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Synopsis

In Japan, there are many steep terrains, and the mountains enhance the rainfall resulting
in much of total rainfall amount. Because of orographic rainfall, there is sometimes a
discrepancy between radar-observed rainfall and ground-observed rainfall. Accurate
estimation of ground rainfall is very important from the viewpoint of disaster prevention.
In this study, to improve the accuracy of the ground rainfall estimation, We have
developed a method to estimate the capture rate in real time from the radar information,
and the values of the capture rate obtained by the method are used for the ground rainfall
estimation. As a result, the capture rate was calculated reliably. It is also shown that the
method can estimate the ground rainfall with the same or better accuracy than the
conventional prediction method, even when using the capture rate obtained from the real-
time information. In the future, the results of the same method will be checked in other
cases to clarify the effectiveness of this method nationally.

F—T— F: Seeder—Feeder, Kif&syfi, MPEWERT, M bFRHAEE
Keywords: Seeder-Feeder, drop size distribution, orographic rainfall, ground rainfall
estimation
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Fig. 2 Orographic rainfall calculation method diagram.
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Fig. 3 Results of XRAIN observations and rainfall

estimation using the orographic rainfall calculation
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Fig. 6 Capture rates estimated from radar information

U— & — W D HEE SRR OfEIE, ek
DOHFHERREEFETHEESN TV D HiIEEOHE
FVHELOBATRERMERSTND, ZHUT,
Marshall and Palmer KI5 2R E L CUW ek D
HPERER S E FIEO P TEE S5 RO,
L—Z— W DHEE S D EBEOBFRRE GO T
OREROME Y &2 < OFRFZ Tl 724l & 72> T
W Z &R LTS,

F, ®MGE LTV DL OFMNEF A T
40mm L EORNENERI S CEBY, 3-2 HiDKE S
MroRTHRRZL I, WEOKEIWEFTTIE,
Marshall and Palmer KiEE53 40 £ D FEXFAIIZRIEE DS K
&< (DM KEL), L7wm - T Marshall and Palmer
BRI DHEE SNDIHEFE LV b EBEDORERE
GOPTORMBRIIRZIVEELE RS> TND RS
ns.

U — & — WD G HEE SRR OfEA 15:00
IZRBWTO0ERoTD., ZHUFL—F—NELL

B AT 27, WEROREMMTA RN T
BB, I X DWEHEERMR~ORBIZ OV T
WHICTHERET 5.
10:00~18:00 DERFZNTI T 2, L—F —1HHRIC
L DR B OHEEH & Marshall and Palmer $7£5 55 AR
NOHEE SN DR OE DA% Fig. 7 127,

Magnification
2

1.5
1
0.5

0
10:00 11:00 12:00 13:00 14:00 15:00 16:00 17:00 18:00

Fig. 7 Ratio of radar-informed capture rate estimates

Z< ORFZNZBWT, L—F —FR»rDHEE Sz
HHE =R DOfEIL, Marshall and Palmerbi 4534 7> B HEE
SNDLHRE, TRbLIEROHGERREETFIE
DOHTHEHEINDHIEEOEONLFEL > T
D ENRENTND. HBEETHE, RARLEFET
DREEGHT AT o2, FEEZNITHEY T HHiEED
EWNEUHDL Z & 2RI FBITR LTS,

52 L—A—FBHHLHESINI-FHIREEZH
Wit LRRE#HTEDRER

P, L—FZ—FERNSHEE L REROMEE A
W, M EREHEERAT O HiEE R

SEIOFEICHIT DM ERNEHEEICEN T, €
SkOMBHEREETED OMIRROBETFIEEE
HLTWA. fEROHBIERRREETIETE, i
RO Z KD B EEIZK(5) (FH48) 2 W\ CIEH
RERNTREE R 2> DR R O A2 R E L Tz,

c = 0.6778RY"3! x 1073, (5)

—%, AEIOFETIE, FEMEEREREERy D S
REFEZHETDOTIERL, V—F—ERNOHE
SN RIS B /3T A — 4 (D, N,,) &
T, R LHE LHIEROMEFEHRT 5. *
72, ELO5 D& (%7 1500m) TL—& —1EH HHE
ESNZHIEROMEE, Thi TEOAEEICER
WTEDA Y2 TOMIREOEE LTHEMLTW
%. ELOS MELXVH EEORA Y 2T, #EkKD
HiFE A B 1 B T & Rk 0 F RIS & o CIRME
FERRBREE 2> DR 2 HEE L7 2 VT 5.
Fiz, HEHEEREREEIZEBOTIE, ABOTFE,
PERFIEE BT ELOS O @ ELZFHERMEE L LT

— 180 —



HEEITo 7.

