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Dynamical Oceanography ---To describe and understand oc¢ }%%
processes via simple laws such as Newton’s laws of mot

Difficulties: (1) Ocean is rotating, (2) Ocean is a continuum il
discrete particles. V

Long Range Goal ---> Prediction ---> Environmental Manage!

Concepts to be introduced: e north pole, 30N, equator,
(1) Geostrophy

(2) Geostrophy & Friction ----> Ekman layer & upwelling dynamics
(3) Geostrophy & Stratification ---> Gulf Stream structure & River

relation to the velocity?
5) Potential Vort|C|t
s n

g Potential Vorticity + Coastally Trapped Waves evel of known motion be a
(Rossby, Contmental Shelf & Kelvin Waves)

(7) Sverdrup Relationship + Davidson Current off Cali N ~actyg||
(8) Western Boundary Currents ---> Gulf St~ " an
(9) El Nino and Southern Oscillation ]\ N R WD =

- w - w w w waw
o~

4. Name the three contributing factors to potential vorticity.

5. How does Ekman pumping connect to the Sverdrup interior flow? Explain
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* Vorticity is the angular velocity at a point in a fluid.
planetary =262

where Q = 2mw/day = 27t/86400 sec = 7.27 x 10~ sec’, SO
W =1.454 x 10* sec.

W

planetary

e Vorticity is a vector, and points out of the plane in
which the fluid turns.

Right-hand rule, thumb up:
(@) #o7  positive vorticity (b) ro7
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Right-hand rule, thumb down:

negative vorticity
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&: PV

Vorticity is exactly related to the concept of curl in calculus. The vorticity
vector w is the curl of the velocity vector v,

w = Vxv=i(dv/oz - ow/dy) +j (ow/0x - du/0z) + k (dv/ox - du/dy)

where (i, j, k) is the unit vector in Cartesian coordinates (x, y, z) with
corresponding velocity components (u, v, w). Vorticity has units of
inverse time, for instance, (sec)™.

The vorticity of the fluid motion itself is called the relative vorticity when
it is calculated from the water velocities relative to the Earth's surface
(which itself is rotating).

Total vorticity = relative vorticity + planetary vorticity.
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Conservation of PV is one of the most important
concepts in fluid dynamics

When there are no forces on the fluid, PV Q is
conserved.
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Relative Helative
H vorticity vorticity
=0 =<0

| —

Latitude 9, move northwards Latitude 62
Q= f(B‘)/H Q= (f(ez) + O)JH = f(e‘)/H

Conservation of potential vorticity Q in the absence of
stretching (northern hemisphere):
balance of planetary vorticity and relative vorticity
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H Relative Relative
|; = () g >0

Latitude 6‘ (same latitude) Lattude t)1
Q = f(8, )M, Q= (f(8,) + {)H, =f(8,)H,

Conservation of potential vorticity Q in the absence of
planetary vorticity change (northern hemisphere):
balance of relative vorticity and stretching
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m Wind causes Ekman transport
and convergence

m Ekman pumping provides the
squashing or stretching.

m The water columns must
respond, either through
change in relative vorticity or
change in planetary vorticity
(latitude). They do not spin

up in place, but rather change
latitude.

Squashing -> equatorward movement  Stretching -> poleward
A - B
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How to measure vorticity on a rotating globe?

§ ———=vorticity or relative vorticity

f + & —===absolute vorticity (f luid+earth's vorticity)
(f+C&)/ h=—===potential vorticity,

where h = water depth

Conservation of potential vorticity in a homogeneous and
inviscid ocean

In the absence of external forcing,

PV = & = CONst

This conservation law can be rigorously derived from Newton’s
laws of motion.
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Northern Hemisphere Scenario : - ;-If = const

C=1




: P +
Northern Hemisphere Scenario : S+ = const




|3 BiF OMS
N.H
2 T T T Narth (f larger)
— | | |
—> | '
— -\ e
— N
L B 1y T |
N I | | South (f smaller)

Section O Section | Section2  Section 3

At 0: £=0, h=h,, f=Ff, PV=%

0

O—>1:£0 =f°;§', h <h,, & <0
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ﬁ) Ca — fZ >2 - fa +Ca =f:2 +§2
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0
Lh<f, = &,>C&, until £, >0
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F A - and so on... The wave train is called Lee Rossby Waves




move notthwards  Latitude 6,
Q= (f(8,) + OMH = f(8,)H

Lattude 8, (same latitude)  Labitude 0,

Q=1(0,)H, Q= ((0,) + OHy =1(0,)H,
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