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A FEATURE MODEL FOR ARCTIC UPPER OCEAN
THERMAL STRUCTURE

I'~l.<. c. Clou
Ocpa.l .... nl. of Ocuno&.aphy, Na.al Poel&.adual.< Scltool, Monl~.~y, CA 9394~

FI&u•• I - MOODS temp"Talu•• a,,,1 .ali,,;\y '10110,
(U10.tll88) .

in& .,....: conl.al Nor...r;ian 50. (0" - 6' E,6J _ 61'N
flu"fu.l 50. (IGO' _ I'2O"1V, 70' _ 85' Nj, Gulf nI Ro.l
nia (15' - 3O'£',GO' -67'N), Oenmark SI,..l (30"
'l2'W,62' - 58'H), G.eenl..... Se.. (:IO'IV - GO'R,llO'
~'), and CIou<hi 501 IIGO' - lGO'IV.M' -73'N)

3 UPPER LAYER STRUCTURE
Arctic "Ppe' ocun u1"',ienc.. a OI.OB& .....,".1 YO,
alioll. Dc~1' mixed I~}'., "PI>~"fI in winle, .",1 .h.
low mix.d I~)'~••100'" up in .,"nlB.. nu,ing wint_
t'em.ndou, bnoyuey i, 1",,1 f,om 110. ""un .",ro.. d,
I<J I"" beat I.- and nit inj.clion c......1by I"" ke f,,,,,'
nuoy y bol aIon& with .",f.... Willdl &.....,.It- ... ron
lu.bu 1 ki ti<: ene'D (TKE), wbircb is Itn.por"
downward d deere... 'M OC..... mind la1'"' {ONI
by nl'''',,;n, 1M tltoepor ...aler ;,,10 OM I.. 0.. IlK ",1>0
h...d, duri"ll: IUm"",., OCUlI ou.face r;a'ns buoyan.y lh'
dampo TKE ""d c...... lh.. mixed la1'"' I<J "'allow
the do........d bllOyaney ftul f.om 'ho ~""... ,
0<.... i. olronK enoY&h. mixed laye,;. ".t~ .holln.. WI'

..

~ ; , ,,.
•

'. t1,

1 I~TRODUCTION

'The .adiation balll1Ke at ~l,p.lalil.lldniI clomiuled by
p""""u or __II<.. 01_ and iu ..hich alr«w 1M
a11M:do in a K.eal deal. A"1 OCUIIic p__ lhat at·
I~d th~ .no. ""d lee «I"~T in polar "'Kion< ..ill ea"""
110. chnK~ of dc"",ilion of aon'. ~n~,u o'~' th~ ea,th'.
""face, and h~nee Ihe e".;ro"m."lal thnKe. n..ide.,
Ih. ice tOO", ocu", ...d al"""'phet~ exchanKe wal~.

"'_ and ~n~.u in a ' ••y complicat.d .ay. Throe ",a·
jo, f...dhaclloopo (bolh potiti.... and ""Kali..), ia which
IlK uP"" oc."" io • hy <ompon.at, ~b11 e:ailt in
• th_<tical .....ic:...............pIod aysu", (Ch, 1991l)
Th..., 11lY..liptioa of 1M pol....I'P"'" 0«..... 1....ma1
oI.nI<llI'" from oboet........~ .'I"nl. Up .nlil
now, 1M ./fort io limit.ed 10 "udy &e:IIM indi.idul data
..t, • &' AIDJEX, MlZEX, CEAREX, ,,1(., ..paral.<ly
No in.....i&.I;"" io pUfllI.d for I,," A,clic up.... ocean
the."'al.truclure f.om 1M all u ... labl. d.Ia ""Ia. Thit
IllIdy deal...ilh Ih~ ",oel eomplde l.<mpo,alur••nd
••Iinity dala ""t. in th. Arctic Ot".", which i. th" U.S.
Naoy'. ~b.I'" Oc••no&,aphic Dala ""II (MOODS). To
&,,1 phYlKl1 i"';&hll from 110. d.I., .." UI<' • fulu."
"",doJ (II"'K", 199<1) 10 I•......r...adl MOODS Ar<li~

l.<n'.....I.... (or willily) prnIile lalO a ""I of.....al cb.,·
1<Ol.<.~ "". lU.f.... l.<mpe••tu ... (SST), miled laye.
depth, the.""",li... depth, lemperalare 6itr........ I<0...

I"" IlK,,,,,,,,li.... Theae dlarac~riatia.......aI otron& loom
po<a1 ",If _Iial .an.t.i1i~.

