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SUMMARY

Assessment of profiles and intermediate to deep level circulation

of the southern part of the East Sea from Argo floats

This study consists of two parts. In the first part, accuracy and
stability of profiles from Argo floats deployed into the southern part of the
East Sea have been assessed. Autonomous profiling CTD floats (Argo floats)
are a useful tool for observing the oceans. However, it is impossible to
perform post-deployment calibration of the CTD sensor attached to the floats,
and the assessment of the accuracy and stability of the profile data from the
floats is one of the important issues in the delayed mode quality control.
Variations in salinity in the intermediate level of the East Sea is smaller than
the accuracy of salinity data required by the international Argo Program,
which 1s 0.01. The assessment of the credibility of salinity data from the
floats deployed in the East Sea are performed using three independent
methods while considering the East Sea as a constant salinity bath. The
methods utilized here are 1) comparison of high quality CTD data and float
data obtained at similar locations at similar time, 2) mutual comparison of
float data obtained at similar locations at similar time, and 3) investigation of
long-term stability and accuracy of salinity data. All three methods show that
without any calibration, the salinity data could satisfy the accuracy criterion
by the Argo Program.

In the second part, the circulation of the southern East Sea is
investigated using trajectory data from Argo floats (PALACE, APEX and
PROVOR) and hydrography CTD data. The surface circulations are controlled
by the Tsushima Warm Current, while the subsurface to deep circulations are
caused by its own thermohaline circulation. A velocity section across 38-40°N
shows that barotropic components are dominant especially below the

thermocline, since the vertical stratification is very low. The velocity section

-X -



reflects the meander of the flow along the polar front well. The total
northward mass and heat transports across the section are 1.7 Sv and 0.16
PW, respectively. These numbers are smaller than those estimated at the
Korea Strait by 30 to 40%, because the CTD section does not capture the
strong and narrow currents along the Korean and Japanese coasts. The main
flow patterns over the southern part of the East Sea at the intermediate
levels, which is consistent with moored current meter data obtained at a few
locations, is strongly controlled by the bottom topography. The dominant
components in the flow are 1) a anticyclonic circulation around the Korea
Plateau and Ulleung Basin, which introduces cold water from the Japan Basin
into the Ulleung Basin through the Ulleung Interplain Gap, 2) a cyclonic
circulation along the Korean coast and the continental break around the
Ulleung Basin and the western side of Oki Spur to the Yamato Rise or the
Yamato Basin, and 3) an eastward flow along the Polar Front. Around the
UB, the net inflow occurs southern and western sides and the net outflow at

northern and eastern sides.

Key Word : Autonomous profiling CTD floats (Argo floats), Accuracy,
Intermediate/deep level circulation, Northward mass transport, Heat transport,

East sea
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Figure 2-1. (a) Horizontal map of salinity on potential temperature 0.47C
surface in July 1994. (b) Potential temperature-salinity diagram
obtained in the Ulleung Basin from 1994 to 1996 (from Min, 2002).
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Table 2-1. Characteristics of the floats launched into the East Sea by KORDI from 1998 to 2004 and METRI from 2001 to
2004. Parking depth is the descending (or drifting) depth of a float (point 2 in Fig. 1-1). Cycle is a period of float
(from point 1 to point 6 in Fig. 1-1). DT (Down Time)(from point 1 to point 3 in Fig. 1-1) and UP (Up Time)(from

point 3 to point 6 in Fig. 1-1) is a moving time of float at parking depth and surface. RT (Repetition rate) means time

interval transmitting data.

in the estimate of accuracy and stability (To be continued)

Floats made with grey shading had or have been working for more than one year and used

WMO ID Telecom|Deployment Um.Eomea Uﬁ.m:ﬁ Observation period Float | Sensor HUMMWHM Cycle| DT UT | RT Remark
ID data Longitude | Latitude Type | Type (m) (day) |(hour) | (hour) | (sec)
- 08173 | 1998.10.25 130°02.60 " | 36°44.00 ~ | 1998.10.25~2001.01.12 |PALACE|R1-TD| 800 5 100 20 90 |KORDI
- 10029 | 1998.05.24 |131°10.30 " | 37°17.00 " | 1999.05.24~2002.02.11 |PALACE|R1-TD| 800 5 100 20 90 |KORDI
- 18418 | 2000.11.06 {130°58.32 * | 37°28.26 " | 2000.11.06~ now APEX TD 500 105 | 240 12 90 |KORDI
- 18419 | 2000.11.06 |{131°03.30 “ | 37°28.32 " | 2000.11.06 ~ now APEX TD 500 105 | 240 12 90 |KORDI
- 18420 | 2003.08.13 {130°18.81 * | 37°03.52 " | 2003.08.13~ now APEX TD 500 105 | 240 12 90 |KORDI
2900201 | 18543 | 2001.10.13 [131°26.00 ~ | 37°20.00 ~ | 2001.10.23~2002.08.29 | APEX | SBE41 | 700 10 228 12 90 |KORDI
2900202 | 18544 | 2001.10.14 [131°43.00 * | 37°18.00 *~ | 2001.10.14~ now. APEX | SBE41 | 700 10 229 11 90 |KORDI
2900203 | 18545 | 2001.10.13 [130°50.00 ~ | 36°45.00 ~ | 2001.10.12~ now APEX | SBE41 | 700 10 229 11 90 |KORDI
2900204 | 23734 | 2001.10.19 [129°30.00 ~ | 38°31.00 *~ | 2001.10.18~ now APEX | SBE41 | 700 10 229 11 90 |KORDI
2900205 | 04664 | 2002.09.02 [130°30.14 ~ | 35°59.80 * | 2002.09.02~ now APEX | SBE41 | 700 10 232 8 46 |KORDI
2900206 | 04665 | 2002.09.03 [130°10.89 " | 36°09.99 * | 2002.09.02~2003.03.11 | APEX |SBE41 | 700 10 232 8 44 |KORDI
2900207 | 04666 | 2002.09.03 [130°20.53 ~ | 36°10.38 * | 2002.09.02~ now APEX | SBE41 | 700 10 232 8 45 | KORDI
2900208 | 04670 | 2002.09.03 [130°10.53 ~ | 36°00.38 ~ | 2002.09.02~2002.09.22 | APEX |SBE41 | 700 10 232 8 46 |KORDI
2900209 | 04634 | 2002.09.03 [130°20.19 ~ | 36°00.03 ~ | 2002.09.02~2004.05.04 | APEX | SBE41 | 700 10 23 8 46 |KORDI
2900225 | 04252 | 2002.09.03 [130°29.91 | 35°59.74 * | 2002.09.03~ now APEX | SBE41 | 700 10 232 8 46 |KORDI
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Table 2-1.

