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AUSTRAcr

The ocean and atmosphere nrc driven hy the nuxes of mOlllentum, he.1t, and
water mass. The importance of the nuxes of momelltum amI heat is well recog­
ni.led hy hoth meteorolngis(s and ()ceanogmpher.~. The hydrolngical cycle is.
however, only given con.siderable attention in atmospheric models since the Intent
heat relc~.se is an imporl~nl source of the atmospheric general circulation. The
hYllrological cycle is given Ics.~ aUenli"n in ocean models altllough it is realized
that evaporation and precipitation arc contributors to the surface huoy.1lley nux
which determines the depth of mixing nlld ,Irives the thernlOll<lline circulation,

The cloud and the ocean mixed Inya He highly cOllpled hy hoth the heat and
mnisture n\lxc.~ across the air-nee:ln inlerface, Two tiloe scales arc f"und in lhis
paper: a sea surface temperature (SST) time scale, f1" that is virtunlly controlled
hy the oceanic planetary houndary layer (OPBL), and a cloud-SST cnupling time
scale, ' •. 7" These twn time scales depend on the .~tahility of the nl3fine atmo­
spheric boundary layer (MAUL).

An :lir-ocean model is develnped in this paper fur the coup\cll sy.~tem nf nn
unstable atmosphere overlying a stahle nee,1n. The mudel results demonslrate
lhat the exchanges of heal and water nuxes aeros.~ the sea surface leads to hoth
grnwing and decaying mndes of (t~cil\ation on 3-(, day amI 20-JO day time scales.
These oscillntory solution~ nrc entirely thermodynamic and lin nul require wave
dynamics for their existence.

l. Introduction

Since 1970 sign incant prngrc.<;.s Iws heen made hnlh in our ahility to e,1rry out
air-se3 interaethm neld work and in our understalHling of many of the procc.sses
found nn bolh sidc.~ of the air-sea interface. MallY Silldic.~, both nh~ervntional and
theoreticnl, have shown th.1t the .~ll1fnce wind 3nd the SST arc twn imporlnnt el­
ements in the air-.~ea ellllple<l ~ystcl1l (Ch\l, 19119). Sillce clouds l1;rl"e ~Igllineant

crfects on the large-.~c:llc atmospheric circulation through the tr3nsfer llf hent nnd
moisture, nntl on the OPIlL thrnugh the atlel1llation of tlie MIlar radiation at the
ocean surface, there may he ~lrnl1g feed hack between the e1nuds and the OPllL.
rig.l ~hnll'.~ the l11ain physicnl processes (heat, mas.s, and momentuTll nuxcs) nt
the tWI> adjacent hllund;lry layers: the OPIlL and Ihe marine atlllll.'pheric
houndary layer (MAI1L). Fig.2 illtl~tl':ttc., the feedhack pnthll':lys hetween the
clouds nnd the IlCean mixcd layer.
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The feed hack mcchnnis01 helween clouds ~IHI ocenn mixed layel' in Ihe huoy­
ant forcing regime (upward huoyancy nux III ti,e nccan .~lIlracc) WaS il1u~lrnlcd

by Chu and GnrwlK,d (191l'l). Ilowever, the TOG/\ (Tropical Occnn Glohal At­
mlt'pllcte Program) obscrvo1tinns h~l'c shown tlie wann p01l1 Iq:ions of the lI'est­
ern Pacinc to be in the huoynnt damping regime (<1nll'llwmtl huoyancy nu~) for
the OrllL due to fresh lI'ater innll~ e,1used hy tin e~cess of precipil.1lion (WCr
cvaporation. The OPBL is usually stable, :111(\ the MAIJL is gcncrally unsl,1hlc.
Therefurc, the fecdback meelWllism in this coupled .~yslcrn (llnstahle MAIlL _
stahle OPlll) .~h(}\lld havc different f01'1\1 fl'ol11 the bl1uyllllt forcing case.

Although our eouplcd l110del is nne-<1imensiUlwl, wc arc aware Ilf tbc impor­
1.1nce of the 11Ilrizontal advcctinn and the limitation of one-dimcnsillilal mndcl.~.

llnwever, thc intent "f this wnrk is tn develop a formalism Ln c~an1ine

Iherl1UlCl yna mic feedhaek bctwecn Ihe Lwo n II ids. Ileca lise II'C wish to concentral e
nn the thcrmodynamic intcraction, horizontal ;ldl'cction is ignored initially.
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where If i.s the vnn Karman cunsl;1ol, 0.4. The .uughnc."'i p:Jramctcr, .... is ap­
proximately l.5x 10 ·m. The ratio ".I'. i~ O.f.x 10' (liT :In MA8L height,
ft. _ Ikm. The heat and moi.sture transrer coerrlCienLs HC determined toy

I

(2)

(3)

(I)

(.'in)

A _ 1.l(:iS - 0.3RII.JL. (O.s; It.JL.;S; 3:i).

