
Where is the Monk? 
Contest Seminar



Agenda

• Introduction and Format


• Overview of common Lagrangian prediction framework 
and error sources


•  Presentations from our winners:


• José Rubio


• Knut-Frode Dagestad


• Questions/Discussion



• Thank you for your 
participation!


• Expect regular trajectory 
contests (with prizes)


• Seminars to highlight 
Lagrangian prediction 
development and the 
techniques of winners 

Introduction





Lagrangian Prediction Framework

Ocean Model

<latexit sha1_base64="IIc8nuzAXkptUnu8cOMNM65Zrhk="></latexit>

x̂(t+�t) = x(t) +

Z t+�t

t
û(x(⌧), ⌧)d⌧



Ocean Model



<latexit sha1_base64="rUtEhC8KiJuqsCiGt+PlpB1w3eE="></latexit>

dE

dt
= rxû(x(t), t)E(t) + û(x(t), t)� u(x(t), t)

<latexit sha1_base64="8FTNTky8LjL0cYg/eWb49WlTQHU=">AAACHXicjZDLSgMxFIYzXmu9jbp0EyyCG8tU6mUjFEVwWcFeoDOUTCbThmaSIcmIZZgXceOruHGhiAs34tuYabtoRcEDIT/ffw45+f2YUaUd58uam19YXFourBRX19Y3Nu2t7aYSicSkgQUTsu0jRRjlpKGpZqQdS4Iin5GWP7jM/dYdkYoKfquHMfEi1OM0pBhpg7p21fUFC9QwMld6lcFzOA3us0O3j3Q6y7KuXaqUnVHBv0UJTKretT/cQOAkIlxjhpTqVJxYeymSmmJGsqKbKBIjPEA90jGSo4goLx39LoP7hgQwFNIcruGITk+kKFL5bqYzQrqvfno5/M3rJDo881LK40QTjscPhQmDWsA8KhhQSbBmQyMQltTsCnEfSYS1CbT4vxCaR+XKSfn4plqqXUziKIBdsAcOQAWcghq4BnXQABg8gCfwAl6tR+vZerPex61z1mRmB8yU9fkNEZGj0Q==</latexit>

E = x� x̂

Existing model error New model error

Lagrangian Prediction Framework

<latexit sha1_base64="J7uVSBFGNNYUb8TLJfkIqRIrGcw=">AAACSHicjZBLSwMxFIUz9VXrq+rSTbCIFaXMiK9NoSiCywrWFmaGksmkbWjmYXJHKEN/nhuX7vwNblwo4s70sahWwQshh+/cy70cLxZcgWk+G5mZ2bn5hexibml5ZXUtv75xq6JEUlajkYhkwyOKCR6yGnAQrBFLRgJPsLrXvRj49XsmFY/CG+jFzA1IO+QtTglo1Mw3HS8SvuoF+ksdBqRfhD1cxpPYG7J9PNW6q/kBdu4S4uNLe9p2y2YzX7BK5rDw36KAxlVt5p8cP6JJwEKggihlW2YMbkokcCpYP+ckisWEdkmb2VqGJGDKTYdB9PGOJj5uRVK/EPCQTk6kJFCDC3VnQKCjfnoD+JtnJ9A6c1MexgmwkI4WtRKBIcKDVLHPJaMgeloQKrm+FdMOkYSCzj73vxBuD0vWSen4+qhQOR/HkUVbaBsVkYVOUQVdoSqqIYoe0At6Q+/Go/FqfBifo9aMMZ7ZRN8qk/kCdHOyIQ==</latexit>

⌘(t) = b(t) + ⌘0(t), E[⌘0] = 0

Model bias High frequency, unresolved physics, 
interpolation/integration/representation

<latexit sha1_base64="+SHX7teIAiVzv6m8NAICjNYfxLI=">AAACTXicjVHLSgMxFM3UR2t9jbp0EyxCC1pa8bURim5cVrAP6Awlk8m0oZkHyR2xDPODbgR3/oUbF4qI6WPRSgUvhJyccy73cuJEgiuoVF6NzNLyymo2t5Zf39jc2jZ3dpsqjCVlDRqKULYdopjgAWsAB8HakWTEdwRrOYObkd56YFLxMLiHYcRsn/QC7nFKQFNd07WcULhq6OsrsRiQIpRSfIWtPoFkVovTtDj7fky18whKx/OmhZ6uWaiWK+PCf4MCmla9a75YbkhjnwVABVGqU61EYCdEAqeCpXkrViwidEB6rKNhQHym7GScRooPNeNiL5T6BIDH7GxHQnw1WlA7fQJ99VsbkYu0TgzepZ3wIIqBBXQyyIsFhhCPosUul4yCGGpAqOR6V0z7RBIK+gPy/wuheVKunpfP7k4LtetpHDm0jw5QEVXRBaqhW1RHDUTRE3pDH+jTeDbejS/je2LNGNOePTRXmewPIha2NA==</latexit>

