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The Kuroshio flows north along the east coasts of the Philippines and Taiwan.
Between these two land masses lies the Luzon Strait which connects the Pacific
Ocean to the South China Sea. The Kuroshio usually flowsnorth past this strait,
but at timespart or all of it flowswest through the strait into the South China Sea
formingaloop current. It hasbeen suggested that theloop current formswhenthe
northeast monsoon deflectsthe Kuroshio through the Luzon Strait. I n thisstudy,
satellite-derived sea-surfacetemper atureimagesar eused to obser vetheK ur oshio
in the Luzon Strait region. Together with wind data from the region, these
observations indicate a loop-current development process which is largely de-
termined by an integrated supercritical wind stress parameter. Theloop current
growswhen afour-day aver age of thelocal wind-stresscomponent directed tothe
south exceeds 0.08 Nm—2. When this aver age wind-stress component drops below
thecritical value, the Kuroshio returnsto itsnorthward path.

1. Introduction

The Kuroshio is the principal western boundary current of the North Pacific. It is formed
from the branching of the North Equatorial Current off the east coast of the Philippines, usually
between 11°N and 14.5°N (Nitani, 1972). The southward flowing branch is called the Mindanao
Current, and the northward flowing branch is called the Kuroshio. The Kuroshio flows north
along the east coast of the Philippines until it passestheisland of Luzon whereit encountersthe
Luzon Strait. The strait is about 350 km wide and is 2500 m deep at its deepest point. The
Kuroshiousually continuesnorth past thisstrait to flow along the east coast of Taiwan (Fig. 1(a)).
Occasionally, however, part or all of the Kuroshio penetrates through the Luzon Strait into the
northern South ChinaSea, formingaloop current (Suetal ., 1990) (Fig. 1(b)). Whenthishappens,
part or all of theKuroshioflowstothewest throughthelL uzon Strait just north of 20°N. Thewater
may travel asfar west as about 117°E before turning north and then east, apparently following
the shelf break southwest of Taiwan (Huang, 1988; Wang and Chern, 1988). Part of this water
may enter the Taiwan Strait; it isgenerally thought that some K uroshio water occasionally flows
north through the eastern side of the Taiwan Strait (Fan, 1982; Wang and Chern, 1987a) (Fig.
1(b)). The Kuroshio east of Luzon and Taiwan is on average 140 km wide (Su et al., 1990) and
isroughly 800 mdeep (Nitani, 1972). Itsmaximumvelocity is1-1.5ms? (Su et al., 1990), while
the volume transport is between 28 and 43 Sv (Nitani, 1972; Guo and Wendong, 1988).

It is not known when or how often the loop current is present. Chu (1972) suggests part of
theK uroshio alwaysflowswest throughtheL uzon Strait; but absence of theloop current hasbeen
reported several times (Nitani, 1972; Uda and Nakao, 1973; Huang, 1988). Wang and Chern
(1987b) propose that the loop current forms only during the northeast monsoon season. The
winds in this region are monsoonal, typicaly blowing strongly from the northeast during
September through March and weakly from the southwest during April through August. We
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Fig. 1. Theregion inwhich the Kuroshio originates. MC = Mindanao Current, NEC = North Equatorial
Current. Depth contoursshown arefor 200 mand 1000 m. (a) Direct Kuroshio path acrossL uzon Strait,
(b) Kuroshio loop current through Luzon Strait into South China Sea.

found no reports of aloop current during the southwest monsoon season; but there are reports of
a westward flow in the Luzon Strait during September (Chu, 1972; Nitani, 1972; Guo and
Wendong, 1988), whichisthetransitional month between the southwest and northeast monsoons.

Itisnot knownwhat causestheformation of theloop current or how it devel ops. Shaw (1991)
suggests loop current formation may be related to changes in Kuroshio transport. According to
the theory put forward by Wang and Chern (1987b), the northeast monsoon causes Ekman
transport which deflects the Kuroshio westward through the Luzon Strait. Similarly in models
of the Gulf Stream, Adamec and Elsberry (1985) and Xue et al. (1995) have shown that frontal
position is strongly influenced by Ekman-like advection.

It isimportant to understand the loop current process because the South China Seais one of
the world's largest marginal seas and the Luzon Strait is its principal connection to the
surrounding ocean. Intrusions of the Kuroshio through this strait affect the circul ation and water
chemistry of the South China Sea. The surface waters of the South China Sea are seasonally
variable and relatively fresh, whereas the Kuroshio water iswarm, salty and has little seasonal
variation (Chu, 1972).

