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AB STRACT

We used sat el lite-de rived sea sur face tem per a ture (SST) data for the win ters of 1996 - 2008 to ex am ine the ex cep tional

in tru sion of China Coastal Cur rent into the Tai wan Strait. The long term ob ser va tion re veals that, in 1999 and 2000, the strong

wind (> 6 m s-1) lasted for 12 and 16 days with a drop of 5.35 and 5.5°C in SST, re spec tively. The sat el lite data also showed that

the China Coastal Cur rent in truded from the north of the Chang-Yuen Ridge into the wa ters sur round ing the Peng-Hu Is lands,

with wind speeds of more than 6.7 m s-1 lasted for 30 days dur ing the same pe riod. The ex cep tional in tru sion re sulted in the

min i mum SST of 12.6°C on 16 Feb ru ary 2008, 7.8°C lower than the 12-year av er age of Feb ru ary (20.4°C). The higher SST

(> 18°C) ap peared af ter 21 Feb ru ary 2008 in di cat ing the north ward with drawal of the cold wa ter. Dur ing the pe riod of 15 - 21

Feb ru ary 2008, the China Coastal Cur rent in truded to as far south as the water around Peng-Hu Islands.

To com pare the El Niño/La Niña events with re gard to SST and wind speed, we found that SST was warmer in the El Niño

win ters (1998, 2003 - 2005) than in the La Niña win ters (1999 - 2001, 2008), and wind speed was more in ten sive in the La Niña

win ters (1996, 1999 - 2001, 2006, 2008) than in the El Niño win ters (1998, 2003 - 2005, 2007). In the win ter of 2008, the wind

speed sharply in creased on 26 Jan u ary and lasted for more than 30 days, with wind speed peaked at 7.36 m s-1. The monthly

SST in Feb ru ary 2008 was about 7°C lower than that of the 12-year av er age. This de cad al os cil la tion shows that the wind

vari a tion cor re sponds well with the El Niño/La Niña events, es pe cially, the con tin u ous strong wind in the La Niña win ter of

2008. We thus sug gest the in flu ence of cli mate change on wind speed to be re spon si ble for the change in the cur rent. The

ex cep tional cold SSTs around Chang-Yuen Ridge and Peng-Hu Is lands in Feb ru ary of 2008 prob a bly were, there fore, caused

by the more south ward in tru sion of China Coastal Current driven by the continuous strong wind.
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1. IN TRO DUC TION

The Tai wan Strait is a shal low chan nel con nect ing the

East China Sea in the north and the South China Sea in the

south. The cold cur rent from north and the warm cur rent

from south flow through the Strait con sist ing of com plex

top o graphic fea tures. The ma jor shal low to pog ra phies are

the Chang-Yuen Ridge off the west ern coast of Tai wan and

the Tai wan Bank in the south west part of the Strait (Fig. 1).

The vari a tion of depth con trib utes to the for ma tion of ther -

mal fronts be tween the cold and warm wa ter masses. The

warm cur rent flows north ward into the Strait all year round, 

while the north east erly mon soon in win ter less ens the

strength of the warm cur rent and drives the cold cur rent

from the north into north west side of the Strait (Jan et al.

2002).

In win ter, the flow pat terns shown in Fig. 1 re veal that

the main of China Coastal Cur rent on the west ern side of the

Strait was mov ing south ward along the Chi nese coasts. A

por tion of the China Coastal Cur rent was blocked around the 

Chang-Yuen Ridge and turned back north ward at the ex -

pense of south ward in tru sion (grey ar rows in Fig. 1). Mean -

while the Kuroshio Branch Cur rent from the Peng-Hu Chan -
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nel was blocked at the Chang-Yuen Ridge (black ar rows in

Fig. 1). Pre vi ous stud ies (Lee et al. 2003; Kuo and Ho 2004)

ex am ined the SST (sea sur face tem per a ture) pat terns in the

Tai wan Strait. They showed that in win ter time the dom i nant

spa tial vari ance in sea sur face tem per a ture (SST) is con sis -

tent with a quasi-per ma nent front at the Chang-Yuen Ridge.

