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A. E€lomosig gpyaoiog Coriolis (for

Momentum conservation geophysical flows)
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. Turbulence closure
Mass conservation
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Incompressibility assumption
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B. Avaivon kAiipokog (scaling)
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I'e@oTpoPIKN/VOPOoSTUTIKN TPOGEYYIoN (LEYAAES KALHLOKES)

[No ovotnua Tov yopaktnpileton omd peydro L: H <1 “a
U Ap - e
RO = < 1 Ek — 1 Geoffrey Ingram Taylor
L 2 S
ou N ou N ou N ou 1 Op N f+ A 0%u A 0%u A 0%u
—FUu—+v—F+Ww—=——-— U 5 e e e
ot Ox 0y 0z ™ podx .~ A g2 " 0y? V922
v N v N v N dv 1 dp er ) 02 o 020 L 020
—tu—F+v—Fw—=————fu . . —
ot ox oy 0z “.poOy - A 92 H 0y? V' 922
Ow N Ow N Ow N ow ~10p ™ \ 4 0%w 4 0%w L 0% w
—tuv—+tv—+w—F - . . .
ot "ox " oy T U0z N_pooz o) THapr T Mg TV g2
10 10 10
v=—t (1) fu=-—2" (2) —oo=—g (3)
po Ox po Oy po 0z

The geostrophic — hydrostatic limit



(Schematic)
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The “Taylor Columns”
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To otpopara Ekman (pof mapoveio Tpifnc)

Ot TUTIKEC YEOMOGTPOPIKEC POES (TPAYUATIKES 1) G€ OECAUEVEC) EXOVV TOAD LIKPO ap1Oud
Ekman.

Atpocparpa: H~104m, A,~ 1m?s1=>E, =4,/ fH2~10-+4

Qkeoavog: H~103m, 4,~102m2s1=>E, = A4, / fH>~10+

apa 1 PP o€ peYAANG KAipokag eoawvopeva eivor apeAntéa. Oumg Kovta oe 0pta (7).
EMLPAVELD TNG VNG, PLOOC, empdvela Odhaccag KAT.), 6€ TEPLOYES OPLUKDV GTPOUAT®V, M
KMpoaka tov BdBovg H gival moAd pikpdtepn ko n TP apyilel va mailel onuovtikd
polro. Xta otpopato avtd o £, givor O(1), ondte

Vagn Walfrid
Ekman
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fH2T T f
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Atpdoeatpa: d ~ 100 m

Qxeavoc: d ~ 10 m

Apa, LEPIKEC EKOTOVTAOES LETPOL KOVTE GTNV ETUPAVELX TNG YNG KO LEPIKES OEKAOEC
uétpa kovtd 6to Pubd g Bdracoag, TP elvor oUOVTIKT Kol 1] SLVAUIKT 160pPpOTTia
etvan dOrapopetikn). Ta otpopata avtd Aéyoviar otp@pate Ekman. Ta ctpopoata avtd
“vol0ovv” TV vIapEN ToL Kot TS OlEpyasieg wov cuuPaivovv dimAa 6To 0p1o (deg Ko

otdAeln yio TOpPN).

21 puerétn avtn Ba acyoAnbovpe pe 1o kotwtepo otpduo Ekman (to otpopo mov €xel
0TO KATM UEPOC oTaBEPO OP10).



a. Scaling
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b. Oprokéc ouvOnKeg
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[ToAlamiacidlovtag v (7) pe ¢ = v —1 kou mpocBHétovtoag v (6):
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Apa n Adon givar:

U = Ug [1 — e7*/% cos (%)] (9)

v =uge */?sin (g) (10)
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H enidpaocmn g tpifng mepropiletal, Pacikd, ot éva otpodpo  d = /24y /f mov 10 Thyog Tov
av&avet pe 1o Ay ko pewdvera pe 1o f. H u, dev mailel poro (o€ avtibeon pe to un mepiotpepopeva
GUGTNUOTA. ZTNV OTUOCEALPA, OOV TopATNPEITAL OpLokO oTpOUa TS TAENG Tov 1 km (Yo f~ 10-4s-1)
10 4, ~ 50 m2s-! (avtiotora otov wxeavd 4, ~ 0.5 m2s-1).



