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A Study on the Characteristics of Rain Fall Observation
Based on the Radar Raingauge
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Synopsis : .

In this paper the authors discussed the principles, the accuracy, the calibration method
the characteristics of ground clatter variation and the method of clearing ground clatter
by MTI, when we observe rainfall using radar raingauge. Concerning the principles of
radar raingauge we mainly discussed the composition of apparatuses in radar raingauge
and the leveling of echo from the view of meteorological phenomena. Concerning
evaluation of observation accuracy by radar raingauge, we estimated the difference of
rainfall amount between radar and observations by comparing rainfall amounts obtained
by radar raingauge with rainfall amounts obtained by observations situated in higt
density on the ground and rainfall amounts obtained by telemeter system. We also
investigated convection of rain drops by winds. Concerning calibration method we
introduced past studies and we showed the example that the calibration method
developed in our Institute. Concerning the characteristics of ground clatter variation,
we found that the variation of ground clatter could affect the accuracy of observation by
radar raingauge and the MTI method was superior to subtraction method of ground
clatter using clatter map in the area ground clatter was very strong.

Key Words : Radar Raingauge System, Calibration Method, MTI Filter, Ground
Clatter
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B & REL 72, EBOME L EL L L TEHRT,
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REDLNTET, H AT EAVIHIR TR, BEREK, (v — SRR
ZENFRTIV1000kw O Dee I TR %1670y 7 LHNdGEH) £Z0EEELLVT, KANLI %
CHEL, TNENORAROEMARY L —F L E
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FRERT T L 72 b ERNEFTHI 100k PIC 625 BRE S =8 ORERE
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MEFKRRTERL L, Y (%) 26 20 18 13
Y =1100(R,/Ry— 1)| (%) wreevreeerercenees (3-1) n 393 195 149 55
R-3.2 L—FIa-0RPEHE: DERE (18H) ORERE
RS ER 0 60 100 | 175 | 220 | 300 | 430 | 500 | 525 | 680
Y (%) 37 22 20 19 18 15 13 14 12 15

194 89 87 65 36 30 24 27 27 23
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NHEERLEPRNADLZ LI, XEF 2SR TOWF
KOTLHLPIZEN TS,

£-3:33 4 7 TR TRAS N PN EFE, H
IMEGEV—FTHE (B=200, §=1.6) lT&7:
HRTHB, HEMBIHZ LY — 7 HEAE 000k N 12
45~100mfIBCTREENTWS, ZOBRICL LT
G/ROEIZ0.41~2.41L % 5> TH Y, G/ROMENI %
EEFRE(G/ROFEMETG/RNBEFE -2
N(%)) 1210~46% & %k > T3, Zhicxtl, G/R
NDHEHCTV—SMELHIEL /2L L2, 8
MEEZII24% L 0, FWEL 2 WEN63% Iz s
ENbIEriD,
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HZHEHMMBOWEICH I BEEL, WO WL LHRER
HLWNEEDLELNTH D,
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K:yzK
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-+ " R IR S p= EHERE(3)

H B TR a Ei Fg ‘g*h*'/; (lﬁ]) G/R G/R%‘)}ﬁ(l) :th‘:;‘%ﬁ(Z) ;{XA];K_ELSGQ
1974 4 .28 21 7 11 1.62 25 35 16
4.29 20 12 7 0.82 21 30 17
4.29 21 5 22 2.23 31 51 26
5.1 21 9 24 2.41 20 57 13
5.20 12 7 15 0.68 46 75 37
5.21 10 3 5 0.59 36 87 27
5.23 5 2 3 0.64 10 60 8
5.25 22 6 25 0.91 27 30 27
5.25 12 5 23 0.88 32 31 19
5.20 22 7 25 1.09 3 32 33
6.3 15 5 7 0.41 29 160 23
6.6 13 2 16 0.68 43 79 36
6.8 10 5 31 0.49 39 141 42
1975 4.7 19 4 14 1.13 23 17 18
F #) 14 1.04 30 63 24
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£-3-4 BTAREBHARVCEL—XC L 5HRBERBIME

