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The National Research Institute for Earth Science and Disaster Prevention (NIED) large
rainfall simulator, which was completed in 1974, was designed to study landslides caused by
heavy rainfall, using test models that are as large as possible. The four types of nozzle
below the ceiling of the facility can produce rainfall and control the rainfall rate from
15 mmh~? to 200 mmh~!. Since 1974, measurements of raindrop size distribution (DSD) have
been carried out using different methods. The first measurement, using the filter paper
method, was attempted in 1977. This was followed in 1996 by measurements using an
impact type disdrometer. The most recent measurement was in 2003, when a 2D-Video-
Disdrometer was used. The present paper outlines these three methods and the results
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obtained.

Of the three methods, only the 2D-Video-Disdrometer succeeded in measuring the DSD
quantitatively in a rainfall rate range of 15 mmh™ to 120 mmh™'. The 2D-Video-
Disdrometer did not measure the number of raindrops correctly at a rainfall rate of 200
mmh~!, when ’data overflow’ messages were seen in the LOG file. The DSD obtained at a
rainfall rate below 120 mmh~' can be expressed by an exponential distribution. However, the
DSDs were considerably different from those observed in natural rainfall: The slope parame-
ter N, of exponential DSD was about three orders higher than that of the Marshall-Palmer
DSD observed in natural rainfalls. The median volume diameter Do was only from 1/30 to
1/40 of that of Marshall-Palmer DSD.

Exact measurements of rainfall rate and DSD were not possible using the filter paper
method because it was difficult to control the exposure time during which raindrops were
received on the filter paper. The DSD was estimated assuming that the rainfall rate
indicated by the rain simulator was correct. The DSD was expressed by exponentially.
The estimated No was about one order smaller than that of the 2D-Video-Disdrometer
estimation at a rainfall rate of 15 mmh™!, and Dy was almost the same as that of the
2D-Video-Disdrometer measurements. At rainfall rates larger than 15 mmh™!, estimated N,
and D, are smaller than those of the 2D-Video-Disdrometer measurements.

The rainfall rate measured with a JW disdrometer was 10 mmh~! when the set rainfall
rate in the rain simulator was 15 mmh™. When the rainfall rate was larger than 15 mmh™,
the measured rainfall rate was considerably lower than the set values. The JW disdrometer
could not count small drops under such situations, and estimated DSDs differed greatly from
the 2D-Video-Disdrometer measurements.

The 2D-Video-Diosdrometer measurements made it clear that the DSD in the NIED
rainfall simulator is characterized by an extremely large number of small drops, which
characteristic is not observed in natural rainfall. This characteristic of DSD has been not
clarified quantitatively since completion of the rain simulator, even though measurements
with different methods were attempted. It will be necessary to improve nozzles for the rain
simulator in order to conduct experiments which require more realistic DSD, for example,
measurements of rainfall attenuation of electromagnetic waves, experiments of soil erosion
by rainfall, etc.
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Bl REFF BT FeTT 0 KT PR SE B 3 13, PN BFJeARBE & LRI AR & L T 1974
ICESLBG KBS v > 7 — (B KRBT 7R OBPMICEERI N, R0 HI, %
Ik D RBET L EWKEL, TEHETHEIENRENRNERIC L VBEHL, ZOFRER
BOBPEPL TR DWTOMELBI L) 2 & ThHS, EHFETE, ZOHMDIIRIC, KERPR
& DILFIFTE, TEMELZBL T, FRNOLEDOTHR R A 7 = X LD BRI O
B LRI BIE L 2R A MRERER, @EICBEL T, =4 7o, FIMHE, L—olmic &
L RFEREICBE T 2R L EFERHEN T B, ZNLDIMETIE, BEEENAL LT, EB
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DIERIRSA I RARON & KN TERBNC/AN S LHEF LW 2 L HRBE, L biro T



B SRS BT e A R T M T SR BB 55 ) R 2 437 33
72, Tiebb, REOMTIEIMEMBEITRE( LS L, KELTMBEIESCBUNINLNHIEE
Th 555, EBRMEIEAD / Z)VCEN HENETEMITIZ & A EDVNE > 6D, “BRRD
B CRBATELMTH S, ZNTiE, ERENONHAURESMIEIRERNEORES T L ER
B EDEIICBLZ2NDTHA 5 ? ZOMVIZN LT, HEERED bBIE T T 30 4/,
WA WAL CERBERNOMBRESTORENRALNTCER, BUORENBI bl
72DIE 1977 F£T, BAE TR HMEY L Pk & 4 - 72 AHEED IV 5 172, R\ T, 1996 4| HEE S
THETBIATDT 4 AF O A—F W2 HENFRA LI, 2003 E£ITIIHFROBERTH
L2DETHT 4 AR A—F It BRESFBI bz, KHETIE, s 3EEOTEIZD
WTHERLL, ZOBIERERIC OV TENS,