To be continued

WMO ID Telecom |Deployment Deployment point Observation peroid Float | Sensor TMMMHM Cycle| DT UT | RT Remark
1D data Longitude | Latitude Type Type (m) (day) |(hour) | (hour)| (sec)
2900324 | 42552 | 2003.11.13 [130°18.20 * | 37°03.50 * | 2003.11.13~ now APEX | SBE41 | 700 10 232 8 44 |KORDI
2900325 | 42553 | 2003.11.14 [130°37.69 | 37°03.50 ~ | 2003.11.13~2004.08.29 | APEX | SBE41 | 700 10 232 8 46 |KORDI
2900326 | 42554 | 2003.11.14 [130°56.20 ~ | 37°03.65 ~ | 2003.12.03~ now APEX | SBE41 | 700 10 23 8 44 | KORDI
2900327 | 42555 | 2003.11.14 [131°15.24 " | 37°03.53 * | 2003.11.13~ now APEX | SBE41 | 700 10 23 8 46 |KORDI
2900328 | 19859 | 2003.12.04 [130°16.26 ~ | 37°35.64 * | 2003.12.14~ now PROVOR| SBE41 | 700 10 232 8 45 |KORDI
2900329 | 19860 | 2003.12.04 [130°00.00 ~ | 37°34.20 * | 2003.12.14~ mnow PROVOR| SBE41 | 700 10 232 8 45 |KORDI
5900397 | 21940 | 2003.08.13 {130°56.39 * | 37°03.53 " | 2003.08.13~ now PROVOR| SBE41 | 700 10 232 8 45 |KORDI
5900398 | 21941 | 2003.08.13 |130°37.76 " | 37°03.54 " | 2003.08.13~2003.10.02 |[PROVOR| SBE41 | 700 10 232 8 45 |KORDI
2900442 | 16846 | 2004.08.13 [130°56.41 "~ | 37°03.00 * | 2004.08.13~ now APEX | SBE41 | 700 10 232 8 44 |KORDI
2900443 | 16847 | 2004.08.12 [131°14.26 " | 37°33.42 " | 2004.08.12~ now APEX | SBE41 | 700 10 232 8 44 |KORDI
2900444 | 18542 | 2004.08.13 [131°16.11 " | 37°03.20 * | 2004.08.13~ now APEX | SBE41 | 700 10 232 8 44 |KORDI
2900445 | 18543 | 2004.08.12 [131°33.05 " | 37°33.08 * | 2004.08.12~ now APEX | SBE41 | 700 10 232 8 44 |KORDI
2900446 | 23210 | 2004.08.12 [130°18.99 * | 37°33.33 * | 2004.08.22~ now APEX_Do| SBE43 | 700 10 229 11 44 |KORDI
2900447 | 23212 | 2004.08.12 [130°37.31 " | 37°33.53 * | 2004.08.22~ now APEX_Do| SBE43 | 700 10 229 11 44 |KORDI
2900448 | 23213 | 2004.08.13 [130°37.75 " | 37°03.45 ~ | 2004.08.23~ now APEX_Do| SBE43 | 700 10 229 11 46 |KORDI
2900449 | 23215 | 2004.08.13 [130°18.97 | 37°03.47 * | 2004.09.02~ now APEX_Do| SBE43 | 700 10 229 11 46 |KORDI
2900451 | 43787 | 2004.10.08 [130°27.58 "~ | 36°28.21 * | 2004.10.07~ now APEX | SBE41 | 700 10 232 8 46 |KORDI
2900452 | 43788 | 2004.10.08 [130°42.36 | 36°28.58 * | 2004.10.08~ now APEX | SBE41 | 700 10 232 8 44 |KORDI
2900453 | 43789 | 2004.10.08 [130°59.60 "~ | 36°40.41 ~ | 2004.10.08~ now APEX | SBE41 | 700 10 232 8 44 |KORDI
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Table 2-1. To be continued