⌘(t) = û(x(t), t)� u(x(t), t)



Advection Scheme

Van Sebille et al. 2018



Advection Scheme



Van Sebille et al. 2018

Advection Scheme



Lagrangian 
trajectories are non-

linear and path 
dependent.  

The exact state of 
the meso-scale 

eddy field defines 
path, not just energy 

spectra

These errors 
compound over 

time



Profiling floats experience 
ocean shear as they 

ascend and descend to 
park depth

Depending on mission, a 
substantial amount of float 
displacement can happen 

under the surface, so 
accurately representing 3D 

currents is important



Unresolved Processes

In the ocean, floats 
experience finescale 

motions - waves, 
currents, tides - which 

are not resolved in 
many global models. 



<latexit sha1_base64="oJ5UV0fso06sd+aMM8x0g9NOZDE=">AAACI3icjVDLSgMxFM3UV62vqks3wSLUTZmKLwRBdONGqGBV6NQhk7m1wUxmSO4IZei/uPFX3LhQihsX/ouZtgsVBQ8k93DOveTmBIkUBl333SlMTE5NzxRnS3PzC4tL5eWVSxOnmkOTxzLW1wEzIIWCJgqUcJ1oYFEg4Sq4O8n9q3vQRsTqAnsJtCN2q0RHcIZW8ssHXhDL0PQiWzLo+2dV3KSH1BMKffcGv7oeIOtXPWTpZpjffrlSr7lD0L9JhYzR8MsDL4x5GoFCLpkxrbqbYDtjGgWX0C95qYGE8Tt2Cy1LFYvAtLPhH/t0wyoh7cTaHoV0qH6dyFhk8kVtZ8Swa356ufib10qxs9/OhEpSBMVHD3VSSTGmeWA0FBo4yp4ljGthd6W8yzTjaGMt/S+Ey61afbe2c75dOToex1Eka2SdVEmd7JEjckoapEk4eSBP5IW8Oo/OszNw3katBWc8s0q+wfn4BM/TpQQ=</latexit>

eM (t) =

Z t

0
⌘(⌧)d⌧

<latexit sha1_base64="J7uVSBFGNNYUb8TLJfkIqRIrGcw=">AAACSHicjZBLSwMxFIUz9VXrq+rSTbCIFaXMiK9NoSiCywrWFmaGksmkbWjmYXJHKEN/nhuX7vwNblwo4s70sahWwQshh+/cy70cLxZcgWk+G5mZ2bn5hexibml5ZXUtv75xq6JEUlajkYhkwyOKCR6yGnAQrBFLRgJPsLrXvRj49XsmFY/CG+jFzA1IO+QtTglo1Mw3HS8SvuoF+ksdBqRfhD1cxpPYG7J9PNW6q/kBdu4S4uNLe9p2y2YzX7BK5rDw36KAxlVt5p8cP6JJwEKggihlW2YMbkokcCpYP+ckisWEdkmb2VqGJGDKTYdB9PGOJj5uRVK/EPCQTk6kJFCDC3VnQKCjfnoD+JtnJ9A6c1MexgmwkI4WtRKBIcKDVLHPJaMgeloQKrm+FdMOkYSCzj73vxBuD0vWSen4+qhQOR/HkUVbaBsVkYVOUQVdoSqqIYoe0At6Q+/Go/FqfBifo9aMMZ7ZRN8qk/kCdHOyIQ==</latexit>

