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Gorow MURAI 1956 On the Relation between Natural Snow Crystal Forms
and the Upper-Air Conditions. Low Temperature Science, Ser. A, 15. (With
English résumé p. 81)
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Table 1. Observed erystal forms and the cloud conditions oceurring
at the time of observations, during the winter of 1955-1956.

: i '-l‘ | i . ! \ )
No. Date Tlme MCF SMF g})orlll;i lci;)udl I Ht Tt Hb 1 Tb " Z ; Hs i Ts:tt Rs Rs ! Remarks
(h) | PeSS | em) £C) (km) (C) | Gem) | km) Q) (%) (%) |
I |Dec. 1| 13—I4 G Cb 8 ’ 36| —-25| 11 — 7 25| 29 —2045 45| 54 ‘ Shower
2 6 17—18 || PD, Dr ! Cb 4 | 21{-15| 12! —10f 08| 19 —14+t 100} 114§ »
3 181 14—15 G, Dr Co, Fx | 10 | 22| -20| 1.0, —12| 12 1.8' —i8+2 98| 117 =
4 22| 10—it G, D: i Cb 9 20| —18 .27 —12| 08 1.8 —l16%2 79 ol | ”
5 23 10—13 G, Dr k Cb 10 340 —-27) 120 —13) 19 25 -24£3 79| 99 P
6 |Jan. 7| 14—I6 SD, Ir | Ag 10 407 =221 25 —16| 15 37| —20+2 100 120 | Warm Front
7 7] 16—i7 G, Dr Ch 10 27| —18| 12 —10 1549 23| —l6£2; 93| 106 | Cold Front
8 13 12—15 G, D Cb 10 28| —22] 11t —81 174 231 —18+4 | 74| 88| Shower
9 15 16 Cb 8 357 —32] L1 —15| 241 28 } —28+4 78| 1027 »
10 18, 10—16 D Cu 5 16| —15| 12| —12| 04 15 —l4xl'@ 86 98 ”
11 v 191 12—15 | PD, DP: As® 10 40| —18| 27" ' — 9| 13| 36 —15£3, 93| 107 | Warm Front
12 19 1518 T, Cb, Fx 8 - — | 09, —7 — — - = — it Oceluded Front
13 19 18—21 r Cb 10 27| =12 L1 | =7} 161 22 —10+2| 92| 10t} »
14 19 21—23 D, Nr Cb 10 31|—185 11| —4| 20| 27:—15435. 90| 102] =
15 201 10—I4 G D Cb 10 20| —-16| LI =10| 09 18 =151 83| 97 | Shower
16 v 21 C9 G DP: Cb 9 181—195 12 —151 06 |..16 }—19&05‘ 67| 81 ”
17 24 16 SD; Dr Cb 7 ! 19| —-22| 12| —16| 074 1.7°' —21%1| 80| 100: ”
18 25 11—17 SP, I. DP: Cb 10 23| —29] 12| —-20| I ‘ 20 —27+2 76| 98 »
19 26 09—12 SPr | SDr, Dr || Cu, Cb 7 22| —21| 12| —14] 10, 18! —20+1! 78| 94| Thin cloud
20 28 . 09—I10 r , Cb 10 40?7 =22 08| — 2| 32| 33, —16+6, 93| 108 || Shower
21 v 29 14—I17 D:,G DP: Cb, Fx | 10 | 207 —18| 1.0 —10] 10! 17 | —16+2 \ 727 84| ”
22 30 09 P i SD Cb 8 © 22| -23| LI, —16] L1 20| —20+2, 69 84 »
23 31| 13 I. | DP Cuy, Cb | 10 | 20| -24| 12! —18: 08 1.8 —23&1! 65 81 || Thin cloud
24 |Feb. 1] 1 P Cb 10 21| —24| 09| ~15] 12 1.7 | —21+3: 70| &5
25 3011, 14 Dr | Cu, Cb | 10 24| —16| 12 \ -9 12 \[ 2.1 —1412“ 8l | 93 »
! |
26 v 6 12—I13 P | SP: Cb 9 \‘ 19| —24| 11| —18| 08 | 171 —22421 60| 74, »
27 8 14—16 spr | P Cb 10 || 26| 27| 12| —16 14 22 —24%3! 60| 78] Shower
28 15 . 14—16 Sp As? 100 | 40| -25| 30 ‘ —201 1.0, 37| —23%£2° 90| 114} Warm Front
29 15 18—19 | P, SP As? 10 | 40| -24] 25| —16, 151 3.6‘ —22+2. 80 100 . =
30 15/ 19—20 | C, AC | SP,D As? 10 “‘ 40| —24| 25 \\ —16. 15! 36| —2242. 80| 100 | »
