
Aaron Wienkers, Leif Thomas, & John R. Taylor
Department of Applied Mathematics and Theoretical Physics

Aaron Wienkers, Leif Thomas, & John R. Taylor
Department of Applied Mathematics and Theoretical Physics

Ocean Fronts: An affront to global scales? 
   How the smallest scales influence the climate
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Ocean Circulation & Large Eddies
NASA
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Challenge in Geophysical Fluid Dynamics

• Dynamic range of motions is 
∴ Capturing every scale is prohibitively expensive 

• Under-resolved scales are still important! 
• In climate & weather models and storm tracking 

• Need to see the Forest and the Trees

Monet (1892)
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Can Fluid Dynamics Save the Planet?
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• Ocean has taken 93% of heat generated since the 
  industrial revolution, and 30% of anthropogenic CO2 
→ Will this uptake stop? 
→ How does the ocean and atmosphere warming 

   feedback on these processes? 
→ Is there a catastrophic tipping point?

Hawkins (2017)IPCC AR5
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Carbon Fluxes
Kayler, et al. (2017)
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van Gogh (1889)
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Force Balance in the Submesoscales (1-10 km)
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Fronts: The Gulf Stream
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Front: A region with a large horizontal  
    density gradient,                                                                              , typically 
    balanced by a perpendicular current.
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NASA/USGS
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Fronts: River Outflow into the Gulf of Mexico

f : Coriolis Parameter
<latexit sha1_base64="MrLw0ZxQhD34Fv6GJR2v5hF20S4="></latexit><latexit sha1_base64="MrLw0ZxQhD34Fv6GJR2v5hF20S4="></latexit><latexit sha1_base64="MrLw0ZxQhD34Fv6GJR2v5hF20S4="></latexit><latexit sha1_base64="MrLw0ZxQhD34Fv6GJR2v5hF20S4="></latexit>

M2/f 2 ⇡ 500
<latexit sha1_base64="KjWQoBYQDCTJne8GAny7mdNyzPw="></latexit><latexit sha1_base64="KjWQoBYQDCTJne8GAny7mdNyzPw="></latexit><latexit sha1_base64="KjWQoBYQDCTJne8GAny7mdNyzPw="></latexit><latexit sha1_base64="KjWQoBYQDCTJne8GAny7mdNyzPw="></latexit>

M2 ⌘ �g@x⇢/⇢0

<latexit sha1_base64="P1xVODz7DZwhCzJ/Is8JMDGUYIM="></latexit>



17

Dynamics within a Front
What happens in a front (doesn’t necessarily) stay within a front
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Structure of a Front
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Internal Gravity Oscillations
Copley (1754) 
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Convective (Rayleigh-Taylor) Instability
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Inertial Oscillations
Copley (1754) 

⌦
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Inertial Oscillations
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Linear (Small) Perturbations
Michelangelo (1512) 
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Inertia-Gravity Waves
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Inertia-Gravity Waves → Symmetric Instability (SI)
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Internal Waves

Atmospheric Waves
NASA/USGS
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Symmetric Instability Observations
Zehnder (2019)
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So…why is this important?

• Modelling the entire ocean/atmosphere is impossible 
• Back to the Forest and the Trees: 

• Should get away from empirically “tuning” models 
• Physically model backscatter (towards large scales)  

   and eddy damping (to small scales)
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Nonlinear Effects
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• 2D pseudo-spectral / finite difference simulations 
• Initial condition in Geostrophic Balance 

• Focus on a “vertical” front 
• SI prompts large oscillations and enhances mixing

x̂
<latexit sha1_base64="0kqOFy9XDnQVPOo8PCZPevv1V0s="></latexit><latexit sha1_base64="0kqOFy9XDnQVPOo8PCZPevv1V0s="></latexit><latexit sha1_base64="0kqOFy9XDnQVPOo8PCZPevv1V0s="></latexit><latexit sha1_base64="0kqOFy9XDnQVPOo8PCZPevv1V0s="></latexit>

