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Land site test of optical rain gauge used on TRITON buoy

Mikio KAWAHARA *3  Kentaro ANDO™*
Yoshifumi KURODA** Yasushi TAKATSUKI**

The optical rain gauge is used for measuring precipitation on TRITON(Triangle Trans-Ocean buoy network) buoys
deployed in the western tropical Pacific operated by JAMSTEC. In this report, to evaluate the performances of this rain
gauge, we carried out the rainfall observation on land using three types of the rain gauges (a tipping bucket rain gauge, a
siphon rain gauge and an optical rain gauge) and compahnedr rainfall of the rain gauges. The result is that the
instrumental differences among the tipping bucket rain gauges are small. The instrumental differences among the
siphon rain gauges are also small. The siphon rain gauges indicatg &btwer than the precipitation measured with
the tipping bucket rain gauges. While the instrumental differences among the optical rain gauges are large, and the pre-
cipitation difference between the tipping bucket rain gauges and the optical rain gauges are also large. The optical rain
gauges indicate about 20 30 % higher than the precipitation measured with the tipping-bucket rain gauges.
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Fig. 1 Location of rain gauges.

a~qg: Optical rain gauge, T1~T3:Tipping bucket rain gauge

Y1~Y4: Siphon rain gauge
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Table 1 Feature of three types of rain gauges
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Table 2 Summary of rain gauge system

Rain gauge type Location 1st Period 2nd Period Data format
S/N. S/N
Tipping bucket T1 TB681243 TB681243 Pulse time
Tipping bucket T2 TB681078 TB 681078 Pulse time
Tipping bucket T3 TB974022 TB 974022 Tipping frequency per 1fnin.
Siphon Y1 Siphon842 Siphon842 Cumulative precipitation permin.
Siphon Y2 Siphon772 Siphon772 Same above
Siphon Y4 Siphon773 Siphon773 Same above
Siphon Y3 Siphon774 Siphon774 Same above
Optical a ORG3501 ORG3466 Cumulative precipitation per lfxin.
Optical b ORG6010 ORG3478 Same above
Optical c ORG3507 ORG3509 Same above
Optical d ORG3502 ORG3510 Same above
Optical e ORG6008 ORG3511 Same above
Optical f ORG6009 ORG3512 Same above
Optical g ORG3515 ORG3513 Same above

JAMSTECR, 43 (2001)
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Table 3 Test period

Start End
1+ period 2000/7/8 7:00 2000/8/25 13:00
2 period 2000/8/25 15:00 2000/9/27 15:00
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Fig. 2 Tipping bucket rain gauge (Ogasawara Keiki R3})
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Fig. 3 Siphon Rain Gauge (R.M.YOUNG Mod#&)202 )

TRANSMIT HEAD

4———506 mm

RECEIVE HEAD

- BIRD WIRES

CATCHMENT FUNNEL

INSECT SCREEN
HEATER/INSULATION
JACKET

MEASURING CIRCUIT

MEASURING CHAMBER

SIPHON TUBE

CAPACITANCE PROBE

HEATER/INSULATION
JACKET

- DRAIN

X4 SeEEEET ML (SCTI ORG-115)
Fig. 4 Optical Rain Gauge (SCTI ORG-115)

o TBE81243 = TBY74022—y1 (TBE81243)— y2(TBI74022)

30

n
o
-4

v, = 1.0266x + 0.0616
R =0.9789

n
o

Tipping bucket rain gauge (mm/hr)
= o

¥ = 0.9083x + 0.1784

5 ”
R =0.8613
0
0 5 10 15 20 25 30

Tipping bucket rain gauge (TB681078) (mm/hr)

B5 BB~ AR R3O LR AT oD LRI
Fig. 5 Comparison of three tipping-bucket rain gauges

< AR RF3E OBIMEDNFIT % L LoT, W&
FEZRELZBNT) T TR, ME—RICEoTwie
A, B R 2 R0 L7z,

%d, mH v 2AMHEFTNIRSITREFE A OS2 ff
MLz KRBT T, R~ AN R omE Lt %
20mm/hr L EORFIZERAEAS £ 39 NICINE LT L E LT
%o BT iR o % K 1IRE [ WY &= 2322.5mm/hr 72 5 72 D T,
R~ 2B R O, AT Imm@2A Y h)
UTEEZIOND, ZOXIIHEE ~ A BIR & 5 5E i
FEAVNENDT, T TIIMO M EFT OVEGE % M5 5 B
DIEHEZFE LT L7,

