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Intercomparison of sea surface meteorological observation between
TRITON buoy and R/V MIRAI (Part 1)

Mikio KAWAHARA *3  Yoshifumi KURODA*¢® Norifumi USHIJIMA*" Kentaro ANDO'¢
Kazuhiko SONQG* Yasushi TAKATSUKF® Toru NAKAMURA*"  Tetsuya NAGAHAMA:#

To validate the surface meteorological data on the TRITON buoys deployed in the western tropical Pacific Ocean, we
performed the onboard meteorological observation on R/V MIRAI at each deployment site.

In our first report, we reported the result of intercomparison between the meteorological data obtained from each of
four TRITON buoys and R/V MIRAI equipped with the same sensors during tH8J0Rcruise. The comparison of
the meteorological data was carried out after correcting the effect of the difference of their observation height. It was
concluded that the TRITON meteorological data except the wind speed data agreed with the MIRAI data. There were
significant differences on the wind speed data between TRITON and MIRAI, but we could not analyze them in detalil,
due to the lack of the ship movement information during the observation.

In this report, we compared the corrected meteorological data of each nine TRITON buoys and R/V MIRAI during
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the MR99-KO01 cruise from February to March999. We added the wind direction as the comparison parameters, and
performed quantitative comparison on the wind direction and speed between TRITON and MIRAI taking account of the
ship movement.

As a result, the difference of the air temperature, relative humidity and air pressure data between on TRITON buoys
and R/V MIRAI were less than twice of the nominal accuracy of each sensor. As for the wind data, there were the sig-
nificant differences. To improve the accuracy of the wind direction measurements, we built the new facility for the cali-

bration of the wind direction sensor and improved the calibration method.

Keywords : surface meteorological observation, altitude correction, TRITON buoy, R/V MIRAI
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Fig. 1 Deployed buoys sites during R/V MIRAI cruise from

February to March 1999
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Table 1 TRITON buoy location and intercomparison period

Buoy ID Buoy Start time End time Weather
location (UTC) (UTC)
07001 5N147E | 1999/02/16 07:00 | 1999/02/17 07:00|  Fine/Cloud
08001 2N147E | 1999/02/18 07:00 | 1999/02/19 07:00 Fine
09001 ON147E | 1999/02/20 03:00 | 1999/02/21 03:00 Fine/Rain
01002 8N156E | 1999/02/25 03:00 | 1999/02/26 03:00| Fine/Cloud/Rain
02002 5N156E | 1999/02/27 02:00 | 1999/02/28 02:00 Fine
03002 2N156E | 1999/03/01 02:00 | 1999/03/02 02:00 Fine
04002 0S156E | 1999/03/03 02:00 | 1999/03/04 02:00 Fine
05001 2S156E | 1999/03/0502:00 | 1999/03/06 02:00|  Cloud/Rain
06001 5S156E | 1999/03/07 02:00 | 1999/03/08 01:00|  Cloud/Rain

% Local Standard Time (LST) = Coordinated Universal Time (UTC) + 10 hr
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Table 2 List of sensors equipped on TRITON buoy

Sensor Type Manufacture Equipped location Height
or Depth
Anemometer ASIMET, 7050-A WHOI Top of buoy's tower 35m
(with R.M. Young, 05103)
Thermometer ASIMET, 7030-A WHOI Lower part of buoy's 2.2m
and hygrometer| (with Rotronic, MP-101A) tower
Barometer DIGIQUARTZ, MET 1-485 Paroscientific, Inc. Lower part of buoy's 20m
tower
Rain gauge ORG-115 Scientific Technology, Inc.| Upper part of buoy's 3.0m
(mini-ORG) tower
Short wave ASIMET, 7070-A WHOI Upper part of buoy's 3.0m
radiometer (with Epply Precision tower
Spectral Pyranometer)
Thermometer MicroCAT, Sea Bird Electronics Under sea Under
SBE37-IM water
1.5m

WHOI : Woods Hole Oceanographic Institution.
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Table 3 List of meteorological sensors equiped on R/V MIRAI

Sensor Model Serial No. Equipped location Height
Anemometer ASIMET, 7050-A WND327 MIRAI bow boom 10.7m
Thermometer ASIMET, 7030-A MHRH326 MIRAI bow boom 10.5m

and hygrometer
Short wave ASIMET, 7070-A SWR322 MIRAI bow boom 10.3m
radiometer
Barometer Yokogawa, F-451 (Shipboard) MIRAI captain deck 13 m

