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Monthly Wind Stress and Wind Stress Curl Distributions
in the Easten Sea(Japan Sea)
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Abstract

Monthly wind stress, wind stress curl and volume transport stream functions are computed in
the Eastern Sea(Japan Sea) based upon observed wind and atmospheric pressure data respectively.
The presented two results show different distributions on locality and season but as common features
the results reveal the northwesterly surface wind stress due to the monsoon in winter, south to
southwesterly wind stress due to the southerly wind in summer and strong anticyclonic curl in the
northern part on the Eastern Sea(Japan Sea) in winter.

In the distributions obtained from the sea level atmospheric pressure data, the maximum value of
the wind stress and of curls of small scales are shown off the southeast coast of Siberia and northeast
coast of Korea. Volume transport distributions obtained from the Sverdrup relationship suggest that
the strong northward boundary current can be formed along the northeast coast of Korea in winter
and weak southward boundary current in summer.
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INTRODUCTION

In the investigation of the general ocean circulation an attention has been paid to the global distribution of the
wind stress field for its role of forcing the upper layer ocean as the major force among the various forces. The
results of the theoretical works initiated by Sverdrup(1947) and developed by Stommel(1948), Munk(1950) and
others have shown that a great deal of mass transports in the ocean can be explained as those transported by
wind. In the numerical experiments such as Bryan(1963) and Bryan and Cox(1967) it was reported that the

different form of wind stress field had changed the circulation pattern

in the ocean.

As for the Japan Sea which is a marginal sea of the Pacific Ocean
with the length scale of more than 10° to the north-south direction
(Fig. 1), it is supposed that the circulation is driven not only by the
inflow of the Tsushima Current through the Korea Strait but also by
the wind, especially by the strong northwesterly wind in winter.
However past studies on the mass transports and circulation dynamics
(Kawabe, 1982; Yoon, 1982) have been focused mainly on the southern
inflow region of the Japan Sea, it is still a question how the overall

circulation pattern is in the Japan Sea. Therefore, to investigate the

130°E 135°E 140°F circulation in the Japan Sea not only the regular and dense hydrogra-
Fig. 1. The bottom topography of the phic observations but also the informations on the wind stress data
Eastern Sea(Japan Sea). are required over the whole Japan Sea.

On the global distribution of wind stress and wind stress curl Stommel (1965) has presented an annual mean
chart of the surface stress curl and Hellerman(1967) has compiled the seasonal and annual wind stress of world
ocean. Based on Hellerman(1967)’s data Hantel(1971) has shown the global distribution of seasonal and annual
mean wind stress curl. Evenson and Veronis(1975) have also presented continuous distribution of wind stress and
stress curl by the spline function interpolation method using the same Hellerman’s data. Recently Han and Lee
(1981) (hereafter refer to as H&L) have updated monthly and annual mean wind stress curl with the observed
wind data which have been accumulated in the U.S. National Climatic Center.

From the previously mentioned maps and charts it is difficult to get the detailed wind stress information on
the Japan Sea because the resolution is very low around the marginal seas of the ocean. Among those investiga-
tors, however, H&L provide wind stress values on relatively denser grid points in the Japan Sea.

As Evenson and Veronis(1975) have already pointed out, it is obvious that the interpolated values to a smaller
scale can yield no more meaningful structure than that of the observed values. To complete this deficiency, we
first interpolated the wind stress from H&L’s presentation and then carried out another method, that is, deduction
of the surface wind and wind stress from the atmospheric pressure data. In this paper the results from the two
methods about wind stress, wind stress curl and volume transports obtained depending upon Sverdrup relationship
are presented and discussed.

Present analysis is attempted as an initial study of the associated programme on investigating the circulation in

the Japan Sea.
METHOD OF CALCULATION

H&L’s monthly mean wind stress data are provided on a 5° x5° global grid(denoted by xin Fig.2). With the

basic assumption that the wind speed for any direction can be closely approximated by a Gaussian distribution,
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they treated speed and direction statistically for each category.