2. Background

In conducting a hydrographic survey during April of 1974, Wang and Chern (1987a) found
evidenceof ananti-cycloniceddy inthenorthern South ChinaSea. They determinedthat theeddy
had a diameter of 200 km, a depth of 100 m and was comprised of Kuroshio water. They
hypothesized that this eddy was the result of Ekman transport of the Kuroshio by the northeast
monsoon. In a second paper they proposed a theory for this mechanism (Wang and Chern,
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1987b). They assumed arepresentative steady wind stressin the Luzon Strait from the northeast
of 1.5 dynescm=2=0.15 Nm=2 (speed = 10.5 ms?). From this wind stress and the width of the
Luzon Strait, they cal culated an Ekman transport of 4.6 x 105 m3s-L. |n order to estimate how long
it took for the eddy to form, they divided the volume of the eddy by this volume transport and
obtained an estimate of 90 days.

TheKuroshio hasflow depth greater than the 100 m eddy depth observed by Wang and Chern
(1987b). It is unclear what happens to the deeper Kuroshio flow when the loop current forms.

3. Data

This work compares satellite observations of loop current development with ship mea-
surements of thewind field, in order to investigate the hypothesisthat theloop current isformed
in responseto the northeast monsoon. Wefirst examined sea-surfacetemperatureimagesto find
and characterize loop-current events. We also examined Geosat altimetry data for evidence of
loop-current occurrences, but had only modest success; the loop current was barely discernible
from the background fluctuations in the Geosat data (Farris, 1995; Appendix A). We then
analyzed wind datato look for possible relationships between these |oop-current events and the
wind field.

3.1 Sea-surface temperature data

Thesea-surfacetemperatureimagesused inthisstudy arefromthe Jet Propul sion L aboratory
OceansPathfinder dataset (Vazquez et al., 1995). Advanced V ery High Resol ution Radiometers
on several NOAA/TIROS satellites collected images of the region twice a day, with 0.15°C
resolution in temperature and 4 km resolution in space. After Pathfinder processing, the spatial
resolution is9 km. The imageswere declouded with the algorithm devel oped by Cayula (1993).
We visually examined each sea-surface temperature image for 1987, 1988 and 1989 (the years
for which Pathfinder datawere available) looking for clear images of the Kuroshio in the Luzon
Strait region.

Duringwinter and springitisvery easy to see Kuroshio surfacewatersinthisregion because
they are much warmer than the surrounding surface watersin the Luzon Strait and South China
Sea. During the summer months however, the South China Seawater warmssignificantly. This
causes a decrease in the temperature difference between the Kuroshio and South China Sea
surface waters, making it difficult to distinguish the two water masses. Thereisusually amonth
or two (August, September) when it isimpossible to distinguish the two water masses and tell
if aloop current is present.

One problem with satellite thermal images is that clouds block the infra-red radiation
preventing measurementsin cloudy areas. Sinceit isoften cloudy in thisregion, there are many
gapsin the sea-surface temperature record. During the northeast monsoon, anywhere from 56%
t0 90% of theimages are mostly or completely cloudy. Additionally, thin clouds may block only
part of the radiation coming from the water and make the water appear cooler than it actually is.
With practice, most of these instances can be recognized, but one should always be aware of the
problem.

There is another reason one should be careful in interpreting sea-surface temperature
images. Because the satellite measures only the top millimeter of the ocean, diurnal warmingis
a common problem. During a sunny day with light winds, avery thin surface layer may warm
significantly (Stramma et al., 1986). Thus day images may be warmer than night images.
Whenever possible, we used only night images.
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3.2 Wind data