II. BAKMERARTOT AT K B M SRR MR

REEREBRIERRONER & EBRP OWNIORET % £ £ Photo 1 & Photo 2 i2/R$. X, #
FOELMAREE Table 1Ry, EMEBRMAEHIIIEN 48m, BREMW 73 m, HE 20m ngk <47
b 2EET, RETICEYAHT LN 4 54702 X (Photo 3) 1o & ) B&FIFE 15 mmh!
5 200 mmh ' DR 2L T Z L ATE S, S ANOB)MHFAEIRM ES S 16m HFE T,
FKBOE T RELIHIEEICET 2 L) KR EIN T3, HEREFRZILV— N ECE-TBNE
BITAZEDTEETHB2D, HEIRBEKICOVTRFERELBI o Tw AR, JIORBRK
ETCROZBRENEWELFITL CBI LI I EATES, 2k, E£HZ2EBL (HERWE
ESHREE U5 T\ 5,

Photo 1. General view of the NIED rain simulator.



34 BAR Mz & E-E# BF - VN BrRNG - Michael SCHONHUBER - #5EER

=
. . - -

- . - -

-

-
... ___ @ - -

- - -
. . -~
.

.

. - -
.

- - . -
-~ “‘”N’«ﬂiﬁ\%‘%(w/ffvﬁ{
-
-
-

o
-
-

- - o
. - -
M :’”’x“@a‘;‘g‘é{%«’%’"&""f
- - - .

. - . - =

.

A

S Ce
.
Voo

.

e

e

b

-

Photo 3. Four types of rain simulator nozzle.
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Table 1. Main specifications of the NIED rain simulator.

Structure

Main building Steel pipe trusses 3,492m? (48m X 72.75m X H19.5m)

Control rooms Height 7.5m above the ground, Main and sub rooms (each: 65.4m?
Rain sprinkling system

Raindrop sizes 0.lmm~2.2mm in diameter

Rainfall rate 15mm/h~200mm/h

Sprinkling area 44mX72m (minimum being 1/4 of this)

Nozzles The first system 15mm/h~ 40mm/h 0.7kg/cm?~5.0kg/cm?

The second system 30mm/h~ 75mm/h 0.7kg/cm?~5.0kg/cm?
The third system  60mm/h~130mm/h 0.7kg/cm?~5.0kg/cm?
The fourth system 100mm/h~200mm/h 0.7kg/cm?~5.0kg/cm?
Nozzle height 16m above the ground
Control system Remote control. Flow discharge is controlled by pressure.
Water supply pumps Two pumps of each 3.3kV, 11.5kg/cm?
Maximum volume: 5.5 kl/min

Experimental block
Area Total: 5 areas (each: 44m X 72m)
Water treatment facility
Rain water treatment  Cycling and reproducing system
Coagulant mixing tank 3.0mX3.0mX3.0m
Water storage pool 22.4m X 22.4mX1.6m
Water supply well pipe of 250mm diameter, 150m long in depth
Pump: 7.5kW 0.9kl/min

. FENESHO I BEEOMESE

1. A#ERICEDHE

AHHIE (B B IR EE) 13 Defant (1905) 1 & W EFRI Nz, ZORES, KEtkogkis L
AZFELAKEICHEELZTMY), ZORBFOREI P LEEAKREZE2KDELENI LT
»Hb, 0%, FCHEAREELZPLICL T, FHT 2 AHQ0RE, PR2EEIES
Fhie IcER tB B Y B I kb, B1213, Defant (1905) IZFHEDEM BT 72Dkt &
LTzAP >R (T=) 38 288072, 5% (193013 & VAR 2ET oI
FOUBEREEH (HHR) BROBSBREZAVZ, Jb-E (1954)37=> 71— (b3
Wiz —F—T7N—) OREAMmICEP L THAKICEZ Tk -2, gk, 5
MR 2 —RRICEBE T LI EVEHIC -7, T2, ZNET, A EDOHEEOEBAERIC
INHEEE NG - ELBBE I N,

FEHBOKE 22HA L TRBEOERS2 KD L2523, doh LOMBENKEIDELHK LD
EBFDOAE R dDBMERE KD TE L LEH 5, B2 (EEEE (2004, personal communica-
tion) 32> T H—HDAM CREAEBASH, No.2) LT, koBfREXzKD, BE
B F ORI % 2B HWTWw3 (Harimaya 1978).
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D=0.18124%(14-0.1605d —0.02434%) (1)

ZC, D, doBfzcm TH 5, Fig. 1ic ()R &, BFRBFEMTRITDT 1977 F10 KB R
EBHEERN TOMBEORES A DOREDBIC 72 & KEEEROBERRZ R, ZE0iig
DRL BN, B A\MOBEHEPLTHRAEIC L REMBOERTHIEYHL2HTH D,
B KEREEAMFFERT D W 72 SIRITBBESH W 2 S RIC R TE WA TH 5, BBz, B
WAHHBIIPNECTHEEZ I 2 DIEL TWE EENTWE