WMO ID Telecom |Deployment Deployment point Observation period Float | Sensor HUMMWHN Cycle| DT UT | RT Remark
1D data Longitude | Latitude Type Type (m) (day) |(hour)| (hour)| (sec)
2900169 | 24889 | 2001.11.02 [130°32.16 ~ | 36°08.34 " | 2001.11.02~2001.12.28 | APEX | SBE41 | 800 7 158 10 62 |METRI
2900170 | 24890 | 2001.11.02 [130°18.60 " | 37°44.40 © | 2001.11.02~2002.10.05 | APEX | SBE41 | 800 7 158 10 62 |METRI
2900171 | 24892 | 2001.11.02 {130°38.28 * | 37°17.10 "~ | 2001.11.02~2003.07.08 | APEX | SBE41 | 800 7 158 10 62 |METRI
5900193 | 24680 | 2002.08.03 |129°23.16 " | 38°19.86 * | 2002.08.08~2004.08.12 | APEX | SBE41 | 800 7 157 11 46 |METRI
5900194 | 24681 | 2002.08.08 |130°12.42 * | 38°05.64 ~ | 2002.08.08~2003.10.16 | APEX | SBE41 | 800 7 157 11 46 |METRI
5900195 | 24682 | 2002.08.07 |131°42.12 " | 37°26.52 " | 2002.08.07 ~! now APEX | SBE41 | 800 7 157 11 44 |METRI
5900196 | 24683 | 2002.08.06 |131°51.18 " | 37°30.30 ~ | 2002.08.06 ~ now APEX | SBE41 | 800 7 157 11 44 |METRI
5900197 | 24851 | 2002.08.06 |131°08.64 " | 36°25.44 " | 2002.08.06~2002.11.05 | APEX | SBE41 | 800 7 157 11 44 |METRI
2900298 | 19378 | 2003.10.12 [130°20.52 * | 37°29.46 ~ | 2003.10.12~ now APEX | SBE41 | 800 7 158 12 44 |METRI
2900299 | 19383 | 2003.10.12 [130°20.94 * | 37°52.14 "~ | 2003.10.12+~ now APEX | SBE41 | 800 7 158 12 44 |METRI
2900300 | 19446 | 2003.10.12 [130°13.86 ~ | 38°06.12 "~ | 2003.10.12~ now APEX | SBE41 | 800 7 158 12 46 |METRI
2900302 | 19460 | 2003.10.12 {129°38.52 | 38°06.90 © | 2003.10.12~ now APEX | SBE41 | 800 7 158 12 46 |METRI
2900437 | 29804 | 2004.11.22 [130°43.20 * | 37°57.00 © | 2004.11.29~ now APEX | SBE41 | 800 7 158 12 46 |METRI
2900438 | 29808 | 2004.11.23 [129°17.73 " | 37°59.87 "~ | 2004.11.29~ now APEX | SBE41 | 800 7 158 12 46 |METRI
2900439 | 29812 | 2004.11.22 [130°16.80 " | 37°16.80 © | 2004.11.29~ now APEX | SBE41 | 800 7 158 12 46 |METRI
2900440 | 29814 | 2004.11.22 [130°16.80 * | 37°16.80 © | 2004.11.29~ now APEX | SBE41 | 800 7 158 12 46 |METRI
2900441 | 29802 | 2004.11.23 [129°39.60 ~ | 37°43.20 © | 2004.11.29~ now APEX | SBE41 | 800 7 158 12 46 |METRI
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Figure 2-2. Duration of Operation of the floats launched into the East
Sea by KORDI (Korea Ocean Research & Development Institute)
and METRI (Meteorological Research Institute) since 1998 listed

in Table 2-1. X and Y axes denote observation period in Julian
days and WMO ID of the floats, respectively.
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Figure 2-3. Monthly distribution of float data shown in Fig.
2-2.
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Table 2-2. Accuracy

of Sea-Bird CTD's Model 41

Sensor Cablibration Accuracy
Temperature ITS-90 0.002 C
Conductivity Standard Seawater 0.005 psu

Deadweight tester &
Pressure 2.4 dbars

pressure reference
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Figure 2-4. Locations of CTD profiles by the R/V Roser Revelle and

Professor Khromov (closed circle), and by Argo floats (square).
When the distance between the location of a CTD profile and
that of is less than 13 km an Argo profile. They are paired and

numbered from 1 to 25.

_17_



Table 2-3. Locations and distances of profile pairs of CTD and Float
profiles shown in Fig. 2-4

Location Distance
Pair number

CTD Float (km)
1 129.86°FE 35.84°N  129.855°E 35.822°N 2.05
2 131.25°E 35.96°N  131.269°E 35.956°N 177
3 131.84°E 36.59°N  131.780°E 36.594°N 5.37
4 131.23°E 3651°N  131.273°E 36.530°N 2.31
5 130.62°E 36.50°N  130.639°E 36.522°N 2.98
6 130.05°E 36.50°N  130.065°E 36.489°N 1.81
7 129.94°FE 37.06°N  129.880°E 37.073°N 5.52
8 131.84°E 3755°N  131.844°E 37.527°N 2.58
9 131.63°E 37.30°N  131.666°E 37.331°N 4.69
10 131.42°E 37.42°N  131.435°E 37.438°N 2.40
11 131.24°E 37.55°N = 1131.230°E" 37.529°N 2.39
12 130.35°E 37.56°N  130.397°E 37.553°N 4.22
13 129.76°E 3756°N  129.797°E 37.617°N 7.13
14 130.42°E 37.95°N  130.439°E 37.960°N 2.00
15 132.00°E 37.83°N  132.006°E 37.863°N 3.71
16 132.70°E 37.90°N  132.692°E 37.878°N 2.57
17 131.16°E 37.08°N  131.189°E 37.056°N 3.71
18 130.56°E 37.01°N  130.557°E 37.049°N 4.34
19 131.31°E 3894°N  131.310°E 38.939°N 0.11
20 131.43°E 39.28°N  131.385°E 39.374°N 11.14
21 133.25°E 38.08°N  133.272°E 38.075°N 2.00
22 134.00°E 39.26°N  134.048°E 39.255°N 4.17
23 134.00°E 40.33°N  134.050°E 40.303°N 5.19
24 135.10°E 37.49°N  135.003°E 37.414°N 12.03
25 135.22°FE 38.35°N  135.121°E 38.367°N 8.84
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Figure 2-6. Vertical profiles of (a) potential temperature and
(b) salinity between 500 m and 700 m depth of the
pairs in Fig. 2-4. Solid and dotted lines denote CTD

and float data, respectively.
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Figure 2-7. Differences in (a) potential temperature and
(b) salinity between CTD and float of each pair

shown in Fig. 2-6.
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Table 2-4. Dates and locations of CTD and Float (WMO ID's 2900205 and