I J j i i i . I}
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No. Date Time | MCF SMF H glOUd CLOUdl H: T Hy ‘ Ts zZ ‘ Hy Ts4-t Rs Ry Remarks
b [ rorm | eSS tkm) - (C) ! (km) (C)  (km) | km) | (C) (%) | (%) -
! ! 1 ! | B : i
31 | Feb. 15| 20—22 ’ P, SP C | Ns | 10 | 35| -21| 20 —12| 15 . 30| —19%2| 85 100 ‘ Warm Front
32 15| 22—23 ¢+ GCr | Ns 10 | 29| ~17] 15} —9| 14 25| —14+3| 100; 110 »
33 15| 22—23 | CNr | N Fy 6 . 15 —09 10| —6] 05, 14| — 8%l 100 108 »
34 15—16 | 23—02 i DPr C: | Ns 10 ' 27| —-15] 151 —8| 124 23| —14%1] 100] 113 »
35 18] 15—18 [ I, G Cb 10 | 30| ~-27; 12| —13| 18] 26, —24%3| 67 83| Shower
36 v 19| 16—18 4 PD: D i Cb 10 - 26| —22| 1.2, -1l 1.4 22| —2042 90! 106 ”
37 20| 18—21 @ AC, CP Cb 10 | 507 =371 1.2]—10| 38! 40| —30%7 84 | 112 | Trough
38 21 13—14 |  Dr DP: | Cb 70 20| -=17| 12l =11y 08y 18| —I6%l 76 © 90 | Thin cloud
39 25| 10—11 | P, SP Cb 10 20 —-20, 1.2]—-13] 08 18| —18+2 70| 83/ »
40 28| 15—2i j SP, AC Ag? 10 % 58| —30| 25| —13| 33, 50| —254&5| 80| 102 ' Warm Front
41 v 281 21—24 || C, SP Ag? 10 58| —30| 22| —11| 36! 49| —25+5; 87| 114 »
42 29 ti—12 | SP, P : Ns 10 © 457 —20| 20| — 91 25| 39| —18%2 | 97 | 115 ”
43 i Mar. 1] 17—19 | G, D; DPr . Cb 10 26| —-23| 09! —10] L7171 21| —I19%4 95| 114 | Cold Front
44 1| 19—21 | G i Cb 10§, 261 —23| 09! —10| 17! 21| —19+4 L 95 114 ! »
45 2 11—16 ! SP, PD-, D, SD ; Cb 10 4 28| —24) 1.0° —10| 18 24| —2I43 ' 91| 109 | Shower
46 v 21 16—20 ! G, DP: Dr Ch, Fx | 10 28| —25' 06'—8| 22| 23| —20+5; 92| 110 ' ”
47 30 10—11 | P PDr y Cb | 10 2.3 | —21 L2 —13| 110 20! —-19¥2! 83| 100! »
48 7| 0s—13 I PP PD Ns, Fx 10 50| ~24| 12| -6| 38| 40| —18+46. 91! 110} Warm Front
49 71 13—18 | N, PP: Ns, Fx ~ 10 3.0?7l =121 141 —6| L6l 23| — 8ta' 93 100 »
50 70 18—20 | PPr, P Cb 10 37| -2t 12} —6| 25§ 34| —17+4 90 | 105 } Occluded Front
51 4 8 10—13 | AC SP i As; 10 45% —25; 32| —20 1.3 4.2 —24+1 96 120 | Rear of cyclone
52 1 9, 17 : G i Cb, Fx 10 29| —-21! 13:—10| 16 24| —18%x3: 80 95 ! Cold Front
53 13 11—14 || SP,, AC | G, PD: @ Cb 10 44| —32' 151 —10! 291 36| —26+6 | 1001 126 »
54 19! 09—11 || @ DPr } Cb 10 20| =120 121 —7] 08 17| —104£2, 100 110 »
55 221 10—14 | Ny, CNr G ' Cb, Fx 10 18| =111 04— 1] 14 14 — 8£3° 100 ‘ 108 | Shower
59 27| 11—12 | Dr i Cu, Cb 6 24| —18| 1.1 —8] 23; 21| —15£3; 88 102]| Cold Front
57 | Apr. 6 17—20 , Np Pr . Cb, Fx . 10 22| =13 03, 0| 19] 16| —9t4., — — »
58 18 20—22 ¢ r i Cb 10 23] =10 09— 4| 14 | 20| —8x2; 100| 108 Trough
i 1 | i J . '
MCF (Main Crystal Form): G; Graupel, D; Dendrite, P; Plate, C; Column, N; Needle, I; Irregular crystal, SD; Spatial dendrite,

SP; Spatial Plate,

Assemblage of Columns,

crystal”.

