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Equilibration of symmetric instability and 
  inertial oscillations at an idealised submesoscale front
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Motivation: Submesoscale Frontal Regions

Front: A region with a large horizontal  
    buoyancy gradient,                                           , typically in  
    near-geostrophic balance. 

• Sloping isopycnals and outcropping in fronts 
  encourage exchange with the ocean interior.

Mes
osca

le

Subm
esos
cale

Micr
osca

le

> 10 km

1 - 10 km

< 1 m

2D Eddies &
Circulation

3D Turbulence &
Dissipation

Fronts &
Filaments

M2 ⌘ @x b̄
<latexit sha1_base64="wO7LlTqhm30PvZ2hICc6oKIxMeM="></latexit><latexit sha1_base64="wO7LlTqhm30PvZ2hICc6oKIxMeM="></latexit><latexit sha1_base64="wO7LlTqhm30PvZ2hICc6oKIxMeM="></latexit><latexit sha1_base64="wO7LlTqhm30PvZ2hICc6oKIxMeM="></latexit>
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Fronts: The Gulf Stream

M2/f 2 ⇡ 40
<latexit sha1_base64="35SDT/iaxzsZIMtiVgH0qqqw7cU="></latexit><latexit sha1_base64="35SDT/iaxzsZIMtiVgH0qqqw7cU="></latexit><latexit sha1_base64="35SDT/iaxzsZIMtiVgH0qqqw7cU="></latexit><latexit sha1_base64="35SDT/iaxzsZIMtiVgH0qqqw7cU="></latexit>

NASA/USGS

Cold

Warm

M2 ⌘ @x b̄
<latexit sha1_base64="8l1RkmXG6ARBDAsLoh6sU1R++t0="></latexit><latexit sha1_base64="8l1RkmXG6ARBDAsLoh6sU1R++t0="></latexit><latexit sha1_base64="8l1RkmXG6ARBDAsLoh6sU1R++t0="></latexit><latexit sha1_base64="8l1RkmXG6ARBDAsLoh6sU1R++t0="></latexit>

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



NASA/USGS

Fresh

Salty

Fronts: River Outflow into the Gulf of Mexico

M2 ⌘ @x b̄
<latexit sha1_base64="8l1RkmXG6ARBDAsLoh6sU1R++t0="></latexit><latexit sha1_base64="8l1RkmXG6ARBDAsLoh6sU1R++t0="></latexit><latexit sha1_base64="8l1RkmXG6ARBDAsLoh6sU1R++t0="></latexit><latexit sha1_base64="8l1RkmXG6ARBDAsLoh6sU1R++t0="></latexit>

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>
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v̄
<latexit sha1_base64="ZT2wSYAcdNBa9mr+QRQr7Rq4YCw="></latexit><latexit sha1_base64="ZT2wSYAcdNBa9mr+QRQr7Rq4YCw="></latexit><latexit sha1_base64="ZT2wSYAcdNBa9mr+QRQr7Rq4YCw="></latexit><latexit sha1_base64="ZT2wSYAcdNBa9mr+QRQr7Rq4YCw="></latexit>

⇢̄
<latexit sha1_base64="7mBwCU8FlzAsrZEqAHTZGG4oYEE="></latexit><latexit sha1_base64="7mBwCU8FlzAsrZEqAHTZGG4oYEE="></latexit><latexit sha1_base64="7mBwCU8FlzAsrZEqAHTZGG4oYEE="></latexit><latexit sha1_base64="7mBwCU8FlzAsrZEqAHTZGG4oYEE="></latexit> v̄ = M2/f z

b̄ = M2x + N2z
<latexit sha1_base64="r6PRaMFQbAUF8vPW1Gt1wb/RgOM="></latexit><latexit sha1_base64="r6PRaMFQbAUF8vPW1Gt1wb/RgOM="></latexit><latexit sha1_base64="r6PRaMFQbAUF8vPW1Gt1wb/RgOM="></latexit><latexit sha1_base64="r6PRaMFQbAUF8vPW1Gt1wb/RgOM="></latexit>

⌦<latexit sha1_base64="1gnDoi7py9I4sSqxESntOGWC9fE="></latexit><latexit sha1_base64="1gnDoi7py9I4sSqxESntOGWC9fE="></latexit><latexit sha1_base64="1gnDoi7py9I4sSqxESntOGWC9fE="></latexit><latexit sha1_base64="1gnDoi7py9I4sSqxESntOGWC9fE="></latexit>
!2 = f 2

k2z
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|k|2
<latexit sha1_base64="aYot7OxzUmh3FsD4xAs3oGkL8Fg="></latexit><latexit sha1_base64="aYot7OxzUmh3FsD4xAs3oGkL8Fg="></latexit><latexit sha1_base64="aYot7OxzUmh3FsD4xAs3oGkL8Fg="></latexit><latexit sha1_base64="bTx7gGy383iGG7Feflj0z3UGOag=">AAACJnicbVHLSsNAFJ34rLFquxZksAguSkkqPpaiC11WsQ9oS5lMbtKhk0mYmYgl5Afc+i1+jLgTP8Rp2k1bDwwczrlwzz3jJZwp7Thf1sbm1vbObmnP3i/bB4dHlXJHxamk0KYxj2XPIwo4E9DWTHPoJRJI5HHoepP7md99BalYLF70NIFhRELBAkaJNlJrVKk5DacAXifugtTQAqOqdTLwY5pGIDTlRKm+IkIpkCwYZkRqRjnk9iBVkBA6ISFkb0XGHJ8ZzcdBLM0TGhfq0iCJlJpGnpmMiB6rVW8m/uf1Ux3cDDMmklSDoPNFQcqxjvHsYOwzCVTzqSGESmYiYjomklBtalnaQiNPsnCsc9se+BCYRouUGSUzww8hz54f7vLssn51UXfdpjl0dcA2hbqr9a2TTrPhOg33yUEldIxO0Tly0TW6RY+ohdqIIh+9ow/r0/q2fubFb1iLH6iiJVi/f4Q0p2k=</latexit><latexit sha1_base64="W7Tfv2nA6Lzyl9SPjXYqdpPSJC8="></latexit><latexit sha1_base64="W7Tfv2nA6Lzyl9SPjXYqdpPSJC8="></latexit><latexit sha1_base64="iTiSTzK1XcLG49CDGYpNgu+i4Ak="></latexit><latexit sha1_base64="aYot7OxzUmh3FsD4xAs3oGkL8Fg="></latexit><latexit sha1_base64="aYot7OxzUmh3FsD4xAs3oGkL8Fg="></latexit><latexit sha1_base64="aYot7OxzUmh3FsD4xAs3oGkL8Fg="></latexit><latexit sha1_base64="aYot7OxzUmh3FsD4xAs3oGkL8Fg="></latexit><latexit sha1_base64="aYot7OxzUmh3FsD4xAs3oGkL8Fg="></latexit><latexit sha1_base64="aYot7OxzUmh3FsD4xAs3oGkL8Fg="></latexit>