Jan et al. (2002) also in di cated that the warm tongue of

Kuroshio Branch Cur rent could oc ca sion ally ad vance more

north ward from the Peng-Hu Chan nel. Again, most of the

pre vi ous stud ies sug gest that the cold China Costal Cur rent

is blocked north of the Chang-Yuen Ridge in win ter.

How ever, the cli ma to log i cal com pos ite data and the in

situ hy dro graphic data can not pro vide a com pre hen sive vi -

sion of short-term vari a tion in SST fields and SST fronts.

The at tempt of this study is to ob serve the sharp change of

SST in the Tai wan Strait dur ing the north east erly mon soon

sea son of Jan u ary and Feb ru ary 2008. We fo cus on the de -

scrip tion of high-res o lu tion fea tures of SST in both daily and 

long-term com pos ite views, and we also dis cuss the short

SST change re lated to variation of monsoon in the Strait.

2. DATA AND METHOD

Win ter time (Jan u ary and Feb ru ary) sat el lite data de -

rived form AVHRR (Ad vanced Very High Res o lu tion Ra di -

om e ter) sen sors in a 13-year pe riod (1996 - 2008) was ar -

chived from the re gional HRPT (High Res o lu tion Pic ture

Trans mis sion) data li brary at the Na tional Tai wan Ocean

Uni ver sity (Lee et al. 2003). SST im ages with high-res o lu -

tion (1.1 km) were pro duced by the MCSST (Multi Chan nel

Sea Sur face Tem per a ture) al go rithm (McClain et al. 1985).

The bias and root mean square (RMS) be tween AVHRR and

in situ data were 0.01 and 0.64°C re spec tively in wa ters

around Tai wan Wa ters (Lee et al. 2005b). SST im ages de -

rived from AMSR-E (Ad vanced Mi cro wave Scan ning Ra -

diometer-Earth Ob serv ing Sys tem) with 25-km spa tial re -

solution were also used in or der to cover the gap of AVHRR

data in the cloudy days of study pe riod. We col lected the

Ver sion-4 ocean prod ucts of AMSR-E data dur ing the same

pe riod from the web site of Re mote Sens ing Sys tems http://

www.ssmi.com (Hosoda and Kawamura 2004). We then

com pared the AMSR-E SST with AVHRR SST im ages. A

3 ´ 3 ar ray of AVHRR SST around the cloud-free pixel of

AMSR-E was av er aged dur ing Feb ru ary of 2008. 509 ma -

tched-up pix els were se lected wherein a com par i son (Fig. 2)

in di cated that the AMSR-E SST was lin early cor re lated with 

AVHRR SST with the bias and RMS of 0.11 and 0.82°C re -

spec tively. Thus, the AMSR-E SST cor re sponded well with

the AVHRR SST and could al low us to mon i tor the SST in

the study area for cov er ing the gap of AVHRR un der cloudy

con di tions.

In or der to ob serve the an nual and inter-sea sonal vari a -

tions of win ter time SST in the Tai wan Strait, the time se ries

of daily SST has been es ti mated in this study. We cal cu lated

the mean SST of cloud-free pix els in the 0.5 de gree square

north west of the Peng-Hu Is lands, cen tral Tai wan Strait

(open square in Fig. 1: 23.5 - 24.0°N, 119.0 - 119.5°E). Ac -

cord ing to Jan and Chao (2003), the cur rent flow of Ku -

roshio Branch Cur rent from the Peng-Hu Chan nel in win ter

seems to be cor re lated with the chang ing winds around the

Peng-Hu Is lands. We thus col lected the daily wind speed
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Fig. 1. Map of bot tom to pog ra phy and flow pat terns in win ter. The

black con tours in di cate coast lines and bot tom depth in me ters. CYR,

PHI, and PHC rep re sent the lo ca tion of the Chang-Yuen Ridge, Peng-

 Hu Is lands and Peng-Hu Chan nel, re spec tively. Grey and black ar rows

in di cate the China Coastal Cur rent and Kuroshio Branch Cur rent (re -

draw from Jan et al. 2002).

