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The Study of Melting of Snowflakes in the Atmosphere
Takayo Matsuo

Physical Meteorology Research Division, MRI

ABSTRACT

The phenomena of melting of snowflakes in the atmosphere have been studied by analysis of sur-
face weather observation, laboratpry experiment; theoretical calculation, and field observation.

Analysis was made of the relationship between forms of precipitation and surface meteorological
elements. The occurrence frequency of snow increased with decreasing air temperature and relative
humidity. That of sleet and rain increased with increasing temperature and relative humidity. With in-
creasing precipitation intensity, in this case, sleet rather than rain frequently occurred. These results
suggest that the melting of snowflakes in the atmosphere is influenced not only by air temperature but
also by relative humidity and precipitation intensity. The precipitation intensity is probably associated
with snowflake size or density, and according to Gunn and Marshall (1958) snowflakes of larger size
become dominant as precipitation intensity increases. It is presumed that sleet is likely to form at high
intensity of precipitation because large snowflakes melt slowly.

In the experiment, the melting process of snowflakes was observed in a vertical wind tunnel in an
airstream of 5.5 °C in temperature and of 100 cm sec™ in velocity. The examination revealed that no
break-up .of snowflakes took place in melting and that the melted water did not accumulated on the
snowflake surface but percolated into the inside. The percolation may be due to capillary action. By the
above result, a micro-physical model was proposed of a snowflake in melting. Using the model, an em-
pirical formula for the melting rate of snowflakes, which is expressed as the rate of decrease in radius R
by melting, was obtained to give the relation dR/dt = —&d (KAT + LyDAo)/L:P;R. The coefficient €
is an adjustable parameter to bridge the gap between experiment and theory, and evaluated as 1.75. d is
the ventilation coefficient of spheres, K the thermal conductivity of air, Ly the latent heat of vaporiza-
tion of water, D the coefficient of molecular diffusion of water vapor in air, P; the density of the
snowflake, Ao the difference between water vapor density of airstream and equilibrium water vapor
density on the snowflake surface, and AT the temperature difference between snowflake and ambient
airstream.

Using the empirical formula as a basic equation, simulation of melting of snowflakes in the at-
mosphere was made to estimate the effects of air temperature, relative humidity, and snowflake size
and density on the process of melting; the effect of relative humidity and snowflake size and density in
particular was noted in this simulation. The results indicated that the fall distance for the onset of

melting below freezing level increased with decreasing relative humidity and that the fall distance for
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the completion of melting increased with decreasing relative humidity and with increasing snowflake
size and density. If the air below freezing level is subsaturated, say 50 %, snowflakes reach the ground
in unmelted condition, even at a warm surface air temperature of 5 °C. If it is saturated, snowflakes
begin to melt from just below freezing level. Snowflakes of ordinary size, with equivalent diameter 1-4
mm in raindrop, completed melting within several hundred meters below freeiing level. Large.
gnowﬂakes with diameter 5-6 mm in raindrop did not complete melting as far as 1 Km below freezing
level. The fall distance for the completion increased further with decreasing relative humidity. ‘

The fall distance for the onset of melting is explained in terms of wet-bulb temperature of
snowflakes. With decreasing relative humidity, the wet-bulb temperature of snowflakes decreased and
snowflakes which would have a wet-bulb temperature below 0 °C do not melt. The fall distance for the
completion is interpreted by the heat capacity of snowflakes and latent heat due to evaporation of
water vapor from the snowflake surface; large snowflakes with large heat capacity melt slowly and a
large amount of evaporation of water at low relative humidity suppresses the melting rate.

To verify the result of simulation, field observation has been carried out of snowflake water con- -
tent, fall velocity, mass, and cross-sectional area under various conditions of surface air temperature
and relative humidity. The results showed that fall velocity and liquid water content of snowflakes were
dependent on surface air temperature above 0 °C, relative humidity, and snowfalke mass. Fall
velocities increased with increasing air temperature and relative humidity. Increase in velocity was
greater with snowflakes of smaller mass. At surface air temperatures above 1 °C, fall velocities were
almost constant with respect to snowflake mass. These findings show a differeﬁt tendency from the
results of Magono (1953) and Langleben (1954) which were obtained mainly about non-melted
snowflakes. The water content in snowflakes was highest at the highest surface air temperature of 1.8
°C. In the case of the same air temperature, it increased with increasing relative humidity and in the
‘case of the same air temperature and relative humidity, it increased with decreasing snowfalke mass.
These observations agree well with the result of simulation.

It is concluded that the melting process of snowflakes is under the control of (1) heat transfer from
the ambient air to the snowflakes, (2) latent heat accompanying the phase change of water vapor on the
snowflake surface, (3) heat capacity of snowflakes. The factors important in the process are air
temperature, relative humidity, and snowflake size and density.

The present study will contribut§ to the clarification of bright-band formation in radar
meteorology. It will also be useful for predicting the precipitation form and snow accretion in routinel

weather forecast.
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B, COWFREIK[RHAFMBREMRO—RE LTiITON, WMER, Fio, JREFITEHIN
72 40X (Matsuo and Sasyo, 1981 a, d, ¢c: Matsuo et al.,1981d) %A F &DHbD
TH 5o
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1 Map showing the location of three Weather Stations
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HHRAT TR, ERC—BRSREPITEbN TV S, KREBEZDEZL RBEHEAEHIFRFICL-T
BESINTV B, BKORDHERIBRICL > TITREHNA T 5,

ZDEYA-VORHIKIZ, BARFIERIREDISOHIVTHICEDLNS . ORI, —#
MICBRBIRFETRIEVE L, BEPOHEANAZIONTDELRY, BRT VT REEICL
T, KEHROHR TORTIMDTLRV, BERICHIBHESHZ L. BEHOZH O
BbFiifick -TEREZEZZAONS, EROWHE (-2, HEPEE) B LERODR
RRECEEEEZ A1 01E, BKOBBHIRICK > THEMNTET LE@IENEL SN D, HUIBD
WS FRIS 5 SMPRAERT LIckD, COXBERHANRL LN TE DS, BIEITES - BRI,
WES1A~3H (1975%~19784) , MAMI0A~5A (1970FE~19774) , BHD10
H~5H (1963F~19784) Th 5,

2.2 RBKOBEFEEIUHBEMEESLORK

%9, HETRIKDD - 7B OIS EEORIR EHNEEOSEA M FAND . TD 31
HOPT, METIEBIFEANTEONTV S, MALAXTRITRON TV, REIC
B 5 BKEOKIR EEHEEOSEANE, M ETRKSBRE SN BOEBF -5 2HHLT
D, '

BT, [BRFBREMESES O CEEEHVTEDLL, HMEBEEOREEM L0 CEHED
BEXT&RbT LTS, 0CEER, ik, 1,000mb, 900 mb, 850 mb BEOKIEDF
—7EBAVT, RIFEKICX > TRz, 0 CEEOHENEEIL, 0 CEEEIE I 2ESEOMNTE

1500~
JANUARY-MARCH, 1673-1975 WA.!IMA

1000

5001

HEIGHT OF FREEZING LEVEL (M)

SURFACE AIR TEMPEPATURE (°C)

K2 Relationship between the height of freezing level and surfaceair temperature

at the time of precipitation in the cold seasons at Wajima Weather Station.
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DS PIRIC & - Tkt

HEKEE 0 CHREORRAER 2 iR, BIRAITICEL > TRdBHRAER TREH, Hi=
148T+ 64 L70%, CCTHIROCHEE (m) T, TRMESKE (C) Thd, 5EETIK,
900 mb BETKUR 0 CHHADEREMERE (6°C ko) 2HETRLTh 5. BKkEEORE L
ZOSKRBERIE 52 H, FHENCRBEFARBRICE L{E-TW5,

B3 i, MkEOHEE 0 CREDBEEZDHEAEX /I ATRT. #Hik, 50V 0CE
EOHHBESEICEH N E VD LB, BEEITISEUNICEIED, HAETE -2.5%
E13%, WEE 0 CHEE ORI TN EAE BREERFELSE NS,

201~ JANUARY-MARCH, 1975 WAJIMA

-

—
[3,]

RELATIVE FREQUENCY (Z)
S

o
\

20T 05 0 R A
HUMIDITY DIFFERENCE (RHg-RHg)
X3 Frequency distribution of humidity difference between
the ground and the freezing level (RH,— RHy¢) in the
presence of precipitation from January to March in

1975 at Wajima Weather Station.
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TOMNTHR (K8FF, 1976) X —HLTV5, CZTEHLALVOE, BKOEDHETE
BILk-THEMNTELETH D, 2.5 CULORRTHHEMBEMSEL 125 LBKRBETH 551
ELRELE5, HESERBICHBLAS2HE TAHA-TH 5, i ERED 4 CLLEOHERFD
BERIANBEMSOBEELD VIR NIV EVERICALNS,
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SURFACE RELATIVE HUMIDITY (%)

JANUARY-MARCH, 1975-1978 WAJIMA
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B4 1R LA i, WO B4 i E oS8 & R 228 & LT,
SURE 0.2°C, ABRHBEA 5 B TR0, SIS CEINS i A OO RO HEME £ % 1
(a), (b), (c)ERT o RO HBHEEIZ AM TR SN, HPIBADE . HFBMFOEK TS 5.
BREEGE, 1 EORKICOWT, MOBAIRL, BR0.5, SR0 LERINE, FRBICOWV
THBE, FO HBUEE SRE & & DB LTV B, —ic, [EHSTRTEL OME, Ho
HUBHRE I LT 3 DDA (0, 0~1, 1) bbb, £ LADBEDHEEHICE -
THBIT 2. MODT, BRETOHBSEEH 045 0 DL ZLT 2MAOEMEESRL, C
DEROMMEE (RHeri (snow)) DR TRBIKIISFNTETH B, EEIL, MRS K1
BEROMMEETH Y, COBFAHERE (RHeri (rain) )M L CHBKET TR TS 2, C
D 2 SOEEFRAHEE TH $ 12 IR BADE b 5 H~LBILT 5 BHERE 152, BHERILH
FREAE B ERLD, 3.6°CLETREL BAERSR NG, COFBRORTE, 5
E, MOVTHEBELET 25, MHEEOHNE LI HOHBBEENE 155, FRBICOVT
D, ERAETNTNORT S L, MOMKHEEEAHER, SOE, 5. 8- HRET
B, WOMERO 3 SOBBICHY b b,

