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How to contribute/accelerate new skills/discoveries
to help reveal and model unknow unknowns from all
available multi-modal satellite ocean remote sensing
measurements ?

Some Earth Observation Challenges:,

Upper vertical motions i.e. 3D a’yﬂaﬁmcﬁ' (e.g. including time evolution) of
the upper ocean, Mesoscale and submesoscale circulation as key to
control the vertical ocean pump and ifs impact on energy transport and
biogeochemical cycles
£

Climate modelling due to these vast anddiverse scales of fluid motions:
in the upper ocean, horizontal scales as big as basins and as small as cm-
mm (capillary-gravity surface waves) contribute non-negligibly to air-sea
exchanges and climate, and dynamics of scales of less than 30 km, is
characterized by departures from the Earth's rotation constraint, i.e
ageostrophic motions and strong impact of wind/wave transient
forcings.
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Problem: 1/100(0) year events now occur yearly!
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New Era - Nanosatellites - CubeSat

A CubeSat is a type of for
that usually has a volume,of exactly 10 cm cube, and mass
of no more than 1.33 kilograms.s \
: b
) T
¢
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Remote sensing
data




Numerous questions and-challenges

Some of to better assess the existing pressures
on the marine environment (e.g. overfishing, pollution, habitat destruction, ...)
potentially leading to increased risks to global food security, economic
prosperity, ... . Y

Evolution of coastal ocean systems.includiflg the interactions with land in
response to natural and human-induced environmental perturbations

Mesoscale and submesoscale circulatioh and )’e role of the vertical ocean pump
and its impact on energy transport and b;/'og'eoc/vem/ca/ cycles

Response of the marine ecosystem and associated ecosystem services to
natural and anthropogenic changes, '

Physical and biogeochemical air/sea in teraction processes on different spatio-
temporal scales and their fundamental role in weather and climate

Sea level changes from global to coastal scales and from days (e.g. storm
surges) to centuries (e.qg. climate change)
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Numerous questions and-challenges

How can we map the distribution of marine plastic Debris?
Has the Agulhas current strengthened in the last 5 years?

Is the surface circulation of the Black Sea and in the Mediterranean
Sea stable? 4 \

How is the Arctic Ocean changing ? « *

How is marine biodiversity changing, /'oéa)’f regionally, globally ?
What is the extent of ocean acidification ?

Are western boundary currents changing, the Gulf Stream ?
How can ship routing be optimised ?

Why and where is regional sea level changing?

How are our coastal regions changing?

How can we map estuary systems from space?
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A\

.. most observations are not yet sufficiently
explored and used

Synergy between high and medium resolution observations to reveal mean states and

trends, near-surface ocean-atmosphere dynamics, local and non-local interactions,
convergence/divergence surface fronts and numerous roughness contrasts

Atmospheric and Oceanic observations generally produce high quality data, but it is
often too sparse (many gaps where information is missing, and/or often too local in
both space and time)

How can we use observed data in combination with the physical knowledge of stochastic
processes in nonlinear dynamical systems to estimate and model those effects on
the variability of computationally resolvable scales of motion that are caused by the
small, rapid, unresolvable scales of fluid motion that upscaling in data assimilation
leaves out?
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MSG/SEVIRI (10km, 3 heures)

Avhrr 18

SAF O&SI NAR pour AVHRR17 (2km, 2 passes/jour)

Avhrr 17

SAF O&SI NAR18 pour AVHRR17 (2km, 2 passes/jour)

ENVISAT/AATSR (1 km, 14-15 orbites/jour)
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PASSIVE SENSORS ACTIVE
Visible .
ver Infrared Microwave Badar
SEeNsors SEeNsors instruments
Sensors
i ; | I [ [
Multispectra Infrared Scanning Scatterometer
Sensor Iscanr?ers imaging microwave Imaging radar
type maging radiometers radiometers Altimeter
spectrometers \ /
: rlmar;'l Ocean Sea surface Salinit Surface Surface
observable colour temperature ol | roughness slope
quantity
: Surface winds Geostrophic
Derived ot | leerine Wave height | | currents
variables sehieiiiGtas Skin Wave spectra Ocean geoid
E 4k : ¢ ; Internal waves Sea floor
LMY o okl Surface slicks bathymetry

Schematic illustrating the different remote-sensing methods and
classes of sensors used in satellite oceanography, along with their
applications (from Robinson, 2004).
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I\/Iaih‘bs\gage (to be repeated) ...

N S\

Today ideal instrument ... (wide-swath, high-resolution, ’ropggraphy,
roughness, Doppler, emissivity, reflectance, ..) = the combined use of
observations, including in situ measurements

Very (too) large number of spatio-temporal scales under local and non-
local interactions

Improved technologies (instruments, resolution, computer capabilities,
storage, disseminafion) all contribute to improved combined analysis

Theoretical frameworks and numerical simulations can be used to
assess the causes and contexts of the different observations
(including sensor physics, observability conditions and instrument
capabilities), to refine dynamical/statistical gap filling methods