✓
<latexit sha1_base64="Z8qwp+iTP9bzLK1k1m97Ms9/bO8=">AAACOnicbVDLSsNAFJ3Ud3xWl4IEi+CilKQ+l0VBXarYB9gik8lNOzp5MHMjlpB/cKvf4o+4dSdu/QCnMZtWLwwczjnDPfe4seAKbfvdKE1Nz8zOzS+Yi0vLK6tr5fWWihLJoMkiEcmOSxUIHkITOQroxBJo4Apouw+nI739CFLxKLzBYQy9gPZD7nNGUVOtLg4A6d1axa7Z+Vh/gVOACinm8q5sbHW9iCUBhMgEVepW0VApkNzvpVQiZwIys5soiCl7oH1In/KombWjOc/yI6lfiFbOjhlpoNQwcLUzoDhQk9qI/E+7TdA/7qU8jBOEkP0u8hNhYWSN7rY8LoGhGGpAmeQ6osUGVFKGup2xLSxwJe8PMDPNrge+LjZPmTI6Erw+ZOn1+UmWHlQP96qOU9eHThpM3agz2d9f0KrXHLvmXO1XGmdFt/Nkk2yTXeKQI9IgF+SSNAkj9+SZvJBX4834MD6Nr19rySj+bJCxMb5/AEJtrKo=</latexit><latexit sha1_base64="Z8qwp+iTP9bzLK1k1m97Ms9/bO8=">AAACOnicbVDLSsNAFJ3Ud3xWl4IEi+CilKQ+l0VBXarYB9gik8lNOzp5MHMjlpB/cKvf4o+4dSdu/QCnMZtWLwwczjnDPfe4seAKbfvdKE1Nz8zOzS+Yi0vLK6tr5fWWihLJoMkiEcmOSxUIHkITOQroxBJo4Apouw+nI739CFLxKLzBYQy9gPZD7nNGUVOtLg4A6d1axa7Z+Vh/gVOACinm8q5sbHW9iCUBhMgEVepW0VApkNzvpVQiZwIys5soiCl7oH1In/KombWjOc/yI6lfiFbOjhlpoNQwcLUzoDhQk9qI/E+7TdA/7qU8jBOEkP0u8hNhYWSN7rY8LoGhGGpAmeQ6osUGVFKGup2xLSxwJe8PMDPNrge+LjZPmTI6Erw+ZOn1+UmWHlQP96qOU9eHThpM3agz2d9f0KrXHLvmXO1XGmdFt/Nkk2yTXeKQI9IgF+SSNAkj9+SZvJBX4834MD6Nr19rySj+bJCxMb5/AEJtrKo=</latexit><latexit sha1_base64="Z8qwp+iTP9bzLK1k1m97Ms9/bO8=">AAACOnicbVDLSsNAFJ3Ud3xWl4IEi+CilKQ+l0VBXarYB9gik8lNOzp5MHMjlpB/cKvf4o+4dSdu/QCnMZtWLwwczjnDPfe4seAKbfvdKE1Nz8zOzS+Yi0vLK6tr5fWWihLJoMkiEcmOSxUIHkITOQroxBJo4Apouw+nI739CFLxKLzBYQy9gPZD7nNGUVOtLg4A6d1axa7Z+Vh/gVOACinm8q5sbHW9iCUBhMgEVepW0VApkNzvpVQiZwIys5soiCl7oH1In/KombWjOc/yI6lfiFbOjhlpoNQwcLUzoDhQk9qI/E+7TdA/7qU8jBOEkP0u8hNhYWSN7rY8LoGhGGpAmeQ6osUGVFKGup2xLSxwJe8PMDPNrge+LjZPmTI6Erw+ZOn1+UmWHlQP96qOU9eHThpM3agz2d9f0KrXHLvmXO1XGmdFt/Nkk2yTXeKQI9IgF+SSNAkj9+SZvJBX4834MD6Nr19rySj+bJCxMb5/AEJtrKo=</latexit><latexit sha1_base64="Z8qwp+iTP9bzLK1k1m97Ms9/bO8=">AAACOnicbVDLSsNAFJ3Ud3xWl4IEi+CilKQ+l0VBXarYB9gik8lNOzp5MHMjlpB/cKvf4o+4dSdu/QCnMZtWLwwczjnDPfe4seAKbfvdKE1Nz8zOzS+Yi0vLK6tr5fWWihLJoMkiEcmOSxUIHkITOQroxBJo4Apouw+nI739CFLxKLzBYQy9gPZD7nNGUVOtLg4A6d1axa7Z+Vh/gVOACinm8q5sbHW9iCUBhMgEVepW0VApkNzvpVQiZwIys5soiCl7oH1In/KombWjOc/yI6lfiFbOjhlpoNQwcLUzoDhQk9qI/E+7TdA/7qU8jBOEkP0u8hNhYWSN7rY8LoGhGGpAmeQ6osUGVFKGup2xLSxwJe8PMDPNrge+LjZPmTI6Erw+ZOn1+UmWHlQP96qOU9eHThpM3agz2d9f0KrXHLvmXO1XGmdFt/Nkk2yTXeKQI9IgF+SSNAkj9+SZvJBX4834MD6Nr19rySj+bJCxMb5/AEJtrKo=</latexit>

