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Abstract: The present study describes the optical technique that has 

been developed to measure the variation of the spatial density of blowing 

snow partic1es suspended in air. The light source ( the emitter) used was an 

incandescent lamp (12 V, 20 W), and a diameter of light beam was 46 mm. 

The receiver was used a photo transister. This instruments were set in two 

levels of 1 m and 2 m at Syowa Station (69° S, 39. 5° E) in 1973. 'The trans­

mission path of light were 4. 5 m in both case. 

If it is assumed that snow particles in blowing snow are the same size 

and the same shape, then the attenuation of a light beam should depend 

on the. spatial density of blowing snow. The emprical correlations between 

the attenuation of a light beam ( the transmittivity) and the mean visibility, 

and between the transmittivity and the drift flux were given for practical 

use. 

Observations made only in night time and during the period of high 

winds (also called Antarctic blizzards). For example, when the mean wind 

speed at 10 m level was 30 m/s, the drift flux at 1 m level changed quickly 

between 80 and 400 g/m2•s. 

1. 

45 

ffl���Y*-rc•affl)tl, ffl�-�����Lk���Kl0Lffl�*��ill$K 

i t.:G �ht.:� L\t,%iAc�:lt��ffl C�ffl) �#? �tlilt�-e��- � ��vcvt1!!iba�� 

LOll1t-t-�. ��ftl!��B"Jt���c LLvt, ���f&,�r c�mi.��:n. �ll�:lt11Jn�# 

? . 1il:0 L 7
° 

Y *- F'�vcvt� L\t ,m[�cffl�iJ;{i&.lliJ• G �-ll:tt!rnvc���h�. 

lllfW�:tmvc:t-o\t,Lvt, � 1 {kvc�� Lt.:tt� 0958) vcl 0Lfi.il!U�httt*, V / 7
°

=!-

*::ft#aJi::k$f.1£iffi\.f.3}$1yf�f.)r. The Institute of Low Temperature Science, Hokkaido University, 

Sapporo 060. 

**!!,(!l!f �JIHJ!U�lyf�f.)r. Makino Applied Instruments Inc., Numabukuro, Nakano-ku, Tokyo 165. 



4G 

'Y � t,diUJ!UiJ;tivt G :h -c i.,, 0. J'&ili:O)�l 3?xl*oY$�1§- CifitR f!E, 1974) --cvt, 7'' Y -if- F' 0) 

�!NW(i· mfi, Jifil.J!, *!*iw'E�rl3, 0) �{It --r:-lk:()7) -c \, , 0. c c /:) --r:-, m� 0) 7--Y -if- F 0) c1: 5 tJ: 5£g 

JiuL�r:::.:rovt 6m�•O)iJ\IJJEvcvt, :ftt*O)�:J:@�'i' J=fh ,-c O)iP,1J5Evcvt�!l!tiJ�ci6 0. -i- c --r:--:Jf/+ 

���WKJ:6��'i-�0-C, �����O)fY-lf-f�O)m�•�mfiO)��O)iJllj�'i'� 

,� t::. c 0)&1<@':vt� JtiJ�-:lt'i'JJ&ll>l, MxiL--t 0 'li�'i'fUffl Lt:: t 0) -c, -:Jt�vcvt sis-:Jc'i' ffl i.,, 

t::. :flt 0 -c, tm,iJ!IJvt ��-:Jt0)�1tiJ�:.J,,,ts: i., ,::rxrl39�'i'�A..i --r:-fi 0 t::. c O)�ffi 0) �t!:vt--t --r:-vc 

�l�5£aJ!tH�flJ��ll- c L -c �b:h. �Jfifm Cl 969), O'BRIEN Cl 970) , fir 17'3 • tl EB Cl 972) 

�O)&f§'EiJ;c16 0. c :h G O)�fi:O)JJ!UJE@�Hi 't�-C fEJ L --r:-ci6 0 iJ;, -:ltVJ{O)�ffi, -:Jti)j0)5j �, 