H petapopd xotd Ekman ka0eta otnv xdpla por] vworoyiletatl amd v ohokAnpwon g (10):

> Ay 1
U dz = Ug\| =5 = ZUG0
0 2f 2 210 ToPASEYHO OVTO OOV 1) POT

KO €ivoi 6To, aploTePd TS YEOGTPOPIKNG POTG. etvor KUK)‘(DV‘KT] VS@GTPO(P"fﬁ
0TO ECMOTEPIKO TOV PELGTOV
(Taylor columns) dnovpyeiton
éva otpopo Ekman kovtd otov
moduéva pe ™ pon xatd Ekman
TTPOG TO KEVTPO TNG OEEAUEVIC.
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Bapotpomka KOROTO TAPOVGLO TEPLETPOPTS

Mnkog¢ KOpatog (1): H andotacn avipeoa 6€ 600 d1ad0yIKEG KOPLPEC Kot
KvpatapOpog (K) o

Iepiodog (7): O ypdvog mov omarteitor yio 8O0 GUVEXOUEVEG KOPLPES VO
TEPAGOLVV amd TO 1010 onueio kot Xvyvotnta (w)
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Oa peretnoovue Papotpomikd (OLOYEVESG LEGO) KOULATO, UEYAANG KAIHOKAC, OTTOV

U
Ro = f—L <1 (ypoppkd kdpoto)
aALG TOpOL
Rom — Temporal changes U 1 1 |
or = Rotation - TfU T ~
topa T etvar g 1dENg e meprddov Ka Oy U/L.
Ag Ay

Emum\éov, yuo amhodotevon Ha ypnotponoicovpe Lk = [7E] or FH? <1
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5 = 95, 7 fv (1)
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Em@oveloka kopota tapovcio teprotpo@ns (Poincare waves)

Ocwpovtoc HeyaAn kAipoxa (aAld oyt miavntikn) N f uropel va BempnOel

otabepn, 01 KLUOTIKEC AVGELC Y10, TO U, D KOL /] LWITOPOVV VA YPUPOVV (MG Y
Henri Poincaré
U — quz(kfc—I—ly—wt)
U — erz(km+ly—wt)
L (kx+ly—wt
T = TMo€ ( y—wi)

Omov k kot / €lval o1 X- Kol y-GUVIGTOOEC TOV KLUATOPIOUOD Kot 1| GLYVOTITO TOV
Kopatog. Avtikadiotovrtog otig elomaoelc (11) éwg (13):

—wu — fv = —igkn
—wv + fu = —igln
—iwn + H (iku + ilv) =0

YLOL U1 TETPIUUEVT] ADGN, 1 0pilovGa TMV GLVTEAEGTOV TPEMEL VO Eival iom pe unodév, dpa
wlw? — f2—gH (K*+1?)] =0 (14)
Mia Avon eivon @ = 0 (steady state - yemwotpoeia). H dAlec Mocelg sivar:

w=+/f2+gHK?2 (15)

omov K = (k2+12)12, To kOpOTO TOV TEPLYPAPOVTAL OTTO T1 GYECT] QT OLUGTOPAS
ovoualovtolr kopoato Poincare.



Irterfoce displacerment
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(Rossby Radius of Deformation) wov
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Interface displacerment
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(inertial oscillations).




IHAavnTika kopatao (Rossby waves)

H emoépevn katnyopio kopdtov mov Oo peAetoovpe Exel KMUAKES TOG0 UEYAAES
KOl TOL KOLOLTO €Ivoit TOGO apyd, oL 0£YOVTOL OYL LOVO TNV ETIOPOGT) TNG
TEPIOTPOPNG OALA KOl TNG UETAPOAEC TNG GE GYESCT UE TO YEOYPOUPIKO TAATOG
(planetary effect - /= 2Q sin ¢ - Ta KOHATA AVTE Elvon O UNYOVIGHOTL EEEMENG TV Arvid Rossby
LEYAAWDV YEOGTPOPIKAOV TAAVITIKOV GUGTIUATMV TOV LEAETI|GOLE OE

TPOTYOVUEVEG OLOUPAVELEC).