Inertia-Gravity Waves

Ri ⌘
N2

M4/f 2
= 1.1

<latexit sha1_base64="dNltuYJFFvDN2BFax05AoSctSsc="></latexit><latexit sha1_base64="dNltuYJFFvDN2BFax05AoSctSsc="></latexit><latexit sha1_base64="dNltuYJFFvDN2BFax05AoSctSsc="></latexit><latexit sha1_base64="dNltuYJFFvDN2BFax05AoSctSsc="></latexit>
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Inertia-Gravity Waves → Symmetric Instability (SI)

v̄
<latexit sha1_base64="ZT2wSYAcdNBa9mr+QRQr7Rq4YCw="></latexit><latexit sha1_base64="ZT2wSYAcdNBa9mr+QRQr7Rq4YCw="></latexit><latexit sha1_base64="ZT2wSYAcdNBa9mr+QRQr7Rq4YCw="></latexit><latexit sha1_base64="ZT2wSYAcdNBa9mr+QRQr7Rq4YCw="></latexit>

⇢̄
<latexit sha1_base64="7mBwCU8FlzAsrZEqAHTZGG4oYEE="></latexit><latexit sha1_base64="7mBwCU8FlzAsrZEqAHTZGG4oYEE="></latexit><latexit sha1_base64="7mBwCU8FlzAsrZEqAHTZGG4oYEE="></latexit><latexit sha1_base64="7mBwCU8FlzAsrZEqAHTZGG4oYEE="></latexit>

⌦<latexit sha1_base64="1gnDoi7py9I4sSqxESntOGWC9fE="></latexit><latexit sha1_base64="1gnDoi7py9I4sSqxESntOGWC9fE="></latexit><latexit sha1_base64="1gnDoi7py9I4sSqxESntOGWC9fE="></latexit><latexit sha1_base64="1gnDoi7py9I4sSqxESntOGWC9fE="></latexit>
q ⌘
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f k̂+r⇥ u
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<latexit sha1_base64="N7oFRA3J5eB4ASq1wLUGNRPSTSo="></latexit><latexit sha1_base64="N7oFRA3J5eB4ASq1wLUGNRPSTSo="></latexit><latexit sha1_base64="N7oFRA3J5eB4ASq1wLUGNRPSTSo="></latexit><latexit sha1_base64="N7oFRA3J5eB4ASq1wLUGNRPSTSo="></latexit>

Ri ⌘
N2

M4/f 2
= 0.9

<latexit sha1_base64="jdI2gytMKhLsh0rxUStmCVyK0/E="></latexit><latexit sha1_base64="jdI2gytMKhLsh0rxUStmCVyK0/E="></latexit><latexit sha1_base64="jdI2gytMKhLsh0rxUStmCVyK0/E="></latexit><latexit sha1_base64="bTx7gGy383iGG7Feflj0z3UGOag=">AAACJnicbVHLSsNAFJ34rLFquxZksAguSkkqPpaiC11WsQ9oS5lMbtKhk0mYmYgl5Afc+i1+jLgTP8Rp2k1bDwwczrlwzz3jJZwp7Thf1sbm1vbObmnP3i/bB4dHlXJHxamk0KYxj2XPIwo4E9DWTHPoJRJI5HHoepP7md99BalYLF70NIFhRELBAkaJNlJrVKk5DacAXifugtTQAqOqdTLwY5pGIDTlRKm+IkIpkCwYZkRqRjnk9iBVkBA6ISFkb0XGHJ8ZzcdBLM0TGhfq0iCJlJpGnpmMiB6rVW8m/uf1Ux3cDDMmklSDoPNFQcqxjvHsYOwzCVTzqSGESmYiYjomklBtalnaQiNPsnCsc9se+BCYRouUGSUzww8hz54f7vLssn51UXfdpjl0dcA2hbqr9a2TTrPhOg33yUEldIxO0Tly0TW6RY+ohdqIIh+9ow/r0/q2fubFb1iLH6iiJVi/f4Q0p2k=</latexit><latexit sha1_base64="PaSpXSlKeV8OWLp33JKcXS7tbbk="></latexit><latexit sha1_base64="qB6HgaPF0IJsbo6JQ0rrMKxsab0="></latexit><latexit sha1_base64="rTrxdtpZmrPaEUy2iV+13jmeRok="></latexit><latexit sha1_base64="jdI2gytMKhLsh0rxUStmCVyK0/E="></latexit><latexit sha1_base64="jdI2gytMKhLsh0rxUStmCVyK0/E="></latexit><latexit sha1_base64="jdI2gytMKhLsh0rxUStmCVyK0/E="></latexit><latexit sha1_base64="jdI2gytMKhLsh0rxUStmCVyK0/E="></latexit><latexit sha1_base64="jdI2gytMKhLsh0rxUStmCVyK0/E="></latexit><latexit sha1_base64="jdI2gytMKhLsh0rxUStmCVyK0/E="></latexit>