ẑ
<latexit sha1_base64="NK7ENl/Z4mGTWOQiU4kR0dyf/NA="></latexit><latexit sha1_base64="NK7ENl/Z4mGTWOQiU4kR0dyf/NA="></latexit><latexit sha1_base64="NK7ENl/Z4mGTWOQiU4kR0dyf/NA="></latexit><latexit sha1_base64="bTx7gGy383iGG7Feflj0z3UGOag=">AAACJnicbVHLSsNAFJ34rLFquxZksAguSkkqPpaiC11WsQ9oS5lMbtKhk0mYmYgl5Afc+i1+jLgTP8Rp2k1bDwwczrlwzz3jJZwp7Thf1sbm1vbObmnP3i/bB4dHlXJHxamk0KYxj2XPIwo4E9DWTHPoJRJI5HHoepP7md99BalYLF70NIFhRELBAkaJNlJrVKk5DacAXifugtTQAqOqdTLwY5pGIDTlRKm+IkIpkCwYZkRqRjnk9iBVkBA6ISFkb0XGHJ8ZzcdBLM0TGhfq0iCJlJpGnpmMiB6rVW8m/uf1Ux3cDDMmklSDoPNFQcqxjvHsYOwzCVTzqSGESmYiYjomklBtalnaQiNPsnCsc9se+BCYRouUGSUzww8hz54f7vLssn51UXfdpjl0dcA2hbqr9a2TTrPhOg33yUEldIxO0Tly0TW6RY+ohdqIIh+9ow/r0/q2fubFb1iLH6iiJVi/f4Q0p2k=</latexit><latexit sha1_base64="vEW8UspBu4JctIzL+rjb7N/3Xvk=">AAACMHicbVHLSsNAFL2prxqrtm4FCRbBRSlJxcdSdKHLKvYBbSmTyU07dPJgZiLWkI9wq9/ih7h2J36E08emrQcGDudcuOeecWPOpLLtLyO3tr6xuZXfNncKu3v7xVKhKaNEUGzQiEei7RKJnIXYUExxbMcCSeBybLmj24nfekYhWRQ+qXGMvYAMQuYzSpSWWt0hUelr1i+W7ao9hbVKnDkpwxz1fsk46noRTQIMFeVEyo4koZQomN9LiVCMcszMbiIxJnREBpi+TLNm1onWPMuPhH6hsqbqwiAJpBwHrp4MiBrKZW8i/ud1EuVf9VIWxonCkM4W+Qm3VGRNDrc8JpAqPtaEUMF0RIsOiSBU6XoWttDAFWwwVJlpdj30dbPTlCklE8MbYJY+3t1k6Xnl4qziODV96PKAqRt1lvtbJc1a1bGrzoMNeTiEYzgFBy7hGu6hDg2gMII3eIcP49P4Nn5m3eeM+SccwAKM3z8K7Kuj</latexit><latexit sha1_base64="vEW8UspBu4JctIzL+rjb7N/3Xvk=">AAACMHicbVHLSsNAFL2prxqrtm4FCRbBRSlJxcdSdKHLKvYBbSmTyU07dPJgZiLWkI9wq9/ih7h2J36E08emrQcGDudcuOeecWPOpLLtLyO3tr6xuZXfNncKu3v7xVKhKaNEUGzQiEei7RKJnIXYUExxbMcCSeBybLmj24nfekYhWRQ+qXGMvYAMQuYzSpSWWt0hUelr1i+W7ao9hbVKnDkpwxz1fsk46noRTQIMFeVEyo4koZQomN9LiVCMcszMbiIxJnREBpi+TLNm1onWPMuPhH6hsqbqwiAJpBwHrp4MiBrKZW8i/ud1EuVf9VIWxonCkM4W+Qm3VGRNDrc8JpAqPtaEUMF0RIsOiSBU6XoWttDAFWwwVJlpdj30dbPTlCklE8MbYJY+3t1k6Xnl4qziODV96PKAqRt1lvtbJc1a1bGrzoMNeTiEYzgFBy7hGu6hDg2gMII3eIcP49P4Nn5m3eeM+SccwAKM3z8K7Kuj</latexit><latexit sha1_base64="3vS/YaeNqzkxD3v/QOWimdpn18g="></latexit><latexit sha1_base64="NK7ENl/Z4mGTWOQiU4kR0dyf/NA="></latexit><latexit sha1_base64="NK7ENl/Z4mGTWOQiU4kR0dyf/NA="></latexit><latexit sha1_base64="NK7ENl/Z4mGTWOQiU4kR0dyf/NA="></latexit><latexit sha1_base64="NK7ENl/Z4mGTWOQiU4kR0dyf/NA="></latexit><latexit sha1_base64="NK7ENl/Z4mGTWOQiU4kR0dyf/NA="></latexit><latexit sha1_base64="NK7ENl/Z4mGTWOQiU4kR0dyf/NA="></latexit>
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Equilibration of an SI-Unstable Front
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Equilibration of Frontal Regions

