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0.30 g/em® £ o 7o HIE S, B AL UE % & —F 023 g/em® (23l L, LM L2250 T,
13 30 512i% 0.33 g/em® 173 Lic, REETEMOE * HEx, ARLLHER T2/ TRL
7, 1L, 036 g/em® 12 e EEIM & & LB L, 4B 2 A1iE 030 g/em® O T &
g ote, SO ACIIRERFEMLET TRk, REOTERE - BrAEECEY
W lf, TRAUBEEENEA LTI8HIZIL 034g/em® & cote, FDOTOHE2, HFEIFD
HEEEL, ThEhild, AVERTRLTHS, L TEH L0, BEORITS
HErAb S,

OFRHEETH B, K (b) 12X OB By ZE IR Lic, FHiC o0 e BT,
B2l @R LICEORSTH D, BHOMEITMHEN NS L, BENRECOTE-E D
Licz dikvzigw, Lanl, —cfibe d, Heb, B s MclErsmd L5
ZED D,

I DX 5 REEE O & FEECHEIE 0L, FBREET, FIERITOKEC oW
THHALN, UL iRy Exi,

Db, RUSEFHELLBEDY, Bl hiiRHom T ®HEAMAL, EEHHD Liddk
RIcEC, Moy T52 &, Fh, BERLEBOCRD TS I Enbhs T,

IhLOfERICTRY, H)BELHL XN TORLLERHB CTORTHBOLLORMST &

5 E2EBILHITIIBKREKESL, ZORBDORKHMEEEEOBR

MEEEOEKRL, HUMBZZOBCHATLEFKOE RAEE) Q &, £DJF
POWHHT2E RHERE) Q  L0rhd e TEEDH, ok, Q>0 by, TOEDOE
KEBIL (Q— Q) DEETHIML, Wiz Q<O e HiY (Q—0Q) DHEETHIT S, MAREL
MEBEERFLVEE, 2FD Q=0 DL XX, LUKORTHEFRECHY, LORED
BEARBI—EC RIS,

L, FIEO4RI3H R2K) It - TA X5, FHi, K& LITREICE L 10 B
30 7AE L2HOMT, REROEKRL EBETELL, 0L TRMEEIL, FORGL
HYBBRKEOKEEATED, ThUEILEZABRKALTL, bRELZOFEEHTH L5
TEhVREIZHL, o T, ZOMTIE, BURBRRCLGRINTOEE TORICHE T L
TwbeEFELbND, MEFRESF ORMEBCOMAKRIE Q, &, WMHIHEE Q1 &2 EH- T
WhH eV B,

Xz, 1083057725 12 BT 2 TORKMERE Q) 1%, Q1~0.015g/cm? -min & &
Hot, OGN, RZERLS ENPLTCRRTL%E, TORODAKENLEDOTHETED
P E XS, WTFEE Q, #0015 g/cm?  min i 7 % D, KBEKDEX § 2, §~15p¢
DEETHB, L, BEFEED, 04g/cm® DIHLDPEOFKRIYETL &, 16% L
B, 2FED, RETOMEEENREICEL, LT KOBENERIREICE L 11 8 ~12 B
AT, FOTSTOR2EOEREN B bl EnfifFshs, Eic X s e, §2
O G KE 12 W4 212 15% 1% Lz,
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FTOUOFRRMEEEL ML LN TED, fokxld, 4713, 150WH& L, B2 RMOEK
FARRIE L% DTN ETH T, ZOEKEAEL B EBKOPHDEZ 6 1%, 15p DT E
Thb, CnhHLIHTEEQ Az b, ThEHH > TV HHIEHEE Q2 RDDONDDTH
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Mo, ~ICEF I DFIX LD ETT» T b, MR -3 F0—FaiR Lz, 205K
DEF5 T, BENE MBS AR LT ADIRR L, BESTRIRADITNTHTH S,
TG DIKAR LT, ZOFOEH L, EHH 110ecm FE T, KEHEOEA 90cm D
REITHof, ZDXHTKRELTE, MELELTEHYS, KAb Tlho—BEE 0T Lh
BHBAs, 22T, IhbHMFEICKTHMEZL OfMOREA B, LEL, H7KCrh%
ﬁéwtoL@M@$%~,Wm%m,qﬁ&m“ﬂcﬁ&%fi DK 2 DT OR

1z, B3 LTHI0m OFENT -0 Endfb LTk, RENIHARLLTHSS
EDbh b,

ZORKDFFGTIE, B LOEEE (G) LaKE W) 2 TR L, FEij
—REE, BEROKALOMETH D, MOEFESiE, KTABEE R) ERE D) &K TH
L, MEDOIKT, 4-9 LHI Lol 8, 2HMO4 B9 Hie—EZ oW CIIE LB
DA BEDIDRALILLDTH B,