⇢̄
<latexit sha1_base64="7mBwCU8FlzAsrZEqAHTZGG4oYEE="></latexit><latexit sha1_base64="7mBwCU8FlzAsrZEqAHTZGG4oYEE="></latexit><latexit sha1_base64="7mBwCU8FlzAsrZEqAHTZGG4oYEE="></latexit><latexit sha1_base64="7mBwCU8FlzAsrZEqAHTZGG4oYEE="></latexit>

b̄
<latexit sha1_base64="2bEL7GK7tIGT3ozzAnJpJzZVzGM="></latexit><latexit sha1_base64="2bEL7GK7tIGT3ozzAnJpJzZVzGM="></latexit><latexit sha1_base64="2bEL7GK7tIGT3ozzAnJpJzZVzGM="></latexit><latexit sha1_base64="2bEL7GK7tIGT3ozzAnJpJzZVzGM="></latexit>

v̄
<latexit sha1_base64="d8s6rUhA6x0dmWZWBC4KA/k/9a4=">AAACPXicjVDLTgIxFO3gC8cX6NJNIyFxQQiDzyXBhS7RyCMBQjqdO9DQeaTtEMlkPsKtfozf4Qe4M27d2gE2EE08SZObc05zzz12yJlUlcq7kVlb39jcym6bO7t7+we5/GFLBpGg0KQBD0THJhI486GpmOLQCQUQz+bQtsc3qd6egJAs8B/VNIS+R4Y+cxklSlPtnk1EPEkGuYJVrsyA/x4KaIHGIG/gnhPQyANfUU6k7EriSwmCuf2YCMUoh8TsRRJCQsdkCPHTLGuCi5pzsBsI/XyFZ+ySkXhSTj1bOz2iRnJVS8nftG6k3Ot+zPwwUuDT+SI34lgFOD0cO0wAVXyqB0IF0xExHRFBqNL1LG2hni3YcKQS0yz2HHB1tbOYMSWp4gwhiR9u60l8Ubo8K1lWNdG+VYf5v05b1bJVKVv354VafdFuFh2jE3SKLHSFaugONVATUTRGz+gFvRpvxofxaXzNrRlj8ecILcH4/gG7bq2W</latexit><latexit sha1_base64="d8s6rUhA6x0dmWZWBC4KA/k/9a4=">AAACPXicjVDLTgIxFO3gC8cX6NJNIyFxQQiDzyXBhS7RyCMBQjqdO9DQeaTtEMlkPsKtfozf4Qe4M27d2gE2EE08SZObc05zzz12yJlUlcq7kVlb39jcym6bO7t7+we5/GFLBpGg0KQBD0THJhI486GpmOLQCQUQz+bQtsc3qd6egJAs8B/VNIS+R4Y+cxklSlPtnk1EPEkGuYJVrsyA/x4KaIHGIG/gnhPQyANfUU6k7EriSwmCuf2YCMUoh8TsRRJCQsdkCPHTLGuCi5pzsBsI/XyFZ+ySkXhSTj1bOz2iRnJVS8nftG6k3Ot+zPwwUuDT+SI34lgFOD0cO0wAVXyqB0IF0xExHRFBqNL1LG2hni3YcKQS0yz2HHB1tbOYMSWp4gwhiR9u60l8Ubo8K1lWNdG+VYf5v05b1bJVKVv354VafdFuFh2jE3SKLHSFaugONVATUTRGz+gFvRpvxofxaXzNrRlj8ecILcH4/gG7bq2W</latexit><latexit sha1_base64="d8s6rUhA6x0dmWZWBC4KA/k/9a4=">AAACPXicjVDLTgIxFO3gC8cX6NJNIyFxQQiDzyXBhS7RyCMBQjqdO9DQeaTtEMlkPsKtfozf4Qe4M27d2gE2EE08SZObc05zzz12yJlUlcq7kVlb39jcym6bO7t7+we5/GFLBpGg0KQBD0THJhI486GpmOLQCQUQz+bQtsc3qd6egJAs8B/VNIS+R4Y+cxklSlPtnk1EPEkGuYJVrsyA/x4KaIHGIG/gnhPQyANfUU6k7EriSwmCuf2YCMUoh8TsRRJCQsdkCPHTLGuCi5pzsBsI/XyFZ+ySkXhSTj1bOz2iRnJVS8nftG6k3Ot+zPwwUuDT+SI34lgFOD0cO0wAVXyqB0IF0xExHRFBqNL1LG2hni3YcKQS0yz2HHB1tbOYMSWp4gwhiR9u60l8Ubo8K1lWNdG+VYf5v05b1bJVKVv354VafdFuFh2jE3SKLHSFaugONVATUTRGz+gFvRpvxofxaXzNrRlj8ecILcH4/gG7bq2W</latexit><latexit sha1_base64="d8s6rUhA6x0dmWZWBC4KA/k/9a4=">AAACPXicjVDLTgIxFO3gC8cX6NJNIyFxQQiDzyXBhS7RyCMBQjqdO9DQeaTtEMlkPsKtfozf4Qe4M27d2gE2EE08SZObc05zzz12yJlUlcq7kVlb39jcym6bO7t7+we5/GFLBpGg0KQBD0THJhI486GpmOLQCQUQz+bQtsc3qd6egJAs8B/VNIS+R4Y+cxklSlPtnk1EPEkGuYJVrsyA/x4KaIHGIG/gnhPQyANfUU6k7EriSwmCuf2YCMUoh8TsRRJCQsdkCPHTLGuCi5pzsBsI/XyFZ+ySkXhSTj1bOz2iRnJVS8nftG6k3Ot+zPwwUuDT+SI34lgFOD0cO0wAVXyqB0IF0xExHRFBqNL1LG2hni3YcKQS0yz2HHB1tbOYMSWp4gwhiR9u60l8Ubo8K1lWNdG+VYf5v05b1bJVKVv354VafdFuFh2jE3SKLHSFaugONVATUTRGz+gFvRpvxofxaXzNrRlj8ecILcH4/gG7bq2W</latexit>

• 2D pseudo-spectral / finite difference simulations 

• Horizontal periodicity in perturbations from  

• Initial condition in Thermal Wind Balance 

• Focus on Ri = 0 (i.e. “vertical” front) and Re = 105 

• SI can mix down the Thermal Wind Shear

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

v̄ = M2/f z

b̄ = M2x + N2z
<latexit sha1_base64="r6PRaMFQbAUF8vPW1Gt1wb/RgOM="></latexit><latexit sha1_base64="r6PRaMFQbAUF8vPW1Gt1wb/RgOM="></latexit><latexit sha1_base64="r6PRaMFQbAUF8vPW1Gt1wb/RgOM="></latexit><latexit sha1_base64="r6PRaMFQbAUF8vPW1Gt1wb/RgOM="></latexit>

