
1ESA UNCLASSIFIED – For ESA Official Use Only

Surface TRansport, kinetic Energy, Air-sea fluxes 
& Mixing (STREAM)

Fabrice Ardhuin (LOPS, France) & the STREAM Pis:
Aida Alvera Azcarate (GHER, University of Liege, Belgium), Alessandro Battaglia (Politecnico di Torino, Italy), Peter Brandt (GEOMAR, Germany),
Sophie Cravatte (LEGOS, France), Helen Czerski (UCL, UK),Alberto Naveira Garabato (Uni. Southampton, UK), Matthew Martin (UK Met Office, UK),
Elisabeth Remy (Mercator Ocean Int., France), Ernesto Rodriguez (JPL/Caltech, USA),Julienne Stroeve (University of Manitoba, Canada), 
Erik van Sebille (U. Utrecht, NL) 24/05/2022



2

STREAM

1. Context: measuring ocean dynamics at the air-sea interface

How is Earth losing its cool? 
90% of the answer is in the ocean

Currents and vertical fluxes bring ocean
in contact with the atmosphere

not just a temper issue: gas exchanges,
ocean momentum, kinetic energy … 
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1. Context: if you think we know ocean surface currents…

…let’s pick one of the few places with in situ data 
(thanks to M. Cronin et al., NOAA/PMEL)
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1. Context: State of the art in ocean current obs & modelling

most ocean places:  > 90% of kinetic energy is missing in altimetry-derived « surface current estimates »
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2. Open questions: current & mixing
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2. Open questions: current & mixing … what scales? 

Important processes occur at all scales
- Surface current mapping:

SEASTAR (EE11 candidate mission)
is going for 1 km resolution, 
but not global

Altimeters map dominant currents, L>200-400 km, T>15 d
( not at Equator)

(adapted from Ardhuin et al. BAMS 2019) 
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3. Measurement concept: 2 instruments
o Ka-band pencil beam Doppler radar (STREAM-R) for surface wind & current vectors: 1000 km wide swath

1-day global revisit at 25 km resolution (see Ubelmann et al. JGR 2021 for implications)

STREAM-R, a « more ambitious » SKIM 
is close to the baseline also envisaged
for NASA proposal « OdySea »
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o Optical push-frame 5-beams (STREAM-O) giving 5 m resolution and 1 to 10 s time lags: 10 km wide swath
Phase shifts for different wavelengths should give currents at different depths, linked to mixing 

Simulated inter-beam coherence
(STREAM proposal for EE11)

3. Measurement concept: 2 instruments
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Vertical shear of current of 5 cm/s can be resolved for a 8 km x 8 km area using only 3 beams
(Ardhuin et al. 2021) 

3. Measurement concept: 2 instruments
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o A sparse sampling of the oceans at high resolution reveals patterns related to wind, waves & currents
(ice floes, Langmuir turbulence, sargassum, slicks … ) 

3. STREAM-O … the places you’ll see
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4. Science and products
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4. Science and products

Level-2A_UGD

Surface Doppler Velocity UGD

Level-1b
footprint 
geometry

Level-2a
Footprint  geometry

2 km x 8 km

Level-2B_TSCV
Radial Current UCD(𝜑𝜑)

Level-2d
Multi-orbit gridded

25 km global
12.5 km Arctic

System
Level-1B-R

STREAM-R data  (NRCS, pp-phase, engineering data e.g. position, velocity and time (PVT),
pointing information, on-board temperature sensors, antennas positions etc.)

Level-2C_OVW
Ocean Vector Wind

Science

Level-2B-O
Velocity profiles

Level-1C-O
5 m gridded images 

from 5 beams

Pointing correction using co-
registrations

Fine pointing retrieval DDC-
calibration

Level-2b
Footprint  geometry

2 km x 8 km

Level-2C Single Swath Maps 
Total Surface Current 
Velocity : UAT , UCT  

Level-2c
Swath geometry

5 day exact repeat 
25 km

Level-2A-O
Phase speed spectra
Opposition spectra

Level-2C-O
Velocity profiles

Level-2D_TSCV-Arctic

Level-2D-TSCV_Global
- Level-2D-TSCV_NIO: Hourly Unio,Vnio

- Level-2D_TSCV-LF: Daily Ulf,Vlf
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5. Engineering challenges
- big rotating antenna
- O(1 microradian) pointing knowledge

STREAM-O data can be used to diagnose / refine STREAM-R pointing issues.
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What’s next for ocean current remote sensing?
SKIM (12° incidence Doppler scat, waves & currents) was proposed to EE9
STREAM (45° incidence Doppler scat, winds and currents + Optical) was proposed to EE11: “too expensive”
OdySea (55° incidence Doppler scat, winds and currents) is being prepared for 2022  NASA explorer

Also some ocean coverage at higher resolution will be given by Harmony (EE10) and maybe SEASTAR (EE11)…
while Sentinel 1s are still providing sparse 1-component Doppler (with remaining issues due to thermal control) 
and Sentinel 2s have O(30 cm) mispointing uncertainties that give O(30 cm/s) current uncertainties

Was STREAM proposal too bold for the EE11 call? 
Should we split away the optical part (cost + other opportunities)?

We will be looking at different options
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