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• Magnitude of Near Surface Currents

                    10 cm/s
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• What are the extreme values under super 

typhoons?



Part – 1

Statistical Characteristics
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Dealing with Uncertainty

• Gaussian Distribution is often used 



Gaussian Distribution 

• Mean = μ

• Standard Deviation = σ

• Skewness = 0

• Kurtosis – 3 = 0



Gaussian Process 

• Gaussian process is  much easier to analyze, 

so is useful to produce a first approximation to 

reality. A frequent mistake is to confuse first 

approximation with the truth.
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Satellite Altimeters 

    (JASON-1, GFO, 

ENVISAT)

Scatterometer (QSCAT)

Ocean 

Surface Velocity 

http://www.aviso.oceanobs.com/index.php?eID=tx_cms_showpic&file=uploads/pics/ac_alti_merged.gif&width=800m&height=600m&bodyTag=%3cbody%20style=%22margin:0;%20background:#fff;">&wrap=<a href="javascript:close();"> | </a>&md5=11f31071186cecaa77fd42f4b145057d


Ocean Surface currents data available for whole 

world’ oceans at www.oscar.noa

Data continuously available every 5 days

http://www.oscar.noaa.gov/
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Statistical Characteristics of Global Surface Current Speed

(1992-2008)  (Chu 2008)



General Features

• Positive/Negative Skewness

• Kurtosis ≠ 3



Weibull Distribution –

from Positive to Negative Skewness 
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Characteristics of the Weibull Distribution
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Kurt → Skew

• Since 

          Skew = f1(b),  Kurt = f2(b)

→ 

                     Kurt = F(Skew)   



Kernel Density Estimates of Joint PDFs of kurtosis and 

skewness Surface Current Speed

(Red Curve → Weibull Distribution)



Kernel Density Estimates of Joint PDF of Kurtosis 

and Skewness – Significant Wave Heights 

(Red Curve → Weibull Distribution)
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Stochastic Dynamics for the 

Ocean Surface Currents

Why is the Weibull Distribution ?



Vertically Averaged Horizontal Velocity 

(u, v) within the Mixed Layer 

-- Slab Model --
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Ekman Transport (UE, VE)
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Ensemble Mean and Stochastic 

Fluctuations of the Forcing

• (1) Ensemble Mean → Ekman Transport is 

determined by the surface wind stress →

• (2)  Fluctuations (    → strength)
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Stochastic Dynamic System

Eq(3) → Eqs(1) (2)
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Fokker-Planck Equation for

PDF of (u, v) 
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For Constant K →

PDF of w → the Rayleigh Distribution
(Special Case of the Weibull Distribution)
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For Non-Constant K →

Weibull Distribution 
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Summary

• The Weibull distribution provides a 

reasonable empirical approximation 

to the PDF of the near surface current 

speeds for the global oceans. 



Part-2

Under Strong Tropical Cyclones
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What are upper ocean's currents under 

 category-5 (super) typhoons ?



Surface Velocity Program (SVP) 

Drifter



Global Surface Velocity Program (SVP) Drifters 

in the northwestern Pacific (100–170E, 0–50N) 

under high wind speeds (20–50 m/s) during

1999–2009.
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(c) 11056 data points (SVP drifter), 8004 data points (storm data)

TTCs’ tracks and data points of NOAA/AOML SVP drifters 

(gray dots) in the northwestern Pacific during 1985~2009

Category 4-5

Category 2-3

Category 1
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(a) Category-4 & -5

Storm center of  category-4 and -5 (2654 data points) TCs versus 

observed current vectors (m s-1) after removing background flow 

along all TCs' tracks (Chang et. al 2013 JGR)

Along-track Distance (L) 

260-700 km

30 km < Rmax < 60 km

Red Arrows → Current 

Speed > 0.8 m/s
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Storm center of  category-2 and -3 (3353 data points) TCs versus 

observed current vectors (m s-1) after removing background flow 

along all TCs' tracks (Chang et al. 2013 JGR)

Along-track Distance (L) 

260-700 km

30 km < Rmax < 60 km

Red Arrows → Current 

Speed > 0.8 m/s
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Storm center of  category-1 TCs and tropical storms (7997 data 

points) versus observed current vectors (m s-1) after removing 

background flow along all TCs' tracks (Chang et. al 2013 JGR)

Along-track Distance (L) 

260-700 km

30 km < Rmax < 60 km

Red Arrows → Current 
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Mean Currents 

Category 4-5

Category 2-3
Category 1



Uh increases → 

Wind-driven current decreases



Froude Number     Fr=Uh/c1 

Uh→ TC ‘s Translation Speed

C1  → Phase Speed of  First Baroclinic Mode (Upper Ocean)
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Chang and Anthes (1978); Chang (1985); 

Ginis and Sutyrin (1995)

Fr < 1    (Uh < c1) Barotropic (Upwelling)

Fr > 1   (Uh > c1) Near Inertial (currents in the 

wake)