2.2. T2 NIBFHE

fEH L7 MR oOMEIC L) 7= Ol EA D R4 %
728, TRTORMBFHIS LCIRMHR 2RO 72, fw
SOOI EO T =7y b KD HEICIE, BlllT—%
DMEER T e o720 RUMTFT—FRART—5 %2 &1
RN A T =y bR L7z, 2B, KilT—%5
JOARRTFT =y OBEIEHHR T 0r I 4% HWVCHE L
T, B0, HIRLzF— 2L, AMOHTH
BOF—FERBL, RENEIDEHR L2, HI2IT,
AR RHEFHIELTE, KWL T—=2di3EA LR
L KB T EEBTOF—s2 B LT Rn iz
M7z, HFANE I T Ik 7= 2 KAWL
728ty (AR O 1% ) , Ko 7 —5 oM iE
KR FEoTWBDT, G TBT FAIZE)TF—F ]
BOHBAN LTz, ARy KRR BN R OW 4,
HATEEIC 72 R 2 RO DT ENTER VR H D
WET =73 AR T—7ELTHY L7

W AT ORI, WERORBMBIONET -0 M
NI ZLUFIcEE D72,

JAMSTECR, 43 (2001)



« July 4, 2000
« October 11, 2000
— y2(September 5, 2000)

+ September 5, 2000
—y1(July, 4, 2000)
— y3(October 11,2000)
10000
9000
8000
7000
000
000
3000
3000
2000
1000

¥, = 19.767x + 404.38

R’ =0.9952

y;=20.138x + 315.99
R* = 0.9982 ¥ = 20.096x + 122.04
.

R =0.9985

Qutput value fram siphon rain gauge

100 200 300

Volume of water (ml)
6 WA v R (Siphon842) DHRE i H
Fig. 6 Calibration result for Siphon0842

400 500

221. &EIvARHES

FERTTIC, BN O < ADIEF RE AV FF VAL
7%, MENOIEE ~ 2% T Clinfl S, Bl EHE Oy
ADD—HTHIEEMER LT,

MR~ AT R ET O W6, B R O /N AL AT0.5mm
L% ho A, finfl~ AR ET o R Ek i & 2R
L, =% Oia 0L, &~ 2 (0.5mmil ) 25 H L
7B LR 105 DIER ~ ZADIEFE B THh 5o HEH
HE205% 2 THEERD, oz L LA TR
WM % SR 72,

222 1R KXM=EET

R L7294 R v Nl FT o2 K O o Tk 1 100cme T,
ZIREE DK KEIZ500mIT H 5o il K O R & 1%
50mmiCHY T %, ARy AMEEHIZ KO TZIT72W
K NERDFHIH F % >N —IZHK L, ZDRREIIED
7o v —EEWEICERT 5720, F—7 OB
RBRWRE LD, 20720, BALRRH (55) H7-) O &
BRDIMR, TNOHERELEDE TIRMNEZ KD 72,
Tk, WEROMRETIE, WAERZIZE1ImmE LR >TW 5,

YA XNHEFFORBE LT, REIMFBEAKA 21U,
ZIKEHIH F 7RI LT RN D012, R
R OMEANRD T B0 T72, B ZVIZD DD ST,
PHREWES—EHE RO THIRIC0.ImmBEET LTz
A, COBERIL, BOBEIZL)ZKEBNOKEDIZNS

2=

T2 OWCHNED R E L o722 0 L LT 5, ZOZH)
fEIE YA R K EFTOWER O SHAEE ImmEL T & 145
WS, RRBRAEDENE RSBV OT, ZOFFRLE
bETIRMHBEO T =7y b2 ER L7z

AR AWM EETOZ KR AKIET DL, ARV D
B XD #3080 TZARIFDORDTNT 5o ZKEFDHIRDRT
LI 2 &l E T — 21, YA 5 5o By Y
B DRI E KO BB, WAKISETH50mmE TOREEK
PR F 7 BOREHEL R L&D TRO 2, B
DLV IX105 1 T10.8mmb - 72D T, KAHKIF 530
BHICBHcE Tz RN AR IL, &AK0.54mm
BELERRLON S, XoT, KRAPT LB TE Tk
I EIE, WEOMEIMMU T 2O TER L 5h 572,

B T A & LTI ] o0 s e s, HEE D 10mID XAT ) ¥
F—% ARy KRG OMEZ 1T R o720 BEH
SISy — o M, 52K D IFKES00mIC
K LCT10,00040 7 > MK IR %0 YA 52 M EFFOME
K% RS EMZ R, ZKEROIF KRB IEED
BB L OA RSBl (207 > MmDIZIEE—595%
CLRMERR LIz A R N R ET OMER RO —BIE LT,
HA R W EE DO Siphon842D Mg % K61 /R L7z
FAR KM EEAREOREBE RO AR LTI 4
ZALIZ RSN D o728, Z/KEN O K FD0mIRED 1)
fEIZOLIZ ST RYTRLT W2, 4B DA R R EF
WX A0mIBE D % FRAlZF LD 72, Pk IComIkE
DWIEDOF) 7 M IZR LY, K2 ETHE, oOmIfED
T 7y MBI BN A A SN2, Siphon8420 354 T
&, OmIKED AR K198 47 > b2, M IC IS 3
HERIIMmMA Y (F VA —)VT2%) DIREERK R D, &
DINS, FAFRY R RETOZ RN O KD B %
BT —FEIDLIRBEEZGATVLDT, YRV
WEF T =2 O IIZEESLETH S,

