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On the Relation between Rainfall Types and Raindrop Size Distributions
( Raindrop Climatology ; Part 1)

Katsuhiro KikucHI and Toshiaki KOBAYASHI
Department of Geophysics, Faculty of Science, Hokkaido University
( Received May 10, 1989)

To understand the relation between rainfall types, rainfall intensity and raindrop size
distributions, observations of raindrops using filter paper were carried out in the Cloud
Physics Observatory, Hokkaido University at Mt. Teine (1,024m a. s. 1.) and the university
campus of Hokkaido University (156m a. s. 1) in Ocotber 1982 and July 1983. Rainfall types
were classified by the following three types based on the radar echo patterns recorded by the
Sapporo District Meteorological Observatory and rainfall intensity. .

Type A : The temperature at the cloud top is about 0°C and the time change of
rainfall intensity is relatively constant,

Type B : The temperature at the cloud top is lower than 0°C and the time change of
rainfall intensity is violent,

Type C: The temperature at the cloud top is lower than 0°C and the time change of
rainfall intensity is relatively constant.

As a result, the following characteristics of rainfall types were clarified ; The rainfall of
type A is characterized by the increase of raindrops smaller than 1.0 mm in diameter and
their contribution to rainfall intensity is approximately 809. The rainfall of type B is
characterized by the increase over all size ranges of raindrops, however, their contribution to
rainfall intensity is different at 10 mm/h in the rainfall intensity. In the cases weaker than
10 mm/h, the contribution of 1.0 to 2.0 mm in diameter to rainfall intensity is remarkable. On
the other hand, in the cases stronger than 10 mm/h, the contribution of 2.0 to 3.0 mm in
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diameter to rainfall intensity is predominant. The rainfall of type C is characterized by the
change of spatial distribution of 1.0 to 2.0 mm in diameter and their contribution to rainfall
intensity is larger than 50% independent of the rainfall intensity.

Furthermore, the characteristics of raindrop size distribution in three rainfall types were
analyzed. As a result, they were founded to express different distributions from each other.
Namely, type A expressed an exponential distribution and type B expressed a concave down
distribution on a plot of the normalized spatial distribution versus normalized diameter.
However, type C expressed different distributions in observation periods, namely, the
concave down distribution in July and exponential distributions in October, respectively.

To decide the distribution shapes for raindrops, a probability density function in the
gamma function was used and raindrop size parameters were decided using the maximum
likelihood method. These parameters were compared with the Ulbrich (1983) distribution
formula. The shape parameter (u) and scale parameter ( A ) corresponded to his formula,
however, the (No) was relatively small.
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Fig.1. Weather charts. (a) Surface, 21JST Oct.
20, 1984.
(b) 850mb, 21JST Oct. 20, 1984. (c) Surface,
09]JST Oct. 21, 1984. (After JMA)

SURFACE T 0900JST
(c) 210CT1.84



[ekon g 4 7 & RiEHIES AT 37
. .5
15.9 2:"'-.:14_6
Cin
12p P
i
sy B
i
1oF Ao
P
29} P L
E PR
Efr P
=7t P
< ! i
= sl {  le--~HOKKAIDO UNIV.
| 6 1 1
L 5p :
2 i
24
3t . -
2L r Fig.2. Time change of rain-
i fall intensity on Oct. 20—
'L 21, 1984.
obellf S, e
22 23 24 01 02 03 04 05 06 07 08 09 10 11

20~21 OCT.1984

(b)

Fig.3. Radar echo sketches of Sapporo Dis-
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(a) 01JST Oct. 21, 1984. (b) 06]JST Oct. 21,
1984. (c) 09JST Oct. 21, 1984. (After JMA)
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Figs.4, 5{z7RL 7. Fig. 4 (&) » 5, TYPE A T3/ & LfifEs %<, ShF LIS
MT. TEINE

TYPE A

No (nf-mm')

No (ritmnd)
~

D{mm)

Fig.4. Time changes of raindrop size distributions at Mt. Teine.
(a) Type A. (b) Type B. (c) Type C.
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Fig.5. Time changes of raindrop size distributions at the Hokkaido University campus.
(a) Type B. (b) Type C. .
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Fig. 6. Time changes of contribution ratio of

raindrop sizes to raintall intensity.

IZh bbb i, BrRER (Dmax) &

7k9§f§‘£ (R) B L UsESHOME (A) O

%%~ 7 (Fig. 8),
TRz,
A DEALAKRE L,

fRE (A) i3k
TYPE A T3 Dmax (2l L TR,
TYPE Bii, R—Dmax

HEEIZKEC L), A—Dmax i Dmax
ik kEwv, TYPEC T2, TYPEA®
IR % B,

—

T~
3_

Dmax {31.0~2.5mm T %
~70 DFETELT 5. MTi3, Dmax i1

20

ki, BEKEER ) A—Dmax v TN
7z,

PEKSHEEIY, = o—WEICHLT ALY
5 DDz, TR % Fig. 94c
L7, VW (i Dmax32.0mm#% = 2
A 30~80 DI EILT B, WHKA,
fb L, AL
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Fig. 10. Time changes of contribution ratio of raindrop sizes to rainfall intensity (a) and

number concentration of raindrop sizes to rainfall intensity (b).

22 JULY 1985
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Fig. 11. Raindrop size distributions on July 22, 1985. (a) 07 : 58 —08 : 04.
(b) 08 : 06—08 : 10.
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Fig.12. Time changes of contribution ratio of rain-

drop sizes to rainfall intensity (a) and number
concentration of raindrop sizes to rainfall inten-
sity (b) at 12 : 00—15 : 00 on July 1, 1985.
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Fig.13. Raindrop size distributions on July 1, 1985. (a) 12 : 00—13 : 00.
(b) 13 : 00— 14 : 00. (c) 14 : 00—15 : 00.
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Fig.15. Same as Fig. 14 but for Type B.
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Table 1. Values of the parameters of g, A, and No.

TYPE DATA u A No

A 14 OCT. 1984 0.30 6.67 8.36x10*
20~21 OCT. 1984 0.26 5.88 5.47X10*

21 OCT. 1984 —0.55 2.22 4.30%X103

B 11 JULY 1985 —0.32 2.91 1.63x10°
22 JULY 1985 —0.48 2.41 7.53%103

21 OCT. 1984 0.45 4.76 2.82x10*

C 1 JULY 1985 3.12 5.82 1.24x10°
17~18 JULY 1985 3.33 6.25 1.03x10°
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