() PO PR E () Ehe e N ?/“)#E@@ i" %
Wilsoa (1970) Oklahoma Thundershowers 10/2  KRY“(b) 23 5-10 35-100 3500 Storm A(3500)  51(35) 60
A(1200) (30 31
V(1200) (27) )|
Brandes(1975) Oklahoma Thundershowers 10/2  200R'* 9 5 45-100 3000 Storm  V(900) 52(13) 21
V(1600) (14) 24
A(900) (18) 21
Woodley ef al.(1974) Florida Showers 10/2  300R™ 39 5 85-115 570 26h A(1600)(c) 43(30) -
Thundershowers '
Harrold e al.(1974) England  Showers 10/2  200R* 27 1 12-18  50-100 1h  A(500) —(19) 48(d)
Stratiform
Wilson(1975a) New York Showers 51.7  200R“e) 41 10 9%5-112 170 24h V(275) 49(22) 22
Thundershowers
Stratiform
Collier ¢t al.(1975)  England  Showers 10/1 200 13 1 12-48 700 3h V(@R -0 -
Stratiform
Jatila and Puhakka Finland  Showers 3/1.8  200R 6 5 18-28 180 Storm  A(i80) 43(23) (fg) -
(1973ab) Thundershowers
Huff and Towery Illinois Showers 10/1  300R'  67n) 3 20-100 5300 0.5h V(150 55(27) 2
(1978) Thundershowers

(IE)@A D EHEHE vV ZHEBRHNA
(D2 ENERIC L B FHNREELREL THHL Vv —5E
©8 &t b4 sMRBROEE, WEHBINEEEIC
b5,
(DB IEAMRETZ10—20km BRSNS 5,

IR RIBICH S ERET CEROV —FBAEL
EL RS, EHHEMEEL51% 535% IR 2
$I55Z¢, PHKMENG, HEMEF 1ETIIZN
BERBOORTH B &\, Jatilaic L xR
FIC DWW TA3%NDEELBR%ITIRL 9 5 Z L @ER
NTw3, - CHY M ETRICL 2BEEZAV
niF, vV-SRAENEELEZED I 5 LIZAL L
THb5.

ARRTIR, v—IHRREIC L 5 BAME S ERRE
CHBELEERNL2MAZ LiIcERE2BE, TEBT
FHEBLL 2 FEOBRREEIT- .

i) V—REMER 2gED LN Z—RER

*HWTHET 2,
i) EFLVA-IHHRELOREMNET 2 Ay
yaTRDH D,

F=R5/Rr .......................................... (33)
iii) 2O FENTERME L2 R T 5 HHE % 16
L, HET 2,

LI UEZFAERATHIIEIFNESREL A
BELTB(LEVDH S,
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(eUHmE e 1. 72 v —ENHERICHEAL 72,

(OFROTHREHCHEAREI—KTH L I R Z-REHZEL
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(h) 4 R30I %

3.2 L—ARECH EREOLR L MIERE
FoxEstt

BAEFHINTWAB, BhbRDIV—FWEL
HEREFORZMERET LR L ) tFHES
1T- 7,
1) BAHBHNER
2) BAAN2HREICL2ERLTIED
3) HEFREN#E
4) BREEENFBERENIELDENHEE
XRBERIZ, 198149 & B155 (T8115), 1982 N A
105 (T8210), 19824F ) & /A 185 (T8218) # AW 1z,
Bic, MlZLL LABIERLEZ, LRz
BELZ,
INLDERPLRNE ) U ABHELPICE 572,
@ BrAEDMAICBWT, V-t
12, B EVHIRHLINEIRL KL, Ao
DR[IEDVLEN D 5,

Q@ BMEEHIKEVWIE, BELENITSLDEHIVN
& ke Em»H B (%R-3-5,FM 0, FM53H),

@ &tkiz, v—=FohrrivmEgeRTHEmIC

b5,




V- SHRBEORERBR R IC BT 2 R

£-3°5 WENMEMRY Gta3) FiyE S8F (19824 9 A10H 7R~120188 SEAISE)