Primary Aim: Examine the dependence of the equilibration of  
                     an SI-unstable front on front strength,         .M2/f 2

<latexit sha1_base64="89opJ2ZjzvCpvIJkAaflzraXr9M=">AAACO3icjVDLSsNAFJ34rPHV6lKQYBFclNrE57IoqBuhin1AX0wmN+3QyYOZiVhCPsKtfosf4tqduHXvNO2mRcEDA5dzznDPPXbIqJCl0rs2N7+wuLScWdFX19Y3NrO5rZoIIk6gSgIW8IaNBTDqQ1VSyaARcsCezaBuDy5Hev0RuKCB/yCHIbQ93POpSwmWiqrfdqxDt2N1s3mzWEph/D3k0QSVbk7bbTkBiTzwJWFYiKbAvhDAqduOMZeUMEj0ViQgxGSAexA/pVkTY19xjuEGXD1fGik7ZcSeEEPPVk4Py76Y1Ubkb1ozku55O6Z+GEnwyXiRGzFDBsbocMOhHIhkQzVgwqmKaJA+5phIVc/UFuLZnPb6MtH1lgOuajZNGRM8EpweJPH99UUSnxROjwqmaalDZw36/xqtWUWzVDTvjvPlq0m3GbSD9tABMtEZKqMbVEFVRNAAPaMX9Kq9aR/ap/Y1ts5pkz/baAra9w+hhqxH</latexit><latexit sha1_base64="89opJ2ZjzvCpvIJkAaflzraXr9M=">AAACO3icjVDLSsNAFJ34rPHV6lKQYBFclNrE57IoqBuhin1AX0wmN+3QyYOZiVhCPsKtfosf4tqduHXvNO2mRcEDA5dzznDPPXbIqJCl0rs2N7+wuLScWdFX19Y3NrO5rZoIIk6gSgIW8IaNBTDqQ1VSyaARcsCezaBuDy5Hev0RuKCB/yCHIbQ93POpSwmWiqrfdqxDt2N1s3mzWEph/D3k0QSVbk7bbTkBiTzwJWFYiKbAvhDAqduOMZeUMEj0ViQgxGSAexA/pVkTY19xjuEGXD1fGik7ZcSeEEPPVk4Py76Y1Ubkb1ozku55O6Z+GEnwyXiRGzFDBsbocMOhHIhkQzVgwqmKaJA+5phIVc/UFuLZnPb6MtH1lgOuajZNGRM8EpweJPH99UUSnxROjwqmaalDZw36/xqtWUWzVDTvjvPlq0m3GbSD9tABMtEZKqMbVEFVRNAAPaMX9Kq9aR/ap/Y1ts5pkz/baAra9w+hhqxH</latexit><latexit sha1_base64="89opJ2ZjzvCpvIJkAaflzraXr9M=">AAACO3icjVDLSsNAFJ34rPHV6lKQYBFclNrE57IoqBuhin1AX0wmN+3QyYOZiVhCPsKtfosf4tqduHXvNO2mRcEDA5dzznDPPXbIqJCl0rs2N7+wuLScWdFX19Y3NrO5rZoIIk6gSgIW8IaNBTDqQ1VSyaARcsCezaBuDy5Hev0RuKCB/yCHIbQ93POpSwmWiqrfdqxDt2N1s3mzWEph/D3k0QSVbk7bbTkBiTzwJWFYiKbAvhDAqduOMZeUMEj0ViQgxGSAexA/pVkTY19xjuEGXD1fGik7ZcSeEEPPVk4Py76Y1Ubkb1ozku55O6Z+GEnwyXiRGzFDBsbocMOhHIhkQzVgwqmKaJA+5phIVc/UFuLZnPb6MtH1lgOuajZNGRM8EpweJPH99UUSnxROjwqmaalDZw36/xqtWUWzVDTvjvPlq0m3GbSD9tABMtEZKqMbVEFVRNAAPaMX9Kq9aR/ap/Y1ts5pkz/baAra9w+hhqxH</latexit><latexit sha1_base64="89opJ2ZjzvCpvIJkAaflzraXr9M=">AAACO3icjVDLSsNAFJ34rPHV6lKQYBFclNrE57IoqBuhin1AX0wmN+3QyYOZiVhCPsKtfosf4tqduHXvNO2mRcEDA5dzznDPPXbIqJCl0rs2N7+wuLScWdFX19Y3NrO5rZoIIk6gSgIW8IaNBTDqQ1VSyaARcsCezaBuDy5Hev0RuKCB/yCHIbQ93POpSwmWiqrfdqxDt2N1s3mzWEph/D3k0QSVbk7bbTkBiTzwJWFYiKbAvhDAqduOMZeUMEj0ViQgxGSAexA/pVkTY19xjuEGXD1fGik7ZcSeEEPPVk4Py76Y1Ubkb1ozku55O6Z+GEnwyXiRGzFDBsbocMOhHIhkQzVgwqmKaJA+5phIVc/UFuLZnPb6MtH1lgOuajZNGRM8EpweJPH99UUSnxROjwqmaalDZw36/xqtWUWzVDTvjvPlq0m3GbSD9tABMtEZKqMbVEFVRNAAPaMX9Kq9aR/ap/Y1ts5pkz/baAra9w+hhqxH</latexit>