⌘(t) = b(t) + ⌘0(t), E[⌘0] = 0

<latexit sha1_base64="MHs9F8gP0nlh6pNpkycX+IpfERY=">AAACM3icjVDLSgMxFM34rPU16tJNsIgtSJmKr41QLIK4qtAXtOOQyWTa0ExmSDJCGfpPbvwRF4K4UMSt/2Cm7aJKBQ9c7uGce8nNcSNGpbKsF2NufmFxaTmzkl1dW9/YNLe2GzKMBSZ1HLJQtFwkCaOc1BVVjLQiQVDgMtJ0+5XUb94TIWnIa2oQETtAXU59ipHSkmPedNyQeXIQ6JZUhk6HKJSXh6IAL+BVe9pMneFBXhZmiKJwV7MdM1cqWiPAv0kOTFB1zKeOF+I4IFxhhqRsl6xI2QkSimJGhtlOLEmEcB91SVtTjgIi7WT05yHc14oH/VDo4gqO1OmNBAUyPVJPBkj15G8vFWd57Vj553ZCeRQrwvH4IT9mUIUwDRB6VBCs2EAThAXVt0LcQwJhpWPO/i+ExlGxdFo8uT3OlS8ncWTALtgDeVACZ6AMrkEV1AEGD+AZvIF349F4NT6Mz/HonDHZ2QE/YHx9A9A+qwQ=</latexit>

C⌘(s, r) = E[⌘0(s)⌘0(r)T ]
<latexit sha1_base64="2y+4S1xEdtubNppzzwiU6XMaTpY=">AAACLXicjVDLSgMxFM34rPVVdekmWIRxYZmKr41QrAs3QgWrQmccMpnUhmYyQ3JHKEN/yI2/IoKLirj1N8y0XVRR8EJyD+ecS25OkAiuwXEG1tT0zOzcfGGhuLi0vLJaWlu/1nGqKGvSWMTqNiCaCS5ZEzgIdpsoRqJAsJugW8/1mwemNI/lFfQS5kXkXvI2pwQM5ZfO3CAWoe5FpmWNvn9hww4+wS6X4Dt3YMOuCyTdmXTV+77LgNhDIcxvv1SuVpxh4b9BGY2r4Zde3DCmacQkUEG0blWdBLyMKOBUsH7RTTVLCO2Se9YyUJKIaS8b/raPtw0T4naszJGAh+zkREYina9qnBGBjv6p5eRvWiuF9rGXcZmkwCQdPdROBYYY59HhkCtGQfQMIFRxsyumHaIIBRNw8X8hXO9VqoeVg8v9cu10HEcBbaItZKMqOkI1dI4aqIkoekTPaIDerCfr1Xq3PkbWKWs8s4G+lfX5Bd80qI0=</latexit>

PM (t) =

Z t

0
(t� ⌧)C⌘(⌧)d⌧

Short Timescale Long Timescale
Taylor 1922

Lacasce  2008
<latexit sha1_base64="5VZ4mJfsJEHX6mmded3ouCMpAoU=">AAACDXicjVDLSgMxFM3UVx1fVZduglWomzIVfGzEohs3QgX7gE4pmTRtQzOTmNwRytAfcONH+ANuXCjitns34t+Yti5UFDwQcjjnXu69J1CCG/C8dyc1NT0zO5eedxcWl5ZXMqtrFSNjTVmZSiF1LSCGCR6xMnAQrKY0I2EgWDXonY786jXThsvoEvqKNULSiXibUwJWama2fHOlIfEDKVqmH9ovKQ2a5znYGWBfaalAYmhmsoW8Nwb+m2SPh+6RuntzS83Mq9+SNA5ZBFQQY+oFT0EjIRo4FWzg+rFhitAe6bC6pREJmWkk42sGeNsqLdyW2r4I8Fj92pGQ0IxWtZUhga756Y3E37x6DO3DRsIjFQOL6GRQOxZ4dKKNBre4ZhRE3xJCNbe7YtolmlCwAbr/C6Gymy/s5/cuvGzxBE2QRhtoE+VQAR2gIjpDJVRGFN2ge/SInpxb58F5dl4mpSnns2cdfYMz/ACI0597</latexit>p
PM (t) / t

<latexit sha1_base64="sSafGgiQTs90xjLK9Z4dv8qpnzY=">AAACFHicjVDLSgMxFM34rOOr6tJNsAiKUKaCj40ounEjVLAP6AxDJk01mJnE5I5QhvkIN/6AH+HGhSLizoUb8W9MWxcqCl4IOZxzLvfeEynBDXjeuzM0PDI6Nl6YcCenpmdmi3PzdSNTTVmNSiF1MyKGCZ6wGnAQrKk0I3EkWCM6P+jpjUumDZfJCXQVC2JymvAOpwQsFRbXfHOhIfMjKdqmG9svq+bh0Qqs5thXWiqQeGCBPCyWKmWvX/hvUNp9dnfUzZtbDYuvflvSNGYJUEGMaVU8BUFGNHAqWO76qWGK0HNyyloWJiRmJsj6R+V42TJt3JHavgRwn/3akZHY9Da2zpjAmfmp9cjftFYKne0g44lKgSV0MKiTCmwv7SWE21wzCqJrAaGa210xPSOaULA5uv8Lob5ermyWN4690t4+GlQBLaIltIIqaAvtoUNURTVE0RW6Rffowbl27pxH52lgHXI+exbQt3JePgCzbaLf</latexit>p
PM (t) /

