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Abstract: For meteorological radar observations, it is very important to know the 

size and the characteristics of precipitation particles. In this paper, we report the 

snow particle size distributions at Syowa Station, Antarctica in 1988 using snow 

particle VCR tapes, which were recorded by a specially designed portable video camera 

set on the ground. The digitized video images retrieved from the VCR tape are 

processed to separate each snow particle on the image. We measured the three kinds 

of snow particle "radius" on the separated snow particle image and obtained the snow 

particle size distributions. Using the five sets of VCR tapes, we obtained four cases of 

distributions at Syowa Station in 1988 and estimated a case of snowfall rate from the 

distribution. 

1. Introduction 

The snow particle size distribution is important in the snowfall radar observations 

(SKOLINIK, 1980). Recently, MURAMOTO et al. (1992, 1995) reported a method to 

measure the size and velocity of falling snowflakes precisely by using two video cameras, 

and obtained the size distribution and the relationship between the falling velocity and 

the diameter in Japan. At Syowa Station, Antarctica, KONISHI et al. (1990) reported 

the snow particle sizes and falling velocity distribution obtained by a video camera 

system in 1989. 

Another observation of falling snow particles using by a specially designed portable 

video camera set was carried out at Syowa Station in 1988, and the relative numbers of 

snow particles and the shape of their size distribution were obtained from the video 

cassette recorder (VCR) tapes (HATANAKA et al., 1995). Using this shape of the 

distribution and the observed meteorological radar echo data at Syowa Station in 1988 

(WADA, 1990), T AKEY A et al. ( 1994) tried to calculate snowfall rates based on the 

fundamental radar equation and showed their results agreed with snowfall rates 

evaluated from the radar reflectivity factor-snowfall rate (Z-R) relation observed in 

1989 (KONISHI et al., 1992). In this work, TAKEYA et al. (1994) used the maximum 

distance between the geometrical center of gravity and periphery for "radius" of snow 

particle to calculate radar reflectivity coefficient, instead of the conventional equivalent

radius. 
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In this paper, we quantitatively obtained the three kinds of snow particle size 
distributions, which are based on r _MAX: the maximum distance between the geometr
ical center of gravity and periphery, r _area: conventional equivalent radius calculated 
from the area, and r _max: half of the maximum distance between peripheral points 
through the geometrical center of gravity using the same VCR tapes for the radar 
reflectivity coefficient calculation. 

2. Method 

Snow falling on the ground was observed by the portable video camera set shown 
in Fig. 1 (HATANAKA et al., 1995). Snow particles fall on the 35 mm width transparent 
film through the aperture window (24 mm(W) X 32 mm(L) ), and the particle images are 
recoded on VCR tape. The transparent film is advanced intermittently by a variable 
time switch and snow particles are accumulated on this film while it is stationary. The 
typical advancing period and accumulation time were 90 s and 80 s, respectively. 

The image on the VCR tape is digitized into 640 X 400 pixels every 5 sec using a 
personal computer, but the available image size is 640 X 350 pixels, excluding the time 
stamp area (Fig. 2). To distinguish the falling snow particles in a short interval from 
the accumulated particles on the film and to reduce the background offset level on the 
image, image subtraction between subsequent digitized images is used. In case of 
daytime VCR images (see Fig. 2b), the subtracted image is sign-reversed (HATANAKA et 

al., 1995). To reduce random noise on this subtracted image, a 3 X 3 median filter 
(RosENFELD and KAK, 1981a) is applied, and finally the image is binarized by a 
threshold. The typical threshold value was 6 ( = 2 % of 256 gray level). To separate 
each snow particle on the image, the raster tracking method (RosENFELD and KAK, 

1981b) is used. In this processing, a particle touching the boundary of the image is 
ignored (Fig. 3). If we assume that snow particles fall randomly, the maximum 
number of snow particles n + (r) is calculated from actually counted number of particles 
n(r) using by the following equation. 

n + (r) = 640*350/[ (640-2r) (350-2r)] *n (r). 

falling snow particles 

video camera 

(Outdoor) 

transparent film 

control unit 

I �: ·! monitor 

VCR 

C Indoor) 

Fig. 1. Configuration of the portable video camera set. 

(1) 
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(a) Observed at night. (b) Observed in the daytime. 

� 
r 

pixel 

Fig. 2. Examples of digitized image. 

640 pixel 

350 pixel 

Ignored particles Measured particles 

Fig. 3. Ignored snow particles near the image boundary. 

We consider that the true measured value is between n + (r) and n (r). 