Ocean Response to TCs

(depending on Froude number)



moving 

speed

category

-4 & -5

category

-2 & -3

category-

1 & 

tropical 

storm

Fr <1 slow 18% 28% 23%

1≦Fr<2 fast 53% 45% 48%

Fr≧2 fastest 29% 27% 29%

Rate of occurrence of three Fr 

ranges in the three storm groups



Dependence of Current Speed on Fr

Fr <1

Fr>2



Modeling → Scaled TC Wind-Driven 

Current Speed Us (Price 1983)

Uh increases → Us decreases

W → Wind speed at 10 m height



Wind Forcing →

Archiving Validation and Interpretation of 

Satellite data in Oceanography (AVISO)



http://icdc.zmaw.de/typo3temp/pics/9f4e9cd2fe.jpg

Global (1/3°×1/3° horizontal resolution)  absolute sea surface 

Height from AVISO  (http://icdc.zmaw.de/ssh_aviso.html?&L=1) 

http://icdc.zmaw.de/uploads/pics/aviso_06.jpg
http://icdc.zmaw.de/ssh_aviso.html?&L=1


Observed wind-driven velocity Uageo from 

drifter and the scaled wind-driven velocity Us.

parameter Category

4 & 5

Category

2 & 3  

Category

1 & TS 

W 60 m s-1 45 m s-1 30 m s-1

6.6 N m-2 4.3 N m-2 2.2 N m-2

Us 1.2 m s-1 0.8 m s-1 0.4 m s-1

Uageo 1.1 m s-1 0.7 m s-1 0.5 m s-1



Three category-5 typhoons 

• Chaba (2004)

• Maon (2004)

•  Saomai (2006)



Storm's name
Chaba 2004 Maon 2004 Saomai 2006

Time as a 

super typhoon

1200 22 Aug －
0600 26 Aug

1800 07 Oct －
0000 09 Oct

0600 09 Aug －
0600 10 Aug

Minimum sea 

level pressure 

(mbar)

879 898 898

Uh (m s-1) 

as a super 

typhoon

4.1－5.2

(slow moving)

2.9－15.4 7.0－8.7

(fast moving)

Drifter's ID 39606 2236911 54688

Date as the 

distance D < 

400 km

1800 21 Aug －
1200 23 Aug

1200 05 Oct －
1200 08 Oct

0000 09 Aug －
0000 10 Aug

Information of three super typhoons 

(Chaba, Maon, and Saomai)
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(a) Chaba 2004 & ID:39606
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(b) Maon 2004 & ID:2236911

125 130 135 140 145 150
15

20

25

30

35

40

8/6

8/78/78/7

8/88/88/8

8/98/98/9

8/108/108/10
8/118/11

S

longitude

la
ti
tu

d
e

(c) Saomai 2006 & ID:54688
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Three Tracks of three super typhoons (red curve) and three 

SVP drifters (magenta curve) [(a)39606, (b)2236911, (c)54688]

with  6-hr time interval with the storm’s intensities by color circles
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Date (August, 2004)

Time evolution of VMAX, Uh, D,  and  Uobs . 

Shadings denote → the drifter was under a super typhoon 

and affected by the typhoon (D<400 km).

Chaba

Aug 

2004



Time evolution of VMAX, Uh, D,  and  Uobs . 

Shadings denote → the drifter was under a super typhoon 

and affected by the typhoon (D<400 km).
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(b) Maon 2004 & ID:2236911
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Time evolution of VMAX, Uh, D,  and  Uobs . 

Shadings denote → the drifter was under a super typhoon 

and affected by the typhoon (D<400 km).

Saomai

Aug 

2006
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(c) Saomai 2006 & ID:54688
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Name 

& ID

Time Scale Uh 

(m s-1)

D 

( km)

Uobs 

(m s-1)

Uageo 

(m s-1)

Chaba 

& 

39606

1200 

22 Aug

Category 

5

5.1 69 2.1 1.9

1800 

22 Aug

Category 

5

4.5 95 2.1 2.0

0000 

23 Aug

Category 

5

4.7 152 1.6 1.5

0600 

23 Aug

Category 

5

5.2 238 1.0 1.1

1200 

23 Aug

Category 

5

5.0 338 0.5 0.7



Name & 

ID

Time Scale Uh 

(m s-1)

D 

( km)

Uobs 

(m s-1)

Uageo 

(m s-1)

Maon & 

2236911

1800 

7 Oct

Category 5 2.9 52 2.6 2.5

0000 

8 Oct

Category 5 3.9 38 2.0 2.0

0600 

8 Oct

Category 5 7.9 153 1.0 1.1

1200 

8 Oct

Category 5 10.6 382 0.4 0.5
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5

8.1 74 1.2 1.2
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Aug

Category 

5

7.2 196 1.0 1.0

0000 10 

Aug

Category 

5

7.0 351 0.6 0.6
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Summary

• (1) High-speed  currents → 2.6 m/s

• (2) Two types of upper ocean response 

are verified.

• (3) Modeling → Scale of TC wind-driven 

current  is verified.

• (4) Current speed decreases with 

increasing TC translation speed.

• (5) Current speed decreases with 

increasing distance to TC center.
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