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Utilization of Vertical Profile of DSD into Building up
an Algorithm for Estimating Ground Rainfall Using Radar
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By Katsuhiro NAKAGAWA, Eiichi NAKAKITA, Shuichi IKEBUCHI,
Toru SATO, Baxter E. VIEUX, and Takuma TAKASAO

Purposes of this research are to observe the vertical profile of the rain drop
size distribution, and to utilize the results into formulating a new method of
estimating rainfall intensity and/or amount by making use of information de-
tected by operational radar observations. Firstly, observations were carried out
by the MU Radar, which can detect vertical profiles of the Doppler spectrum
that are composed of both the rain drop itself and air movements. Secondly,
formulations to correlate the ground surface-based rainfall intensity with the
radar reflectivity by taking into account both i) the difference in rainfall in-
tensities between radar beam and rain gage height as well as ii) the width of
Doppler spectrum were completed. Finally, the formulation was applied into
two case studies using Miyama Radar and NEXRAD.
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TIVT TRADKIBHAARE L —F— L LTEHREBERBEEF AL L ¥ —IC L VY BR R FEEMSRITICBRR S
1. MU V¥ —il3&T7 v THEFRICEEREZERARE LEFOICHEHEZTI 72547 - 7= XK T LA -
Y ZT A (active phased array system ) AL TEY, BEDOE—LAEERTETHS.

B, VHF #DO Ry 7P I — 1 —F—ThHBH7z%, UHF BRI VUSHF #DRE Ry 77—V —F— LRIV, K
KHKRREAP O DT a—LRFENRL DT a—RRAKICENTRETHS. LEN->TREENBTZa—RT—2Y f L
ERTT D Z LI L D RERLKKELTAE & AEICERROE B BE L ERERBOMENHEZRET L LN TE
% (2.2 BHE).
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No [mm~! m =3, A [em™!] &FHiZ,
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Z=10" x /0 DeN(D)AD = 107 x DE AT (2)
ERAWT Z 2RETHZLBTE, BWBE R i3 - -
4 D3 _ 6mNg, p o4 9.65 10.3
R, =36 x /0 57r(5) N(D)Vp(D)dD = DE (/—) I+ ){W - m} (3)
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~23:00 D 5 BETHD. B, BEAN MU V—F—¥ A MELLZEE LZRIIIREITR LK 2244 BTL—F—R5
HF Z OENLELIAEL RoTWB Z 2 B3bnd. B 3 (a),(b) i R (3) DHHEE LIERMRE R, LAFANESHT
BEEER Sh-R—RR ot FREFRME R, O (R, /Ry) ¥BIFMICEKFIETTay FLEBDEZTRT. L, (a)
X 15 AEHE, (b) X 30 HFHREAVERETHS. TAHOREY, BROBESHFAOBKIL, H—ELELT,

Ry = (piqs Rg exp(Bph) 4)
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InZ =1In6!+ A; + 7bln Ry — Tc- h 8)
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~ &LIZ NEXRAD D K HiZk2 %% Ry 75 —20 MARFHOE o BBLNDIHATIL, o, ICREREIFHOR A
BToHaNH2BEETNTVALLT, UTOLICERLTS. Tibb, X () KMAT ABKES L 0bBHE
¥ f(h) & Ny TP T—R7 MABHOWE 0, ZANVT,
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ROGEZERT DL, 1 O0OE—LETHRICER LIZBEE, ETRETOE—AIAIXV—F—F A F2o0EH, b5
WiIIBORBEERTIE, TR LEOBECKEFETHZ LIRS, TIT, ZOHEFBRNEENIESORE~DEKFEEZR
BEB7HIC 0, 12 f(h) ZRL TS, K(6) LN (9) LVBAXELLT,

eln[f(h)-0,) = Ag— bInRg +c- h (10)

RBEBND. ZIZTA=Ina-blnaps — Ind THA.

Fy75—2AR7 M OBIZET2HEENELNHBAIE, XN (B) & R (10) ZBRRNL LT, KT A—F Ay, A2, b,
¢, e D3 5 {8% Householder B#i% AV R/NEREIC I VRET S, 221, FRX TR, ERLICL LD, KiEE
FHEOBAIELTIX, R @) DREANTRTIA—FOREEITD.

