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1. Infroduction: 3. Time-averaged air-sea exchange of mechanical energy:

: : : m S
dot product between the wind stress and surface current | : ¥ : - : i : * Figure 1: Time-averaged air-sea satellite observations is of 2.14 TW, partitioned as
VCIOCity VCCtOI’S, P=u--<. . . . Cumulative integra| (x1012 W) fluxes of mechanical encrgy 1.15TW in P and 099 TW in P .
 Assuming that u can be decomposed into geostrophic and Time-averaged air-sea flux of mechanical energy ' | computed using drifter and v J
| | satellite observations, associated
Ekman ComPOIlentS, P can be eXpanded as P = Pg + Pa. Hel‘e, " " '.‘ . with the full circulation field and ° Wlnd power lnput to the Ekman Clrcula‘[lon (Pa)
F; 1s the main energy source for the general ocean circulation, e | " .. its Ekman and geostrophic - Time-mean and time-dependent components
while P, powers vertical mixing within the Ekman layer. “t’ | . components. Positive (negative) contribute about equally to the global integral.
S — ~> ¢ . i :
 Recent numerical studies showed that mesoscale air-sea > 0.17 ' 0.30 values r;fer to atr >ed fluxes of Due to the vertical shear of Ekman currents, and
coupling mechanisms, arising from the T dependence on u and S ' "Yias  mechanical energy into (out) of since GDP drifters measure the flow at 15-m depth
. L 2. . O ™ the ocean. :
on SST-driven anomalies in wind speed (w,) can influence the = /D 5 . | rather than at th? surface, results are interpreted as
time-dependent components of P, with strong feedbacks to the ' * Blue lines are zonal integrals of lower-bound estimates.
. s " © | the power exchange. Red lines are
evolution and decay of mesoscale ocean variability [e.g. 1, 2]. J ‘% . . . . .
, , - , | cumulative integrals starting at « Wind power input to the geostrophic ocean
* While there is a building consensus that current-driven f I » 60°S, with the overlaid numbers circulation (P,)
coupling both reduces P, and exert a net damping effect on the _ -y highlighting the globally- Globall im‘eg r.ate d power of about 1 TW is similar
oceanic eddy field, model-based results diverge on the role of : | : 0.50 0.12 integrated power, in terawatts es »
the SST-dri . ok | = (1 TW =102 W). to altimeter-based estimates.
© B . - In contrast with the altimeter estimates, drifter-based
* Observational evidence for both effects 1s scarce, potentially e l(,;eOStr(leh,lckcomp];’ nent: daShid results indicates that, while the wind supplies 1.22
due to deficiencies of altimeter-derived geostrophic velocity e 23 Clgl(;spirtle dp azinguarlrtlirzrest:ri:is\?e ds TW to the ocean circulation via the time-mean and
1 ) m S
prod.ucts (e.g. AV.IS(.)) .for.resolv.mg the ocean mesoscalefs. -(C;) 2 geostrophic velocities (AVISO). Seasonta.zl clampobnerlz‘tg 3]; I;g W;}.’g l artzclz; Pgl,” .
. "ffo c1rcumveélt. tE[hls 11mlta‘;1.onzith1.st ;tudy.llsesf u i)bliirvatlo(?s t g— -~ Both altimeter and drifier-based Zigj;p;V;yZ);iZ ;,Z ea.’dy e ]l;’) HO; t (jzl)i ) o the
rom ocean drifters, combined with a suite of satellite products, £ estimates result in a globally- g/
to estimate P, Py, and F,, and to assess the relative importance S e integrated P of ~1 TW
of the current and SST-driven coupling to the energy fluxes. i R . -y - ' o . ey i | ' w - However, drifier resulis show an * Negative energy fluxes in P/ can be largely
- - - = 4 e e —d i el excess of 0.22 TW in P™, that is e?iplamed by.the 1nﬂuen§e of the current-driven
Zonal integral (x105W/m) fully compensated by negative air-sea coupling mechanism.
2. Methods: - o " e e : - & energy fluxes in P€.
° ° 10" Wy . . .
* The influence of SST-driven coupling
* Velocity measurements (u) are from NOAA’s Global Drifter mechanism 1s detectable and produces well-

Program (GDP) drifters. defined large-scale patterns in the energy fluxes,
however with magnitudes about 30 times smaller

than those driven by the ocean-current effect.

* Equivalent-neutral wind velocities at 10-m height (w) are from

orbital scatterometers, used to compute T via bulk
formulations. SST 1s from the NOAA OISST. Both satellite

* The influence of air-sea coupling mechanisms is estimated by
by recomputing the energy fluxes using wind stress data with
either the SST and ocean-current dependencies removed.