p
t



Lagrangian Prediction Framework

<latexit sha1_base64="ikEzYRq+zFKKZTKL4NuhdGYrYzg=">AAAB6HicjVDJSgNBEK2JW4xb1KOXxiB4ChNxOwa9eEzALJAMoadTk7TpWeiuEcKQL/DiQRGvfpI3/8bOclBR8EHB470qqur5iZKGXPfDyS0tr6yu5dcLG5tb2zvF3b2miVMtsCFiFeu2zw0qGWGDJClsJxp56Cts+aPrqd+6R21kHN3SOEEv5INIBlJwslKdesVSpezOwP4mJVig1iu+d/uxSEOMSChuTKfiJuRlXJMUCieFbmow4WLEB9ixNOIhGi+bHTphR1bpsyDWtiJiM/XrRMZDY8ahbztDTkPz05uKv3mdlIJLL5NRkhJGYr4oSBWjmE2/Zn2pUZAaW8KFlvZWJoZcc0E2m8L/QmielCvn5bP6aal6tYgjDwdwCMdQgQuowg3UoAECEB7gCZ6dO+fReXFe5605ZzGzD9/gvH0C586NBQ==</latexit>

t
<latexit sha1_base64="RlHYVE1C23tQfTt7U2ZFF2BIlZE=">AAAB73icjVDLSgNBEOyNrxhfUY9eBoPgKeyKr2PQi8cI5gHJEmYns8mQ2dnNTK8QlvyEFw+KePV3vPk3TjY5qChY0FBUddPdFSRSGHTdD6ewtLyyulZcL21sbm3vlHf3miZONeMNFstYtwNquBSKN1Cg5O1EcxoFkreC0fXMb91zbUSs7nCScD+iAyVCwShaqd01Y40ZTnvlild1c5C/SQUWqPfK791+zNKIK2SSGtPx3AT9jGoUTPJpqZsanlA2ogPesVTRiBs/y++dkiOr9EkYa1sKSa5+nchoZMwkCmxnRHFofnoz8Tevk2J46WdCJSlyxeaLwlQSjMnsedIXmjOUE0so08LeStiQasrQRlT6XwjNk6p3Xj27Pa3UrhZxFOEADuEYPLiAGtxAHRrAQMIDPMGzM3YenRfndd5acBYz+/ANztsnr/+QaQ==</latexit>p
t

<latexit sha1_base64="ikEzYRq+zFKKZTKL4NuhdGYrYzg=">AAAB6HicjVDJSgNBEK2JW4xb1KOXxiB4ChNxOwa9eEzALJAMoadTk7TpWeiuEcKQL/DiQRGvfpI3/8bOclBR8EHB470qqur5iZKGXPfDyS0tr6yu5dcLG5tb2zvF3b2miVMtsCFiFeu2zw0qGWGDJClsJxp56Cts+aPrqd+6R21kHN3SOEEv5INIBlJwslKdesVSpezOwP4mJVig1iu+d/uxSEOMSChuTKfiJuRlXJMUCieFbmow4WLEB9ixNOIhGi+bHTphR1bpsyDWtiJiM/XrRMZDY8ahbztDTkPz05uKv3mdlIJLL5NRkhJGYr4oSBWjmE2/Zn2pUZAaW8KFlvZWJoZcc0E2m8L/QmielCvn5bP6aal6tYgjDwdwCMdQgQuowg3UoAECEB7gCZ6dO+fReXFe5605ZzGzD9/gvH0C586NBQ==</latexit>

t

Ballistic

Diffusive

Bias dominated

Scaling regime Scaling order



•Bespoke regional models for prediction

•Better interpolation/advection schemes

•Better representation of finescale motion

•Ensemble forecasts (multiple models, AI 
driven, persistence)

•Previous prediction calibration

Potential Improvements / Points for Discussion



•José Rubio

•Knut-Frode Dagestad

Presentations From our Winners



Questions?