4 NEXRAD ~Oi&EHMH

4.1 BERAEE

E—AMADO—B/IEW (6=0.5 (deg) ) E— FCBR ST —F 2V, HEORICEROR SKFEELEER LIS
SLERBLRVWEATORERBRICE 2 2EBHOWTHRELEL. Thbb, BIEFHEERTIHER, X (B) 07
A—F c BHEL, BEEFHETEERLARAVERINRTA—F c=0 LT3.

HERRIZ 7AVIDOAZ Fh~<wMERLNIEBR SN TWS MESONET @ 9 RA Vb 5 SRBT—F 2EALE.
F— 2 OHARE, 1994 45 A 29 B 12:00 25 15:00 £TO 3 B THS. BITRELIL, 27 7 F~MOBERBIALE
4% Blue River DFiiHE a1 117km x 127km DK TH S (B 4). v —F—% 4 MINFHERO DL 5 126km b
BOFERNMH 5. BRIShEL—F —RERFOFERROHFHO—Fl% B 5 17T, TORRIEHBHLTEY, %
ERIX TR, £ OB S IIIBRERERMBER STV [5).

5. NEXRAD TEHISh v —F —RHETFOH (5 B

Xl 4: A 2 3 i !
4: MESONET #8#l# A1 >+ X U Blue River ik 29 B 13:00)

4.2 BEREHER

1994 4£ 5 B 29 A ® 12:00~15:00 ® 3 B> NEXRAD F—ZIZBALERERT. N7 A—FREEIIL K (8) D
BERV, L—F =5 5 HPREOWELITole. BoBRLHFR L RERMEZ LT 3 OICERRH, RERBI,
ZREN 10,15, 30, 60 FITOVWTHAR, R (7) OESHFAEOKFHIZOVWTHRELE. EL, EWMREM LT, <7
A—FRAEOR, TOBENTEYLEL—¥Y—REERF 7, ERE R, 2BV I LEEKL, RERMLIZE, 0
RN TIIANT A—FR—E L LTRET S LWVWI Z L EBHRLTWS. PR, EHEREME, RERMIX, (To,Tq) TKT.

EROER, BB (Te, Tig ) I (30 4%, 60 43) » 7257 OT, UTF, ZOBAOVWTOAHRTS. B 6 (a), (b)
i R Ry LHEETE R, 2 HBLALOZTRT. B6 (a) i, BEFRADKEHELEZRE LB EOLBRKTSHY,
6 (b) i3, BIFHOEEELEELARVES, Thbb, NTA—F ¢ &0 L LTHDNT X —FHEL Lok RO LB
B<hsd. chbDREY, NTA—FFEEOICE S HFHOKEHELEB L BAHEERENRRLELTNS Z LHHAL,
ThD. i, BISFAOKEEYZE LD > BAOHERERECREH (12:00~13:00) OHERERM EL TS,
7L, HERENERENRMEY L2EARHZDT, HEFEH 250 mm/h BLEIZBIL TR, BICERLTWRY. #
ERENEBRENARELHETIRRL LT, JEEROBAREANTWEHTHIeELDND. Thbb, HEEK
BOHA 10 mm/h OFEL 100 mm/h ORERFLEHTHTA—FBRAESNTLE ) Z LRRERFEARHS.

Wiz, MESONET O 5 B EAFHEICLVMEEELE 5 SHRE L OHEBEK, MESONET @ 5 HWEEHRIT
D B,B # (B=300,8=14) 2L VH#HELE 5 HTELOHBEEELE 1 WFT. BTOREFEOHEERENB VL
X BRSO HONENT Y ZR/ LUEHEFECLVHEBERREINTVIZ LAbMPS. DI LiX, ZITHRLT
WAV, RTOEMER, RERBOBAICOVTE I ZLENTES.