NaFkh DERRGEE LSRR OBFERE, Ok BRADZhZRICOVWTEDE, Sll%
REFTHZET (C) & 2> DEFREE RHeri (%) &OBIFER 5(a), (b, (c) iKFT. xHEE
DEFMEE, ONEMOBRMNEE TS5, ERAICE - T8 Sh RHerie TOBIEE,
FOBERIBE A WRICE > T, MOBRBESERICL->TERDLTHD, MOBMRERE L SRS
DEIFA TS EES, W EORATRINTL A0, BY ST BRI K5 &
AEBUI DTS S, ROBPTHEED TOEKTEMKET~TETHY, LD EOGHS
CHBKETNTRTH S o W & ERTHE i STIOREE, MASSh S IChb 5 BHHE
HBThb, 3HEATEONIBERERETIKRT

RHeri (snow)= —7.5T+93
RHeri (rain)= 46462 —-T W

RHeri (snow) = —7.3T+96

RHeri (rain) = 3 94/7.2 T AR
RHcri (snow) = —6.2T+91
RHcri (rain)= 434/6.8-T Ay

ZZ T, RHcri (snow) & TOBMEIE 1 kKX TRL, RHeri(rain) & T ORI 2 KA TRL
TH 5P, COBAIKSVTE, 4ETRRSLT LiTT 3,




% 1(a)

Relative occurrence frequency distribution of rain on the ground in the cold seasons from 1975 to 1978 at Wajima Weather

Station as a function of surface air temperature and relative humidity. Fractions in classes indicate the relative occurrence

frequency of rain in precipitations.

JANUARY—-MARCH, 1975-1978 WAJIMA

RH(T('C) 0-0.2 | 0.2-0.4 | 0.4-0.6 | 0.6-0.8| 0.8—1.0] 1.0—1.2| 1.2—1.4 | 1.4—1.6| 1.6—1.8| 1.8—2.0| 2.0-2.2| 2.2~2.4 | 2.4-2.6

0
95-100 0/4 1/5 3/5 3/5 2/3 2/3 3/3 4.5/5 6/6 3.5/4 2/2 4/4 5/5
90— 95| 1.5/13 | 0.5/8 0.5/7 0/4 2.5/7 2/10 | 1.5/4 0/2 6/7 4.5/5 1/2 8/8 4/4
85— 90 0/10 0/5 0/6 0/5 2/8 1/6 2/10 | 0.5/2 2/8 2.5/6 10/12 4/s 5/5
80— 85 0/7 0/8 0/6 0/6 0/5 0/2 0/4 0/3 1/5 0.5/4 | 2.5/6 2.5/5 2/2
75— 80 0/5 0/13 0/5 0/4° 0/6 0/6 0.5/4 0/3 0/2 0/1 0/2 0/5 3.5/5
70— 75 0/12 0/5 0/s 0/6 0/5 0/4 0/4 0/1 0/3 0/1 0/4 0/2 1/5
65— 70 0/2 0/9 0/4 0/1 0/3 0/7 0/5 0/5 0/2 0/6 0/1 0/5 0/2
60— 65 0/1 0/1 0/6 0/2 0/4 0/7 0/2 0/2 0/1 0/3
55— 60 0/2 0/3 0/1 0/2 0/4 0/2 0/1 0/1 0/6 0/1 0/2 0/1
50— 55 0/1 '

2.6-2.8| 2.8-3.0| 3.0-3.2 | 3.2-3.4 [ 3.4-3.6 | 3.6-3.8 | 3.8-4.0 | 4.0-4.2 | 4.2-4.4 | 4.4-4.6 | 4.6-4.8| 4.8-5.0| 5.0-5.2 | 5.2-5.4
1/1 4/4 2/2 3/3 4/4 a/a 2/2 4/4 4/4 3/3 2/2 4/4 4/4 2/2
1/1 5/5 6/6 1/1 4/4 1/1 2/2 1/1 3/3 2/2 2/2 2/2
77 5.5/6 8/8 | 6.5/8 1/1 3/3 4/4 3/3 717 3/3 6/6 2/2 2/2
2/s 3/4 2.5/3 | 2.5/3 3/3 3/3 3/3 33 3/3 2/2 4/4 5/5
4/7 5/9 3/4 | 2.5/3 2/2 3/3 2/2 | 0.5/1 1/1 2/2 4/4 2.5/3 3/3 5/5
2/4 1/2 5/6 1/1 2/2 2/2 2/2 1/1 11 2/2 3/3 1/1 2/2
0/2 0/1 1/4 1.5/2 1.5/4 F=====y 0.5)2 2/2 1/1 1/1 4/4 1/1
0/1 0/2 0/3 0/1 1/1 0/2 0/24 2/2 1/1 2/3 E=====t

0/1 0/1 —=——== 0/1
0/1 | o2 ] 0.5/1 0/1 1/1

8% SEMUIHECIEX
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# 1{b) Same as Table 1{a) except for Matsumoto.

OCTOBER-MAY, 1970-1977 MATSUMOTO

RH(;('C) 0-0.2 | 0.2-0.4 | 0.4—0.6 | 0.6—0.8 | 0.8—1.0 [ 1.0—1,2 ! 1.2-1.4 [1.4—-1.6 | 1.6—1.8 [ 1.8—-2.0 | 2.0-2.2 | 2.2—-2.4 | 2.4-2.6 | 2.6—2.8 | 2.8-3.0
0,
95—100 4/10 0/2 1/ 3/s 3/3 2/2 2/2 3.5/5 1/1 1/1 1/1 3/3 1/1
90— 95 2/7 0.5/4 0/4 4.5/8 3/6 2/8 4/9 1.5/6 0.5/1 . 4/4 1/1 2/2 4/4 1/1 1/1
85— 90 0/1 0/5 0/5 0/3 0/3 0/1 0.5/1 0/1 1/1 0.5/3 0/3 0.5/1 1/1 1/1
80— 85 0/1 0/1 0/4 0/2 0/1 0/2 0/1 1/3 2/4 0.5/2 1.5/3
75— 80 0/3 0/2 o/ 0/2 0/1 0/1 0/1 0/2 1/2 0/1 0/1 0/1 0/1
70— 75 0/1 0/1 0/1 0/1 0/2 1/1 0/2 0/1 . 0/1
65~ 70 0/1 0/1 0/1 0/1 0/2 0/2 0/1 1/1 0/2 0/1
60— 65 0/1 0/2 0/1 0/3 0/1 0/1
55— 60 0/1 0/1 0/2 0/1 0/2 0/1 0/2 0/1 0/2
50— 55 0/1 0/1 0/1
45— 50 0/1 0/2 o/t 0/2 0/t 0/1
40— 45 0/1 ‘ 0/t o/t
35— 40
30— 35 0/1
3.0-3.2/3.2-3.4|3.4-3.6| 3.6-3.8|3.8-4.0|4.0-4.2 (4.2-44[4.4-4.6|4.6-4.8|4.8-5.0{5.0~5.2(5.2-54|5.4-565.6-5.8|5.8-6.0|6.0-6.2
1/1 3/3 1/1 3/3 1/1 2/2 1/1 1/1 11 1/1 2/2 2/2 1/1 1/1
2/2 1/1 3/3 5/5 4/ 717 1/1 3/3 1/1 1/1 1/1 3/3 3/3 4/4 2/2 2/2
4/4 1/1 1/1 1/1 1/1 4/4 2/2 1/1 3/3 3/3 2/2 1/1 1/1 2/2 1/1
/1 3/3 1/1 1/1 1/1 3/3 3/3 3/3 1/1 2/2 2/2 1/1 3/3 1/1
1/1 1/1 1/1 2/2 2/2 1/1 2/2 11 11 2/2
2/2 0/1 2/2 2/2 2/2 1/1 1/1 22 1/1 1/1
0/t 2/2 2/2 1/1 1/1 1/1 1/1 1/1 11
0/1 1/1 1/1 1/1
0/1 0.5/1 2/2 : 1/1
0/2 1/1 0/1
0/1 0/1
0/1 0/1 0/1
0/1
0/1 0/1
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OCTOBER-MAY, 1963—-1978 NIKKO

% 1(c)

Same as Table l{a) except for Nikko.

