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Our project is a result of long-term collaboration. Since 2017, we made progress in several specific tasks having broad applications.
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Enhanced mean dynamic topography (DTU17cMDT)

based on:
- GOCE geoid
- improved parameterization of 
ageostrophic currents
- extended satellite and in situ datasets

Knudsen et al., 2020, in press

Meridional gradient of MDT
DTU17cMDT

From drifters
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Improved Mean Dynamic Topography.

The GOCE satellite mission produced a much-improved model of the geoid and the DTU team improved the Mean Sea Surface and derived a geodetic Mean Dynamic Topography DTU2017MDT. In a collaborative study, we refined this model using the historical dataset of the Global Drifter Program. As a results, narrow features in the mean ocean circulation (such as fronts and jets) are reproduced much more realistically in the new product DTU2017cMDT.









Applications

Near-real time surface 
currents

Near-real time model marine debris 
concentration

Optimization of expedition 
plans

Probability of success -- ocean conditions 
are accounted for.
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Application development.

Using the improved MDT product, we improved the model (SCUD) of surface currents. This model is consistent with the movement of standard GDP drifters and uses satellite sea level anomaly and winds. Its outputs are used to develop an application, simulating debris distribution in the garbage patch and to guide expeditions to the areas of most successful debris search.










Model simulations of debris drift from the 2011 tsunami in Japan

Simulations revealed significant  
differences between pathways of 
different windages suggesting that 
different areas were affected by 
different types of JTMD and at 
different times.
SCUD modeling explained all peaks, 
observed on the US/Canada west 
coast.

Maximenko et al., 2018
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Tsunami debris transport.

Simulations of drift of debris from the 2011 tsunami in Japan and their validation using collected reports demonstrated an excellent performance of our application (compared to other models) and provided an insight into the pathways and fate of different types of objects floating on the ocean surface.




(a) (b)

(a,b) Trajectories of four drifters, deployed in the FloatEco experiment, captured in November 2018 –
February 2019 in a small submesoscale cyclonic eddy. Background in (a) is streamlines of geostrophic surface
currents and in (b) contours of geostrophic vorticity, normalized by the local Coriolis parameter, for December
4, 2018. (c) Composite of eddy velocities relative to its center, calculated for the period November 21 –
December 11, 2018.

(a) Schematic, illustrating calculations of the statistics of distances between pairs of particles. (b) Seasonal and
full PDF’s of distances between pairs of historical drifters in the subtropical North Pacific.

Close-range interactions between Lagrangian drifters
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Close-range interactions.

Ubiquitous entrapments of Lagrangian drifters in convergent features (such as submesoscale eddies) were identified in real-time and historical GDP datasets in an ongoing study.



Dynamics of mesoscale eddies, generated off of Mexico and reaching SPURS-2 area
Hasson et al. (2019)
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SPURS-2
eddies pathway

Lagrangian gyre in the eastern Tropical Pacific

Sudden death of the eddy with generation of 
strong monochromatic inertial oscillations

Five drifters deployed in the “Mexican” eddy during SPURS-2.
(in collaboration with L. Centurioni and V. Hormann)
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Dynamics of the eddy core and Lagrangian gyre.

An example of such entrapment in a core of a larger eddy was studied using resources of SPURS-2 experiments. Hasson et al. (2019) described strong mesoscale eddies, formed regularly off of the westcoast of Mexico, that reaching the SPURS-2 area. In collaboration with Luca Centurioni and Verena Hormann, we seeded one of such eddies with five drifters and followed them across the SPURS-2 region. After several weeks of steady rotation, the eddy quickly dissipated through a yet unknown process that generated long-lasting monochromatic inertial oscillations.

Later, these and other SPURS-2 drifters recirculated eastward. Such seasonally alternating current may constitute a Lagrangian gyre that, unlike common gyres, does not have closed streamlines at any given moment, yet is capable of retaining the water for many annual cycles.
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Ongoing research: eddy response to variations of large-scale flow
(application to striations and beta-plumes)
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Variations in the large-scale flow are expected to affect movement of eddies and orientation of beta-plumes (which are often seen as preferred paths of eddies). Analysis in the eastern North Pacific documented strong temporal variations of ocean currents on scale larger than the deformation radius and characteristic eddy size. At the same time, eddy velocities do not respond as expected from a simple concept of additional advection.



Ongoing research: eddy response to variations of large-scale flow
(big picture)

Regression coefficients between monthly-averaged zonal and meridional components of velocities 
of mesoscale eddy and large-scale currents

Anticyclones: zonal

Anticyclones: meridional

Regression coefficients averaged zonally
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Extended to the global framework, outside of the tropics, changes in eddy velocities are found to be relatively weak (only 5% of the changes of the surface geostrophic large-scale current) and in the direction opposite to the latter.
Study is underway taking into consideration the baroclinic structures of the eddies, currents, their dynamics, and the interactions.



Current gridded AVISO SLA, based on short time-space correlations has higher
energy on satellite tracks and passing times.

Technique of interpolation over large gaps needs to be improved. 

Improved coverage in future satellite missions (SWOT) may help to do this.

Roach and Maximenko, OSTST 2017 poster

Distortion of mesoscale eddy signal in gridded altimetry products
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In collaboration with C. Roach, we showed that, with the increasing number of satellites and improving mapping techniques, the sea level anomaly gridded products still underscore the eddy energy between satellite tracks (at least this was valid at the time of this study in 2017).
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