Fig. 2. The re la tion ship be tween sat el lite-de rived SST of AMSR-E and

AVHRR in the study area.



data and monthly rain fall data from one gauge sta tion on the

Peng-Hu Is lands. A seven day mov ing av er age of wind speed

was used to in ves ti gate the vari a tion com pared with the SST

change. In or der to com pare the SST vari a tion with cli mate

change in the study area, the Oce anic Niño In dex (ONI)

(http://www.cpc.noaa.gov/prod ucts) was col lected. The ONI

was es ti mated by the 3-month run ning mean of SST anom a -

lies in the Niño 3.4 re gion (5°N - 5°S, 120° - 170°W), based

on the 1971 - 2000 base pe riod. For his tor i cal pur poses cold

and warm ep i sodes (neg a tive and pos i tive num bers) are de -

fined when the thresh old was met with a min i mum of 5 con -

sec u tive over-lap ping sea sons (Xue et al. 2003).

3. SST COM POS ITE MAPS IN WIN TER

The twelve year (1996 - 2007) monthly mean com pos ite

SST maps in win ter are shown in Figs. 3a and b. In Jan u ary

(Fig. 3a), the cold China Coastal Cur rent (< 18°C) flowed

south ward along the Chi nese coast, while the warm Kuro shio

Wa ter and South China Sea Wa ter (> 20°C) were sur rounded

the Peng-Hu Is lands in the east ern Tai wan Strait. A cold wa ter 

tongue (< 17°C) in truded into the cen tral Tai wan Strait from

the Chi nese coast (ar row). This cold wa ter ton gue was then

blocked at the north ern edge of the Chang- Yuen Ridge. Al ter -

nately, the warm wa ter (> 20°C) from the Peng-Hu Chan nel

was also blocked south of the Ridge. By Feb ru ary (Fig. 3b),

the wa ter of lower than 15°C was still oc cu py ing wa ters along 

the Chi nese coast, how ever, the cold wa ter tongue north of

CYR faded grad u ally. In the mean time the warm wa ter of

higher than 22°C flowed north ward into the north ern Tai wan

Strait, ex tend ing more north ward along the south west edge

of the Chang-Yuen Ridge (ar row in Fig. 3b).

The monthly maps de pict ing the win ter of 2008 were

con trary to the typ i cal fea tures of long-term com pos ites. The 

SST in Jan u ary (Fig. 3c) in di cated that the cold wa ter tongue

was not dis tinct in the north ern Tai wan Strait, in con trast, the 

warm wa ter guided by the Peng-Hu Chan nel ex tended more

north ward and in truded into the north ern end of Chang-Yuen 

Ridge. Yet, clearly a cold wa ter mass of lower than 10°C

(blue color) flowed into the west ern Tai wan Strait along the

Chi nese Coast in Feb ru ary of 2008 (Fig. 3d). More over, the

cold China Coastal Cur rent was mov ing more south ward

and reached the Tai wan Bank. Un like the fea tures of the

long-term av er age, the cold wa ter tongue in truded into the
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Fig. 3. 12-year monthly mean SST maps in Jan u ary (a) and Feb ru ary (b), and the monthly mean maps of 2008 in Jan u ary (c) and Feb ru ary (d).

(a) (b)

(c) (d)



south of Chang Yuen Ridge (ar row in Fig. 3d) with the SST

lower than 13°C in Feb ru ary of 2008. Mean while, the north -

ward in tru sion of warm wa ter in the south east ern Tai wan

Strait was blocked near the north end of the Peng-Hu Chan -

nel. As a con se quence, the most of the wa ter around the

Peng-Hu Is lands was lower than 15°C instead of the warmer

water in the January of 2008.