New challenges, new altimeter instruments (SARAL, Sentinel-3,
SWOT, .., CubeSat 0forfunifies), possible new high-resolution
microwave instruments F 0-20 km), Doppler measurements to infer
sea surface currents (SAR and/or RAR-SKIM or DopplerScat), and
combined roughness contrasts as local quantitative proxies fo frace
strong surface gradient areas
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Horizontal scales
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light = more short waves
~ stronger wind forcing
~ air-sea heat, KE, momentum, gas exchange

dark = weak wind or surfactant

Corsica

10 km:[
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Non-uniform wind stress

proper
ESA UNCLASSIFIEL atmosphere-vyave-ocean 10/2016 | Slide 26
coupling

— Il bhm =




ESA UNCLASSIFIED - For Official Use

(=

- 2 Tatal
/ = R DMom entam Flut
== 3 MESOSCALE + PV ARLABILITY
== ouds #
54 Eroceccac e Turbulent & Wave Induced L

7 o l B et Radiation B Momentim Flux :

x \. £ —_—
Sea- i S F 9 Sea T |
[ = [Cem perature
Froduction S — & hicisture

v Profiles
E
Viscous W elocity | |

Stress Frofiles

v » Total Heat|
= Budget
Effects

Sensible & ~ S8
Latert Heat
Longz YWax \
/éak TAave -
o e To e ).v
== b C ey e
L3 ave Radiaki on t—e -
\* Bukble -
Fiave Production
Ereaking

Drissipation

Profiles

= orrrective Twlixing
Stratification

—— -3 MESOSCALE

Deep
Corrvection

Figure 2. Some of the processes that govern the transfer of heat, mass, and momentum within
the coupled boundary layers.
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ocean surface (i.e., where the turbulent component becomes negligible) derived by Deardorff
(1967). Deardorff (1967) derived this expression by evaluating the integrated horizontal
momentum equation at the ocean surface to obtain
T, = —Tw o+ v = on vaU|—‘|: + T

a = Pa §n~pn§ pagn*aw ao (15)
where mn isthe wave height, P, is the surface pressure, and the small component of the viscous
stress associated with inclinations of the interface has been neglected. The stresses given on the
RHS on based on the nomenclature given in Lionello et al. (1996, 1998), where T represents
the momentum transfer from the wind to the waves (i.e., the wave-induced flux), while tT_g

aw

represents the direct momentum transfer from the wind to the ocean (i.e., viscous stress). This

- 4= = Il = — S == 0011 — 2 KX I+l

Author | ESRIN | 18/10/2016 | Slide 27




Schematic illustration of the Langmuir circulation (first
described by Langmuir, 1938). The separation scale of the
convergence zones are typically 10-100 m
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Typical Ocean Space-Time
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Typical Ocean and Atmosphere
Space-TimeScales

Horizontal scuices
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1000km
1000 m
100km
10km
100 m 1km
1-10m  1m
Ocean-Atmosphere
Interactions
Minute Hour Day Year
ESA UNCLASSIFIED - For Official Use Author | ESRIN | 18/10/2016 | Slide 31

— ] e = ™ = I W = ] oD - == B I T 2= I+l European Space Agency



ESA UNCLASSIFIED - For Official Use Author | ESRIN | 18/10/2016 | Slide 32

i

— 0] e = ™ = I W = I — = 05 =m il — == K1 I+l European Space Agency



ESA UNCLASSIFIED - For Official Use Author | ESRIN | 18/10/2016 | Slide 33

i

— 0] e = ™ = I W = I — = 05 =m il — == K1 I+l European Space Agency



light = more short waves
~ stronger wind forcing
~ air-sea heat, KE, momentum, gas exchange

dark = weak wind or surfactant

Corsica

10 km:[
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Inter-scale interactions Corsica
- dispersion of biochemical

substances?

 High-resolution = Large
Eddy Simulation (LES)
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cyanobacteria bloom (Baltic Sea)

1 km

airplane

Atmosphere-wave-ocean coupling and
the resulting flows alter dispersion.

Landsat 8 false color image, August 11, 2015.
http://landsat.visibleearth.nasa.gov/view.php?id=86449.
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-Application'to Qil'Spills Detection

April 20
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A\

Lagrangian advection to dynamically interpolate large-scale tracer (sea
surface temperature field, left) onto a high-resolution product (right)
Particle trajectories computed using altimetry-derived velocities (AVISO,
weekly 1/3°) with 3 hours time steps
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Small scales'/mesgscale
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Small scales'/mesgscale
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strong oil dispersion within 3 days. This diagnosis, based on altimetric data, compared well with
what was observed (Mezic et al, Science, 2010).

However these satellite datasets (altimetric and microwave data)
cannot capture ocean dynamics at scales smaller than 100 km
because of the resolution (or/and noise level).
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Observyed data in conbina 7‘/’5/7.}%/_/’7‘/7 the physical knowledge
of stochastic processes imn nqn/'/jear dynamical systems
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.. most observations are not yet sufficiently
explored and used

Synergy between high and medium resolution observations to reveal mean states and

trends, near-surface ocean-atmosphere dynamics, local and non-local interactions,
convergence/divergence surface fronts and numerous roughness contrasts

Atmospheric and Oceanic observations generally produce high quality data, but it is
often too sparse (many gaps where information is missing, and/or often too local in
both space and time)

How can we use observed data in combination with the physical knowledge of stochastic
processes in nonlinear dynamical systems to estimate and model those effects on
the variability of computationally resolvable scales of motion that are caused by the
small, rapid, unresolvable scales of fluid motion that upscaling in data assimilation
leaves out?
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