a;:a%PC) 0-0.2 | 0.2-0.4!0.4-0.60.6-0.8| 0.8—1.0| 1.0-1.2| 1.2-1.4| 1.4-1.6| 1.6—1.8{ 1.8—2.0} 2.0-2.2 | 2.2-2.4 | 2.4-2.6 | 2.6—2.8 [ 2.8-3.0 | 3.0-3.2
! 95-100 2/6 2/13 7/12 9/14 | 7.5/11 | 6.5/11 6/8 6/1 10/10 77 11 8/8 6/6 717 5/6 6/6
I 90— 95 /5 3/5 0.5/7 2.5/4 1/4 1/2 2/4 1.5/2 4/4 2/3 3/3 2/2 2/2
85— 90 0/1 1/2 2/3 0.5/1 0/1 0/2 0/1 1.5/2 1/1 0/1
80— 85 0/1 0/1 0/2 1/3 0/1 1/5 1/2 0/2 0.5/1 1/2 1/1 1/1
75— 80 0/1 0/1 0/1 0/1 0/1 0/1 1/2
70— 175 0/1 0/2 0/1 1/3 0/1
65— 170 0/3 0/5 0/2 0/1 0/3 0/1 0/1 0/1 0/1 0/1 0/2
60— 65 0/1 0/4 0/4 0/4 0/2 0/2 0/1 0/2 0/2 0/1 0/1 0/2
55— 60 0/2 0/4 0/1 0/3 0/3 0/5 0/3 0/1 0/1 0/2 0/1
50— §§ 0/4 0/1 0/2 0/1 - 0/2 0/1 0/2 0/1 0/2 0/1
45— 50 0/1 0/1 0/1 0/1 0/1 0/1 0/1
3.2-3.43.4-3.6 | 3.6—-3.8|3.8-4.0| 4.0-4.2| 4,2-4.4| 4.4-4.6 | 4.6-4,8 | 4.8-5.0| 5.0-5.2| 5.2-54 | 54~-5.6 [ 5.6—5.8| 5.8—6.0 | 6.0-6.2 | 6.2—6.4
10/10 5/5 6/6 10/10 9/9 12/12 10/10 8/8 2/2 9/9 9/9 14/14 8/8 - 9/9 5/5 7/7
1/1 2.5/3 5/5 6/6 2/2 2/2 3/3 3/3 1/1 2/2 1/1 3/3 2/2 7/7
2/2 2/2 1/1 1/1 2/2 1/1 1/1 2/2 1/1 1/1 1/1 1/1 1/1
2/2 1/1 1/1 1/1 1/1 1/1
1/1 1/1 1/1 1/1 3/3 1/1 2/2
1/1 1/1 1/2 1/1 1/1
1/1 1/1 1/1 1/1 1/1 1/1
0/1 1/1 0.5/1 0.5/3 1/1 2/2 1/1 1/1
0/1 0/1 0/2 0/1 1/1 0/1 1/1 1/1
0/1 0/1 0/1
0/3
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5(a) Relationship obtained from analyses among precipitation types on the ground,
surface air temperature, and surface relative humidity, at Wajima Weather
Station. Simbols of crosses and open circles indicate the critical humidities
for snow and rain in the column of surface air temperature with a
consecutive temperature interval of 0.2°C. The stippled area indicates the
transition region from snow to rain. Below the dashed line, precipitation

is all snow and above the solid line precipitation is all rain.
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X 5(b) Same as Fig. 5(a) except for Matsumoto.
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X 5(c) Same as Fig. 5(a) except for Nikko.

EV B OREZENEE ICH T 5KRIETERT S &, FAROERRENEED D &Ik
Y, 0BLUTTRELIE>TVE, HRDEIE, WIhOMESHFRENKIBSE DT, W
#32.2°C, HXA1.8°C, MAH1.2CLE 5, ERRBOBICHIBRHELS ON D EFHEO
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X7 Design of wind tumel used to observe the melting of snowflakes.
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52mg [, 7=10 T=20

D s W—
0 05 icm
T=30 T=40 T=50

8(a) Plotographs taken every ten seconds showing the shrinkage of snowflakes by melting.
White horizontal and vertical lines are threads of a nylon net. Mass of the snowflakes is
indicated in the upper left-hand comer. Experimental conditions of airstreamare 5.5 C

in temperature and 100 cm sec™ in air velocity.

64mg =0 1=10 T=20

0 05 fcm

=30 T=40 1=50

8(b) Same as Fig. 8(a), except for srowflake mass.



[RPTAFHATRE %85 1984

BEMEMTIA 5.5 CICE TREL. ATEEA LEHEEIRZ, 8D, SHOXETEC 5 KER
DEZEHDOREEOR A TEBLDNSL LEVWEDTH B, BEDOER OREIRZ0CLEE
AoNBDT, RZ0CTHMMLEALSERAT L EIRED, KERDBELICH S BORTHAE
BHIBSABCLENTE S, BEARNOKIKOKESEES, R, BARERROKE HL
OfECTEBEFRBETIC X > THNz, FHOKELTERE L 4.97 X 10 %gre en™ 750, BIEAK
DIKEGEE (4.71 x10%grecm™) iKE L ote TDTEND, BRADOKHRDKESHE
F3IE 0 COKDEFIKBIEFEEICEFLL B >TW I E0H T EMBTE 50

CDLSHEMDTT, MBPOE, OREL(E, BELY X (f=200m) £HOFE=
AVFE—H—FIFAT A2 7%BOT, 10DERETHD THS®E L. K8(a) (b) icHEH %
T BRE, BRICX > TUNSKRD, BRIKIKBEL>TVS, BESET Lick, KFoD
KESET 5 =8 — T V—AMNBESELIFETUZL, ThhLEHFOBERERDE, KELOSE
HoWER R, HEE EOSH oW Tkt Tt C LIKKDEE L,

BMREERRT, ITHOBEF LEZRIKOVWTITE -1, 2OHT, 3EOEREIERAFRENIRE N
», TNHDT— 5 REWEEERERD 37— 9 h ORI Lz, K9 i, B0 14HDZREH O #N

% 100

=

Ll

>

<T

—1

L

3

= 0
v

L.

(an]

5

= 50t

-1

<C

=

2

‘__.

[&5)

L

w

&

w

2

©

. 2 ]
0 5 10 14 »

MASS OF SNOWFLAKE (MG)

9 Relation between snowflake mass and cross-section area.
Each point is an observation and a solid line is a line of

constant average density obtained assuming spherical symmetry.
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42mg
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0 Ich
B e —
10.2 mg ’
+ + + -

10 Three examples of schematic drawing of time change in the perimeter of melting
asymmetrical snowflakes observed at ten seconds intervals. Symbols plus indicate

crossings of the threads.
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NORMALIZED SNOWFLAKE CROSS—SECTIONAL AREA

0 10 20 30 40 0 10 2 30 40 50 60 70 80
TIME (SEC)
X]11 Variation of normalized cross-sectional area caused by melting with

time for various initial snowflake diameters D, .
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K12 Variation of adjustable parameter with time for various snowflake diameters

Dy. Numbers indicate the initial smowflake diameters.
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X113 Mean value of ¢ of adjustable parameters as a function

of the initial snowflake diameter.
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W EL5EToOM, ASOKE LENBERIELLIETVSDET 5, 2 DMDEEE TITRT
(1) EFRL-MY LEKOBKREEELS->THED, ThERRICK > TENTVL, MRIEIER

*
K

7 0 °C Level
l l fall velocity

snowflake

%
X X X

x>
X-

sleet

xe
Xe

Xo

raindrop
®

Bl14 Schematic drawing of a model. Snowflakes of various sizes,

originating at 0°C level, fall sublimating and melting toward

the ground.
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EETEC D, AR LK EBEEONEAL A%, REICEERS AL, LHARKE
BRI A 5 100,

(2) BEHOEEORER0CET 5,

(3) HFhic, SHOAZ, HFFAEE,

(4) SHOUEHFEROKEDOERICFL < - 1205, BIREETLE SO T 5,

41.2 BBPOEROETERE
ETHOERIELL AR, BN, 157, BATHD, SROBEHEZ—RICNIODOTER TS
5EFTBERADILDID;

dv

i1 — Mg—LpaCdS’VZ ............................................................... (12)

2
2T, MRERFOEER, gRRENINEE, faREROEE, CARISHROERFEE, S'3EEH
OMERE, VIETEECTHS, ERFPKBEEICEL TV ARETRENERATEHOVE-TL
BEDTRABESNS

Mg =%ﬂaCdS’ V% ........................................................................... (13)

EREHRBEREST S L, BETEE VLt QRATEZ SN S

8g B - U h
Vt = (——) Cd ©i R .
303

(13) KiF, & LEHHRE Cd BELDSH THEVEDREVETEE, BETHEED2E VI*ELE
BEWEROE M/S GHAIT AT EARLTVS, KI5 (a) & (b) I, Billick-TELN
f V2 E M/ S EOBIEERT. F— 13 1978 & 1979 F ORI FHBE BT TIT - - ME
Bk 260 Th%, BRTREFTOSE 0% Tk, BE, WERORBIEST-TV3
2, BRIOFMICDOWVTIY, bETENTHS. KohT, OHNTH ERESL 0 CL EOBAILT
HY, NAHZ 0 CUTDHAZRT . Vi2i3idid M/SICHBIL TV 3, KRB0 CUT DS
EORIEMBIL, EWHREK CdE 1.2 & LB (13) Rtk DI EFHEN TR L Bbh 5,
Z OfEid, Magono and Nakamura (1965)ds# F&IEASIZIF 0 COBSICBIRAITE @ 1.3i1id
BELV, [0 CLEDEA, HEINZEHHEE CA I3 0.6~ 1.2 ORITE 520 T 5,
INSVIEFRE Cd = 0.6 2 b -7 EEX SNABBR ALK VBMI LB/ TH 0, BRI 2 mg b
tobong, Bohcallshi, BHHAEK Cd=0.6 (3, BEHS 1.2 mm (BRI 1 mg)b
O OEFAREICHY T EDT, T OSSR 7B H R IERREICB LTI RRICE O
BHARK-> TOEVZ 5, BRIOEENLEZ 3L, MBHOSH OERGEK Cdid BT Ty
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\'9 4 - 4t CD=0.6
DN o~
[ I
e 5
o 3 o3
> = 0,
[o]
2l Jan. 1978 2t ° Feb. 1979
o TH0C o o T>0C
s T L 00 s T L
1 - b ° °0/o °© —
O
iy A%
(o34
/éAA ©
o)
o]
i " N s . 1
0 o 02 03 04 0 o1 .02 03 04
Ws te/ml) WS (M6/MM2)

X15(a) Relation between snowflake fall X15(b) Same as Fig.15(a) except for
velocity and the ratio of snow- February 1979.
flake mass to snowflake cross-
sectional area obtained in the
observation in January 1978, at
Nagaoka city, Niigata prefecture,

Japan.