Com pared with the monthly SST of the 12-year av er age, 

Fig. 4 il lus trates the spa tial vari ance in SST of the Tai wan

Strait in the win ter of 2008. SST dif fer ences map for Jan u ary 

(Fig. 4a) re vealed that the SST in 2008 was about 1°C higher 

than that of the 12-year av er age in most wa ters. How ever, a

max i mum SST dif fer ence (> 5°C) in cres cent shape was

found on the Chang-Yuen Ridge. In con trast, SST dif fer ence 

map in Feb ru ary of 2008 (Fig. 4b) showed a sig nif i cant cool -

ing fea ture in the Strait. The SST along the Chi nese coasts

thus wit nessed a de crease of about 3.5°C and SST in the

north of Tai wan Strait with a de crease of more than 7°C than

av er age (ar row) and dis tin guished cold fea ture ex tend ing

into the wa ter around the Peng-Hu Is lands.

4. DIS CUS SION

Sat el lite-de rived SST fields are rich in struc ture re flect -

ing im por tant oce anic en vi ron men tal dy nam ics re lated to

cur rents, fronts, and cli mate change. Be cause of the con -

stantly in creas ing amount of highly ac cu rate re mote sens ing

data avail able for the wa ters around Tai wan (Lee et al.

2005b), there has been a ris ing abil ity to mon i tor the SST

vari a tion in dif fer ent time scales from hours to years. There -

fore, the pres ent SST im ages, as well as pre vi ous stud ies, in

the Tai wan Strait show that the win ter vari abil ity in SST was

dom i nated by a sea sonal cur rent cy cle of cold and warm

waters. Typ i cal fea tures of SST in win ter are dom i nated by

the cold wa ter on the north west side and block age of warm

wa ter on the south east side of the Strait (Figs. 3a, b). This

blocked warm wa ter was con firmed to be the Kuroshio

Branch Cur rent (Jan et al. 2006). As a con se quence, a quasi-

 per ma nent SST front was formed around the Chang- Yuen

Ridge, and the 20°C iso therm was sug gested to be the bound -

ary be tween the cold China Coastal Cur rent and warm

Kuroshio Branch Cur rent in win ter ( Jan et al. 2002; Lee et al.

2005a). Dur ing win ter, the south ward pen e tra tion of the

China Coastal Cur rent peaked in Jan u ary while a cold ton gue

was ob served north of Chang-Yuen Ridge (ar row in Fig. 3a).

The cold tongue was sug gested to be a por tion of the China

Coastal Wa ter de flected by the Chang-Yuen Ridge and turns

north east ward (Jan et al. 2002). Re cent stud ies of high-

 resolution SST front fea tures of the win ter wa ters (Chang et

al. 2006; Li et al. 2006) fur ther in di cated that the ma jor SST

fronts in the Strait dis trib uted along the 50-m isobath near the

west side of the Chang-Yuen Ridge. It is, there fore, well un -

der stood that the north part of Chang-Yuen Ridge should be

an im por tant geo graphic zone to sep a rate the cold wa ter in the 

north west and the warm wa ter in the south east.

Our re sults also re veal inter-sea sonal vari a tion in the in -

ter ac tion be tween cold and warm wa ter. The cold wa ter

tongue reached the south ern edge of the Chang-Yuen Ridge

in Jan u ary; then the Kuroshio Branch Cur rent in creased in

strength grad u ally and in truded into the north ern Tai wan

Strait in Feb ru ary. How ever, the monthly SST im ages in

2008 were con trary to the long-term av er age fea tures and
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Fig. 4. SST dif fer ence maps in Jan u ary (a) and Feb ru ary (b). The SST dif fer ence was monthly mean of 2008 mi nus the 12-year monthly mean.

(a) (b)



reveals clearly that the Kuroshio Branch Cur rent reached

the Chang-Yuen Ridge in Jan u ary (Figs. 3c, 4a), and the

China Coastal Cur rent in truded to as far south as the north -

ern end of the Peng-Hu Chan nel and blocked the Kuroshio

Branch Cur rent in Feb ru ary (Figs. 3d, 4b).

