsinrg nr thc'\'i.hitv of

lvhen the upper level rvincl is perpendicular to .r

molurtain chain thc accumLrl.lion of air on the upwind
side of the relief creates .r high Pressurc zone u,hich
sloh's doh'n the in.i.lent florL. I'ari of theair is deflccied
up$ ards,givnlg risc lo rnountiin waves. Thes avesare
Eene lll, associattLl $ith a vcrtical flur of horirontal
momctriun.xtcnding toquiiehigh altitudes,is a result
thc a!crage rvhd spced do!\'nwind of thc nroLrnt.in is
dimxrjshed. The rvaves.rttah consi.lernble lmplihr.le
bcforc dissipatin8 into turbulence. Furthernrorc, the
frichon effect of the mountaln cuuses tr loss of klnetic
encr8y to turbulcncc. Asecold part of thcair is Lliv.rn:d
laternllvsivi !irise toa stro g vcrticr l w incl shrar in thc
vicinitvofthe relief. Theac.eler.rtion ofthis flow down
wiird;f fie chain totelher lvjth the xrversjon fornrcd bl'
thc i'arm air desccncliig f ronr thc crcst of thc chnin can

b \-l,elo.r \ inl.nl il,'\v r\, ll. .r'rlJ., \, r\ dill,'," I

lr. r lh.,l ll.ll.lu,l" rpts rl'. \UlA\ 'vnln..
Toulouse).

In ihe courseof thc I'Yltl-X pcriod a casc ofSSW flot'
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rvith lccwa! es was stuLlied intensivelr using.irplirnes,
consiant volLrme b.rlloons (CVll's) and sailplant:s. Thc
aver.rge lvnid dift ctnD (Figurc 2a) was 2U0', this is
practically perpendicular to the axis of the Pvrene€s. In
addilion, field clat. (pressure, tempernture and humnl
iti,) r'ere collected a t varbus levels. The veriicalveloci-
ties observe.l nr thc larninar flow wcrc of mednrn
strength, i!ith n mnxinrunr vnlLre of6 m/s.
II. THEORETICAL NIODELINC OF LEE WAVES

Soth nnnl,viicnl.rnd trunrcri.al tno.lelurg of ie.' $'aves
',r.h,, rd,,.,. \ rr,,.l r, i .. , e fo. rh, -t.,t, ./ tl ,-.rl
r" laelr. \tl r o ' rl'augl rl,.rn..llrpm,lr...rprol
.,lhJt..'.. i Ir',lr''1. rr','ld,r rrur, rt.'r"u.L:r
L rd. r r,' r,.,,1r, ^r i, \1.,1 'All ,,,l,vi),,,.,.'rh,,
.t good gorcral introdrrctim kr ih( problcm. We shnLl
quote n few lines from these sources.
A. Analytical Modeling

This is L,su,1ll) corllned to Lxrear (small anrpliiudc)
tLrco.\'. lhe Lrasis ol rnoden ircaincnis is tht rvork by
'. ",io"l '.,r,.dr,r.r,rl .ir\rlr.rr.r,.. gJ rr'.,.r,
t.rjn chnin wjth. bell sh.pe.l cross se.tion triggers the

Important for ihe existence ao.l strenSth of l.c wnves
is ihc altillrdc depcndcncc of the Scorc; tarancter /2

sR I A2Ut/= - - o)
Ltz lJ .)2

where tl is defrtle,:l a\ lae/dz)/o,0 is ihe potenti.l
temperature, t is the acceleratjon clue toilravity,Ujs thil
horiToltal wind spcccl, z is thc aliitrrle and / is a

wavcnunbcr. Th(' sc.ond krrm of !q. I meisurcs the
veriical variatiorl of thc !vind shcar; it is rormall), r€la

ln; non ,,nifor rlr.l,eim in lrhi.h / decreiscs io
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Figure l. Dorn, r" of rr.t, r- t f.r l \ l(l \ \v:lh ll'e rn ,Jor
g, ogr,plrrr, I elFmFnl" AllrtUop- .re n n' 1"r.. ll'!
nanres of local winds are underlined. Full circles indi-
. JrF rlre lo. .,tron of rlr' r I' r, rr c p, .rr' B lJnJ .l n.e
r,orn d .r thr tr\t rs well.b tlLe rrJ o,orCe .l.,tro-!