J.:'D‘ 1 : x\: o ] Jx;; i le v le : 1 l |‘— The wind stress values provided from H&L are linearly interpolated
P - on a 1°x1° grid system of which the coverage is from 27, 5°N
B U“iro\ A °?55QN to 57.5°N latitude, from 122.5°E to 147.5°E longitude(Fig. 2).
~'ND e X o ox o ‘3, x| o The interpolated wind stress values are reinterpolated on a 0, 25°

% 0.25° small grid system with the scale of 33°N-50°N latitude,
127°E-142°E longitude (Fig. 2).
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The sea level atmospheric pressure data were provided from
a5 the Japan Meteorological Agency(1968), who has compiled the
monthly mean sea level global atmospheric pressure data averaged
during the period of 55 years from 1881 to 1935. The pressure
data presented on a 2.5° x2.5° global grid(denoted by O in Fig.

2) are interpolated on a 1° x1° grid system which is the same
';35"(4 as that used in the former calculation. From the pressure gradients
components of geostrophic wind are deduced by employing the

[-zoon well-known geostrophic equation. Surface wind is obtained from
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I25°E  I30°E  I35°E  |40°E  145°F lowing empirical formula(Hasse and Wagner (1971))
Fig. 2. Grid systems for the computation of W=aWtd -rrrrrrmrimiieiiinniiiiiiinieiiescnnin (1)

wind stress. Open circles denote input where, W, W, denote surface and geostrophic wind speed in meter
points of atmospheric pressure and
crosses input points of wind stress
presented by Han and Lee(1981). ND
refers grid points where wind stress
values are not available. from those values in Table 1. The stability condition is determined

per second and @, & constants depending upon latitude and stability
condition which are shown in Table 1. In the present study

linearly interpolated values of a and & are used every 1° latitude

Table 1. Variation of linear surface and geostrophic wind relationship

Lititude 30°N 40°N 50°N Stability (2air —#sea)

Slope a 0.38 0.47 0. 54

Constant term 4.0 3.5 3.1 unstable (< -2, 7°C)

b(msec™) 3.2 2.8 2.5 near-neutral (—0,2°C)
1.9 1.7 1.6 stable (>+1,7°C)

by air-sea temperature difference following the Hasse and Wagner(1971)’s criteria. Monthly mean values of air-sea
temperature difference were obtained from the Japan Meteorological Agency(1972). Since the spatial variation of
the air-sea temperature difference roughly falls into the single stability range, the stability of the whole study
area can be classified definitely in each month. The classified unstable months are January, February, March,
November, December and annual mean condition. Other months are classified as neutral. The angular deviation of
the surface wind from the geostrophic wind is assumed to be 20°.

Next the wind stress is calculated from the quadratic law

TmCd Pa] W] T oot et e e e (2)

where p, is the air density which is taken as 0.00125 gr cm=3 and Cd the drag coefficient proposed by Heaps
(1965).

From the wind stress obtained from equation (2), the normal component of the wind stress curl to the sea

surface is calculated by finite difference form of the following equation
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where R is the radius of the earth, ¢ is latitude, and 4 is longitude; 74 is meridional component of wind stress
and 7, zonal component.
The Sverdrup transport relationship

202 008 B L ettt ettt
—7(5—114‘ ) kP XT (4)
and
O _
~3—~RM,cos¢ ............................................................................................................... (5)
A

are used to obtain the meridional volume transport M, and the volume transport stream function ¢». In the above
equation, £ is the angular velocity of the earth’s rotation and p is sea water density. The volume transport stream

function at each longitude can be obtained by integrating the term 9,/0. westward from the eastern boundary of

the Japan Sea.

REPRESENTATION OF WIND STRESS, WIND STRESS CURL AND
VOLUME TRANSPORT STREAM FUNCTION

Wind stress
The interpolated wind stress distributions from H&L’s data and the deduced wind stress distributions from

atmospheric pressure are displayed in Fig. 3, Fig. 4 and Fig. 5, respectively. Some of the main features are as

follows.
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Fig. 3. Wind stress over the Japan Sea interpolated Fig. 4. Wind stress over the Japan Sea computed from
from the data of Han and Lee(1981). the atmospheric pressure.
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Fig. 5. Annual mean wind stress over the Japan Sea. (a) Interpolated from the values presented by Han and
Lee(1981). (b) Computed from the atmospheric pressure.

