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Vertical transport - how does it occur,
where and when? What are the
dynamics, space and time-scales?
Implications: ecology, carbon cycle,
oxygen, air-sea flux, SST, heat fluxes
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Vertical motion - occurs on multiple scales

Vertical profiles of T, S, 02, NO3 Basin  Meridional overturning
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High Resolution Modeling

~ O(1 km) horizontal, ~ O(1 m) vertical resolution

Why higher resolution? What are we missing in coarser resolution models?

Submesoscale dynamics

Biogeochemical
 Vertical transport implications -

- Restratification by eddies production and export
of phytoplankton

- Topographic interaction carbon/oxygen

 Internal waves
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Buoyancy
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Buoyancy conserved in the
absence of forcing.
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Frontogenesis
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Underway CTD : upper 200 m sampled every ~3km
Section A: Densit DENSITY
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vorticity/f
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Vertical Velocity Mesoscale Dynamics
?
How large: Ro = f% - % — 0(0.1 — 0.01)
Ug + Vy = —W, U=0.1ms
u U W~ (10°-10*) U~ 1-10 m/d

L L

Submesoscale Dynamics

Locally, Ro = % = O(1)

W ~ (10”%) U ~ 100 m/d

Submesoscale dynamics can sustain higher
vertical velocities of O(100 m/day)




Glider Observations near Bermuda
from Ruth Curry
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Growth rate of phytoplankton is depth-dependent (based on light).

Nutrients are transported across the euphotic depth




What is the mechanism for vertical

Uplift by eddies
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How does vertical velocity vary with frontal strength (isopycnal slope)?
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1 km resolution Vorticity/ f
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frequency

pdf of vertical velocity
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_ _ For details on how to do this, see
A closer look at the vertical velocity w Freilich & Mahadevan, JPO (2019)
Decompose w into uplift and along-isopycnhal components
W — Wyplift + Wiso

Wuplift supplies nutrient W.. supplies nutrient
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On an isopycnal surface

Vertical velocity along isopycnal
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How does along-isopycnal vertical velocity vary with frontal strength
(isopycnal slope)?

Along-isopycnal w
increases with model

resolution and with
isopycnal slope
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Restratification by

submesoscale eddies Boccaletti et al., 2006
Fox-Kemper et al., 2008

Temperature on day:7

Mixed layer eddies
slump isopycnals

<wlb/> = |V
Held and Schneider, 1998

we o Ce|va‘H2/f
Fox-Kemper et al., 2008




y(km)

Process Study Ocean Model

Mixed Layer Instability
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Rapid adjustment of the mixed layer by submesoscale eddies

Vertical Section at x=48 km
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Spring bloom:
Plenty of nutrients post-winter,
but light-limited

Ry FP(2)

Light profile Light profile

Mixed layer depth

Jphotic depth Euphotic depth Light limitation is
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| | | o * Mixed layer (ML)
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Mahadevan et al. (Science 2012)
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Yr Day 115
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ChIorophyII from Gllder sectlon (C. Lee YEAR DAY 115 Satellite ChIorophyII
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Glider profiles show elevated POC and oxygen subsurface

Features below ML & euphotic dep. Elevated POC, Chl, oxygen, unique T-s charac.
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Omand et al. Science (2015)



At 50 m depth

Phytoplankton Density Vorticity/f
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Vertical Section

Phytoplankton Vorticity /f
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WINTER
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What controls

the SST?

Salinity controls
the
near-surface

density
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Jaeger and Mahadevan, Sci Adv. (2018)
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Jaeger and Mahadevan, Sci Adv. (2018)

Density fronts
controlled by
salinity gradients:

Submesoscale
circulation
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Winter SST in the Bay of Bengal
a salinity-stratified ocean




Summary

Why higher resolution? What are we missing in coarser resolution models?

- Vertical transport -
- Vertical fluxes - are concentrated in small regions

- Restratification by advection - fluxes buoyancy upward
- Lateral buoyancy gradients are converted to vertical density gradients
- Potential energy - > kinetic energy (more quickly than by mesoscale)

e Biological production and export influenced by:
e enhanced nutrient supply by along-isopycnal advection
 enhanced re-stratification
* intensified downwelling