B (Cd=1.2) &2h&AEROMBOEEHEDOMICHSE VL3,

MR OIES R, —IC, MO, k- TV ARE, REMESICL > TETS (7
W, 1971 5 A, 1977) . RERC LG, DROESRPICE DB, MR- 1BBIChL Y
2 RE, FRSEOPIKIZBIZE, VMEOBAKREITNES 185, CORDOEIHREDOE(IRe
$200 ~ 4000 BETHS 2.0 (AR »oRE0.4 GF) K THOT 2. SHREMICL-T,
ABENTASEBY, RASEOHIKIEY, RBICHKE ONMICIE %, MEDBERIIHLSPITE
HEBEE NS T2/FRBD 5. HiE-7-FR (Cd=1.2)» SR L->TH O IRIERIGEVTR
M (Cd=0.6)ic?i5 % TOWRNBHOENMNPBRUBRICERDOINTVEEAB T ENTE B,

EREHOZILOESR, BROEARIGLS EEZOND, MBOEAISHIEROELE
LCHONBDT, EIRHAH Cd 2 FE R OBKE L TEMT 52 L 05TX 3, B OEBICELY
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515, MOLH1IREHTENGTZCENTEETHAD

L L2 T CAr b B 12 e
Cd ==—5— (R—Ro) + 1.2 (15)
2T Cdr 32 Ro OFH AR TRE & 18- 72D IERAE, Rr 3T OFERDHE

THb, F&E Rr ONEHDOEIHRE Cdr it (14) Kb SROLHIIKEL SN S

Vi =932 (1—exp (- (Rr/0.885) ")),
BBES R OEIFRE Cd %, COLIRKBROBMB TR TNOE, MESHOETEE Vt 3
FREEROBEK LS,

L THEXIERIL, SROBETEEPSECRIGEEREIGELTOEEVIRECEIOTNS, L
»L, —#Eicid, MEPOERIE, BEEOBLICL 3 RADENEER ST THEDT, 47
L MEGERICEL TV B LRBVWARY, (12) Rick b, HHDEIC L 5% THEE OIS FE
EFENTHB, (12) K&k, A=0aCdS’ /2Mg &L, KIFEE Vt =1/ VA £HVEEHK
THEEVERDLIICEZ 5N ;

2g

evt' g
V=Vt(T> ........................................................................... (18)
evt +1

O E R OE F O OKISEREE Vi =300 cm - sec BEELTHELTABE, 7=0.2
BB, B cEERICEY. VE, BIRICL A% FAEOBMEIL, B NEEsSHICK
WEREE 155> TO B ERELKIEA, A%< TH 1B 20em - sec™! BEOT/LTHE GE
HEORELD) ., BICKIBEE TS BT EERE LABAIE TEEICSA 5850, AT

cme® sec”2X 7t =4cm- sec”! BEL LD,

4.1.3 FEXF—A

ShHOMFERIE, RIOREIKEMODOZE LIKRBIOBE L TRES, BBNOEHA, 0°C
SEOE T TEER ORAKEIDESESEC O, KREFMODHEIEZ, SHOXRED» SKEKIVH
#45, COIDFEDR+— 452 DDHATRPORL %,

1) 0 CEEDTORGIWKENDEE
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AL[DKRLEAZ, 0 COKDRFIKERZEE L DBV, B FHOEH OEE~KELDH
BEET 50 SHRIASH SBMCE THES NAAL BIBOM A TS 5. SHEEROMRIC
FBRELEZIR 10) XTEAZSNE, 0 CEELD TTR, BMBHOZEH OEEE 0 Ciclii-f
B5LRETHILENTEZDT, (100 ROPOEREZE 4T L/KEKBEE 40 FROLHIKEZ

Mo €a €s )
do = — — =5 ) e e
TR ( Ta _ 273.15 (19)

T TZREFDOCEEDL >D% N, Mo HKDHTER, R BEESAEHR Ta=27315
+7Z BAKE, ea= (RH/100) X esat (Ta) BAKOKEKLGE, RHBHEMEBE (T D
Z137k8AF1T 100 %) , €s = esat (T=273.15" K) 13 0 COE A &HHE DMAKELETH 5.

KDEIFIKESE €sat (Ta) i3 Ta OBk L LT Tetens DARICL>TRD XS ILHZ 60 5;

7.5 (Ta—273.15)
€sat (Ta) = 6.11 X 10 Ta —35.9 e e e s (20)

19) BLUY 0) Kb, 4T & 4o ZZOMEMEN > TNBT L33, Ventilation 25
T ROMHCTHSOT, MRS dR / dt AETHMZ S EHLEROBKENS ( 10) XB
). 0 CHEEICSY ATHOMIEE Ro #5401, (10) RAMBERANTEC Lick-T, %
FEMZ I B LERARDBC ENTE B, HTEMWZ I z=ff) Vidt TH5Z 5N 5.

BhfRIC & > THR 4 37kDEE Mw OBEIZ/LIE (10) Xb» o,

dMw 4neaR

= + AG ) ceerereeenesretsteiiii e 21
It Lt (K4T +LvDdo) @D

Dk HICEZON, EET 3KOEE mc OEBEIZELE,

dmc

= ¥ 4 T SO P PR PPN 22
a1 4meaRDdo

THZ o3, Lizd-T, BETHEEZOSES TICHERT 3KOEE Mw & me 3, ZNHOR
EHEESTEC LIk TRkDONZ, EfEL /KR BEORELAREDLTE L, SHOEKER
F (%) & Mw Emc ZHWT,

Mw +mc

L e (23)
F Mi +mec x 100
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DEHLEDLEND, 2T, Mi BERDYIIERTH 5, B L 7KOHERRIEF OER L
s, BNEELENSE3MMONRSH B,

2) 0 CEBELD TORKHKKEMDEE

K16ic, REAMASKHIC BT 55 OMEICBT 5 € FvERT, ERIAKE BRI RHE=
NBDEE DAKDKEREEDFELITH S, 0 COMIIKRLIEEIZ 4.85 X 1078 gr« cni3
THY, IOLEHDOFRITRENT VS, 0 CRE,LEFTEERIE 3 DDRI - 1BEAET
M L1258, TNODBRBIHWIGLT, AZE 320 — 1E (F), IE (WhE), BLU
ME (MhBE) — KhbF3 EBTEXE,

Water vapor density(x16‘g/cm’ )
20 4o 40 485 500 530 50
[ Temperature(°C ) )
1 0 1 2 3

[
o
Q

Distance below 0°C level (m)

[
o
?

X16 Schematic drawing showing the effects of air
.temperature and water vapor density of the air
on melting of snowflakes below freezing level.
The layer below ffeezing level is divided into
three sublayers(I), (II), and (III) due to the

difference in heat transfer.

1B (B) T, AK[OKRKIFEH 0 CoOKICHT 2FKBRIEE LD /NSV 1w, ERE
7 SIKERDFAENEL 5, AEICLZBHHREY, AKDPOOBZEICE > TBEIIHRELD
REWH, EREAPINEITIIV, TE (BhE) TE, AXick- TBT 28R sHEICK
> THPENBIHBI DRIV, EHORMBIEC 5, B hE) TE, AKOKERE
E0 CTOKRDEFIVKESFEE L DEL B850, ShRE~KEIBERET 5, BEIEREIC
K OFEET HHLAKD SRCETHRAT 2RDOMA TR 57020 ICEITL, SEHICTEL
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HKY 5o BEICH ZERIID K% TITRT,

(a) 1IE (&)

COBETHE, SHRFEICL > THPISORT TV, REICKELBIATH S DBEETHA
TEHETHDONS, EHRETI, 2208B3HDESOTRAMELNS ;

LsDMo [/ €5 ea)
K (Ta s) 5 (Ts Ta (24)

CCT, Ta 3RE, Ts EEHDRE, Ls RE#H, ea BIASOKERE es’ IFRE Tso
FEREHOKOBEFIKEZIETH S, Tetens ODARICE UL, es’ (Ts) 13, KicHHd 28afE
S[ELELLHBETROL S5 O5N 5

) 9.5 (Ts — 273.15)
es (Ts) = 6.11 x 10 Ts =177 e (25)

WE, BETHEZ TERRESRILLTHEETEE, (24) BXLU @5) Ao, HAHEEZ
B BENEE Ts OBEEBENICRD B LB TES, BTRT Y, ROONEE Ts 3%
THEEELE Y, RRUIC0CTELS, COBENPCER ORMBMAEZ D, SHRIBICA
5o SHOFRFEICL > TEC BV ROBAREE, HROBADEE, &KEETICRYT, S7KEIIR
RO > THIEDDTO &5 5,

dR _ _ @e DMo 1 i’s__e_a> ...................................................

dt B Pi R(TS Ta @
dM _ _ 47med DMo L%_ei> ................................................ »
dt R R(Ts Ta @n
F=0 ................................................................................................ (28)

T MEIEROEETHZ, SHO¥RE, HE, ZMEEOSHEE(I, ALERICKRDSC
ETESB,

(b) i@ (%) A
ERBIBEERBL, NBIKA->TL 3 LRAMBIET 5, IETRE, AL SBEETER R
AT BET, BFE (HEVEEE) LEBCEDLNS, SHEROBDE, R LKL > TR
CHRATRENS

dR _ ead 1 _ _ Mo( e's  ea)
dt Lol R [K<Ta 213.18) ~LsD—="\ 373,15 ~ 7Ta/
- EDI\_/\{O l( es _ ea ) ................................................ (29)
oiR R\27315 Ta




KREOIEFBEIHRE £85 1984

2TTC, A% 1 HIRMRICLIZEREROBDE, B2HBERIKLZEROBDLETRT . THE
MTHEC 2EFEIT, KPS BETHI», KroBIIBETHIPRIF -2 LAV, &
REBROBEICL S &, @FETH, SHRMICEKPBHL TV, T TREFRIAEICL > TE
CBERET 5. COBTE, AKRDKEKEER 0 COKDRIKRLIELICE S, EESZH
BERLSKEW, LicdiaT, WINOBEAHEA L TOHEARORENEHERICEIHE DEZEL
i,

SROSKRFRIRATEALNS

TZT, Mwid@BIC L DAL 7KDE, ms FRAFEICE > TRUEDNIOKDETH 5. Mw &
&msm(%)ﬁ@Eﬂ%lE&%Zﬁ%ﬁ%%ﬁtéc¢w£o1%6ﬂéom&@%&ﬁﬁf
ERO¥E, B8, % TEE SKROFEELsKDOLNB,

(¢c) IfE (hhE)

