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Global internal-wave-admitting ocean
circulation + tides simulation
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Cracks in the ice



Sea Ice

Concentration (Opacity)
and Thickness (Shadowing)

MITgcm
Horizontal grid spacing: 1 km

2011/09/13 (Hutter et al., 2018)
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Comparison of scaling properties of Arctic sea ice deformation with SAR observations (Hutter et al. 2018)
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The simulation reproduces observed spatial scaling of linear kinematic features (LKFs), challenging earlier studies that concluded
that Viscous-plastic (VP) rheology cannot realistically represent LKFs.

The temporal scaling analysis shows that the VP model, as configured in the LLC4320 simulation, does not fully resolve the
intermittency of sea ice deformation that is observed in satellite data.



Evaluation of simulation results vs observations

* Frequency spectra at WHOI site D

 Wavenumber spectra in Drake Passage

 Comparison with glider data in Kuroshio region
 Comparison with MclLane profilers

 Comparison with underway ADCP profiles in West Pacific
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Figure 6: Rotary (clockwise, blue; counter-clockwise, green) spectra from the current meter and the
model near 500m. Both logarithmic and linear displays are used. Results are comparable except, again,
for the presence in the model of tidal overtone peaks and thus a generally more energetic negatively

rotating spectrum.



Mesoscale to Submesoscale Wavenumber

Spectra in Drake Passage
(Rocha et al. 2016)
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High frequency motions in the western Pacific Drushka et al.. 2016
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High frequencies, Savage et al. 2017

LLC4320 is comparable to HYCOMZ25 at diurnal and semidiurnal but
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Figure 4. Scatterplots of band-integrated dynamic height variance vs. McLane profilers in 1/25° HYCOM and 1/48° MITgcm in (a) diurnal,
(b) semidiurnal, and (c) supertidal frequency bands. Letters on scatterplots correspond to profiler locations listed in Table 1.



 ADCP data cross western pacific

Qiu et al. (2016)

* Good model-data agreement of the zonal jets structure
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Figure 1: Surface eddy kinetic energy (EKE) distribution in the northwestern Pacific based on the
weekly AVISO SSH anomaly data of 2004-2015. White dots along 137°E denote the transect of
repeat ship-board ADCP measurements by Japan Meteorological Agency.
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Figure 2: Latitude-depth sections of time-mean zonal velocity (colored contours) and density
(black contours in gg) along 137°E from (a) JMA repeat ADCP surveys of 2004-2016 and (b)
MITgecm. Note that contour scales are nonlinear and red (blue) colors denote eastward
(westward) flows.



Some upper ocean applications

Global estimates of surface kinetic energy fluxes

* Partitioning ocean motions into balanced and Internal Gravity Waves
 Submesoscale upward vertical heat fluxes

* Impact of including sub-daily variability on near-surface vertical fluxes



Global estimates of surface kinetic energy fluxes caused by wind work (Flexas et al., submitted)
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Partitioning ocean motions into balanced and internal gravity waves (Torres et al., submitted)
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Strong impact of submesoscales on the (upward) vertical heat fluxes:
up to 100-200 W/m? --> air-sea interactions

Vertical heat transport at submesoscales (W m2) Vertical heat transport at submesoscales
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Sub-daily motions approx. double submesoscale vertical ocean heat fluxes (Su et al., in prep.)

vertical heat flux (winter)
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Future directions and concluding remarks

* Higher-resolution regional simulations
* Interactive atmosphere



Smoke on the Water
Regional set-up forced
by LLC4320 boundary
conditions

SST animation of

250-m, 270-level
simulation (C. Henze)
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Concluding remarks

e Simultaneous observations of surface currents and wind stress would
be a direct measurement of surface kinetic energy fluxes, which
contribute to vertical mixing and large-scale ocean circulation.

* They would allow partitioning of balanced vs unbalanced
(ageostrophic) surface motions, helping to further constrain upper
ocean energetics.

* They would help quantify impact of near-surface vertical motions to
air-sea exchanges of heat and carbon dioxide, which regulate climate
and make life, as we know it, possible on this planet.



