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e-silletinlllM: lor to be. l!I;" (lIt<Ill daM'" pble of
Lhictnc..',!IIe llnelrilcd dynl",;",1 ,<btiooa'b'JI 0"""'1
lh<: dcflc<tion. lhe "'"le' p"",uro imlMdilltly below t~O

ic<:. Ind ,~o "",,,,,phoric p''''''.''' nuc'u.tion clu,cd hy
wind is:

..he,.. 1'. is 11M: .''''''''p.... ic p~ur~ flucluolionl ,,"uocd
by wind•.
~ -.alion _ Is ,be r"'-'ua:

, tbc ao<dcnl_ or ",o""r;
E Youn,', modul... orcla"ici,y;

lor ic<. E_6 ~ If!'NI"'~

• Poi\"'n', rllin: fOf "c•• ~ 0.3:
I' cnmp,...i'.. '\reM in ,1M: iu ""ek:
P. dcmi,y of~o "'"ta (to:l.1,q/..');
I',6cmilyor_icc(-O.'I'.).

1. INTRODUCTION

The n"n nlviplon to .'":'",nl •• til" Arelic Ir>d
Antarctic itt "'lrs;n, '"oWly beca ...e owa,c the pcn._
tration or ,,,,,"n w'v,,", inlO .,..r..Id•. Th_ Wlvn I,.
(..mod U f1eJlnl~...viIY lO'l>"e' (n< coupled u.oc.u
........) __ dispcnio<o .1Id <nnJY dec:ay I.., detcf·
"'ift<d by lilt cblrxtef of ,.. itt u _ .. 1M ....,..

balealh. The uhun.", '''''''11 _rce for ,!Ie ne.ural­
,fU;'Y WI"" ;" tbe .tmo:sphc<ic p",""un: "nel""IWn'
ioncrlted hy w;nd•. Howe'-.r, this wind effect has nol
~n included into lhe n'='''••I-".''iI1 ....... Il>toric:!.
I..... Sq"""'. 1910; Wadhlms .. II. 1916; Lia and
M_Ch~. 19U). The ",.in I'l'''''''' of this "".
per is to It- 1M iDlportana of -..ind fmcin, OIl til<!

nexu,"I-'f";ty "'"va. Simil.. to icc cnmr~'" 0'''''''.
,he m.jo, wind eff"'" nn the nnur"I·~r•• i'y w."" i< w
<NIIC< 1M ''''"P ""Iocily. In ,1>0 I.u or h,w comPf",!

Wt:.\'I. tilt w'," ltK'fJY _UmOI.,ion _ul3;n 'be a~
ol ~.~ wind (ootetq.

( ""Il(l w')

(.,

2. DYNAMICS OF FLEXURAL_CRAVITY WAVE

Th<: (\uur.l-g,ovl'y w.~ bl< been <,udiod by IICv'rol
In"<CSli&o~'I3: Wadblmo (1913). Mol....Ouk'enllCn
(1983). Squire (Iqu). and LOu alld Mollo-Ou",tcmcn
(1911). Tloo: -.iI:llJ dd1a:tiooI of I"" ito-....I<r inlClfxc
,;. taken as

~(... I) ~ Q sin(h - ell ''I

J. wtND.INDUCED ATMOSPHERIC PRESSURE
FLUCTUATIONS

A. lhe me.n wind' VI:) blow fM'r 'he ",vy "'Ie,
sorf_ (F.... l). LiPlhitl (tWcl) ia<licllc< ,hat ,he .... (ot

tup) "..,...,n: is -.ciIted ...... 'ho ....... <1'COl (or
troup), as'-" ;" F'I.2.