Na &5 % FMEAN FMO FM5 FM10 SDF  SDO SD5 SD10 NC No N5 N10
1 AKRKR 079 075 0.98 0.51  0.50 0.50 39 31 8 0
2 ZRIR 218 2.33 1.47 4.24 464 0.45 35 29 6 0
3 SO 0.92 0.93 0.52 0.53 37 35 2 0
4 -3 & 1.13  1.11 1.16 0.52 0.53 0.34 42 37 4 1
5 Bo/EB 094 093 1.01 0.46 0.46  0.40 41 36 5 0
6 Ed n 1.09 1.02 1.54 0.57 0.52 0.69 40 35 5 0
7 -7 B 094 0.90 1.17 0.52 0.52  0.47 38 32 6 0
8 # % 0.91 0.8 1.03 0.42 0.44 0.23 41 34 7 0
9 & #0119 1.20 2.12 0.90 0.87 0.72 41 37 4 0
10 n & 0.9 0.9 1.17 0.45 0.46 0.34 41 36 5 0
11 /=4 1.06 1.06 1.10 0.69 0.70 0.66 39 32 6 1
12 =] & 6.39 6.39 4.63 4.63 14 14 0 0
13 b0 | 0.88 0.81 1.27 0.50 0.42 0.69 40 33 6 1
14 = H 1.03  1.02 0.62 0.63 38 36 2 0
15 = R 1.23  0.99 2.76 0.91 0.52 1.29 37 32 5 0
16 Eee W 1.84 1.84 1.27  1.27 4 4 0 0
17 a R 1.30 1.17 2.74 0.77 0.64 0.68 37 34 3 0
18 -3 #0134 132 1.45 0.87 0.87 0.86 43 38 5 0
19 Ing £ 1.31 1:30 1.36 0.81 0.79 0.99 44 37 6 1
20 2% 0.9 0.93 1.18 0.58 0.60 0.47 39 32 6 1
21 S i3 1.09 1.03 1.55 0.7 0.71 0.83 42 37 5 0
22 % N 1.20 1.24  0.84 0.93 0.99 0.27 43 36 5 2
23 = & 122 1.24 1.16 0.87 0.88 0.81 41 34 7 0
24 " e 1.34 1.28 1.52 0.99 0.97 1.04 44 33 11 0
25 Ti @A 1.39  1.48 1.32 1.14 1.25 0.97 37 21 15 1
26 B 73} 1.30 1.29 1.30 0.87 0.81 0.95 40 24 16 0
27 TAMBZ 1.26 1.01 1.66 0.96 0.74 1.13 46 27 18 1
28 = & 1.34 1.64 1.1 0.48 1.16 1.37 0.48 0.18 39 23 1 5
29 )i 3% 1.22  1.13  1.45 0.93 0.81 1.11 44 27 15 2
30 i % 1.03 093 1.18 0.55 0.42 0.75 37 25 11 1
31 iB H 0.97 0.89 1.26 0.61 0.53 0.78 39 31 8 0
32 " A 1.8 1.97 1.05 1.79 1.87 0.25 43 38 4 1
33 Ei E 1.7 1.57  2.56 2.24 2.33 0.93 42 37 4 1
34 A -3 1.24 1.07  2.72 1.18 1.09 0.89 39 35 4 0
35 2 W 0.8 0.79 1.07 0.44 0.41 0.48 37 27 9 1
36 ol ¥ 1.24 1.14 2.00 1.14 1.14 0.87 41 36 5 0
37 B ~ # 1.38  1.33 1.80 1.05 1.09 0.40 44 39 5 0
38 i & 0.92 0.87 1.29 0.49 0.49 0.39 41 36 5 0
(LBN)FMEAM : 3#ES58 % LOMERKNHFHE SDF | BESHL L o#MEENERRE NC | FMEAN®O¥
FM10 : 0~ 5m/h? " SDO : 0~ 5uwm/h? " NO : FMO 4
FM5 1 5 —10om/h " SD5 : 5 ~10mn/ho» " N5 "
FM10 10~ mo/ho? " SD10 : 10~ wow/h? " N10 : FM10 "