Based on the re sult posted by Lee et al. (2005a), we re -

garded the 20°C iso therm as an in di ca tor to ex am ine the

vari a tion in the in tru sion of the China Coastal Cur rent be fore 

and af ter the ex cep tional cold SST event in 2008. The 20°C

iso therm west of 119°E var ied slightly on the Tai wan Bank,

while the 20°C iso therm east of 119°E var ied sharply from

the north of the Chang-Yuen Ridge to the Peng-Hu Chan nel

(Fig. 5). The 20°C iso therm of the 12-year av er age (thin

black con tour) was re stricted to the cen tral Tai wan Strait.

The north ern part of this bound ary co in cides with the north -

ern edge of the Chang-Yuen Ridge, which sep a rates the cold

wa ter from the warm Kuroshio Branch Cur rent in the north -

ern Tai wan Strait. How ever, these iso therms on 15 and 21

Feb ru ary (broad con tours in black and gray in Fig. 5) were

near the Peng-Hu Chan nel and then re ceded grad u ally north -

ward to the south of the Chang-Yuen Ridge af ter 28 Feb ru -

ary (thin gray con tour). Oth er wise, from the shift ing and the

re verse C-shaped 20°C iso therms (ar rows in Fig. 5), it is

sug gested that the China Coastal Cur rent in truded not only

from the north of the Chang-Yuen Ridge, but also from the

northwest of the Peng-Hu Islands.

For fur ther ob ser va tion, we col lected the time se ries of

sat el lite-de rived (AVHRR and AMSR-E) SST of the wa ters

north west to the Peng-Hu Is lands (square in Fig. 1). Rain fall

and wind speed from the weather sta tion in Peng-Hu Is lands

were also used and com pared with the Oce anic Niño In dex

(ONI, black solid line in Fig. 6). The pos i tive/neg a tive

Ex cep tional In tru sion of Cold Wa ter in the Tai wan Strait 665

Fig. 5. Con tours of 20°C of 12-year av er age of Feb ru ary (thin black),

15 Feb ru ary (broad black), 21 Feb ru ary (broad grey), and 28 Feb ru ary

(thin grey) in 2008 re spec tively.

Fig. 6. (a) Time se ries of Oce anic Niña In dex (ONI, black solid line) vari a tion re lated to SST (grey solid line), (b) Time se ries of ONI and wind speed

(grey solid line) and rain fall (black dot ted line).

(a)

(b)



values of ONI in di cated the La Niña/El Niño events, i.e.,

cold/warm event in the ocean. Fig ure 6a shows that SST

(grey solid line) var ied sim i larly with the trend of ONI. SST

was warmer in the El Niño win ters (1998, 2003 - 2005,

2007), but cooler in the La Niña win ters (1996, 1999 - 2001,

2008). Fig ure 6b also in di cates that the wind speed (grey

solid line) was more in ten sive in the La Niña win ters (1996,

1999 - 2001, 2006, 2008) than in the El Niño win ters (1998,

2003 - 2005, 2007). On the other hand, the rain fall (black

dot ted line) in creased in El Niño win ters (1998, 2003 - 2005) 

but de creased in La Niña win ters (1999 - 2001, 2008).

Clearly, the wind speed dur ing El Niño/La Niña plays a more 

im por tant role than the other me te o ro log i cal fac tors (e.g.,

rain fall) in af fect ing SST vari a tion in the Tai wan Strait. The

re la tion ship be tween wind speed and SST in win ter has

been fur ther ex am ined and is shown in Fig. 7 in di cat ing that

the SST was neg a tively re lated to the wind speed with a high

cor re la tion co ef fi cient r of -0.62. In other words, the stron -

ger north east wind goes with the lower SSTs, and vice versa.