2900207) profiles

Type Date Location
CTD hydrocast
(SBE911plus) 02-Sep-02 130.004°E, 35.999°N
@ Float (2900205) 12-Sep-02 130.032°E, 35.958°N
Difference 10 days = 521 km
CTD 02-Jun-03 131.527°E, 36.456°N
(b)  Float (2900205) 30-May-03 131.619°E, 36.445°N
Difference 4 days = 1.22 km
CTD 02-Sep—02 130.343°E, 36.173°N
(¢)  Float (2900207) 12-5Sep-02 130.487°E, 36.191°N
Difference 10 days = 13.07 km
CTD 02-Jun-03 132.027°E, 36.340°N
(d)  Float (2900207) 30-May-03 132.048°E, 36.354°N
Difference 4 days = 244 km
Thoa)E HEFH AT Figure 2-99] ()¢} (o), (o), (@)= F&4 A& g (d),
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r g
5\

1:1_11?‘4

45, CTD AF=.9}
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Table 2-5. Statistics of the differences in temperature and salinity between
the data from CTD and Float, WMO ID's 2900205 and 2900207

Type Average Standard deviation RMS
o Temperature (C) 0.0016 0.0027 0.0031
) Salinity 0.0013 0.0004 0.0013
. Temperature (C) 0.0336 0.0079 0.0344
Salinity 0.0088 0.0005 0.0089
© Temperature (C) -0.0251 0.0089 0.0265
) Salinity -0.00011 0.0003 0.0003
@ Temperature (C)  -0.00016 0.0099 0.0095
Salinity 0.0065 0.0011 0.0065
gk oF 00019 dis DS 7 Ak Sl 1d ol Ar|ztel A S #
3k digho] wig- kA olgtH o] ATeA AL W #Z7|e] AA A&
2 4 Ut
T AS, T AR Aol Hire -0.0251~0.0336 T, ETAAE 0.002

0.0
7~o.oo99°c, rms= 0.0031~0.0344 (Table 2-5)& s FX0F vlwd A9 &
= Argo TEIYA Q3= F 0.005Te FHo) oAl )

T
Fig. 2-109 EAE A3 2ol Fa ¥ AgelA] F5 e
% ¥

kmell oJsf A 0.0012Ce] = 27F A2 5 Ut o] 9 HAdsfF= o

cm/s AEolal WEARE o9 FAlste] (Park et al, 2004), slF<F HEA <
& TU3 A HoMet e 499 A= oF 0.035CY £ WIE g 5 9
ok & A Qe e JARS BB Ame F

14 Qe el ol
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Figure 2-9. Differences of salinity (a, ¢, e, g) and temperature (b, d, f, h)

between the data from CTD and Floats, (a) and (b) WMO ID
2000205 (12-Sep-2002), (c) and (d) WMO ID 2900205 (30-May-2003),
(e) and (f) WMO ID 2900207 (12-Sep-2002), and (g) and (h) WMO
ID 2900207 (30-May-2003) in Fig. 2-8.
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Figure 2-10. Horizontal distributions of (a) potential temperature and
(b) salinity at 700 m depth from CTD data by the R/V Roser
Revelle and Professor from June 25 to August 8, 1999 in the
East Sea.
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Figure 2-11. Trajectories from floats, WMO ID's 2900225, 2900209,
2900205 and 2900207.
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Figure 2-12. Vertical profiles of temperature and salinity from Float
1 (WMO ID 2900225) and Float 2 (WMO ID 2900209) (a) 2
months, and (b) 17 months after the deployment, and (c)
from Float 3 (WMO ID 2900205) and Float 4 (WMO ID
2900207), 2 months after the deployment.
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Table 2-6. Dates and locations of launch and profiles by floats, WMO ID's
2900225 (Float 1), 2900209 (Float 2), 2900205 (Float 3) and 2900207

(Float 4)
Launch 2 months after 17 months after
WMO ID
Date Location Date Location Date Location
2900225 o 130.523°E e 129899°E . 132127°E
(Float 1) 0256702 g oy 02NOVI02 a7y 057FEb-04 ooy
2900209 o 130.350°E e 129916 . . 132.089°F
(Float 2) 02 56702 ggqggoy 027NOvI02 - ag gy 267 Jan04 o 70oy
Difference - = 2447 km - = 189 km 10 days = 6.8 km
2900205 - 130.009°E e 130.421°F
(Float 3) 02 5P 02 gggapay HENOV0Z g g0y
2900207 - 130.241°F e 130.479°E
(Float 4) 275702 agoigey  O1TNOvZ02 o hsnay
Difference - = 29.35 km 10days = 52 km

Table 2-7. Statistics of the differences in temperature and salinity between
the data from Float 1 and Float 2, and Float 3 and Float 4

2 months after
(Float 1 & Float 2)

17 months after
(Float 1 & Float 2)

2 months after

(Float 3 & Float 4)