L z
=
1

<latexit sha1_base64="/9d8ky8MmVA9HHoKSfDshZegXr0="></latexit><latexit sha1_base64="/9d8ky8MmVA9HHoKSfDshZegXr0="></latexit><latexit sha1_base64="/9d8ky8MmVA9HHoKSfDshZegXr0="></latexit><latexit sha1_base64="/9d8ky8MmVA9HHoKSfDshZegXr0="></latexit>

Lx = 2 Lx = 6

b0
<latexit sha1_base64="Cgu2OgghBIMltoJdZOwd67c/UhU=">AAACNnicbVDLSsNAFJ34rPHV6lKQYBFdlJLU57LUhS5rsQ9oS5lMbtqhkwczE7GE/IFb/RZ/xY07cesnOEm7aeuFgcM5Z7jnHjtkVEjT/NRWVtfWNzZzW/r2zu7efr5w0BJBxAk0ScAC3rGxAEZ9aEoqGXRCDtizGbTt8V2qt5+BCxr4T3ISQt/DQ5+6lGCpqIZ9NsgXzbKZjbEMrBkootnUBwXtuOcEJPLAl4RhIboC+0IAp24/xlxSwiDRe5GAEJMxHkL8ksVMjFPFOYYbcPV8aWTsnBF7Qkw8Wzk9LEdiUUvJ/7RuJN3bfkz9MJLgk+kiN2KGDIz0ZsOhHIhkEwUw4VRFNMgIc0ykamZuC/FsTocjmeh6zwFXlZqljAlOBWcISdy4ryXxVen6omRZFXXookFXjVqL/S2DVqVsmWXr8bJYrc26zaEjdILOkYVuUBU9oDpqIoJc9Ire0Lv2oX1p39rP1Lqizf4cornRfv8ALjyqlQ==</latexit><latexit sha1_base64="Cgu2OgghBIMltoJdZOwd67c/UhU=">AAACNnicbVDLSsNAFJ34rPHV6lKQYBFdlJLU57LUhS5rsQ9oS5lMbtqhkwczE7GE/IFb/RZ/xY07cesnOEm7aeuFgcM5Z7jnHjtkVEjT/NRWVtfWNzZzW/r2zu7efr5w0BJBxAk0ScAC3rGxAEZ9aEoqGXRCDtizGbTt8V2qt5+BCxr4T3ISQt/DQ5+6lGCpqIZ9NsgXzbKZjbEMrBkootnUBwXtuOcEJPLAl4RhIboC+0IAp24/xlxSwiDRe5GAEJMxHkL8ksVMjFPFOYYbcPV8aWTsnBF7Qkw8Wzk9LEdiUUvJ/7RuJN3bfkz9MJLgk+kiN2KGDIz0ZsOhHIhkEwUw4VRFNMgIc0ykamZuC/FsTocjmeh6zwFXlZqljAlOBWcISdy4ryXxVen6omRZFXXookFXjVqL/S2DVqVsmWXr8bJYrc26zaEjdILOkYVuUBU9oDpqIoJc9Ire0Lv2oX1p39rP1Lqizf4cornRfv8ALjyqlQ==</latexit><latexit sha1_base64="Cgu2OgghBIMltoJdZOwd67c/UhU=">AAACNnicbVDLSsNAFJ34rPHV6lKQYBFdlJLU57LUhS5rsQ9oS5lMbtqhkwczE7GE/IFb/RZ/xY07cesnOEm7aeuFgcM5Z7jnHjtkVEjT/NRWVtfWNzZzW/r2zu7efr5w0BJBxAk0ScAC3rGxAEZ9aEoqGXRCDtizGbTt8V2qt5+BCxr4T3ISQt/DQ5+6lGCpqIZ9NsgXzbKZjbEMrBkootnUBwXtuOcEJPLAl4RhIboC+0IAp24/xlxSwiDRe5GAEJMxHkL8ksVMjFPFOYYbcPV8aWTsnBF7Qkw8Wzk9LEdiUUvJ/7RuJN3bfkz9MJLgk+kiN2KGDIz0ZsOhHIhkEwUw4VRFNMgIc0ykamZuC/FsTocjmeh6zwFXlZqljAlOBWcISdy4ryXxVen6omRZFXXookFXjVqL/S2DVqVsmWXr8bJYrc26zaEjdILOkYVuUBU9oDpqIoJc9Ire0Lv2oX1p39rP1Lqizf4cornRfv8ALjyqlQ==</latexit><latexit sha1_base64="Cgu2OgghBIMltoJdZOwd67c/UhU=">AAACNnicbVDLSsNAFJ34rPHV6lKQYBFdlJLU57LUhS5rsQ9oS5lMbtqhkwczE7GE/IFb/RZ/xY07cesnOEm7aeuFgcM5Z7jnHjtkVEjT/NRWVtfWNzZzW/r2zu7efr5w0BJBxAk0ScAC3rGxAEZ9aEoqGXRCDtizGbTt8V2qt5+BCxr4T3ISQt/DQ5+6lGCpqIZ9NsgXzbKZjbEMrBkootnUBwXtuOcEJPLAl4RhIboC+0IAp24/xlxSwiDRe5GAEJMxHkL8ksVMjFPFOYYbcPV8aWTsnBF7Qkw8Wzk9LEdiUUvJ/7RuJN3bfkz9MJLgk+kiN2KGDIz0ZsOhHIhkEwUw4VRFNMgIc0ykamZuC/FsTocjmeh6zwFXlZqljAlOBWcISdy4ryXxVen6omRZFXXookFXjVqL/S2DVqVsmWXr8bJYrc26zaEjdILOkYVuUBU9oDpqIoJc9Ire0Lv2oX1p39rP1Lqizf4cornRfv8ALjyqlQ==</latexit>