@ BEOHANDALENTHL LANBHIESHE  BFHICELL w20t EL L5,

(&-3-6H), Tk, FOAY 4 vHEEDLER T T
IhsnEFE% K-35 R-3-6, M-3:2iR"7F, NEBbns,

BEATLERN I T ) DEFH D, —H, 20 XFITHBILOREELZBEL, TOWERKFD
BENE, FORS LRRICIE, £RICKE (b, T4b B EREL 2,
b, AR & )8l BMBEOEILICH > TFIZELT T8210ic >\ Ti3, FHARWMBHFEICKE L FiED
%, B, FEAETH DT, R TFHOREHIFE2H 2, B2 T, #HR» 5, v HRAEL B ERE

(37)




+ Kk W

®-3-6 FERIBIFEIEMRE (Hesl)

19814 F : 9 ihimiNo

TIME 1 2 3 4 5 6 7 8 9 10 1 12 13 14 15 16 17 18 19 20
8§ 22 5 0.0 0.0 0.0 0.0 0.0 0.0 0.0 1.9 3.8 1.8 0.0 0.0 0.0 0.0 0.0 0.0 4.4 5.8 0.0 7.5
8 22 6 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 3.0 0.7 0.0 0.0 0.6 0.0 0.0 0.0 1.2 2.6 0.0 1.6
8 22 7 0.0 0.0 0.0 0.0 0.0 0.0 1.3 1.8 2.1 2.0 1.4 0.0 0.0 2.2 1.6 6.6 4.3 0.0 0.0 3.0
8 22 8 0.0 0.0 0.0 4.0 0.0 0.0 0.5 0.6 1.2 1.0 0.0 0.0 0.7 0.0 0.0 2.5 0.0 3.4 1.1 1.1
8§ 22 9 0.0 0.0 0.0 0.0 0.0 0.0 0.4 1.2 1.5 1.2 3.0 0.0 0.6 0.0 1.3 1.4 3:0 2.4 2.9 2.4
8§ 22 10 0.0 0.0 0.0 1.3 0.0 0.8 1.4 1.1 2.2 1.5 0.0 1.7 1.4 2.7 1.8 1.4 2.7 2.9 1.6 2.0
8 22 11 0.0 0.0 0.0 1.6 0.0 0.0 1.1 0.7 1.9 1.2 0.0 0.0 0.9 0.0 3.4 1.1 2.8 7.0 0.0 0.3
8§ 22 12 0.0 0.0 0.0 0.7 0.0 0.0 1.0 1.5 1.1 1.7 4.5 1.8 1.4 1.6 2.5 3.2 2.912.0 0.0 4.4
8 22 13 0.3 00 0.4 3.3 1.4 2.2 0.7 0.7 07 0.6 2.5 1.6 1.7 2.4 1.4 1.3 2.4 0.8 1.4 2.6
8§ 22 14 20 1.2 21 21 2.1 1.1 0.0 0.0 0.0 0.0 0.0 2.9 0.0 0.8 0.0 2.8 3.1 3.8 2.5 0.3
8 22 15 5020 0923 1412 12 19 2.3 2.2 2.1 3.1 2.6 2.4 3.0 1.3 4.0 3.7 0.8 0.1
8 22 16 1.0 1.3 1.7 0.5 1.7 1.0 1.0 1.1 0.5 3.7 0.7 1.2 1.6 1.3 0.5 2.4 2.2 1.7 1.0 1.9
8 22 17 1.6 1.3 0.0 1.4 0.5 1.0 1.0 1.1 0.7 1.0 1.7 1.9 2.1 2.9 3.8 2.0 1.1 1.7 0.7 1.2