HERBEREV RS & BVREE SR EEET 200 0REZH L MNICT B 720, ENTRORERO L —& — KR
F 7 L LRERTREE R, DB ZTA Lic. MESONET DOBEIRA > b 55 ADAX & CNTR BT 2R ZE 7 (a),
(b) IFY. ZhHDEEY 12:00 ~ 13:00 DREFRHIE B 5 (R LI FURO Skfsy iCAr B § 2 tERRA BRI Sh T
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B, BRREOTLIIMOREREE L B L TKEV. TR LT L —F —RERFOELMLOREH L Ak E v KX
SRV, IO LI BRERBRECEILRL—F—RERFOELICELR TOWRWI ERRE L BN, ZOX I RBE,
NI A—ZORERMLEORME L L, fioRE L RT3 Z LB —AIAT 2L 3 REV—F—HBEREBWVD

UKD, HEREREBETEILOLEALND.
(@)

400 . . .
= 35} 18-19:00 r=8.4§g
€ 19-20:00 r=0.479-"+
E 8001 2021:00r-0486 e
> 250 21-22:00 r=01451 =
o 200 } 22-23:00-r=0.501 -
2 0- 1:00 r=0.706 =
g 1o ~Total r=0.412
2 00p
< 50 ﬁ:n x
0 .:‘x"n.o"* + * N
0 100 200 300 400
Estimated Re [mm/h]

(a) MEFMOREHLZBLIES

ADAX
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Reflectivity — 1
Rainfall Intensity - |

Z(dBZ) and R(mmvh)

2 24 36
‘Time *5(min)

(a) ADAX
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0

AMeDAS Rg [mm/h]
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200 ¢
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(b)

18-19:00 r=0.390
19-20:00 r=0.191.~
20-21:00 r=0.409
21-22:00 r=0:422
22-23:00.1=0.363
0- 1:00 r=0.729
_Total r=0.341

* > x O 4+

"

mm LI
0
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200 300 400

Estimated Re [mm/h]

(b) # S HEDKFEL BBLRZVBE
6: M LFR R, LEERE RO LB

140
120
100

Z(dBZ) and R{mmvh)

CNTR

Reflectivity —— 1
Rainfall Intensity

emmenans

2 24
Time *5(min)

(b) CNTR

7. V— ¥ —RHRF & ERRRE O BISR

36

Wiz, 3 RIBRREDOHERE L LB LR, MBRKOBRE L RRATOREFEOMEEMENE & S ITATE

WKEOHERERBFENTNWDEZ LHDN»S (X 2).

5 SMBRCHER EAERCE TV AL LHEDLTREBRECRELBREALRERBCER o EA L LT, R#ER
(Toe, Tig ) 35 (30,60 ) CRABINENATA—FEANWT 5 ATBICERLAEBOTAVTWIZ LB¥ET OIS, #E
FHETRR LS, Z, Ry 1, BMEMHOTHEEZAVTEY, RESNT A —F TERFMUTORNKERET
BZILBERTHIEDTHDLEXD. RERNEOHERE ¥ LET 2 BRI IIENRFMAOTESME, Tbb 30 5FH
D Z XRAEININRTA—FT 30 YRRBICERLELOTITOILERHD.

% 1: HBRE LK

12:00 ~ 13:00 | 13:00 ~ 14:00 | 14:00 ~ 15:00 | Total

Proposed Method 0.6604 0.8645 0.5959 0.7521

Conventional Method 0.5894 0.8667 0.5808 0.7090

£ 2: 3 IR ED L

MESONET Stations ADAX | BYAR | CNTR | DURA | LANE | MADI | PAUL | SULP | TISH
MESONET Observations | 19.26 14.26 | 30.68 26.69 | 34.92 | 32.79 | 46.17 | 33.33 | 24.37
Proposed Method 7.81 9.63 15.65 23.71 32.5 29.32 | 16.10 | 16.77 | 27.12
Conventional Method 7.03 11.09 1544 25.39 39.08 30.62 16.84 | 19.07 | 36.27
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5 RL—F—REFH~OER

