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Synopsis

Purposes of this research are to observe and analyze the vertical profile of the rain drop
size distribution (DSD), and to utilize the results into formulating a new method of
estimating rainfall intensity and/or amount by making use of information detected by
operational radar observations. Firstly, observations of DSD were carried out both by the
Disdrometer in conjunction with an optical instrument on ground surface, and also by a
vertical pointing VHF Doppler radar in Japan named the MU (Middle and Upper) 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 to the radar reflectivity by taking into account both i) the
difference in rainfall intensities between radar beam and rain gage height as well as ii) the
width of the Doppler spectrum were completed. Finally, the formulation was applied into
two case studies. One was to a operational volume scanning radar, in which we can directly
use information from the vertical profiles of DSD observed by the MU Rader, thereby
checking the feasibility of the formulation, (although we can not currently use the
information on the spectrum width in the operational sense), The other was to the Blue
River Basin in Oklahoma, U. S. A. covered by a NEXRAD radar observation domain, which
can also operationally provide information on the Doppler spectrum width although the

radar is not a vertical pointing radar.

1. & E

291

L— ¥ —FRHCEAS WL — Y —x 0 - RELBHICER L ERHE L AMeDAS EZoHt o
R & 4T L b—BL TH o THARE L +ATH 2 LREAR LV, > THKTFHEF L1 ~OER
M ATEEDL & 2B, BEBESORABEOUMREL LTL—F—2AVEETILRE>TVE
Vo FOERE LTL- ¥ —FBItCHAlShicv—F—xza-D oEmanBR®RE QITr—4—

___1_.



999 RABKHERER $385B-2 F7. 4 (1995)

AR BRI 2BNEEA TV ETHRISATOABHLRERE>TLA I LBET 5N,
V- -HROETEICR, BAUREEEZESESINTVE, FAE, 754 Xy FORE, WENE
ATHOEHY, -5 -RKERFORESF BRICLI3BHOBRE, BANEEREORENRS 5,
FCTARN TR, BU»ic, HEHAOFENEAMOBREZITY, K, Bl HENELH
RHEVT, BREOS S KEREERILT 5, #L T, V-9 —KHRFO 3RTAHFEHOTH LR
BAHET 2 0BRAIRZFICHEET 3, RTHBHNEATROLBDOBEHREL Ty 77— <7
FAORERVEBRARNEBEST S, BRI, BICERLL BRI E 7 4 ) A DO NEXRAD % » b
T—=2DFy 75—V —F—LHEDOLV—F—HWEFERL ko

2. MU L—¥—cL3BAH LURH

2.1 BROME

HEN RSO, MU L~ ¥ —-ofEHFEOBRERIc LBV TF+ R Fax—-2EZh
WBFER L OB X 2BRIEERKE L /oo M EREBRAIGZ, MU LV —%—4 4 + TiT- o MU
V- —THRlE 0B Py 75— X7 VOB - ZRESMREER, 34, 150m T, M EBRIOF 4 A ¥
o4 — % — ENFATNRTORBINHER, 19TH 5,

MU v — ¥ — OERIfEKI, C/NY FOLV—F—Th 5BHREFRLL — & —~WRT T bRREEOHA
MEBShTW3 (Fig. 1)V, B0 % Fig. 2 2R,

(1) MULV—F—ltoWnT

MU (Middle and Upper atmosphere) L — % — 3E % 103 m OHEEHMAER 3 Z T/ \KT v 7+
A AEFILEROBRT LA TV F+2B0E VAR SDE/ Ry 9 F 4 9 7 » NV R —F— (mon-
ostatic pulse radar) T&% b, 198447 ¥ 7 TRAIDAZBHMAAR LY ~ ¥~ & L TEEAFHESBERH
Wty ¥ —ic L D iEEREIMERETICER AN Fig. 1) MU V-5 —RK7 v 7+ RFEIH
AEZERARE LEFNCHBEEAZITY T F 47T+ 724 XK e T4 » ¥YRXF 4 (active
phased array system) 28HLTEY, BHO LY - LA EBNTFETH 5, I 5iC, MU v — 4% —iF, VHF
BOFy 75— L—9—Thbd®, UHF BBIUSHF EOREFy 75— L —F—LRI1D, BRE
KOARRER P SO Lo —LHE» SO 3 —HEBFICEHRMRIETH 5, Lic->TRESNL ST a—0Y

Miyama radar MU radar Jyogamoriyama radar
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Fig. 1. Locations of the MU radar, DSD observation by disdrometer
the Miyama radar and the rainfall intensity by optical rain guage
AMeDAS rain guage station. Fig. 2. OQutline of the observation
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Fig. 3. Time series of vertical profile of the radar reflective facter computed using DSDs of
(a) Gamma type and (b) Marshall Palmar type.
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Fig. 4. Time series of vertical profile of rainfall intensity estimated using DSDs of (a)
Gamma type and (b) Marshall Palmar type.
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Fig. 5. Height dependencies of In R, /R, where R, is rainfall intensity above ground
and R, is on the ground surface. 30 minute averaged : values are used in (a)
and 60 minute averaged values are used in (b), as R, and R,.
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Fig. 8. Comparisons between R, and R., {a) when the parameter ¢ of the last term in
the right hand side of Eq. (18) is identified and (b) is the result when the
parameter ¢ is assumed to be 0. Only the Lowest Beam scan is used here.

Table 1. Regression coefficients of 5 minute rainfall estimations by proposed method
and conventional method using a NEXRAD radar

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
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Table 2. Total rainfall amounts observed by MESONET rain gages, estimated by
proposed method and by the conventional method.

MESONET Stations ADAX BYAR|CNTR |DURA | LANE | MADI PAUL | SULP
MESONET Observations | 19.26 | 14.26 | 30.68 | 26.69 | 34.92 | 32.79 | 46.17 | 33.33
Proposed Method 7.81 9.63 | 15.65 | 23.71 | 325 2932 | 16.10 | 16.77
Conventional Method 7.03 | 11.09 | 1544 | 25.39 | 39.08 | 30.62 | 16.84 | 19.07
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Fig. 9. Comparisons between R, and R,, (a) when the parameter ¢ of the last term in
the right hand side of Eq. (15) is identified and {(b) is the result when the
parameter ¢ is assumed to be 0. 7 represents the regression coefficient for
each 1 hour time priod. Only the Lowest Beam scan is used here.
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Fig. 10. Comparisons between R; and R,. r represents the regression coefficient for
each 1 hour time priod. Three-dimendional distribution of radar reflectivi-
ty below the bright band is used.
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