T (C) S T (C) S T (C) S
Aveage  0.0077 0.0012 -0.0024 0.0001 0.0024 0.0001
Standard
o 0.0067 0.0004 0.01 0.0006 0.006 0.0006
deviation
RMS 0.01 0.0013 0.01 0.0005 0.0057 0.0005
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Figure 2-13. Differences in (a) salinity and (b) temperature between the
data from Float 1 and Float 2, 2 months after the deployment,
and (c) salinity and (d) temperature 17 months after the
deployment, and (e) salinity and (f) temperature between the data
from Float 3 and Float 4, 2 months after the deployment.
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Axz T3 FTF Ha dEFHoIY. CTD AAe BAHL SIO (Scripps
Institution of Oceanography)olA] o] Fojxom A AA e AITE= 0.0020]%
ola, A™XEE 0.00050 ZAbstel AFe] @R WstE Hud=d §olsttt
(Talley et al., 2004).
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Poieniial temperature = 0.4°C
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Figure 2-14. The time series of salinity on potential temperature 0.4C
surface from WMO ID's 2900225, 2900205, 2900207, 2900209, 2900299,
2900302, 5900194, 2900325 and 2900326. X and Y axes denote the
number of profiles and salinity, respectively. The dotted line
represents mean value of salinity from CTD data in the southern part
of the East Sea.
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Potential temperature = 0,4°C
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Figure 2-15. The same as Fig. 2-14, but for WMO ID's 2900201, 2900202,
2900203, 2900204 and 2900298.
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T A= 04TH sidets Gi-gkoltt. 2900204 37]1% 71l biocide?l]
o g GEATIE UEe] ol % QrAE g Holthh 40w Zshel o] FyY
gl A8 woldd. CTD #3 Art 178 44L AF2 Az g o
¥ PEE nolth A4 1MRE 17944 CTD A9 g¥e thh wWaiZe] 2
A dERtA R, AN o B ek CTD ARe] A% Wats $AS 728
Wtk 2000204 S0 AR AWM FANL W} o] FaY B ofriE

s AA BFoR M3lEA ontESH I ofnfEE X o] AAWS wEl oF
stttrh ofulESE FAFE A3lgte] ofnfERAR fYHrt (Fig. 2-18(a).
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Figure 2-16. The same as

Fig. 2-14, but for WMO ID's 2900202,
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Potential temperature = 0,4"C
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Figure 2-17. The time series of salinity on potential temperature 0.4C
surface from (a) WMO ID 2900204 and (b) ONR CTD data.
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Potential tempersture = 0.4°C
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Figure 2-19. The same as Fig. 2-14, but for WMO ID's 5900196, 2900170
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g 1~50 ARE ALt A AAHT Alol9 FolE F3 F olF H F
Aol AH&atArt (Fig. 2-22(b)ell 3AIE shA). o] oz HAYS A5E 9
43 H-S B¥X % (Fig. 2-22(c)olAM = AL Al Z2add Yo7t = XA
2=1)

Figure 2-19¢} o] &7l @igte] dA Aoz HugtolA H/E 45
|= F@ae s e Ho %013}74] FerEAds & F U (Fig.
2-23). Figure 2-23< Fig. 2-6(b)9] A& H
ol dAsAY Fgks dAge A4S ‘?rx]fﬂ Ag-ol By AdE Bl A
AL NS, 242 CTDRAS YER L, 28 34 e nAs 435 B
< 3 A& CTD #3 oA 4 3 AT d&8%s e
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RAL S/ AmeA Hit dE#FS W AE HEd 5, SO0 GEFA
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Salinity at the parking depths

34070 - T T T T 1
:.‘ e, ..-i—-._.—_,-_-._________..-l"l-,____.
= 34,065 /—’ |
=
;:-'f. 34.060 - Mean : 34,0673
34.0585 L L 1 L L |
(i 5 10 15 20 25 30

NMumber of Profiles

Figure 2-21. The time series of salinity at the parking depths from WMO
ID 2900201. Here the horizontal axis is the number of profiles made.
The profiles were made at every 10 days, approximately. The dashed
line represents average value at the parking depth excluding the data

from the first five profiles.
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Figure 2-22. ©-S diagrams from WMO ID 2900201. Asterisks denote
data from the first five profiles and dots from the remaining
profiles. @-S diagrams before and the calibration of salinity are

shown in (a) and (b), and that after the calibration in (c). In

(b) and (c), data from levels deeper than 500 m are used.
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L Argo E7] ARE ©48 B3 ¥r sde 3
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of\

1. o Lu| A

selle dedes TalAe seTeet dAH, 2R E S SaAAE
ARG, 2okt BEEHES FilAE Lxxas e A4, HoeAS
4049 m, A oF 1684 melth (FHsFAT, 2002a). 4709 HHS A<
stale SA2 EYMte] glom, sfgel a4 T 200 m ol 2w vrol o
o= Atdd 59€A FxE 7MY (Fig. 3-1).

ol A g2 EHow Qi AR AT dousde dojd 5 gl
om e HAl g oF 10% HEQd ZFTRbe] AP G wsEt (g3
FATd, 2002a). T ETEdS dIAHS Sl FAHE thrbdFael
3l A= (Fig. 3-2), AFss Sl oA AT Hidd F F£3dy
(Senjyu and Sudo, 1993; Seung and Yoon, 1995). wztA EafolA 200 m ] A
o] TATEHS dd il o dojur oA HAEE gAY ddiEe
3il= Sl Aot} (Park et al., 2004).