J'c;5R0)7C � �, N'. • �jt�O)F13j�O)ii\, ,iJ�c16 I), 7c O):mJ!t-i-:h·f ;hO)�fi:VCvi�;EiJ;�,�"'(:­

c16 0. {JU3Uf, lrififm (1969) v'i -:JtVJiti=-w/1Hi 'i' m \, '-c��jtO)�{l'.:iJ; cI6 0 --c t iJ!iJAI:'."c' � 0 

�1'i:'i'�·x.t-.::. CO)@, ;i'&ili:--r:-vt-:lt!15ivc v--lf--:ltiJ;{lb:h--C\t,0 C*:tt 1974). c :h cb 

��jtO)�{l'.:iJ;jc � i., ,�rl39�--r:-t 1JJJJ5£--r:· � 0 :fU,r#\\'i'i[ L --c i.,, 6. 

*$IH�1: --r:·vt, -:Jt�vc EJ@,-:Jc'i' ffl i.,, t:: c i.,, '5 /'GfUts:,8vi ci6 6 iJ:, J!ULJ!iJ) 10 m/s iJ� G 35 m/s 

i --r:-0)5£aJ!fil.ffitO)m�•O)�ftJO)iJ!IJJE'i'�� t::O) --r:-, ffl i., ,f-.:�MO)lflll# c 7'' Y -if- F'�vc� G 

:h tdi,iJ\UO){JU'i':izt � 0. m�O)�F13j¥J.lJ!tO)m:ftJ c 5jJiuLO)!LvfEfl� c 0) ffl'*lO)Mtfrvc "'.) i.,, -c vi, 

ftr=-JE�i'° 0 75E--r:-ci6 0. 

2. ��fiAJ!U�frltOJm�OJ;ffi!t� 

*�ffitvt, ffi�vc:rovt 0 f Y -if- F' O)�vc, ��0)-'i'-:Jc'i'fUffl L -CW!iJ!U-t 0 t 0) --r:-ci6 0. 

N'.-:JcU(�la) c�-:JcU (�lb)��J'i-K�ii:Lk�ttK�9#vt, �-:JcflK�6ffl•& 

rY�-:Jc�iJ, G O){is-ff'i'�vt-c �,�tJ:t f:\1Jvc�ffi:--t 6ffl�@I�'i'-Wf:lll-t011�� C� 1 c) 

� �P'HCJ� �' .7cO)F13j'i' 7 -f;v (� � 100 m) --r:-�wJ-c L --CW!rJlJJ-t 0. C O)�triO) f µ 'Y � 

3<'',f -v �--7 A 'i-1� 2 vc� Lt::. �-:ltflvtJ'i-1£60 mm, ��280 mm O)p=j)Wj�--r:-, -i-O)P'Jtmvc 

12V, 20W O)t3�7/7° (A.;</V- No. 1073 {�ffl) 'i'�vt. cti.,J: 9JE-t67'tfltJF71-

JJ&ll:5[ 7 -f Jv !7 - (1J\1*-:lt�� HG) 'a:'� L-C8 v / ;(' C@>f£46mm, f*,r�Ifelt 150mm) 'a:' 

:® 9 J'i-$vc�-:Jc�tL6. �7'tflvt8 v / ;<-, �@, 7 ,f 1v !7 - Ci*�tf 7 7,. G533), ::t:�fflifu 

'i' ffl i.,, t.:�-:lt�.::Y· C v"' - 7
°

� v Y ::i / 7·'1v - --l! 1v SBC I 02JD iJ, G St 0 -c i.,, 0. �-:Jeff 

c �-:)tffO) i., ,f ti., <b v / ;<'O)J'i-1J!Uvt =t"' 'Y 7°vc J: 0 --c 1*� � :h, 7c 0)@0)11B7}vc :ro i.,, --c t 71( 

71iJ:r�f:JvCA. G ts:\t' J: 5 vcffi!;j;fl� c ts: 0 --Ci.,, Q. �it�vt�-:Jtii/:iJ, G 0) IH1Jm%'a'.'�vt, 

c :h 'i' :f-!7 v ::i - 3<''-SUt � / v ::i - ?<''vcttiw'E L --Cgi3i1-t Q. -ttd':) t:>�-:ltffiJ, G O)fiS-f}'i' 



No. 53. 1975] 

(a) 

( C ) 

1&)2 �-��P ,?¢1�Y�A 

Fig. 2. Block diagram of instrument. 