HEEEDRBNAOKE Z dDFEA L NI

TRV DD DFEIREIN T B, T
% 2 i¥, Niederdorfer (1925)i% % 7 Z#
AL T EREEAr—LEA
BEL, EEHAL-TE, ZOHET
BEEImmUTOEBZHAL B L
BTELWNT, EiF (1943) IHEBEE
BEHEEBE TS FicikL, 1/10 mm & THA
EoTw3, Zolidy, EWiIELLEMNT
BT, EHDOZAr—NITH L1 LH
i ZonEL.GHO IR E A
AB LIt LTd 2 #ET BRELMBEL Y 0o ﬁ. ﬁl @Aib‘ QQ é
PHREEIN TS, 29 woz hBdIER Trace diameter on filter paper (mm)
ICFRBY 50T, ERBOBAKRED Fig. 1. Relationship between trace diameter on
MBI v, BRI A (1990) 13 (faitlé::z'r paper and the corresponding drop diam-
&fEres % B TR O T — 5 DM %

AHEIC L T b, Sasyoetal. (1991) 3FH D& /KERHEFE (Nakamura, 1960) % HEIMLL
feEAKEG R REL, £OREREIC DN THENTW S,

SR & HMMEOREESAT N(D) IZKDEH It L TRKD LN, BEE D; O xe§
L5 ENEBOEEE R T3 &,

---- NIED
—— Harimaya

Corresponding drop diameter (mm)

ni=N(D;)-8D;* 58S w(D;)+ ot (2)

DR H B, Z 2T, OD; 13K B RS OMEEZNI AN (mm), S 3K EDY 7
) > 72 T omEE (m?), w(D) IZERD.OWMBENE TERE (ms™), 8t i3H> 7 > Silbd 3
Wi EHER(sec) Th A, Altas et al. (1973) 12 L 1uf w(D)) i

w(D;)=9.65—10.3exp(—0.6D:) (3)

TRYZ LD TE S, ZOKEBRKIE Gun-Kinzer (1949) nEHEE B HH. @R E Q) X» b
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ND)ZRAN & ) IcREN 5,

_ i _ i
N(D)= 55,755 w(D2) - 6F — oDi- 05 (9.65—10.3exp(— 0.6 D7)~ 37 @)
N(D)#R % 5 & BTTHREI KR CHETE 5.
R=36% 10‘3<-§—>7r [ D"‘“"(g)sN(D)w(D)dD (5)

ZZT, B)RDFEHENEAIZR[mmh ], D[mm], N[mm~'m=2], wlms?] Th5.
HERBAOD P L WHET, BMBICHETE 2 HFETIEH 54, EFOalic FR»H»
252k, REBOBRICIETRELZZ 26, BAETIRIZEAEELN TV N,

2, BEONVAESATOT«AFAA—F & BHE

ZNZATDT4RAFaA—=F TRLHELNT WS DZ Joss and Waldvogel B4 74 % F
A—F (L JW T4 AP A—F LIFE)THE, JWT 4 A PR A—3F, V—FREENE
B Z A—FD—D2THBRHRTE2FHES 572912, Joss and Waldvogel (1967) 1z & 0 B
FE3N7z, Photo 4IcZDNEERT, IWT 4 AP u XA —FiMiE2 2T 2HEES0cm? DR S
A7 —u33—r (ErH—8%5) LEELEEEBL ) BETHES RD-69) 3LUAD 2
oNx—% (AD-90) 5% 5, WIEFEEL, BT T 2MEI P —FKEICHRT 2BNESHE
P ERETICERL, MEOKREIEHETILEVILDT, BEMCIIRDOBY) TH5E, &>
F—REICHRTLEMEICL > Ter—y FEPRITHICENT 2. ZOBMEL> > 7

Photo 4. Joss-Waldvogel type disdrometer.
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24 0%BL TRD-69 TR O0.5us D> ARDETREREUICERING, BEERUEI LY
P~y FEGTHIRS N, o —y FEGE2TTOMEICL ETERE L TL LN S,
TOEERY TN L SRR EES T AHNL 0T, Zhuc k), ke L EHRT ZWMBOMHE
HNERET LI EDTREE L > T b, —F, BRINLEFELRIL U=ID" Iz L ) HEDOEE
DEBFROT oNSG. 2 CHMIZRMEETHE T T L,k & n BRIEHZBIEYT 5 & 2k
EXNLERTH B, B NV2ABEUIZ AD 2> 5—~2—(AD-90)I2 & D 127 FEEHOWIE/Y A
IR, BICVY 7 7272 ) 20 7 7 ZADRRICS DT 5L 5, BIZEWTHE 2 Wik 2
NEREFIZ 0.3mm 25 5mm Th 5, MBORLESAHEN(DIZ A THWZ @) X bt
ENg, 2L, IWTF4 2 FuX—2nis, 65=0.006m? &=60F% (M%), oD: 3&F ~
YANTHLPLOEDLNIMETH B,

