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OBSERVATIONS

SUBMESOSCALE RESOLVING SURVEY OF A 200 KM
DIAMETER ANTICYCLONE IN JAN. 14-16, 2014 ON R/V
DONGFANGHONG 2

ADCP (EVERY 250 M OR LESS
CTD (EVERY 300 M)
MICROSTRUCTURE MSS90 PROFILER

EXPENDABLE BATHYTHERMOGRAPHS (XBT) (EVERY 2
KM)
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MODELING

ROMS-AGRIF AT THREE DIFFERENT HORIZONTAL
RESOLUTIONS, 10 KM, b KM (ALL SCS) AND 1 KM

(NESTED OVER 113°E—-122°E, 17°N—25°N). SPLIT THIRD-ORDER
UPWIND SCHEME, HARMONIC VISCOSITY, LINEAR BOTTOM DRAG AND KPP

20 YRS SPIN-UP

6-HOURLY QSCAT/NCEP BLENDED SATELLITE WIND
AND G6-HOURLY NCEP HEAT AND FRESH WATER FLUXES
2000-2008

COMPARABLE EDDY TO THAT OBSERVED FORMS IN IN
JANUARY 2001



Simulated fields: 1km horizontal resolution
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Simulated fields: 10km horizontal resolution

max for next high res.

Temperature (°C) & Density anomaly (kg/m?)
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Standard deviation: modeled vs observed
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Surface Vorticity / f

Zhong et al, Scientific Reports, 2017

1 km horizontal
resolution case
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1 KM

5 KM

10 KM

SP model

MR model

MP model

VERTICAL EDDY TRANSPORT
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VERTICAL EDDY TRANSPORT QUANTIFIED
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Probability density function of particle displacement (5m)
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CONCLUSIONS/IMPLICATIONS

FIRST OBSERVATIONS OF STRONG AGEOSTROPHIC
MOTIONS IN EDDIES (HERE EXTENDING TO ~ UPPER 300 M)

OBSERVED FLOW FROM ADCP HAS PATCHES WITH LOCAL
ROSsSsSBY NUMBER >1 AND ELEVATED STRAIN AND
HORIZONTAL VELOCITY DIVERGENCE . CONSISTENT WITH
THE 1 KM HOR. RES. RUN

1 KM MAY NOT BE SUFFICIENT (THE HORIZONTAL VELOCITY
DIVERGENCE’ VARIANCE REMAINS SLIGHTLY
UNDERESTIMATED), BUT GOOD COMPROMISE BETWEEN
INCLUDING SUBMESOSCALE DYNAMICS AND AVOIDING
SPURIOUS OVERESTIMATIONS OF VERTICAL VELOCITY DUE
TO HYDROSTATIC APPROX.

IN THE EDDY AND ITS PERIPHERY STRONG AGEOSTROPHIC
FRONTS UNSTABLE TO SYMMETRIC INSTABILITY



CONCLUSIONS/IMPLICATIONS

THE AGEOSTROPHIC VERTICAL VELOCITIES ENHANCE
VERTICAL TRANSPORT AT THE OUTER EDGE OF THE EDDY,
AND INSIDE THE EDDY

IN WINTER VERTICAL TRANSPORT IS THREE TO FIVE TIMES
GREATER IN THE SUBMESOSCALE PERMITTING 1 KM CASE
AFTER 1MONTH, AND BY OVER AN ORDER OF MAGNITUDE
GREATER OVER ~ 1-10 DAYS > STRONG IMPACT FOR
PLANKTONIC SYSTEMS

EDDY PROPERTIES ARE GENERIC (LOOP EDDIES IN THE
GULF OF MEXICO BEHAVES IDENTICALLY)

POTENTIALLY LARGE IMPLICATIONS FOR GLOBAL
ESTIMATES OF THE EDDY-DRIVEN VERTICAL PUMP OF
BIOPHYSICAL AND CHEMICAL TRACERS
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Observed and simulated
submesoscale vertical pump of
an anticyclonic eddy in the South
China Sea

Yisen Zhong', Annalisa Bracco®, JiweiTian®, Jihai Dong®, Wei Zhao® & Zhiwei Zhang®

Oceanic mesoscale eddies with typical sizes of 30200 km contain more than half of the kinetic energy
of the ocean. With an average lifespan of several months, they are major contributors to the transport
of heat, nutrients, plankton, dissolved oxygen and carbon in the ocean. Mesoscale eddies have been

observed and studied over the past 50 years, nonetheless our understanding of the details of their

structure remains incomplete due to lack of systematic high-resolution measvrements. To bridge

this gap, a survey of a mesoscale anticyclone was conducted in early 200% in the South China Sea
capturing its structure at submesoscale resclution. By modeling an anticycone of comparable size and
position at three horizontal resolutions the authors verify the resolution requirements for capturing
the observed variability in dynamical quantities, and quantify the role of ageostrophic motions on

the vertical transport associated with the anticycdone. Results indicate that different submesoscale
processes contribute to the vertical transport depending on depth and distance from the eddy center,

with frontogenesis playing a key role. Vertical transport by anticyclones cannot be reliably estimated by

coarse-resolution or even mesoscale-resolving models, with important implications for global estimates
of the eddy-driven vertical pumping of biophysical and chemical tracers.
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