(1) From the two sets of distributions it is commonly shown that the wind stress is directed southeast due to
the dominant northwesterly wind from October to March next year and weakly north to northeast due to the
southwesterly wind from April to September(Fig. 3 and Fig. 4).

(2) The magnitude of the wind stress obtained from H&L’s data is of the order of 1.0 dyn cm~? in January
and becomes almost negligible in July(Fig. 3). The annual mean is of the order of 0.5 dyn cm~2(Fig. 5). But
in the distribution computed from the atmospheric pressure the maximum value of up to 3.5 dyn cm~? is shown
off the southeast coast of Siberia and in the Gulf of Yeongheung in January(Fig. 4).
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Fig. 6. Wind stress curl over the Japan Sea computed from the wind stress given by Han and Lee(1981). Con-
tour units are 10-% dyn cm™3,
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Fig. 7. Wind stress curl over the Japan Sea computed from the atmospheric pressure. Contour units are 108 dyn

cm™3,
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Fig. 8. Volume transport stream function over the Japan Sea computed from the wind stress presented by Han
and Lee(1981). Contour units are 10% m® sec™l.
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Fig. 9. Volume transport stream function over the Japan Sea computed from the atmospheric pressure. Contour
units are 108 m3 sec™l,

Wind stress curl

The distributions of the wind stress curls are shown in Fig 6 and Fig. 7.

(3) In the curl distributions computed from H&L’s wind stress data anticyclonic curl is formed in the northern
part of the Japan Sea in winter, but its intensity is continually decreased and becomes almost zero in summer
(Fig. 6).

(4) In the distributions of the curl deduced from the atmospheric pressure several small scale anticyclonic curls
are formed off the southeast coast of Siberia through off the northeast coast of Korea in Winter (Fig. 7). The
maximum value is shown off the southeast Siberian coast and 10 times larger than that of H&L in January (Fig.
6 and Fig. 7). Positive values are shown along the Japan side in winter (Fig. 7). The anticyclonic curl in winter
is reversed to weak cyclonic in summer in the northwestern part of the Japan Sea(Fig. 7).

Volume transport

Those discrepancies mentioned above are also shown in the volume transport distributions(Fig. 8 and Fig. 9),

(5) In the case of H&L the volume transport stream function shows a broad southward transport pattern over
the entire Japan Sea in November through January (Fig. 8). The center of circulation is declined to the northw-
estern side of the Japan Sea. The amount of volume transport is about 5. 0x 108 m3® sec™! in winter and almost
zero in summer.

(6) In the volume transport stream function computed from the atmospheric pressure it is shown that about
15x10% m® sec™! of water is transported from off the Siberian coast to off the northeast coast of Korea in January

(Fig. 9). On the contrary weak northeastward transport is formed in spring through summer and about 2 x

105 m® sec™! in July(Fig. 9),
DISCUSSION

As was noted above, some different features are shown between the two sets of calculations. For the possible
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causes of such differences some basic problems can be pointed out such as the sparse input wind stress points of
H&L in the calculation of wind stress curl, suitability of the drag coefficient adopted in the present study and
calculation of geostrophic wind from the mean atmospheric pressure data. The number of input points in the
atmospheric pressure data is more than twice of H&L’s wind stress data points in the small grid system (Fig. 2).
Moreover, it is reported that the meteorological information on the northwestern region of the Japan Sea has
been poorly collected compared with the rest area of the Japan Sea by research vessels or fishing boats(Japan
Meteorological Agency, 1972). Considering these facts it is supposed that the wind stress pattern obtained from
the atmospheric pressure, especially the finer structure shown in the northwestern part of the Japan Sea, is more
reliable than the wind stress distribution pattern obtained from Hé&L.