INFTIWT 4 2k A—-2%, HYWEBRONE, BRBENOIZHOREL —FT DX %)
TVv—ar, 24 7 nEOREMIC L 2REREOHR L SRIECHVWLNTER, ZOREIC
DWTIE, BRRRIC L DB LI I TS, #1213, Sheppard and Joe (1994) iX JW 74
AkmA—%, BFEHCHEAFRIBT 227 e =5, Fy77—FEZ7 P VERIET
LKL —2 27 A (POSS: Precipitation Occurrence Sensor System) ) 3 F&3H 0 #H|
BOWBEBZ 0> Twa, —IC 3TEHOBZEEYD L RO IRBESAIT L B - 7225 JW 74
AR A=FDF TN TR a—ndhBnizoic, 1ROV 7)) v Z7RE TR
POSS iz BN TR E LT 2 RATHAY D > 72 2 L 2HE L T 5. Tokayetal. (2001)i3,
BIBTH2DETAT4 AP A= L ORBBMEBZ 2w, JWTF4 A Fe A—2130.5
mm LT OMHEOEE % EE BTG T 2 2 &, BOMSLHBRICECHOBAICBIEN S K
ELTHMMEIW T4 A Fe X =3 DRETMREEEL B 572D, RBTELWI iRl
7z,

IWEATDT4 AP A-FDOR[ELTECHALNTWAAEELT, KELWHFEIL
F—KRENCH 7z - 72t/ & e L B HK L v & v ) I ("dead time™ OHE) 7% 5.
L —FREICKE L EEONBEIEHRT S L e V—RKERRET 2. ZORE»BSE5%
V) BIZKRD/NE HRHES L —REICHRL CLENEPRET LI LI TELW, ZORIE
Aee7c ki % “dead time” & MEUF Joss-Waldvogel 7 4 7057 4 2 Fa 2 —Z 12 &k 5/8& 1Y%
FRETIEOBRAL L > Twb, INEMIET 572612 Joss & Waldvogel I2 & » TIREE L
ThkDEBASGHNLNEZ E0H 5 (Bl 213 Sheppard and  Joe, 1994 ; Sauvageot and
Lacaux, 1995; Maki et al., 2001).

D30=5.25mm .
N Niexp[0.035 5 kalogogo.ssa ]

T  p.=0ssp; 5D;—0.25 ©)

ZZTNWBF R CREIALEE N RBLEINRME T Y7y 7Bl TH
5, "dead time” OFIEFEROBI% Fig. 2 12/R7. Fig 2(a) 13 BN E 5% 50 mmh—* OXFiH:
DR TEU S N 1 EOTMEMMEE N 5% THh 5, Fig. 2(b) i3 "dead time” #HIET 2 B
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Fig. 2. Example of “dead time” correction in JW disdrometer measurements.

EBEONESHERE L2 TH L., FIEXF1ImmUTOSHT, WELRZLIDEZ ) Tk
DETRELBADPTTCETCHDINN LS, 6 RIBERRATIEH 525, "dead time” DRIE %
HHREBIRTHINETEZS. LeLLds, BREEIREVEE, IEVMEF >R
TREN=0 L 25805, ZDL ) THAITIER 6) IFRITIE 222,

“dead time” UANDOREE LT, TAAFOA—FNDREBEEZHNDELNVDBRENGD D, T4
A Fe A= HRETIMENEFTEEF ZNBEFL LI ENE ZIZIZZOWMBEOEE
T ENTELLS S, BEORIE L TIHMESCERZ 22 MY, B 2R2HENE, Eh bW
Hb, i, BARZFOBEL L TLELIRIELNIRHREBORTL /A XOREE LTE
BETHUEGHDL, TNLD /A XZRHBZEBRCBRET LI LTIV CZLIITETH
5.

3. ZRE{EFAF« A RO X—% (2D-Video Disdrometer)

ZREETAT 4 A Fu £—% (2D-Video Disdrometer) (34 —X 1) 7 Institute for
Applied Systems Technology ? Joanneum Research iz &k W BiZE & #1172 (Schonhuber et al.,
1994), Photo 5 icJIZRDMNERZ RS, HEBBNFHEM oIz Kruger and Krajewski (2002) iz &
5NDT, ZITREANLZHEFRBEIC O THEICAENS, 2DETAT4AAFRA—=FF 3D
DELHERERP bES. > —2=y b (Sensor Unit: SU), E/EF=2=> } (Outdoor
Electronics unit: OEU), 22— —#*® (Indoor User Terminal: IUT) Th %, XFFET
Fv»7z 2 D-Video Disdrometer 137w 7 7 4 VBT, WRNT 4 A Fw A—=FD SUNEHIH
1L1mDEERTH > 2D LT, REIDERE D> T b, 2L, HERBED L DI, 5RE
BRCTE 2 ERE L) DREANTH LY, AEBEICHEr THHRMEL S 572726 TH 5,
SURICIZ2EDTA X AX v > A ATHERTS LIy PENTWDE, ENEFNDTL >~
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Photo 5. 2-D-Video-Disdrometer. SU: sensor unit, OEU: outdoor electronic
unit, IUT: indoor user terminal.