2 MASTER OCEANOGRAPHIC DATA

SET (MOODS)
Th.. MooOS dal...I if I <ornpiblion of .11 t.po,t<d ob-
",••Iion< 0 alII'" ..orl<l'. oc...... Due 10 t'" ohu,
ai.., (""".110 S million ptofil...) ""d ~nor........ inftn of
dat.., qualily <onltol;" .. diffi<ult k. MOODS contai ...
dilr.re'" Iy ol d"'a: (al ~ ureonJy proliJ-, (b)
both lempe u"" and tali.il, pn>I'ila, and ~m",,"'ure,

lIIin,ly. (e) ""d lOOad IPfed pro/ila. W.. _ ..... 30,000
"'m lu ... ""d talioily prolila durin& Ig7G-I988 for
110 tudy (ri&.I). To &e1 ~lIial ••,i.bilily, "e "".IYle
Ihe profil.. in ""'.,11 dilr....,,1 ......nd \.he .mOD"nd·
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fIR'''~ 2 - ]anuu1 .Illma-t dnrlnll lG711-1071 (Inlx~d

1Io1~r t,,,,,),

o lI",nl py~nodin~ IM.1ow Ih. mix..d I.yo,. To in_ti·
ll~t. the te:uonal and interannual ••riatioM of the the,·
"'01 f1.rnelul'<:. we 1'101. 11I70-M Januory (fi, 2) OIId July
(.·i, 3) tI, ptofil.. in tho «atnl Nor..."i.... Seo,

Com~rin' fi,.) with fi,.2, ..., foaad thot (a) lhe
....... a1 .u;.lion iI ""'l' It""". (11) lhe ..iattr mixed
l.yo, «plh is "'"u 3lIO m,..,d lhe ..mrne' ""Jed laye,
do:p.h iI.ppnuimace 10 m, (el iattr.......aal.otiabiliI1 if
qaitt _.k
4 UPPER OCEAN FEATURE MODEL
M_ profiloo ooh,1>;1 rniud I.,.,., u""""""li... (Of k&lo.
eli"", py<IIOI:'iDe) .....d deop I."" To , •.-p tile ....joe
(....u,.. of 1he profilo•• futu,," II100Ml h.. b«fl dew!­
QPfll in .he r4...... Oc:e"""Sf""hie Office (Hoer', '""')
fOf "i",""";n, 0P!"'r oc:• .., thermal .tn.da,," from ...m_
""'0.01'<: .nd minily ohot"'ational profi.... T10e model
.... OfiJinall1 eolkd the Gradien! Model. Seve.a1 pa­
••mele"" ..kich rop"""''''' major ,ho'aeler_a of eaeh
"'m",,'otul'<: p",file, 0.0 SST. OML depth, the'lllO<:li ...
deplh......" the.moc:line len,pe.oluro dil'l"erueo. Simihu'
80lll of ".,.",.,Ie.. exi.1 for oolinily ond donoily p.<>fil"",
0'.800 ou,faee ",lin;ly {SSS). pyen<><:line donoity dir·
r..en.e, o.e.. The fntur. modol tran,rormo neh p,omo

rlllUr. 3 - July ,Ill"'.-! ",,,me. ,10,,1"11 1970-77 ("tut_
Ifled tyl'~).

;nl<l • 80t of th"... p...met,. ... Tho r,..tUN! n",d.1 <.on.

uino th....ompo""nl.o: (.) fi,.t It",,,.. re"t.",.,. ........lel.
(b) hill,,·.-,Iution p",r."" in ....'pohINl (ron, """",~~.

lioM, (e) r.ttin,; of hip'ru<>lution 1'",r.I... 10 Ihe f••Iu,r
moM!.

4.1 GIlADIENT SPACE
If ..., wnoider prolilts ill lhe ltr"";"nl "''''''', i r., GT ==
8T(,)/oz,Gs == oS{zl/Oz. o..,h prolilo: can I... ,.,.",.,.­
.."tcd by the IIIJfK~ yol~ (SST 01 SSS) p't11I1>o yadi_
enw, ~·lh

ISST, GT(O, Zl), GT( 'I, Zf), ...•GT(>,,_I.... )J

for I"" kmr<'raWN! prollJ"t 1l~11:, R + I. iI tM n"mbr.
of data poinlll, and z,(i = 1,2. R) .... 11>0 ","pt"" "f
the d..... poi".... Fo. uam"le, 100 km""....n.../<lrplh
poi"t. wou.ld prod"",," Ir.d;"RI ••r"... If I"" m ..fIu
n1..... illClud<:<l, ..., h.oIM..me an"",,,1 ofdlU_ in .""
l'adio"I spK"" in Ih~ Ofi,i"'" d.tA ...1 II;" diffi.oll
to ~lIIily llleAn "hyoic:ol ...... nine (.om 1M&" nu",be, of
l.adionl/8~dionpoint eombinatiorl•.