rvards hi,{her.rltitudes thela-ver wilh lower / refl('cts the
$aves. There are, thereforc, trappcd at the ]o$'er level,
giving rise kr "trapped leewaves" (alsocallcd rcsonance

'!avcs) 
$/hi.h can only exist for Lliscrelc wavenunbers

and lypically extend lrnrch flrrther downsircan than
untrapped $aves (Durran 198t, p.27). The physics is
simjlar to thc trapping ollithtinsi.]e an optical fiber. an
essential rect uj remcn t fo. strong w aves is marked siabjl
itv (large 8) il lcvels $,here the air is .listurbe.l bl the

,{ two lcvel structure of the Scorerparameier is ih( rc-
lor.nn-rdcr,d t,'Lrr rr',*ar)'^r rr"pfe,l lee s. \
l,rrrJli.rr \vrlnJ/ ^\ver '/2Lrpp.r A ,,, . r). rl.
l,.ni," ll , \i,r, r!. . f u.'\F,dp\plolJed\) i,"r r.
,rl,r.f,.,'r'l (.E Dl Rrlph rl.la.y n.rn. l' tlrrt .12

Ls l'rrp1 "rr- 12 ll 12 wlr" e l l r ' rh .r' p(|, "1 1,,

lor{er lay€r (seealso Alaki p.69 fol tlis) but tlis seeins
to;rpply onl)' k) a strictlv two ctxiensjonnl moLlel
(Atl rnsof p. bl).

-.,s\" lI '. rtI[,"'l l') un.rr,.. rn..d'j.r'8, lrL'l -

low ievel maxinrun of /2 is indeed favorablc for lce
wave forna!nD but foruid also tlrat other distribulions
of 12..1n give rise io lee waves.

- ...tr, rrnflituLl. ur re rl w,.\., . l^., Lr't. t.,L|
' r'.r. J l.! lir'e.'r ll'eur).,ro. .r e.,r , ,l , r l . . r , . r 

' 
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been done.lJo!vevcr, as of 1981 such calc ulations we r€
majnly.pplicablc k, nlcompressible fl uids, thorththey
di, l.rl- .lrorv tne,rrnn-pl'enct l,.ror. i,,r"f r. l"r .Jnd
h\ dr-rulic junrp' (,\ tl rn.orrr )

B. Numcric.l Modeling
A rec.'nt numerical wo rk is by Xue antl Thorpc 1 I rvho

discussed the effect of atmosDheric moisiurc ol1 kr
!'aves. Prcvbusl) DurranT trelted the san,e p.oble''.
C. Relation between Models and Reality

When any model is comparccl with measur€d ('nve
nirrmcters ,t slNUld bc rcmcmbLrrd thri:
' Ilr' rn.'d' 1. J'. u"r.all1 rw, J.merr.ro rl lrrpr.r.

tice the mouriain chiin is rlot infinite and its cross
section vari{rs $,ithv.
-The crosssection of thc mouriahchahisneverbell
shap.:d as usu:r]]) .rssumed.

The air lbw !aries wiih time wlile models and
r,l/rnrel.,l,o of n' J ,L L nl . .vl,i.l,..lPrrl u.,.
rl.r o.cr r i r lrorrr r'.,.nre 'leri! 'i.rte ln (lr.-
connectjon a reccn! pnpcr bv t{alpli, €t al.9 is ot
intcrcsir the authors observed dircctly thc tcmpoul
chnngc of thc spaiial stru.ture of trapped leeivaves,
thc ste;(ly shte l.sting less tlun onc hour.

III. THE SYNOP'fIC ME'I[OROLOCICAL SITUA-,IION
Irigu re 2a shorrs thc synopii. siiLration map of Octo

ber 15,1990 ai l2ll0 UT. A mininumofpressuresouth of
lr' . ,rd :r'.1 , prur'.'Lrr" "J n, ror.r,,l lh, l*' g - -'r'
Or'r1",.,,r i.l,, Il..,..ll.rtr. ll',s,-!. .1r,'nE'{rlr
In.^..r1, he:r s I dl l, \\.,t l(r, 2,m. L.!rr<pll ,,d
.^,ll,c . l r.',...1,r. .1, rf, rLl.,rlJ' r,,rl,r. l,,iIof ll,