Togtel vE] e FAFTEs tig At F53 Aol a

°
T 9 AsEREH e FxE

Sudo, 1994). Kim et al. (1991)& CTD #= Ay =

= obdlol AlAl WEke] £=3lo] UYSS Btk whA FHFAE o] &3 BZA

Jet gEEAe] AFETe WA Yol Ao FEel AA WFH wA

E

A W&o 5] vEeRdtt (Chang et al., 2002; Teague et al., 2004). 1 ZA &
ol AT £#S oldsty] AdME e dAs B3 e A
) W50l ol FolAof ARt TAT et o] o HY] wEel wHAd=
avH gA o
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Figure 3-1. Bathymetry of the East Sea. Abbreviations for the area
are as follows; DI: Dok Island, JB: Japan Basin, KP: Korea
Plateau, KS: Korean Straits, OS: Oki Spur, SS: Soya Straits,
TS: Tsugaru Straits, TTS: Tatar Straits, UB: Ulleung Basin.
UL Ulleung Island, UIG: Ulleung Interplain Gap, YB: Yamato
Basin and YR:! Yamato Rise.
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Figure 3-2. Schematic map for surface currents in the

East Sea (after Naganuma, 1977). C: Cold-water
regions, W: Warm-water regions, H: relatively high
temperature regions, NB: Nearshore Branch, LCC:
Liman Current, EKWC: East Korean Warm Current,
NKCC: North Korean Cold Current, S: Soya straits,
SPF: Subpolar Front, T: Tsugaru straits.
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Kitani et al. (1987)¢} Takematsu et al. (1999)% 3| FAE ©]§3fe] ofw}
ERAS dE2EA FAFol tg slFE dSeddh A2 = w3 FAAT S
Aol A 3lFAS PIES (pressure-sensor—equipped inverted echo sounders)E ©]
&3t AHAHQ 7 #=F AU RuEHAY (Chang et al., 2002; Teague et al.,

2004). e #2 ARst FREA o} 7 BAoIA Y HFES sefd F gl

& PAH AR AFS WA LAk ARAL 299 AR AR
7 Wgd 1 ARE Eoets ARE BEAIdE FE Arene o}
7 A E AFAA R SR BEo] o Fol Ak gk,

19909t FHRE B FHETY 2R AT A SAE olaw
AR Bel FAHL k. dA AFWFe] BAE AFBYFREY ok
ARE BET £ Q7 WEA FAEF E4% AFS Rebsed W 4§

o S ARE ]85} %%l‘%ﬂ e T3l —%%%ﬂ

gy Fa g sl Adxnte]l dig FFFe] &dtel daiAs ofA kA |
gttt wekA A E 3
Sl shs ARz g

3 Hi5 Y T oS Fetslr] 98] 19989 HEH 2004 12€ 7}
A B FA T A FEke 34dle] S T 29t Ehet VAT Aol T
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skl 17019 B0 T 12019 EHelA FalE 2325709 HAARE o] &)
AFEE Z09 XA JNFE Table 3-10] A==z FREA e O,
e Z70 tgk A A s ARE Table 2-1914 A T3+

)

4
of

Table 3-1. Number of floats in operation and displacement data in each
yvear between October 1998 and December 2004

Year Number of floats Number of
in operation displacement data
1998 1 14
1999 2 115
2000 4 98
2001 10 147
2002 18 405
2003 26 622
2004 34 924
3 F Al e IS Y] AAARAA AEE FdET
o

Figure 3-3°14 Sfioll A Ssi& 7158 A3} XA R 2 5E ALbE @5
F42 eI, Psel Al PR AA AFEAAe] f45E Gt DTE &
A7F AZAN MPE AROE, BAL ABE AAF T AFFANA 35

Ao A %&‘:‘r DT¢ UTE= E71 A% A AAld. Sate= =707

EFo] Eae AT Aol dis EA AFFAAA @ Aol
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L=t cycle Sat

- >

Sf; i Ss,  Sf,
(1) (1)

(2)
Pt
L e at L
- > -
DT rr

Figure 3-3. Vertical diagram of the float. DT: Time between the
beginning of descent and the beginning of ascent, UT: Time
between the beginning of ascent and the beginning of descent,
Sat: Surfacing time, Ssii First position determination after
surfacing, Sf,: Last position determination before descent, Ss;~
Sfy:  Drifting position and time at the surface, Sf;~Ssi:
Observation current velocity estimates at the parking depth from
the float data, Ps~Pf: True current velocity estimates at the
parking depth from the float data, at: ascent time, dt: descent
time, (1): Error due to drifting on the surface, (2): Error caused

by drifting during ascent and descent.
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AlZrolw, ate AFTFAANA EF7HA dssted dels Algtolth

Lagrangian W2l 3] xEF{3E Argo E7/1E ol &3t Ags &S
o3} Al uletafoF &t} Figure 3-3914 HQl
AAH S0 §1A7F getE = A gbo]l EIH7L et A FolAY et A
o ofy7] wiitel ZdelA (D= Yekd FEvEe &% oxrp dAg
ARGOS AlZ=®& %30l Weg ZoA Bies Aads vwygor E719
A5 FAsH, FAE Ame AAE 449 Class® el Aot gtk
(Table 3-2). ©] Class = 1, 2, 3 &= E/M9 HAAE=Z o|&sl 9l
(Ichikawa et al., 2001).
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lo
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Table 3-2. The ARGOS system uses the "location classes” to represent

the accuracy of calculated locations

Class Precision
3 Precision <150 m
2 150 m < Precision < 350 m
1 350 m < Precision < 1000 m
0 1000 m < Precision

2] A5 & F dude AFFA7A s
st Etd AlFFAddA et st 2FE AE - Figo 3-3904 (22 %
A getrd = 7] Wil EU1e 91AE ol&ste] 74
Sk A FFAANAY fFE&de 22V £8E S5t §lth (Ichikawa et al, 2001;
Park, 2001).

