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TAQ/TRITON array as of September 2000. The TRITON buoys are denoted by squares. (adopted
from http://www.jamstec.go.jp/jamstec/TRITON/)
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Fig. 2. Measurement scheme of the CRG. When rain drop fills the tube, the water is siphoned out from the

tube.
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AN TWEDIX L, CRG IZEHEST 2 EBEMN/NE W
TeHT A OEFRIC X D MEHIEEIELT 5 L5
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Fig. 3. A CRG on a TRITON buoy. The CRG is installed on the tower of surface buoy at the height of 2.4

m.
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Fig. 4. Comparison between CRG and ORG mea-
surements (a, b) and that between satellite-derived
product (TRMM/PR) and ORG observation (c, d)
at the points of 5°N, 147°E (a, c) and 5°S, 156°E
(b, d) in the tropical Pacific Ocean. The ORG
values in (¢, d) are the hourly accumulated value
centered at the time of TRMM over passing.
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Fig. 5. Outline of the signal processing unit for the
CRG system.
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D7 oV OERICED 59 Y AT LRERDEL
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ZiEch#z100ml £ 95 &, KEMN 100 mlIEL
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TERFADEE, MOEEBEEHEWA SN, &, UL,
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Fig. 6. Flowchart of the CRG control system. Mea-
surement is changed automatically between a fine
and a coarse time resolution mode according to the
water volume in the tube.
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LR ZHNTN S, MERRZFHHMEICKIRT 5
fild, 2%EE (MEPE THRAN 1 mm) OERELNH S
To S, BRSO S EH U 7R 5(72}\?] L Ea R
FHIE U7= 450, AR7AE% 0.1%RE (RS THRERHN
0.05 mm) Ic§ BT AN TE,
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Fig. 7. Errors in the estimated water volume from
the electric capacity. Dashed line indicates the
error by using manufacture’s conversion equator
(Not corrected). Solid line denotes that using our
conversion equator (Corrected). See text for detail
of the conversion equation in the present study.
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BXUNRY I TS5y FERTOHEER 2 I/NE
KFTBXICKET LIz, &B, HERED LSIFOER
DAV A TIC K> THRET BEHUIRED Z A L5 1D
WTIE, B#ELExsaryBR)—TRENS T 1
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RE) I FIRBRMEICEE LiaWIBEIE, MEFtADMtG
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DY A XX ZFDIFENENY A XDFEMR (1814 cm,
EX:20cm, T (1cem) & LTSER LTz, EROEAR
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WA, BREFRMFICEEIRICONT %42 AN
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fREEZZNL D LN LT, &7z, AR DBEIE>
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AL, &5, FhRBEEL LT, MEBRZ R
BHE, S LB TESESIC7 KL (ID) %
BET HEEERFRED, AL S50
ICHRHEIENC = K 59, B LaHlz#kEd 5 HENEL
fle—FEBH LUz, o, KERE (FTV T
JEIHH, [ElERER), BIfE (LR [UL] )- TRR [LL] ) %
TRICRETE S LDICL, HHRE (ZEMH - KEN
ZE A — V) KRS TE B K 51 Uiz,

6. SEBIERER

TAVAT LIKEELEWEF IS A7 L (CRG &
BPR LIz AT L2y MELTZE D) & LTOR
fmEiT>2cezHlE L, 200642105, Y AT L
DOTO N2 TERERNEEDE R SA M T A
BHRLUBREZEEL 2. £z, REEREZANZED
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Table 1.

ik BRER - AR EA - BE SR

Specifications of the newly developed A/D board for CRG.

The newly A/D board

Environmental condition

Temperature: ~40C~60C
Relative humidity: 90%RH or less
Gradient angle: ®15°
Shake angle: %207
Acceleration when shaking: *1G
Signal
Range: 0-5 VDC (0-50mm)
Resolution: G.1mm
Accuracy: £0.2%
Communiceation control
Formats: ASCI
Tvpe: RS485
Baud rates: 9600bps,1200bps

Function

Time monitor with internal clock.

Automatic data correction with calibration coefficients.
Automatic shift to shorter sampling interval near the event of
water drainage.

A/D board can be controlled parallel,

Sampling interval, frequency, and period can be set arbitrarily.

IR ERRNEL TOEWLD, BRSO KRBT iEZ £ 0
B, REREBUE IR EED SRV,

6.1. HEMDRESD

2006 £ 2 AMS T AIERH LIz 70 b 21 THRE
AWz CRGIc & D, ¥ 1F4h B2 HHE™M
BN TGN T — 2 Z2BIE TE . TOTAIRR
B | 5°N, 156°E ICER L TW e 77 THH, R
I K AIRE), BATREA OEE, DIREAE U WEAIR
BRHDL LichoTz, 1 FBABHMICh> THE
BIESEE LIz & T, 71 OZEENZEREARIC BT
B AT LOMAMICREEN G- Tz EAVRENT
(Fig. 8a).