A - -2.94(h.Jl.,. - 19.94)1/l (JS < h.JL,.);

B - J.02 +0.3h.JI,. (O.s; hJL• .s; JS).

B - 2.RS(hJL,. - IVt7)1/! (J.'i < h,)L.);

C _ 3.(,(,.'i -0.829h.lL. (0 .s; h.JL".s; IR).

C--4.23(h.JI_,.-IL2lllf2 (18 <fr,,/L,.)

IV'.0' 10 IV'.,q' I..
CIf - - -~."--"--. Cif - - --':::.-"'--"--

11• .(0 - 0(1.0)] 1I••(q - q(ta)]

where U, is the gcruarorhic wind srccll, which is assumed here \n he IOIII{.f , II.,
Is lhc almn~rhcric rri(tinn velocity, The gcnstrnphic <lrag cncmcicnt C, is defined
II} Yamml" (1976) liS

C'-I'~;l 1t"{(ln( ~~ )_A]2+ 8 21-112

where w. n. q arc the vertical velocity. plltential temperature, amI .~pccirlc humid­
ity, rc:'ipcctivcly. The supcr!'Cript - •• mean.~ the di~lurbance. and -. - indicates
the values being taken at the tllP or the MABL. The heat tran~fer cocrno;ient i~
further cnmputed l'Iy Yamada (1916) a_~

C - - -'- [IO(..!L) - Cj-' (4)/1-- Pr· tn
"

2. Simibirity Functions in the "'IARt

According til the .\imilarily theory it ill a.~lImed Ihal if a variable (wind, tem­
rcraturc, or moi<:turc, etc.) i.~ appropriately sc.,lcd, then its profile r"lIu~ a uni­
vcrul function whose form, in gcncrtll. i.~ determined empirically. For the
barotropic almno;phere the appropriate !.Cab for wind and IIcighl are

and for lhe unstahle atmro;phere (bJL. < 0)

A .. J(}.O -11.l'1.~(1 _ 0.OOIl376!1,,/L,,)-I/l,

n= 3.1)2(1 _ 3.291,./L"j-l/l,

where Pro is lhe IlIrhulent Prantlll numher for neutral slahility. having a vallie "f
0.14 according tn Businger et al. (1911). na~ed lin the Wallgam data, the simi­
larity runetions A, B. Care npclimenlally delerminell by Yamada (1In(,) rllr lhe
stable almosphere:
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where J_. i.~ the ~lll1o~l'heric Ohukhtlll length ~:l1c. The cnmpul:llinn rur the
m"isllll'c Ir~nJ>rcr coefficient is nnt vcry dcnr yet. In Ihi_~ Jl:lflCr lYe ;l.,,~umc Lhnl

c~:_ ell (0)

(7)

('I

(5")c= 12.0 - ~.JJ5(1 -O.OJIO(,hflfLX IIJ

'.

C. - 0.0)1 6, CII' CF. ~ 0.063 <1I,./L. < OJ

C, - 0.003, CII' C" - 0.00<1 (h,./L. > 0)
,

'"

".

Fig.l l>Cpcmkna: of c.,. C"" Ct. on ,"" atmospheric slarnlil)'
~ramdcr ("JI..).

J. Time Rale or Cbangc of the Ooud COI'er

The time rnlc of change of CklUd C'lVcr is a~~t1mcd In he rflll"nrti.,nni In the
mnis\urc supply llivjde<1 by the ~mount or Willer vllpur n~~~r)' lu pruduee Ihe
mlKld duud. The main procC'<.~e!< cllu~ing lhc cloud ur...<;(llulillll :Ire I'rccipit:lliun
lind mixing wilh lhe environmenllllair. The cloud evaporation clue In mixing with
~mhienl air k II complicated pruhlem, lind is "q:lcclell fu.. the sake uf ~iml'licil)'

here. Thus the equation fur elnud C(l\W is

JIl (,11/0 ~ £ - P,)--,)/ h,

where h, is the tnl(ll nmnunt of w:ller v:lpor nceded In creale the cloud nver a unil
Hen. From menn dislrihutions or tempera lure and mixing mlio in the envirun·
menl:ll air nUI.~ide the dnud .1nd inside II deep cumulus cloud (Kuu, 19("~), we
estimnle Ihal II, -:'i 1.'111. The large-st:lle horizonlal moisture convergence in thc
culumn nf :ltl11o~flhcrc per uni( area is denoled M",.