L— & — W O HEE LI ite B oE s A7z
FREHEE DOFER % Fig. 8 17T

Fig. 8 I3 R HAICH T 5, 10:00~18:00
D103 DT —%TH Y, Marshall and Palmer Hi
BN OHE SN DR EHWGE, T72b
HIER O MR E E FIEIC L D EHEE R &
(“Conventional”), L — & —{E#OHEE SNz
PR DOEZ V7= i - HEE /Y & (“Radar estimation™),
TR M EET C O FI & (“Observation”), CX & k[
2 (“CX synthesis”) Z/R LT 5. 72, 2 bHD 10
SEROT — % %l 1 R Z &I E - A
DR &% Fig. 9 17T

150

Rainfall 100 \

A
ANV VAN A AAA
0

10:0011:0012:0013:0014:0015:0016:0017:0018:00

[mm/hl 50

—Conventional ——Radar estimation

Observation CX synthesis

Fig. 8 Observed and estimated rainfall at Hakone rain
gauge site from 10:00 to 18:00.

120
Rainfall —_—
[mm/h] 20
30 10:0011:0012:0013:0014:0015:0016:0017:00

—Conventional ——Radar estimation

Observation CX synthesis

Fig. 9 Observed and estimated rainfall at Hakone rain

gauge site from 10:00 to 18:00 (1-hour average).

FNENO TR L DNEHE/REE LT 5.

BLAIEHR L, L—F — @) b HE S Lol
AW FE, EROHBHERREEFE, CX Ak
ZIEIUT DV T RMSE (TR ) & H
H LR %2 3R-1 12”7, Fig. 8, Fig. 9, Table 1 iLH
5 @2DICE S TRENTZLDTH S.

BE—RICEE SN TWD CX AR I
MR E FEE AV, XRAIN 28T 5 L —F—
BAEROBERAVDLAERL—F —HETHD. it
ROHIEBENEE FESL L — & —FWroHE L
TR R E VD FIEIC X D H LR HEE S BT,
CX A MEICHEEL T, W EBIREICTVE S

Table 1 RMSE values in hourly averages of observed and
estimated rainfall at Hakone rain gauge site from 10:00 to
18:00.

RMSE[mm/h]
Radar estimation - Observation 10.5
Conventional - Observation 114
CX synthesis - Observation 20.9

o TG, £-1TrRT LI, BHESRE KL
72 RMSE oW T, CXARNEEHEL TS
VMiE & 72> TN A, Z Ui Seeder-Feeder 4% 2 & 8
L= iR € a0, M ERREHEEIZRB VT
WOHEELZISHBROENWFETHLZ L ERLT
W5,

F72, ZLOEFTL—F—0bHEE LI iE R
R Lo EHEER RS, WEROTFIEICLDHEE
FER L L O EFHC X 2B RIS fe o T
W5, #-1 TaT IO, BHEEERELE
RMSE IZ2W\W T, fERFIELE ERL T/hIVWVEE
o TWA, ZORRITERM L —F —EFHH» 5
IR R 2 He T L, TOME R W TH B4
ETBHFREDN, ZNE TOMBHERNEETFEL R
Uz EORBECTH ERNEEHET T2 2 &N F]
BETHDHZLERLTEY, ZhIFEIREHET
HDHT AL,

F7-, Fig. 6 (I T X o1, L—F—1ERrSH
SN ERT, ko MBERERE EFiEoHh
THESN TWIHIRELY b REREL 2> T
L. WREPREARMETHDLZEND, WRHEX
FOERAZ LD ZHIEL, MEHERENKE A
fE& 72 DRERICR Y, %< OFEPT CHIRIRN&ISED
<FERER-TZEEZLNS.

