Enabling NASA’s Mission

Luc Rainville (APL-UW)

Eric Lindstrom (NASA)
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SPURS campaigns

EXPORTS plans

Enabling Science Teams:
SWOT Cal/Val (Farrar et al.)
OSTST: Boundary current and eddies (Castelao et al.)
SWOT: Fine-scale dynamical height (Druska et al.)
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Enabling NASA’s Mission NzégT

e Gliders are used as part of long-term autonomous arrays to
capture important processes occurring on a variety of time and
spatial scales

 NASA has been a supporter of glider technology development,
and sensor development, in particular for interdisciplinary
science (Ocean Color, etc.).

e Gliders are used as one of the tools to validate satellite and
meet mission requirements.

* Glider data are often an important link between the
components of large programs (e.g., modeling, Eulerian /
Lagrangian arrays, etc.).
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3 SPURS

elUpper Ocean Regional Study

SPURS-1

What are the physical processes
responsible for the location, magnitude,
and maintenance of the subtropical
Atlantic sea surface and subsurface
salinity maximum?

SPURS-1 involves coordinated field work,
numerical models, and remote-sensing:

Towed Surface Salinity Profiler, Asher et al., University of Washington

SPURS Data Management System, Bingham et al., University of North Carolina Wilmington
Multi-scale Modeling and Data Assimilation, Chao et al., Remote Sensing Solutions, Inc.
Near-surface Turbulence: Lagrangian Floats, D'Asaro et al., University of Washington

Toward a Salinity Budget (flux mooring), Farrar et al., Woods Hole Oceanographic Institution
Multiscale Autonomous Surveys, Fratantoni et al., Woods Hole Oceanographic Institution
Characteristics SSS Fluctuations, Gordon et al., LDEO, Columbia University

Upper Ocean Salinity from Glider Surveys, Lee et al., University of Washington

Multi-Scale Modeling and Data Assimilation, Li et al., Jet Propulsion Laboratory
Measurements of T, S, Wind Speed, and Rainfall (floats), Riser et al., University of Washington

Microstructure and Mixing, Schmitt et al., Woods Hole Oceanographic Institution (NSF)
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Autonomous platforms (Wave Gliders, floats,
drifters, Seagliders) and ships sampled around
the central (air-sea flux) mooring array with
dense sub-surface measurements.

Unique perspective on the surface and il
sub-surface evolution of the salinity field. 1829 gliderdives

905 float profiles
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Single section from glider,
collected over 1 week,
showing complex intrusions,
internal waves, mesoscale
eddies, etc.

N/S section as a function of time
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High salinity intrusion at the base Semidiurnal displacements: +/- 20 m
of the surface mixed layer. Inertial displacements: +/- 15 m
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The overall goal of the SPURS-2 field program

is to understand the structure and variability of

What governs the structure and variability of upper-ocean
salinity near the ITCZ?

Where does the fresh water go, and how does the ocean
distribute it from the small scales of the input (clouds) to the
regional scale of the east Pacific fresh pool?

What local and non-local effect does the freshwater flux have
on the ocean?

How does ocean salinity feedback on the atmosphere?
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Use of schooner Lady Amber for SPURS-2

15t cruise:
9 Jun - 5 Jul 2016

2" cruise:
29 Aug — 25 Oct 2016

A novel and flexible observational approach,
motivated by a need to capture the highly dynamical
oceanic circulation at the isolated SPURS-2 site.

April 2016 to December 2017

9 cruises, every 2 months for 1.5 years.

* Deploy surface drifters and floats every 2 months,

* Recover, service, and redeploy autonomous instruments
(Wave Gliders, Seagliders, MLF, etc.)

* Near-surface and atmospheric measurements during regular
visits to the site.

3" cruise: 4t cruise:
1 Dec 2016 — 15 Jan 2017 Feb-March 2017

* Recover 3 Seagliders

* Deploy 3 Seagliders

* Deploy 15 surface drifters
* Deploy MLF

* Service Wave Gliders
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Y / drifters
Lady Amber L4 |/ (deployments 9/26)
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OCEAN BIOLOGY & BIOGEOCHEMISTRY PROGRA
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To develop a predictive understanding of the export and fate of gIobaI ocean net primary productlon and its
implications for the Earth’s carbon cycle in present and future climates

Plankton ecosystem characteristics include food web structure and their spatiotemporal variability in
the environment

Recent advances in the remote sensing of plankton patterns (PFT, PSD, etc.) & autonomous in situ

tools make achieving our goal possible

Export Pathways

B. Mixing of DOCand particles

L TP —— L

|

1

1

1

1

1
1
1

Y

A. Sinking particles

Q1: How do upper ocean ecosystem characteristics
determine the vertical transfer of organic
matter from the well-lit surface ocean?