4.2 TIlEFtMAl FEATURE MOOf;l.
Qb.....tion oho... IhAI Iho ",,,"n ,,,.....,,r, I"y","d ,Ir",·
lu.e (fillA). BMCd on Ih. eonlin"ity of T ,,",j ;rr/fJz
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i"l")(z) '" N.:..·.~, [(~"l _ &;r)). +d.d;a) _d.Gtll

+j;::'")(-d.), , E [-0'" -0'31

"I ;nLe,f"ce" of any 1"'0 layor., a fealnre modol can he
consLrucled ...:

j'('"){z) =~ [(G),"') - <1;~l)z + d,G),m) _ d,al;-l]
+j'(")(-d,), • E [-0',,-0',)

Figurn .. _ F.ature modd

The NAVOCF-ANO'. DIJDR5 d..ta..,' i. ".ed '001,_
ta;n w~tor deplh H If Lhe five ,Iepth' (<1,,0',,<13,<1.,<1,,)
are known, we can di,ide the dat, .. t UP = «;,7;)
into .j. part. (mixed rayer, ent, ..inrncr,t oone, therlno_
dine, Iransilion oone, fi,.t d..,p laye', and second deo!,
layer), Fu' each layer we fit (T;, .;) 10 the fe ..t"'e
model (I), and ohlai" a oct of temperot",e ~,""jen\J

(
..--.r.. ) """1 ..--.r01) .",/.ft) ...-,,) ""'.,),uT ,uT ,b+ ,liT ,(.,T ,bT .

4.4 MOIlELED I'HOFILE (MP) OflTAIl'lF;U BY
TllE ITERATION METlIOD

A modeled profile (M f') w;lh 0.510 ,.""Iulion ..n h~ ~.._
tabli,h.d by n.ing Ihe f...ture model (I) iflhe he d~pths

(d"<I"d"o',,d,) ,,,e si,'en In 'ealily, tho,," depth. ",e
nol known prior to proce..;ng the data and vary from
one p'ofil. \0 the other. We """ the ite, ..tion method 10

obtain Ihe optim,,1 M P,
F;,.t, we .tarl will, a ..I of first sue.. value, of the

depths ""d the three to",tant s,adi.",.,

ii')(z) = I;'+:~~\ [(Gl~") - &:'l). + Hc#') - d,G/'ll
+1101)(-0',), z E I-H,-d,]

(',
where (7-'1") j'(.-) ;;<'"l ;;<") 7101) r.'), aze modeled, ,1',/"1"
tempe'.lures in the mixed la)"r, the enlrainment .one,
Ih. thermodine, the Inn"iti"" 'o"e, the fi",t and the
"'{O,,~ deep laye",. J! i. Ihe waler depth, 0', the mixed
la)'e, d"pth, 0', the depth of the thermocline lop, 0'3
the depth of Ihe thermocline botlom, 0', Ihe deplh "f
the lop of the first deep la)'e" and d, i. the bottom of
the first deep I"yer (FiS,4), He,e, we ....ume e""OI-ant
,erticaltemperature sr&dient, in Ihe o<un mixed layer
(crT") "" 0), in Ihe Ihermodine (el;")), and in the fifOt

deep layer (el;''l) and linearly varyins ",ith z in the en.
t,ainmenl,one, the tran.it;on oone, and the ",<ond deep

-od.~) .,.{") "'{") .loye, will, averase ,al"e" (bT ,{iT ,{iT }, By fore'ns
this fe ..to", modd (I} to ea,h "b",rved profile, we .lIonld
have a firsl VIe"" of the five depth. (d"d"o'.,d"o'l )
and a hiSh resolulion of temperature/depth point. in
tI,e verlical in order 10 obtnin the oi. tempe,atur. sra-
,. , (-, .. ) -',") ,...(41) -,-iG '~l ""/") .",/.,), S c
",en" b T ,b'T ,'-'T ' T ,(.iT ,(.,·T ' no" a
t,ealment provid•• the mool imporlanl feature. f,om Ihe
ob..,,'alion&l data,

vel", ("'0) .1.0) dlO) I.") j,"),
1 , ? ' , , , , • ,

c!0) '" (el"') c!"') G\.".J,
'T T'1"'1·

In Ihi, 'Indy, w. choose

("

4,3 HIGll-RESOLUTION PROFILES (HPJ IN-
TERPOLATED FROM OBSERVATIONS

ea<h MOODS profile i.linearly interpolated 10 hiSh r....
olntion (iB '" 0.5m), d.noled T; '" T('j) for lempe,.
al"re .. an ex...nple, ",here '; '" z;_, _ 0.5m(,0 '" 0).