Substiluli"n of (5 a,h) into (2) and (<l) Icalls to the :lrrarcntly sLwng dependence
"r C.' CII • elf un the atmo:o;phcric .~I:lhi1ily parameter hjJ.... as shml/o ill Fig.).
These I":lrllmclcrs have much Jorger vnluC!i for the lIn_~lahlc than fur the slnhlc
atmo:o;rhCIC. i.c.,



(9)

(13)

(I I)

(10)

( 12)

tJS _
,),

B:= (f~s(r, - £)-

where L.. i.~ the occ3nic Obukhoy length ~ale. The oceanic rriclinn vclneity i~

S. Ocelli Mixed La}"er

Muth of the om:-dimcnsionalthc(lfY fur the Opal nr mixed layer i!l tlc['CntJ­
Cllt upoo the validity of two crucial hypolh=. The fir.o;t 'If the.-;<: is lhal V(:rtical
mixing witllin lhe turbulent t>oulldnr)' la}'Cf and cntraiment mixing at il~ ha.'iC
lJ(cur in r~f'I'nsc to the local Mllll'Kl'hcric forcing· the surface Willu Slrc.~ and
the bUllyaney nUll at the ~ea ~urfaee. The ~C1:ond hYr(Jthc.~i~ i~ th:lt the mC1:hlln·
ieal energy hudget i~ the key tllihe url\ler~tanding and pre\1iction llf mixe\llayer
dynamic.~ (Garwood, 1977, 1979),

The huoyaney nUll l~ allrilwlable In heal nux, cvapl,ralinll, ami prC'dril;ltinl1,
The ~hear production of turbulence i~ allr'ibillable tu surface wil1ll ,~tres~, In Ille
weMern raeifie warm 1'001 regi(\n~, the cxee~~ preciritation effect rrevail~ liver Ihe
buoyancy effect of heat lost :lIthe ocean ~lIrfaee, e:lu~ing Ihe net hlltly:llll nUll tn
be (lownwar(1. The milled Illyer depth equal~ the Obukhuv length ,<;C:l1c:

,
2,.....

h... -L..",R'

This result confirm.~ Arkin'lI (1979) carlier lInal)'l'i~ for the GATE D-f,I;:J1c arTilY.

and B ~ the downw3I'd surface bUllyancy nux
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4. Rt'lalionship between PrKipilalion Rail' and OOlld Cover

By linear rcgrc."i.~i(ln of hourly rain amollnt~ and satellite IR hfighlnl$.~ d:l.ta
obt:lincd during PhllSC!\ I, II, and 1IIIlfCATE, Alhright et a1. (1911.'i) prl$Cnloo
a linear relationship between average precipitation rate P, in buxe<; I.,\" (l(olI km)
nn a lIidc and cloud cover n or the btlJl~ by eloud.~ Willllo[lS cnklcr than -J6" c:

where (1.. 1'.. arc the air anu ."ea water tlcn_~ilic<;, II i~ the liell waleI' lherml\l u­
ran~ion coefficient. anu (f i~ the !\alinily contract inn coefficient. Ilcalu."e the
OrBl i~ in the bunyanl damring I'cgime, the millet! layer hellt and ~linilY

hu(tgel.~ include no enlrainment:

tJT... _--+F~T= - ,wf, - Aj"
f',./'p 'M'

where ':;"1 i~ the ~pecific heatllilder cnn~tal1l rrc~~urc. The rar.1l11etel'~ A, and A,<
arc the !ulIi7.0nl,11 adveClitlll fol' lel11f)Cl':lIllrc and ~:l1inilv. rc.~lIcelivclv,



•
F .. Rh - R. ~ f1.rI"'C,Uc,CII[T.. - 0) + L"QC.Ur;C~{q,(TM.l- q] (14)