x̂
<latexit sha1_base64="0kqOFy9XDnQVPOo8PCZPevv1V0s="></latexit><latexit sha1_base64="0kqOFy9XDnQVPOo8PCZPevv1V0s="></latexit><latexit sha1_base64="0kqOFy9XDnQVPOo8PCZPevv1V0s="></latexit><latexit sha1_base64="0kqOFy9XDnQVPOo8PCZPevv1V0s="></latexit>

ẑ
<latexit sha1_base64="NK7ENl/Z4mGTWOQiU4kR0dyf/NA="></latexit><latexit sha1_base64="NK7ENl/Z4mGTWOQiU4kR0dyf/NA="></latexit><latexit sha1_base64="NK7ENl/Z4mGTWOQiU4kR0dyf/NA="></latexit><latexit sha1_base64="bTx7gGy383iGG7Feflj0z3UGOag=">AAACJnicbVHLSsNAFJ34rLFquxZksAguSkkqPpaiC11WsQ9oS5lMbtKhk0mYmYgl5Afc+i1+jLgTP8Rp2k1bDwwczrlwzz3jJZwp7Thf1sbm1vbObmnP3i/bB4dHlXJHxamk0KYxj2XPIwo4E9DWTHPoJRJI5HHoepP7md99BalYLF70NIFhRELBAkaJNlJrVKk5DacAXifugtTQAqOqdTLwY5pGIDTlRKm+IkIpkCwYZkRqRjnk9iBVkBA6ISFkb0XGHJ8ZzcdBLM0TGhfq0iCJlJpGnpmMiB6rVW8m/uf1Ux3cDDMmklSDoPNFQcqxjvHsYOwzCVTzqSGESmYiYjomklBtalnaQiNPsnCsc9se+BCYRouUGSUzww8hz54f7vLssn51UXfdpjl0dcA2hbqr9a2TTrPhOg33yUEldIxO0Tly0TW6RY+ohdqIIh+9ow/r0/q2fubFb1iLH6iiJVi/f4Q0p2k=</latexit><latexit sha1_base64="vEW8UspBu4JctIzL+rjb7N/3Xvk=">AAACMHicbVHLSsNAFL2prxqrtm4FCRbBRSlJxcdSdKHLKvYBbSmTyU07dPJgZiLWkI9wq9/ih7h2J36E08emrQcGDudcuOeecWPOpLLtLyO3tr6xuZXfNncKu3v7xVKhKaNEUGzQiEei7RKJnIXYUExxbMcCSeBybLmj24nfekYhWRQ+qXGMvYAMQuYzSpSWWt0hUelr1i+W7ao9hbVKnDkpwxz1fsk46noRTQIMFeVEyo4koZQomN9LiVCMcszMbiIxJnREBpi+TLNm1onWPMuPhH6hsqbqwiAJpBwHrp4MiBrKZW8i/ud1EuVf9VIWxonCkM4W+Qm3VGRNDrc8JpAqPtaEUMF0RIsOiSBU6XoWttDAFWwwVJlpdj30dbPTlCklE8MbYJY+3t1k6Xnl4qziODV96PKAqRt1lvtbJc1a1bGrzoMNeTiEYzgFBy7hGu6hDg2gMII3eIcP49P4Nn5m3eeM+SccwAKM3z8K7Kuj</latexit><latexit sha1_base64="vEW8UspBu4JctIzL+rjb7N/3Xvk=">AAACMHicbVHLSsNAFL2prxqrtm4FCRbBRSlJxcdSdKHLKvYBbSmTyU07dPJgZiLWkI9wq9/ih7h2J36E08emrQcGDudcuOeecWPOpLLtLyO3tr6xuZXfNncKu3v7xVKhKaNEUGzQiEei7RKJnIXYUExxbMcCSeBybLmj24nfekYhWRQ+qXGMvYAMQuYzSpSWWt0hUelr1i+W7ao9hbVKnDkpwxz1fsk46noRTQIMFeVEyo4koZQomN9LiVCMcszMbiIxJnREBpi+TLNm1onWPMuPhH6hsqbqwiAJpBwHrp4MiBrKZW8i/ud1EuVf9VIWxonCkM4W+Qm3VGRNDrc8JpAqPtaEUMF0RIsOiSBU6XoWttDAFWwwVJlpdj30dbPTlCklE8MbYJY+3t1k6Xnl4qziODV96PKAqRt1lvtbJc1a1bGrzoMNeTiEYzgFBy7hGu6hDg2gMII3eIcP49P4Nn5m3eeM+SccwAKM3z8K7Kuj</latexit><latexit sha1_base64="3vS/YaeNqzkxD3v/QOWimdpn18g="></latexit><latexit sha1_base64="NK7ENl/Z4mGTWOQiU4kR0dyf/NA="></latexit><latexit sha1_base64="NK7ENl/Z4mGTWOQiU4kR0dyf/NA="></latexit><latexit sha1_base64="NK7ENl/Z4mGTWOQiU4kR0dyf/NA="></latexit><latexit sha1_base64="NK7ENl/Z4mGTWOQiU4kR0dyf/NA="></latexit><latexit sha1_base64="NK7ENl/Z4mGTWOQiU4kR0dyf/NA="></latexit><latexit sha1_base64="NK7ENl/Z4mGTWOQiU4kR0dyf/NA="></latexit>