On ihe srrficc, ihc largc Llcpression zone situaie.l
over the.tlanLic has onc minxnrtm (q90 hPi) extcnding
fronr northirellnd iolvcstof thc llrctagnc ar.l.rsecorl.t
m jnimunr (.lso990hl).r)sihratedwestof Corc8na (Sf ain)
at 15 N 20 W. Tlle col.l front collnc.icd with thc firsi
tnri rLrn renched tlrc rrench coast near 1200 UT (Fig

rrr' )b7..1r' . rrr.r.c 11,". "'r , 'r.rLn,,rr.fr.r.,r,li'*. Lrt 5 t., r rrrs l .dtrl15rntrtl' c. .lrr r rrrrlr I L,r"
Valley (scc lrigurc'1). On the Frcnch sid( ihc Aut.tn l{'ilrd
is rv.'ll establish(d h the rl]Bidr oI LingueLloc and thc
n1.,,, . 1.'ul"r" rln.,,-1,.e srr'J l'.rr,A5l ".,r',1
i,,.r .rll rr'.or.rlrs. r.llr, . ll,r tr flu$ r.g,''
cnr€il h\r th. iilrLitr.,lrFrcss on.

\,r, lh l'\r"..,'' r, ,.ll, 'r'1..,'lr8r|
2a) alid the isobars at qroru Level (Fisurc 2tr) aft
p,..l,..,ll\ t.r,'r'.i ..,l r^l.-r'. u,.r,I'.l'.,irlr"|'
."." llr. ,,100 ll s , rrr.l.r,lp' r"' p',d''
mensLrremenLs Thr gr.rdient of pressure along tlrt a\is
of th.'Jr\'.enccs was about '1 hl'.r / I 00 knr (FiEurc 2b).
ll'c r r,,^rrr -1. ., -lre..- rrr.r,rnl,r. J. "r,.r'.r'drI
.. '.'i,,'' "t'",'r"r 'lr.\,' plr' il '.r. rrl.l1i.,i
rok in tfustabiliiv olihis flow. lnrhnrd the cold front thc
air bcc,,nrs coldir and lcss stablc. R.rdbsonde data (if
Sar asoss.r (100 krn upr'! of th.'Pyrenees), of Pru (50

km tlorvnwinct) and ol Toulousc (90 k,n dorvnrvind)
sl()w n l.rjrlt homogor.ous florv dircctj(xr of200' This
no(, rras maint.ri c.l rluring tlt experimsrlal thasc
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Iigure 2. Sinopiic charis ofOcnrlrcr 15, 1990.
a.500 hl'r chnrt ot0000 UT.
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Figure 2. Synopiic charts of()ck)ber 15, 1990.
b Surfacc pn ssure chari for the region olthe lryrenees
at I 200 UT.

bctwccn 0600 anci l20U UT.
IV. I]XI'ERIMENTAL TECHNIQUE

Theexperjment.n e.rnsusedforihcsiLr.lyof ihcfi(^v
abolc thc t'yr.:nrcs rvcrc.onccntraied if thc central
part of ihc cllanr, along a linc of 200 knr extending lr.,n
Bl ('13'35'N, 0'35'E) to84(11'50'N,0 u0'Ij),seelrigurc L
This lnle is almost perpcndj.ul.rr kr ihe chai . They
includcd:

I q r-ruur.,l .t-lr,r' aru,pp-l h.ll, rnr, robJroBr,ll,
Tl,r, e R.,J,r WIrJ ]-r.t .r. lu. rlFd I A.r,-.. \1,.,i

(13'26'N, 0'09'E), Saint Lari', fran e (42 19'N, {J 17'tr)
,rnd l-anremezan, lrance (13'08'N, ti 2s'E).

lhree nrsirumcnied airplancs bascd h Toulousc: a
FOKKF.R 27. a NIFRT.IN T and i rAT.aON.

A site for launching (lVB's on ihc I'ic du Midi
(42'56',12"N, 0'08',16"E).

Trreesa ilplanesbased atSa urtGirolN, lrnnce (43'00'N,
1'09'I]). Sincc this work conccrns lcc wavcs which arc
assumecl to be stationarv,olrly the airborne equipment
(airplanes, sailpLrnes andballoons) is relevant. We de
scribe thcrcfore tlreir properties.
A. Instrume'rted Airplanes

The Ia)KKI-R 27 belongnlg io a group of Irrench
institlrkscan mcasurcmcan and tLrbLrlcntcoDlponents
ofwind, temperature an.l moisturc, and.rlso rndiation
and cloud m ic rophysical p ropc riics. It ca rrics thc Lid a r
LEANDIiE which.lctcrnnlcs thc sfatial distibutkD of
tire aimospheric pariicles Lrsed ns d_vnarnic tracer. In
sLr umcntaiion and oultLr!.lila ivailable arc d(:scribcd
rl. .r rcTorr . i lr F l,.l l,.re \,.r,. { r. 

