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On Meltwater of Snow Patches m East Ongul Island, Antarctica 

Masahisa HAYASHI* 

Abstract: Measurement of meltwater from snow patches was made in 
a small drainage basin near Syowa Station, East Ongul Island, Antarctica, 

during the period from December 12, 1975 to February 15, 1976, in order to 
obtain basic data for wastage of ice masses. 4.8 x 103 tons of snow disappeared 
from the basin during the observation period. Amount of meltwater was 

measured to be 3.1 x 103 tons in the same period. This fact may indicate 
that melting accounts for a quite large portion of wastage of snow patches 
in ice-free areas of polar regions. Investigation on the relationship between 
climatic elements and wastage showed that the amount of wastage depends 
mainly on the air temperature from January 1 to 19 when the temperature 
often exceeds the freezing point, but on solar radiation during the period 

from January 26 to February 15 when temperature rarely exceeds the freez

ing point. 

��: � 16 tXT¥JffiH.illU��c L"C, 1975'.if:-l2Ji 12SiJ�G 1976'.if:-2 Jil5Si 

-e, f!B;¥JJ�:tf!!T¥J*$<7)-VJE�'i'�rf. ��<7)�7](VJEO)l'.l{ll5E'i'fi'? t::.. .:. O)vft�vt, 
��<7)�7](v:.. J: '? "C�:i� .n "Cl, 0. �1f!t§FJJi:f:tv:.., 4.8 x 103 ton O)�iJtWi� L, 
-t<J)? t:> 3.1 x 103 ton i)t�7](vftc L "Cfflil{U�.nt::. . .:. 17).:. c vt, ffij!ftlf�j!ft�O) 

��<7)Wi*'1§vt, :±c L "C�7](vf[O)�'i' c 0 c 1,,? .:. c tJt--c:� 0. �{��� c 17)1*} 
�'i-.7,,. "C.l,,.0 c, �f/m.iJt:1Jc,gtJ.J:J:..tJ: 0.:. c tJt�tJ�'? t::. 1 JU:· i:f:t1Uvt, ��17) 
WitE:ii:v:t.�flm.v:..i;•� .n, 1Jc,g'i'�x. 0.:. c O):}'fJ:1,, 1 Ji T1Utl�vt, s M:ii:17) 
�1ti1�vfttl:l:it'i'ti:::t:i L "Cl, 0 c 1,, x. 0. 

1. �t r, 'ch v� 

ffijtg0)7}(fKO)m*��x. 6J:--c:-, 3i2f:vc:tovt 0�milrRMvc J: 61k�O)m*€:l:vt, vt*, gj::� 

vuJ\ � \,' c L -C �m � ;h 0-:. c 7]��7]� --:de.. LiJ� L, YosHIDA (1972) vi, 7
° 

!J -:/ 7' ;;t '7 7 

O)W:1¥� 250km O)�*J:--C:', 1.8-7.4xl09 ton/year O)lrJlM1.Kvft:iJ��0c L, ::k}.f1kO)m 

*€vc:tovt0M7-K0)1�iuO)m�·l:t�Jll):�t..:. -:.;hv::::.:xtL-C, ;fm (1973) vi YOSHIDA O)J!ffit 

* �t.t!::k��ff �{IB. Faculty of Education, University of Shimane, 1060, Nishikawatsu, Matsue 690. 



No. 60. 1977) 29 

.� iJ�* � -t �- G c 1.,' 0 --C 1.,' G . iJ!UJE 0) mit � , �vc, jljmfl?J!U 0) 7' - :!J iJ� z L 1.,, }�UC rAiJmiJ� 
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2. � 1E :l:tl! j;glZ 