# 2 TDIEEICIZFEMEZBRET 27260 10 c DIEDKDIGES £y F ENTWE, 2B5DK
BEAENHT 10ecmX10cm H ) 72 MiEHI%E T 58, MBI LE2ES. 2o®iE s A 7AW
274 RICEFI & L7z 1024 HOFRHBTF CRIBE NS, & 4 T oEERRBHIT 40 MHz TH
5., 2HEDONFEOBNMTER B> TENEFNHIET DI/ > A X %> A ATORYMHFER)
12 6.2mm ZIFHRELEICE > TWE, ZNENDH A7 TRIEL 2MEN#EMIGMT 2 2 &
HTENL, 6.2mm DEMFBEIT 2RMEAEET 5 Z ik 0, BTERE L KFELEOBEE
ELEETHI LD TE S,

OEU £ ZE #8513 DOS-PC TH %, PCic A » 2 P —nENRF, BERAOY 77T
&Y, 2BDOHATOETAEBERIRH A THREOEELHRET LI EHTES, F72, B
MOBEEORER AW 8BICE ), ERLAIEICE >~ TRIVEETHS, HEEAATOR
NHFTALBICOWTHOHEREBZI L) Z LD TED, T—FIERDHNTRT T LIET4 R
X A ATRLDT—F 2 BI%, BIAEL, EMHEL C—R8Ic RAM /Sy 7 7—~Fiék 7 5.
OEUMD PC L IUT D PCixaxy F7—7TRIINTEBY, OEU-PC» RAM /Yy 77— 504%
BT =23, WUT-PCLDBHIE N —FT 4 R 7EANER, 2—315,. OEU-PC &
IUT-PCIt3 s AT LB 70 /T 604> AP —NENTEN, ELor 1EBTLEE2RE
T, HEIMIC) 7= 22 onbd L )ik - T b IUT-PCIRiZT— @O 70 77
LAY AP—REINTWE, ZHREY, VTAIALHDNEAT T4 CHMREE, W
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WESAT, B, MHEOBRLEZTHRLL, BT & TES.
2DETAT A AFOA—F I L BBRTERLETEIRELT, A ATV > XDFEN,
NEXL EHNETLNDE, BHRTE LT — 7 2885 2OITIIREIRE M - 72 EHI 2 RF BARD
AHRTHSD, Z0i3h, BEOHEL EPEHEN T3, BLICBEBINTIWZ -,

v, 8l ® # R

1. AEEFRIZLDHEHER

HIEERIC & 5 BRI RN TOMBRESANONEIR 19775 Ak I hbiiz, AiKE A
NEFENEZFCHITHAO T Z LIc L VMELHREL, BRBICAHREORPFOKE S &K
BEZ 7, BEEIIRL S 3EIICBI koo AFh e Lz, Fig 31t Ak EicB I N2 EHOH 2
AY. 2T FULEEDICL b o, BEEFFPHERICREEIN TS, ROKE L 1D SEN
7Ny 7Y T (0.01m?) iIcHET 5, KESH ND:) REFNFRDIFZATHT FEN

Fig. 3. Examples of traces of captured drops on filter paper. (a) R=15mmh™}, (b)
R=30mmh™?, ¢} R=60mmh’, (d) R=100mmh™".
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1M n E WR~NMATEZLICENHETES, 220, Y2772 7 65S=0.03m?,
WAEDGERE 0D:=0.2mm ThH 5. SHEIFETOBEN 2O IEHICHIET 22 L IIR#ET
Holz, 22T, @RS ND)St nfEEKD, 6) R 50t 2HEE L, ZHE X, RN
EBHEOBREMRME LAV, ROBER W0BBRELEZ s, WEMKES Fig 4108
T, RicizzE e LT, BREOMOMERAS A % & T DI Fiv: 515 Marshall-Palmer
DA (N(D)=Noexp(—AD), A=4.1R**mm~, No=8000 m*mm™) ZHfR TRy, HEE
N TSI E S TROLCE 555, Marshall-Palmer 475 & Hlg L ¢, 91555
A—=5 (No), WF <7 x—5 (A) DEPKRELGMEL>TWDE, Thbh, KNERRBNA
TN HENAMHEOBES AT AR TRASINLHM LI RT ), DAEEBEROMBEIIERIC
BnGAiE T o TBY, ZEAXOMBIZESRED 2.5mm I FTh 5. Fig. 4i0nmL 28R 6t
DB HL7DICH FTHHEERRTH S, ZOWERRIE, BT 2DETHT4 R o
A—ZIC L HPERR L I NS,

(a) R=15mm/h L (b) R=30mm/h
50 . e 5OF
r N=18x10"e™ ‘ N =2.1x10% 380
. 40F __40F
£ s £ ;
2 30f 2 30Ff
S : S :
20 20
10f 10F
00k 00k
00 05 10 15 20 25 00 05 10 15 20 25
D (mm) D (mm)
6.0 6.0