- 
dr . \. r, I. p- dp l'

Ur, \er.rrllcP-) Tl,p.,b,^1,.rp.,,. rrr., ) ^tl np"r,lr.fp
i.0.2(."[.lJr:. f"''Lr,,r l.l l. .'tlr,rizor'r.rlrr^J
peed.onrpor,.nl. l0rnJ "1J flrfl rlvel-,rl!0q

rir- | llrrrrl.,l.!cp'ror., l l.Ip'r r.,r, .,r.0.1r' K.^l
$ n.l .p,.d0. m-r, d,'i.1.I. l.rp..'I, ILfJ. L
.r,1,r,'f'l( f,'l.Rfl?.,r,. lEr Jll).'.fuI,dJr (.rlrl.. .l
then nveraged to an cffectivc frequency of L Hz for
sLoraSc in a Llata bank. Thc.iaia Sivcn hcre ha!c bccn
avcragcd ovcr 10 scconds.

nlc N.lcrlh IV of ihe lrrench Nleteorological OIfice and
tltc IALC()N of the Deuts.he Luftrurd Raumfnlrrt]rnve
the same capabilities as the FOKKEIi excepi fo. ihe
rlrborne lidar. In ihe present paper we Llo not usc Llat.
nleasured by ihese two;rirpl.ncs.
R Conatint Volnme Balloons

nreenvelopes ofsuch balloon s arc madc from inclas
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tic mylar, the volume is lteld constnnt throlrSh a pres-
surc slightly abovc thit of the choscn flighi level. The
lr'i'ight of thr bailoon is acljustccl to 8n(ian apparer\t
dolsiiy cqual to ihat of the njr nt the flight level. This
rcsults in a constant .lcnsity (isopycnic) surface except
lvhen vertical air currenis act on it or h'hen its dcnsitt
.l,,r,ce'.1,.1' l) rne,,e.l, .r.'l | ''lhe ball(xr1s uscci LlLrrnrS PYRFX $ere cylilrdrical,
o n lonF .rn.l 0 / rn J,Jr'-l.r TlrF\ , . rrld , ,,r r! .' r, .lr. '
, n.1, 'i 

qOn E, t,, ,r rlr trrJ, nr r000rI ll'. b 'llu. .
h'ere released from the Pic rlu Midi and trackcd by a

r.',1.,-. r l',,,'.rnr,.'r lr,rr.,J.,rdJr.,Ei!, Jir,.,l\ il.
horizontal wnld spccd; thc radiosoldc transmits datn
on pressl8c, temperaiure a'1d humi.lity.
C. S.ilplancs

Tl,a p h\ u .r,rrr {rlpld p. (, \4Jr.Jru,.l., l, r'; B,'rlr'lr, rrlr \ rl,,r. (.on( Jr u.{ V o, lo br 'gl^ r oi,l
club an.t i second Janlrs CM belonging to the l:rench
Cli.ling fJederaiion) participa ted in theexperimerrt; tl[y
,,li,drlr -r,nd. r.r.JilllJr L.uIn,,r,rJl.or.

The alilhrcle, airspeed arld v.rriomeier readings $,crc
corrected nfter the flitht usnr8 the neteorological data
for the rncasu rcDlcn t pcrn)d and thcknorlr sulk raie of

llr rrr. '. . f ll., .-rlt.l. ,p h.' 1o..1.,.r. I pr'.
qo.rntitativ.'pointof view of thelec$,avcsituai(nlsand
to verify ilie iwo'dinxrsn)nalitv of ihe wavc along ihc
chiin of thc nrountains.
D. [xperimetrtal Stralcgy

Thc airplane trnckswere all i!1ihe samevertical pl.ne
an.l rxtendcd bchletn pohis 81 and B.l. Thus ihc
FAT.CON nelv six horizonlrl paihs betweetl 6300 an.l
ll700rn. Thc'lr()KKIiIt fle\^ four horizontnl patlN bc-
tw€en3900and 5'l0OIn. Iiin.rlly ilteMIjltLlN flelv north
and sotrthof the rrlicf or ixes pe.penLlicular to ilr( chain
bctwccn 100nr agl (secl,riti lcvel)anLl 2000m. In addi
tion tlis airphne fle\^,above th€ relielon ixesparall€l to
lhe nrolrniain beiwecn Fl. 130 nnd FL 170, taking into
account thc f0rn of tlrc rclicf.

