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*» Two circulation system

‘ Solar radiation ‘

l Uneven solar heating

Re-distribution

>‘ Global temperature distribution ‘

| i !
Bottom water formation ‘ ‘ Tropospheric circulation ‘
Retdistribution ‘l,
Sea surface wind field

De_ep ocean ‘ ‘
circulation Vertical
Density-driven circulation Surface ocean Horizontal
(Thermohaline circulation) circulation

T S

Wind-driven circulation

PHYSICAL OCEAN LAB



BN SBHO A UYL ol o

400 400
e HYsA
300 [~ < ~ 300
o~ 20} 4 200
=
7 &9 ﬂ%WH .
S w0k 44 2ol T SA — 100
it

Heat
-100

80°S 40° 0° 40° 80°N
A2H EHE (s ETE EfSEAL (b YEE X|EQ} sHU0IAQ| 2AL, (= 7| ABojAQ) 2
SALE LIEHAC} (After Piexoto and Oort, Physics of Climate, American Institute of Physics, 1992).

mrlllllll- SO Mg B T PR IR

0 - r 200

100 k= il 100

Lk

% $:42 (10" watts)
I
1

% $8% (10" wat

-300 - g -100
w W o

-2 - o=
<500 ==L i MRSt gl VRS g 00 L | | | | 1 | L. OS2 H A

90 60° 3° 0 30° 60° 9N 90°S 60° 30° 0° 30° 60° 90°N PHYSICAL OCEAN LAB




SON — —_ ——

2
Sy ~ < — - <: Northeast Trades
—_— — —— ——3
O |— —_— —
’// \\ C Southeast Trades
25 \ f

|12
=
ol
02
[
[t
e
0%
M
rto
r10
40
1o
u
g
2
o
-
1l
JA
o
rO ]
ra
M
ol
>
60
[l

- Mesoscale eddies (E+1& 2tS)

__gjor=alot Al

PHYSICAL OCEAN LAB



=2 ol F (Major surface current)

Totic Circumpoia,

ta 3
An (wes{ Wind Dr,-,‘,ljrem
“‘ ‘f Sl
- \Warm-water current — Cold-water current

(o OtCH 28 O}BHCH =3

SEHE S (OLZH, OFSHTH), BEHE S (OtZTH), S A (OLE T, Otettl), SHA H(OtETH), g1 =& (OP%EH)]

-

Vs

« 842 8l &: Antarctic Circumpolar Current (also called West Wind Drift) }

« M@t BAF: Kuroshio Current (SEHE ), Gulf Stream (STHAM 2,
Brazil Current (= tH Al &),Eastern Australian Current (= E & &), Agulhas Current (& 21 & 21 m——
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FYI: Nansen, Ekman, and Stommel

Fridtjof Nansen Van Walfrid Ekman Henry Melson Stommel
(1861-1930) (1874-1954) (1920-1992)
- Observed iceberg’s - Explained the cause of - Explained the cause of
movement around the Arctic  Nansen’s observation. intensification of the

- Reported Iceberg drift - Developed a boundary- ~ WeStern boundary current

some angle (20°~40°) to the layer model considering
right of wind Earth’s rotation
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< 0|38t =&: Ekman Spiral
s

« &0 HH: HFE(Wind stress) = & &F 2 (Coriolis force )

: ol AFE 04| 2| 8t O} &
0l 32t LtA (Ekman Spiral) T o=l _\Ivmdsutss
T force

\‘A\‘\b :‘\4‘50 gurface currel §\> Spiraling
| ~__+—[ currents
: g
: =
Coriolis
Net water Frictional drag force B
O“ j_ o} transport force d
] —
(e SH =
Laye Top frictional
drag force o=
b
fTrSE
R |
=¥
i * Coriolis
22t 210l(Ekman depth): i &E S It LIE N force
LIXl = (E=D 98 BHH, 82 4%) 20| Bottom frictional
drag force

-
- ofle=Ee|A A
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FYI: 0| 2B ==2| & Bhof
« 810 W4 Hi aF(Wlnd stress) = & &F & (Coriolis force )
9 E
A, u__ fu 4— fu
92° 82>
- E(T)0l ALHH2Z 2 [
U= Ve 2 cos(45° ——2), wv= Ve 2 sin(d5° —— )
0 DE - 0 DE
Vo= (y2r7,)/(Dgpf)  Dp=m\/24,/f
R ot BA H2, f: RalSel H2 (2Qsin)
Z=0 (Surface): u= V,cos(45°), wv= V,sin(45°)
), = Ve "sin(45° — )