The magnitude of the maximum wind stress is about 1,0 dyn em-2 in the distribution of H&L in January but
about 3.5 dyn cm? was obtained in the wind stress distribution computed from the atmospheric pressure. This
value of wind stress resulted from the wind speed of about 13 m sec™!. The drag coefficient used here(Heaps,
1965) brings about relatively large value at the higher wind speed compared with the drag coefficients proposed
by Wu(1982), Garrett(1977) and Smith(1980). However at the wind speed of 13 m sec™! drag coeificient rela-
tionships proposed by Wu(1982) and Garrett(1977) give almost the same wind stress value with the drag
coefficient proposed by Heaps(1965). Smith(1980)’s relationship gives less drag coefficient and results in the
maximum wind stress of abont 3.0 dyn cm-2, But this is still 3 times larger than the maximum wind stress of
H&L. Fig. 10a is the monthly mean sea level atmospheric pressure in January used in the present computation.
The isobars are parallel to the Korean and Siberian coast and denser in the nearshore region than in the central
part of the Japan Sea. From the isobaric pattern it is inferred that strong wind is blowing paraliel to the Korean
and Siberian coast. It is supposed that the main reason why the different maximum wind stress was obtained in
the two sets of wind stress distributions is due to the fact that the relatively large wind speed was computed
from the geostrophic wind relationship in the northwestern part of the Japan Sea.

Although the wind stress curl in H&L was computed on the 0.25° square grid system, the resolution is
essentially the same as one obtained from the 5° square grid system because the original wind stress data were
presented by 5° interval by H&L. According to Saunders(1976) these data spacing could underestimate maximum
value in the curl as much as 50%. Considering the Saunders’ study the maximum curl in H&L can be corrected
to two times of the original value, that is, 4 x 10-8 dyn cm™? in January. However the maximum curl in January
computed from the atmospheric pressure is still 5 times larger than the corrected maximum curl of H&L (Fig.
7). It is because of the reason that the maximum wind stress obtained from the geostrophic wind field is about
3.5 times larger than that of H&L. There is the possibility of overestmation of the wind stress shear. It is
supposed that the present grid system with the mesh size of 0.25° has brought about the overestimation of the
wind stress shear in the computation of the curl from the atmospheric pressure data. But the magnitude of
overestimation cannot be accurately estimated without comparing with the computational result obtained by
employing the different mesh size.

The presented volume transport stream functions are the results obtained from the various constriction condi-
tions of Sverdrup relationship(Sverdrup, 1947). The inflow and outflow through the southern and northern straits
are not considered. So the flow patterns cannot be directly compared with the real circulation in the Japan Sea.
In both of analyses broad Sverdrup flow is formed in the central part of the sea and the return flow is considered
to form the western boundary current along the northeast coast of Korea. The maximum value in the westernmost
streamline corresponds tO the transport of western boundary current. In the case of H&L amounts of 5% 105 md
sec™! are considered to be transported northward as a boundary current along the northeast continental slope of
Korea to off the southeast coast of Siberia in January(Fig. 8), In the transport distribution computed from the
atmospheric pressure strong volume transports up to 10—15x 10% m® sec™! are considered to flow northward in
January from off the Gulf of Yeongheung to off the Siberian southeast coast(Fig. 9). In July through September
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waters of about 2 x 10% m3 sec~! are considered to flow southward as a boundary current along the northeast coast
of Korea with discarding the high value in the shallow shelf region(Fig. 9). However, the absolute values of
volume transport are not so important because of its dependence on the wind stress curl which was discussed
above.

Fig. 10b is the atmospheric pressure distribution from synoptic weather map. It shows quite different feature
from the mean pressure pattern of Fig. 10a. It is reported that the cyclones develop in Manchuria in winter or
spring and pass through the Japan Sea once a month on the average(Kim, 1972). As a future study it is needed
to examine the response of the Japan Sea corresponding to the short term fluctuation of wind stress field together
with the incorporation of inflow and outflow of the Tsushima current and of bottom topography.

P IRTV & L 30°N

Fig. 10. Surface pressure map. (a) Monthly mean for January. (b) Synoptic chart for 0900 KST 2 January, 1931.

CONCLUSION

This paper has presented a short account of monthly wind stress and wind stress curl distributions in the Japan
Sea. The two sets of distributions show strong northwesterly wind stress in winter and weak southwesterly wind
stress in summer as a whole. In winter maximum value of wind stress and strong aaticyclonic curls are occurred
in the northwestern part of the Japan Sea.

The distribution patterns deduced from the sea level atmospheric pressure data show more detailed structure
than those from H&L’s wind stress data. But the order of magnitude of each distributions is not coincident with
each other. The computed volume transport stream functions strongly suggest that the wind stress in winter and

summer may generate the boundary current along the northeast coast of Korea.
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