The CVB'S rel.'ased fro thc Pic .:lu Midi flew nr a
!crtic.l planc .los( to that of ihc airplines. They give
moreorlesstheLagrangianbehavjorof theairrvh jlethc
airplincs givr approximaiclv Eulcrian .iaia ()n ()ckl
bcr 15 thr.c balloons werc rclc.scd succcssnely to
herrhtsh.th epn lil0t) -r.,d ;000rn

Ii .,rlpl,-,..r,"'rr',nr,-llr-, rl,,( ir'lr'\i. r,llor
the principal axis Obsenntions were madc on h{o
pLrnesp.rr.rllel b theprinciprl planeandaboui50km on
e.rch slde of ii .rt itiLtLrdes behveen 1000 ind 6000n.
Finallv, cnlc sa'lplanc measurcd at simila. altitu.les ln a
plane parallel to the cham staynrg withjn thc first lec

V. DESCRIPTION OF THE THERMODYNAMIC
FIELD AND'I'HI] LEE WAVN PROPERTI[S

Th..lescriftrD of thc ihcrnod\'ttilnic struchrrc of
thc flow a.ross thc I'vrcnccs is b.sed nanily on thed.ta
of the lOKKER 2T.ligure 4 shows the flightpaths.rbovc
the relief p.rrallel to the axis Bl M (direction 200 ).

tl,'s,, I'r\ 'r,o 'ri.'I r', rr, lJ Iir tprl olil,.l
t.r'i,1r.. ",t,r,h.r, \,rlU'-,1i8.rn 1.' .,., I'rs.r,r
cont.'ni (lriture 3b) shorL n mirked zolle of subs €ncc
after the air has crosscd thc Pyrcnc.:s. The vari.tior$ at
5000nr of poienii.l tempenriuieareof ordcr2'C, thoscof
watcr curicnt arc 0.3 io 0..1glk,1.
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FiBure r. ] ."1,1. r tl,.rm. dr rrrrnr. \.,r.Jbl,- ,,n I . lu
o0 f, 'rJ \, rric.'ll Jr'e.o rt- )rnjttl,eJ.i Bl-HL lr, .r ,1,

were deduced fron mcaslrrcnienis ofthe F-OKKrtt 27.
a. Potential iempcraturc nr'C.
b. Absolute humidjty in g/kg.
c. Horizortal windspeed inm/snrdi.eciion,l B1 (200').

Thc conrponentofrvird speed;rlotrg Ba-B I (Fjgure 3c)
.Idi.. re..r..'.,"ipr.rl oI^r. b,,Li I In ..'|lpr. r^--ir'J]
the mountain. This acceleraiion seems to dnrhish rviLh
height.

A11 parts of Iigurc 3 ar(' basecl dr a numerica] fil tration
s hich suppresses wivcs with ),: I5 km. The structlrrr
of thcsc thermodl'runic fields incli.atcs that the air in
..1.,.l-,lr-1,,,r.,.,,d,\,1,1 1,.,.,i..,p, J.- .,,l'.Blr,
lJl^\v. rl, \, .. ll. -,r'.. r.r F.ln r. ,. I.tlr.,, r.'r d,,.
n resLrlt thc stabilil,,, JtiYins rise to.r v.rriation of thc
Brurlt'Vaisiila Frequencv aird tire lirouclc Irmhrr on
crossnlS the mouniain chain.

The savc strlrctlre obscrve(l ll1th€ lee of t|c m)Lnr
tain consisis essentiall\' of iour mat11 regions of
'...l'r.FfJr.,llF r. rlr, r. r r.rrrr.l r,.fis'rr. l.
Tir 'lrti"r.n ' .p, irn l. r ' r. r.,rrr'.. . . l.,l ,.{'.
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FiSure 4. Structure of the rvavc ficlcl clownwnrcl of tht:
Pyrenees dcduccd frcm sailplane observatuns. Tilc
observed zonrs ofascendence of the waves arc marked
ir bl,rl. L , 'r. ol {r6hl ur llre .,rlpl.,r,.,lrne. c I
a D I .. ,l l\ .f rl,e .,rr;l.rr'* r'1 -rrJ or ll,p . . rFr.' I

volume balloons (2) arc also given.