b0
<latexit sha1_base64="Cgu2OgghBIMltoJdZOwd67c/UhU=">AAACNnicbVDLSsNAFJ34rPHV6lKQYBFdlJLU57LUhS5rsQ9oS5lMbtqhkwczE7GE/IFb/RZ/xY07cesnOEm7aeuFgcM5Z7jnHjtkVEjT/NRWVtfWNzZzW/r2zu7efr5w0BJBxAk0ScAC3rGxAEZ9aEoqGXRCDtizGbTt8V2qt5+BCxr4T3ISQt/DQ5+6lGCpqIZ9NsgXzbKZjbEMrBkootnUBwXtuOcEJPLAl4RhIboC+0IAp24/xlxSwiDRe5GAEJMxHkL8ksVMjFPFOYYbcPV8aWTsnBF7Qkw8Wzk9LEdiUUvJ/7RuJN3bfkz9MJLgk+kiN2KGDIz0ZsOhHIhkEwUw4VRFNMgIc0ykamZuC/FsTocjmeh6zwFXlZqljAlOBWcISdy4ryXxVen6omRZFXXookFXjVqL/S2DVqVsmWXr8bJYrc26zaEjdILOkYVuUBU9oDpqIoJc9Ire0Lv2oX1p39rP1Lqizf4cornRfv8ALjyqlQ==</latexit><latexit sha1_base64="Cgu2OgghBIMltoJdZOwd67c/UhU=">AAACNnicbVDLSsNAFJ34rPHV6lKQYBFdlJLU57LUhS5rsQ9oS5lMbtqhkwczE7GE/IFb/RZ/xY07cesnOEm7aeuFgcM5Z7jnHjtkVEjT/NRWVtfWNzZzW/r2zu7efr5w0BJBxAk0ScAC3rGxAEZ9aEoqGXRCDtizGbTt8V2qt5+BCxr4T3ISQt/DQ5+6lGCpqIZ9NsgXzbKZjbEMrBkootnUBwXtuOcEJPLAl4RhIboC+0IAp24/xlxSwiDRe5GAEJMxHkL8ksVMjFPFOYYbcPV8aWTsnBF7Qkw8Wzk9LEdiUUvJ/7RuJN3bfkz9MJLgk+kiN2KGDIz0ZsOhHIhkEwUw4VRFNMgIc0ykamZuC/FsTocjmeh6zwFXlZqljAlOBWcISdy4ryXxVen6omRZFXXookFXjVqL/S2DVqVsmWXr8bJYrc26zaEjdILOkYVuUBU9oDpqIoJc9Ire0Lv2oX1p39rP1Lqizf4cornRfv8ALjyqlQ==</latexit><latexit sha1_base64="Cgu2OgghBIMltoJdZOwd67c/UhU=">AAACNnicbVDLSsNAFJ34rPHV6lKQYBFdlJLU57LUhS5rsQ9oS5lMbtqhkwczE7GE/IFb/RZ/xY07cesnOEm7aeuFgcM5Z7jnHjtkVEjT/NRWVtfWNzZzW/r2zu7efr5w0BJBxAk0ScAC3rGxAEZ9aEoqGXRCDtizGbTt8V2qt5+BCxr4T3ISQt/DQ5+6lGCpqIZ9NsgXzbKZjbEMrBkootnUBwXtuOcEJPLAl4RhIboC+0IAp24/xlxSwiDRe5GAEJMxHkL