Thewind datausedinthisstudy arefromthe ship-reported datainthe Comprehensive Ocean
Data Set from the National Center for Atmospheric Research. Reported winds at various
elevationswereall scaledto 10 metersabovethe surface, usingthemethod of DaSilvamentioned
in Fanning et al. (1994). When quality control flags indicated suspect data, those data were
ignored. Wind stress 7 in Nm2 was estimated from wind velocity 010 at 10 m, through the
relation T = paclouloljlo, where p, = 1.3 kg m2 is the density of air, drag coefficient Cyo =
(0.8+0.065U10) x 103, and U1 (= |010 |)isthewind speedinms- (Wu, 1982). Wethenvectorially
averaged this stressover a4° x 4° box centered at 20°N, 120°E and over one-day intervals. The
average number of data points contributing to each one-day average was 15, the maximum and
minimum were 60 and 1 respectively. If this number fell below four, the average values were
examined to confirmthat they werereasonable (compared with the previousand fol lowing days’
averages). Figure 2 is a plot of this daily averaged wind stress, showing both magnitude and
direction. The northeast monsoon can be seen as strong winds blowing toward 225°, typically
beginning in September and continuing through March.
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Fig. 2. Daily vector-averaged wind stress in the Luzon Strait region from September 1986 through
December 1989. Time axistick marks are at 2-month intervals. They correspond to the first day of a
month and are labeled with that month’ sinitial letter. Upper panel is stressmagnitude (Nm2). Lower
panel iscompassdirectionindegrees(true) toward whichthestressisdirected. Thenortheast monsoon
can be seen as stronger winds coming consistently from the northeast (i.e., towards about 225°)
beginning about September and lasting through about March. During the southwest monsoon, the
winds are not as strong nor is the direction as steady.
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4. Results

4.1 Describing loop-current devel opment

Althoughtheentire devel opment sequence of oneloop current wasnever observed, different
stages were seen in different years so that we can hypothesize the four-stage development
sequenceshowninFig. 3. Stage O representsthe” normal” path of the Kuroshio. Figure4isasea-
surfacetemperatureimage of typical Stage 0 conditions. Theloop current beginsin Stage 1 with
the Kuroshio moving slightly westward, so instead of being directed to the east of Taiwan, it
flows towards the southern tip of Taiwan. There are several images that show the Kuroshio

No Loop Current Loop Current

118" 120" 122° 124° 118" 1207 122° 124°

118° 120° 122°

118° 120" 122° 124°

Fig. 3. Representative sketches of the Kuroshio loop current in the Luzon Strait in different stages of
development, from Stage O (no deflection) to Stage 3 (fully-developed loop current). A prime, asin
Stage 0', indicates a Kuroshio displaced to the east. Dotted lines are the 200 m and 1000 m isobaths.
The Kuroshio path is shown as a broad line.
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Fig. 5. Sea-surface temperature image from December 7, 1988, loop-current in Stage 3.
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bifurcating at the southern tip of Taiwan. As the loop current develops further, the Kuroshio
pivots towards the west, with a pivot point at 20°N. South of 20°N there is a shelf (0—1000 m
depth) in the Luzon Strait that seems to prevent penetration of the Kuroshio. In Stage 2 the
Kuroshio isdirected to the west of Taiwan. With further development, afull loop is eventually
formed in Stage 3. Figure 5 is asea-surface temperature image of atypical Stage 3 1oop current.
AlsoshowninFig. 3isStage0'. Theprimeindicatesthat the Kuroshioisfurther east than normal
(around 122.5°E instead of 121°E at 21°N). The prime is added to any loop current stage where
the main portion of the Kuroshio is significantly further east than normal.

In many of the images, both aloop-current path and a direct path appear for the Kuroshio.
We designate all such images as 2-0 or 3-0 depending on whether the loop current isin Stage
2 or 3. From the thermal images we cannot determine the proportions of the Kuroshio flow that
are carried in these two branches.

4.2 Finding loop-current occurrences

Having defined these stages of |oop-current devel opment, wewent back through al the sea-
surface temperature images and numbered each clear image according to the observed stage of
theloop current. Unlessan image was unusually clear, we made these determinationsonly when
there were at |east two images showing the same feature in a two-day interval. (We took this
precaution because of the problems mentioned in Subsection 3.1.) In the three years of sea-
surface temperature data (1987, 1988, 1989), there were 43 times that |oop-current stage
determinations could be confidently made. Multipleimagestaken within four dayswere counted
as one observation if they all showed the same feature.

Inthethreeyearsof sea-surface temperature datawe made 13 observations of loop currents
(i.e., stages other than 0 or 0'). All of these observations were during the months November
through March. (Therewere atotal of 23 observations during these months and 20 observations
during the other months.) Since the northeast monsoon typically beginsin September and lasts
through March (Shaw and Chao, 1994), this suggested a relationship between the loop current
and the northeast monsoon, but with a delay in loop-current formation. The form of this
relationship will be investigated in the next section.

4.3 Comparison with wind

Inour first attempt at seeking theform of therel ationship betweenthewind and |oop-current
stage, we averaged the wind in various ways on the supposition that the loop current might
respond to some weighted average of the past wind stress. We tried computing block, linearly-
tapered and exponential ly-tapered averages over timesfrom two weeksto six months and tested
the hypothesis that the loop current forms when atrailing average exceeds some critical value.
No single choice of averaging shape, duration and critical stress level gave satisfactory
agreement with the loop-current observations.