* Discrepancies between the green and blue lines are observed (a) near the [3] Laurindo, L. C., A. J. Mariano, and R. Lumpkin (2017). An improved near-
surface velocity climatology for the global ocean from drifter observations.

Deep-Sea Research | 124, 73-92.
[4] Laurindo, L. C., L. Siqueira, A. J. Mariano, and B. J. Kirtman (2019). Cross-

equator, thought to reflect the oceanic response to atmospheric forcing at

* Figure 2: Impact of the wind stress (7) dependency on ocean currents (a, b) and on SST (c, d) to the air-sea temporal scales varying from semiannual to interannual; and (b) in the

. . . . . : : Southern Ocean (SO), potentially reflecting self-covariances introduced spectral analysis of the SST/10-m wind speed coupling resolved by satellite
- The current effect is removed by first adding the drifter- exchange of mechanical energy, computed using drifter and satellite data. artificially due to( the)SIIl)btractionyof empirigal models for the drifter slip and pfoducts and climate mode/l simulations. Cimate I;)DWIgamics, in prZSS-
based u from the scatterometer W when computing T * Current effects: definite-negative variation to P, that integrates to —0.43 TW globally. Virtually all this variation Ekman velocities from u. [5] Laurindo, L. C. (2018). On the Air-Sea Exchange of Mechanical Energy: A
- The SST-driven wind response (W) is computed using takes place at the geostrophic component (), with about 58% (~0.25 TW) via its eddy covariance term (£y).  Since the mechanisms giving rise to these discrepancies should scale as a Ig)ﬂlf::r\i?:tﬁggii_zsgfg.Ac;;S)ZiS,Z\?cecnetsggliliecrigtcig;r:n;o%fter onesatelie
transfer functions for the spectral linear SST/w relationship « SST effects: well-defined patterns of negative and positive values, attributed to the interaction between the function of the large scale winds, the red line was computed to isolate the
[c.]. 4]. The SST effect is removed by first subtracting W, dipolar SST anomaly associated with coherent eddies with winds blowing across the background SST fronts [c.f. ocean mesoscales. Indeed, 1t reduces the differences relative to the GULF
from W prior to computing T. 5]. However, their magnitudes are about 30 times smaller than of those induced by the effect of ocean currents. theoretical predictions (green) both near the equator and in the SO. Acknowledgments: R
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| ] * Figure 3: Zonal integrals : : :
. o o . 50 | =] ] i °
products obtained at a 0.25°x0.25°%1-day resolution, and from - > of the predicted variation These results Prowde ob.serva.tmna? evidence that
Aug. 1999 to Dec. 2016. bea | 4 in P induced by the the current-driven coupling gives rise to an non-
I —
. . o R e . . ;; 5\ " I p— . . . . . . . °
* Drifter-based estimates of u, are obtained by subtracting an L . _ T oy T L 3 | Q( Elﬂuence of oceanic eddy negligible sink of kinetic energy for the oceanic
. . ' ¢ ' : \ ’ - e : - - I - . ° (] . ] .
empirical Ekman model (u,) from u. 25 £ uctuations (green line), mesoscale Varlab1l1ty, and may serve as a basis to
Satellite estimates of { torvolated to drifter locat 25°s 8 - 25 > ; and of drlfter']gased evaluate the competing conclusions of recent
 Satellite estimates of tau are interpolated to drifter locations. : - : e . : :
=D | - S e o 3 estimates of Fg' computed numerical experiments on the impact of the SST-
The collocated u and T estimates are then decomposed into ' Y = i using the original . . . .
o o | driven coupling mechanism to ocean energetics.
mean, seasonal and eddy components over a 0.25°x0.25 | | T measurements (blue)
. . . Zong nlegra |« 107 Wiy .
global grid [c.f. 3]. This allows expanding P as: Ea T a D | B i and T estimates
(@) o preliminarily low-pass
P =P™ + PS4+ P¢ 4+ p<t | o i filtered at a 7° X 7° half 6. References:
| power cutoff scale to
« where P™ holds the contribution of the time-mean components B e | 55 = isolate the ocean [1] Seo, H., A. ). Miller, and J. R. Norris (2016). Eddy-wind interaction in the
fuand T. PS (Pe) is the covariance between between their = . | > mesoscales (red) California Current System: dynamics and impacts. Journal of Physical
Q) 5 T - . Oceanography 46, 439-459.
- | ’
seasonal (eddy) fluctuations, and P°t holds the sum of the ' " i 0.8 0.6 0.4 0.2 0 0.2 [2] Byrne, D., M. Miinnich, I. Frenger, and N. Gruber (2016). Mesoscale
resulting Cross-covariance terms \ g | " 105 wW/m atmosphere-ocean coupling enhances the transfer of wind energy into the
. - : ocean. Nature Communications 7, ncomms11867.
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