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Downloading historical track of The Monk 

TrajAn is a python package for 

analysis of trajectory data 

https://opendrift.github.io/trajan



Liu-Weisberg skillscore

Liu,Y., and R.H. Weisberg, (2011), Evaluation of trajectory modeling in different dynamic regions using 

normalized cumulative Lagrangian separation, J. Geophys. Res., 116, C09013, doi:10.1029/2010JC006837.

Normalized cumulative 

Lagrangian separation



Choosing an ocean model



Trying to reproduce historical drift



Trying to reproduce historical drift



Script for prediction - starting from last observation



What we could have done

- Describing/including the vertical motion of the Monk
- include wind drift when at surface

- Machine learning correction

- Fusion of several ocean (and atmospheric) models

- “Current drift factor” to compensate for ocean model bias

- Utilizing ensemble models



Drift at ocean surface

Empirical relation used by most trajectory models:

drift = ocean surface current + f * wind

f ~0.03 for objects with same cross section 

in water as in air

Monk seems to stick only very slightly into air,

thus I would guess f ~0.01, mainly due to Stokes drift.

But must be tuned from observed surface drift.

Beautiful, analytical derivations of surface drift:

● Kirwan, A. D., McNally, G., Chang, M.-S., & Molinari, R. (1975). The Effect of Wind and Surface Currents on Drifters. Journal of Physical Oceanography, 5(2), 361–368. 

● Weber JE (1983) Steady wind- and wave-induced currents in the open ocean. J Phys Oceanogr 13:524–530.

● Jenkins (1987) A Lagrangian model for wind- and wave-induced near-surface currents, Coast. Eng., 11 (5), pp. 513-526

● Wagner, T.J.W.; Eisenman, I.; Ceroli, A.M.; Constantinou, N.C. How Winds and Ocean Currents Influence the Drift of Floating Objects. J. Phys. Oceanogr. 2022, 52, 907–916.

https://www.sciencedirect.com/science/article/pii/S0378383917305653#bbib44
https://www.sciencedirect.com/science/article/pii/S0378383917305653#bbib44


What comes next - simple data fusion of several models

Full link on RG (preprint):

https:/ /www.researchgate.net/profile/J-
Rabault/publication/412135325_SIMPLE_DATA_FUSION_FROM_SEVERAL_OCEAN_AND_ATMOSPHERE_HIN DCAST_MODELS_IMPROVES_SURFACE_DRIFTER_T RAJECTORY_PREDICTION/links/6a7c613fb2a395435d0b7d2e/SIMPLE-

DATA-FUSION-FROM-SEVERAL-OC EAN-AND-ATMOSPHERE-HINDC AST-MODELS-IMPROVES-SURFACE-DRIFTER-TRAJECTORY-PREDICTION.pdf

https://www.researchgate.net/profile/J-Rabault/publication/412135325_SIMPLE_DATA_FUSION_FROM_SEVERAL_OCEAN_AND_ATMOSPHERE_HINDCAST_MODELS_IMPROVES_SURFACE_DRIFTER_TRAJECTORY_PREDICTION/links/6a7c613fb2a395435d0b7d2e/SIMPLE-DATA-FUSION-FROM-SEVERAL-OCEAN-AND-ATMOSPHERE-HINDCAST-MODELS-IMPROVES-SURFACE-DRIFTER-TRAJECTORY-PREDICTION.pdf
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Data

Sofar dataset

Hindcast for simplicity



Models

- linear regression (LR)

- simple neural network (NN), fully connected, 4 layers

input: predictors from models

target: 1-hour drift



1-step advection prediction: LR as good as NN here





full (2-, 5-, 10-days) trajectories: up to ~40% better

Even just a simple data fusion of satellite-dominated + model-dominated predictors 

gives a significant improvement - as expected from the BLUE theory.

This is not unusual (see 

https://www.sciencedirect.com/science/article/pii/S0038092X25001008 ; also on 

ArXiv).

Next: time varying coefficients in prediction mode (not just hindcast)

https://www.sciencedirect.com/science/article/pii/S0038092X25001008


Manuscript submitted 

to Ocean Modeling



Development of open source, open hardware buoys at MET Norway

Worlds smallest, 

fastest directional wave 

buoy with telemetry

Rabault, Jean, et al. "OpenMetBuoy-V2021: an easy-to-build, affordable, 
customizable, open source instrument for oceanographic measurements of drift and 

waves in sea ice and the open ocean." Geosciences (2022).

https://github.com/jerabaul29/OpenMetBuoy-v2021a https://github.com/gauteh/sfy

Hope, Gaute, et al., 2025, SFY—A Lightweight, High-Frequency, and 
Phase-Resolving Wave Buoy for Coastal Waters, J. Atmos. Oceanic 

Technol., 42, 133–154

OpenMetBuoy Small Friendly Buoy (SFY)





Current velocity (c)

Wind velocity (w)

Drifter velocity (d)

Wind drag force

kw*(w-d)²

Current drag force

kc*(c-d)²

k = ρcdA / 2

Balance between air- and water drag forces



kw(wx-dx)² = kc(cx-dx)² ,   and same for y-component - thus removing x-subscripts below

kw(w²-2wd+d²) = kc(c²-2cd+d²)

k(w²-2wd+d²) = (c²-2cd+d²)   where k = kw/kc = ρaircairAair / ρwatercwaterAwater

Rearranging as 2nd order equation for d:

d²(k-1) + 2(c-kw)d+kw²-c² = 0

Solving for d with quadratic formula:

d = (2(kw-c) ± sqrt(4(c-kw)² - 4(k-1)(kw²-c²))) / 2(k-1)

Cancelling 2s and 4s, and expanding:

d = (kw-c ± sqrt(c² - 2kwc + k²w² - (k²w² - kc² - kw² + c²) ) / (k-1)

d = (kw-c ± sqrt(c² - 2kwc + k²w² - k²w² + kc² + kw² - c²) ) / (k-1)

d = ( c - kw ± (w-c)sqrt(k) ) / (1-k)

d = (1-f)c + fw where f = sqrt(k)/(1+sqrt(k)) = wind-drift-factor

================================================

with cair = cwater and Aair=Awater we get f = sqrt(ρair/cwater) ≅ 0.035



Is it necessary with higher order advection schemes?
(e.g. Runge Kutta)

“....there is no benefit from using a high-order integrator, unless accompanied by a high-order 

interpolator.

In practice, the combination of linear interpolation and a 2nd-order integrator delivers the best 

balance between accuracy and computational effort.”

Sensitivity tests on: https://opendrift.github.io/gallery/example_advection_schemes_eddy.html

https://opendrift.github.io/gallery/example_advection_schemes_eddy.html
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