8 22 18 0.3 0.3 0.6 0.7 0.5 1.0 0.7 -0.9 0.9 1.1 0.7 0.9 1.2 1.2 0.9 1.0 1.6 1.9 1.3 1.5
8 22 19 0.8 0.9 1.0 0.7 0.6 0.6 0.6 0.7 1.1 1.0 1.5 2.8 2.9 1.6 2.5 1.8 3.1 2.1 2.4 0.8
8 22 20 1.2 1.1 1.0 1.4 1.1 0.8 1.3 1.2 1.0 1.8 2.5 2.0 2.0 2.0 2.0 1.8 1.6 1.8 2.7 0.9
8§ 22 21 1.6 0.7 1.2 1.1 1.0 1.1 1.6 1.3 1.0 1.5 2.7 4.7 2.2 2.2 2.9 3.4 3.4 2.6 3.0 1.5
8 22 22 2.2 1.8 1.0 1.3 2.0 1.7 1.3 2.1 2.0 2.3 1.9 4.3 2.8 3.5 2.7 2.2 3.9 3.4 4.1 2.3
8 22 23 1.7 1.4 1.5 1.8 2.2 1.8 1.6 2.2 2.1 2.8 3.0 54 1.0 3.2 4.1 3.3 4.4 4.4 5.6 3.1
8 23 ¢ 2.0 20 2.4 25 3.0 1.9 1.3 1.8 2.7 2.6 2.4 5.2 1.3 3.2 2.7 3.4 44 44 5.6 1.1
8 23 1 2.7 2.7 1.5 2.1 2.9 25 2.6 2.4 4.7 3.2 3.4 5.2 3.3 3.9 2.9 3.5 4.9 4.8 6.3 0.9
8 23 2 2.1 3.0 2.0 2.4 2.7 2.9 2.0 1.7 3.6 2.1 3.7 2.8 2.8 3.4 4.5 3.5 4.8 6.0 6.6 0.6
8 23 3 29 1.3 1.2 27 2.2 3.0 0.8 1.8 2.6 1.7 2.3 3.5 3.0 3.0 3.8 3.2 4.3 5.4 5.1 1.1
8 23 4 2.1 2419 24 18 2.0 1.8 1.8 2.8 2.5 2.4 3.3 3.6 3.1 4.0 2.9 4.5 4.1 4.5 2.7
8 23 5 1.7 1.2 t.3 3.2 2.0 2.5 2.6 1.8 2.5 2.4 2.2 2.6 3.1 2.1 3.4 2.5 5.1 2.7 5.5 2.7
8 23 6 2.2 22 18 2119 20 15 2.0 3.0 2.4 1.8 3.9 3.1 2.2 2.8 2.7 5.0 4.0 4.9 2.2
8§ 23 7 0.7 3.3 2.2 1.6 2.2 1.9 2.114.2 1.9 3.1 1.4 3.0 3.7 2.0 3.0 3.6 3.2 1.3 1.3 0.6
8 23 8 0.5 3.9 3.3 1.1 1.6 2.3 4.1 0.6 0.9 4.8 0.3 1.1 0.8 0.0 0.4 1.7 3.0 1.0 0.5 0.0
8 23 9 04 29 28 07 1.3 1.5 0.0 0.0 0.0 0.0 0.0 1.7 0.0 0.0 0.0 0.8 0.6 0.5 0.3 0.5
8 23 10 0.3 1.8 1.0 0.9 0.7 0.3 0.7 0.4 0.7 0.7 0.3 0.5 0.6 0.5 0.5 0.0 0.5 0.7 0.4 0.0
8 23 11 0.2 1.4 0.6 0.7 0.6 0.7 0.0 0.0 0.6 0.0 0.0 0.4 0.0 0.6 0.0 1.5 0.0 0.0 0.0 0.0
8 23 12 0.0 1.7 0.8 0.0 0.8 0.9 1.8 0.0 1.2 0.0 0.0 0.7 0.4 0.0 0.0 0.0 0.0 0.0 0.0 0.0