COBTE, AR OOBZETHAT 2 8UC, RE TOKELDESERIND 5 fo HRRH S
D, FROROEVE, BAASKTOSHOME (4.1.3 1) ) OBALAKTH .

dR _ _ _ea 1 _ _ E&< €s _EEJ "
TS T T ® {K (Ta =273.15) = Lv D= ( 3727 ~ T ] (31)
dme ~p Mo s __Ei> .......................................

at dmeaD= R<2m45 Ta (32)
5 oo Mw+mc e e e
F=rme X 100 (33)

AIEER (10) K¥HELE5A, ChEBRENCES TR LILL->T, FTHEALLIER
DHEROKEENERT, oI, FROFE, SKE, ETREOSEL(LERD S, FHI
BUfRDNE T T ARETH b5, SHETRIIEHZES 4t 31HE LI, 2 4t %0.58, 18,
58, I0WESZCFAFLAKRE SHERROBHEMISAHHZNICIEBELASEES
nihoto, BL, MBEPET T ARERESALKERES 4t KT0EBD T, LIcH-T, B
fROSET LRSS 5% TEEBEIS, RRIZES 4t DFEVICK D, TOMHETEIRKRIOMEED
EBHEL S,

COFiTE, BBICBIIEREEREOMOBLKELDHZICONTIZ, EFRELREL
Tm5op#b%Tﬁé%ﬁ@ibD@ﬁ%uﬁmﬁbétbLﬁ%md,C@ﬁﬁﬁ%mﬁﬁﬁ
BAL L7500, B, SEAREL TV AE, BHOEEEELL, EEORERKD LB, 7
ERIZICBI AFERREQRERELHENTS 5,
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WEEE Ts, 0 % b OBH A MMEERH, S8 Teo (STs 0) OESICE 5L LT3,
BHORE Ts RAEIC L > TTFAD, BENICRESEEICET 5, ¢ OBOEEBE T %k
Bo HEDDER ~BOEES N5 EE Fx ZKOL S ICE5Z 55

Fx = 47 eRT | K (Too— Ts) +LsD (Poo—0g) |  covemenminiinnniiin. (34)

TLT, PooldTERDKEREET Poo= Psat (Tew) X RH/ 100 ThH 3, T 2s 3ERE
HDOKOEEFKELEETHY, Ps=0sat (Ts) Th 3. FEFDEREOERBZ(icO>VTIE, (34)
ADpoD LS KEEXRDOEINS

©i CR? d

Py (Too" TS) = —-K (Too_TS)—LSD (‘ooo_'oS) """""" (35)
dea dt

ZZ7T, Pi 3EROEE, CRKOHETHS, VWi, BROEEABRTRIMIIKRIEEREE
D1REBEAEEBDT, Psat (Teo) —OPsat (Ts) = 8 (Teo— Ts) &85, ThA (35)
RIERALT, TOBWHBERLMEE, BEHHTE2RDBERDLSICES

0i CR?

T = 36’5/ (K_I_LSDI@) T (36)

Vg, EROEERH T 2RO X HIBERFERKRTHELHEEZANT COXZAVGIRETS:

Yi =0.02gr - cm™®

=0.5cal e gr te C™!

= 0.3 cm
5.66 x 10™%cal » cm™ « sec’t + C!
Ls = 6T7Tcal *+ gr?
£ =36x107gr-cm+ T (0CHHD
€a=10 (Vt=100cm= sec”™ &3 5)

D =0.22cm? » sec™!

I

AR, 0.3RERD, WHMOEERKEISEE 4 ~50Ths DI, BEIHEFICRED,
B ORBERICH D BEEREDEERESRE DL VLS, CHRELEE L THIE LB,
B ORMRAIIT 5 EE (1 BOEOBE) K52 38EE, XVt BELEE, BHOET
A 100 cm - sec™! 4 BE, COMER03mEEES S, 1 BORSE, WE100mpLL
55 OTEER 0.3 BUT EH 5,
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4.2 FHEER
4.2.1 BROBEOEEEIL
H1Tic, EHEICE > TRDLEHOREDEEEEBR TRT . HHETHAIAKEME,
SHBEARH =100, 90, 80 % D 3#IT, [BOREL

SNOWFLAKE TEMPERATURE (°C)
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Bg17 Calculated snowflake temperature as a function of distance below freezing
level for various relative humidities of air. Calculated snowflake temper-

ature is indicated by dashed lines. The ambient air temperature is also
indicated by a solid line as a reference.
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DR, 24 XhSHOLREELSIE, COMBEEFVCRES DBEREEL5210VDT,
FELLTHEATORY, REBSHOBENS0CELEIEE, D% DRBSBEGT 2EE AR,
COBELD T THRMRIC K > TERDEBER 0 Clcificnd, ASH#F (RH=100%) LT
WBE, BRIE0CEE,OIEE 205, KEMOBER 0 CEEND, HAEMET LIV LR
IEE STV, C OIRH IMEBE290%% T120m, 80%T250m, 70%C390m &3, D
LD ICRGAIKKEARI DS S, 0 CHEDTIC, SHOBMBIET SHOIERMEBISH LD BT
RENDC EIFHEKKEN, COFMEBIIIE (T) icEYd 3, KI8ic, KT 2HRMBEDE
S LR ORIk ATRT, COBE, BORSEZBMBEISGT 35EOAKE (KEREr =6
Tekm™) TRY, ERIHMELEHBETIEEOKELAMBEDBETHY, T DORREIHLE

100
90¢
80t
70t
60r
50

MELTING

RH ()

NO MELTING

A a A

0 10 20 30 40
TEMPERATURE (°C)

18 Dependence of melting on air temperature and relative

humidity of air. A solid line is a critical line of melting.

OTRIOEE (KER) TREFDOBBESEILEC SRV, HilogE (KiR) TEEENETTIC
BT >TW5, AEBIREAESE ST E, RH=100 - 13T Thbihs, < OBERE,
WERICE, BIRBEAS0TCLEEELS 1SR EARHE R OBIRETR LT B0 & DL 5 ICRHHE
ENEVBEFMRBEREL K5,

B, HES - RH (1980) L —sBillick-T, 0CEHEDT, 1~1.5km OFEICTE
1eT 54 bV EERMT Ui COB, 0°C EEMEE, EMEEMEL, 50BLUT &E->T, &
OEKEIFF— s RBTE->Z D LBV, BRI O CLULOFEKRICAONIBERR &L
YTV B, EREICEBBH OBHHREREL TS, CHILDVTRRTHL (N5,




S[EBIAREANHE #eE 1984

4.2.2 EROERE, SKE EBTEREOSEXEIL
K19 (a), (b), (c) WEFEREDOSELE(LERT, HREDLEMHLLTE, 100%, 90%,

DIAMETER OF SNOWFLAKE (MM)

0 10
100
e
£ !
= | T
@ 200f ) §°
1 -
Pyl
(=) I ' =" . =
5 300 : E/."// - //
= o -7 .
% f : : /‘/
@ H 1 .
.
g ||
= ; £=0005
5 400} | !
= ) | —100%
| -e=m- 90%
——80%
500F
6004

K19(a) Calculated snowflake diameter as a function of distance below freezing level

for various relative humidities of air. Density of snowflakes is 0.005grecm™,

DIAMETER OF SNOWFLAKE (MM)

100t

200}

300

DISTANCE BELOW 0°C LEVEL (M

400t g
500f P
s
600t |
: I —— 100%
L 0%
| —— 80%
700- ]

X19(b) Same as Fig. 19(a) except for density ©i = 0.02.

— 50 —
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DIAMETER OF SNOWFLAKE (MM)
19

100}
200}
300t
w&t

500r -

DISTANCE BELOW 0°C LEVEL (M)

6001

7001 7
:
'
N

(1 2 90%
‘l/ ——— 8%

900 |

800r

K19(c) Same as Fig. 19(a) except for density @i.= (.04.

80%%, EROBEELLTIF 21 =0.005 @), 2i=0.02 (PEE), 2i =004 GEW») 5
BZo6NTw3, RANIAEELEBRET 25EERT, AKQS#EILTWA &, BRI 0CEEDOH
TEoEED, SHRrOERIBEIC/NSI S BORBICHEOCOER LS5, RAFIDEHEE, 0 CEE
OFTREFTAEPSIKID, Thick > THEGEPICEHDT 5, MEHSEET 5 LSHIIEHIC
INE SISO RBRICHEICIS 5 (B, —REEkR) o BEROZE(LE, —ic, P TKE R
fRER TRIFFIT/NE. MEORSEER, SHROPERLFEESKRE WVIZE, FIEEEN
BNREELSD 5, AN 2 5B, ABEICKRE L, MESTET 5 S E AR O fth
KEROVHEREFBEICEKEL TWbH, CCTVE, FIHERS 13mm, HEHS 21=0.040
EROEEEERICE>TAHS (K19 (¢) ). HEFAOPT, CHE—BESTREVERT
bb. TOW, kT 2IFREELMEBORIEIMHTEE 1005 TEeNENn0méE 620m, 90%
T120m& 590m, 804 CT250m& 570m &75 %, HHHBEMEL 125 &R LR < RfRBI
W73 5, CORFERTIZMBOERIIVTI NG b5mm &730, M ETHAINEIEANDON
BRECEY, SHOPERLEEN NI O/NSKEEE, WRSERT IEEIELED,
ET ARBOERII/NES RS, 0L, MEBERKL T~ 3mm BEDOERE, 0CEE
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DT, HI00mDBEBNTHIENT T 5, INLOBRIET, FHOMPLERED, ZEFIC X 555
DREZFOAFTRICKEMEL TOB T LERL TV 5, HEGEBENENZE, BRICLSE
HHRBKRELKD, EREBMO IS5, NELBESRKEVRBESR OMFEEIRE L, #l
O 5 E TICERBS»N 5,

