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Observed mixed-layer currents under all TC
intensity levels in the N and S Hemispheres

Motivations
Previous studies on mixed-layer currents were mostly for
iIndividual TC. We compile all historical TCs and drifter
data, and compare with linear theory.

Froude number dependency (Geisler 1970)
As U, > c, (fast, F= U, / c, >1), near inertial currents in the
wake after the first half inertial period
As U, < c, (slow, Fr<1), barotropic, geostrophical and
cyclonic upwelling in the TC center.
U, : TC’s translation speed
¢, : Phase speed of the first baroclinic mode of Upper ocean



Global TC’s locations, 1979-2013 Drifters close to TCs, N=294,69

NHC & JTWC' data drifter's locations, 294693 data points, D<=800 km
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Observed near-surface vectors

(remove U, =2 rotated to the storm-coordinate
system (along-track) = scaled as R, & L~ U, *IP)
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(a) Category-4 & -5 Cat. 4-5 1.1 m/S

Mean velocity field

in NW Pacific Ocean ’ I
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Mean current vectors in the NH
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Mean current vectors in the SH
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The Response of
a Two Layer Ocean to a Moving Hurricane

F=Un/ ¢, Obiectively analyzed
TWO-layer ocean j@C ive ) ana yze mean

l data of NODC (summer)

(a) Objectively analyzed mean data of (summer)

gy,

c’=g £
LT b))
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!

c, ~2.88 m/s

hlis 18C isotherm depth
h2=1000 m — hl

depth(m)

c, = Phase Speed of First Baroclinic Mode



Rate of occurrence of three F, ranges
in the three storm groups

moving category- category- category-1

speed 4 & -5 2&-3 & TS
U, <c, Slow 18% 28% 23%
(F, <1)
U, >c, Fast 53% 45% 48%
(1=F <2)
U, >>c, Fastest 29% 27% 29%
(F=2)

Uh of category-5 hurricanes is around 1 m/s
faster than TSs.

U,<c,, 23% -> upwelling

U,>=c,, /7% > wake



Dependence of mean current speed on Fr

Near-inertial
velocities (~a
week) were
Induced by
previous
storm with a
fast U,

Up<c; =
(Fr<1) .
Upwelling
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Scaled wind-driven velocity U, [Price, 1983]

S h: OML depth

- hU, U, increases - U, decreases

parameter Category Category Category

48&5 2&3 1&TS

W 60 m s 45 m s 30 mst

T 6.6 N m~ 4.3 N m 2.2 N m

U, 1.2 mst 0.8 mst 0.4 mst

U 1.1 ms? 0.7 mst 0.5mst

Cd value used is taken from Powell et al. [2003]




Summary of Part |

This study provides the first characterization of OML velocity
response to all recorded TCs in the NH and SH from direct
velocity measurements.

Scale of TC wind-driven current, U, [Price, 1983] and Fround
number dependence [Geisler 1970] is verified.

Translation speed (Uh) of TCs in SH is slower and Froude
number (Fr=Uh/C1) in SH is smaller than in the NH.

The flow patterns are more symmetric and OML velocities are
stronger in the SH than in the NH

The rightward (leftward) bias of ocean mixed-layer velocity
occurs in the NH (SH)



Part ||
Cyclonic eddies induced by TCs

Motivations
For slow-moving TCs and strong winds, will cyclonic
upwelling (cold eddies) occur?

Froude number dependency (Geisler 1970)

As U, > c, (fast, F= U, / c, >1), near inertial currents in the
wake after the first half inertial period

As U, < c, (slow, Fr<1), barotropic, geostrophical and
cyclonic upwelling in the TC center.

U,=> TC’s translation speed

c, = Phase speed of first baroclinic mode of Upper ocean



Typhoon Zoe (2002 at S Pacific)
Nida (2009 at N Pacific)

Zoe (2002) & Nida (2009)
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Super typhoon Nida (2009) & Zoe (2002)
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Nida
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Nida
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Nida
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2009 Super typhoon & Uh < 2.5 m/s)
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28-Nov Z6 135 0.7

Nida eddies persisted for six months
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longitude

Tracks of Nida and two drifters in NW Pacific Ocean

(a) Nida (2009)
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2002- Dec - Super typhoon
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Summary of Part Il

e Slow-moving (Uh < 2 m/s) and strong TC
(category 3, 4, 5) can induce long-lasting (~6
months), meso-scale, cyclonic eddies.

e \We found one case in the S Pacific Ocean, one
case in the S Indian Ocean, and one case in
the NW Pacific Ocean.



Thanks for your attention
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