We fur ther in ves ti gated the inter-sea sonal vari a tion of win -

ter time SST. Fig ure 8 showed that in gen eral, the SST de -

creased in Jan u ary but increased in Feb ru ary (black and

grey dots). Com pared with sat el lite-de rived SST (AVHRR

and AMSR-E), it is no tice able that the speed of the north east

wind (black con tour) also var ied inter-sea son ally but with a

trend con trary to that of SST. On the other hand, the vari a -

tion in both wind speed and SST in 2008 was con trary to

those be fore 2007, that wind speed was lower in Jan u ary but

higher in Feb ru ary.  In or der to find out if wind change in La

Niña win ter causes the large drop of SST (> 7°C) in Feb ru -

ary of 2008, we thus com pared the wind speed and SST in

the three rel a tively in ten sive La Niña win ters (1999, 2000,

and 2008). As shown in Ta ble 1, in 1999 the strong wind (> 6 

m s-1) lasted for 12 days with a drop of 5.35°C in SST (from

19.45 to 14.1°C). The strong wind lasted for 16 days in 2000

and re sulted in the de crease of SST from 19.89 to 14.39°C

(5.5°C drop). It is also no ta ble that in 2008, the strong wind

lasted for 30 days and the SST de creased from 20.23 to

12.6°C a drop of more than 7.6°C; how ever, SST then in -

creased grad u ally while the wind speed de creased. Dur ing

this 30 day pe riod, the strong wind had an av er age of 6.7 m

s-1, 2.0 m s-1 higher than the 12-year av er age of Feb ru ary (4.7 

m s-1). Fur ther more, SST de creased from the end of Jan u ary

and then dropped rap idly in Feb ru ary (ar row in Fig. 8); it is

sug gested that an ex cep tional in tru sion event hap pened

since early Feb ru ary so that the min i mum SST of 12.6°C oc -

curred on 16 Feb ru ary, which was 7.8°C lower than the

12-year av er age of Feb ru ary (20.4°C). Thus, it is pos si ble

that the con tin u ous strong north east wind may drive more

wa ter of the cold China Coastal Cur rent into the Tai wan

Strait from the East China Sea. We there fore, have sug gested 

that large cold wa ter mass may in rare in stances cross the

south ern edge of the Chang- Yuen Ridge to reach the

Peng-Hu Chan nel, and the part of this cold cur rent south -
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Fig. 7. The re la tion ship be tween SST and wind speed.

Fig. 8. Time se ries of the inter-sea sonal vari a tion of wind speed (black con tour), SST of AVHRR (black dots), and AMSR-E (grey dots). The ar row in -

di cates the be gin ning of the ex cep tional in tru sion event.
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west to the Ridge also in truded into the south of the Peng-Hu 

Is lands. Con se quently, the ex cep tional cold SSTs around the

Chang-Yuen Ridge and Peng- Hu Is lands in Feb ru ary of 2008

prob a bly were caused by the more south ward in tru sion of the

China Coastal Cur rent driven by the con tin u ous strong wind.