We then tested a prediction scheme based on the hypothesis that when the wind stress
exceedssomecritical level theloop current isformed by thetime-integrated wind stress. Onthis
hypothesis, Stage0 conditionsprevail when 1, the southward component of thewind stress, stays
below acritical value 1. Resulting westward flow isthen low enough that it isentrained into the
Kuroshio from the east, and detrained to the west, without disturbing the Kuroshio position.
When rexceeds 1., the Kuroshio beginsto be defl ected at aratewhichisproportional tothestress
inexcessof 1. (Weassumethenon-entrained flow isproportional to the excessstress.) Theloop
current then grows through the stages described in Subsection 4.1 until the wind stress drops
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below .. When thisoccurs, the Kuroshio revertsto itsdirect path acrossthe Luzon Strait. Since
total deflection istheintegral of the rate, thisidea can be expressed mathematically by defining
an integrated supercritical wind stress parameter Q as

t

Qft) :J’tc%l/z(r_ Tc)dt (1)

where R 17(X) = %(x + |x|) is the half-wave rectifier function, t is the present time, and t; isthe

nearest preceding time at which T, an average over the previous tae = 4 days of this southward
wind-stress component, was less than 7. = 0.08 Nm—2.

Figure 6 showsQ(t) computed inthisway from our wind-stresstimeseriesfor fall and winter
of each year, from September of 1986 through December of 1989. Also shown are the times at
which clear interpretations of |oop-current state could be made from satellite data (vertical lines)
together with the determined stage numbers according to our scheme showninFig. 3. Spring and
summer seasons are not shown in this figure, because throughout those times (which are
predominantly times of the southwest monsoon) Q(t) is zero and there are no indicationsin the
temperature data of any loop currents, during these years. (As explained in Subsection 3.1,
however, the small temperature contrast in summer makes it very difficult to distinguish the
Kuroshio from surrounding water in the August and September thermal images.)

Because of theway Q isdefined, it consists of a series of monotonically increasing ramps,
each one terminated at a time when T drops below .. Stage number is plotted with one unit
changebeing equal to 3.7 Nm—2day changein Q. Itisapparent that thel oop-current stageisrel ated
to Q: the open circles showing the stage number generally fall near the dotted line representing
Q.

Figure 6(a) shows the 1986-87 northeast-monsoon season. The first strong growth in Q
beginsin late November, and by the middle of December Q isover 7 Nm—2day. Q dropsto zero
in the beginning of January. The sea-surface temperature image on January 7 shows a well
developed loop current aswell asthe Kuroshio extending ashort distance on itsdirect path. The
presence of this direct path is probably due to the drop in Q. The next three clear images on
January 16, February 11 and 17 all show adirect path and aloop current at the sametemperature.
This suggests at least part of the Kuroshio enters the loop current during the period between
January 7 and February 17 (otherwisewewould expect theloop current to appear cooler thanthe
Kuroshio). A possible explanation is that after the winds drop in strength and then grow again
at the beginning of January, the renewed windstransport water back into the path of the old loop
current. Usually, after apronounced dropinthewind causing Q todropto zero, anew loop current
isformed when thewindsregain their strength. For example, in January through March of 1989,
the images show two instances of loop-current terminations following dropsin Q. In each in-
stance, a new loop current forms when the wind's strength increases again (Fig. 6(c)). But
perhapsin January—February, 1987 anew loop current isnot formed becauseour criteriafor |oop-
current termination arejust barely fulfilled: nodropin Q occursin early January using 1. = 0.077
Nm2 and tae = 4 days (Farris, 1995; Fig. 9). On February 8, Q dropsto zero and remains below
0.5for therest of theseason. Accordingly theKuroshioisonitsstraight path on March 20. A faint
detached loop currentisvisibleinthisimage. Theloop iscooler, appearsto be morecircular and
seems to have expanded slightly. The sea-surface temperature signal of thisloop current is no
longer visible on March 24.
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Fig. 6. Plot of integrated wind stress parameter Q(t) in Nm2day, computed daily from Eq. (1) for thefall-