Three kinds of snow particle "radius" are measured; r _Max: the maximum distance 
between the geometrical center of gravity and periphery on the particle image; r _max: 
half of the maximum distance between peripheral points through the center of gravity; 

and r _area: the equivalent radius calculated from the area. Particles are classified in 
size ranges per 0.005 cm radius. Snow particle size distributions N(r) and N +(r) 
particles/(m2 hour), obtained from n (r) and n +(r), respectively, are approximated by 
the following equation (TAKEYA et al., 1994; HATANAKA et al., 1995). 

N(r) =A* 10-B*r, (2) 

where r is the snow particle radius(r _Max, r _max, r _area), A is a parameter determined 
by snowfall rate and B is a parameter to determine the shape of the distribution. 

Precipitation rate P mm/h is evaluated from the density of snow particles Ps and the 
equivalent radius snow particle size distribution N(r _area). 
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P=l:ps* (3/4);r r _area3 *N(r _area). (3) 

We used five VCR tapes recorded at Syowa Station, Antarctica in 1988. Their 
observation periods and some meteorological conditions are summarized in Table 1. 

Table 1. Data sheet for the five VCR tapes. 

Tape No. Observation pericxi Surface air temperature Surface humidity Comment 

Tape a 21:13, Apr. 5 - 01:33, Apr. 6 -10 'C 83% Graupels 

Tape b 14:14, Jul. 27 - 24:00, Jul. 27 -16 'C 54% 

Tape c 23:58, Sep. 5 - 02: 16, Sep. 6 -21 'C 55% 

Tape d 16:11, Sep. 6- 17:12, Sep. 6 -19 'C 65% 

Tape e 18:00, Oct. 1 - 19:44, Oct. 1 -13 'C 73% Aggregates of bullets 

3. Results 

Three examples of measured snow particle size distributionsN(r) and their approx
imate expressions (2) are shown in Fig. 4. In curve-fitting based on eq. (2), we ignored 
data in the size range where the radius is less than 0.02 cm and in the range where the 
number of counted particles is less than 3/4 of the maximum number in this distribution 
"AND" 10. On both ends of the available range, the number ratio of snow particles 
was approximately equal to the volume ratio of the snow particles ((8/2)3 =64). The 
snow particles in Fig. 4a, suspected graupels from the VCR images on tape a, were 
mainly distributed up to 0.07 cm in three "radir'. The particles in Fig. 4c, suspected 
aggregates of bullets from tape e, were distributed up to 0.07 cm in r _MAX and r _max, 
but limited to 0.03 cm in r _area. This means that the shapes of the particles in the latter 
case differ considerably from the spherical and the difference of B values between 
r _MAX and r _area in Fig. 4c was much larger than in Fig. 4a. The measured snow 
particles on tapes b, c and d were mainly distributed up to 0.08 cm in r _MAX and 
r _max, but limited to 0.05 in r _area, respectively. 

An example of the difference between distributions N (r) and N + (r) is shown in Fig. 
5. In this figure, the lower limit bar shows the value of N(r _area) and the upper one 
shows that of N + (r _area). Since the difference between N + (r) to N(r) is widening at 
the larger radius range in Fig. 5, the parameter B of N + (r) becomes slightly smaller than 
that of N(r). 

The obtained approximated distribution (represented by parameters A, B) and the 
number of actually counted particles l:, n (r) are listed in Table 2. In Table 2, the 
values of parameter B in the last row are calculated from all counted particles on the 
tape. This result shows that not only the number of fallen snow particles (l:, n(r) or 
parameter A) but the shape of distribution (parameter B) are changed rapidly. The 
time variations of parameter B were beyond 10%, and the differences of B parameters 
between N(r) and N +(r) were much less than 1%.  
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Fig. 4. Examples of measured snow 
particle size distributions at Syowa 
Station, Antarctica in 1988. (a) 
Tape a: from 2200 LT to 2300 LT 
on April 5, (b) tape b: from 1730 
LT to 1830 LT on July 27, and (c) 
tape e: from 1800 LT to 1900 LT on 
October 1. 
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Fig. 5. An example of N(r) and N + (r): the lower limit bar shows 
N(r _area) and the upper one shows N "(r_area). 
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Fig. 6. An example of precipitation rates P and P + • 

153 

An example of the precipitation rates P and P + mm/h estimated from the 
N(r _area) and N +(r _area) are shown in Fig. 6. In this estimation, we assumed that 
the density of snow particles Ps can be calculated from the volume content of water Pw 
(Pw

::::::: p/; N1sHITSUJI, 1971) and the calculated value of Ps is 0.021 g/cm3 (TAKEYA et al., 
1994). In Fig. 6, the maximum difference between P and P + is 13.5% and the averaged 
difference is about 10%. 
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Table 2. 