AC100V 

( b ) 

I&) 1 

Fig. 1. 

Emitter 

Stable 
power 

(a) 
(b) 
(c) 

(a) 
(b) 
(c) 

�1t� 
�1t� 
��ffi 

Emitter 
Receiver 
Control box 

supply to circuit of 

Stable 
power 
supply 

amplifier 
Pre-amp, 

Oa ta record· 
er amp. 

47 

!1 V 
to data 
recorder 

"£ f 7
° 

!J 7 � 7
°

V:-�vt, :J:tl�jJljffjjJU:-!;JJ.@JJL,&fJ: c!:'��'[f ,;( 1 �7 � 7
°

@IJL,&�fr l,, 7 /VA 

.;- -Jv -1 V""' + 1 V <lY'r'- � v :1 - �--ffl 0) AJ.Jm% l: t.c �. :�)::.��BO) lliJ.J�i'ffivCffi� 

� ;h,, 7 Jv A 1r-1v 10 m V O)� � v :1 - �--ffl 0) IHJ.Ji'ilm-=fvc --:>t.ctJ�-:, -c ", �. X c. .tt GO)';: 

r@MK���m•t��B0)5��m•t��K�-�.ttM•Km•m��@J-���­

�K&ruK�ft-:,-C-·O)·���:����k�. -!;JJl)·�A1��--���. �O)� 

tlf'Fvc&;,�t.c$;t�fiff,(t.r� ;z-1vvcreM L -C � �. 

*••�13B:f!J£:L1!!0)B?'JlU;ft J: IJ �[::*0)1frPJ*9 50 m •.ttt,:J!:EJ::vc�fi: Lt-:. c. O)�FJT�i 

� 0) * � t-: i: I) tJ�jr t.c" '· 



48 

3. mu� 0) -JJ � 

*�•K10ru�Ktl, ���KlQh�cNM�Kl0h�0=�9�0. ��P-� 

1::'- 7-:''i'lij: G L --c�rg��tTf··e�./Jt'i'.lj.. 0 t-:6bvc..f.f '? t-=��0�:�t ���vc.. l Q h�iJ; 

&iJ· '? t-:0 -c-, 13B;¥o�Jt!!-C-0tmiJ!.U�t. tit· ���0Fl3i�'i' 4. 5 m, :f:t!!ffi l 9 *91 m c 2 m 

0 2 ,�0� �VC..�!£ L --c�• L ���vc.. l oh�-C'fi'? f-:. i"tJ:b't:>, ��0tJ:\,,�G7)� 

��0�vt 0 �:l:'i' Jo ( = 100%) c L, ��iJ;� 0 c ���:l:�i.100% l 911£1'" L --C J vc.. 

tJ:0. ��vc�t�0J0�r13,1¥J�fb'i'il!U�i""0. 4-, tit. ���0rl3,�'i' L (m), -ct!7P 

tJ:��vc.. l 0 Wfli�f*� (extinction coefficient) 'i' a cm-1) c --ttui, -.il\t'.vc..tk0 Cl) A 

GI) '*li*iJ;Ji\t 9 1['0. 

]=Jo exp (-a•L) ..................................... .-.................................. (1) 

3V��i:pvc �"i ;h,Q��fil-=f'i-3*�11-=f c 1R!E L "C-t0�f£'i' ri c Lk�01Ji{:st(*ffii:p 

0�'i' Ni ci"nvi, a �itX0 (2) A-C'�b�;h,0 C-WUxJf, KINOSHITA, 1953). 

a =-l_( La' dL 
L )o 

t-:t!.. L a' =2 ri2 •Ni 
i 

) ............................................................ (2) 

i"tJ:bt>avt, ��0�Fl3i1>1J.t0'*1�-c-�0. tc.iJ·G (1) 5:\�i�0�ifL;o� 4. 5m -c-­

!E-C'�ob·G, �0��:1:10�11::�t7R:�0�rl3i1>1J.t0�11::c�x. --c&1,,. 