Wi3fO�!t!!O) ffl*� 1 km vc{ftfi!-t 0 1NJitJgx;��1EO)xj* c Lt:::. (� 1). .: O)VfE��i, Jt� 
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Fig. 1. Location of the study area. 
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Fig. 2. Distribution of snow cover on 8th December 1975 (figure in metre). 
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¥r�£� c -t" 07k1t�--c, J:vfE$v-ia1, ,&ttO)jfu;fl;�t.i:: L, 1tl>7�fHc?i < il:b:h ··n, 0. -'Jj, 

rvfE$Ltiw:l!l[vc� 5 ��tk c t.i::-:) --c :to IJ , 1t£iv:t a1, ,� c t.i::-:) --c 1,, 0. vfEt�rnHfvi :to J: -t:" 

52,000 m2
• 1975 4- 12 }j J:1iJO)fjt�5t1JJio J: Ujtg�O)jfu;f!;� illJ 2 vcffi-t. fJi�O).::k.f:vi, � 

O)ri:mcm� L--C Li 5 tJt, 40.7m 0)-=::ftj)�\O)fflfts�it 5 �vi, �4-·/���c L--C�0 . .: 

0)$5:tO)��vi, � 1 f'X�O)¥�ac' t, 7J4-� c � :h --c :to IJ (-=tf Jl[fm, 1957), -t:"O)�O)�i:p 

.W�tJ� GfUw'c L--C t, 3'c�vcir1J� Lk.ID�H:tt.i: <, .: 0)204-f13j, 7J4-� c L--C�if L--c1,,0 

tO)ctff5i:�:h0. ��rO):rtgIDt:tg/jntr-ev:tt.i:1,,tJt, �JZt-t0J: 5vc, ���< IJ�< r / 

-* ;L,tJt-c-� t-::.: c iJd=>� --c, ��t� i IJ vc�O) r v 7 r ntfitl Lt.: t O)c·� 0 c �*-G:h0. 

��O),f-f�vi, l'&:.::k 8m ��x.., rft1$vi7JcctJ:-:)--C\,,0. 

3. ��;itJW,jt-o J: tf��1f� 

ffi��ffiO)ir1J*6:l:0)�1t�:sJ<co�dc.covc, �oovc��� 1 m 0)1\��vt. "ffi:� 2.5m 0) 

tt���tl:L ( 1975 4-10 }j 24 s), �/-(:1:111cot.i:::to Lt.i::nt G, §¥£ 1J �m�c-:) tc.. tt�O)� 

tl:jtg
i
#H:tillJ2 0)1-13c-�0- it.::., 12JjJ:1iJvc, ffiJ±:rtg:l!l[rrn;j'efiO) 1/5,000jtgIDillJ r*:t

/ !i';L,� J �£vc, 1.](jf • siz11zmu:1:�fi1,,, jtgIDillJ:to J: Ufl�5t1JJilll�f'p� L k.. fl��mi 

0) m*6:l:v:t, 1 1  }j w1Vn� Gttmu�fraco, 12 }j 1 1  s n� G�4- 2 }j 2 s i -c-t:t 1 s 11tjlmu L 

tc. Cxmu, 12 }j 12, 30, 3 1  8, 1 }j 20-26 B ). VTE7.K:l:vi, �O) lli 1::nc ::z / :J v - r -c-:fl�ft 

IJ, �fj'.$-c-mu5i: L tc.. vfE7,/(0)d;-G:htc. 12 }j 12 8 tJ� G�4-2 }j 15 Bi c', J]Ul!J c L --C, 8 �' 

1 1  �. 16 �. 22 �O)J'&:fl£4@mu5i:�rr-:)tc. cxmu, 12 }j 15 s, 1 }j 20-25 s). 