winter sections of (a) 1986-87, (b) 1987-88, (c) 1988-89, and (d) fall of 1989. Time axistick marks
areat intervalsof 20 daysand arelabel ed month/day with the current year. Solid vertical linesindicate
times at which the stage of the loop current could be determined from satellite thermal imagery.
Numeric labeling of these linesindicates the loop-current stage determined from these satellite data.
Loop-current stage is also indicated by elevation of open circle (or circles) on the vertical lineswith
ascale ontheright-hand side of the plot. 3-0indicates abranching of the Kuroshio at about 20°N with
a Stage 3 loop to the west and a Stage 0O direct path to the east, 2—0 similarly indicates a combination
of Stages2 and O (inthe 2-0imagesthedirect path extendsonly to 21° or 21.5°N). Primesonthelabels
for 1989 indicatethat the mean path of the Kuroshio wasshifted to the east (see Q' panel inFig. 3). Each
panel startson September 22 and endson March 20 or 21, approximately anortheast-monsoon season.
The southwest-monsoon seasons are not shown because during them there were no observed loop
currents and Q was always 0.
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Figure 6(b) shows the 1987-88 northeast-monsoon season. All of December and most of
January were cloudy, so our first clear loop-current imageis on January 22, 1988. By thistime
Q had risento almost 4 Nm2day, and correspondingly the sea-surface temperature image shows
the Kuroshio in a Stage 2 loop current. Ten days|ater, on February 1, Q dropsto 0, and the next
image on February 5 shows both the Stage 2 loop current and the beginning of a Stage O direct
path. After February 1, 1988 thewindsregain their strength and Q beginsgrowing again. By late
February Q exceeds 3 Nm-2day, and on February 26 we see a Stage 1 1oop current. On February
25 Q dropsto near zero for the rest of the season, and on March 14 the Kuroshio isseen to beon
its straight path.

Figure 6(c) shows the 1988-89 northeast-monsoon season. Beginning on October 13, Q
builds up continually until, in early January, it is nearly 15 Nm2day, the largest val ues reached
in 1986-89. On December 7, with Q already greater than 10 Nm2day, we see afully-developed
loop current. In the December 20 image both the loop-current path and straight path are visible.
Thereisno corresponding dropin Q; although thewind stressdid drop below 0.078 Nm—2for two
days on December 19 and 20. In the next clear images on January 7 and 8 the Kuroshio isin its
straight path and theloop current isvery faint and quite separated from the K uroshio. On January
7, Q did drop to zero but it seemsunlikely that the loop current could have cooled and drifted so
much in one day. Perhaps awell-devel oped loop current is more susceptible to being cut off by
direct flow than a less-developed loop current. In other words, perhaps 1. increases (or tae
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Fig. 7. Asterisksrepresent valuesof 7. (Nm=2) and taye (days) for whichloop-current stage prediction error
eisaminimum (0.09). Circlesrepresent valuesfor which, in at | east oneinstance, Q continuesgrowing
when the images imply that it should drop. Plus signs represent values for which, in at least one
instance, Q drops when the images indicate that it should continue to grow.
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decreases) when Q—and hencetheloop—becomeslarge. Throughout therest of 1989 (Figs. 6(c)
and (d)) loop-current formation and termination match Q well.

We have calculated a parameter, ¢, that quantifies how well Q matches |oop-current stage.
In calculating € wefirst used Q, for agiven 1. and tae, to predict loop-current stage. We did this
by multiplying Q by afraction called C and then rounding the result to the nearest integer. This
integer was our predicted loop-current Stage, S; since our observed |oop-current stages stop at
3, if theinteger was greater than 3 avalue of 3 was substituted. Thisnumber wasthen subtracted
from the loop-current Stage, S, seen in the corresponding satellite image, to get adifference for
each satellite observation. The absol ute val ues of these differenceswere summed and divided by
the number of observations n = 23 to obtain the mean error:

1I"I

e= 33

n&S

~

, §= min(3, round(CQ)),

whereQ isinNm-=2day. Whentheobserved | oop-current stageisambiguous(e.g., 3-0), thecloser

of thetwo valuesto § isassigned to S. This process was repeated with many values of Cto find
aminimum value of €. The smaller ¢ is, the better the fit of Q to the loop currents seen in the
satellite images. We obtained a minimum value of ¢ for 7. = 0.08 Nm= and t,e = 4 days; this
minimumwas£=0.09withC=0.27(=1/3.7). Thislow value of eresultsfrom correct predictions
for all but two of the images, each of which is off by one loop-current stage.