:�)c..7R)�0�Fl3i111J.t c ���1¥Jts:Yl.;@ V(m)0Fl3ivc�t�Jt{11J0'*}{*b;� Q. i"ts:bt>�� 

:I: c '*}{*0 � 0 WHfif*� c Yl.;§10j13,0'*]{*�t, KoscHMIEDERvc l '? --C('WUx.vf, MIDDLETON, 

1952) {J(0 (3) 5;\0�1] < �J::t{11J0'*]-f*;oL�.x_ Gh --C \, 'Q. 

V=3. 9/a ....................................................................................... (3) 

�'?--c�0��:l:J0��tlYl.fi0��cL--C�b�;h,Q. 

MELLOR (1966) � BUDD et al. (1966) vc.. l '? "C���lij:��vc..Wfltti*�cmfi, 7R:� 

�il3i1>1ll0'*1-f*i7�ffl.15�h --c 1, '0 iJ�. -:�i!Ht��fmiJW�Kvc l 0���0160��:it c t!fi 

�7R;�:l:0 '*1-f*'i'�-"(f-:. � � -c-�tt!fi���1t0illU1E�iJEJttJ: � htJ:iJ· '? t-:0-c-, ft!!07ilf 

5E��0il!U1E*a-*'i'i31!'?--C�-"(f-:. � 3 �t lOm 0��0J\.]filc 1 m 0��vc�KLt-:�� 

fmil!U�Kvc l 0160��:itJ c 0'*}{*-c-� 0. ft!!h, 1¥iiffivc�vt oYlfi c 10 m �� 0J\.]fil 

0'*}-f*vi, LILJEQUIST (1957), BuDD et al. (1966), �* (1971) �vc..l '?"CillU!E�h"C 

"'Q· -thG0*6-*'i'•�iJ�"i c6bt, .:s:iz:1ey0mficJ\.]fil0'*}-f*c Lt� 4 vc..5:KLt-:. J!vc 

i¥Iffivctovt0��:itcl0 m ��0J\.]fil0'*}{*�t. BuDD et al. (1966) 0tmiJ!.U*a-*iJ;� 9, 



No. 53. 1975) 

100r------------. 
•\ 90 • • • 

80 .\. 
� 70 \_ • 
� 60 

\ - ., .. 
:-so 

\ 
� 40 

.\ 
� 30 
-� 20 

� 1 0  \ 
I- 0 .__ ______ \ 

I , I c I , I r I I 
0 10 20 30 40 

Wind speed, U,o (tn/s) 

� 3 1f;O)j!�� (J) c 10 m � � 0) J13! ( U10) 

O)m}f* 
Fig. 3. :Relation between transmittivity of light CJ) 

aM wind speed (U10) at JO m level. 

E 

X 
::, 

103.....-------------, 
,-. • Budd eta!. (1966) 
,_ ( Byrd St.) 

o S.Kobayashi (1973) 
( Syowa SU 

_-o 

1• 

/ 
/ 

/ 

� 1d---
-� 
0 

I 

I 

0 ' 1 t 1 100�__._ _ _._ _ _.____,, _ __.__......,_� 5 10 15 20 25 30 
Wind speed , U,.(m/ s) 

E 

> 

49 

• Liljequist (195 7) 
( Maudhei m, 7f03s.1Ci56.w) 

103 

A Budd et al.(1966) 
(Byrd, so

0

01s.119°32'w> 

o Maki (1971) 
( Syowa, 69

°

0o's,39°35E) \ 
\ 
\ 

l O 5 10 15 20 25 30 35 40 
WIND SPEED , U10 (m/ s) 

� 4 1¥Jffi"t5·mU��tLt-:f:ley:mJi (V) c 10 m 

��O)J\,]fil (U10) O)m}f* 
Fig. 4. Relation between mean visibility ( V) and 

wind speed (U10) at 10 m level observed in 
Antarctica. 