5.1 WAAE

L — ¥ —~OEAIIX, NEXRAD ~Oi# Ak & ARIEINA ~OBM %8 L THMIC LS E—ABEDEVEEE
FHEND TR, HLRIERE—AMA~DOBEREIToTZ. DTEE DR D B X BB IT/T O 7oL, MANEE—
FOBRAF—#04%EFA L. #EREE, AMeDAS © 1 BRIFEZ AV, FRAT BRI, 1 OB TRLE
SEIRC, SR AMeDAS OERIAIL, 43 ATHD. Fll V— X R OMATEE— FTBLNS L—¥ —RHE
F Z ik 5 REICBLND, H EBRRER 1 R TH A -DICERICX 1 BEOTHEE AV, 372D5, (T Tia)
23 (60 43,60 4) THEAEIToT. —%, BIFO B,p ECLBHERR L OB TRbRP ST RERL, ERTHT—
2 OMERER ) BER LSRR THS LU L, THS. Tabb, BT0 B, ITX AR, MABEE—F
CELND 5 A% vy 1 FEEHDOL—F —RKHRT Z BAVLRTVBEOIHLT, AFEHECTHERNAFNTEE—FT
BOhA3LV—F—FEHEF Z X, 1 AXX¥>D V—F—FHRF Z THDH=DThHS.

5.2 #ERAHKR :

8 (a), (b) AR — RO E—AMAR 1° ( KIEMA) TERH SN V—F—RHRF Z EAVEHE0oME
Wik R, LHEFE R. FHBLELOFT. B8 (a) i3, BaFROKEEEER LSS, B8 (b) ik, BIFADK
FHPZRLAVBESOEKRETHS. Ihbd 2 DORELETSHE, NEXRAD WCHEA LI-BE0ORER LR, BIOMT
& S HEOKFEY ZR LRVEA O ERE OBV RMHIC OV TRFIEE BE Lt ERmELTWA L b, £
CORMEEL CORERELRLEL TS Z bbb, B8 (o) LB —LIAOEE, +hbb 3 kaEREAV
FEAOEYTT. B8 (a), (b) LE 8 (c) BHET 5L, 3 KERBEAVBERHEREIRDLRVZ LHEDDD.

BEDT Linh, AEEFEYAVCHEREXEET B4, L—F—03 KrERErRVWCHERREHEETSZ L
CEoEEBERR LTSI RN S. '

400 T T v 400 T T 250 . T T
= 350 18-19:00 r=0.469 =~ = 35 18-19:00 r=0.390 o~ = 18:00r=0.524 -~
€ 300 | 19-20:00 r=0.479"+ € 300 19-20:00 r=0.191."+ b5 200 19:00 r=0.332"+
£ 20-21:00r=0.456 © g - 20-21:00 1=0.409 o £ 20:00 r=0.519 =
> 250 ¢ 21-22:00 r=0:451 - ~ > - 250 21-22:00 r=0:422 ~ > 150 21:00 r=01427 =
€ 200 20-23:00.40.501 + € 200 22-23:00¢=0.363 * 4 22:00-¢20.655 +
@ gl o 0-1:001-0706 - 2 s 0-1:00r=0.729 = 2 100 0:001=0.788 *
g Total=0.412 & Total r=0.341 g Total 1=0.415
2 100 o 2 100 ] et
s sl s L S 50 1
< 50% . < SOg;n L S Ej:“fw e .
0 AT t X 0 Bxio . . } 0 .09 x L +
0 100 200 300 400 0 100 200 300 400 0 50 100 150 200 250
Estimated Re [mm/h] : Estimated Re [mm/h] Estimated Re [mm/h]
(a) BEHAOKIFESBLASE (b) & S HDKEHEE B BLRVBE , (c) 3 KM BE AV BE
, X 8: 1 bR R, & HEETR RO B ‘
6 R

AR T, B S RBRES R ORESRIL, BRBEOR MKFHELRET I EDIEFAVE. KORT v7
LLTHERLOR, RBREIMDNRNT A DRESFCET I ERNRLBETZZLTHD. —F, BIEDMETFE
Ti3, FEENLAREREEHEET I LEHD. BRAREHERBR LTV AORRETHS EXLND. RURER
BRETIIRL, FHETER LTV, Mz T, T A—FRAEXBRFA TACITRZD K HITHTERN
BETHAHAZLbRLE. TROESE AL LTINS HEETFREREY DLREADH DN, FMXI, v—F—RK4tET
O 3 RAENTEROFASHERE OB RVCHHTE DI LERLE. ;

BgIc2 0 E LR, BREBLLV—F—RBHOT—F & TREETFIVE LERRE TS FRRRRE Y AREER
HEEFOH X ICEHOBERLET.
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