4. t. 51Ut�fiCl)!cti 

*jfutgiz""-O)tJ�vi, 11 }j 10 · 11 8 0) 7'' !J -if- F'�J'&:� c L --c, -t:":htl�, :bftJ�t.i::�� 

��\, ,--c, m*6nt¥�-t 0 J: 5 vct.i::-:) tc.. ffi�£Rmiv:t �-Gcotk c tJ:: IJ , 1J\ � t.i::J.Kk. i IJ tJ;,� 

,�cd/-G:h0 J: 5 vct.i:: I)' 12 }jJ:1UtJ�Gv:l:, illj 3 vcffiLtc. A ,  C, D t.i::c'0)1J\�t.i::ifutJ;IDJtl 

�:htc.. B ifuvt, 12 }j 19 s vc�ooJ:vc:ffl.:b:htc.;J\� t.i::1Ktc. i IJ iJ;;@,�vcftl"ffi: Lt.: t O)c', 

1 }j q=i1i]vevt A ifu c it1* L k. 1 }j 20 8 vcv:t, l'&:::*::1](� 2.25 m, mitl 3,700 m2 O).::k � t.i::ifu 

c t.i::-:) t.::.. .: 0) B iti2 t, 1 }j 20-25 B O)X{J!Ul§F1=1jq=tvc, ��O) J!i�Jli t. --ct1/:7,!( � :h --c, =f J: 

tJ;-:) t.::.. 1K:l:ftvt0)IE:u£Ui:: s �vt�oo-c-� 0 h;, am�o£jfuo)m� 3?'' A --c, ff§'.lt.*t.i:7J(:/ivttJ;je� 

Ltc.�Jt.§tJ�Gd/---C, 1}j2280)Cf-�c-vtt.i::1,,tJ�c,�,:b:h0. ��O)/£EO)-$vc r/::f;L,tJ�ID 
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� 3 �O){ftfii c 1976 � 2 J:1 15 E O)fJ'.�71:;$ 
Fig. 3. Distribution of snow cover on 15th February 1976 and temporary ponds. 
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nx: � .n, m�rl3ir::. --t�--c 0)7.](n�vt:t±l Lt.:.. c � x. G.n, 7.](�J::r:.f;tfl'J>�n�, ioJ 1:n'flH;:=Jt�:l:O) 

±fl'J>iJ�:lifJ{Ltiu9, �7j(O)li'1Jli�ffiLt\,,Q. �4vc B r\gO)mffe;��hi". 1 J3riU��' 

��vi�,�VC$fil!J\ L, 2 J3 15 8 O)��vi, � He� G.n Q J:: 5 vc ts:.-? t.:... 

4. 2. �iiO)��cmt7k5Jif:i: 

fJl��@O)m�vi, 1 1  J3 r iUvc --t-evc"kf:1 i-? c\, ,f.:..iJ�, r!!k7J(vfE c L t7J(�--c-tl� �.h,Q J:: 

5 vc ts:.-? t.:.. 0) vi, 12 }312 B � f&--c-4) Q . 8 �iJ\ G � B 0) 8 � i --c-0) r!!k7J(:I:� B vft:7.1(:I: c Lt 

*�t.:... it.:.., M��@O)m�•t��KLt, %�•0)f��s�mm�•cLt.:... svt: 

7.1(:I:, s�oom�:1::tuJ::rf3<t{��*0)�1t��s vc�h--t. Bvft)J(:1:vt, 1 J3vcA-?t;g� 

Lt.:..iJ�, VTE��t$0)r!!l!7J(vi B rfuvc�fl�.h, c\, ,f.:..t.:..�, B vft:JJ(:1:0)�::kfilHi 1 J3riUvcid� 

�.h,c\,'Q. Lt.:..iJ�-?t, B rtgO)J97Kl:��L'l:i".nvf, Bdit:7.1(:l:vi, 1 J3i:piUvc�::k--c-4)-? 

t.:.. c \, ,;t Q. 1 J3 26 s ��vi, vft:�1tf*n� GO)VJEtf:l--c-4) o. .f:.:. --c-, VJE7.](:l:O)�{tn� G� 

t' *tt11�0)��0)m�O)���{XO)-=.'?O)�;lt§vc[R5.,-L t�x. "(\,, < .:. C vCi"Q. (1) iru 

;It§, 12 J3 12-31 B , (2) i:p;lt§, 1 J3 1-19 B , (3) f&;lt§, 1 J3 26 B -2 J3 15 B . 