Av Oewpricovpe 0Tt @, £lval TO YE®YPOEWKO TAGTOG GTO LEGO TNG TEPLOYNG TOV
eCeliooetal Eva TETO10 KOO, UWTOPOVLE VO TPOCEYYIGOVUE TO YEDYPUPIKO TAATOC
Oc @ = @, + y/a (* yio prikpéc ymvieg sin ¢ = @), OOV a givorl 1 axtiva TOL TAOVI TN
(ar,, = 6371 km). Ocopdvtog 10 y/a pKkpn HETOPOAT UTOPOVLE VOL OVATTOSOVHE TN
ocvyvotnta Coriolis 6e celpd Taylor

f = 2Qsin g + 2Qgcos ©wo + ...
a

KPOTOVTAC LOVO TOVS OV0 TPOTOVE OPOVS, UTOPOVLE VO YPAWYOVLE

f=fo+Boy (16)

omov fo =2 (Q/a) cos ¢, ovopdleror mopduetpog S (f parameter). Tomikég THEG i
necaia yewypagika mAdtn etvan f, = 104 s-1 kou S, = 2x10-11 s- m-1. H mpocéyyion
KOTd TNV 0ol KPATALE LOVO TOV TPMTO Opo TG 6e1pdg Taylor ovoudleton f~plane
approximation kot 1 tpocéyyion (16) f-plane approximation.



Avtikafiotovrog v (16) otig e€ilomoelg epyaciog (11-13)

0 0
8_?7;‘6 — (fo+ Boy)v = —ga—z (17)
9, 9,
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Mg (2490 Zo o)
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AOY® ™G oD apyNc eEEMENC TV SLOOIKAGIDV OUTOV, U TPOTN TPOGEYYIoT Elvar OTL Ot
TayVTNTEG KaBopilovrat amd tn YewoTpoPikt) 1coppomio (quasi-geostrophic
approximation) kot ot peydAot 0pot (mov mepLEYovv ta. f,, g kat H) opilovv
YEMGTPOPIKT) OLVOULKT] TOV GLOTNUATOS (EVM 01 LIKPOTEPOL OPOL 0PILOVV TIG OLATAPOYES
YOp® oo TN dvva UK avT). Me TN TPocEyyion avTh
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Avtikafiotovrtog 116 (20-21) otovg LuKpovg dpove tov eElowcemv epyaciog (17-18)

_90n _ Pog On_ On
foouot %" 1, Y0 oy
99 ., Pog On_ O
fodxzdt 7P foyay Jy

gon g 0°n  Pog (9?7
= _J 7 _ 29
u fo Oy 02 OxOt * fg y (22)

gon g 0°n Bog 377

V=Tt (23)
JoOx g Yo t f 0
\_'_l L Y )
geostrophic a-geostrophic

Avtikafiotovrog Tic (22-23) oty (19)

0 0 0
U R2 _vQ o BO R2 _77
Ox

ot ot =0 (24)

omov R =+/gH/f eivarn axtiva arodopopewong Rossby.



Avalntovpie kot T KopoTik Abon g noperig 1 = noe’ FrHy—wt)

w = —FyR* (25) Xyfon dwemopdc kuopdtmv Rossby

(1 TAOVTIKOV KOPHATOV)

1+ R? (k% + 12)

210 0p1o B, = 0 ko w = 0 kat n ADon avTioTo el 6T YEMOTPOPIKN 1ooppomio o€ f-plane.

Atepehivnon pe Bdon to unikog kopotoc A (= 2n/K)tov kopdtmv Rossby:

Bpayéa kduata Rossby: )\<R—>K2>>i—>w~—@ forl—O%wN—@
pox H y: 2 = e = ~ -7

1
Moaxkpd kbpota Rossby: A > R — K? <« 2 — w o~ —FyK R? (for [=0— w~ —BOkRQ)

daoc taxdtnTa (ot X-0tevbvvon) ¢, = w/k
BoR?