IRODORELD L, Kabe, KExbUNO—ESE & OIC, KD X9 k#EERL LS
WH B C BRSNS,

(ﬂ KB Tk, HEEL, tho—BREETLH LRIV, SOFITIL, KrboDFk
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% A TREE 0°C I fRIch T2 &, KORPHIRE L TIHDR &/ d 2 LR LT
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EBTFTAKLIDKEALTL, §EDIEKED, KAbillsfcdh s THLEZOMERFEAELT
WB I EAbhD,
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(V) BEFER-BTKLBLOERS TREV, bHHA, —HHIGTLF TILELDIL
#EA T b 160~ 180 cm @Jrﬂmi, Wi DT & A EED R,

(Z) BKELKLALOHIE L, —REEDO2~3ELDOKREEAT %,

($)&&im&%tﬁHQMW —EETLD LI DTS, ZE YL T ED
T L, Fi, 4 9 H& 11 Tk 5 —BE TOMA K TRD E, 2B,
AIL N OMHA3ENE ENE oo T B I EMbh b, Jhik, —EENTL, A0z LR
T X BKOMEEY ST T, WEMNZTEHEA LEDDERNELDLLD2HD I LERL
T 5,

PLEHFtetin, KEbihloo o OBED, REOKOHGE 517 TA Bk
Licte®dic/E Ute 2 S B THBD, ZOKRDBH, Vo, DX 5IC LT b
ik, 0L ZAYWLNTRY, bhtbhA Bl Chic iz, T BRI T ien
LTHhBH, LnrL, —BEBEOH - 160~180ecm IADL R A E WX LD X DEA K S i
DL UM, ZDKRb b Ty, —FEE i, Mtk 153 em, 137 cm iz,
Bxh lem OFGKRAR BRI, ThbOXPIL, 2o TRKECTH- 0L T AHZHT L
TERETAIMERL, FOEERILLTTEILALDTHAH (U 11-4),

ZDIHKRERKAEBIL, EOX5NBIMCEKENRLDTHA S, bl
BRIl ofeDiE, T=Aa2—-OLEDBETHB, T=F2— rOFMEL, Ebl A TIIRE
W, L L, R R TH - ThF T B ORE R, FMoMmE, Mo
WA 5T T, RUTES Ty, BER2AWCTOEDER, MY fEZEd 5, L
b, F—OBFAT T, MMEEEOLEThizoThA I %y, foe i, HLEDIR
KECMB A HE, Zo EFOROERCLMEPER IS, LKE2AD LTLMHA T
e, EUKEMEICEE > T DI ENFEBICBEIND, 10, KE LT E K
DED, FORKENE 25 E, KLEKEOMEHZ R TABICIET L, KO IEKEICE
T3, AP, TOEKECLHELAHDDT, KXZIWHEED, DV oab LR
TF5, AL &AxERTOIBIC, B 2n L HHHBOLBHE < X5 kBERAK
AL I N DD TH B, DL 5Bk, EENEMA2F3 A, e H ORSF/EL T
Ieofek FiCd, BmETRIOYEUETHRE I,

DX, BEAFLEMCRIEICHTL, S0KE, KARbENTEENOHE
LI AZEET D, TOWHOERNSKETCHIUE, LT KE—HOHLL, LErdxo
Prakib s g s, Tk, O TONR LI, KAbiTkid 5RE OHE»—K
BRI 2LV b RELLLIBAIL B bR 2, LKL, SOBLTCLOLEHETS S
iz, Y LTolAbh, Ffo, KECHBCHEINRT, WEIALMV SRS, FORw

L HF T, EH60ecm DL AHTKELAHAL, FRUTE—BESG & XHircx
I lfs»TC %,
KEBIZHIHICHT DO LEDDED, ED X5 Il b lBer~THXEL, Xbhund
K bofemd 5 S LBk D 5 MB TH 5, EFIEEINC  ORIB A ERIIH
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L, TTRBRELANT, I THELIISREL, LinL, AKRRETLEDVDEOMK
{EANE D X 5L AT O T O MBI, MR ol L, RBROMBELSr SV, 2
iz on ik, 5B LERCHEY T TS TIrEion,

PAED NIk B B, KR I-B3ICHabRA L5 ERLKELDIETHD, LAEDE
WO THZ E] OTFR, LENDERNITTE MR LKADL EERKAD L TR, FEED
BRECEBCLN DS D EFEZIRDI ORI ENLELERS, S, SO X /I viK
b b AEF LR TITE L,