(d) R=100mm/h

/=1.8x104e'2'80

(¢) R=60mm/h
N =3.6x10%7%62

50
40
3.0

Log,,(N)

20
10

0.0 )
00 05 10 15 20 25 00 05 10 15 20 25

D (mm) D (mm)

Fig. 4. Estimated drop size distributions with the filter paper method.
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2. IWTAFOA—=FICLBBIEHRR
IWTF 4 Ao 2—2i2 Lk BHEIZ 199 FicB I hbitl, ERWNORYL 5 2ENc 2N TR
BOIW T4 Ao A—F 2B L2, REMMBEEIT 15 25, 50, 75, 100, 125, 150, 175,
200 mmh™ @ 938 & % (Table 2). BHEBEIrEZETIDORF>C, FNEFNHSHHETD
HMlZ B %o, BIEFERICEI hbah ) » 2T 550 BMa kR, BEMH
THE L BE S N BEMNEEA KT L TH . BMERMBROZRERTNBENREIZ+10%
RETH DT, BERTEESZORBENICHIUL, EFCHETE 2 L WETE S, Fig. 5ic
HEMTRE L JW T4 AP e A =22 L EMBEOBIERHRZ T, B TRL 2R
HEBILh->72HMT, RFDOFEFRANE ANVERKENDESTHS, TAHAFBA—FDT—
23 1 5B FEH%ERLEE T, dead time correction # 827> Tvw3, Fig. 526bs 547

Table 2. Set rainfall rate and corresponding nozzle (measurements
with a JW disdrometer).

Obs. time Set rainfall rate Nozzle type
14:15-14:25 15 mmh™! Nol
15:05-15:09 25 mmh™! Nol
15:35-15:39 50 mmh™! No2
16:05-16:10 75 mmh™! No3
16:13-16:17 100 mmh™! No3
16:21-16:25 125 mmh~! No3
16:31-16:35 150 mmh—* No3
16:40-16:44 175 mmh™! No3
16:47-16:51 200 mmh~! No3
200 — i
L Rain| Simulator wg | OB
I No 3
150 | —
[ No 3
- o
]
< ] No 3
E L -
£ 100 .
~ No: 3
m -—
[ Nb 2
50 1 .
. Nezzle No N°_1

1400 1430 1 5|:00 15:30 16:00 16:30 17:00
TIME (LST)

Fig. 5. Comparison of JW disdrometer rainfall rates and set rainfall rates.
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2, MMERBERDOHREMH 15 mmh™ @ & & DR EBERGEE T 10 mmh™ & BB R WE >
o TwaH, TNUADETHORNIEETIW T4 A F o A —F DfEIFRERTEEZITI
TRl 72l > TEY, FHFEBRCBILLNL TV EVI EE2RBL T3, HIERkNER
Eom%E (A% &, 50mmh™ F CTEEREMAKME % H 17T L REMIZSIC/E -
Twa, S ZANWHNo3IKEDL -7 75 mmh™ TiE, BIESNZBEMEEIR—EXE o225,
i3 17 mmh™ & FEMEIC N TH A D A S v, BEMMNMEES 100 mmh™ &7 % &, BURIE
PEFSRIE IR/ o 7o, BREBRFTRE ST 125 mmh™ T3 0.41 mmh™ TL % %>, 150 mmh™!
B FHEMBIZHERSEC ), BEMICIE 80 mmh iE< NEMEE % &L T3, 175
mmh™!, 200 mmh™? TIFZFNFN 2mmh™, Ilmmh TLH %\, 49 —E8NDT 4 A Fuxt—%
% Fig. 5 L3 ALRILMmERL 72,

HREFIRE TR b 2R % Fig. 613K T. AHEEOHER (Fig. 4) tHEXRTrL IR
THRERE %> T B, BEE N(D) i3 R=15mmh™! LSHIFEF IS/ E L Th 5. RIERTH
FED R E BT TR I B i A » 72 R=15mmh™ D & E0RES i+ R 5 &, 8BS/ Tid%
¢, D=0.Tmm R -7 2254 TH5, D=0.3mm» 5 D=0.4mm TN=0Th3
CEREBITNETHS, Tbbh, RERWEEAL 15 mmh™ T3, JW T4 A FuA—2Tid
IAEVTHEE ST P TELL T > TEBY, TNHIBERBEOBIFTENAFEREEZ s b, &
ERNMEIKRE( LD L, ZOMEMIZL VEEICK S, Fl21E, R=25mmh™ ORIZIZHH
DE—7i D=1mmAHEicH 255, R=50mmh" Ti, £ —7IZET D DRELH~L 7L
Twa, R=75mmh? B ETRY—7HEIB 2 LICKELDNA~NT7FLTEY, H1.7mm D
ETAIEHB, BTBEENFELCHBEN TV EWDT, RESHOZNL DB EDBRER
WA HBPTHTH B,