.tr d .r 1l.rrr-r \' p ll'r ,,r'.r p,,.'t,,ir .,r tir..e ro,.r
h. \,-.Tl,.l,, 1,., {,.- 1 "... ir'1,r. fr8rre-rp,/,'rrr.i,l
rising air.leduccd from sailplane observatbrrs. These
, b rr!.,ri. r,. - lr', r', ' lF npd-1, nStlr',r,...rilr rroun
r,.,.ir, , J'uw tlL,t tr', sJJ, {.rcr. ,.pn,.d ,,, t\'
b, tt r,rgrrrrzel,rll.pe.,., f. l ,,t rl'e.orn-r.rct
"1", \.,1r'r' s rprp ll chr\,.r',Lr,.rr. pr.. rr, , 11 ,.,r
tinuoLrs alonE tr.ns!crse axes In thewectcrn pariof the
domain ihe wave areas are lcss conthuous. Themean
wivelength d.'(luccd from ihc position of thc !ra\cs is
rbout 1{)h) 11 km. Fjg Lr re 4 sho\\'s also thc flighipathsof
tl,c airplancs (Bl 84) in.:l ol th.'CVB's. Onc notcs ihnt
lhe quantitntive documentatx)n oflhcrvives js.ione ur
the zone whcr{r ihc rvave system is not\'!ry wcll orSa

'nre h a t.he.l portnnr of Iijg u r( :l is tlre reglon wh.'re ihc
clol s $crc trlocked bv the reiief.

figur€ 5 shows varjations of tlrc poiential tempern,
t(rennd thc!c.iical ! ('locitl along theaxis Bl B,l for thc
various le\.els florvn bv tirc Ii()KKIR. Forboth p.ranr
ctcrs lhe w.1!esvsiem is easilv .lisccrncd bitwcirr.l200
and 5'l{)(lm.

Conrp.rison ol ihe spatiai vnrinirm of thc v.rioLrs
horizontil f,ofilcs shows dilfd(nccs betweetr the r
sl,r,l, ,re ,1r.p I '..r. 

r ro rl,/ fl -r,,r'. L . l-c -r, r..r . r,.'r\ T J,. 'rl.l l' r!r,rnL.Jr.d rl .,t tl* r'r..'-
surements lvere m.lde not l.xlg bcforc a cold fro|t
arrivrd in the i'xperjment.l nrea earlr ii\ th. aft.rnoon
(liitsurc 2b). Alotlg thefl i8htpith tltr, h:n,pcr.tL,rev.ri.'s
b\'l lo l'C, ihc ( itor contcni b,v [] 2 to 0.:l t/kt nrtl thc

=

I

:

!

:

TECHNICAL SOABING



;

1

- - ---,,1,.4,1..- _---._
Thc walelengih deduced tronr thc dati of fjgurcs,l

.,'.1c,-.1,,+\r,irIi-,I,.l-.lt\.,r" .sr1,. . r1, L.,'"or" )l rn.,r.rllrtuJe li00 5Lt.rLJrn-u,Jbr, rJlr,ir'firr
'1111)Llm.
VI, ANALYSIS AND COMPARISON WI I H OTHER
PAPERS

lr, Jr.'r n I d,L 7rl,e-.u-e, p.'r..r'r r, r '2 ,.'1. 
'rl.,r'dn,'n r.r,lro-. r,dpdJr r"r -.L A,,,.., L ul,'u,...r,.r

l.'u tor''uLlrl l hlr,lri ,1,,. 1,,tl..h.grr rr 6,.rr',r...,.rrr.n Fnr T-floJ Tl . r.,,li.-,.,d, ,1.'.., *err
.I.^rln lbi rl,r,' t.',. ll,r.rr-1,., th-p,p'1.r..\, r. ;-i Epr.Br.,rn.f.'r I h,,r-ed llrew,,d!-lo..ry..r l..,
nent jn direction 200 degrees, ihe avcragc wind direc
t(rn at nliiiudc oI1 tlris dnv.

tt ..., ,.n th..r /r I I \.,r ,Fo-, r.,ruulr0 | lh.j-.jn,r,,.r
mateli the cl.rssic form ofa high valuc at los leveland
a krt|er valtre highcr up. If we take 1l = 0.3 ai 5 krn and

a
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tt
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VAvtL€NGrH I Km I

l itsure b. \ , ti..rl .l,.ir \,,.rJ$J\. r,-rl"'r,'
$.'!,. h.,'lr. llr"n r I L i r r ' . . . , , ' r l . ' r'ttr''