webA AlFaaldd e Ak fE&s A7) A= S
Fotol whel BAstE exket EF st woba shdske Ebel @l el
o) xR ox, 2l salel FetE S BF 2e AFT

AR &7 Wi LFEFLE (Table 2-1 #%) A F449 ZJolo] o3t 232 3
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Womber of Diala

LR REELELRELE

Figure 3-4. Number of data points in 0.5°<0.5° bin. A bin with 3
more data points are made with a gray stick whose height
represents the number of data. Triangle means less than 3

data points.
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Figure 3-5. Histogram of the time (a) between the surfacing and the

first fix, (b) between the last fix and the beginning of descent.
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SN ESol EEke A5 AFow AXART VIEHAA AEe Al

e 70% o]/de] 1Az ool (Fig. 3-5(a)), "HAZ o2 7|55 A=<}

SN AT ARl FAHE AR 70% o]do] 2417 oule|t} (Fig.
3-5(b)). ©] A2 Ichikawa et al. (2001)2] Az} ARt}

E7F 5 =gd A5 A= ﬂ"“jé% ol &sto] FAHSA 71

A SAARE o] &l s e § EAVF EFol mEE A5 A

g AEste 7 B30 mEd A5 AE A&k olEA AEH
AAE AA #ZH A9 vustH EHT‘EHTQ/] E/7F £10 kmeoldjol] &gttt
(Fig. 3-6). FAld A== MF7t BS55E 2Lx7F v Ichikawa et al
(200D EFol =" A5 AAE 7|EE g 2A HFsA o, Park

(2001) CELIC (Curve Estimation including Linear and clockwise-circular
motion) #AWHE AE&ste] SN HF =T AT gAE FASATH
Park(200D)e] W=W xFJoA ZFYEE Ages HAd 27 km=E 919 ARG
Atk ZAAT FFA FFRHE FEHS 0% ool EH7F 10% ool A}
ool &8k oF 0.07 cm/se] FEEkS %

e dAste T4 A7 I EFHE F
SN s sk < dllFel fd EFE
ot (Fig. 3-8). S7/17F d<sdt= et 7% (Fig. 3-8A ( 7
& 53 2ol S FAHE F53 AGFE olEste] AT = Ao ©]
Al

W& Ichikawa et al,, (2001)7} AA| gk WHE o] &35 =)

Dt Dt
Dszo (VZ+Vt)dt=f0 (V )dt+V Dt @

Aol AAFE (Fig. 3-8914 V)& #5755 (Fig. 3-8914 Vel A

ZN7Y AEstE 5o AU E S5 2AE AT oa =43 5 9t}
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Figure 3-6. Difference of distance between recorded
positions and calculated positions by linear
interpolation.
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Figure 3-7. Estimated error ratio in case of the error(1)

in Fig. 3-3.
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Figure 3-8. Schematic of the error (2) estimation for the
period from the ascent/descent time. Sat: Surfacing
time, V¢ True current velocity at the parking depth,
V,i Current velocity at the parking depth, which is

estimated based on surfacing time and positions.

Fregquencyl %

1 M M 40 50 &% T4 BD %0 1Oo@
Error {24 %)

Figure 3-9. Estimated error ratio in case of the error(2)
in Fig. 3-3.
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128 130 132 13 136 138 140

Figure 3-10. Velocity vector estimates at the parking depths
using 2325 displacement data from 41 floats. Different

color means different parking depth.
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128 129 130 131 132 133 134 135 136 137 138 139 140 141
Figure 3-11. Mean velocity estimates at each bin. Results from
bins containing three or more data are shown, using 93%

of the total displacement data. Arrows are contoured at the

center of each bin.
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olgel ARE 2 Axel BN FTAEE FROM, 2 A qF FIH
SWE s Fig. 3-113 2k SIAA5e] 939% ol o] ol gEgom, Birfsue
t 7 A B4 et oftERAY REY A AR pEoR
Qs BT HEUE AL F AU
33. %% A W@
) AzelA FHE /4 W] A8 BA AN Qe ATAF

FAA A AEE v gr (Fig. 3-12). Figure 3-12+= 600 m ©] 4
M #EE sall FHEAFE WEkdl Aoty dEEA N AT FH MI~M7
& Takematsu et al. (1999)°] &} #=¥ A= 1993 F-E 1996 d ] AA 11
Mol ZAAE 2d &t #SHAY ofmtEEA A #5dE AH X Y, Ze
19861 10€ 58 19971 4971 600 m o] AelAl #=FH Feola, U, V, WEHLS
198713 10€H8 1988 5¥ 714 1000 m olAldlA #ZFH Aelt (Kitani, 1987).
L2 Lie et al. (1989)ell 3 °oF 704 &<t #3d a7 Z3olrh. Al~Al3e
2 3BA" 4HAL Fig. 3-114 e EodA FA4E A f&o= s7A 2
A3 FrAbgE ARel AgE FESAT

¢
N\

2=
How Ade] % Po}ﬂl UEbd ek visdk Al BSE Agols S A
F4d 5% dFAE Al d5H FHol FE] FASHAl dEbdH (Table
3-3).
w3 Ak ofse L= A" A Fol M=, Lie et al (1989)°l €3] 790 m
TN 38 ecm/se FEF7E BSHAT o] ARl dFE= SN 2o

A4 (AR) 29 cm/s2 P59 558 Helth
Chang et al. (2002)° ¢t EC4 A Ao A= s3] AdS wet 1210 mo
AZolA 62 cm/sé e FEFR7E UEbdH, 770 melAd= 3 cm/se] FEEE
Btk o] Aol P E S AR5 (AN 27 cm/s® F&5S YERUY &
A As et 2 WEs Bth
UIG (ECD)ellA, Chang et al. (2002)-> 390 melA = 24 cm/s, 1380 mell A
= 14 cm/s9 EAFE #5932, E7 AR (ADAAM = 32 cm/sY EAF7

o,
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#55 S th Teague et al. (2000 °lstH AH EC1Y 777 m FAolA 1.87
cm/s f&o] #A=HArk 400 m oA A HIFHLEE 08~27 cm/s HAES

zt=1t} (Chang et al, 2004).