�a=tj:jtijO)VJE7J(O)�f!illc�.1,i.. t � Q. � 6 vc-=. '?O)a=tj:jtijO)-{fflvc '?\,, t, v1[7J(:fl:O)�{t�ffii". 

wJ;lt§vi, -s i:pVJE7.](vt:J;ts:. < , �vc�rl3in� G£ii!j[JJvctJ�vtt7.K�i7��*5 Lt, i '? t.:.. < VJE7J(O) 

�G.nts:_\,,.:. c l>4)Q. 12 J3 17 Svcv1[7J(:l:iJ��1JnLt\,,QO)vi, C1\giJ��:1$!Lt.:..t.:..�°t:'4) 

Q. i:p;lt§vcvt, -Bi:pVJE7.](tJ��x.Q.:.ctJ�ts:.<, Bf�3<tml.i7�7l<,���x.t.::, 1,2 Be 13-



32 

A 

C 

E 
f&I 4 B itl?,O)�:tlt 

Fig. 4. Fluctuation of Pond B. 

B 

D 

A; 23rd December 1975, B; 14th January 1976, C; 20th January 1976, 
D; Tunrzel on 1st Febrllary 1976,, E; 1st February 1976. 

19 s vx, �OOWH� t �A, --e, - s 0) 1::· - t1 v!E:l:iJ� OO?iivc:mnn ts:. �;JtJHx, �m · s Af:I: c 
t vc{I&r L --ct,, 0 iJ�. 00 GiJ�tJ: 1::· - ti v!E:l:iJ�� G;h,, � S m:JWJO)vfE7-l(jiO)��iJ�W'lJ!U � ;h, ts:. 

�7(S{rvc:tovt -0 vfE:1:0):l&*f@vx, 16 S;J§iJ�vc l±l�;t Q.:. l iJ�� < , �t'iffi.iJ� 14 S;Js&:l&� c 

tJ: Q 0) vc.f:b«, ,i9 2 S;JFai� < tJ: 0 --c 1,, 0. aN�D£:f:1Mt3li-e, :1:t!2UllfmlU�rr -::i t.:Mi*iJ� Gt, 
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Fig. 5. Change of meltwater, surface ablation, temperature, radiation, humidity 
and wind velocity during study period. 

�6 iti7J(viE:i:. �ill!. BMO)�{t 
Jan. 2 3 4 5 6 Fig. 6 . .  Change of meltwater, temperature 

and radiation.. 
A·; 191h�24th December··197s, '.. 
B· ' 1st-6th January 1976 
C; 30th January-4th February 1976 
R· ' Solar radiation 
T· ' Air temperature 
F; Meltwater flow 
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lql�;Wj0)1*� 5cm O)jfgiffii.O)��{i1Hi, 16�305;-S&f:::.�c:@�,h,0CJ::h��\,,. 

LflWr:f:tK.� Gno 1J\m,ffit,dJTE:l:O)�ibvi, ��P3$0)1kh�r!!ft7J(O)���twtf 0 � J:: (Woo 

and SLAYMAKER, 1975), Jo J: a:73zF1c1ivc.vi7J(JE!O)-{fil;,j��i¥5 L '"(, flll::.Y_:>;,j�Jo C 0 J:: \,'? C 

J:: h�IB(lzs;l--c-c:b o J:: �*-Gn0 . 