JAMSTECR, 43 (2001)
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Table 4 Specifications of meterological sensors on TRITON buoy

Sensor Range Resolution Nominal
accuracy
Wind speed 0~60 m/s 0.1m/s 0.3 m/s
Wind direction 0~360 deg 1 deg 2 deg
Air temperature -20~+55 deg-C 0.01 deg-C 0.1 deg-C
Relative humidity 0~100 %RH 0.1% RH 2% RH
Air pressure 800~1100 hPa 0.0038% 0.01%
Sea surface -3~+33 deg-C 0.0006 deg-C 0.002 deg-C
temperature
Ship Speed Distance
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Fig. 2 Time series of ship speed data (solid line) and distance

between buoy and ship (block line)
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Table 5 Correction method for meteorological parameters

Parameter Correction method Corrected
height
Wind speed Bulk Method 10m
Air Monin-Obukhov similarity 10m
temperature theory
Specific Monin-Obukhov similarity 10m
humidity theory
Air pressure Reduction to mean sea level 0om
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Table 6 Differences between TRITON and MIRAI meteorological data

Buoy ID Air temperature Relative humidity Specific humidity Atmospheric pressure
(deg-C) (%) (kgrkg) (hPa)
Buoy
location raw corrected raw corrected raw corrected raw Sea level
07001 Ave. 0.2 0.1 0.3 -0.8 0.0003 0 0.3 0.5
5N147E S.D. 0.2 0.2 0.9 0.9 0.0002 0.0002 0.1 0.1
08001 Ave. 0.2 0.1 0.4 -2.1 0.0004 -0.0004 0.2 0.5
2N147E S.D. 0.1 0.1 1.2 1.2 0.0003 0.0003 0.1 0.1
09001 Ave. 0.2 0.1 -0.5 -1.7 0.0001 -0.0003 0.2 0.4
ON147E S.D. 0.3 0.3 1.8 1.8 0.0003 0.0004 0.1 0.1
01002 Ave. 0.3 0.1 0.6 -1.7 0.0005 -0.0003 0.2 0.4
8N156E S.D. 0.2 0.2 15 1.6 0.0002 0.0003 0.1 0.1
02002 Ave. 0.1 0 24 -0.1 0.0007 0 0.2 0.4
5N156E S.D. 0.3 0.3 1.6 1.7 0.0003 0.0003 0.1 0.1
03002 Ave. 0.1 0 1.3 -1.2 0.0004 0.0004 0.2 0.4
2N156E S.D. 0.1 0.1 0.9 0.9 0.0001 0.0001 0.1 0.1
04002 Ave. 0.1 0 15 -1.5 0.0004 0.0004 0.2 0.4
0S156E S.D. 0.1 0.1 0.7 0.8 0.0001 0.0001 0.1 0.1
05001 Ave. 0.2 0.1 2.5 0 0.0008 0.0001 0.2 0.4
2S156E S.D. 0.3 0.3 1.2 14 0.0004 0.0004 0.1 0.1
06001 Ave. 0.2 0 -0.2 -1.3 0.0001 -0.0002 0.2 0.4
5S156E S.D. 0.3 0.3 2.0 2.0 0.0003 0.0003 0.2 0.2
Total Ave. 0.2 0.1 0.9 -1.2 0.0004 0 0.2 0.4
Average S.D. 0.2 0.2 1.3 14 0.0003 0.0003 0.1 0.1

»¢ Difference = TRITON - MIRAI,
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Table 7 Differences betwenn TRITON and MIRAI wind data