K20 (a), (b), ()ILHFREKEOSELIERT, REEIREIRHET 55 THD, &
KBHE D LOBF R, VISR OBERTH S, SKEIHETERS LML, %3100 %
L1585, HTHEECHT 2EKEOHMOEE L, NS TBRVEFIEEREV, $, HUNE
BEOERTH, HMEEMECIZEEKROEIEEIAEZ V. CHOS5DFERE, (1) h&L
TROVERBEE TEES/NS CRBERESAKE VI, & FERHCHY 5 S7KROBEMEE 05K
L B5HTHY, (i) HABEMSELE5EE, BB TORERINE L L0,
ERRETETNILABD, THOBBRBICAS & BRICHY 21D EKRROBIGRE S RE 7T
5, 1:DTHD, (i) OREE, FHCBES TUNSOEROSEECEE LR ON S, HE BED
FEFITNSVER G, EHEENMES 2L, BEBICASIIKCAECL->THRLTLES T &
BHB. TORE, 20 (a) OPEES, 5, Tmm OFERITREN S,

PERCENT WATER IN SNOWFLAKE (%)
50 100

0
7 £=0005
—100%
-~ 90%
——80%

100+

~~~~

)

2000 TSIl LS

=l —— o S~
300_ \..\.

TEMPERATURE (°C)

400r

DISTANCE BELOW 0°C LEVEL (M)

500} 3¢

600
X20(a) Calculated liquidi water content of snow-
flakes as a function of distance below
freezing level for various relative humi-
dities of air and snowflake diameters.

Density 2i is 0.005.
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PERCENT WATER IN SNOWFLAKE (%)

ﬂO 5'0 100
£:002
5
— 0%
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> ,t?\\\ 3 ——80%
NS 1r°c
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o N e Tl NUTTY S
= -> AN T2 NS ~
b N\ No N e S i)
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= \ E 2 S N 2c &
S - \ \\'\ S~ N\ &
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X20(b) Same as Fig. 20(a) except for density
oi=0. 0z.

H2Uc B OE TEEOEEEMERT, HBROBOKFRIMSERF OBEETHS, MR
100 Z D154, HTPEER O CEEL SRLICHEML, SEMNICHEOE TERE LK S, ENEE
DBNEDIFE, ETEREERINIEZEAEEL KORGS5 L2t KELBE, TD
O BHETHEEDOLEIL, FiCRRIC X I2ZRHEARBORBICE > TRT 5, FH 0% TEER,
BBOTTHER TOAENNYT 5 & L Austin and Bemis (1950) O#:ilidh$ H EHET DT
BFREWT &b s,

HEIC L TR ONBEREE EDTTCRT,

(1) 0CEEL D ToRKMKEATIDEGS, SROMEIO CEEOETL VG, MERES
R sh s, Blkd 2RIREIL, SHOMNE, BESKECKIZERY,

(2) 0 CEE LD TFTORKIKKMANDES, EFROCTEELD T, 250 OEfichHz~>T
FEL, AECL->-TEHFRBASNBLORMIT B0, COBERT 3 EMBARE R, HEEESED
FEBL D, BB, < OFRBRREO TITEKRT 5, MR, EUBESMEVIEEST S,
EFOFKE, MESRKEVIEERL LS,

(3) 0CEELD TILBY 3FRF OEKKRLETHER, KRJOHENEE, Sh O®E, WK
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PERCENT WATER IN SNOWFLAKE (%)
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H20(c) Same as Fig. 20(a) except for density
©0i = 0.04.
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FALL VELOCITY (CM/S)
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21 Calculated snowflake fall velocity as a function of distance
below freezing level for relative humidities of RH= 100 %

and 90% ; Dy is snowflake diameters and ©i densities.
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4.3 HEHRIBTERIOLE

TR B LY VLI, HEERARS TRINARERKICLTEESEL, K22 (a),
(b), (c) ITRT, WREISH OREIBIAYT 3 BE OKR SAEXHEEOBG (RfERHER) %
L, BIFEEEE S, EREENE T 2EEOKIE S HAXHEEDORR @#T TR T2R
RUICE OB E 783, BEREBREISHFOBREICL SHVE, ETHRENE BECOEKEL T
3o SETRICIR > TEPNIFROTOHFTIRIART ZMBOER (mm) TH3, HEXFEESER
VWIEEEREETOKRLZOAERSE LD, EXTINBERR/NS K5, AADOHERKIIE
BT, COMBTRKDEZEARER FEIHY) WEET S, LOBITER X5 (a) (b)),
(c))ELETBEREHE L TH B L, MARORIGRE T THROEEMERIE, EIF—HLTH5,

2T, TR onBARROBREHEZEREAHVTEE T 3, 0 CLLORVHERET
BRISNABERR 3RROBIGHEBEEL TV B EEZ L EMHRE, COBRRBEOHTT
BonTWBEHiC RH cri (snow) ETOBBRATEDLEIND, IOEFEERELEL T
VESICE EHT, K2R, BRI K > TEO WS A B 3BFETHY, ERE
HERERTH D, BREERETRFT-HLTOS, Lnl, BFORT > TORORRL, i
OHBEHE VL S BEANR NG, Chid, (1) BIFOKRMEHARE, BRick->TEE
HESNFERTH D, EhIHE-BEEEETEN (B LHESAPTVABTHD, (2) I
ZoBOCKD, EEOZSHOEER, H#EORELDVOMEL L ->TWEIY, LELON
5, CNHDRREZET L, BITERLARBREIIC—BLTVWELL LT EBTE S, T
Bl B A2 HTBEEDOEEAREA SRV, HEKENS0 CL EDOBIA LN BEHRZ IIED
MMBEOARTI TR -2 HE THD, CTARREIC L TERBEPI BTV DIET
2T ERRTE 5,

5 icRE NCV 2 BBEROBRAMBOE THEBEL T3 LE2 bhb, BHEROERE,
2ETITILRRIc LD, TNENOHMEBELCHTIK[BORTRENG, §7ibbL, H5H
'ﬁﬁﬁ@ki¢%%?¢6%%ﬁ@ﬁ%bfm6ﬁﬁ%béifﬁﬁ%?éiﬁﬁﬁt%%Zéc
EWTE B, BUESE TR, BEVRERE, ETT5SHONE, BESKEVCEEEKT 5,
COBRANGT 5L, BITTHRONEMAORIRIED, BMEOBKdiEEZESBRINGS
FONZESHLVEIEEORREEZRBRLTVWEEEZONE, CREDPNSSTERVERFENEL
THLEICETT 5720, EBRFBRKETATLE 5,

T TR O BBEROESL S, SMROSHORAKERLHEERE2SZ L CRESC &
DEFETH D, BHEDERFOBEROLLSLEVDT, THETHEINTV I EENIEERE (01
= 0.02) AR5, M2 (b) 28EK T 52, RBOBBEROE (2 TIREBXIE22 o
HHY %) 3, BRICLTH 11 mm OFH O/MRE TRICIHY T 3, HXOEIR 1.8CTT, BR
KL TH8mm, MAZ1L2CTHE mm L35, FHOFRERIT, BE, HX BRARDIEIC/N
BT3B,
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Relationship obtained from previous calculation among
precipitation types on the ground, surface air temper-
ature, and relative humidity, for various initial diame-
ters of snowflakes whose density is 0.04. Solid lines
indicate the relations in the completion of melting, for
various initial snowflake diameters. Numbers in paren-
theses on the lines indicate diameters of generated
raindrops due to melting. In this case, it is assumed
that snowflakes fall melting and evaporating through

air with constant relative humidity.

100

RELATIVE HUMIDITY (%)

90,

@
o

70-

@
o

o
(=}

40F

3)
«

D=5

(1.4)(1.9)(2.8)(3.6)

7 10 13 £=002

RAINDROP

SNOWFLAKE

Xl22(b)

7 3 4 5 6
AIR TEMPERATURE (°C)

Same as Fig. 22(a) except for density

o1 = 0.02.
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K22(c) Same as Fig. 22(a) except for density ¢ = 0.005.

CCTRLULEZERDIZ, BT TEONIEBEBROBIMBEEXIEATE LI NERFLEE
LTOBBRAI, ZYUBHDEVZ 5, BiricAvicERothici, SRHoWEIcEd 5iEgsrs
FNTOVRBODTIE»>ED LIV, NEOHRASBEOEROTICEKSEG L iE2 ~ 3 HDK
Bin 515 5 /INE R OREHEE AT B b LNV, UL, ChboRE SREDER KR
Fodb, BITRROTTREBHEBOTCHELTHVATATLE > TWBEEL LN B, BBH
B, FICEEASEEEATEIAIVESCEEL TV EbDEEL BT EHTE B,

X24ic, RHEADEKBEDHEBAEZ L X b 7' 7 LTRY, BTOXNRE LM, 2.2 8
LRALTHBH, BRI OWTHBKRD 7 — 5 BSAFTEEVIASDE T B, Bk
EE 3R 1 R OBKBTRDTC Licd B, 0.0 ~0.5mm /hr OFFEKEED HERSERE I,
WAB—FBE L, B WEOIRCELCT>TWE, KK LT, 1mm/hr Bl EOBKEED
HBBEERRES—BEV. ChroHlidsE, BAKBEOASVRKIRETKED ST, A
g, MADIRICREKREDTE 15 > TO RIS H S E VR B, TOMEAENT, SHIETRESH
EROEANERDIEF & —Bd 5,

K2sic RFATICB N THA L - BEPOERHEBEOHEHEL X F 75 4 TRT, BRI
W & UdekErrh o AABREMFICH D, KHPOBEORRBBBEEUTH S, Likh->TH
ZEhOERORESRMEBE L TRIHUTV S LEEL SN B, OISR WimkEs 10mm? 5
ROy 7 2%RL, BEGHETHEERERY, 19784E2 A & 1979 1 B4 OBShT
HE L - 2BR OfHIL 198 ETh 5. BERICIHEN/NSVWEREL, 50mm? DIFOB

— 58 —