8ksVMjFPFOYYbcPV8aWTsnBF7Qkw8Wzk9LEdiUUvJ/7RuJN3bfkz9MJLgk+kiN2KGDIz0ZsOhHIhkEwUw4VRFNMgIc0ykamZuC/FsTocjmeh6zwFXlZqljAlOBWcISdy4ryXxVen6omRZFXXookFXjVqL/S2DVqVsmWXr8bJYrc26zaEjdILOkYVuUBU9oDpqIoJc9Ire0Lv2oX1p39rP1Lqizf4cornRfv8ALjyqlQ==</latexit><latexit sha1_base64="Cgu2OgghBIMltoJdZOwd67c/UhU=">AAACNnicbVDLSsNAFJ34rPHV6lKQYBFdlJLU57LUhS5rsQ9oS5lMbtqhkwczE7GE/IFb/RZ/xY07cesnOEm7aeuFgcM5Z7jnHjtkVEjT/NRWVtfWNzZzW/r2zu7efr5w0BJBxAk0ScAC3rGxAEZ9aEoqGXRCDtizGbTt8V2qt5+BCxr4T3ISQt/DQ5+6lGCpqIZ9NsgXzbKZjbEMrBkootnUBwXtuOcEJPLAl4RhIboC+0IAp24/xlxSwiDRe5GAEJMxHkL8ksVMjFPFOYYbcPV8aWTsnBF7Qkw8Wzk9LEdiUUvJ/7RuJN3bfkz9MJLgk+kiN2KGDIz0ZsOhHIhkEwUw4VRFNMgIc0ykamZuC/FsTocjmeh6zwFXlZqljAlOBWcISdy4ryXxVen6omRZFXXookFXjVqL/S2DVqVsmWXr8bJYrc26zaEjdILOkYVuUBU9oDpqIoJc9Ire0Lv2oX1p39rP1Lqizf4cornRfv8ALjyqlQ==</latexit>

M2/f 2 = 1
<latexit sha1_base64="CFD0E+PoFkYFC48Ot2N8unZxUGQ="></latexit><latexit sha1_base64="CFD0E+PoFkYFC48Ot2N8unZxUGQ="></latexit><latexit sha1_base64="CFD0E+PoFkYFC48Ot2N8unZxUGQ="></latexit><latexit sha1_base64="CFD0E+PoFkYFC48Ot2N8unZxUGQ="></latexit>

M2/f 2 = 10
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Summary

Waves & Eddies Symmetric Instability

Ocean Circulation 
& The Circle of Life

Turbulence

Copley (1754) Michelangelo (1512) da Vinci (c1500) Bentley (2010) Hiroshige (c1856)
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NASA/Goddard Space Flight Center Scientific Visualisation Studio