Buoy ID Wind speed (m/s) Wind direction (deg)
Location Relative True True Relative True
raw corrected
Ave. -0.4 -0.5 -0.2 -3.8 -0.5
07001 S.D. 0.7 15 15 64.0 78.6
5N147E Min. -1.7 -4.5 -4.3 -195 -202
Max. 0.9 1.3 1.6 139 198
Ave. -1.2 -0.2 0.5 0.9 0.1
08001 S.D. 0.8 1.0 1.0 18.8 17.4
2N147E Min. -1.9 -2.0 -1.5 -43 -34
Max. 2.2 3.1 3.8 31 33
Ave. -0.7 -0.6 -0.4 -11.4 10.3
09001 S.D. 1.2 1.2 1.3 100.1 40.5
ON147E Min. -3.3 -3.7 -3.5 -219 -111
Max. 2.2 1.8 2.3 178 110
Ave. 0.1 -0.1 1.0 -1.3 -1.5
01002 S.D. 1.4 15 15 6.0 6.2
8N156E Min. -3.1 -4.8 -3.7 -14 -13
Max. 1.9 2.1 3.4 7.8 9.5
Ave. 0.2 0.2 11 -14.8 -14.3
02002 S.D. 1.6 15 15 7.1 7.3
5N156E Min. -2.9 -4.4 -3.5 -30 -29
Max. 4.9 4.3 5.8 -2 1
Ave. 0 0.1 0.7 -18.8 -16
03002 S.D. 1.4 2.8 2.7 6.1 18.3
2N156E Min. -3.7 9.1 -8.5 -30 -36
Max. 1.3 25 3.1 -5 53
Ave. 0.1 -0.2 0.7 -21 -20.9
04002 S.D. 1.6 2.3 2.2 7.8 10.8
0S156E Min. -3.5 -8.6 -7.5 -34 -44
Max. 1.9 2.3 3.2 -6 12
Ave. 0.2 0 0.9 7.8 6.3
05001 S.D. 15 0.9 0.9 5.0 4.4
2S156E Min. -3.5 -3.4 -2.5 -6 -9
Max. 2.0 0.9 1.9 19 15
Ave. -0.5 -0.3 0.0 0 5.3
06001 S.D. 1.0 0.4 0.5 19.0 16.1
5S156E Min. -3.2 -1.3 -1.2 -39 -29
Max. 1.1 0.4 0.8 73 45
Total Ave. -0.1 -0.2 0.5 -6.9 -3.5
Average S.D. 1.2 1.4 1.5 26.0 22.2

% Difference = TRITON - MIRAI,

S.D. (Standard Deviation)
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Table 8 Differences betwenn TRITON and MIRAI wind data.

The data were omitted when ship moved over a spegdnds.

Buoy ID Wind speed (m/s) Wind direction (deg)
Location Relative True True Relative True
raw corrected
Ave. -0.2 -0.1 0.2 7.2 12.6
07001 S.D. 0.6 0.9 1.0 52.0 70.2
5N147E Min. -1.3 -1.8 -1.4 -60.2 -125.0
Max. 0.9 1.3 1.6 139.0 197.8
Ave. 0.0 0.0 0.6 2.3 2.0
08001 S.D. 0.7 0.8 0.9 18.1 17.6
2N147E Min. -0.8 -1. -1.1 -42.6 -33.6
Max. 2.2 3.1 3.8 31.0 33.3
Ave. -0.5 -0.4 -0.2 -22.8 10.5
09001 S.D. 1.2 0.9 0.9 103.1 44.3
ON147E Min. -2.8 -1.7 -1.4 -219.1 -110.9
Max. 2.2 1.8 2.3 125.5 109.6
Ave. 0.4 0.4 15 -0.4 -0.5
01002 S.D. 1.2 1.0 1.0 5.0 5.5
8N156E Min. -2.3 -1.5 -0.3 -7.8 -12.4
Max. 1.9 2.1 3.4 7.8 9.5
Ave. 0.8 0.5 14 -14.3 -13.5
02002 S.D. 1.2 1.2 1.3 7.0 7.6
5N156E Min. -0.5 -1.0 -0.2 -29.6 -28.7
Max. 4.9 4.3 5.8 -1.7 0.9
Ave. 0.6 1.3 1.8 -19.1 -15.7
03002 S.D. 0.5 0.8 0.8 5.9 20.5
2N156E Min. -0.7 -0.1 0.6 -30.2 -36.1
Max. 1.3 25 3.1 -9.0 52.5
Ave. 0.9 0.5 15 -22.4 -21.8
04002 S.D. 0.7 0.8 0.9 6.5 7.1
0S156E Min. -0.6 -0.5 0.3 -32.4 -33.3
Max. 1.9 2.3 3.2 -9.5 9.1
Ave. 0.9 0.0 1.0 8.2 6.8
05001 S.D. 0.9 0.5 0.5 4.5 6.1
2S156E Min. -0.9 -1.0 0.0 -1.9 -8.9
Max. 2.0 0.9 19 13.3 13.2
Ave. 0.1 -0.3 0.1 0.3 2.7
06001 S.D. 0.6 0.4 0.5 27.7 19.3
5S156E Min. -1.1 -1.0 -0.7 -38.8 -28.7
Max. 11 0.4 0.8 73.3 44.8
Total Ave. 0.3 0.2 0.9 -6.8 -1.9
Average S.D. 0.8 0.8 0.9 25.5 22.0