L—F—E W D HEE SN R R OfEN Fig. 6
TREND LT 15:100 ICBNTO0 Lo TWNAHTD
LI L DMEHE~DRELHERT S, 16:00 128
B L—F—IER A A T B E R S
LHB LT/ L 2o TS, RRIN/INE
fli & 72> TV B AT, Seeder-Feeder %523 & &
SN LIk s T EREITE/NNCHEE SND.
X o, 15:0012BWTC, ELWHEROMENHEE
SN TWEHEITE, BUEHRISES FHERIZR -
e THEIND.

6. F&H
AW TIXET, BESTEITI ZLICE-T,

MR Z WY REICEE 5 2 L CTHEHERKE %
MESELZERTEDOHREEPHALNL T,

— 181 —



WIS, LZENLOMRIC L 2 EBRIOMEHEE, Wik
L—F—ERN DT ST NT A — 2 %
FAWTHET 2 FEZHARB L. ZOFETL—F
—IEW DHEE SN B OSAGITIL ) A WD
2K, HEMRROEOEEMEDOE I NI LN E 2
ol F£, MENAKE LD EHIEROMH KX
7B EWH EDOFBAMERS AT,

A EIBZE LIz R CHEE SRR oM E v
TH EFREHEE 21T o 1o bR, ERFIL L FZEE
WL EOHEERBERH Y, HEREOEIZ >V TITL
—F—ERP DTS NTEN LY REWETH-
7=

£7-, AWFFETIX ELO5S O L—F —fF#E AT
HRFEHEL, ZOEEZAVTH ERNEOHTE S
ITolcibERaii Lz, SRIMhoOBEmED L — & —
File A CTHiERZHEL, TOEEZHAVWTHE
NRHEEZITo L REMRTH LT, L—F—
HFERNO DR EHET A2 EORELVHAL N
WZLTW&ERZW, F2, L= =AW THERD
EWEHEL, ZOEE2AVWCHENEEZHTT S 2
ECHEEREE 210 E S E D v ) RKAFZED FiEIE
ik - hFHcHhEARETHA EEXTRY, 4
B EF THRBEOFEEZ AW REERT L
& TARFIEOFHMEEZ EERICH DI L.

#wo
AHFFEFE CTHIE STV Z VT2 XRAINT — 4 (%

FE S E MR ERBLAIRE S 2T L) - 7=
WA« TS AT LORAAZ O T T I - Rt S

b ThHD.

S& Xk

EPERE (2020) 1 L—F —IZ X BBAKED 3 WTEN,
AARRETFREFRY, % b4

& AEE (2021) X N2 R L —& —% vz
RRFRIES 43 A 0D KR 22 A & D MREAT & i | e Kk
HEE~DINH, SR TFRFREE iR

VPR = (1976) - IR &2 B8 L 7 U PR R O
FHH, R4A, Vol.23, No.2, pp.27-32.

ke —, Fepim sk, sk (2023) :Seeder-
Feeder 7 /LKL — & —SLARBLRIE @ OWEH
2 L2 ERNEHEE FEOBRE, KT FEmUE.

HiksE—, SFRIEZ (2008) : HIZMERE R O JE B4
BRIkt 3 2 IR 2 R & B I8 L 7o SRR B R T
WFE, KIS CE, # 52 &, pp. 331-336.

Smith,S.A, Field,PR, Vosper, S.B. and
Derbyshire,S.H.(2019): Verification of a seeder—
feeder orographic precipitation enhancement
scheme accounting for low-level
blocking. Quarterly Journal of the
»Meteorological Society, 145, 2909-2932.

Mendoza, G.G.(2021): Development of a scheme for

estimating the vertical profile of orographic

Royal

rainfall based on the seeder-feeder mechanism
using full volume, scanning radar observation,

Master's Thesis, Kyoto University.

(R ZHEH : 202348A31H)

— 182 —