Table 3-3. Compared with the velocity of the current meters and Argo
floats in Fig. 3-12

Measurement station Velocity (measurement depth)
Current meter Argo float Current meter Argo float
L (Lie et al, 1989) A8 3.8 cm/s (790 m) 2.9 cm/s (700 m)
EC4 (Chang et al., 2002) A7 3 cm/s (770 m) 2.7 cm/s (700 m)
EC1 (Teague et al, 2004) A4 2 cm/s (700 m) 3.2 cm/s (700 m)

M5 (Takematsu et al, 1999) A2 39 cm/s (900 m) 4.3 cm/s (700 m)

ESEAN AT B EC3AAME FA w3 Ad 2200 melA 067
cm/s9 HEF7E S AR (A5)9A = 700 molA 2.6 cm/s9] Frol B
t}. Teague et al (2004)= 669 molA H1 0.14 cm/s. A 94 cm/se F£&
#=Ah A EC2oA4 = dFA 23 1670 melA 0.9 cm/s, 669 molA &= 0.14
cm/s (Teague et al, 2004)9] H&F7F #5HYoH, E7 A5 (AG)AA = HT
1.3 cy/s®] HE 7 #S5H AT

UEBA] FAEFg G A M5 AHe 900 m g4l A, Takematsu et
al. (1999)= 39 cm/s®] o3t Hakiol S5AS Hole AM3diE #5301, =4 &
FoME (A2, A3) 4.3 cm/s$} 3.6 cm/se] M E&FoF I SFIE dSE A

ol E &l M2 A H A= Takematsu et al (1999)°] <&} 2000 mol A
04 cm/so] HFEF7F #SHAT o] Ao AM = #5d S8 A=7F §l7] wol
AT wR olel &% AxAFAE B (A1) 700 mollA 15 em/se] HAHFIF w3
oAt

ol AW EI SR s oF FdFe] detve= 3ol7] wEd

flo

E

ol



130E 1357E 1eTE

Figure 3-12. Mean current vectors observed below 600 m depth

in the East Sea (from Chang et al, 2002). The
measurements are based on Chang et al (2002) in the
Ulleung Basin, Kitani (1987) in the Yamato Basin,
Takematsu et al (1999) in the Japan Basin, and Lie et
al. (1989) at position L. Al~Al3 represents the mean

current vectors from the Argo floats in Fig. 3-11.

_66_



o
=
A%
ol

(Takematsu et al, 1999; Chang et al., 2002), lFA Azo|Ae WHE
H, 5 A5dA 4 K& AF weirh

%

34.

ol

3.4.1. BT F

Figure 3-13°] sjA A&7 37 05°x0.5° AAtel &= 4]
Jol gt EFAAF (Standard deviation)E& YERN ST Ho S5 E 9 2-HA
o BT Az SAd dEdld. BaEREe] Wede] dAntdorw HuFE Av]e}
FrAFSHAl YEbUH, S AhS webx e gRAdRe] WEe] © AA eI
19 2 A= sfiFdel o3 #AFAFddAAE & + AUt (Chang et al,
5

2002). Figure 3-14& #TAF=ZEEH 538 53 S5 A

O

O

oo
dehte, of 58 £ERAS B FE ¥ (UIDE B $FEA do

A WFo R AHRE 55 BAU

ro
O,
:’013
Hu
)
r 2|
e
iy
B
=2
>
=
offt
o
rO
o
=)
L)
o
=)
ol
rir
ot
i
o,
r )
AN JIN,
i,
O,
[
D
S

oftt
S
N

=
=i
N
)
o
2
=}
a=h
fr
M
Y
il



12% 130 132 134 136 138 140

LI L 20 JUHHD 0

Figure 3-13. Mean velocity estimates at each bin along with their
standard deviation ellipses and the bottom relief in color
shadings. Arrows and ellipses are contoured at the center of

each bin.
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Figure 3-14. Schematic of intermediate level circulation pattern
inferred from the Argo floats data over the southern part
of the East Sea.
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from floats,

Figure 3-15. Trajectories

and

Telecom ID's 18418 and 18419,

WMO

Filled gray

ID  2900443.

denote  the deployment

circles

points.
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Figure 3-16. Trajectories from floats,
2900298, 5900193, 2900302, 2900328, 2900329 and 2900299.
The same as Fig. 3-15.
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Figure 3-17. Trajectories from floats, WMO ID's 2900206,
2900327, 2900209, 2900225, 2900205, 2900207, 2900203,
2900326, 5900195 and 5900196. The same as Fig. 3-15.
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Figure 3-18. Trajectories from floats, Telecom ID's 18418 and
18419, WMO ID's 2900204, 2900205, 2900207 and 2900203.
The same as Fig. 3-15.
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Figure 4-1. Stations CTD from the R/V Roser Revelle and Professor

Khromov from June 25 to August 8, 1999. Geostrophic calculations

were performed along the gray line.
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Figure 4-7. Distribution of geostrophic velocity to 38-40°N section. Gray color means negative value.
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