The c:fTct:ls of clouds nn the bU")':Incy nux :II the neean ~urf:lCC :lfe two·f"ld;
(I) dC'(:rca~ing S. thmugh Ihe incrc:o.'\C in the net heat Itl<'i." at the ,WX;ln 'Iurr;1CC. F
, by reducing the incoming f,(.lar r:uliation, and (2) incrca..inp. Ii. (Iue to pfedr'­
lation. The Ad heat 1t"('i.'I frum the ocean ~Ulfacc r. gi~n by

where qfT) is the s:I(urlllcd mixing ro1tiu. The incoming .'Iol,1r f.1lli:lliun :Ihs(Jrbc.1
by the OC(:.111 ...nrfncc i~ R" and R. is the net energy Inss from Ihe OCC.111 surfncc
by longwnvc rndiaL;oll, L i.. the Inlel\l heal ufv"poriznlinn nr waler, nnd /1, is tllc
~nsihlc heat nux to the nir. The sI3nd:u'il bulk furmulnc nrc ll'ICd I" C.1ICIII:IIC the
surface cvapornlinn:

I

( 1:'\)If. = I'..C,U,C,.(q,(T...) - q]I(I..

6. QOlld Err<.'Cls on llle Net R.adilltion at the OcellI! Surrace

C1(lud~ roouCt: the wlar rm'i~tioll ineitlent ~t the ocean ~tlrr;leC hy 5C:lllering
OIud absnrfllion, which is computed by ntldyko-~ (197R) rtlrmlll~

R,-ll-II.",II-Il,u(l-n)]R,lI (1(,)

I[ere R~ (340 W //I ') is Ihe solar rmlilltioll "hsorbcd ny Ihe ncenn surface I,'yer
under" ele"r ~ky" The p:H,'melel'"~ I'l .. ~l1d Cl", represenl "lhe\lu.~ /lr the enl"(h·
3tmMphere sy~(em willl enmp\cle c10utl Cllver 3ntl " elnlldlc.~~ ~ky, rc.~l"cc(ively,

and nave Ihe rnlllllving values:

Ill,.. = 0.46, 1I...n =0.2

The ocean ~urraa: el1lil~ k>ngwave radiation to the almo~pherc and lo ~paee.

Hn"'evcr, dnud~. a~ well a~ dry air, partially absorb the rlllliation :Jnll re-emit
k'lngwavc radiation back to the ocean ~urr:tCe. Thu~ the net lIpw3f11 energy k.....~
by longwavc radiatiol! at the ocean ~urracc. R., i.~ eonccletl r"r the downward
radiation by the ekmds and the air. From longw:lve fadi"linn d~la, lIudyko
(197R) Ilerivcd a :'iCmi-cmprieal rormu!,,:

Rb-a-l /.1'- (111 +/'I)tl (17)

The dimensional cnemcieills 11, h. "1 • ami bl arc

11 __377.(; WIII- l • 11_2.2 Wm-1K- I ,

"I" -3119.1I WII/-l,b, _ 1.(, II'm-1K-1

1. DlIsic EqulItions ror PI'r1l1rbatiollS

When the coupled Iiy:;lem is pcl\lIrbed (rom ill' equilibrium .~tale, the
Ihermndynamic reedback mcchani~m between the ellmultl~ e'lltld~ and the lIee3nie
miled layer make:< the perturbation either grow (I"....;tivc feedback) or dampen
(negative reedbaek). The principal pllr~ here is to study thermlMlynnmic
reedhnek mcchani.'m~ belween clouds and Ihe oce~nie mbed I~yer. Hence the
energy exchange ;ll lhe ~ir-lleenn in(erraee is n primary fueal point. Therernre,
\\Ie .,h;1I1 negleel initilllly Ille perlurb;llinns fIr those vnli~n\c., which ,'Ie 1101 \li-
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I

(19)

( Ill.)

(20)

(23)

(22)

(21)

(25)

(24)

rh'- .)
'.

,
L fl, Cf. ICC

.2C ~/I
1p"R.1., II

___ , Ilg
- PKS(P, - E)S +( ,,t:

{ ~ 'p"

il7' --
----!!. ... __,I!::.=_ (of n' + -.£.f...... r +

ilt {wI, "n oT.....fI.,r., ..

an' ... ~ ( iJE r .. _ IJr, n')
ilt h~ .1T.. an

_I I of" .
1'.,1",•.It.. iJT•.