% Difference = TRITON - MIRAI,

S.D. (Standard Deviation)
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Table 9 Calibration result of wind direction sensor

(10.7m) X092 %o/h SWHIZHIE SN B2 &% 5,

JEGHE O B R RIS W 723V 2 21, KR D RIEDSH
3 (R OSRIE A B AN S W) TH LI LZ RS LLT
WAHDIIZHF L, Bl O T, KR E SO
X1 ~2TCE R EL, FRIHUAIR TR KRR DRIEIA L E
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. . Pre calibration Post calibration
Buoy ID  Location Serial No. Date Result Date Result
07001 SNI147E WND98316 1998/12/2 2.8° 2000/3/29 3.5°
08001 2N147E WND98322 1998/12/2 0.2° 1999/8/18 -4.5°
09001 ON147E WND98325 1999/1/26 6.6° — —
01002 8N156E WND98315 1998/12/2 22° — —
02002 5N1S6E  WND98321 1998/12/2 1.8° 1999/8/18 -8.8°
03002 2N156E WND98317 1998/12/2 5.3° — —
04002 0S156E WND98318 1998/12/2 2.9° 1999/10/10 6.5°
05001 2S156E WND98319 1998/12/2 0.7° 2000/5/16 4.0°
06001 5S156E WND98320 1998/12/2 9.0° 2000/3/29 2.3°
MIRAI (boom) WND97327 - — 1999/10/10 0.5°
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Table 10 Differences of lhour averaged wind speed (a) and direction (b) data between two sampling modes

(a)

Buoy ID 07001 08001 09001 01002 02002 03002 04002 05001 06001 Total
Location | SN147E 2NI47E ONI47E 8NIS6E SNIS6E 2NI56E O0SIS6E 2SI56E 5S156E || average
Average -0.4 0.1 0.0 -0.5 -0.3 0.0 -0.1 0.2 -0.1 -0.1
Standard
deviation 1.4 0.5 0.3 1.4 1.8 0.5 1.5 1.5 0.5 1.0
Minimum 0 0 0 0.5 0 0 0 2 0
Maximum -6.2 -1.1 0.8 -6.0 -6.9 1.3 6.2 5.5 1.2
(@)
Buoy ID 07001 08001 09001 01002 02002 03002 04002 05001 06001 Total
Location | SN147E 2NI147E ONI47E 8NI5S6E 5NIS6E 2NIS6E 0SI156E 2S156E 5S156E || average
Average -9 2 4 0 0 -3 1 8 3 1
Standard
deviation 32 8 20 19 37 20 51 51 28 30
Minimum 0 0 0 0 0 0 0 2 0
Maximum 89 34 71 52 129 -58 217 174 87

% Difference = ' hourly value of 60 data averaged over every minute' - ' hourly value of 12 data averaged over before

and after one minute every 10 minute'
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Fig. 6 Time series of air temerature data of TRITON and MIRAI corrected to 10m height and sea surface temperature
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Fig. 9 Time series of sea level pressure data of TRITON and MIRAI
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Table 11 Differences between TRITON and MIRAI meteorological data before buoy recovery operation which moored one year

Location Wind speed Wind direction Air temperature Relative humidity Specific humidity | Atmospheric pressure
(m/s) (deg) (deg-C) (%) (kg/kg) (hPa)

raw corrected | relative true raw corrected raw corrected raw corrected raw sea level
SN156E 0.1 1.0 233 23.1 0.4 0.2 -0.3 2.4 0.0004 : -0.0003 0.2 0.0
2S156E -0.3 0.0 40.5 39.3 0.1 0.1 0.5 -1.0 0.0003 : -0.0002 0.2 0.0
5S156E 0.0 0.6 13.3 14.0 0.2 0.1 2.2 -5.1 | -0.0003 i -0.0012 0.2 0.0
% Difference = TRITON - MIRAI
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