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THE  RIVER DRIFTER



MARINE DEBRIS TRACKERS



Impacts of the GDP: Discovery of 
New Pelagic Marine Communities



A Method to Estimate the Energy Transfer Across 

Scales from In-Situ Drifter Observations: Swarms of 
Drifters



• Ocean currents span across large planetary scales (~103-104

m, at which Earth’s rotation and stratification constrain the flow) 
to small scales (< 10-2 and less, down to molecular scales at 
which Earth rotation and stratification effects are negligible) 
where energy dissipation by friction occurs.

• In a classic turbulence theory, energy fluxes go from large scale 
to small dissipation scales, and this is called the forward 
energy cascade

• For Geophysical flows however, the situation is more 
complicated than the scenario depicted above because of 
rotation and stratification effects. The direction of the energy flux 
is scale dependent and can be sometimes reversed. In other 
words an inverse energy cascade, from small scales to 
larger scale, may occur

The Problem



• If for a moment we assume that the forcing of the ocean occurs 
at a planetary spatial scales (~103-104 m, at which Earth’s 
rotation and stratification constrain the flow) energy dissipation 
by friction at small scales (< 10-2, at which Earth rotation and 
stratification effects are negligible) is required to maintain 
equilibrium, otherwise the ocean system would keep 
accelerating and momentum would keep increasing indefinitely

• Basin-wide gyres sustain a rich, energetic mesoscale eddy field 
which is well described by the quasi-geostrophic turbulence 
theory that is, however, characterized by energy fluxes from the 
injection/extraction scales towards larger scales

• Our problem consists in measuring the direction of the 
energy cascade to determine which processe are 
responsible for maintiang equilibrium

The Problem



Method: Statistics of Pair-Velocity

Kolmogorov 4/5th law of turbulence states that:

Where     is the rate of dissipation of energy, r is the spatial 
scales,

Is the velocity gradient along the direction defined by the pair of 
points at which the velocity is measured and < > is the average 
operator carried over a meaningful time-scale. 

The problem is to create a dataseet of velocity pair 
observations to perform this calculation

>0 => forward cascade

<0 => inverse cascade



Approach

3 km

A large array of drifters that measure 
surface velocity, if deployed quickly (5-6 
hours) allows the computation of the 
direction of the energy transfer across 
scales for a variety of values of r (recall 
that r is the radial distance between pairs 
of velocity observations)



From the Ocean to Lakes and 
Rivers: the µ-SVP TM Drifter

LAGRANGIAN DRIFTER LABORATORY 
MICRO SVP DRIFTER

Sea surface temperature, waves and 2 to 5 m depth 
currents

Features
(1) Easy deployment allows repeated and 
concurrent array realizations

(2) Designed for operational deployment: 
no skilled operator is required

(3) can be deployed at once from self-
deploying box, approximating a buoyant 
point source tracer. Each box may contain 
up to 50 µ-SVPs

• Scaled down version of the proven 
mini-SVP concept to enhance its 
Lagrangian properties

• Eco-friendly: available in bio-plastic 
and with cotton canvas drogue, 
ROHS

• can be drogued between 2 and 5 m 
depth, configurable with Iridium 
telemetry

• Same sensor suite as the mini-
SVP(SST, SLP, wind, etc)

• lightweight

Main specs

Spherical, 8 
inches 

diameter



Measuring the Energy Transfer Across Scales in the NW Pacific

March 2022 and February 2025

• Over 200 drifters deployed

• Multiscale array at deployment: 
~102-104 m

EKE dissipation rate from 3rd

order radial/transverse 
velocity structure functions 
from pairs of observed velocity



Preliminary results from the 2023 experiment

Eddy (second 
revolution): inverse 
cascade for L ~> 7 km

Eddy (first revolution): 
inverse cascade for L ~> 
8-10 km, perhaps 
shifting to direct 
cascade for L> 20 Km



Drifter Technology in Costal Polar Areas: 
Helheim Fjord, Greenland



THANKS!
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