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In-situ buoy data intercomparison between TRITON and TAO
in the western tropical Pacific Ocean

Yoshifumi KURODA** Kazuhiko SONQ®® Kentaro ANDO*
H. Paul FREITAG® Michael J. McPHADEN®

One of the major purposes of TRITON array is to monitor ENSO in the entire tropical Pacific Ocean harmonized
with TAO array. For that purpose, the data from both buoy arrays should have compatibility with good quality. To vali-
date the data compatibility between the two buoy systems, the TRITON buoys were deployed close to TAO buoys at
several sites to enable the intercomparison from a few months to eight months as longest ifO88akbvember
1999 when the TRITON buoys replaced the TAO buoys in the western tropical Pacific Ocean. The compared parame-
ters, which are obtained by the standard TAO buoy (standard ATLAS buoy), are wind direction, wind speed, air tem-
perature, relative humidity, and water temperature. The results show generally good agreement between the meteoro-
logical data from the two buoy systems, except the wind direction. The wind directions measured by TRITON buoys
deviate more significantly, and pre- and post-carlibration will be taken to minimize the difference. The water tempera-

ture from both systems shows good agreement and stability of temperature sensors of TRITON buoy is quite stable dur-
ing one year measurement.
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Fig.1 TRITON and TAO array.
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Fig. 2 Schematic diagram of TRITON buoy.
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Fig. 3 Schematic diagram of TAO buoy (standard ATLAS)
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Table 1 TRITON sensor list

Wind speed and direction

AS-IMET wind speed and direction module, 7050-A, WHOI
(with R.M. Young, 05103)

Shortwave radiation

AS-IMET shortwave radiation module, 7070-A, WHOI
(with Epply Precision Spectral Pyranometer)

Relative humidity and air temperature

AS-IMET relative humidity module, 7030-A, WHOI
(with Rotronic, MP-101A)

Precipitation

| ORG-115(mini-ORG), Scientific Technology, Inc.

Barometric pressure

| Digiquartz, MET 1-485, Paroscientific, Inc.

CT/CTD (Conductivity, Temperature and Depth)

| MicroCAT, SBE 37-IM, Sea Bird Electronics

Current speed and direction

| Argonaut-MD, Son Tek

£2 AT — A
Table 2 TRITON sensor specifications

Sensor Range Resolution Nominal accuracy Height and depth of sensor

Wind Speed 0-60 m/s 0.1 m/s 0.3 m/s 3.5 m above the sea surface
Direction 0-360 deg 1 deg 2 deg (compass accuracy)

Shortwave radiation 0-1400 W/m2 0.1 W/im2 0.50% 3.0 m above the sea surface

Relative humidity 0-100 %RH 0.1 %RH 2 %RH 2.2 m above the sea surface

Air temperature -20-+55C 0.01C 0.1C 2.2 m above the sea surface

Precipitation 0-500 mm/h 0.001 mm 5% 3.0 m above the sea surface

Barometric pressure 800-1100 hPa 0.0038% 0.01% 2.0 m above the sea surface

CT/CTD Conductivity 0-70 ms/cm 0.001 ms/cm 0.003 ms/cm 1.5,25,50,75,100,125,150,
Temperature -3-33°C 0.0006 C 0.002 C 200,250,300,500,750 m depth
Depth 0-1000 psia 0.003 % F.S. 0.15% FS. 300 and 750 m depth

Current Speed 0-1000 cm/s 0.1cml/s 1%, 0.5 cm/s 10 m depth (where is acoustic
Direction 0-360 deg 0.1 deg 2 deg beam center with 1.5m width)
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Nominal accuracy: Manufacturer's specifications
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Fig. 4 Data sampling scheme of (a) TRITON buoy, (b) TAO buoy (standard ATLAS buoy).
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Table 3 Observation period and buoy ID number at each location of TRITON and TAO buoys
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number : observation number

: TAO replaced by TRITON
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Table 4 Monthly mean difference and standard deviation of air temperature, relative humidity, wind
direction/speed, and water temperature between TAO and TRITON (TAO-TRITQRS) 26E

(buoy ID numbef5001)