Wetested the robustness of these resultsin three ways. First we tested the sensitivity of the
results to 1. and tae. Figure 7 is a plot showing the effects of varying 1. and tae. The asterisks
represent values of 1. and ta. for which Q agreeswell with theimages. For these values €= 0.09.
Thecirclesrepresent values of 7. and tave fOr which Q continuesto grow when at least oneimage
shows loop-current development ceases. The plus signs represent values for which Q drops to
zero when at |east one image implies it should continue to grow. Table 1 gives the minimum &
values and the corresponding C values for many pointson Fig. 7. Not all low & values represent
good choicesof 1. and ta.. Because of the way ambiguous|oop-current stages are quantified, an
observed 3—0loop current, at atimewhen Q had beenlessthan C/2 (i.e., indicating Stage0) since
the beginning of the season, would contribute nothing to € even though the Stage 3 part of the

Table 1. Minimum £ and corresponding C values for various combinations of 7. (Nm=2) and taye (days).

010 035 035 022 0.09 010 029 029 029 029
009 035 035 02 017 009 028 028 020 0.28
008 030 013 009 030 008 026 026 027 023
007 026 013 026 0.39 007 025 025 035 0.01
006 022 009 033 039 006 024 024 021 0.01
005 026 035 039 039 005 023 001 001 0.01
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observation would then be inexplicable. An example isthe € = 0.09 value for 7. = 0.10 Nm-2,
tave = 5 daysin Tablel; for this reason, the corresponding point in Fig. 7 is not an asterisk.

The second way we tested the robustness of our results wasto shift the wind datain time so
that images from one year were compared to the wind data for the corresponding dates from a
differentyear. Withthewindsshifted threedifferent ways, theminimum swasaways0.36 (Farris,
1995; Appendix C). Since eismarkedly lesswhen thewinds are matched correctly, theseresults
support the validity of our relationship. Further support comesfrom the fact that the optimum C
for the shifted wind data was always close to zero (<0.05): because 17 of our 23 images are, at
least in part, Stage S= 0, we would expect such alow C value for unrelated wind data.

Third, wetried using components of thewind stressat compassdirectionsfrom 190° to 230°
(direction of average northeast monsoon stress). But in each case the minimum s waslarger than
the 0.09 value achieved with the 180° wind-stress component, as expected for Ekman transport
through the meridional gap of the Luzon Strait.

5. Discussion

Our results support the hypothesis that the Kuroshio loop current in the South China Sea
formsinresponseto the northeast monsoon. Under this hypothesis, wewould expect the volume
of water contained in the loop to be the sum of all the water driven in by the windsin excess of
that which isentrained by the Kuroshio. Thisvolume should be proportional to our parameter Q.
If we make the simplifying assumption that the excess Ekman mass transport

Mg = ©Lg (2)

through the strait of width Lg supplies the water contained in the loop, then the volume of this
water would be

-1
V—pIMEdt. (3)

Here we note that for positive 7 — 1, Q = [(T — 1c)dt so that [Medt = QLg/f, and thus

Q. (4)

Following Wang and Chern (1987b), we take Lg = 2.4 x 10° m, and Coriolis parameter f, =
5.2 x10° s, Then we use p = 1030 kgm-3 and Q = 11.1 Nm2day (for a well-developed loop
current, S= 3). ThisgivesV = 4.3 x 1012 m3 which is within 20% of the 3.6 x 102 m3 volume
estimated by Wang and Chern (1987b) from their measurements.

It seems reasonabl e that t.. = 3-4 days. If one assumes the Kuroshio travels at about 0.7—
1.0 ms, it will crossthe Luzon Strait (starting from 20°N, where it turns west when it forms a
loop current) inthisamount of time. Thus, after aloop current isformed, if thewind stressdrops
below 1. for 3—4 days, the Kuroshio is able to complete its direct path across the Luzon Strait,
“short-circuiting” the loop.
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Although the northeast monsoon typically begins in September we did not observe loop
current occurrences prior to November. We would expect such adelay because a typica wind
stress 7= 0.15 Nm-2 will, according to (1) take 50 days to produce a Stage 1 loop current (Q =
3.7 Nm—2day).

6. Conclusions

Comparison of satellite observations with wind data supports the hypothesis that the
northeast monsoon deflects the Kuroshio through the Luzon Strait to form the loop current.
Indeed there appearsto be arel ationship between the loop-current stage and wind-stress history.
Thisrelationship is seen by calculating an integrated wind-stress parameter Q. Thelarger Q is,
themorefully devel oped theloop current. When Q goesto zero, the Kuroshiorevertsto thedirect
path. A new loop current growswhen the wind increasesin strength again. The volume of water
within the loop calculated from Q is similar to a volume estimated from hydrographic data.
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