� 5 1¥iffi"t:·mu��nt-=: 1 m O)��O)f:ley�� :It 
(F) c 10m ��O)J\,]fil (U10) O)m}f* 

Fig. 5. Relation between mean drift flux (F) at 1 m 
height and wind speed ( U10) at JO m level 
observed in Antarctica. 

.:: n�::.��iJ;IJBfU�:il!! ··c-3'!@$. 0. 6 0)-!f-,1 !I P �ml:ll!!.bS �it (,J,#, 1974) a'15e "? tditHU 

ftia'J3'00"t� 5 �::.� Lt-:. .:: h GO)� 3, � 4, � 5 tJ� G, J'f;O)��:lb!: 312:ftrm� 0) �1*, 

J'f;O)��tc 1 m O)j§fj� "t:'O)f:fey��::i:O)�ffia'�b Lt-: t O)iJ�..'f:-n�n� 6 c � 7 '"c'� 

Q· ?£-:> -r.:: 0)=-00)�tJ�GJ'tO)��•O)�lba'iu�-r-n�£:m.�c��•O)�lba'*00Q• 

iJ�'"c-� Q. X� 6 c � 7 tJ� G, jlj�'*l�O)�ffiiJ�ijl(; 9 :tr.-0 c ihtlE Lt, ���a';J<bbQ c ..'f:­

n�n C4) c cs) �tJ;�GnQ. 

]=34. 4 exp (0. 004• V) ················'.································· .. ···········( 4) 



50 

�100 

� 
> 50 

>, 

·--·-
.0 10 
1/) ·-

5 

Transmi tt iv it y , J ( °lo) 

Fig. 6. Relation between transmittivity of light 

and visibility. 

103 

'1'E 
--

LL, 

� 10 
a, 
.c 
E 

0 
X 

:, 

·;;::: 

10 

0 
10'--'---'--'--'----'---'-...J..-_J---'---J 

100 5 0  0 

TransmittivitY, J( °lo )  

� 7 1 m O)jWj�O)��:l:c:Yc0)��$.0)�f* 
Fig. 7. Relation between transmittivity and drift 

flux at I m height. 

]=103 exp ( -0. OOS·F) ·······························································( 5) 

tceto, (4) A:O)�'b%vi0.730)t§�c'nltlJ.ll't>, Cs) :i'-\vi 0.9950)f§J\,'ffi�c'SU>.ll-?·n,, 

Q. 

{§. L, ;: ;: -c- V(m) vi:m�. F(g/m2
0 s) vi 1 m O)� � O)��:l:c'� Q. 

4. ii! 

� 8 v::::.:J:t!!ffin" G 1 mO) iWJi � -c-O)���O)jtO)'ifi;&J:1:0)�ff3j1¥J�ifJ0){7iJ�mvrt-::. ts:: --CiM!vi 

jtO)'ifi;&J:1:] (%), J: ;:ifm1vt�Ftc1JC'�Q. �i:pO) (A) lJ"G (D) vi7°
!J--1f- f0)1}];lt)3iJ"G 

*Mvc�Q�{l::O);tkfm��L--clt,Q. (A) c CB) c'vi, ��iJ;�ffi1¥JvcflJ*L--c, -tO)JWJ 

WHi�?t��c', ��:l:vi�Ftc1J c �vc�-'-<' vc:ft1:tm L --c v9) < . -tts:b 't>;: O);lt)3Ff3jc-vt��:l:vc 

