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Eli Tzipermangeostrophy - motivation

The weather channel

Atmosphere: sea level pressure and wind direction
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Notes 
2  Geostrophy - derivation 

(see two following slides with mini quizzes)
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Miniquiz 
Coriolis force form and sign in two horizontal F=ma 

What is the Coriolis force ( ) acting in the  
directions on a fluid element moving at a speed , whose volume is 

, density is , and where the Coriolis parameter ( ) is .

kg m s−2 (x, y) = (east, north)
(u, v)

ΔxΔyΔz ρ s−1 f
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Miniquiz: 
Geostrophy: write the form of the two horizontal momentum equations, that 

represent  including the Coriolis force and the pressure force, and where 
acceleration is zero (steady state).

F = ma



Eli Tziperman3  Examples of geostrophic balance

The weather channel

Ocean: sea surface height variations 
involved with major currents: 
western boundary currents and the 
Antarctic circumpolar current.

Atmosphere: sea level pressure 
corresponding to winds
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Miniquiz 
wind velocity from sea level pressure (SLP) on a weather 

map

steps: 
 

 
 
 

f = 2Ω sin θ =
Δp =
Δx =
ρair =
(u, v) =
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map

steps: 
 

 
 
 

f = 2Ω sin θ =
Δp =
Δx =
ρair =
(u, v) =



Eli Tziperman

miniquiz: 

Derive the vertical momentum budget equation, 
balancing pressure force with gravity force: consider  

a fluid parcel of volume  and density .ΔxΔyΔz ρ
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miniquiz: 

Find the direction of the long-
shore velocity from a 

temperature section in the 
Northern Hemisphere

Eastward distance ➨

De
pt

h
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Notes 

4  The hydrostatic balance

5  Boussinesq approximation
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6  sea level vs stratification in a stratified  
geostrophic flow such as the Gulf Stream 

6 Sea level vs stratification in a geostrophic flow such

as the Gulf Stream
FFF

Consider an east-west section across the northward flowing Gulf stream, and estimate first
the e↵ect of sea level variations across the stream, vs the e↵ect of density variations, evalu-
ated at a depth of 1 km.

z=0, sea level in the 
absence of ocean currentsEastWest

1 m
sea level

dense water light water
⇢ = 1027⇢ = 1028 z=-1 km

First, evaluate the e↵ect of sea level while assuming that the density is constant, p(x) =
⇢0gh(x) (pressure at surface is assumed zero), so that the pressure di↵erence across the Gulf
stream is,

�x
@p

@x
= �p = �x⇢0g

h2 � h1

�x
= ⇢0 ⇥ g ⇥ (1 m) = 104 Pa.

Here, h1 and h2 are the sea surface heights at the two horizontal locations on two sides of
the Gulf Stream.

As for the e↵ects of density variations, evaluated again at a depth of 1 km, using p(x, z) =
�
R
z

0 ⇢(x, z)g dz =
R 0

z
⇢(x, z)g dz, and assuming the density is only a function of horizontal

location, not of depth,

�x
@p

@x
= �p = �⇢⇥ g ⇥H = (1028� 1027)⇥ g ⇥ (1 km) = 104 Pa,

so that the e↵ects of sea level and density variations are comparable.
Next, what do these e↵ects look like as function of depth in a stratified Gulf Stream?

Consider the following schematic,

8
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6  sea level vs stratification in a stratified  
geostrophic flow such as the Gulf Stream 
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6  sea level vs stratification in a stratified  
geostrophic flow such as the Gulf Stream 

z=0: sea level in the 
absence of ocean currentsEastWest

1 m
sea level

z=-1 km: Level of no motion

⇢ = 1024

⇢ = 1025

⇢ = 1026

⇢ = 1027

⇢ = 1028

pressure isolines
isopycnals

up

East
which shows how the density di↵erences gradually weaken and eventually reverse the east-
west pressure gradient set near the surface by the sea level height di↵erence. We therefore
expect the flow in this case to be northward in the upper km, and southward below.
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6  sea level vs stratification in a stratified  
geostrophic flow such as the Gulf Stream 

7 Example: calculating currents from temperature and

sea level

Our objective is to use geostrophy, hydrostatic balance and the equation of state to calculate
geostrophic velocities from a give temperature field T and sea surface height (h, SSH). This
is similar to the analysis of ship and satellite observations of T and SSH. . .

The procedure we follow is calculate density from temperature, pressure from density
and SSH, and finally velocity from pressure.

Suppose we are given the following “observations” of temperature and surface height
field,

T (x, z) = T0 +�T (ez/H + �x/L)

h(x) = ax/L

where L is the horizontal size of the domain.

T (shading), v (contours)
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Figure 1: Temperature “observations”.

Start from the equations, including geostrophy, hydrostatic balance, and the equation of
state,

�fv = �1

⇢0

@p

@x

fu = �1

⇢0

@p

@y

@p

@z
= �g⇢

⇢ = ⇢0(1� ↵(T � T0))

10

z=0: sea level in the 
absence of ocean currentsEastWest

1 m
sea level

z=-1 km: Level of no motion

⇢ = 1024

⇢ = 1025

⇢ = 1026

⇢ = 1027

⇢ = 1028

pressure isolines
isopycnals

up

East
which shows how the density di↵erences gradually weaken and eventually reverse the east-
west pressure gradient set near the surface by the sea level height di↵erence. We therefore
expect the flow in this case to be northward in the upper km, and southward below.
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Eli Tziperman7  Calculating currents from temperature & sea level

(*)From http://talleylab.ucsd.edu/ltalley/sio210/dynamics_rotation/lecture_dynamics_geostrophy.pdf 

“Sea surface height 
(Using Niiler et al., 2003, 
surface heights based on 
drifters)”(*)

http://talleylab.ucsd.edu/ltalley/sio210/dynamics_rotation/lecture_dynamics_geostrophy.pdf
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Figure 5. The North Atlantic overturning circulation 
with the location of the RAPID array moorings 
along 26°N. Modified from Church, 2007.

https://www.rapid.ac.uk/background.php

A view of the back deck of the RRS James 
Cook during the RAPID cruise in April 2014.

RAPID: monitoring the Atlantic Meridional Overturning Circulation at 26.5°N 
(motivation for calculating currents from T,S and sea surface height)

https://www.rapid.ac.uk/data.php 

RAPID results for AMOC:

javascript:switchMenu('a14')
https://www.rapid.ac.uk/background.php
https://www.rapid.ac.uk/data.php
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Notes 
8  Thermal wind equations and level of no motion 

Miniquiz 
Derive thermal wind equations



Eli Tziperman

Miniquiz - calculate the depth of the level of no motion
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optional, time permitting: 
9  Dynamic height derived from geostrophy



Eli TzipermanGeoid vs sea surface height

https://www.researchgate.net/figure/Global-geoid-from-EGM-2008-model-137_fig1_316255397 

https://www.esri.com/news/arcuser/0703/geoid1of3.html 

http://www.dspmuranchi.ac.in/pdf/Blog/Basic%20Geodesy.pdf 

http://geoide.es/pageID_3506376_3.html 

The geoid varies by 
hundreds of m from 
place to place, 
dynamic sea height 
typically varies by 1 
m at most

https://www.researchgate.net/figure/Global-geoid-from-EGM-2008-model-137_fig1_316255397
https://www.esri.com/news/arcuser/0703/geoid1of3.html
http://www.dspmuranchi.ac.in/pdf/Blog/Basic%20Geodesy.pdf
http://geoide.es/pageID_3506376_3.html
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The End