¥EEm L DR

7k Z A e X BBHBR O S bO—HOT— X
ZFVT, 200643 AMD 4 B TO 1AM
RERT—22HL LT, BEYHRZBEEC K2R E
] L ORGEEZTT > o

T ORI, kAN L ERERANY P EES T

6.2.

s, —fFle LT 200643 )] 14 B34 2 AU
FHED BT, 2OH®D6:00 (UTC: LRERZIIE UTC)
M5 6:40 I TRERDEHIIE N TE D (Fig. 8b), 6:10
M5 6:20 DRNICHIKBMTbN T Wiz, TORERANY
k40 RIS DWT, HIKA R kD - FERIRT DR
AlEZPR L CHEWREZREE /225, BEY]
B Z BEER W51 9.2 mm, BHEHYHAZ BRE
N WREEV I 2L~ LA 48 mm THo
7z (Fig. 8¢c)o HEIKA N b2 BT Refw OFHAMEI th
DEFRTH L LERT, KN T EZLBFBT—ZTHD,
HORFOT— X LFRRICIRD TEMTELY, T
Dicd, PkA XY b FURETORET — 2 Z2HE
BR U7z BT Eid o8l 7 — 2 ZRE IR R U /28
HiciE, YR EELND 58613, 142 mm h7l,
TWNEHIE 9.6 mm b ICHYT 3, Thkbb, R
MEIC LTI 32%DiE/ T2, BEHZ ez
WaZlick-oTELEZ L RS,

3ANMS 4 B2 ToO 1 hARICENT, Hiks
ANV MIEF6 EREEL TV, kAR FEEN
LR O EELZ R L THMREICBE LIZRA,
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Fig. 8. (a) Time series of the rainfall observed at 5°N, 156°E by the CRG system. (b) Time change of
cumulative precipitation from 6:00 to 6:40 on March 14, 2006, as indicated in Fig. 8a. Triangle indicated the
recorded precipitation every ten-or one-minute. The interval was changed from ten minutes to one minute
when the water volume in the gauge exceeded 450 m! and the interval came back to ten minutes after
draining out the water. Circles show the values recorded every ten minutes. (¢) Cumulative precipitation
for the period of 40 minutes, shown in Fig. 8b, from the record with variable time interval (right hand side)
and that calculated from the data with the fixed time interval of 10 minutes.

BB Z BEEE > TERISNEWET — 2050 ZHBYBRZBEIC I > TRBTERC LIlk 5,
PR EIZHY 550 mm mo™! TH-o7zDIEH L, HENY) INL ORI, HEIYIRZEEESY, CRGC RFEOH
HZBEEL LERELZ 10 0MREHRZ Y T2 b—h  IKEVIEECKZ T —RDOAHENS BB L, H
L7235 81EH 390 mm mo™! Thoiz, $hbb, A HICENLTRET 2RKHESKOAEICBNTIERIC
MREELTHATYE, W2s%OMNHEiEE5E T 5 HHTHBZRELTWB,
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Fig. 9. Comparison of the precipitation obtained
by the CRG and TRMM/PR NSR (near surface
rain) on the TRITON buoy at nine sites along
156°E and 147°E. The TRMM/PR NSR values are
averaged in the circular area with the diameter of
110 km centered at each buoy. The CRG values
are cumulated for an hour centered at the time of
TRMM over passing. Both data are averaged over
the period from February to December in 2006.
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Fig. 10. Time series of the precipitation measured on the buoy deployed at 0°N, 82°E during the MISMO-
Intensive Observation Period. (a) Rainfall (solid line) and relative humidity (dashed line), and (b) rainfall
(solid line) and sea-surface salinity at 1 m depth (dashed line).
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Fig. 11. Drift error in the CRG observation.
The error is evaluated according to pre-post-
calibrations for 6-month in-situ observation.
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Development of an Advanced Rainfall Observation System for
TRITON Buoy

Takeo Matsumoto! , Masaki Katsumata? , Kentaro Ando¥,
Yasuhisa Ishiharaf, and Yoshifumi Kurodaf

Abstract

Measuring the precipitation over the ocean is crucial to understanding the
global hydrological cycle, air-sea interaction, and ocean mixed layer physics in
ocean surface layer. The effects of precipitation on the ocean and the atmo-
spheric variations are very important, especially in the tropical western Pacific
and the eastern Indian Ocean where large amount of precipitation takes place.
To reveal the nature of the precipitation in this region, an optical rain gauge
(ORG) has been installed on each TRITON buoy since 1998. Unfortunately,
the precipitation data collected by the ORG system did not meet the required
precision and it often failed in observation. We therefore developed a new precip-
itation measurement system using a capacitance rain gauge (CRG). The CRG
system, with a newly-developed measurement and control unit, improves the
precision and stability of precipitation measurement with low power consump-
tion. The system has been deployed in the western Pacific Ocean and the eastern
Indian Ocean since 2006 with real-time data transmission. The new rain gauge
system showed the precipitation observations in the equatorial region, which
were consistent with that obtained by TRMM/PR.

Key words: TRITON buoy, Rain gauge
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