1)1.0) '" (20m, 24m, :1210. JRm, 1/)
cr:) = (0, -O,5'C/m, -O,OOS'C/m)

1'0' e""h p'ofile FlP, we fit tho reat",. mode (1) to Ihe
data (.;,1)) ,inee w. know th. depth, .."d Ihe eon,t.,,1
s,&dienl., and ohtain. O-th orde, model.,1 p,ofil", t ..lled
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dILL _

..._-~.~,~

-
F"Oll"'" ~ - T..", ......l y ..lallon of centr.1 N""'''l':",n
s... "'bed I.,•• depth.

w,"""e t = 0 We upecl RAtSC"' 10 be IU(e.
Se<..d. We I.e 11M: .w.aI.ioIo ....Ihod 10 obi';.. opIi­

"",I M P to. ~ado H P profile. EKh &plh cu ....Ir be
adJusted ..... ","ical pid (.6. or -.6.) for ..... it.o.at.....
F...... ~he hh 0I"Ik. (t ""arli.S f""", 0, 1M Srot. pea)
oel of &1'1,,", 0.'), "'" ha"" ~4'l(= 3' - I) di&rt1ll com­
brnalioM of 1M deplh adjust.....I.

•
RMSC·1 '" ~ L (f1.1_1j)' (3)

p'

M pi") '" (l/, 11"»)- The loot """,n ""ua... (RJ,fS) ~''',..
fo' mifmatcll of H P and M pia) if computed br

")

~d..) - ,'/''' + <lot ,I..) d!.)I.')d!.),,-, ,,' ... '
U'/'·) - ,d!.) _ <lot ,I!.) d!.J '/") d!1)-';-, ,,' ..... '

II) H) H) .iIJ JO) JI)HJ.,=(Ui ,d, ,di ,d:' .d' -<lo.l.

Uoe (I) 10 obl,in 242 11\od~l"d p,ofil.l, lmon, whith w.
pid up I I'l'(If,l. w'th minimum nus erro, M Ih. (t+ I)
Ih o,M. lei of d~pth". dB '). W•••peal Ihio pro«du...
unlillho: minimum RUS e.ro. i. Kbieved. Wh~1\ the
num1>-.. of ,teTat;"... uu:ed. a preoe.ibe<! numM' (4001.
tho: I"oc_ i. halted and th. RillS "Tor io compued
10 a c••~.iorl (O.5'C). If RMS < O.S'C, "'" obl.oin UI
oplim.l.eI of deplhl and "adiettlS. If RMS > O_S'C,
w~ I~....I lhe "'atu... "",del (I), i.•., lho: H P profile CUI
flOC be Sued by the futu", mod.1.

6 CONCLUSION
'"'" fealure model <lcpiet..d in lh.. pap<" i. b.....-.l nn
both 11M: lh".m.tsl,,,etur. ud ,"" IIU,.h•• ATT" "'mon­
.1..1,e,o a 100<1 upabililyl<J ohl.i~ phy.,ul 'n,ilh', fro'"
obo<","" ...,,,,,,,,"'lure a"d ..Iinity l'.oIil"" The nlO<lol
u",," ;I••alio" ''''''Ihod 10 obi";" "rti",.1 ...1Oflh" I,.,.m
• ...,To; d.plh. a"d S••dio"l' Th.. "",",I .le.,ly .,1",,,.
I"'le tt,."".1 n,ilbil;lie!o."o1lwo-lrpe aln"t"" Tl".
f"atu •• model tan al"" h. "oe,llo 1"0"" n"'pUl f,o",
""y dy"amit"l "'o,lel and lD "h'"in mc"ni"~f,,l 1',,,,1.
uclS. i,e .• OML dcpLh, Ih..",.... li". d.plh, th.""'xh".
.1,enAlh, and d..,p loye. "'A1incalion
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~....
5 MIXED LAYER FEATURES
".,. tutu,," model (1)1'".....or... a"y pn:>file (if re-
jo-cted) ;ulo a oet of fi..., depl,," (c" c"c.,c•• c.) .

lTad..nlS (cC;,'>,cltl•4~'.ct'), (:'!t',11/'). Theoe
..........ten .epraenl moot 'mporl""t P~yoOcal realu""
Ind .... ,_"';Ii.., lD lhe finl sue- Yalueoo '"'" fine
lrt('M YII.- de,",m,,,,, lhe .umbe. of,te.aliono. A SOO<l
..1«1I0Il of finl sue- yal,..,. ...du« Ih. numhe. of it~._

1100"" f'l5 showa both ..uonal and inle'lIIn"a1 yui­
.1...... of tIM: mind I.,..,. Ikpth (d,)'n th. «nl••ll'or­
"~S,"nSu (64 - 57' N.O- 5'~)_ Th. ocun m'.~d I">",,,
.. ".ually d..,p du.inS .. inte. (11'>0- 3OO.n) MId ,hallo..
duTins.um'.... « 50"'). The h",i.onllli diol,ibution of
Ii, i~ Ih. Arctic Oc.an (fo. lhe sa".. Ii.... pe.iod) tho...
1I'I··p"I,.I ..riltion.
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