ITEM UNIT Mar.99 Apr.99 May.99 Jun.99 Jul.99 Aug.99 Sep.99 Oct.99 Nov-99*) whole
AT MEAN c 0.05 0.00 0.01 0.02 0.04 0.06 0.03 0.08 0.05 0.04
S.D. T 0.15 0.07 0.08 0.12 0.09 0.12 0.08 0.07 0.04 0.10
RH MEAN % -1.82 -1.42 -1.34 -1.50 -1.43 -1.45 -1.33 -1.47 -1.34 -1.46
S.D. % 1.03 0.44 0.50 0.66 0.62 0.55 0.46 0.40 0.40 0.60
MEAN degree -13.86 -11.93 -11.20 -8.44 -10.22 -8.40 -13.65 -11.71 -10.74 -11.11
WD S.D. degree 2.82 5.03 5.93 19.86 11.55 12.46 8.98 5.76 2.41 10.39
magnetic deviation degree 7.28
MEAN(corrected) degree -21.14 -19.21 -18.48 -15.72 -17.5 -15.68 -20.93 -18.99 -18.02 -18.39
ws MEAN m/s 0.08 0.02 -0.03 -0.22 -0.17 -0.15 -0.10 0.02 -0.02 -0.07
S.D. m/s 0.14 0.27 0.27 0.46 0.46 0.29 0.29 0.26 0.21 0.33
ssT MEAN C 0.01 0.01 0.00 0.02 -0.02 0.03 0.02 0.04 0.04 0.01
S.D. T 0.04 0.03 0.04 0.06 0.07 0.04 0.03 0.03 0.02 0.05
TLE MEAN c 0.01 0.01 0.00 0.02 -0.02 0.03 0.02 0.04 0.04 0.01
S.D. C 0.04 0.03 0.04 0.06 0.07 0.04 0.03 0.03 0.02 0.05
15 MEAN T 0.00 -0.01 -0.01 0.01 0.01 0.03 0.00 0.04 0.03 0.01
S.D. c 0.04 0.03 0.04 0.04 0.02 0.02 0.03 0.04 0.02 0.04
T50 MEAN c 0.01 0.02 0.01 0.03 0.02 0.00 -0.01 0.03 0.03 0.01
S.D. T 0.03 0.05 0.04 0.04 0.02 0.03 0.03 0.04 0.02 0.04
75 MEAN c 0.00 0.00 0.03 0.03 0.02 0.01 0.01 0.04 -0.02 0.02
S.D. c 0.04 0.04 0.06 0.03 0.03 0.04 0.04 0.05 0.08 0.05
T100 MEAN c -0.01 0.00 0.04 0.02 0.04 0.01 0.01 0.03 0.02 0.02
S.D. T 0.06 0.06 0.09 0.05 0.05 0.06 0.06 0.05 0.02 0.06
T125 MEAN c -0.03 -0.01 -0.01 0.02 0.05 0.10 0.04 0.02 0.07 0.03
S.D. c 0.06 0.04 0.02 0.09 0.09 0.14 0.09 0.08 0.07 0.09
T150 MEAN c 0.01 -0.02 0.03 0.06 0.08 0.17 0.12 0.14 0.11 0.08
S.D. C 0.07 0.05 0.07 0.09 0.18 0.13 0.14 0.15 0.09 0.13
T200 MEAN c 0.00 -0.02 0.06 -0.03 -0.04 -0.04 -0.03 -0.03 -0.20 -0.02
S.D. T 0.14 0.13 0.23 0.31 0.22 0.28 0.28 0.21 0.21 0.23
T250 MEAN T 0.03 0.06 0.06 -0.02 -0.05 0.06 0.06 -0.10 -0.14 0.01
S.D. c 0.13 0.12 0.20 0.13 0.13 0.24 0.13 0.16 0.19 0.17
T300 MEAN c 0.00 0.00 0.02 -0.02 -0.02 0.00 -0.01 -0.03 -0.02 -0.01
S.D. T 0.09 0.06 0.06 0.04 0.05 0.06 0.06 0.03 0.03 0.06
T500 MEAN c 0.06 0.07 0.04 0.03 0.04 0.00 0.04 0.07 0.04 0.04
S.D. c 0.05 0.07 0.06 0.08 0.05 0.07 0.07 0.08 0.04 0.07

Note : TAO data was replaced by TRITON data on 6 Nov., then statistics was calculated up to 5 Nov.
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Fig. 6 Comparison of TRITON and TAO daily subsurface temperatur2SE6E, where TRITON data during Mar¢B99-March
2000 and TAO data during March999-November1999. (a) observed data, where AT is air temperature; SSToat for
TRITON and atlm for TAO, (b) temperature difference, (TAO)-(TRITON), (c) pressure das@(am depth sensor from
TRITON and TAO, 500m from TAO, 750m from TRITON.
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Table 5 Drift estimation for the TRITON sensors determined from pre- and post-calibration
difference after a year long mooring