2.2.3. tFEAXWEE

FEERIZIE, EHOMALRE 2 H CEIfEERE 17V,
BIF R 2 B8 2 M Lz, W0 Hpk T,
FH R E D AR 1F5%E 22 5T B

fE B~ ZA TR & YA R Y R F A2 K 812
FozMEEEEFHT 20813 R, eERERFHE
FERBRIE 2R A2 KV EZ KD 5, WETF—%

F4 AR X R EFOBER T — OmIRF O & > — i — (AL A7 b)
Table 4 Calibration results 0@ ml offset value with no water injection for siphon

rain gauges (unit: count)

Calibration date Siphon 772 Siphon 773 Siphon 774 Siphon 842
2000/2/10 10 91 8 -
2000/7/4 51 20 9 16
2000/9/5 155 92 9 176
2000/10/11 149 97 15 198
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Table 5 Comparison of tipping bucket rain gauge with siphon rain gaugdshfour rainfall

SIN Regression Line Tolerance Interval 95% of RMS Correlation

(y =a + bx) regression coefficient Deviation Coefficient
(mm/hr) (B)
Siphon 772 y, = (0.94%0.02) x + (0.08 +0.06) 0.91< b <0.97 0.62 0.96
Siphon 773 Yy, = (0.96%0.02) x + (-0.09 +0.06) 0.93< b <0.99 0.57 0.97
Siphon 774 Y, = (0.94£0.01) x + (-0.01£0.06) 0.91< b <0.97 0.55 0.97
Siphon 842 y, = (1.05%0.02) x + (-0.2=008) 1.01< b <1.09 0.77 0.95
Total y =(0.97+0.01) x + (-0.06 +0.03) 0.96< b <0.99 0.65 0.96

RMS(Root Mean Square): #ff & #5720 e O P It D f 7=

76 dmf = AR AT LA RV NI E D3 0 77— & & B 72 TRF I R
Table 6 Comparison of tipping bucket rain gauge with siphon rain gaugdshiour rainfall excluded 3 adata

SIN Regression Line Tolerance Interval 95% of RMS Correlation

(y =a + bx) regression coefficient Deviation Coefficient
(mm/hr) (r?)
Siphon 772 y, = (0.94%0.02) x + (0.08 = 0.06) 0.91< b <0.97 0.62 0.96
Siphon 773 y, = (0.96%0.01) x + (-0.1=006) 0.93< b <0.99 0.54 0.97
Siphon 774 Yy, =(0.94%0.01) x + (-0.01 +0.06) 0.91< b <0.97 0.55 0.97
Siphon 842 y, = (0.99£0.02) x + (-0.1=008) 0.95< b <1.04 0.73 0.93
Total y =(0.96+0.01) x + (-0.03%0.03) 0.94< b <0.97 0.62 0.96

RMS(Root Mean Square): #ff & #7200 F- IR D 2=
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Table 7 Comparison of tipping bucket rain gauge with optical rain gaugeistfour rainfall during % period

SIN Regression Line Tolerance Interval 95% of RMS Correlation

(y =a + bx) regression coefficient Deviation Coefficient
(mm/hr) (r?)
ORG 3501 y, = (1.34=0.02) x + (0.04%+0.12) 1.29< b <1.39 0.70 0.98
ORG 6010 Yy, = (1.24=0.04) x + (-0.14%+0.22) 1.15< b <1.33 1.29 0.94
ORG 3507 y, = (1.07£0.02) x + (0.05+0.11) 1.03< b <1.12 0.64 0.98
ORG 3502 y, = (1.16£0.02) x + (-0.19+0.12) 1.12< b <1.21 0.69 0.98
ORG 6008 Yy, = (1.06=0.02) x + (-0.04%0.1) 1.02<b<1.1 0.58 0.98
ORG 6009 Yy, = (1.33%0.04) x + (-0.07+0.18) 1.26<b<1.4 1.06 0.97
ORG 3515 y, = (1.07=0.02) x + (-0.14+0.11) 1.03<b<I1.1 0.54 0.99
Total y =(1.18+0.01) x + (-0.06 £0.07) 1.16< b <1.21 1.01 0.96