1ltc UJl'KI<pIlerir p"",,",u,o pcnurt>atinn k ",mpuled
b~ (Lilht~llt. t%2)

All assumption. (OfW;C1nln, w.ler .nd in- .'" kep' ,he

..me as ill W..rlll"'" (I'H).IIM: ....ta .. ''''''''''JI'''''ibIo'.
• I>d 11M: wll.... I\aw;' irrou,Ioo.L TIM! '_Iy "",...t"'l
• within lhe ..·.ler ob<'Y< ,he """.Inui'y equ.,..... :

", 1'(:1_ U(zl- U(z,) (f,)

A J"'!'Slbk IlK"' or Iho <o!u,i"n i<

.;(;t.:.')~hl'...-(b _I~

'"

... is l~e qbl ....... tbe mean wind cqu.ol< ,he ptuL«

spccd. A"."'i.., ,III. oqlllll_ (~) i< 1100 ,.'id f..... Ille
olmfllSl>/lCrir Pf&u,", pcrtul1ll,.... m<r l1cJ,un~I'l<i'y

......... lbe 10" Ie,,,, in r1t~th.nd-'klo 'o((4} i< ",mpul"'"-,
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p,
whe'"

~l(k)_ Bk'-Qk'_Wk'+gk
I +Mk PO)

",
Th. B, Q, IV, and .II donole lh••lTect.' th.l mooify lhe
frequ.ncy of the f1<xu,al.g"vity w",'. due 10 !>ending.
c"mpfCS'"m. wind f",cing, .nd in.ni.1 of lhc ice '.,pee.
livdy, where B, Q, .nd M.re dcnned by

is the wind forcing On the nexurol'K"vlly wav"".

•
, ,,,"'''''',,,_ Ph PI'8· , ,Q·r. ,.II. ".'
12(1 • )p~ "

(I I )

....'il. lor 1Ia' su,h><,

which indica .., thot Ihe wind r"'elng will ,educe Ihe
c,iticol mmr=,ivc ~Irc" ro, the ,truotu,al in'lability

Th. dl,pc"''''n 'dallon (!O) Indie"., lh.l wind f"rting
hos Ihe ,imil., cffecl ., comp,."i,'e "'e",' On tho
n.xu"l·g"vlIY w",'os, Ice mllctu,"1 railu,e e.n be •
,..,ult of lh. aOli<>n or comhin.d wind forclnK, S1,e«c'
due to 10""", and 't,uel",.1 in'l.hility. II i' app.",nt
Ihal lh. frequency can bc<omo imagloo,y f", '"lrlCicn'
high wind ro,cing, Of high romr"",i"e str=. The
c,illeol wrnp='ive ,t"",-, f'" Ihe in'lablli'y known 3'
buckling i'

(Il),. [,"""'"",,';:-'.--- +~-WkJ
Itt' 12(1 .')P..

•

Fill.!. Wind Mowing "".f a w.vy iee ,urf.co.

•

Fill,2. Sh.a,ed .i,now, p,essure p<rlu,hOlion, .nd oc••n
,urf." w.vos (Lighthill. '962),

4. DISPERSION RELATION

Tho kinematic bound"y condilion at lhe uodeosidc
of lh. ice i'

S. GROUP VELOCITY

tiu and Molk>-Ch,i<len"," (19~~) ,une" that the
high W3ve .mplitude, observed ~y lhe R/V Pol.",..,. in
the 19~~ wlnlor e,uise: III lhe Weddell Se., are c.used by
the "'3'''' energy accumulation due I" dccrea", of group
veloclly b'oughl On by comp,essi,'e 'tress, Inclu,ion of
tho wind .lTeel will furthe' onhano< 'he e.e,gy .ccumu·
lotion procclle, .nd lower the c,itic.1 V.lll. of tho
oompre"i". "re," rot zero group velocity. From (10),
the group velocily C, i' found 10 be

••C'.7if

[g - (2 + Mk)Wk - (3 ... 2Mk}Q<1 + (~+ 4MkjBk'j

[2~(1 + Mk)l]

1"

to' line", .pproximat"'n On Ihe plane, ,. O. SubstllUl·
Ing (I). (3)••nd (7) int<> (4) yicld, 'hc di'I"'''''''n ",I'llon

(IJ)

NOle th" tho group vel""ity ..ke< the valu. or "'''' fo'
a comr=<ive <1,0>< P in ex=,,, of. "itic.1 volue p...
iiven by
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Fig,S. Dependen" of KrouP ".k",ilY on ""ave length .t •
moo.,t compressi" m .." (P. lO'N/m') .nd 'l diff...nl
wind forcing: (0) 11'.0, (b) IV. ~m'/s'. (e)
II' _ 100m'!.,. (d) II' _ 15Om'I", anr1 (c) tv _ 25Om'!s'.