IWTF 4 APex—F L 2WED) L il RERELTCROZ ENEZ LILS,

O BREBRHRD L OMBD T4 A F o A —FOHBITTRELHE (0.3mm) L) H/hAEn,
Q Y —KMMIrKBETHONTRENRBS L, MENEHES S VdIch 7> P LIEE.
@ HEMKRE LR > —KEIC L7 > 2RI BREICIREI?ER S, CORB»B2 223 T

DN S LR BTz > TH A7 > FEN\, 2 deadtime IIMHENEHEA ZFAL 72

ZDIATDT 4 A A= DRRTH S,

3. 2DEFFTF4RANBA—F L B HIERZER

RIS CRL7zE 91T, JTWTF4 AP £A—2ic k 2RERRBEIMEDN LD TR Eh -7z,
T, FCHB LT 2 2DETAT 4 A Fu A= 2 HIEL 200346 Hick Z
Thhi, EBRICHWBREMNEEIL Table 3ICRL72EBY TH 5.,

Fig. 7 \cBMEBRRRA CHIE S LA FOBR OB E T, BREIETF, B®HKr 5T
B9, MEEZL.0 Ths, RioFmiE, BEEOBEFTEL TWEERBROFHTRENT
W3, FEREOBRNOER HLERE) 30.92mm TH b, BTORTY, BREBRRKRNTRLHE
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Fig. 6. Estimated drop size distributions with JW disdrometer

measurements.

Two disdrometers were set up at differ-

ent place in the rain simulator. The solid and broken
lines show the results of each disdrometer measurements,

respectively.
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Table 3. Set rainfall rate and corresponding nozzle (measurements
with a 2D-Video-Disdrometer).

Obs. time Set rainfall rate Nozzle type
10:01-10:25 15 mmh~! Nol
10:29-10:43 30 mmh™! No2
10:48-11:02 60 mmh™! No3
11:06-11:21 120 mmh! No4
11:25-11:32 200 mmh~! No4

BB NARHENERL 0.3mm» 5 0.5mm TH Y, OBl HENKE ZHREOTH
5. 2DETATAAF R A—F CRETHEELRS LN S, ZOBIOLIEIL 3.6Tms™ T, (3)
Ao LI N HIRE THEE 3. 7ms 7 ITIEFITRWEE 5> T b, BICIIRE 2025, FHl
ENTERBHNOWMBOE FEE L HHEEEOBREICRTL (MU TE ., Fig. 8ic2DET
*T 4 A R0 A—F CHIES N-BRREDORMZEIL L Y, FREBMMEL 15 mmh™ & 30
mmh= Tl3HEE & FREMTEEIIR  Ho T 5, FREMNMEEL 60 mmh TIIHAIEELFE
FINELL T b, FREMEH 120 mmh™! DFFIZIE, BI%EfEIZ 130 mmh™! 2* 5 100 mmh™ TH
5, HEREMMES 200 mh~ 2% % &, MIEMIZHEATD 100 mmh™ TL 2%\, BRERFHRE
DREIFZF10%TH B Z L 2EETNE, 120mmh™! £ TOMIcOWT, 2DETHT4 A Fua
A—FRIEBICFHTE 2 EE2 b b, BREMREED 200 mmh™ TiE, v 77 7 4 Vi
FNDA—R—=T7a—NAye—UHRVELEEFEN T2 b, A7 FTELWHNE
Br2DETAT4 AP A= DBROBRALBL T EEZ LN b, BRERMEED 120
mmh~! LUF OO RS NELE Fig. 9IRT, MICiZSZE L LT, Hi L 72 AT
5E & N7 TR A & RIROT T LIF LIESIH X L5 Marshal-Palmer 4545 73 L 7z, Jl5E
ENHFERASHIZERY 0.3mm 25 0.5 mmicE—2755H 25 Th 2 5%, /S R
PY 22 eHTEL. RADLREICLVEESAEZ L TROHREZERT, HRERORZK
HICRTY, KD 5 RS A L RKIROF CBIA E N ATHMAET M LI RE(RE > T
%, BNEBBRNOMBRESAANOR 22T 4 — F 13 No=1.5X10° m~>mm~* (G5 M ik B 5
15 mmh™) # 5 8X10° m~*mm~! (FREMEMGRE ST 120 mmh~Y) TdH 555, Z DfEid Marshall-
Palmer 53475 DEA DY 23T 2 —F (No=8000 m™>mm") I T, 3HES RELETH 3.
KESMDEEZRT T A—FA (HD5VIIEEE A DT Y ERED,) 1ZBENEBRRBZANNOM DY
£, BEMEMNIRE S 15 mmh™}, 30 mmh~?, 60 mmh~!, 120 mmh~! D&, ZHLF N, A=6.67 mm"
(Dv=0.55mm), A=6.17mm™* (D,=0.59mm), A=5.29mm™! (»=0.69 mm), A=6.16
mm~(De=0.60 mm) T& 5. Marshall-Palmer ?4345 D34, FNFNORMEE T, A=2.32
mm~ (Dy=1.58 mm), A=2.01mm™ (D;=1.83 mm), A=1.74mm™ (Doy=2.11mm), A=
1.50 mm™ (Dy=2.45mm) THh 3. ZDLkHiz, BREBRKEND Dold, REKRNFHND 1/30 &
b5 1/40 DREZNETL v, BB UL, FFINELMBEFZVWIMHE k> T3,
ST L B RERIZ, REKGEE S 15 mmh™ & & Np=1.8X10°m>mm~"' T, 2D £ 5%
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Fig.7. Example of images of rain drop detected by a 2D-Video-
Disdrometer. Left: top view, right: side view.