) PreCal. PostCal. Drift

Sensor SIN Unit A ®) ©=B)r")
AT 317 c 0.06 -0.05 -0.12
RH 317 % -0.21 -1.10 -0.89
T15 537 c 0.001248 -0.000557 -0.001805
T25 528 (¢ 0.001085 0.001402 0.000317
T50 521 c 0.001299 -0.000671 -0.001970
T75 546 c 0.001415 -0.000012 -0.001427
T100 538 c 0.001243 -0.000263 -0.001506
T125 508 c 0.001893 0.001281 -0.000612
T150 550 c 0.001780 -0.000196 -0.001976
T200 536 c 0.001083 0.000030 -0.001052
T250 545 c 0.001516 0.000236 -0.001279
T300 506 c 0.001359 -0.000071 -0.001430
T500 527 c 0.001228 0.000309 -0.000920
T750 504 c 0.001090 0.000121 -0.000968
CT/CTD mean - [ - - -0.001219

Buoy ID Number : 05001 (5 Mar. 1999 - 6 Mar. 2000)
Pre Cal. : Jan. 1999
Post Cal. : May and Jun. 2000

Subsurface Temperature (degree-C) S.D. of TAO-TRITON (degree-C)
0 10 20 30 40 0.00 0.05 0.10 0.15 0.20 0.25
0 0
100 r 100 +
200 r 200 r
300 F 300 |
E E
£ 400 ¢ £ 400 ¢
) )
o [a)]
500 - 500 |
600 600 *
700 700 -
800 800
(@ (b)

M7 +IA M T OB T OFE A OEE T a7 74V, KOTAO 747 =5 T4 M T4 OHFHE 7 — 5 O 2 OREHEAR 2%,
Fig. 7 Vertical profile of subsurface mean temperatur@3it6E observed by TRITON (a), and standard deviation of temperature difference
between TAO and TRITON at each depth (b).
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Table 6 Difference of air temperarture, relative humidity, wind direction and speed, and water temperature between TAO
and TRITON (TAO-TRITON) for each comparison period.