Kuo and Ho (2004) in di cated that the north east erly wind 

in the La Niña win ter of 1998/1999 was much stron ger than

the El Niño win ter of 1997/1998. This cli mate change in

wind stress re sulted in lower SST in the Tai wan Strait in the

La Niña win ter. Re fer ring to the ONI, SST, and wind speed

(Fig. 6), this de cad al os cil la tion was con sis tent with that dis -

cussed by Kuo and Ho (2004). The strong wind in duced by

cli mate change clearly seen in the La Niña win ters, es pe -

cially, the con tin u ous strong wind in the La Niña win ter of

2008, may drive the China Coastal Cur rent more south ward

to the Peng-Hu Is lands and re sult in the drop of 7.8°C in

SST, a drop far lower than the 12-year av er age. Ob vi ously,

such rapid change in the ma rine en vi ron ment also af fects the

ma rine ecol ogy; more than 130 tons of coral reef and caged

aquaculture fishes per ished around the coastal wa ters of the

Peng-Hu Is lands dur ing this cold SST pe riod (un pub lished

data). The tur bu lent mix ing con di tion of the up per ocean

was gen er ally es ti mated by a wind-mix ing in dex, which is

pro por tional to the cube of the wind ve loc ity (Bakun and

Parrish 1991). Thus this phe nom e non may be sim i lar to that

sug gested by Wroblewski and Richman (1987) who in di -

cated that wind mix ing may have neg a tive ef fects by cre at -

ing a tur bu lent en vi ron ment that re duces feed ing ef fi ciency

of ma rine life or drive them away from suit able hab i tats. The 

cold SST event or in tru sion of the China Coastal Cur rent in

the pres ent study was rare for these wa ters; how ever, it is

difficult to iden tify the re la tion ship be tween the in tru sion

and wind speed, even if the wind speed was quite strong and

lasted for a long pe riod (i.e., 30 days) as it did in Feb ru ary

of 2008. Anal y ses of in situ data com bined with mod el ing

sim u la tion should be un der taken to im prove our un der stand -

ing of such ex cep tional SST vari a tion in the Tai wan Strait.

The in flu ence of dif fer ent strengths of cli mate change in

wind fields should be con sid ered in fur ther stud ies.

5. SUM MARY

By us ing AVHRR high-res o lu tion (1.1 km) SST data

form 1996 - 2008, we were able to iden tify the ex cep tional

in tru sion of the China Coastal Cur rent in the Tai wan Strait in 

the La Niña win ter of 2008. The spa tial dis tri bu tion of cold

and warm wa ter is al ways bounded in the cen tral Tai wan

Strait. There is a clear SST front oc cur ring be tween the cold

wa ter in the north west ern and the warm wa ter in the south -

east ern Tai wan Strait. This front belt in the Tai wan Strait

shifts mainly inter-sea son ally; it al ways ap pears more south -

erly in Jan u ary and moves to the north of the Chang-Yuen

Ridge in February.

Mean while, the wind speed in the Tai wan Strait also

var ies inter-sea son ally but with the re verse di rec tion of SST.

The strong wind speed usu ally oc curs in Jan u ary with the

lower SST and wind speed de creases grad u ally in Feb ru ary

while the SST be com ing higher. How ever, the un usual wind

vari a tion was ob served in the La Niña win ter of 2008, the

wind speed was rel a tive low in Jan u ary but sig nif i cantly in -

creased to last for about 30 days into Feb ru ary. This ex cep -

tional change in wind speed ex erted a di rect in flu ence on the

cur rent dis tri bu tion and the SST fields within the Tai wan

Strait. It is sug gested that the con tin u ous strong north east

wind drove the China Coastal Cur rent south ward to pen e -

trate into the Peng-Hu Chan nel from north of the Chang-

 Yuen Ridge and a por tion of this cur rent in truded south of

the Peng-Hu Is lands from its west side, SST in this area was

therefore much lower than usual.

Ac knowl edge ments  This study was sup ported by a re -

search grant (97529002B2) awarded by the Cen ter for Ma -

rine Bio sci ence and Bio tech nol ogy, NTOU, and an other

two grants (95-2119-M-019-002 and 96-2611-M-019007)

pro vided by the Na tional Sci ence Coun cil, Tai wan. The au -

thors would like to thank Ms. Jui-Wen Chan and Ms. Wei-

 Juan Shieh, both of the Re mote Sens ing Lab o ra tory of Tai -

wan Ocean Re search In sti tute, for their sup port on the

satellite data pro cess ing. The au thors would also ex press

their ap pre ci a tion to Pro fes sor Chang-Tai Shih of NTOU

for his help ful ad vice on this manu script.

REF ER ENCES

Bakun, A. and R. H. Parrish, 1991: Com par a tive stud ies of

coastal pe lagic fish re pro duc tive hab i tats: The an chovy

(Engraulis anchoita) of the south west ern At lan tic. ICES J. 

Mar. Sci ., 48, 343-361, doi: 10.1093/icesjms/48.3.343.

[Link]

Chang, Y., T. Shimada, M. A. Lee, H. J. Lu, F. Sakaida, and H.