Fig. 8. Comparison of 2D-Video-Disdrometer rainfall rates and set rainfall
rates.
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Fig. 9. Estimated drop size distributions with 2D-Video-Disdrometer mea-
surements.

TAAFRA—FORFREWBL TH 1NN LETH LD, WR 37 2—F BB APTVE
%) 13 A=6.6mm™! (Dy=0.56mm) T, 2DETFHTF4 AR A—FNDEA=6.6Tmm™* (D
=0.55mm) &it\>, 15 mmh™ USNDREMERRE Cid, AHEIC & 5 Noy Do DHEERRIL 2
DETATAAFR A—FIZHNRTEDINSLETH B,

V. % & &

B SRR T O K TR MRS, B L ) RAET 2 ERKEY, B S
OIRUERIC L VEBL, ZORERBOBHPLFUCOWTOMEE B I % ) 721 1974 i
BN, BREREHRA TR, MEERE,LBES TOR 30 £/, WD W5 R HETER
HEERNOTBEEI A OREL RS LN TE L, KRG TR, HHE IWTFA R Fu1—2icd b
FEh 2DETHT 4 AP A—F LB HED IEADHENMEE L Z DFEFIC DTN,

Ak, IWF4 A FauX—F, 2DETFTATA R0 A—SD3BEAOFENIH, 2D ETF



Bl KA TRt FE R A B B R SE BB R D R AL R0 A 49
FTF 4 A Fa A—=F DA, REEFHRE 15 mmh—',30 mmh!,60 mmh~!, 120 mmh~ TIEL {
MR A MECTE 2, 2220, RERMMEES 120 mmh T3, #E S NBRHRERL 130
mmh~' % & 100 mmh™ D% ZE&) L 72, FEMEMNEE S 200 mmh™ TiE, 7—FA—"7a—
DAy—=Uhal7rANEIRONE L2y, EELHA TE d -7, HEKkilE
EE5 120 mmh ™! LUTF DBE4 O MERES AT IRES M TR TE 2, Ly Lah s, Kbsbnk
PRI ST AT (L RIRDTE CBLI & N 5 MRS & RE (B> T/, BREBRKENON
RS OYF 237 A —F DEIRXREKDTTLIX LIXTIH & 115 Marshall-Palmer O 445 7
Y787 A= FI2 T, 3HPES KRELETH B, RESHOBEE 2KT/ T £ —2 Do (BKH#
AP T o HEPE) 13 Marshall-Palmer 477> 1/30 225 1/40 DR E EDfETL D v,

ORI & HBATIE, BHREMZIERICHIET 22 EHEBTH - 72720, BE I BElERE
RN ESFOREBRIITE LD o2, 22T, BRBHROBERMNEENIEL W EHELT,
FHE N OMED b BRI 2 HE L, MRS 2 #E L 2. H5E L - FEhiEs
BIRESAA TIELLTE 2. REMMEES 5mmh'DE ED N L, 2DETAHT 4 A Fo A—
FORREEBL THIMNELBETH 7205 Do ld 2D ET AT 4 A Fu A= DIELED -
72, 15 mmh ' UADBRERERIEE Tk, SMBICL VMEINT N, Doid2DETAT 4 A F
O A —F OREBMHIC R TNE L ETH - 72,

JIW T4 Z2FaA—2ic k 8% TiE, REFEMIEEST 15 mmh™ D & &, J%E X N7 REFRGREE
{2 10 mmh™ & B@AFEHS L7z, BEMMEEST 15 mmh? L) b AkEL 42k, sHEIREEER

, MEBRREBE I AP TH Ml L 572, W T4 A Fa 2= T/ EWTlEZ A 7
YIFTELUS L HSTBY, KOONTREFFR2DETAT 4 A Fn ALK by
MERES R > T,

2DETHAT 4 AP 2—=FIC L BRENPL, ZNE TIHTH - EMERKRAN , X)L
TN BENBMORETHIRL P E R 72, Thbb, BRERRRNOMEREIMmIZ/
UMV EEICEIHTH Y, RROM TR N IREGH LIIRE( RL T3 -

41k, BERPAOBERIC L ZHENERSIENRAL ENERLBHERBBRNTEZ %
IR, MHORES A2 TELLITRARENIDIC T EHPWETH 5,
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