Eady (1949)
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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
<latexit sha1_base64="C9a0sUWoBaYBNgNDoJyxRn/4zrA="></latexit><latexit sha1_base64="C9a0sUWoBaYBNgNDoJyxRn/4zrA="></latexit><latexit sha1_base64="C9a0sUWoBaYBNgNDoJyxRn/4zrA="></latexit><latexit sha1_base64="bTx7gGy383iGG7Feflj0z3UGOag=">AAACJnicbVHLSsNAFJ34rLFquxZksAguSkkqPpaiC11WsQ9oS5lMbtKhk0mYmYgl5Afc+i1+jLgTP8Rp2k1bDwwczrlwzz3jJZwp7Thf1sbm1vbObmnP3i/bB4dHlXJHxamk0KYxj2XPIwo4E9DWTHPoJRJI5HHoepP7md99BalYLF70NIFhRELBAkaJNlJrVKk5DacAXifugtTQAqOqdTLwY5pGIDTlRKm+IkIpkCwYZkRqRjnk9iBVkBA6ISFkb0XGHJ8ZzcdBLM0TGhfq0iCJlJpGnpmMiB6rVW8m/uf1Ux3cDDMmklSDoPNFQcqxjvHsYOwzCVTzqSGESmYiYjomklBtalnaQiNPsnCsc9se+BCYRouUGSUzww8hz54f7vLssn51UXfdpjl0dcA2hbqr9a2TTrPhOg33yUEldIxO0Tly0TW6RY+ohdqIIh+9ow/r0/q2fubFb1iLH6iiJVi/f4Q0p2k=</latexit><latexit sha1_base64="xTzNZzZEYrmeQaugz+616LHPoPc="></latexit><latexit sha1_base64="xTzNZzZEYrmeQaugz+616LHPoPc="></latexit><latexit sha1_base64="hwhBiTAsIGGdjAJB5AhP2+l/G8k="></latexit><latexit sha1_base64="C9a0sUWoBaYBNgNDoJyxRn/4zrA="></latexit><latexit sha1_base64="C9a0sUWoBaYBNgNDoJyxRn/4zrA="></latexit><latexit sha1_base64="C9a0sUWoBaYBNgNDoJyxRn/4zrA="></latexit><latexit sha1_base64="C9a0sUWoBaYBNgNDoJyxRn/4zrA="></latexit><latexit sha1_base64="C9a0sUWoBaYBNgNDoJyxRn/4zrA="></latexit><latexit sha1_base64="C9a0sUWoBaYBNgNDoJyxRn/4zrA="></latexit>
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Secondary Linear Stability: Kelvin-Helmholtz

• 1D pseudo-spectral solver 
  in rotated coordinates 

• Criticality condition: 
                                   at �KH = �SI

<latexit sha1_base64="WFOl4kp1rt5wJwLwgbsq9DKYsd8="></latexit><latexit sha1_base64="WFOl4kp1rt5wJwLwgbsq9DKYsd8="></latexit><latexit sha1_base64="WFOl4kp1rt5wJwLwgbsq9DKYsd8="></latexit><latexit sha1_base64="WFOl4kp1rt5wJwLwgbsq9DKYsd8="></latexit>

⌦<latexit sha1_base64="1gnDoi7py9I4sSqxESntOGWC9fE="></latexit><latexit sha1_base64="1gnDoi7py9I4sSqxESntOGWC9fE="></latexit><latexit sha1_base64="1gnDoi7py9I4sSqxESntOGWC9fE="></latexit><latexit sha1_base64="1gnDoi7py9I4sSqxESntOGWC9fE="></latexit> g
<latexit sha1_base64="Iy1XQPO0Cb7C1upLVzKoEGjUbJM=">AAACNXicbVDLSsNAFJ3UV42vVpeCBIvgopSkPpdFQV22Yh/QljKZ3KRDJw9mJmIJ+QK3+i1+iwt34tZfcJp209YLA4dzznDPPXbEqJCm+anlVlbX1jfym/rW9s7uXqG43xJhzAk0SchC3rGxAEYDaEoqGXQiDti3GbTt0e1Ebz8DFzQMnuQ4gr6PvYC6lGCpqIY3KJTMipmNsQysGSih2dQHRe2o54Qk9iGQhGEhugIHQgCnbj/BXFLCINV7sYAIkxH2IHnJUqbGieIcww25eoE0MnbOiH0hxr6tnD6WQ7GoTcj/tG4s3et+QoMolhCQ6SI3ZoYMjcnJhkM5EMnGCmDCqYpokCHmmEhVzNwW4tucekOZ6nrPAVd1mqVMCJ4Ijgdp8nh/kyYX5cuzsmVV1aGLBl01ai32twxa1YplVqzGeal2N+s2jw7RMTpFFrpCNfSA6qiJCAL0it7Qu/ahfWnf2s/UmtNmfw7Q3Gi/f8wMqm0=</latexit><latexit sha1_base64="Iy1XQPO0Cb7C1upLVzKoEGjUbJM=">AAACNXicbVDLSsNAFJ3UV42vVpeCBIvgopSkPpdFQV22Yh/QljKZ3KRDJw9mJmIJ+QK3+i1+iwt34tZfcJp209YLA4dzznDPPXbEqJCm+anlVlbX1jfym/rW9s7uXqG43xJhzAk0SchC3rGxAEYDaEoqGXQiDti3GbTt0e1Ebz8DFzQMnuQ4gr6PvYC6lGCpqIY3KJTMipmNsQysGSih2dQHRe2o54Qk9iGQhGEhugIHQgCnbj/BXFLCINV7sYAIkxH2IHnJUqbGieIcww25eoE0MnbOiH0hxr6tnD6WQ7GoTcj/tG4s3et+QoMolhCQ6SI3ZoYMjcnJhkM5EMnGCmDCqYpokCHmmEhVzNwW4tucekOZ6nrPAVd1mqVMCJ4Ijgdp8nh/kyYX5cuzsmVV1aGLBl01ai32twxa1YplVqzGeal2N+s2jw7RMTpFFrpCNfSA6qiJCAL0it7Qu/ahfWnf2s/UmtNmfw7Q3Gi/f8wMqm0=</latexit><latexit sha1_base64="Iy1XQPO0Cb7C1upLVzKoEGjUbJM=">AAACNXicbVDLSsNAFJ3UV42vVpeCBIvgopSkPpdFQV22Yh/QljKZ3KRDJw9mJmIJ+QK3+i1+iwt34tZfcJp209YLA4dzznDPPXbEqJCm+anlVlbX1jfym/rW9s7uXqG43xJhzAk0SchC3rGxAEYDaEoqGXQiDti3GbTt0e1Ebz8DFzQMnuQ4gr6PvYC6lGCpqIY3KJTMipmNsQysGSih2dQHRe2o54Qk9iGQhGEhugIHQgCnbj/BXFLCINV7sYAIkxH2IHnJUqbGieIcww25eoE0MnbOiH0hxr6tnD6WQ7GoTcj/tG4s3et+QoMolhCQ6SI3ZoYMjcnJhkM5EMnGCmDCqYpokCHmmEhVzNwW4tucekOZ6nrPAVd1mqVMCJ4Ijgdp8nh/kyYX5cuzsmVV1aGLBl01ai32twxa1YplVqzGeal2N+s2jw7RMTpFFrpCNfSA6qiJCAL0it7Qu/ahfWnf2s/UmtNmfw7Q3Gi/f8wMqm0=</latexit><latexit sha1_base64="Iy1XQPO0Cb7C1upLVzKoEGjUbJM=">AAACNXicbVDLSsNAFJ3UV42vVpeCBIvgopSkPpdFQV22Yh/QljKZ3KRDJw9mJmIJ+QK3+i1+iwt34tZfcJp209YLA4dzznDPPXbEqJCm+anlVlbX1jfym/rW9s7uXqG43xJhzAk0SchC3rGxAEYDaEoqGXQiDti3GbTt0e1Ebz8DFzQMnuQ4gr6PvYC6lGCpqIY3KJTMipmNsQysGSih2dQHRe2o54Qk9iGQhGEhugIHQgCnbj/BXFLCINV7sYAIkxH2IHnJUqbGieIcww25eoE0MnbOiH0hxr6tnD6WQ7GoTcj/tG4s3et+QoMolhCQ6SI3ZoYMjcnJhkM5EMnGCmDCqYpokCHmmEhVzNwW4tucekOZ6nrPAVd1mqVMCJ4Ijgdp8nh/kyYX5cuzsmVV1aGLBl01ai32twxa1YplVqzGeal2N+s2jw7RMTpFFrpCNfSA6qiJCAL0it7Qu/ahfWnf2s/UmtNmfw7Q3Gi/f8wMqm0=</latexit>