- -

h'.. __ '?:'B'='?,[( ag of -oE
8 B rJ.,... iJT.. + {1gS .1T.. IT...

or _flX5 ap, )II'J
flit flll

's _ ,(E~-,-,PJ. S- (f> - £1('
fJ _ ' 5'+-(£'-1"1 ' ~ h'
01 h h ,+ jj1 ..

•• •

U.<ing (9) and Inking h.... .klll, lIle twvc

T~ - fl.C, rillY

Cloud lime snit

rectI)' related 10 the c.changc :I t the air-OC:C:ln interface. Frnm the ba~icCtiulltions
nf the ct'H1l'kd JO)':"tcm (ll.), (10), (12), and (13), the pcrlurh:ltions AAli~ry the fol­
lowing equation....:

lhcrdorc

8. Thrte Basic Tinlt Scales

Three timcscaks arc ((lund from (IR)-(21):

(1ol1d al1d SST cOlllllillll lillie scale

•
The nct heat Iol;.< from the ocean surr:Jcc i:I' compuled by (14). A"-,,uming Ihal 0
and Ii arc dctcrminrd by the J:ugc-scalc almll~"l'hcric motion, ~ ha\'C

SST unalion lime suit



(2(i )

(27)

(2R)

_1 _I
10 m,< ,

/I' =

OF--- .
rJn

-, "--~ ,JF _"_E_t_,,_r_,
Tn,r= '""-). 1/1 iT... 1/1nv' p" '" _

._--

10'

'O'
>•"

U.~ing (1[,) and (17) we have

IU'

" ±::~;-;--=:---'!:'---CT'C:--C'~,-600.0-100.0 -200.0 0.0 200.0 100.0 600.0

".
I-

rigA Dependence or 1, nnd f •. 1_on the atmospheric .llability
parameter "./1..).

Among these three time sc.,lcs, T. is Ihe sllurtc.,1. The utile!" 1\\'0, T,I' and T•.,.

largely depend on the parmnctcrs (~, LI/' al1ll CF. , which nrc flillcti"lls of Ihe at­
l1wsphcric Slahility. FigA shows the (Icpendence of 11 iliHI '.J nn Ihe Ilimnsphcri<.:
siahility. ["'or the unstable nlillosphclc (hjL. < 0). T•.T~ 3 - (, days, and
1,,- 20 - 30 days. For the sLable nilimsphcrc (11.11,> > OJ, 1•.1,- n.) - I yc;!rs,
and f,'_ I - 3 years.

Eq .(9) ~hmvs lhat

9. Solutions

Since the lime scnlc for duml fccllhack is .S(} much shurler Il1nn thnl fill' SST
feedlmek, i.e., T.<{Tr , the cloud cover perlurbnli(Jn, 11', "lnwsl instantaneously fol-'
lows the SST for the lemperalure feedhack:

rJ£fDT",

rJI',fiJn
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'"

and (Of' T~ _ 2S-C. ".' _ O.lm/J.

olf _ c fU,.(Zg) 46' 10-1 -'._'
~ - /:",,' dT ""'. x m.raT.. ...

Thcrcr(\fc, a I"e change in SST implic:<; a O..~(, change in d011l1 tover.

Neglecting the ~mall terms in Ihc rrngonslic cqu:Jti()n.~ fnr r. :lnd S' and
eliminating three amnng the four variallJecc: 11', T •• S' , and II' .. fmm (19), (2U),
(21), (211), we ohLain the ~cc(lnd order dirrcn:ntial equation,, ,

.) '" 2p -)' _I _I .11/1 I')' _I _I 2-r-- .., II (f.,r+fr)-,-+ 1 (f".r+ r,.)'; ==0 (29)
ilt ~I (r-~l

(Jll)

(31 )

(32)

(33)

(J4)

< 0 dr<:aJ'il1~

_II t,rl/lml,

:> 0 1:rowiltg

= 0 nnnau:illnlOry

!

