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Prior Work: Mixed-layer Structure and

Restratification in the North Pacific
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A New Experiment: SMILE
(Submesoscale Mixed-Layer Eddies)
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Observational Tools
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One Story: Site 3
Restratification

60m wmixed layer

Restratification over the week-
long measurement period

Little net motion and slow
dispersion
Prominent inertial motions
Oscillation in Chi (temperature
variance dissipation rate)

mixing measurement: plus
downward propagation in time

Additional higher-mode internal
waves

Mixing is reduced after
restratification




Site 3: Solar Heating

Radiometer measurewents
show divrnal heating cycle

Mixed-layer depth responds to
solar heating, but femperature
is quite different

Some of mixed-layer changes
are due to vertical advection
(internal waves)
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Restratification: Dominated by the Vertical
Gradient in Penetrative Radiation (1-D balance)
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Upper 90m Quantities
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All Present: Solar and Wind-driven
Variability, Diurnal and Inertial Cycles,
and Low Frequency Changes
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What about SSH on these
scales (1-10 km)?

Can look at Dynamic
Height (1/density)
variability in the upper
100m
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Relationship of upper layer to low modes

Horizontal (velocity or
} pressure)

Upper 100m only
captures 15-20% of the ;!
first-mode displacement

and cannot separate
modes 1 and 2. 2000

But low mode spatial
scales should be larger
(>100 km for mode 1).

3000 r
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Sampling a bit deeper
would help (e.g., 500m
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every 3 hours).
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Conclusions

* An intensive upper-ocean experiment with Lagrangian (up to 23
EM-APEX floats at a time) and shipboard measurements (200m
profiles at 500w spacing) was carried out in the North Pacific
Subtropical Front in March 2017

* Three sites, with distinet stratification and mesoscale environments

* Mixed layers were unusually shallow and storms were unusually
scarce

* Restratification observed at the third site is a combination of solar
heating and relaxation of wind mixing.

* Potential signals at other sites include:
* Small mesoscale eddy structure
* Subtherwmocline cross-frontal exchange and filamentation
* [nfluence of strain on internal waves



physical oceanography

POSTDOC OPPORTUNITIES

mixed layers | submesoscale | internal waves | turbulence

Applied Physics Laboratory
1013 NE 40th Street, Seattle, WA 98105-6698

sets are available with the Applied Physics Laboratory at the University of Washington in Seattle. At WWW.3 pl.uw.ed U

www.facebook.com/apluw

o =—— - e —— www.youtube.com/apluw
ﬂ/ Horizontal restratification of the surface mixed layer. Data were collected at 3 sites in the North Pacific Subtropical
! Front during March 2017 using O(1 km) arrays of chi-augmented EM-APEX profiling floats collecting repeated profiles
‘ of temperature, salinity, horizontal velocity and temperature microstructure, larger-scale repeated shipboard tow-yo
and ADCP surveys and an air-sea flux buoy. Each site was sampled continuously for roughly one week. Results of this
project aim to improve modeling of air-sea fluxes in coupled climate models.
Scientists include James Girton (girton@apl.uw.edu) and John Mickett (mickett@uw.edu).

Four postdoctoral researcher opportunities to participate in analysis and interpretation of several data

least two years of funding is available for each of these positions.

Storm-forced inertial waves and turbulent mixing in forcing regions in the western North Pacific. Measurements were
taken with EM-APEX floats during the 2016 and 2017 fall and winter storm seasons. These measurements are aimed at
quantifying the dissipation of near-inertial waves at the near-field.

A participating scientist is Ren-Chieh Lien (lien@apl.uw.edu).

Instabilities, internal waves, mixing and entrainment at the base of the mixed layer near Ocean Station P in the
Northeast Pacific. Two neutrally buoyant Lagrangian floats will be placed within the entrainment zone and measure
shear and stratification on scales of cm’s to many 10’s of meters during the fall 2018 entrainment season. Results
will be compared with LES model results with the aim of understanding the processes of entrainment. There will
be opportunities for seagoing work. Scientists include Eric D’Asaro (dasaro@apl.uw.edu), Andrey Shcherbina
(ashcherbina@apl.uw.edu) and Ramsey Harcourt (harcourt@apl.uw.edu). See https://tinyurl.com/TLpostdoc _

The horizontal wavenumber spectrum of water-mass tracers on isopycnals. Submesoscale shipboard CTD chain JO’J} ‘
and ADCP surveys to determine controlling dynamics will be conducted during July 2018. These measurements will “

<&
also be used to test a recent spectral model for anisotropic stratified turbulence. apply yourself to what “‘ ‘

A participating scientist is Ren-Chieh Lien (lien@apl.uw.edu). M A T T E R s ‘

Interested qualified candidates are encouraged to contact any of the relevant scientists with

questions, CVs, published and submitted articles, and references.







Motivation: Restratification of a lateral density gradient
in the oceanic wmixed layer

(Mixed-layer Eddies Parameterization)

3 .
20 km I 0.2 kg/m? density

difference

200w deep mixed
layer

Mahadevan, Tandon, and Ferrari, JGR 2010

Restratification as an adjustwment of
lateral density gradients through

F1G. 8. Schematic of the ML restratification. Thin contours de- barocll“w l"Sfablllfy
note along-channel mean isopycnals. Straight arrows denote di-

rection of the eddy buoyancy fluxes, and circular contours/arrows : '

indicate eddy-induced streamfunction contours and direction. The ‘ Pa rameferlzed as. an OYerfur“l“g
decorrelation lengths of the eddies Ay and Az are indicated. The SfreaMfU"c“O“ scah"g Wlfh fhe laferal
reader is reminded that after Rossby adjustment the isopycnals de"sify gradie"t and mixed-layer
are already flattened to slopes O[10 m (km) '] despite their near-

vertical appearance in this figure. depth

0 Aimed at implementation in climate
Fox-Kewmper, Ferrari, and Hallberg, JPO 2008 models (i.e., long runs at low resolution)



Site 3: Solar Heating
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