v̄
<latexit sha1_base64="YHL/i+woxI1QAS4cHXQkDzqgOHQ="></latexit><latexit sha1_base64="YHL/i+woxI1QAS4cHXQkDzqgOHQ="></latexit><latexit sha1_base64="YHL/i+woxI1QAS4cHXQkDzqgOHQ="></latexit><latexit sha1_base64="YHL/i+woxI1QAS4cHXQkDzqgOHQ="></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>

ŷ
<latexit sha1_base64="NdvavDY/5DCPy0tG88wIc1F1Kaw="></latexit><latexit sha1_base64="NdvavDY/5DCPy0tG88wIc1F1Kaw="></latexit><latexit sha1_base64="NdvavDY/5DCPy0tG88wIc1F1Kaw="></latexit><latexit sha1_base64="NdvavDY/5DCPy0tG88wIc1F1Kaw="></latexit>

High b̄
<latexit sha1_base64="J187T1SgYTzIdLSn6OrHB9VQLTo="></latexit><latexit sha1_base64="J187T1SgYTzIdLSn6OrHB9VQLTo="></latexit><latexit sha1_base64="J187T1SgYTzIdLSn6OrHB9VQLTo="></latexit><latexit sha1_base64="J187T1SgYTzIdLSn6OrHB9VQLTo="></latexit>

Low b̄
<latexit sha1_base64="OWGJ4BD5yn4ieandG7tG/lpijck="></latexit><latexit sha1_base64="OWGJ4BD5yn4ieandG7tG/lpijck="></latexit><latexit sha1_base64="OWGJ4BD5yn4ieandG7tG/lpijck="></latexit><latexit sha1_base64="OWGJ4BD5yn4ieandG7tG/lpijck="></latexit>

x̂ 0<latexit sha1_base64="sLUn2yzSTx9jk5ZuC1FES/GtZm8="></latexit><latexit sha1_base64="sLUn2yzSTx9jk5ZuC1FES/GtZm8="></latexit><latexit sha1_base64="sLUn2yzSTx9jk5ZuC1FES/GtZm8="></latexit><latexit sha1_base64="sLUn2yzSTx9jk5ZuC1FES/GtZm8="></latexit>

ẑ 0
<latexit sha1_base64="iFTzIZ6G9uayj3H28dcQdWA+EW0="></latexit><latexit sha1_base64="iFTzIZ6G9uayj3H28dcQdWA+EW0="></latexit><latexit sha1_base64="iFTzIZ6G9uayj3H28dcQdWA+EW0="></latexit><latexit sha1_base64="iFTzIZ6G9uayj3H28dcQdWA+EW0="></latexit>

⌧c
<latexit sha1_base64="x1ebeTkiPg6KulBz6FNefiPi5nk="></latexit><latexit sha1_base64="x1ebeTkiPg6KulBz6FNefiPi5nk="></latexit><latexit sha1_base64="x1ebeTkiPg6KulBz6FNefiPi5nk="></latexit><latexit sha1_base64="x1ebeTkiPg6KulBz6FNefiPi5nk="></latexit>
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Cumulative Transport by SI