N(r_MAX) 

1.20* 106 
/ 20 

4.18*106/20 

4.83*106/21 

2.69* 106 
/ 24 

3.68* 106 
/ 24 

1.26* 107 
/ 21 

2.34*107 /23 

2.83*107 /28 

- - - - - - - I 24 

N(r_MAX) 

2.19*107 /59 

6.86* 105 I 28 

l.82*106 /28 

3.04*106 /29 

3.91*106 /29 

6.05* 106 
/ 29 

3.04*106 /26 

8.37* 105 / 20 

4.28* 106 / 23 

4.29* 106 
/ 23 

1.08* 106 
/ 03 

l.42*106 /20 

2.26*106/27 

7. 94 * l 06 
/ 2 5 

7.42*106 I 26 

4.55*106/22 

8.80* 106 /33 

9.89*106/34 

7.52*106/29 

- - - - - - - /28 
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Obtained parameters A and Bin eq. (2). 

Parameter A / JE.ffi111eter 8 

N+Cr_MAX) N(r_max) N.(r_max) N(r_area) N+Cr_area) 

l.20*106
/ 19 l.07*106

/ 18 1.07* 106 
/ 17 1.79* 106 / 27 1.79* 106 /26 

4.17*106; 19 4.96*106/22 4.93* 106 
/ 21 1.61*107 

/ 41 1.61*107 
/ 40 

4.81*106/20 5.41*106/22 5.38*106/21 9.08*106 /34 9.06* l 06 /33 

2.67* 106 
/ 23 3.88*106/28 3.87* 106 

/ 27 l.87*107/55 l.86*107/54 

3.67* 106 
/ 23 4.22* 106 

/ 26 4.20* 106 
/ 25 1.30* 107 

/ 48 1.30* 107 
/ 4 7 

1.26* 107 
/ 20 1.61*107/24 1.60* I 07 

/ 23 6.82*107/46 6.79*107/45 

2.33*107/22 3.08*107/27 3.06* 107 
/ 25 6.22*107/42 6.21*107/41 

2.82* 107 
/ 26 3.41 * 107 

/ 30 3.40*107/28 J.21*10K/52 l.21*10K/51 

------- /-- - - - - - - - I 27 
------- /-- - - - - - - - /48 

------- /--

Parameter A / JE.ffi111eter 8 

N+Cr_MAX) N(r_max) N+Cunax) N(r_area) N.(r_area) 

2.19*107/59 2.47* 107 
/ 63 2.47*107/62 3.15*107/99 3.15*107/97 

6.83* 105 I 26 1.05* 106 
/ 34 1.04* 106 I 32 1.69* 106 / 48 l.68*106 / 47 

l.82*106/26 2.34*106/30 2.33*106/29 6.20*106/54 6.19*106/53 

3.03*106/27 3.01*106/28 3.00*106/27 3.43*106/36 3.42*106 
I 35 

3.89*106/27 3.33*106/27 3.31*106/25 4.09*106/34 4.08* l 06 /32 

6.02*106/27 9.94* 106 
/ 34 9.89*106/33 1.06* 107 

/ 49 1.06* 107 
/ 48 

3.03*106/25 4.47* 106 
/ 31 4.45*106/29 8.28*106;48 8.27*106;46 

8.34* 105 
/ 19 l.34*106/26 1.33*106/25 2.14*106/37 2.14*106/36 

4.26* 106 / 22 5.12*106/26 5.10*106/24 4.57*106/27 4.55*106/26 

4.27* 106 / 22 8.79*10•;29 8. 74* 106 
/ 28 l.51*107/43 1.50* 107 

/ 42 

l.08*106/02 1.49* 106 / 07 1.49* 106 I 06 6.89*106/27 6.86*106/25 

l.41*106/ 19 2.03* 106 
/ 24 2.03* 106 

/ 23 2.15*106/29 2.15*106/27 

2.25*106/26 2.54* 106 
/ 28 2.53* 106 /27 3. 46 * l 06 

/ 3 7 3.45*106/36 

7.90* 106 
/ 24 l.17*107/29 l.16*107/28 1.17*107/35 l.17*107/34 

7.39*106/23 1.39* 107 /34 1.38*107/32 2.68*107/48 2.67* 107 
I 4 7 

4. 54 * l 06 
/ 2 1 8.42*106/30 8.40* 106 

/ 29 l.17*107/41 1. 17 * 107 
/ 40 

8.79*106/31 5.92* 106 
/ 28 5.90*106/26 7. 96 * I 06 / 3 5 7.95*106 / 34 

9.86*106/33 8.33*106/32 8.31*106/31 9.64* 106 / 38 9.63*10"/37 

7.49*106
/ 27 9.44* 106 /31 9.41*106/30 l.83*107 

/ 47 1.82* 107 
/ 46 

------- /-- - - - - - - - /32 
------- /-- - - - - - - - I 46 

------- /--
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Table 2. (continued). 