�. fB'iJ;tD I)' vi-?� I) Ltd6liJ;��ob G;hQ. (C) vi 7" !J --if- fO)J&�Wic', ;:_ O);lt)3ff3JVC 

vit!�iJ;� L 0�11:: L, ��:l:V::-.. vi-? � IJ Lt-::}�Hi��ob Gh f, ��:l:vi1f!.t,,�i!Jc'7(�ts: 

tJHI�� L --c lt, �. �vcvi1tO)�J@l:l:iJ; o % c tee IJ, -tO);tkfmn;��Ff3Jmlt ,fs:. -t> ts::7J..vc, 

7"!)--if- fO)J&�Wic'vi, 1 m O)��O)��:l:vi80g/m2 •s iJ•G 400g/m2
•S 0)�$ic'¥\,, 

�lb�� Lt-:. CD) vi 7· !J --if- fO)*;lt)30);tkfmc'��:l:vi5E1¥rl¥J c ts: IJ, �t,,:tfub£�0) 



No. 53. 1975] 

?;- 40 
> 

;'! 20 

� 40 

.E so 
1/1 
C 

� 80 

<-!min... . (A) June26. 73 (2100L.T.) U,o :20m/r. 

... !mine-+ 
(B) ,, ( 2400L.T.) U,o :25m/r. 

100 '----'--�-��-

0 ,----,---,--.-,,:.-:-�r-------r--,,--,----,--,-,--,---.., 

.- 2 0 
>, - 40 

-
� 

60 

� 80 
<-1min.-> (C) June 27 (0500L.T.) U ,o = 3 0m/s 

100.____,_ _ _..__ _ _.___l-----'----'---'-----''-----I 

0 ,-------,---,---,---..----,--�-�-.--� 

"' 
> 40 

E 60 
1/1 
C 

+-1min.-t 
(D) ( 1600L.T.) 

T IM E 

U,o:15m/s 

jg) 8 7' 1J -If- J-'"9=10) 1 m O)�� 0) 1R�:l:�ibO)ftl! 
atUWIJ 

Fig. 8. Example of observation for variation of blowing 

snow at 1 m level during. blizzard. 

30 mis 

"O 20 
"O a., 
Ca. 10 � VI 

0 i...=...L.X.....L-....1.-..!L-....l--l 

>i 26 28 
� 1 oo

f 
°lo 

-� 50� 

:J: � 0 r ' 2,6 , 2,8 r r 

j-,o
r
-"c 

A� 

E-20\r"'\I -\ 

� -3 0�1 [ I I I I ( 
26 2 8 

1000 mb 

990 

a., 980 

� 970 1/l 
<II 
;;:_ 960 

95 O 
( 00:00Lih day 

24 25 26 2 7  28 29 30 
June 

jg) 9 -f 1J -If� F'�O) JI.Jf. �m'.. 
'A{ffii, 'AfE0)�1(:0)f7)j 

Fig. 9. Example of meteorological 

data (wind speed, humidity, 

temperature, pressure) in bli­

zzard. 

51 

�ffl��-t�. c_O)JWr�,O)llB*'£:f:t!!-c!l)J\.J! • M� • �� • �EEO)�ft�� 9 vcffi,vft.:. � 

ff:O);g�T c�vcJ\.O)��!l)��IH Le��· M�0)�1Jnn��ll1¥J1:ii!J�. 

5. � 

13f3:J'tvcJ: �J't���·-:ddlt�fm.rllU�nt--c-, J\.Jfil� lOm/s n�G 35m/s 0)5jJJ.�vc:tovt 

���-0)�-���-t�c.c����. �!l)M*, 11B*'£:l:t!!K:tovt��Y*-f�!l)�� 

t�m�O)If'.\, ,�-vc "'.:)\, ,--c O)itffiil�� G tL f_:. c. tL G �'i. %iJ\.O)'tSLvftm� c '*1:il � -l!---C:ff 

v::. � L < MVr � tL Q -=f � --c-ii!J Q. 