= — TAVTO, 0PV TIKN

w
k 1+ R2(K2+12)

Cyx

evid M paokn taydTa (0T y-01e0buvon) ¢, = w/l umopei va £xel 0To10dMNTOTE
TPOGM O (1 PAGIKN ToYLTNTA £XEL YEVIKN OUTIKT] 01eVBvven — W — NW - SW),



[ ™ perétn ™ opadikng tayvtntog Ba meplopiotov e otn X-01eVBvvon (1

=0) ko Bok
YT
§+ k2
: , 50 o ow ﬁo
Bpayéa kopato Rossby: A < R — w ~ - — Cyz = % =3
. ) Ow ,
Maipd kopata Rossby: A > R — w ~ —FokR* — ¢4y = o= —BoR

xar  ¢g(long) > ¢, (short)

o ‘ [R
And v (25) B,A

2 2
BO 2 50 1
o8 )

L oA

- KR

TOL TEPLYPAPEL KUKAO GTO YDPO ;
TV Kopatopouov (k,7)




EQ. Upper—0Ocean Heat Anoma. (deg C)

IHAovnTiKG KOpoto (Tapadsiypota)
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O uyoviopnog TOV TAUVITIKOV KUUATOV

Greater f

t+1

Greater f

Pole

North

South

OeOPOVTOIC OACT|LLOVTEG
OATTOAELEG OO TIG UN
CUVTNPNTIKEG SVVALELG
(TpB1) kot yuo ™
OL0TPNON TOL SVVOLIKOV
oTPOPIMGC LoD

d
S+ =0



Mmopotpe va mpocopotdicovue to f-effect -
LE T1G avTioTolyeg Letaforég otV
tomoypopia (6, oe mAavntikn KAipaka). H
oyéon olomopdc ival avtictoym Tov
Koudtov Rossby. A&tomolovue avtd to
YEYOVOC Y10, TN LEAETT] OTO EPYOCTIPLO TMOV
1010TNTOV TOV KOpdTOVv Rossby.

fg k

 f1+R2(K2412)




Ecotepikd kopota (arin otpopdtmon)

For internal/interfacial waves H h g ——g’
Gravity (“small”) waves Ror >>1 w=1+1/g hK? (long wave limit)
Inertial (“mixed”) waves ~ Rop ~ 1 w = \/ f?+ g hK?

|

k
Rossby (“planetary”) waves Ror < 10 W= — BO}i ] 7R2 (2 + 12)
JaH /
R, = VIt (e.g ocean 1000 km) R;, = g'h (e.g ocean 10 km)

f f



Eocotepikd kopata Bapotnrog
(n “éx@paon” TOVC GTNV EMPAVELDL TNG

Bdlacoagc Ko otV Kopuen g
ATUOGPOLPOG)
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I'emotpo@ikn npocappoyn (Geostrophic adjustment)

Oempavtog 0Tt dgv VILdpyoLvV Pabuidec oty y-dtevbuvvon
(dmepec O100TACELS):

ou ou ,Oh
— — — = —qg — (30 Apykéc ovvOnkec:
5; T Uz~ fv=—97-(30) pxcés GUVOTKES J L
ov ov u=v=0 |
E‘FU%‘FJCUZO (31) h=H forz <0 \/\\ ''''
ah a h=0 fOI'fl?>O H] or=po—Ap :
— 4+ —(hU) =0 (32) 0
ot  Ox . .
Oplaxég ouvOnKec:
u,v —0, h— H atx — —o0 @
da ' 48
U= h=0 at x = a(t) /l /\;\//&‘600 /‘
1 h
Apy1kdg OvvoKOG TeAkdg SvvoLKOG [ """""" o
otpoProudc: otpoProudc:
f f+ 0v/0x
4 = 73 " qr =
H h
+ 0v/0x

localized
eating




MoAC oAokANp®OEL N TPOGAPLOYT], O1 TOPAYWDYOL TOV
YPOVOL unodevilovrat:

ou ,Oh AoV Oh/0x # 0 (10 h undeviletol 6€ KATO0
Uu— — fU = —q — (34) , , , ; S0 , )

O O onueio evd maipvel Tuég oe GAAM onuEia TOV X):
u@’_v + fu=0 (35) and v (36) 10 u eivor UNdEV TavTo HETA TNV

Ox OALOKAT|p®GCN TNG TPOGAPLLOYTC.

0
9z (hu) =0 (36) Avtikabiotdvtog oty (34):
,Oh
H Moeic yia (33) kot (37): fv=—g B (37)

Tr—a
H=H [1 — exXp ( R ) ['a va Bpodue To @, ypNOILOTOIOVLE TN dTHPNoN
TOL OYKOV:

Tr—a 0 a
v=—+/¢9 Hexp / (H—h)dx:/ h dx
R —00 0

¢ H 7oV OlveL:
f

(Where R =