Tapec Parameter A / imameter B 

(Sep. 06) L
r 
n(r) 

N(r_MAX) N.(r_MAX) N(r_max) N.(r_max) N(r_area) N.(r_area) 

00:00-01:00 619 2.92*107 /45 2.91 *107 
/ 44 2.95*107 

/ 48 2.95*107 /44 6.93*W /111 6.92*10K / 110 

00:30-01:30 351 1.12*107 /48 l.12*107 /47 3.05*107 /42 3.03*107 /40 7.18*}0K / 107 7.}7*J08
/ }06 

01:00-02:00 752 3.06* I 07 
/ 46 3.05*107 /45 3.17*107 /47 3.15*107 I 46 1.85* }09 

/ 127 1.85* 109 
/ 125 

00:00-02:00 ------- ! 45 ------- /-- ------- / 46 ------- I -- ------ I 105 ------ J---

Taped Parameter A / imameter B 

(Sep.06) L
r 
n(r) 

N(r_MAX) N+Cr_MAX) N(r_max) N+Cr_max) N(r_area) N+Cr_area) 

16:00-17:00 1444 2.33*107 /34 2.32*107 
/ 33 4.00* I07 I 41 3.99*107 I 40 1.97* }OK/ 80 1.96* JOX /78 

Tapee Parameter A/ imameter B 

(Oct. 01) L
r 
n(r) 

N(r_MAX) N+Cr_MAX) N(r_max) N.(r_max) N(r_area) N+Cr_area) 

18:00-19:00 708 2.41 *107 
/ 36 2.40* 107 /34 3.44* 107 

/ 44 3.43*107 /43 l.09*109 /117 J.08*109 /116 

18:30-19:30 705 3.21*107/39 3.20*107 I 38 3.08*107 /45 3.07* l 07 J 44 5.70*10K / }22 5.69*J08
/ 120 

18:00-19:30 ------- /31 
------- /-- ------- / 40 

------- /-- ------ J 130 
------ /---

4. Discussion and Summary 

Three kinds of snow particle size distributions at Syowa Station, Antarctica on 
April 5, July 27, September 6 and October 1 in 1988 were obtained from the snow falling 
VCR tapes, and a series of precipitation rates on July 27 was evaluated from the 
obtained distribution. 

T AKEY A et al. ( 1994) showed that calculated snowfall rate from the radar data in 
1988 and the radar equation agreed with the result evaluated from the Z-R relation 
based on the observations in 1989 (KONISHI et al., 1992). Since they adopted r _MAX 
for "radius" of snow particle for the distribution, there is a possibility that the "radius" 
of non-spherical snow particle for radar reflection is larger than the conventional 
equivalent radius r _area. To clear this possibility, we need to obtained distributions 
based on various kinds of "radius" for calculating the radar reflectivity coefficient and 
snowfall rate in the same snowfall, at first. Unfortunately there is not directly observed 
snowfall rate data in 1988 data set, we tried to evaluate snowfall rate using VCR tape. 
That is the reason why we used not only r _area but other kinds of "radius"(r _MAX, 
r _max) to obtained short-term snow particle size distribution. We think that r _MAX 
might be over estimated "radius" and r _max is one of the "radius" which value lies 
between r _MAX and r _area. 

Among the obtained distributions N(r _MAX), N(r _max) and N(r _area) in Fig. 4, 
there were large differences between N(r _area) and other two distributions. Some
times, the values of the parameter B on N(r _area) were two times as large as those of 
other two distributions in Table 2. The time variations of parameter B were 10-50% 
and the differences of parameter B between N (r) and N + (r) were much less than 1 % . 



156 M. HATANAKA e t  al. 

To test the availability of the non-spherical snow particle "radius" r _MAX and 
r _max for radar reflection, we will re-calculate the snowfall rate using the observed 
radar echo data in 1988 and the normalized distributions No(r _MAX), No(r _max), 

N0(r _area) in Table 2, and compare these results to the snowfall rate shown in Fig. 6. 
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