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Goals of this presentation:

● Build an understanding of the basic dynamical principles of rotating, stratified 

fluid flow
○ Geostrophic Balance

○ Hydrostatic Balance

○ Ekman Layers

● Apply the basic dynamical principles to understand the flow of the ocean
○ Ocean gyres

○ Meridional Overturning Circulation
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Centrifugal Force
● What is centrifugal force?

● Centripetal?

● How does the magnitude of centrifugal 

acceleration compare to gravitational 

acceleration?
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Coriolis Force

4https://www.youtube.com/watch?v=dt_XJp77-mk

http://www.youtube.com/watch?v=dt_XJp77-mk&t=50
https://www.youtube.com/watch?v=dt_XJp77-mk


Coriolis Force
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Coriolis Force
● Does coriolis force cause the flow to 

curve to the right or left in the 

northern hemisphere?

● What about the southern hemisphere?
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Coriolis Force
● How do we formulate coriolis force?
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Coriolis Force
● What is the difference between coriolis force 

and centrifugal force?

● Why are we told to ignore the centrifugal 

force?

Force diagram for centrifugal and coriolis 
force. Adapted from Holton 2013. 
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Coriolis Force
● Note that coriolis force varies with 

latitude

● What is the formula for differential 

coriolis force?
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Pressure Force
● What is the pressure gradient force?

● Does it act from high to low or low to 

high?
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Hydrostatic Balance
● Review: What is hydrostatic balance? 

How is it formulated?

● Is hydrostatic balance only valid for fluids 

at rest?

● How does pressure change in the ocean? 

Image of Atmosphere from Atmosphere, Clouds and Climate by David A. Randall
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Geostrophic Balance
● Geostrophic balance is when pressure 

gradient  force and coriolis force balance

● How is it formulated?

● What field can we substitute pressure for?

● When can we approximate flows to be 

geostrophic?

Geostrophic flow around a high and low pressure. Figure from Atmosphere, 
Ocean and Climate Dynamics by Marshall and Plumb
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Ekman Layer

● Ekman layers are boundary layers driven by 

the surface wind stress. 

● Does geostrophic balance apply?

● What is the Ekman transport?

Ekman surface layer showing the signature Ekman spiral (right) and Ekman 
transport relative to surface wind. Figure from Introduction to Geophysical Fluid 
Dynamics by Cushman-Roisin and Beckers.
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Ekman Layer

● Ekman layers also exist in bottom 

boundary layers

● Ekman Transport is not 90º to the right 

of the direction of the interior flow

● Not a good model in the atmosphere, 

but performs better in the oceanic 

bottom boundary layer

Velocity profile for bottom Ekman layer. Figure from Introduction to Geophysical 
Fluid Dynamics by Cushman-Roisin and Beckers.
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Ocean Circulation

Video of Surface Chlorophyll from NOAA/ESM2.6, Video from Geophysical Fluid Dynamics Laboratory Large Scale Ocean Dynamics Visualization.
https://www.gfdl.noaa.gov/visualization/visualizations-oceans/
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https://www.gfdl.noaa.gov/visualization/visualizations-oceans/
https://docs.google.com/file/d/18YSui4Etu9A7uo2tyeUnDs05bj09VO_H/preview


Ocean Gyres

● Why do ocean gyres exists?

● Why is friction not included as a primary 

driver of circulation?
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Ocean Gyres
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Ocean Gyres

18
Map of Sea Surface Height with streamlines. From Yang et al. 2020



Western Intensification

● Ocean gyres are asymmetrical, with western boundary currents of intense flow.

● What causes this asymmetry?
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Western Intensification
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Western Intensification

21Streamlines and meridional velocity for Stommel and Munk models. From Atmospheric and Oceanic Fluid Dynamics by Vallis



Westward Drift
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Buoyancy
● What is buoyancy?

● Draw buoyancy profiles for stable, unstable and neutral buoyancy cases.
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Meridional Overturning Circulation

24https://www.youtubeeducation.com/watch?v=eZzpvLz4yAk

http://www.youtube.com/watch?v=eZzpvLz4yAk
https://www.youtubeeducation.com/watch?v=eZzpvLz4yAk


Meridional Overturning Circulation
● What are the components of the Meridional Overturning Circulation?

● Can you describe the mechanisms of these two processes?
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Meridional Overturning Circulation
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(a.) Mixing component of the MOC (b.) Wind-driven component of the MOC



Meridional Overturning Circulation
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● Why is the Antarctic Circumpolar Current 

(ACC) important to maintaining MOC?

● Is the ACC in geostrophic balance? 

● Why not?



Meridional Overturning Circulation
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Antarctic Bottom Water

North Atlantic Deep Water



Meridional Overturning Circulation
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Residual streamlines for overturning circulation. From Atmospheric and Oceanic Fluid Dynamics by Vallis