FigA. Dependenc. of gmllp velocily on wa\'elenglh al
:toro compr<::<sive 'lre~, (P_O) and ,I different wind
(o"'ing: (a) 11'.0, (b) 1V_.'ilm'/,', (c) IV_100m'!",
(d) JV _ 15Om'/,', and (e) w. 2~m'/",The dorcndence of grour ,-ol{JOity on w,,,<I<ngth

.nd wind fo,cing i' _'hown in FigA ( r", P. 0), Fig.S (
for p. 100N!m')• • nd Fig.6 (for P _ 3 x 10'1"/m').
Without .ny o<>mp",,-,ivc ,t",,> (Fig.4), the wind fordng
r«lueos lhe group velocity fur 'II !hc w,velongth,: e,g"
for. _ 2,SO m, 'he group '''lociIY dc<WL'" from 16.S ml'
for W_Q (no wind off""l) 10 7 ml' for tv_2,';Om'/,'
(mong ""ind effect), With " gi,'en eompr"",i"e <lr0S<

(Fig.S & 6), the wind fordng .1", ,",tuees the group ve·
locilY, Thi' indk.t., thaI _,imil., to compro's ""'''', the
wind offect .10;0 oontribul"" to lhe local """u,,-once of
lorgo omplitude w""., in the pack ke.

..~~,.
'0

Le,'

••

whkh ,hom lhe wind eff""l On Ihi< .ritk.1 ,·,loe. F;g.3
indk".., the w.vekngth dorendency nf p." ro, diffe",nt
v.loes of W; (.) w. O. (hJ tv. !IOm'/,', (0)
II' _ 100m'!.". (d) 11'_ IWm'/,'. 'n,l (0) lV. 2';Om'/.'.
Tho da,hNl line indicate. the minimum v.lue of P, (
6.71"110') for tv_O. When p•• > P•• lhe hue~ling f.il·
ure domin't""; when Pffl. <: P" Ihc w",,, energy nCeu·
mul.. ion efT«1 (due to reduct"," of gmur velocity)
domin'le" For a given w,velenglh. the higher 'he ,'"luo
of 11', the sm.ller tho p... indic",in~ Ihe w,ve energy
.""umulotioo efTect 10"'" imp",t.nt f", <lmng wind ef­
fcot. Fu,thermore, f",. given v,luc or lV, lho long« tho
wavelength, the I.rger the p..... indi"ting lhc bll,klin~

f.ilure mOre importanl for laCie, """·,length'.

O'''~---",,"""---,,c-----,,""., >:<l,' '00.' "".,
'*"'£1.=1" lOJ

p".[g-(2-l-Mk)Wk-l-(5-l-4Mk)Bk'] (14

[h(J -l- 2Mk)Jo:'J )

Fig.3. Crilie.1 comp"""i"e ,tress "rzefU group '-olocity (
r•.l (or differenl wind forcing: (.) II' _ Q, (b)
lV _ !IOm'!s', (0) 11'. loom'!s', (dl IV. 150m'!", and
(eJ W_25Om'!,'.
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-' c-----;;:;:;-~_____.'--':-. _. ...... .....
_£l.£/lImt I~I

1'111.6, o.pcndcnco "r I",ur velocity nn ~,",·.I.nSlh ., •
mod"", romp,,,,.lve Sl,.~ (p .. ) ~ 100Nlm') .od It ,1Ir.
["cnt wind fordn" (I) 11'_0. (n) IV .. H",'I,', (e)
IV _ '>Om'Is', (d) IV .. 15m'/." .nd (e) 11' .. 100m'!.'.

6. SUMMARY

TIle ,.;"d fom", i< In imp<><tant part r", ,he:
Ilannl·v",ity ..-. II u~ the: ....... mtfJJ' _ ...
......... by , ... ~Klioll ,If ,h< P"""P Ydodty. For I
-r...un itt.-~$l1<M I1M' wind drtct b",""~

• domia.'. (.."ot leKinJ 10 """ .mplillKle< lJI .Iot
0"""\-1"";" ...._
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