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Geostrophic Flow I 

Pressure gradient force is balanced by the Coriolis. 
In the Northern Hemisphere, the direction of  
geostrophic flow is parallel to the isobars, with 
the high pressure to the right of the flow.
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Learning Objectives
Understand difference between baroclinic and barotropic.

Know assumptions implicit in the concept of geostrophic flow 
and be able to derive the “gradient equation” from EOM and 
the assumption of a balance between pressure and Coriolis.

Understand horizontal pressure gradients at a balance 
between gravitational acceleration and ocean pressure.

Understand the concept of the line of no motion and how it 
plays into the quantification of the pressure gradient.

Know how the geoid relates to the line of no motion. 

Know the following concepts: 

dynamic height, dynamic meter, and steric height.

Understand “rules of thumb” for geostrophic flow and how 
they apply to water flow, isobars, and isopycnals
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Geostrophic Flow - Outline

The approach to measuring current velocity: 
the theory and the practice.

Assumptions and limitations to the method.

Rules of thumb for geostrophic flow 
calculations.

Satellite observations of sea surface 
elevation and surface currents.
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Geostrophic Flow - Terminology

Geostrophic currents – involving balance                     
of Coriolis and a pressure gradient.

Isobar – line of constant pressure.

Isopycnal – line of constant density.

Geoid – line of constant geopotential 
(gravitational potential energy).
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Geostrophic Flow - Terminology

Barotropic conditions: 

isobars and isopycnals are parallel 

Well mixed shallow areas

Also maybe deep ocean 

Baroclinic conditions: 

isobars and isopycnals slopes are different

Typical situation in open ocean
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Geostrophic Flow - Terminology
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Barotropic conditions: 

isobars and isopycnals
are parallel

Baroclinic conditions: 

isobars and isopycnals
not parallel
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Geostrophic Flow - Terminology

Baroclinic conditions are typical in the ocean.

Very common in surface because most ocean 
currents do not reach the sea floor. Thus, 

somewhere in water column the isopyncals and 
isobars parallel each other and the geoid.

Barotropic conditions are relatively rare and 
generally only found in well-mixed areas: 

• shallow coastal waters.

• near the seafloor, in the deep ocean.
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Geostrophic Flow - Equations

Derived from the equations of motion, 

using Four Key Assumptions:

1. Pressure force balances coriolis force.

2.No acceleration (dv/dt = 0 & du/dt =0)

(NOTE: Water moving at constant speed).

3. Horizontal velocities much greater than 
vertical velocities (i.e., w << u & v).

4. Friction is small and can be ignored.
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How does this actually work?
Given assumption that:

pressure gradient balances Coriolis.

Water must be moving for Coriolis                            
force to be operating.

Thus, geostrophic flow is really a balance 
produced by water in motion.

Since Coriolis is produced by water motion and 
balanced by the pressure gradient, we should be 

able to compute motion from the pressure 
gradient (given the simplifying assumptions)
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Geostrophic Flow - Geometry

The Coriolis force is 90 
degrees to the direction of 

water motion.  

The pressure gradient is 
therefore perpendicular to 

the Coriolis force.  

Water moves perpendicular 
to the pressure gradient 
and perpendicular to the 

Coriolis force.
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“Gradient Equation”
Derived from equations of motion
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Another formulation of 
the gradient equation
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Key to this approach is to measure 
horizontal pressure gradient in ocean

Recall this depiction of the pressure gradient.

This tilting 
sea surface 
would only be 
stable with  
Coriolis force 
counteracting 
the pressure 
gradient.
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Horizontal pressure gradients
Note: this situation is unstable without 
coriolis to balance pressure gradient 

Horizontal pressure equal along the isobar             
and perpendicular to isobar.
Downward  pressure parallel to gravity and 
perpendicular to geoid.
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Pressure gradient from EOM

Bottom line:
Methods of computing current velocity from 

pressure gradients work.

The key is determining the pressure gradient.
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Parameters needed to compute 
geostrophic current

Coriolis (Latitude)

Density, Pressure Gradient

How do we 
measure density?

How do we measure a 
pressure gradient?
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Quantifying Pressure Gradients

tan(θ) = sin(θ) / cos (θ)
tan(θ) = ∆z / ∆x

dP/dx = (ρ*g*∆z / ∆x)  

dP/dx = (ρ*g* tan(θ))
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Quantifying pressure gradients

Note: 

figure from 
TOS series 

provides 
different 
view on 

determining 
pressure 
gradient 

and current 
speed

Result is V  = (ρ*g*tan(θ)) / (f*ρ)
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Aside Note on G and g
(G) universal gravitational constant

G = 6.673*10-11 m3/kg sec2 or N m2/kg

Gravity force = G *M1*M2/r2

(g) gravitational constant at earth’s 
surface

g = 9.831 m/sec2

Computation of g

F (Newtons) = G * (M(earth) * M)/r2
(Earth)

F = G*(Me/R2
e)*m or F = g * m 

Note: gravitational attraction directed 
toward center of the Earth



10/27/2019 MARS 6080 20

Determining the Pressure Gradient
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Determining the Pressure Gradient

Therefore, another assumption necessary 
for geostrophic flow calculations.