.ffi:LmtHi-0) ?i%11J:lfu�O)��vc.Jo1,, --r, SHARP (1951) vi, m�:1:0) 90% vir!!luWvc. J: o J:: 

}ffi�, ,J\1*fm (1968) t, r!!R�vivft)KJ:: L --r 100% foJJllvc.vftte L --c1,,0 J::�*---c1,,0. -'JJ, 

CHESTER ( 1975) vi, ��O)iJ!=j�O)? 'tJ, �¥ • �¥evc.J: o iO)h� 50-80% "c', r!!ft7j(J:: tJ:o 

:l:viYfJ:\, \ J:: ¥1*-15 L '"(\, \ 0. wJ.ffiVC.Jci\, \ '"( t' 1NI ( 1963) vi' SB:¥1J£:lfu#li:�� "? '"(\, ,k_ 

;,j:."':)'"(O)jd�bkvi, ±J:: Lt�¥-�¥evc.J:-?L��L'"(\,,-?f-:.J::�;z:., -'Jj, �� (1976) 

vi, mt1:0)*�1k�illfmvc.Jo1,, --r, ]f�tc:vt��nvf�1tvft:l:vi�¥ • �¥6:1: J: 1? vi 0 h·vc. 

�l., \ J:: l., \ "? '"( \, \ 0. 

�Ct, *jfg�O)��O)m�K�d_:>0�*:l:O)���-�Lk. �0)*5*��lKiJ::.Y_:> 

o. �O)Wlfvt, �Imr 50 cm i --c-0) fl�� 10 :Lm,S\vc.Jo1,, tfffi£HillU L, �O)f:fey{@: 0.44 

g/cm3 � ffl 1,, t 2b o. 1975 � 12 J:J 12 13 h� G 1976 � 2 J:J 15 13 i --c-vc.m� L t-:.f,l�O)Jci J: � 

2/3 7J�, �7J(vft J:: tJ:-? --cw;�mte L k C J:: vc. tJ: o. jfgr:p�0)7j(O)��viiJlU� L '"(\, 'tJ: \, '7J�, 

:!fur lm vc.Jovto:lfuiml.n;, 1 J:fvi:fk,S\Llr--c-c:b-?t-:.CJ::h•G, :lfur1J(J:: LtvftteLt-:.:1:vi� 

nH J:'� < tJ:1..,, � � *-Gno. ��173fm�O)�Jfl?Jo J: u*�J::0)1tt-=. i 1; ���vl-tnvf, 

�¥. �¥eve. J: o m�vi 30% ur--c-c:b 0 J:: ,[tbno. 

�1 ��M�*�������c�*m� 

Table J. Total amount of snow ablation and meltwater from 12th December 1975 

to 15th February 1976. 

Meltwater 
Snow ablation 

Meltwater runoff I Pond B 

Area 2 0, 9 00m 2 - - 3 , 7 00m2 

Volume ll, 000m3 685 m 3( + 15 0 m3)* 2 , 27 0  ms 
Weight 4 , 84 0ton 685 ton(+ 15 0 ton)* 2 , 270ton 

* Supposed meltwater flow for failing days (2 0th to 2 6th January). 

5. ��O)m�c.�mi • BMc.O)m11* 

SBffi�:lfut&-�nk�--M�tJ::K. �imi.· 8AfJ::m�:1:J::O)�ffi���Lt�k. 

*r¥A@ (1968) vi, m*1svc.ti•�4-*-o�m. sM-moc-�tJ:c'O)��*O) 5 'tJ, BAf:1:0) 
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��tjJ=':iJ�m:::fcc·, �-f*O) 50% O)�tU�=':-t" c 1,,,1,,,, Woo and SLAYMAKER (1975) f;t, 

�mt c �ffi�M:i:vtlEO)�f*v::.� Q c ¥1i11r L -n, Q. *:l{g:fglZ-e, i�*1sil�mJB c tJ:. '? t.:1976:¥ 

1 JJU�v::.--:::,1,,,--c, fiJffi50)tj:tJtf1 • �Wl-i-n..fnv::.--:::>1,,,--c, Bf��mt. BM:i:. Bvft:l±l:i:, 

B �ffii�*€:i:c O)F1c1jO)ffl��;1<2i0--cd;il.t-: . .f:0)*5=':v:t� 2 to J: tf� 3 v::.ffi-t. � 2 il· �, � 

OOM*€:i:. mt:1.K:i:v:t, tJJJ:·tj:tiiJv:t, ::tc 1.,--c�mtv::.ti:ti�tt--c1,,,Gc1,,,x_Q. -ti, � 3 

