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Ocean mesoscale

= Dominant reservoir of kinetic energy.
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= Modulate poleward heat transport.
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Impact on atmospheric conditions.
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The flow of energy

the flow of energy and information in the oceanic general circulation
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Adiabatic Eddy Potential Energy Budget

Assumptions: Steady state; No advection by eddy velocity; No diabatic forcing.

72

‘EPE’ equation: v - VTT +v'T'-VT + W’T’Z—Z = 0 (Marshall and Shutts 1981)
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Divergent and rotational eddy heat flux

The eddy heat flux can be rewritten into a rotational part and
a divergent part as Helmholtz decomposition:

DT =k XV + Vo | (1)
e =
17’T,rot 17’T’div

BEERESERLEST T Which satisfies
Along stream axis v . EIT,T‘OL' — v X 6,T,div = 0 , (2)

N Baanas it e _ A 2D Poisson equation appears after taking the divergence of
T equation (1):
V-(v'T") = V3¢, (3)

Along stream axis

(Jayne and Marotzke, 2002)

Eddy energy is dominated by the meandering states of the zonal jets.
The divergent component of the eddy heat flux is the dynamically important flux. (Marshall

and Shutts, 1981)




Divergent and rotational eddy heat flux

Reconstruction on the mixed-layer eddy heat flux based on observations
Qumr = poCpV'T'H

» Sea surface height (SSH) and geostrophic velocity.
From Copernicus Marine and Environment Monitoring Services (CMEMS). Daily data from 1993
to present. Horizontal resolution is 0.25°.

» Sea surface temperature (SST).
From NOAA OISST version2. Daily data from 1981 to present. Horizontal resolution is 0.25°.

» Mixed layer Climatology
From the Monthly Isopycnal & Mixed-layer Ocean Climatology (MIMOC). Horizontal resolution
is 0.5°.



Divergent and rotational eddy heat flux

Mixed layer MEHT ¢
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Based on satellite observed SSH and SST, MIMOC ML climatology



Divergent and rotational eddy heat flux
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The decomposition is necessary for regional energetic analysis.




Adiabatic Eddy Potential Energy Budget

Steady state adiabatic EPE balance (Marshall and Shutts 1981)
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Adiabatic Eddy Potential Energy Budget

Steady state adiabatic EPE balance (Marshall and Shutts 1981)
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Diabatic Eddy Potential Energy Budget

Full EPE equation (from thermal contribution):
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Diabatic Eddy Potential Energy Budget
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Diabatic Eddy Potential Energy Budget

The rotational BC qualitatively balances the advection of EPE. ]
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Diabatic Eddy Potential Energy Budget
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Conclusions

Helmholtz decomposition was applied on the globe to extract the dynamically important eddy
heat transport and its related energy conversions in the baroclinic instability.

The global EPE budget diagnosis was performed in a high-resolution ocean model. It is shown that the
conversion from MPE to EKE is not 100% efficient within the baroclinic instability.

Diabatic processes can destruct ~40% of EPE that would typically be available for conversion to EKE
The mesoscale air-sea interaction accounts for no more than 10% of EPE sink globally

“With full OME-A feedback, CRCM CTRL reveals
that nearly 74% of the EPE extracted from MAPE is

,, lost owing to EPE dissipation and less than 22% is
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Diabatic Eddy Potential Energy Budget

Full EPE equation (from thermal contribution):
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Spatial scales in the energy conversions

BCdiv pkc
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Seasonality of vertical eddy heat flux

Strong seasonal signal is observed in the vertical eddy fluxes in upper 200m.
w'0'7AS [ w'g'IFM PKC/4S] PKCIFM

7 Strong seasonality is observed

in the vertical eddy heat flux.
- The associated energy
conversion is significantly
modulated by the large-scale
mean vertical temperature
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400-1000m
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