Q2: What controls the efficiency of vertical transfer of
organic matter below the well-lit surface
ocean?

Q3: How can this knowledge gained be used to reduce
uncertainties in contemporary & future
estimates of export & fates of NPP?
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Suggested field campaign: 2 NE Pacific & 2 NE Atlantic field deployments

Sites have high signal and variability,
increasing the range of ecosystem / C
cycling states observed & low mean
advection.

Chl (mg/m3)

0.1
Jan Mar  May Jul

e Long-term time-series programs, such as
BATS and HOT, provide sufficient data for
characterizing end-member conditions for
oligotrophic sites.

30

Conyto (Mg/m?)

5
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For each cruise...

A process ship measuring rates and time series of stocks following a sub-surface Lagrangian float.

A survey ship provides spatial information on biogeochemistry as well as detailed submesoscale
physical oceanographic surveys.

Spatial observations supplemented by gliders & satellites

Long-term context from profiling floats.



EXport Processes in the Ocean from RemoTe Sensing

EXPORTS Field Program requwes multiple ships (process survey & vehlcle Iaunch/retrleval)
autonomous platforms (gliders & floats) within a framework of remote sensing & modeling.
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Required Measurements: Water Column Characterization, Food Web Structure, Carbon Flows, Export Paths
Phytoplankton (C stock, size, PFT, NPP, ....) Food Web Interactions (grazing, fecal flux, sinking particle degradation,

Particles (export w/ vertical profile, PSD, sinking rate, turnover rate, ...) energy flow, ....)
Biogeochemistry (O,, P/DIC, Nuts, P/DOC, ...) Scales (patch to experimental, trap funnels, ...)
Context (R ((I), IOP’s, physics, ...)




The Impact of Western Boundary Current and Eddies on the Across-Shelf

Exchange in the South Atlantic Bight: an Integrated Study Using Satellite

Altimeters Time Series, In-situ Observations, and Data Assimilative Numerical

Modeling

Renato Castelao (UGA) and Ruoying He (NCSU)

Supported by NASA Ocean Surface Topography Science Team

13-March-2014
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< / » e Gliders are providing information about
subsurface slope water intrusions onto the shelf

e ROMS 4DVAR implemented assimilating glider
data, SSH from altimeters, and SST --> currently
being used to investigate along-shelf and
cross-shelf exchanges associated with Gulf Stream
dynamic
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Example of observed potential
temperature along the path of a glider in
the South Atlantic Bight, March 4-17,

Eddy Salt Flux
2014. AVHRR SST for March 13th is (Sv g/kg x 109
shown on top panel. Mean location of E SIS N . N T S SN
Gulf Stream core (from altimetry) during Along-track distance (km)

deployment is also shown.
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Surface Water and Ocean
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surface topography.

SWOT Validation requires to
validate the measurements of
entire SSH signature, including
tides, internal waves, geostrophic,
etc.

Need to measure the horizontal
wavenumber height spectrum.

dynamic height anomaly (cm)

SWOT will provide high-spatial resolution, global measurements of ocean
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The spectrum of the difference between measured and truth SSH needs to be
characterized synoptically at scales between 15 km and ~150 km wavelengths

Gliders (time and space)
PIES (mesoscale structure)
Underway-CTD
Towed-body from ship



Dynamical height estimates from
gliders
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Enabling NASA’s Mission NzégT

e Gliders are used as part of long-term autonomous arrays to
capture important processes occurring on a variety of time and
spatial scales

 NASA has been a supporter of glider technology development,
and sensor development, in particular for interdisciplinary
science (Ocean Color, etc.).

e Gliders are used as one of the tools to validate satellite and
meet mission requirements.

* Glider data are often an important link between the
components of large programs (e.g., modeling, Eulerian /
Lagrangian arrays, etc.).
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