52 

ifl � 

aB�£:ttln::-�t3¥�&1G����*� �t l:66 c -t  � �14{)(� (7) -t�-c O) �.ftn� 0�::k tct ::'1ltl 

��vf t-:. %:vc r'J�IDm:itf*fi (7) t-: 6b vc aB�£:f:t!! � flftrvC L -C \, ' �  ;MF13,, ff,� rbj �.ft il;mx�l¥J 

vcta�� c '? -c < :ht-:. JZ.!Jl:1:t!! --e�t�flO)�fE��� � t-: Zlb vcnx:mt.-= • *�IE$rilIT�.ft (7_)  

�jJ ��vff-:. J!)C aB�£:f:!!!(7)�� 7'- � �';}:,j\�Pj • J::11* • l=f:tt-J@f��O)��t§_��_ftO) 

i c Zlbk t 0) � {3'!-h�-c 1,, , t-:t-: 1,, , f-:. (. (. vcia L -C LlJ::O) �{ftvc� < �/iMO)!';��h L i i"". 

JZ.�t::k{J£tlllf4���ffl(7)1:i"E8:j[;��vc �t�Jt(7_)1ff�vc � '? -C1J1itl:tct.@§ ��vtt-:. � < �liM 

1,, , t-: L i  --t. 

fct to�flO)�J!lHi, wJ��flMtfrJt (7_) -{f£vc J: '? -c i n�tcth:ht-:. 

Bunn, W. F. ,  R. DINGLE and U. RADOK (1966) : Byrd snow drift project. In Study in Antarctic 

Meteorology, American Geophysical Union, Antarct. Res. Ser., 9, 71-134. 

�tR 1! • tffi:a- tf: • s ±1Et7'. C 1974) : � 13 ik1¥Jffi:lm:t�UfUJtU�'A�iffiri¥1i-a-1972. 1¥JffiJUt 49, 72 
-90. 

**t'!',� C 1974) : v - -tf- • e'. - A vc J: G 1$��lli . Wr3�49�/J.'. B i-(�:zk��tl(�*��@ffffi� No. 

84. 
1};Jit�- ( 1974) : -it1 !7 µ :/�:lm.b��!t c 5 l� lli Lffi�:lm.b� �!tO)Jttz. fJ£ilU4�. 4efolIJI, 32, 

89-95. 
KINOSHITA, S. ( 1 953) :  On the variations of fog density and wind velocity. In Studies on Fogs, 

ed. by T. HORI, Tanne Trading Co., Sapporo, 385-342. 

LILJEQ.UIST, G. H. ( 1957) :  Energy exchange of an Antarctic snow-field. Wind structure in the 
low layer (Maudheim, 7 1  °031S, 10°56'W). Norw. -Br. -Swed. Antarct. Exped., 1949-52, Sci. 
Results, 2, Part 1 C, 185-234. 

Jt**- ( 197 1 ) : 1¥JffiITT3�£:fmvc:tovt G :lm��¥s1:_r.pO)m� c  m,.�O)Mf*. -�ffi�;fSI-, 42, 35-42. 
MELLOR, M. ( 1966) : Light scattering and particle aggregation in snow storms. J. Glaciol ., 6 ( 44), 

237-248 . 

MIDDLETON, W. E. K. ( 1952) :  Vision through the atmosphere. University of Toronto Press, 
Toront, 250 pp. 

tt� � 0958) : � 1 ik���'A�iffiri$!i-a-. mffi�;fSI-. 4, 1-22 . 
O'BRIEN, H. W. (1970) : Visibility and light attenuation in falling snow. J. Appl. Met., 9, 671-

683. 

�Jfiw� • 1M:tf � • *tt�.::::::. • fll.Kttl�i� • E+Jit�� • !ii�WvW� ( 1969) : �11-��fUffl Lt-:1$��.i 
/J.'.!t0)1iJf�. l!f11iH4�ttffi�k1iJf�¥1iE, 21, 2 1-42. 

1r1rl*Ji&� • �FE�t5i ( 1972) : ��fr/rtc:tovt G m�O)�f� t ttf:i&. ±*tt{ljq'ff¥4, 14 ( 1 1 ) ,  9-13 . 
( 1975� 2 J1 20B  '.3l:l!, 4 f1 17 B �ITT"ffi'.3l:l!) 