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23 Dependence of melting of snowflakes on air temperature and
relative humidity. A solid line and dashed lines are critical
lines obtained from the calculation and the analyses for three

Weather Stations, respectively.

: —— WAJIMA
P e MATSUMOTO
i —-— NIKKO

RELATIVE FREQUENCY
o

R (MM/HR)

X24 Histogram showing relative frequency of hourly precipitation
rate at each station. The analyzed periods a‘re as follows :
Jan.-Mar. 1975-1978 at Wajima, Oct, -May 1970-1977 at Ma-
tsumoto, and Oct.-May 1975-1977 at Nikko.
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0.2 [-

N=198

0.1t

RELATIVE FREQUENCY

. e S v S s o
01 234567890U1R2BUI5KBITBO0N 2282252627289 31
CROSS-SECTIONAL AREA OF SNOWFLAKES (x10 MM2)

X256 Histogram showing relative frequency of cross-sectional
areas of snowflakes observed in January of 1978 and in
February of 1979 at Nagaoka in Japan. The numbers of
‘abscissa indicate thé sign of classified cross-sectional

areas. Total number of observed snowflakes is 198.

EF%%o OB 2100 KE OB SEEL, 120 mo’ b OMERA b2 b0 2H 5N 5.
HeAxVERLRONSY, HEEEMED TN 28UTFTH 5, chbot sE, BT
B4 BIS 0 KZH OWERZ 20’ BEER OSN3, CNEERICHEST S L4 12mmen
D, BREORIFORAEE 11 mm &HE—8Y 5. BATORKERE, BERiCELBONEKE
FOBEREMEL TS, HREBEOARERONRIC DV TIE >0 LI, Lrl, —ikH
T RO ERORADAE R ORER, REOBRBOKRERICHNTINS N ERFHE
AoNB, SESERLFETEREBL CHELTY 345 TH 5o

4.4 BROAE, BRICHESATOEL

0 CEEXLDTTRE, SHIRcHE R, BESORELRETWNHELS, FE, BRI
VEBBIAG ) SOBZETHON LD T, RADRERFICHET T sMEmICH 5, £/, A
DEHEIL L VR KRS EE LKBOEICE-T, REOHEMNBELERETTEEEL SN
5, BE-RA (1980)RIBHLUREEDLDS, 0CEBELY TOEIMKANEDLLLWIRE GAL
%) T BAEELT2mOERBERT L LAJBRIBERTS 3 LBNTV 3, ZROA
NEbLYBHE L, [UBDETERBEIINIDNSEE, BEDET A, RIHP TR BHEIDA
NEOLVOEERBLT, B4 32 ERSHERER > THTL, —IIKEd, KK ELS S
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D, ZDY vy —PENICL > TEKDBANE D> T0BE L LR3I TH S, EEBROBRRIT, ERD
ANBOLOBH L CRE GI0/2R) EANBOLO B RVRE GALER) EoMTRI-T
WBHEEZL OGNS, ARDFHETIE, AKKESZLLIEVLEVIBEVIROREEHNTH B,
AW RDOHEER LB ERSZITHIGLTOAE T 05, BEREOARIGEWVIRERE > T
WHELEZOND, TLT, 2DODFRDBRAAEBIZZERT, ALLRIKOVTHREEITHC
LRAEERTH D, BHICL-> T, ARREOENNE R ORRICHL 2 RROEELBIZL5BL
EWTE B, -

HE I, ARKRE (KRB LAEMHEE) OFLd, SHRORECL > TR 2IBALEMICE-T
FEIBBED22ICh B TEL S, AKBHRMEREORA L EREE L, TOEKOKIE EMHHE
B OBRIZ LA S & » TR 3o FHEICHE, ZROPICEENEEE ORMEAEIBEICT S
B, Co%G, NEIMFEE TR EROREPLELNL D, MESN TS IO TORE
DHOFEAEVRBERTEDOIN TS, Ldi->T, BERKRELCBOT, RESNTVBHL
B AEBOREAIC LSS 5 LELH 5, BHOMENG (MREE & Sekhon and
Srivastava (1970) &g,

n(Dm>=n0exp (_ADm) ......................................................... (37)

TCT, Ng=0.025Rf "™ ecm™?, 4=229R¢** cm™! THBo Re (IMKEE (mm /hr),
Dm REMEETH B, VETHoHEE 0i LT BMUTHEWEROHEE Ds &9 5 Dm
=DsOi% L7y, CRERVT B REBEETERRIELNS

n(DS'oi%)= Ng e Xp (_ADS'OI%) R R EE PR P TP PR T PP PP PP P P (38)
B Ds ~Ds +dDs Ol 5F R OEBEKRE IR TEHATE 5
H(DS) d Ds = nopl%exp (_ADS'OI%) d Ds, cereeeereeereneiiiiiiiines (39)

(39) REBH ORENT & L THERT 3184, FificiBonsBkmEsko 37) XokKii
Bl DEOEVWIEBLETHD, SHOFEL L TR, —KEHE 21 =002 %2&KHT %,
FLLBONBBKERE R 2 TitFd, (@0 XboRDTHS
3
Ry’ =&6X1NJ;H(D$)V(DQ-%E(%9 PiADs e (40)

2ZT, V (Ds)REBEHFOETHEET (14) X oROOLNB, LOMKEE R 252 THLL
Me7kibE R 43184 5¢, R =1mm/hr icxdL T Ry’ = 1.0mm/ hr, Rf = 4mm/ hr
i LT Ry’ =3.6mm/ hr &£733, Rf & Ry’ EOMICRASXHMBER LV, LId>T, 39
REZH ORENHLE L THEAT 5,
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4.41 BROFRELCK->TEIS[BLEMNEEDOEL

FEREET TR, [ERISHOFRECL > THRTT 2, HMEER, [EORTLKEIEED
HWINTEm< 105, FEICK > TEC H5R LM EBEDREZLE b L 5,

EE Ds OFFp oBARMICAET 5 KELRDERI Q1D XLDESND, LEdi-T, ot
eflic B (AR DZES P DR L OF R SRS 15 2KkESE 0 Mt BRRTEA 5605

5 Mt :f n (DS) dM dDSﬁt. ................................................... (41)
Ds dt

Ls #REiCL BKkOBHET 2L, EREXMCAEC L > THEONZLBEIE Ls IMt TED
5, FECHERABAS L SOBEETHOLNIOT, [BORTE 0 TRRXTE X oh
5 v

5 T = L—épép&;_ .............................................................................. (42)
TZT, Cp, PallZNTNERDEERBMEBE TH S, [LBICHPHBEELT U2) ALK
BOBRZE(LARD BT EHBTE B,

Bl t 1B A ERER HRRR TS 2 605

RH - j%%;%%%g; K 100 e e s 3)
TTT, o (T) Il t OZELKOBE TicHd 2 AVKESEE, oi 3t =0 KB 278K
HLEE, Mt 3% t $TICRINS W 2KkESOBRTH 5, BBAKETEICL-> T, Sl
EFNBE OBBIZ A RDTER 2IKRT, BKMEE R’ 121.0mm/ hr & 3.6 mm/ hr DA
B52TH5. WENOBKEEDEE TS, 100 WEE TR L 258 SN BEOZLdIE
CEICNS D, BATHI0BEEDZALICTE0, UL, 1000 HEET 3 EEBNTT 5,
R;’ = 1.0mm/ hr DA, SEE 0.6 ~0.9°CTFEL, HIEEZI0%BRERIYT 5, R{'=3.6
mm/hr OB, ZEBIIHLIDKREL, [BE1.4~2.3CTHRL, HEEZ10~30%%#M
T 5, Sl E MRS OZL BRI NI OHEHEEASMEVEEAE <155,

W, ZZTIOLIRKREREAGBEOELL, EFOREBRICSX 2HBLEET S, &
7, FEBE TR AEFEROBDEREICSA HBEER B, REICL- TRIAKEDT
B LAEHEE D FRE, BROREALSA, SHEEORDEELNEF5, 772U, FHE
hCRBEEICL > TEF OEBMSHD T 3 EERBD T/hI Wi, RECLZATROELE, W
HAERT BB PERT 5 OB RS ORI BERICRIELEBASZ 5,

wic, KR EBEDOEIC L > TR 2RMBOMEEEOEIICOVTEL 5, FEICLIKE
DT, BEOBMSESETABMEI NS, T, RECLIEED FRIBBREEEEL
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%2 Time change in air temperature and relative humidity due to sublimation

of water vapor from snowflakes, at a given rainfall intensity.

Rf=1.0 mm/hr

t=0 sec t=10 sec t=100 sec t=600 sec t=1000 sec
T RH T RH T RH T RH T RH

0.0 90 -0.00 90 -0.05 91 -0.36 96 -0.61 100
0.5 90 0.50 90 0.45 91 0.14 96 -0.11 100
0.0 80 -0.00 80 -0,07 81 -0.48 88 -0,82 93
1.0 80 1.00 80 0.93 81 0.51 88 0.17 92
0.0 70 -0,00 70 -0.,08 71 -0.54 - 78 -0.93 8y
1.0 70 1.00 70 0.92 71 0.45 78 0.08 83

R{=3.6 mn/hr

t=0 sec t=10 sec t=100 sec t=600 sec t=1000 sec

T RH T RH T RH T RH T RH

0.0 90 -0.,00 90 -0,09 91 -0.86 100 -1.40 100
0.5 90 0.50 90 Oukl 91  -0,21 100 -0.93 100
0.0 80 -0.00 80 -0,12 82 -l.16 = 99 -2,00 100
1.0 80 1,00 80 0.86 82 -0.19 98 -1.00 100
0.0 70 -0,00 70 -0.16 72 -1,30 90 -2.30 100
1.0 70 1.00 70 0.84 72 -0434 90 -1,30 100
2.0 70 2,00 70 1.8y 72 0466 89 -0.31 "100

T 3R D 5. BEEEDOEE, [BOTRRLENEED FREFOFNEVICE>TEE S,
RUEDBAIAT 2 BEORE & BE OBRII IR LI L DICRH=100 — 13T &5, ciid
WERIREDS 0 C L1585 & 9 RAKOKIR L BEDBFRESROL TS, K255, BXIt =10
Bhrobd t =1000 DM OSE D FTRRICTH T 5 HENEED FRAREKRDB, ARH/ 4T3, %)
PHoKiE, HEEBIUBKREICLST—ET, —16%./CLHib, COER, LOBEFKEK (B
fRBAAHR) DAE—13% ./ CIciRIFE LV, CDZ &3, FBEEMIOKRE & ANEESFEEC
T > TEMLTS, BLAED 0 CHEMIOKIR L ETEBEDORFKIE, PEOEEREER0°C