Z=D¢ (Ekman depth): u = Vcos(al-B T

0.04
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&: Total Ekman Transport
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< 3BT &8s, HoEs/EE
« 2S5 (upwelling): Aloliel 20| 522 £0t2= UHE. 250 U= g2 &
o2 H2 FFE =Ctot)| =0l Y M=0| SFotH MAot= XAF0 Setth.
S22 H3oll=2 Z40] 0iLi= R0IA EAUSHLE,
A Al
HEES clotE
Ekman transport (northward) (a)
+ + MNorthern (c)
hemisphere Northern
hemisphere

Southern

Equator

hemisphere
Ekman transport (southward) < c A East
Trade (b)
® Winds /
Sea surface > » Onshore
— |
Ekmanwarm<— <\cold/-> warmEkman transport
transport T transport
Upwelling
Thermocline
Southern Northern
hemisphere Equator hemisphere
« A= 1: 028 20l= H 100 m LH2| OICt ofKIBt =R dis= H 22 =& tAl
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= E Y= = (Pressure Gradient) = & &= (Coriolis force )
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s Wind-driven circulation

‘ Surface wind ‘ t On a flat ocean in a rotating Earth

Right direction of the wind
‘ Ekman Transport ‘ In the northern hemisphere

VU

‘ Pressure Gradient Force‘ -

U

| Initial movement | <A

U

‘ Coriolis Force ‘ y Movement turns

V

- Same direction with
‘ Geostrophic Current ‘ A} surface wind
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% =R 6 F (Major surface current)

Totic Circumpoia,

A“\awes‘ ind Dr,'/,’;’ent =
“ nf B
- Warm-water current =~ Cold-water current ~
- AN ol d=E(SdcEHe A O8 s A0 Sh=otXl &Lt
- Intensification of the western boundary current (M2 ZH &)

- Mesoscale eddies (B2 2S)

of & Of J1AL |
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<+ N ot&A 3l &4 (Intensification of the western boundary current)




» NOHY S & & (Intensification of the western boundary current)
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w22 " Gulf Stream vs Canary Current
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< A 2tE H = Ol of
OI:’ A

« 2t& (Vorticity): S0fl CHet A2l ol ™ H & (BFAIH 2hak 2k, Al H R S)
- 2t & BFE Al (Vorticity Equation): HI EF 53 R0 HE &k Ha), tte 24, 0t 4
. af+ 1 o ,01, 0T, ou o
4 S _ =] _
Assuming no beta effect S 5os ow oz oy oz
— b
—5
—
.ﬂ—
< wind stress constant f wind stress
Wind stress = Friction (Ocean current)
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variable f
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Western Ocean: Wind Stress + Planetary Vorticity = Friction

Eastern Ocean: Wind Stress = Planetary Vorticity + Friction
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S1L 2= (AE=0I) (Meso-scale Eddies)

GFDL CM 2.6 Ocean SimL{Ij\tion

Sea Surface Temperature

: 2810 ~ 100 km (1,000 ~ 10,000 km AH| 22l =R ol FOHA =32t)
=F~Ud M EE:~10cm/s = 0| &
=4 oo IO"O:'C’#O#%OIEC’* o N

=200 O =<
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v S 25 (28 =0]) (Meso-scale Eddies)

Anticyclonic warm eddy Cyclonic cold eddy
(Warm core ring) (Cold core ring)

Week |

Gulf
Stream

Warm
water

Week 2 4~ Warm-core
o , ring

Cold
water

« ANHIZE, NS d, 28 8, 2 (FR T 55 #X)
« SFAITHIYE, MIIEd, 25 &4 & (=R olF 8% #X)

PHYSICAL OCEAN LAB




\/
0’0

ol

H

2k

ke
Ol

& 20

H>

(S9)

s (

H>

Ocean circulation plays arole for the redistribution of global
heat. (Control the global climate change)

Subtropical gyre can be explained by the Ekman transport
and geostrophic balance. (Wind-driven circulation)

Western intensification can be explained by the vorticity
balance. (Beta effect)

There are many meso-scale eddies along the western

boundary currents. (Energetic Ocean)
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