Observation Number
ITEM UNIT 01001 | 02001 | 02002 | 03001 | 03002 | 04001 | 04002 | 05001 | 06001 | 07001 | 07002 | Q9001 | 09002
8N156E | 5N156E | 5N156E | 2N156E | 2N156E | 0156E 0156E | 2S156E | 5S156E | 5N147E | 5SN147E | 0147 | 0147E
AT MEAN c -0.06 0.42 -0.03 0.10 0.01 -0.27 0.07 0.04 0.10 -0.14 -0.24 0.08 0.48
S.D. c 0.13 0.07 0.11 0.13 0.13 0.13 0.08 0.10 0.11 0.13 0.09 0.13 0.09
RH MEAN % 4.88 0.50 0.37 0.85 -0.73 3.92 12.52 -1.46 -2.71 -1.36 -0.04 4.17 | 10.01
S.D. % 1.11 0.46 0.64 0.92 0.96 0.74 0.56 0.60 0.68 0.77 0.60 1.42 0.53
MEAN degree -4.40 -9.73 -31.78 0.60 - -0.48 30.65 -11.11 -13.88 -17.79 -8.71 -10.09 -
WD S.D. degree 5.54 4.65 43.63 6.20 - 23.75 8.95 10.39 12.78 18.00 14.36 17.95 -
magnetic deviation degree 5.65 6.21 6.19 6.71 6.71 6.99 6.99 7.28 7.72 4.13 4.09 4.99 5.03
MEAN(corrected) degree -10.05 | -15.94 | -37.97 -6.11 - -3.55 23.66 -18.39 | -21.60 | -21.92 | -12.80 | -15.08 -
WS MEAN m/s -0.23 0.10 0.27 0.19 - 0.03 0.15 -0.07 -0.12 -0.25 -0.34 -0.15 -
S.D. m/s 0.28 0.29 0.90 0.34 - 0.30 0.24 0.33 0.46 0.57 0.51 0.67 -
ssT MEAN C -0.03 0.01 - 0.03 0.03 -0.05 -0.02 0.01 0.00 0.01 0.04 0.00 0.00
S.D. c 0.09 0.03 - 0.07 0.06 0.08 0.01 0.05 0.06 0.05 0.04 0.05 0.03
TS5 MEAN C -0.03 0.01 - 0.03 0.03 -0.05 -0.02 0.01 0.00 0.01 0.04 0.00 0.00
S.D. C 0.09 0.03 - 0.07 0.06 0.08 0.01 0.05 0.06 0.05 0.04 0.05 0.03
125 MEAN c -0.01 0.00 0.01 0.07 0.00 -0.06 -0.58 0.01 0.00 -0.03 0.01 0.01 0.02
S.D. c 0.08 0.04 0.03 0.06 0.05 0.09 0.01 0.04 0.05 0.04 0.03 0.03 0.02
T50 MEAN C -0.03 0.00 0.04 0.14 0.07 0.00 - 0.01 -0.01 -0.07 - 0.02 0.02
S.D. C 0.12 0.04 0.04 0.12 0.06 0.15 - 0.04 0.06 0.15 - 0.05 0.03
75 MEAN c -0.02 0.02 0.10 0.23 0.03 -0.01 -0.02 0.02 -0.01 0.00 0.02 0.04 0.03
S.D. C 0.23 0.07 0.05 0.16 0.05 0.15 0.02 0.05 0.08 0.09 0.10 0.07 0.07
T100 MEAN c 0.02 0.03 0.11 0.47 0.13 -0.06 -0.02 0.02 -0.02 -0.12 - 0.08 0.06
S.D. c 0.36 0.11 0.10 0.41 0.14 0.30 0.08 0.06 0.10 0.39 - 0.11 0.05
T125 MEAN C -0.22 0.17 0.01 0.74 -0.04 -0.08 -0.07 0.03 0.00 -0.08 0.15 0.14 0.10
S.D. C 0.41 0.22 0.18 0.55 0.17 0.35 0.05 0.09 0.12 0.19 0.14 0.15 0.10
T150 MEAN C -0.31 0.15 0.11 0.05 0.03 -0.06 0.13 0.08 -0.01 -0.38 - 0.26 0.46
S.D. C 0.29 0.28 0.21 0.35 0.27 0.32 0.26 0.13 0.15 0.47 - 0.27 0.16
T200 MEAN C -0.06 0.12 0.02 -0.10 - 0.16 0.01 -0.02 -0.04 0.03 0.31 0.37 0.30
S.D. C 0.23 0.17 0.13 0.14 - 0.32 0.16 0.23 0.19 0.18 0.11 0.25 0.18
T250 MEAN C -0.01 0.06 0.06 -0.09 -0.09 - -0.03 0.01 -0.05 -0.02 - 0.30 0.23
S.D. C 0.13 0.11 0.06 0.09 0.10 - 0.16 0.17 0.19 0.38 - 0.23 0.13
T300 MEAN C 0.00 -0.23 -0.02 -0.03 -0.06 0.09 0.00 -0.01 0.06 -0.69 - 0.18 0.16
S.D. C 0.06 0.20 0.05 0.08 0.06 0.10 0.05 0.06 0.12 0.53 - 0.12 0.07
T500 MEAN C 0.00 - 0.01 0.13 -0.01 - -0.11 0.04 0.04 -0.62 - 0.11 0.11
S.D. C 0.05 - 0.03 0.07 0.05 - 0.09 0.07 0.05 0.39 - 0.08 0.06

MEAN and S.D. : Average of monthly statistics, mean value and standard deviation during observation period

KT PIAPIETAO 74 DERE DKL > — O ERIEANT L DA,
Table 7 Estimation of temperature error due to depth difference between the TAO and TRITON H®ys6&t during
March-November 1999. The sensor at 3d0depth of TRITON was 2m deeper than TAO.

Depth AD t (dt/dD)u (dt/dD). (dt/dD)mean | Estimated At | Observed At
(m) (m) () (C/m) (C/m) (C/m) () (©)
15 - 29.22 - - - - 0.01

25 -0.2 29.08 -0.006 -0.006 -0.006 0.00 0.01

50 -0.3 28.92 -0.006 -0.012 -0.009 0.00 0.01

75 -0.5 28.63 -0.012 -0.019 -0.015 0.01 0.02
100 -0.7 28.16 -0.019 -0.029 -0.024 0.02 0.02
125 -0.8 27.44 -0.029 -0.060 -0.044 0.04 0.03
150 -1.0 25.95 -0.060 -0.139 -0.100 0.10 0.08
200 -1.3 18.98 -0.139 -0.131 -0.135 0.18 -0.02
250 -1.7 12.43 -0.131 -0.034 -0.083 0.14 0.01
300 -2.0 10.73 -0.034 -0.013 -0.024 0.05 -0.01
500 -3.3 8.09 -0.013 -0.010 -0.012 0.04 0.04
750 -5.0 5.47 - - - - -
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