There is a depth in the sea where there is 
no horizontal pressure gradient.

Often called the “line of no motion”.

At this line, pressure vectors are 
perpendicular to the isobar and the geoid.

(the isobar parallels the geoid)



Visualization Isobar slope 
determined by 
height above a 
line of equal 
pressure parallel 
to the geoid

Gravitational 
force

Opposing vertical 
Pressure force

Horizontal 
pressure force

ρ = 

1025 kg/m3

ρ = 

1026 kg/m3

Pressure = x1 Pressure = x2



Visualization

Pressure = x1 Pressure = x2

Computing 
height of  
columns of 
water of 
different 
densities               
to yield                     
the same 
pressure

Line of 
constant 
geopotential

Gravitational 

force

Vertical 

pressure 

force

ρ = 

1025 kg/m3

ρ = 

1026 kg/m3



Visualization

Pressure = x1 Pressure = x2

This can be 
done at many 
intervals above 
the line of no 
motion to 
determine 
currents at 
many depths 

Line of 
constant 
geopotential
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Vertical 

pressure 

force

ρ = 

1025 kg/m3

ρ = 

1026 kg/m3
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How is the isobar slope measured?

Assume a line of no motion “flat isobar surface” 

(i.e., isobar parallels geoid).

Measure T & S vertically above the line.

Compute specific volume (a = m3 / kg).

Sum heights of equal pressure above line of no motion.

Do that by simply adding the α values at both locations 

(i.e., m3/kg + m3/kg …)

This yields the height of an equal mass of water              
and the elevation of that specific isobar.

If the height of the isobar above the line of no motion 
is different at two X locations, there is a pressure 

gradient between them 

(there is a geostrophic current is present).
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Critical component in all of this
is the flat surface

Flat isobar surfaces (i.e., without horizontal 
pressure gradients) occur in two circumstances: 

(1) where there is no water motion and 
(2) at the equator (no Coriolis force).

The flat isobar surface is parallel to the geoid.

Geoid is defined as the surface of constant 
geopotential or gravitational potential energy.
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Geopotential 

potential energy due to position in gravitational field

Geopotential Φ = m * g * h

m = mass (kg)

g = gravitational acceleration (9.8 m/sec2)

h = height (m)

Geopotential has units of joules 

(kg m2 sec-2)



10/27/2019 MARS 6080 28

The Geoid and Dynamic Height

The geoid is a sphere with 
constant geopotential energy. 

Dynamic height is 
the distance that any 
place in the sea 
deviates from the 
geoid in units of 
geopotential per kg.

Geopotential has 
units of joules 
(kg m2 sec-2)             
and dynamic height 
has units of m2 sec-2
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The Geoid and Dynamic Height

The geoid is the shape that the ocean surface would 
have under the influence of the gravity and rotation 
of Earth alone, if other influences such as winds and 
tides were absent.  The Geoid is a sphere with 
constant geopotential energy. 

Example: 

Dynamic height change (i.e., change in geopotential 
energy) resulting from raising 1 kg for 1 m within 
the Earth gravitational field is 9.8 joules.

Geopotential Φ = m * g * h = 1 kg * 9.8 m / sec2 * 1m

= 9.8 kg * m2 / sec2 = 9.8 joules
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Dynamic Height

Geopotential units =  joules OR kg m2/sec2

Dynamic Height = Geopotential per unit mass 

(units of Joules/kg OR m2/sec2)

Oceanographers define 1 dynamic meter
as equal to 10 dynamic height units.

i.e., one dynamic meter = 10 J/kg or 10 m2/sec2 

because this is ~ equal to the geopotential 
energy involved in raising 1 kg about 1 meter in 

the Earth’s gravitational field.
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Geopotential vs Density 

Potential energy is directed toward the

center of Earth’s mass.

These are the units of dynamic height often 
expressed as joules / kg  (m2/sec2)                                

(i.e, geopotential energy per unit mass).

Note: Different from pressure

(P = ρ*g*z)

Pressure has units of force (Newtons).

(kg / m3) * (m/sec2) * (m) = kg / (m sec2) 
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Steric Height

Steric Height = Dynamic height / g

(units:  m = m2 sec-2 / m sec-2 )

Another measure of pressure gradients.

1 dynamic meter or 10 J/kg or 10m2/sec2 

divided by 9.8 m sec-2 ~ 1 meter