RMS(Root Mean Square): i #4720 Z e O O i 7=

#8 R~ AR R O AR R & O LR R L (2IRTH)
Table 8 Comparison of tipping bucket rain gauge with optical rain gaugeistfour rainfall during 2 period

SIN Regression Line Tolerance Interval 95% of RMS Correlation

(y =a + bx) regression coefficient Deviation Coefficient
(mm/hr) (r?
ORG 3466 y, = (1.17£0.09) x + (0.51+0.21) 0.99< b <1.35 1.37 0.70
ORG 3478 y, = (1.21£0.05) x + (0.42+0.12) 1.11< b <1.3 0.77 0.89
ORG 3509 Yy, = (1.13£0.04) x + (0.26 +0.11) 1.05< b <1.22 0.71 0.90
ORG 3510 Yy, = (1.29£0.06) x + (0.35%+0.19) 1.16< b <1.41 1.35 0.84
ORG 3511 y, = (1.76 +0.16) x + (0.1+039) 1.45< b <2.07 2.55 0.62
ORG 3512 y, = (1.35£0.07) x + (0.4£Q17) 1.21< b <1.48 1.13 0.84
ORG 3513 y, = (1.2%0.11) x + (0.43+0.29) 0.97< b <1.42 1.87 0.61
Total y =(1.3£003) x + (0.35+0.09) 1.23< b <1.37 1.56 0.72

RMS(Residual Mean Square) Deviation: 7€ #5475 O Z3fef1 O ¥ O 7%
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Fig.14 Comparison of tipping bucket rain gauge with optical rain

gauges for hour rainfall during $ period excluded 3 o data
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Table 9 Comparison of tipping bucket rain gauge with optical rain gaugesHour rainfall during % period excluded 3 ¢ data

S/N Regression Line Tolerance Interval 95% of RMS Correlation

(y =a + bx) regression coefficient Deviation Coefficient
(mm/hr) (r?)
ORG 3501 y, = (1.34£0.02) x + (0.04+0.12) 1.29< b <1.39 0.70 0.98
ORG 6010 y,= (1.24%0.04) x + (-0.14+0.22) 1.15< b <1.33 1.29 0.94
ORG 3507 y, = (1.07£0.02) x + (0.05+0.11) 1.03< b <1.12 0.64 0.98
ORG 3502 y,= (1.16%0.02) x + (-0.19+0.12) 1.12< b <1.21 0.69 0.98
ORG 6008 y. = (1.06%0.02) x + (-0.04%0.1) 1.02< b <1.1 0.58 0.98
ORG 6009 Yy, = (1.33£0.02) x + (-0.22+0.13) 1.28< b <1.37 0.73 0.98
ORG 3515 y. = (1.07£0.02) x + (-0.14+0.11) 1.03< b <I1.1 0.54 0.99
Total y =(1.18+0.01) x + (-0.08 £0.06) 1.16< b <1.21 0.96 0.96

RMS(Root Mean Square): & #7 0 M O MO 24
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Tablel0 Comparison of tipping bucket rain gauge with optical rain gaugesHour rainfall during 2 period excluded 3 ¢ data

SIN Regression Line Tolerance Interval 95% of RMS Correlation

(y =a + bx) regression coefficient Deviation Coefficient
(mml/hr) (r?)
ORG 3466 y, = (1.05%0.06) x + (0.53*0.14) 0.93<b<l1.16 0.87 0.82
ORG 3478 y,=(1.13%0.04) x + (0.48+0.1) 1.05< b <1.22 0.66 0.90
ORG 3509 y, = (1.08%0.04) x + (0.31£0.1) 1<b<1.16 0.64 0.90
ORG 3510 y,=(1.25%0.05) x + (0.34*0.15) 1.15< b <1.34 1.06 0.88
ORG 3511 y, = (1.51%0.11) x + (0.19+0.26) 1.3<b <1.73 1.68 0.73
ORG 3512 y, = (1.28%0.07) x + (0.47£0.16) 1.15< b <1.41 1.06 0.83
ORG 3513 y,=(1.02%0.09) x + (0.61%0.23) 0.84<b<l1.2 1.48 0.63
Total y =(1.2+0.03) x + (0.41+0.07) 1.15< b <1.25 1.16 0.79

RMS(Root Mean Square): 7€ i 7 0 — e - R O ffi 2%
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Appendix #EETEEITICDWNT
1. B#2[E)% (Regression Line)

TODOER xEyDOMIZ, Y = a+ b X AHHRERLSD
BYtr, ZORE XN Ly D Bl E LTS,
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regression coefficient)
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1-3. RMS{R#= (RMS(Residual Mean Square) Deviation)
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2. 18B{%R %L (Correlation Coefficient)
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