SMF'; Sub-main Crystal Form.
H;; Cloud-top Height, 7%; Cloud-top Temperature,

Snow-forming Height,

ice at Hs.

DP; Dendrite with Plate Extension,

Ts+:t; Snow-forming Temperature,

Hy;

PD ; Plate with dendritic Extension,
CP; Column with Plate at one end, CN; Column with Needle Extension. Suffix “r” denotes the “rimed

Cloud-base Height,
Rs; Relative Humidity at Hs,

PP; Plate with broad branches,

T ; Cloud-base Temperature, Z; Cloud Thickness,
Rs"; Relative Humidity with respect to

AC;

H.g;
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Résumé

Although the importance to investigate the relation between the type of falling snow
crystals and the upper-air conditions has often been pointed out, only few attempts with
this end in view have hitherto been made.

Of recent Gold and Power attempted to correlate the natural snow crystal types to
the upper meteorological conditions under which they are formed, and could show the
dependence of crystal types on temperature which was in reasonable agreement witl}
the experimental results of Nakaya.

As for the upper-air data, however, they used of necessity those extrapolated from
the neighbouring radiosonde stations, because of the absence of a sonde ascent at their
own Observatory, Montreal, and made relatively little use of humidity data to locate the
cloud layers for the reason that they are least reliable and involved further errors in
extrapolations.

We have daily radiosonde ascent in our city, Sapporo, and the accuracy of hygro-
meter used in sonde has been much improved by the use of the roll-pressed hairs, which
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therefore permits us safely to use the three elements measured by sonde.

Observations were made during the winter of 1955-1956 for 45 days in our Institute.
A number of snow crystals were caught on a clean glass (18 x22.5 ¢m) and, being imm-
ediately brought into the “low temperature room” (—10°C), where they were observed by
various means ------ photomicrograph, shadow photograph, replica, etc.

Table 1 shows the results, in which by main crystal form (MCF) is meant that the
crystal form in question was over 1/4 in number of the total. A rough determination
of cloud conditions aloft could be made from a consideration of the general synoptic
weather situation and from the sequence of surface observations, especially of cloud-
base heights, cloud types, cloudiness, and cloud directions. An emagram was used for
estimating the cloud-top height, taking into consideration the lapse rate, moist adiabatic
layers, humidity distributions, upper wind directions, etc.

In winter we usually have a subsidence inversion or an absolute stable layer aloft,
so that the top height of non-frontal cloud easily be determined, while in warm frontal
cloud the determination was not so easy.

The cloud level mainly responsible for snow formation was assumed to be located
at 1/4 from the top of the cloud, and the temperature (T,) and the humidity (R,) at the
level were used for our discussions {see Fig. 1). Relative humidity with respect to ice
(R5) was also taken into account. ,

The results obtained can be summarized as follows:

(1) Fig. 28 shows the occurrences of main crystal types related to the estimated
temperature, which is in good agreement with the results of Nakaya.

(2) The distribution of the crystal forms with temperature and relative humidity
with respect to ice, as shown in Fig. 29, is also in qualitative agreement with Nakaya-
diagram.

The fact that the snow crystals were formed in the unsaturated region, which is
unreasonable, can be expiained as follows:

(a) The formation of snow crystal in this region corresponds, in many cases, to
those observed when the cloud layer was so thin that the sun or the blue sky could be
seen more or less clearly through it. .

(b) The radiosonde itself did not enter the snow-forming cloud, but passed through
the unsaturated region among the cloud cells.

(3) Dependence of crystal types on snow-forming cloud forms is shown in Fig. 26,
which shows that graupels, dendritic, spatial dendritic and irregular crystals are maiﬁly
produced in convective clouds, while columns, needles, and spatial plates come for the
greater part from stratiform clouds.
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