0 100

Figure 5. Chnrncterjsucs of the wavcs dedu$d from
nreasuren,.nts ,rf th.(l Ir()KKFIt ?7 il f,n,r illil,,J.s
n. P(Jt€ntirl tcnrprrituft .

b. Vcrtira l velocit) in m/s.

vcrtical airspeed by + or - 3 Dr/s.
We show jn Fiture 6a thi' mean likres oI vcrticnl

lclociiy for lhc ihree or folu { aves detectec:l by the
loKLiR.(,.r.1,fli;|,( "!,lJ dl, ., 1' r't 1,.'l'. I
deduccd from Lhcballoon llights. The ! crlical\clocitics
mcasuredl.y tLc(lVLl's nilo$ cr.tliitu.l.rsrrc largertiul
Lhosc rr.rsLrre.l by the Ir()KKIili. lt is clcarly app.rrent
thnt tlle vertic.rl velocities .lecre.rsc \\,ith .1iiihrde.
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IiSure 7. Tl p Si,",. tJr,.mFrrr L .l. ul, te.l rr,,n r.,dr^
.ur dpdJlJ,rl\.,rJgo-s.r^r l'- .0 oo,tUu00

0.6 ai 2.5 km ivecalculatea wavelensih of about 10kn,
irl sood asreement 'ith the observi,cl values. Altcma
tivi:ly, we calr use thcvalues givcn in ligure3 bcalcLr
Jl.ll,rs.,r,rpJr.rn'erer.,t lr a\rn jL.id. \v rwrnd,,trlpl\re|.,'" lL .,rl"osr.,..rs"!.1,Lrrlr.'.LJln, tt

app€nrs thatihe temperatLrre prof ilc of 0600 ai S.rraEossa
isadvanccd nrore orlessunchangect to thccrperim-cntaI

Sincc themeteorologicalsitunii{D lvas nor eccssarjlv
,l- rr,,n,.\ Jrr'..'r ror .lr-rv .,, . lr .. r,, n i.,rd ,_ tl,.
UUIB.irh. s.,r".r,,t,u rlr r r.rd,. \r ,r,d.-r ..r.,,f
tiltinB of Lhe planes of equal phasc can be obianled
h.lirecttyfrom the faci that the horizonti I w nld \.elocitv
trr ,d * ll, ' r.,\,l. Frl. \,r. ,1n.. I' t .,t ,,ii'... I:..,I\-, L" Ir\ Tlr.f.rl..u\v.,rd,$ \,.pr^p.,8..r-
ing !!ith respcci to tire mo!nrg a ir strean - iia;arigte
io the horizontal. For such waves the oscillirion of fie
.rrr p.rrtr.le. $ruld lr.r', .lr.:i. rr'.rl ..,rr r,, ,rrr c.
plJrrr nr lhc.rLr,\eL,h\rJ\ it n

nr j, lr,gout ,r t', r',...r t,,r 'li, l,.nt\'r.,
II.I lr 1,, .,it|,. l,i rr.' L,t .crreJor H,..'L'2s.r.
prcsent bLrt lcss pronorLn.c.l than in the cnsc of March

23,1982.
tsr,'unl ,n,;,r,6 fr\F \vJ!, cve t ,,\uj tr , B tr.l,

lJ,r.rr,d ror.r,. r go,,.I.rq-pFn,' rtb, i\ ppn tlj, r.,.cLrlrrcJ
.'nd llrp F. p^rim, r,t.rl \ r lU, . or \va\ "l,.nirl, .,nJ w.r\,
;mplrtuJe

Tna.rudt,,f 'eesrre,,,\ ertlrF App,rl,r l,.Jr.(nilh I I
u.ed oollr lirlL,r Jnd nonlrrre"r.n.'ir.i.. I te. "n. tuoe.
lhdr lhe wr\ e lFnBth .,r lpF wdv, s r- wFlt pr, d r.led h)
linrJr theorv but the.lmoliiude rs nor

A m,,re d;lr il, d ,r.,1\ lr. or th(.l.ilJ. ir.t, rdir ,_ l tn,-
oi llrF ulhe' ,rirplr-F.. h ill be puhlr,h, d tJlpr
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