(iF) WaBEFIIR-352RL

ENRFEDBENZ L BFH 5,

T8115i2 2T h, BRIFHA AL, L& R 2%k
#my (H-3:3),

T8210 & T8115i2 DWW T DB TIE, T8115D F hi4
KickE L EERT, UL, L—FBRENEY, M5
HPNOBEET, BPICHETWEZ L2 RTLDTH S,

ForRfEsEEic oW Tiz, 2BMHBENSBEL Y
2L ThHd, 2L, BERSr—1 (FNES) D
BHRNBGEETH, BRREOELS BV, U
PHENBEERTLINES I LI,

HIERBFO LM ELNRFEIC >V T AMRE N
Exfr — TR E1T- 2. TOEHEXFEH-3-4
RT AERBFIIL -7V PR, HBWIHE

EOEVHETLIGE T ElmEEL T 5,
3.3 FSABEHEORRE

HIfficd~x LI icv—FRR L EFRE & ONE
ITEFREAY - ZREBICEBIAIKREL, T, HERE
L TIIMRRERZ T A T4 v AREHZ TN
62wy,

T4 CRBIEIC Y - T % OMBRRR H7HIBR 3
Nah, MEREF+HVWAARFHRAL 2. 2
B, BRHIET 5 AR IcH~NMEREEAE W H S5 H
D, 72, BRARL LRI FBRENMRHHF
s ricks,

HMERBF AR » TiE, = (1979) 12
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V- REFORTHRATHEICHT 2R

20 40

X=3.0 XSD=2.3 1 X=2.8 YSD=2.0
18] ¥=3.4 yYsp=3.2 % Y=10.0 YSD=9.6
R=0.40 Y=0.55X+1.73 EE=2.94 X=0.42 Y=1.96X+4.48 EE=8.39
16 30 |
14
z 12 f % !
s A
| 10 120 "
4 b4 1 |
(mm/h) 8 (mm/h} 15 .
I
6 12
10 1 1
4 llz )
5 1
2
I2 ]
T 231567 s oMU EBHBBIBIT 00 21 6 5 1012 14 16 18 20 22 24 26 28 30 32 34 36 38 £0
v —% (mm/h) v—# (um/h)
19814F 8 AI23F 1285 (HLes &5 1) 19814 8 A23H126% (3t E533)
(a) HAZMHED & (b)  HEEEEHEH
L
;b——?’Tmﬁ)ﬂtf'}ﬁ' XSD : v — FHBROEiRE R HHBER EE HHOBH 0 BEOBEE
¥: 7L A—SMRCEMM ySD: 7L 4— STROMRER V=4 -X+BIHKRLTIIH CASENO I aHS
[@-3-2 L—#FAREFLA—4BFROYWHE(1FHRE)
ST Foss(x, v), KO Mm 2 F(x, y) £ ¥ 2, Flx, y) &
. 4 Fops (x, y) @%ﬂlﬁﬁﬁ‘%’i&%a, WHhRICETLIEA
L | REL,
%2 pm RNEGZHRETE L) CHMEOHREZIT ).
. A A - FDF L A — 7 WA TORERLIS, KR L DKk
\ . L ARAEIRRLIEC, #OOF (x, y) 2B bEHTHS
5 8/22 12 8/23 24 12 S rThD
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A Study on the Characteristics of Rain Fall Observation Report of PWRI
Based on the Radar Raingauge Vol 167 Jan. 1986
by Dr. Katsuyoshi Ishizaki, Hiroomi Nakao, Hiroshi Ohkura
Fumio Yoshino, Daisuke Kozeki
Synopsis !

In this paper the authors discussed the principles, the accuracy, the calibration
method the characteristics of ground clatter variation and the method of clearing
ground clatter by MTI, when we observe rainfall using radar raingauge.
Concerning the principles of radar raingauge we mainly discussed the composition of
apparatuses in radar raingauge and the leveling of echo from the view of
meteorological phenomena. Concerning evaluation of observation accuracy by
radar raingauge, we estimated the difference of rainfall amount between radar and
observations by comparing rainfall amounts obtained by radar raingauge with
rainfall amounts obtained by observations situated in higt density on the ground and
rainfall amounts obtained by telemeter system. We also investigated convection of
rain drops by winds. Concerning calibration method we introduced past studies and
we showed the example that the calibration method developed in our Institute.
Concerning the characteristics of ground clatter variation, we found that the
variation of ground clatter could affect the accuracy of observation by radar
raingauge and the MTI method was superior to subtraction method of ground clatter
using clatter map in the area ground clatter was very strong.

Key Words : Radar Raingauge System, Calibration Method, MTI Filter,
Ground clatter
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