⌧c
<latexit sha1_base64="3wYsFLylkXVri2bL2kKYgkigSlM=">AAACOnicjVDLSsNAFJ3UV42vVpeCBIvgopSmPpdFQV1WsQ9oSplMbtqxkwczE7GE/INb/RZ/xK07cesHOEm7aVHwwMDlnDPcc48dMipktfqu5RYWl5ZX8qv62vrG5lahuN0SQcQJNEnAAt6xsQBGfWhKKhl0Qg7Ysxm07dFlqrcfgQsa+PdyHELPwwOfupRgqaiWJXHUJ/1CyaxUMxh/DyU0RaNf1PYsJyCRB74kDAvRFdgXAjh1ezHmkhIGiW5FAkJMRngA8VMWNTEOFOcYbsDV86WRsTNG7Akx9mzl9LAcinktJX/TupF0z3sx9cNIgk8mi9yIGTIw0rsNh3Igko3VgAmnKqJBhphjIlU7M1uIZ3M6GMpE1y0HXFVsljImOBWcASTx3fVFEp+UT4/KpllTh84b9P812qpVzGrFvD0u1a+m3ebRLtpHh8hEZ6iOblADNRFBD+gZvaBX7U370D61r4k1p03/7KAZaN8/NYWsow==</latexit><latexit sha1_base64="3wYsFLylkXVri2bL2kKYgkigSlM=">AAACOnicjVDLSsNAFJ3UV42vVpeCBIvgopSmPpdFQV1WsQ9oSplMbtqxkwczE7GE/INb/RZ/xK07cesHOEm7aVHwwMDlnDPcc48dMipktfqu5RYWl5ZX8qv62vrG5lahuN0SQcQJNEnAAt6xsQBGfWhKKhl0Qg7Ysxm07dFlqrcfgQsa+PdyHELPwwOfupRgqaiWJXHUJ/1CyaxUMxh/DyU0RaNf1PYsJyCRB74kDAvRFdgXAjh1ezHmkhIGiW5FAkJMRngA8VMWNTEOFOcYbsDV86WRsTNG7Akx9mzl9LAcinktJX/TupF0z3sx9cNIgk8mi9yIGTIw0rsNh3Igko3VgAmnKqJBhphjIlU7M1uIZ3M6GMpE1y0HXFVsljImOBWcASTx3fVFEp+UT4/KpllTh84b9P812qpVzGrFvD0u1a+m3ebRLtpHh8hEZ6iOblADNRFBD+gZvaBX7U370D61r4k1p03/7KAZaN8/NYWsow==</latexit><latexit sha1_base64="3wYsFLylkXVri2bL2kKYgkigSlM=">AAACOnicjVDLSsNAFJ3UV42vVpeCBIvgopSmPpdFQV1WsQ9oSplMbtqxkwczE7GE/INb/RZ/xK07cesHOEm7aVHwwMDlnDPcc48dMipktfqu5RYWl5ZX8qv62vrG5lahuN0SQcQJNEnAAt6xsQBGfWhKKhl0Qg7Ysxm07dFlqrcfgQsa+PdyHELPwwOfupRgqaiWJXHUJ/1CyaxUMxh/DyU0RaNf1PYsJyCRB74kDAvRFdgXAjh1ezHmkhIGiW5FAkJMRngA8VMWNTEOFOcYbsDV86WRsTNG7Akx9mzl9LAcinktJX/TupF0z3sx9cNIgk8mi9yIGTIw0rsNh3Igko3VgAmnKqJBhphjIlU7M1uIZ3M6GMpE1y0HXFVsljImOBWcASTx3fVFEp+UT4/KpllTh84b9P812qpVzGrFvD0u1a+m3ebRLtpHh8hEZ6iOblADNRFBD+gZvaBX7U370D61r4k1p03/7KAZaN8/NYWsow==</latexit><latexit sha1_base64="3wYsFLylkXVri2bL2kKYgkigSlM=">AAACOnicjVDLSsNAFJ3UV42vVpeCBIvgopSmPpdFQV1WsQ9oSplMbtqxkwczE7GE/INb/RZ/xK07cesHOEm7aVHwwMDlnDPcc48dMipktfqu5RYWl5ZX8qv62vrG5lahuN0SQcQJNEnAAt6xsQBGfWhKKhl0Qg7Ysxm07dFlqrcfgQsa+PdyHELPwwOfupRgqaiWJXHUJ/1CyaxUMxh/DyU0RaNf1PYsJyCRB74kDAvRFdgXAjh1ezHmkhIGiW5FAkJMRngA8VMWNTEOFOcYbsDV86WRsTNG7Akx9mzl9LAcinktJX/TupF0z3sx9cNIgk8mi9yIGTIw0rsNh3Igko3VgAmnKqJBhphjIlU7M1uIZ3M6GMpE1y0HXFVsljImOBWcASTx3fVFEp+UT4/KpllTh84b9P812qpVzGrFvD0u1a+m3ebRLtpHh8hEZ6iOblADNRFBD+gZvaBX7U370D61r4k1p03/7KAZaN8/NYWsow==</latexit>

@

@t

✓
@v̄

@z

◆
=
@2v 0w 0

@z2
� f
@ū

@z
<latexit sha1_base64="vwjNCeuaHqMclKwEG36iXxYYH0A="></latexit><latexit sha1_base64="vwjNCeuaHqMclKwEG36iXxYYH0A="></latexit><latexit sha1_base64="vwjNCeuaHqMclKwEG36iXxYYH0A="></latexit><latexit sha1_base64="vwjNCeuaHqMclKwEG36iXxYYH0A="></latexit>

f �1
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• Cumulative contribution of SI modes 
  to the transport, through  

• Difference in adjustment behaviour 
  depending on the 
 Shear Forcing  vs.  Inherent Time-scale
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Frontal Response: Slumping vs Falling
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Damping to Equilibrium

• PV fluxes stabilise the front 
∴ Good metric for equilibration 

• SI-turbulence ⇄ PV Fluxes 
  seems to be self-regulatory 

• Constant damping time-scale,
⌧qf ⇡ 5.5
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Conclusions

• SI can transport significant geostrophic momentum prior to transition. 

• The adjustment response and equilibration of the front depends strongly 
  on the front strength,         .  

• Weak fronts slowly slump into equilibrium 

• Strong fronts suddenly lose balance and undergo large oscillations

M2/f 2
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Equilibration
Questions?
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