Kawamura, 2006: Win ter time sea sur face tem per a ture

fronts in the Tai wan Strait. Geophys. Res. Lett., 33, L23603,

doi: 10.1029/2006GL027415. [Link]

Hosoda, K. and H. Kawamura, 2004: Global space-time sta tis -

tics of sea sur face tem per a ture es ti mated from AMSR-E

data. Geophys. Res. Lett., 31, L17202, doi: 10.1029/2004

GL020317. [Link]

Jan, S. and S. Y. Chao, 2003: Sea sonal vari a tion of vol ume

trans port in the ma jor in flow re gion of the Tai wan Strait:

The Penghu Chan nel. Deep-Sea Res. II, 50, 1117-1126,

doi: 10.1016/S0967-0645(03)00013-4. [Link]

Jan, S., J. Wang, C. S. Chen, and S. Y. Chao, 2002: Sea sonal

vari a tion of the cir cu la tion in the Tai wan Strait. J. Mar.

Syst., 35, 249-268, doi: 10.1016/S0924-7963(02)00130-6.

[Link]

Jan, S., D. D. Sheu, and H. M. Kuo, 2006: Wa ter mass and

throughflow trans port vari abil ity in the Tai wan Strait. J.

Geophys. Res., 111, C12012, doi: 10.1029/2006JC003656. 

[Link]

668 Chang et al.

http://dx.doi.org/10.1093/icesjms/48.3.343
http://dx.doi.org/10.1029/2006GL027415
http://dx.doi.org/10.1029/2004GL020317
http://dx.doi.org/10.1016/S0967-0645(03)00013-4
http://dx.doi.org/10.1016/S0924-7963(02)00130-6
http://dx.doi.org/10.1029/2006JC003656


Kuo, N. J. and C. R. Ho, 2004: ENSO ef fect on the sea sur face

wind and sea sur face tem per a ture in the Tai wan Strait.

Geophys. Res. Lett., 31, L13309, doi: 10.1029/2004GL

020303. [Link]

Lee, M. A., C. D. Yeah, C. H. Cheng, J. W. Chan, and K. T. Lee,

2003: Em pir i cal or thogo nal func tion anal y sis of AVHRR

sea sur face tem per a ture pat terns in Tai wan Strait. J. Mar.

Sci. Technol., 11, 1-7. [Link]

Lee, M. A., Y. Chang, K. T, Lee, D. C. Liu, and W. C. Su, 2005a: 

A sat el lite and field view of the win ter sea sur face tem per a -

ture vari abil ity in Tai wan Strait. In Pro ceed ings of IEEE

IGARSS 2005, Se oul, Ko rea, Vol. II, 2167-2173.

Lee, M. A., Y. Chang, F. Sakaida, H. Kawamura, C. H. Cheng,

J. W. Chan, and I. Huang, 2005b: Val i da tion of sat el lite-

 derived sea sur face tem per a tures for wa ters around Tai -

wan. Terr. Atmos. Ocean. Sci., 16, 1189-1204.

McClain, E. P., W. G. Pichel, and C. C. Walton, 1985: Com par a -

tive per for mance of AVHRR-based mul ti chan nel sea sur -

face tem per a tures. J. Geophys. Res., 90, 11587-11601, doi: 

10.1029/JC090iC06p11587. [Link]

Wroblewski, J. S. and J. G. Richman, 1987: The non-lin ear re -

sponse of plank ton to wind mix ing events - Im pli ca tions

for sur vival of lar val north ern an chovy. J. Plank ton Res., 9, 

103-123, doi: 10.1093/plankt/9.1.103. [Link]

Xue, Y., T. M. Smith, and R. W. Reynolds, 2003: Interdecadal

changes of 30-yr SST nor mals dur ing 1871-2000. J. Cli -

mate, 16, 1601-1612. [Link]

Ex cep tional In tru sion of Cold Wa ter in the Tai wan Strait 669

http://dx.doi.org/10.1029/2004GL020303
http://www.jmst.org.tw/marine/11-1/1-7.pdf
http://dx.doi.org/10.1029/JC090iC06p11587
http://dx.doi.org/10.1093/plankt/9.1.103
http://cat.inist.fr/?aModele=afficheN&cpsidt=14842699