� 2 �IL B M:I:. 1:Hfiliti�:I:. fMt7J(vfE:l:O)F1c1iO)t§'*1 

Table 2. Correlation coefficients among temperature, radiation, snow ablation and 

meltwater flow from 1st to 19th January 1976. (N=19) 

T R s F 

T (mean temperature) -.500* . 677** . 755*** 
R (solar radiation) -.500* -. 068 -. 367 
S (snow ablation) . 677** -. 068 .57¥* 
F (meltwater flow) . 755*** -; 367 . 579** 

rsT. R=O. 144*** rFT· R=O. 109*** Probability: *5%, **1%, ***0.1% 
rsR·T =0. 424 rFR•T =0.018 

� 3 �IL B M:1:. fMt7J(vfE:l:O)F1c1iO)t§'*1 

Table 3. Correlation coefficients among temperature, radiation and meltwater flow 

from 26th January to 15th February 1976. (N =21) 

T R F 

T (mean temperature) -. 578** -.481* 
R (solar radiation) -. 578** . 801*** 
F (meltwater flow) -.481* . 801*** 

r FT· R= -0. 037 Probability: *5%, **1%, ***O. 1% 

r FR· T=O. 731*** 

il· �, 1 JJ r mu�. �mi.. s Mc t v::.mt:l±l:i:v::.�•�4-*---c1,,, Q il�. IE*ffl��;1<2i0--c d:,I. 

QC' vft:l±l:i:c�mic O)ffl�vi��--r:-vitJ:. < '  BM:i:iJ�VTEl±l:i:�ti:tiL '"(\,,Q c�x. �hG. 

1 JjJ::: • tj:t1lJvi, �m\.iJ� UfU:!)k,�UJ:::v::.tJ::--:>kO)f:::.:ttL, 1 JJr1UU�, sm:��m. 

iJ\7l<l!t��x. t-:O)vi 3 @Jts.:vt--r:-�-? ts:. L t-:iJ� '? --c, :l$v::.tJ:.-? --ct �m\.iJ�ll<,�UJ::v::.tJ:. Q 

WlF1c1jiJ�ffiiJ.1,, ,ffi:l{gv::.:ro1,,, --C vi, B M:i:il���v::.:to J: vf''t"tjJ=':iJ�, -�1¥Jv::.v:t* � 1,,, c � x. t) 

ti,Q. 
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6. :ro b I; K. 

�]Ei:f::O)JlO)'A{�vi, 'ER:�# B �ii��< B ,��j13j, B Mil: c t vc, �* 5 i:f::j13jO)Jl� --e� "? f.::_. 

� 4 vcffi L k�* 10 i:f::j13j0) JlO) J Pf;Iey'Amlil· Ghil· 0 J: 5 vc, �1ti:f::?Xvti& t 'AiHa.il�{l < , 

3f:JeyLt 0. 7-1.0 ° C {f\,,{@�!G�L'"(\,,0. 4�vc, 12 J L 1 Avi, �* 10 i:f::O)Jl{f&O)'A 

mt c'� IJ , fffUi:f::vc tJ:: < *Xs-tJ::Jlc'� "?kc\,, x. o. 7J<�O)y�*1svc t, .::. 5 L k'A{�O)i:f::�1t 

vc J: "? --r, ��il�1: 1..:: o c �x. Gh0 O)c', 4�. � GVCft:WJvchf.::_0W[mU0)&'.:,� 1!1il�� 0 

c }tf, 5 . if.::_, j(�1.kO)m*1s c O)�\, ,vc "=:)\,,--rt �El L tJ::vthvt:fJ:: G fJ::\,,. 

�4 �®��K���-�lO������R���� 

Table 4. Monthly mean temperature of summer season for these ten years at Syowa 
Station (0 C). 