L4 BL BRI > TVBZ EAERLTVS, BB, ChEERORMENFHET 2EER, 7
L > TR DKE EHFBEDOEICE, FRAEEEBEZTINVCEEZRL TS, TOLD
i, RETE > TAKRENELL TS, [UROTRREEED FRRPIELHE - THE
BERELLIEY,

0 CEERRECL > TRBI TETZ/DIEL 85, BKHEES 1.0mm / hr D&, 1000
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BBRICBTERRS0.9CTRL, BFicdsE160m A3 Liciib, 3.6mm/ hr DFEA,
BE23CFAD, 380miE< 125, BROBIAEE RAKKEOELICELKEL BV OT, ¥
RARIE DB & (2 MK D & FHITIR 155, '

COES T, BIECLBRGORESE, 100 BRETEERTE 5551000 BEELE|
155 EHbNTL 3o L LERIICE, FEICE 3 RTREOZLIE TR AR S 2 R0
+ 2B OBEOMBMEOBRNLHRICE, FAEHBERIZSIV, FRNSHERICE, MRS
HOBENEERLREZBE L THEINLSTH B,

4.4.2 BROBBICHSTRLMENTREDRIL

AR OER ORFEEF 0C L > T 5, MEPOTHFORENI, ASh oFICAEEIC L -
THSHESNTOE0T, [UBRKE t SHICTRT 2, ot BMICEE DsOZH~ @& n
HHE 0Q RRATEA LGNS

B AREOESDTO 6t BEICAbNE2RE sQt3KROL SIS ;
- 8Qt = j}; an (%)55*1('1*51; N (Ds) dDs, wereeeserrmmrsensseneaennannaes (45)

L7cts-T, [URBOBETE 0T IRKXTHEA LGNS ;

0Qt

0T = Cp o . T e teea it teiieit et aaaaseanes D (46)

’mi,J;4n<mwn)saK-n<DwaDs=A LB L, SETOREELRARTEA
515 ;

_ A
T—ToeXD( Cppat> _ “n

CCT, ToR t=0KBYERETH 5. FREAZFHET S L, Rt =1.0mm/ hrDiFAic1.38
X107 &7, Rf’'=3.6mm/hr TE1.78 x 1072 L7053, BRICLBKIEOZE(LIZ1000 R
BEERT S ELHDONTL %,

wic, ZEROKEIEEOEBZEERD 5, tEREICEE DsOEFIEiET 2 KkEKOEE
sme FRRTHZSNS
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5 me ='475(D25>53D(a—0*) ST erereerereeiieeenine e RO 8)

TCT, DEIKEK[OZEZDICE T BILBEE, o BZTESOKEREE, o* iz 0 COMIIKES
HBETHD. BAERBOZESH, D St BIcEbN B 2KELKDEER 60 BRXTEAION 3B

§a=—f 6me~n(Ds)st=-f 47r(-—%i>e§D'H(DS)dDS
Ds - - Ds
(G—O'*) D1 e (49)

ZZ T, j}; 47 (Ds/2) e¥Dn (Ds) dDs=B ¢&EL &, KEIEEOBRBZILIZRK
TERbLINS ’

0—6*=(60—a*)exp(—Bt) ........................... reemreenesseesiennas (50)

CTCT, 003 t=0RBILEGDKEIEETH S, BOMEANETSL, Re’=1.0mm/hr
DA B=1.67 x 107 &7, R¢ =3.6mm/hr T B=12.16 x 107 &3, Z=5toD
IKAKEE 21D 1000 HEEERR T2 L8P TTL 5,

MBEHELT, [UBER4CEL, MHWEBEIR100%, 0%, 80% %2E5LZCHELALKEEHE
SRR DR LE % 3 TR T, FfEl t 45 100 M & T, S & HEMHEEDOZLZ/hE Va3, 1000

#% 3 Time change in air temperature and relative humidity due to melting of

snowflakes, at a given rainfall intensity.

R;:l.o mm/nr

t=0 sec t=10 sec t=100 sec =600 sec t=1000 sec
T RH T RE T RH T RE T RH
L 100 4,0 100 3.5 100 1.7 99 1.0 99
b 90 4.0 90 3¢5 91 1.7 95 1.0 96
A 80 Y 80 3.5 82 1.7 91 1.0 94
Rf/:3.6 mm/hr
t=0 sec t=10 sec t=100 sec t=600 sec t:lOOO sec
T RH T RH T RHE T RE T RH
4 100 349 100 3.3 100 Lok 96 0.7 99
L 90 3.0 90 3¢5 52 1.4 96 0.7 97
L 80 3¢9 81 33 &3 l.h 95 0.7 96
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DREBT B LRV EbN T 5, BKEE Rt 5310 mm/hr 04, 10008 RITES
RIE3CTHTL, MMBERRKILS ERT 5. MHHRED ERETICKED TRk - TEZ %,
Rf’ #53.6 mm/hr DBHE, 1000 HRicidE 3.3 CRETL, MEMEED LFRIRSTI6HEN
%,

COFE T, BHEOKD, FHOZERERKSH 1 (Ds) 3BT TOWREWEROSHZEAL 7.
RIfAETTREROEREBAMMABIC L > TN B->THD, FHAEHEAKGE TEREDOHEMICK »
TR 5> T B, Lichio THEEREI, EEOSRERUKASER % E OB KTFE & 75 -
TW3, HEMT, KREBMBENE SITRADEITHEL TV 5,

—fic, BAAEEORE 300 ~500m THY, TOHOFFOFYOHE THEE 2~ 4me sec”’
BETHD, LIch-T, SHOMEEZESBT 50ICET 2R, 100 WEREEEX TRV,
100 BEBETE, B RINTNELSIE, Kl EHEMEERFEEELEV, ChidmFE
PTER PO LY, ZORMEENL2ETOR, BROSKES BXEEOSHIZFAEE(LLITD
TEERLTVE, Lirl, BRGSO 1000 & & HEB LB, RROREZEY
EEDL->TVBLERIEERTILEND 5,

HETEALLHOBLSE, BAUALROIRENREEZ 5L, SHOFECREIS K[ DRE
KX 2 EROFEBE, FIUhSVHOLEZ OND, EFNVHEORTHOE, “AKOKEE
MHBREEZEL LTSN 7 EWSRER, FEEREERICERT 5EIC, REUFEBESIVE
HWTLTHENTHS S,



5. ZoHAHNE R

THNETITIE > CTEIRIT » KB - HEHEICK - T, KRPTEC 3K OREBEICEZ %
Kim, HEEE, ShONE, BEOREBLEA N, COETH, BoBllick->-TEBLNER
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LEBEERZE (S.D.) BRI TW5, ’

# 4 Atmospheric condition over Wajima Aerological Station at

the time of precipitation at Nagaoka station.

Periods r (C/Wm)| RHg — RH; | Hf m)
21h, 27 Jan. 1978 7.8 -9 | 600
9h, 28 Jan. 1978 7.7 -8 225

21h 2 Feb. 1979 6.5 0 330
oh, 4 Feb. 1979 6.1 -6 180
210, 4 Feb. 1979 6.6 -1 820
9h, 6 Feb. 1979 4.0 -2 420

Mean =S. D. 6.5+ 1.4 —5*4
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B A LU1- 3B A K261 77T ( Sasyo and Matsuo, 1980 ). #&F, K% & 50 X 50,
B 1T0mOBEABRAN BHb. 74 b 575 — A, B, CHIKE LSRN 510, BTT5
BT LD B R AR B & AR OBERUED B B HBICTE > T\ 5o FOER

snowflake '

device for measurement
upler - . .
Photocoup of time interval

l_Start Printer
Sjgnal

e -
Photocoupler

Signal

Signal
Glass plate

E—

Stroboflash

-

qp—J\——————J

Motor driven camera

26 Schematic arrangement of apparatus used to measure snowflake

fall velocity, cross-sectional area, and mass.
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27 Relation between snowflake masses and cross-sectional areas
observed. Solid lines are lines of constant density obtained

by assuming spherical symmetry.

Elid s F B DS 0 CUE DB ADRIEES, AMIR O CUTOHEE%ERT, EROEERIBLZ
0.005 ~ 0.04 ORICH 5. [EH 0 CLILEDEEDFHH 0 CLLTDEEICH~N, WL LHhEED




[RUIEA TG 585 1984

KL, HETENFNR0.01T(T>0C)E0.014(T=0C) Thd, 2EFOFEHOFEER
0.016 TH %, Modbh—T, BWETHIN: 4DDEHRIE, +14CT~+1.8C ODHBVWRREDESIKK
BHEISINIZHOTHY, THREEBICE > TEEMENL/ZEEARELTH S,
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DERHNS VEEBKEIKE (T B,

18°C 100~
® 90% 00

1uc
© g0,

00

50 50

PERCENT WATER IN SNOWFLAKE (%)
PERCENT WATER IN SNOWFLAKE (%)
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MASS OF SNOWFLAKE (MG) MASS OF SNOWFLAKE (MG)

XI28 Variation of percent water in snowflakes with snowflake
mass, showing comparison of observational results(symbols)
with theoretical curves(solid lines)from numerical calcula-
tions, at the indicated surface temperatures and relative
humidities. Thick solid lines indicate calculated lines of
the same condition as the observation. The left figure
is for relative humidity of about 90 % : the right for
relative humidity of about 94 %.
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B29(a) Variations of fall velocities of snowflakes with their masses at relative humidity of about 90 %,

: showing comparison of observational results(symbols)with theoretical curves(dashed lines)from
numerical calculations, at the indicated surface air temperatures. Average surface air temperature
and relative humidity during the snowfall period are indicated with symbols in a list 'in the lower
right hand corner.
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