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Fig. 1 Vertical profile of radar reflectivity factor Z.
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Table 1 Functions used the simulation; Np, A

No(hi€)  A(hiC)

No(h;i€)  A(h;C)

(a) ah+b const.
(b) | a/(h+1)® const.
(c) | a(k=5)*+c¢ const.

(e) ah+b ch+d
) | of(k+1) ch+d
(8) | a(h=0)+c dh+e

(d) | aexp(—bh)  comst. | (h) | aexp(=bk) ch+d
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Fig. 2 Comparison among the similated function
F(D), when the vertical variation of A is con-
stant.
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Fig. 3 Comparison among the similated function
F(D), when the vertical variation of A is lin-
ear.
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Fig. 4 Simulated rainfall intensity using the func-
tions; No(h;C) = aexp(—bh), A(h;C) = ch +
d.
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Eq.(5), Eq.(8) D/8F 2 —~% a, b, ¢, dZFEL,
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Fig. 5 Comparison between Re(h) and Robs(k).
R.(R) is estimated from the observed param-
eters No obs(h) and Aops(h). Rainfall type is

Type S.
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(a) Applied into the ob-
served data at 21:50

(b) Applied into the ob-
served data at 22:00

Fig. 6 Comparison between R.(k) and Robs(h).
Re(h) is estimated from the observed param-
eters No,obs(h) and Acpe(h). Rainfall type is
Type W.
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Fig. 7 Flow chart of the height dependency model of
the DSD parameters.
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Fig. 8 Comparison between Re(kh) and Roes(h). Re(R) is estimated using the ground based rainfall.

Rainfall
type is Type S.
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Fig. 9 Comparison between R.(h) and Ross(h). Re(h) is estimated using the ground based rainfall. Rainfall

type is Type W.
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Fig. 10 Flow chart of radar estimation procedure.
Here, Z is observed radar reflectivity, R is
observed rainfall intensity on the ground.
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Table 2 Calculated conditions of the accumulation

time; Ty and the identified time; Tiq
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2 15 60
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Fig. 11 Correlation cofficient above the points where

the surface rainfall is observed.
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Fig. 12 Comparison between R. and Ry above the
points where the surface rainfall is observed.
Re : estimated rainfall ‘intensity, Ry : ob-
served rainfall intensity
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Fig. 13 Location of the AMeDAS rain gage station.
+ : points where there is no surface obser-
vation, O : points where the surface rainfall
is observed
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Fig. 14 Correlation cofficient above the points where
there is no surface observation.
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Fig. 15 Comparison between R. and Ry above the
points where there is no surface observation.
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Table 3 The threshold of radar reflectivity Zc:, for
classifying the rainfall type

Rainfall type Zeer (dBZ)
Type S Zerr 2 40
Type W 30 < Zetr < 40

Type VW 30 > Zeer

Time.
ERWARONBERE
BORBMTL REM =(155, 609)

WRAOFR(6-p2)
CORHNN, RRAS =(10%, cos)
WCEENE, REND) =(0%, 60

Fig. 16 Correlation cofficient above the points where
the surface rainfall, depending on the rainfall
type, is observed.
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Analysis on Vertical Profile of DSD and Bulding up an Algorithm
for Estimating Rainfall Using Radar

Katsuhiro NAKAGAWA*, Eiichi NAKAKITA, Toru SATO** and Shuichi IKEBUCHI
*Communications Research Laboratory of Ministry of Posts and Telecommunications
** Graduate School of Engineering, Kyoto University

Synopsis

To improve the accuracy of the radar-estimated rainfall, we observe and analyze the vertical profile
of the rain drop size distribution (DSD) that is observed by a vertical pointing VHF Doppler radar in
Japan named the MU (Middle and Upper) radar. The MU radar can detect the vertical profile of the
Doppler spectrum that consists of the velocities of both the rain drop itself and air movements. One of
the points of this paper is utilizing vertical profile of DSD. First, based on the obtained information, a
new formulation of vertical profile of DSD related to rainfall type is developed. Secondly, an algorithm
for estimating surface rainfall using radar is developed. This algorithm also considers the vertical profile
of DSD related to rainfall type. Finally, this algorithm was applied into a conventional volume scanning
radar named the Miyama radar operated by the Ministry of Construction of Japan.

Keywords : Rain drop size distribution, Vertical profile, Rainfall type, Radar rain-gage, Algorithm for esti-
mating ground rainfal
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