I

Rr(ii)

Im\a)

(2/, - y) I 1 JC -,,;;;:--:;-,
<111=2(_ j(r;r'/"r)[l± (I /IY/(l/' y). y-/, .

where '" rcpr~nt~ ,,', r .. S" ;nd 'I'.,. There arc two nondimcn.~i"nal parame_
ters,

lhal indicalc the relative iml"lIl'tancc or mean heat and mean salinity nu.'CS ill the
mean .~\II·r"cc hUllyancy nux (II). The ~cncrnl.~(JllIti"ns of (29) have lhe form:

where C1 3011 C, arc integral oonst:Jnt~, and 0', and 0') arc Ihc cigcnv:lluC"O which
are the mol~ or the sccond·nrcJer algehraic equation

,
1 2p - 'I ( _I _1\_ Jl'l ( _I _I)'

tI - 'I II t ...T+tTfU+ 1 t •.T+tT -0
('I-II)

arc

10. Instllbility lind Oscilllllion Crilerill

The in.~lahilily crileria (or lhe thermodynnmically cnulllell nir.ocean .~y.~tem

where ti i~ tI, or til> the mol or Ihc 5ccund-order equnlk>n (32). The ll"Ci1Iati:l I,;li.
terion (or the coullled systcm arc

The rllllt.~ n, nnd '" :Irc
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The condition for the gcncf3liun of gmwingfdec~y;ngmIMIC!'. which (;In he de­

duced frum (:\11), ~:

(31)

<II dUlIy;/It

21' - y I _II "rutral,
Y- II

>0 growing (3(,)

2, =NrmosdllllIOf)' Dnmpin!:
y> -j;

2/' >y>2/l =O.ldl/n/llry Dnm/,jn!:

I - j;

2jl>l'>
2, =O.\ri/lnlnry Crn",il/!:

1+ j;

2, =Nonll.fcillnl(lf)' Groll'jll~
(3~)

1+;;
>, > jl

scr:lrlltinn (If dilTcrcnt m~lcs in the y -I' plnnc is sh"wn in f'ig.~. rllr the
bunyanl (lmnpinl: regime (n > 0, i.e., y > If > ll) which cnrrcspollds 1(1 the wc-s(crn
I'ndflc warm puol regime, lhe relalive im['nrlancc (If lhe me:!n surfal;c henl nllli
salinity nl,lxe,<; in the mean buoyancy nUl nis a key fal:lor conlrnling the modes
of the l,:nur1cd air-QCClIn system. Tht mean surfntc M1lin;ly nUll, IlIcnsurcd oy 1'.
makes the urpcr occ:m morC huoyant (stabilizing faclnr), however, the menn lip­
ward heat nUll., measured by 1', makes the Uf'rocf ocean \cs... buoyanl (dcslahilizillg
factor). The larger the Jlulimeler l' (P) , lhe suonger the negati~ (po."ilivc)
feedback mechani!>m. Comllining (J1l) lind (31) kads 10 tile same r~u1t~:

< /I fI.fdlldlliry

:md lhe condition fur n<;c.i1lalory/nnn(l!;Cillatory modC'l is;

> I' """fl.fcilfofory
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•••
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F.., Stpot._ol__"''''C•. ~I''''''

1L Cooclusion

The fcctlb;:ack between the CklUtl :lnd OI'BL in the COUI'Ic<J "'1/1. BL and stJblc
OPOL liy.tlcm i~ invc.<;tigllioo by .. coupled mlKlcl. The time f,(:;ll($ largely (Jcpcnd
on the I\lability or the MAIJL. For the 10Iabie lltmn'll'hcrc, the '""0 time -;calC!> arc
(Juite long: tr~ 10Cl-300 day~, :loti ' ..,- I·J yr. Fur the 1I1i1ilahic :llmu<;phcrc,
however, the t\\lO timt f,(:a[c:o; arc milch ...hnflcr; Tr- 3-6 day,;, and f ..r - 2()..JO
day.':. In the western Pacine warm pool rcginolO, lhe MABL iii uliually unstable.
Therefore, this theory lOlly provide ,<;'lInc cX[l!nnalion nf the twn tillle .';u]c:o; (3-6
3ml 20-30 day...) of inlcn.o;c convection in the welllcrn I'Jcific.

III the c(lurk,1 system, the fresh IWIlcr innux at the ocean surra!.:c due III the
cxcc....<; rrecirilation over eV;lroration is n dllnlping factor (n('gntive feedback).
HUIVevc.-, the ~urfnee cooling i~ a forcing faClnr (~i1ivc fec<1h:lck). The rclillive
~lrength~ of lhese two .~urfaee nuxc~ (Ietermine the nlOlle lypc: decaying ur glml'­
ing, oscillatory or nom~iIlatory.

AeknowlfilgE'P1etlls.

Tht<; rcsclIlch W:l~ suprurLctI by the Natiunal Science Founuati"n, the OffICe
(If Naval Rc,<;c:Hch, and thc U.S. Naval rn<;lgr:lIluate Sdmol.
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