November 

1966-1967 -5. 9 

1967-1968 -5. 5 

1968-1969 -6. 1 

1969-1970 -5. 8 

1970-1971 -6. 0 
1971-1972 -7. 3 
1972-1973 -6. 4 
1973-1-974 -6. 3 
1974-1975 -5. 7 
1975-1976 -6. 9 

Average -6. 2 

December January 

-1. 1 -0.1 
-1. 2 -1. 2 
-2. 2. +0.4 
-0. 8 +0. 9 
-1. 1 -0. 5 
-0. 7 -0.1 
-2. 5 -0.8 
-2. 2 -1.4 
..,-0, 8 -0.3 
-2. 5 -1. 5 

-1. 5 -0.5 

� � 

February Average 

-4. 5 -2. 9 
-3.2 -2. 8 
-l.6 -2. 4 
-3.6 -2. 3 
-2.1 -2. 4 
-2. 7 -2. 7 
-4. 0 -3.4 
-3. 1 '-3. 2 
-3. 4 -2. 5 
-3. 9 -3. 7 

-3.2 -2. 8 

7-f;:7i/f5E�fi 5 vc�t.::_ IJ, £tr*=�l*fi:�vi Ld.)� 16 ?Xf*O)f*�, tr�vc;i�, �*· q:i�, 

mtill%!*�vca, muJt�cf-1�"?--rtG\,,, :#+:t. WMtrfiifil*�vut, �J:]![, Jl��JlflJfflO) 

�1[� 5 vttc.. "if.::_, li:f:li&, {°@ft, lllz;;if;:, B831§-��vU'i, 'A*ft*'l·O)�:E1_--eMb1H:'14tc.. 

'n!rM�!*ffe:�vi Ld.)� 17 ?X!*vUi, fi:WJ���1C.,,J: < 51� 5 vf'"(\,,f.::_fc.�' 2 Aq:i1Ui 

--ell[mU-t 0.::. c il�c' � f.::_. .::. .::. vc� < ��$ LJ:vf i-t. 

CHESTER, B. B. (1975) : Sublimation or melting: Observations from the White Mountains, 

California and Nevada , U.S. A. J. Glaciol. , 14, 275-286. 



No. 60. 1977) 37. 

,NJt � (1963): Wi3f0£:f:t!?.#:ili, M='5:f:t!?.�O):f:t!?.M. mt;,It/tM, 20, 61-74. 
,J-.tt:k=·nx:fl!it=·:koo�Jt (1968): £J-=f£r:.:toH-0}!i�.-i:clifE1±1.-i:. ffllffi.f4�. �:F!.fii, 26, 105-

111. 
;{:m !Ji. (1973): �7J(. fflffi, ;{:m@.�, �.ft!±l/ii, 84-145. 
�MHJ� (1976): aBf0£:f:t!?.#:iliO)ffl:'g:f:t!?.�O):f:t!?.Mc:k�7l<�J22$0):f:t!?.�1¥Jffl�. mffit/tM, 57, 24-55. 
SHARP, R. P. (1951): Melting versus evaporation in the Sierra Nevada, California. J. Glaciol., 

1, 583. 
YosHIDA, Y. (1972): On meltwater channels in the marginal zone of the ice sheet along the 

Liitzow-Holm Bay, Antarctica. Geogr. Sci., 16, 19-24. 

aJIIJJEMt • p:§- 1$ (1957): � 1 ?xfflffiffl?l!IJ�:f:t!?.:F!.$r�ffi"S",. 1¥1:lit/tM, 1, 1-13. 
*r�nJi� • tj:lt,f � • �)jii\-t- (1968): ffl�pg�:.:to0'0i(ik�7J(O)�gro II. {fllffi.f4�, tlm:F!./ii, 26, 

53-75. 
Woo, M. K. and SLAYMAKER, H. 0. (1975): Alpine streamflow response to variable snowpack 

thickness and extent. Geogr. Ann., A, 57; 201-211. 

(1977 if:. 5 J3 28 B �W) 