V. HEREORSRAUAFER

WAFN 4L F 0L, Fio, REESZ OME 4+ B, ficdef 8, eREERESTOE
Jil~2km i, [ EFHEEOFHEIZ, L2l mBENE- TB, 2O REOREILHAHE Eo
BECo0T, MEBEOEN AR /-7, TOBMEROHI L Fizo~5,

JeRE o B AL N7°W O 7 mnc i LicER2 17° o SHE, B R O Bl ik S36°E o
JTECIE LA AR U 17 o R EAL, WAEE b, B L4 87 8 Hicik, BHER
71 240~250 cm T, RS E A D 20~30cm EMEHE FEUINE, £BAKRG LE VP ET
TECI, WMAET, [ REeRAMY, SRR T - B2 BV TEKROYIE %
DOBM A 1T -7, 4 A7 Hix, HPp@HE, KRG +6~8°C, M8 Hik, FH2K~41
DI —FFE o 7P, JiRiL +5~6°C Th -1,

H8X (@), b cd A7HD, 9K (@), b)i2ixd4 78 ok, BERHEZ W % BMAS R
B ELOf, BHMAECKT 285 E80H G, KI§10:6 TH5H, ThUNDRRIES,
fo b IR, AEFREAE T, TARICOE bbbl ot

ChEORT, HITAHEOE KRG ME~THE 5, 4 A8 Aol (914 Tk, Wi
MEZ BT 2 ZHREOEL K LT, MEKOBELILREC T, EitE e ch s,
JEAE T, FEFH 40cm (bt 185em) iI2Hh 5 ILKE TRET ORI DB, ThIT
DB, KEFTFTTIROKIBE LTSI T ¥icy, 16~178 2 %, #il 151cm O [k
Kifl B e b HBOKABM S fLicr’, S, Tkx OBENCEs b ied o o KA bl
STHFLTERLLDTHAH S, JHHEXTEFH T, FETH 75cm O F 165cm) o
MW KEC FC, #ROETANBEL T, FRUTOBICILEER T ChThoKa
BEL TV TH S,
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AL Z T L TR O A kT Th 5, BAHETIL, $BOKA, bhbho
BB ich oo kb b E - T, EAFATORBANLRTLLEEELDbRSD, foé
W, 4A7HD b) X<, Mk 16lem D EKE R, $EOKIES>TUBLDOHEL R
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TEHOM, R LD LA, K I-6 DFLO L5 TH17,

xob v B AR 45 Sr o R O et H . 1.2 em/min, 70 45fECi% 1.0 ecm/min TH -
Fo. STHEABEDO LAY 16° 0@EFE TR Zie» o & 2 A, kKA DKL, K540
em/min O X TRHAAR T Lic, @ X5 flk/KiliZZ » TR A ETKIL, KBKETTE
BTriELbND, KBRTEESL KOBRSEIIY THLIONLL5IC, LEHPET
lem/fsec D TWETH D, HDOED L, @B FHEHESE O L KEC L » TR SEH
b, LbbhA, FOWTERENR S DS VL D/INE a5, #E I 0f 3 HY Dk
BB TEE v 2525 1) R ; v=0¢B L, 5DiXH\ Y, v=0¢ Bsinl & LicFhudiehbic
v, Qs ERE"TH B, 005, HHEOES L1, BRETI Eotonb, Rk
W EEY, 505 ORBEHROHKE FTEBECO ek T4, L T v~6 cm/min, BRHE
Twov~15cm/min &7¢5, 4L, LE 0P EITOWTHAEMNEL KANT, 1/10~1/4 T
Ef,m%#tTé&@f@%o:@ﬁﬁﬁﬁf@%#m,%@&:6iﬁl<b#6kvo
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Az, WALAKBERMAE > Tk A, B, B, SR, BE, BEren
ME RIS HET AEELRT THH, MEERESY b2y, ZhbORT & AL
WL, 0LD0EDORTOMBEHERIETHELHLONEBTHA, L, <0
WL, S 20 THEB o Ly, O EDI, BBEEEARDSL I EAKNL2M LY
LW LB, b0V LD, RCoNXET Y, Mol UCHET S 2 L Bl ik L
WI BT ED, ZOfke, LAY, OETHMBEEOMBIIC DR LD
T, FRPEN RS LD R T,

BER, MEEE QiL, WALARFETROLRTEIY, EHD D LS TR EKR
FERHCTHAHADEKELREL, Thrb QuRDB LV HERIZELTlebhTolk
WV, BEELIE I OFECTHBLE RS, HEROEESOO L ORBRELL Y LA,

Kz, KERTOBETH L, L ThbhbHETHH, AGFORELRET LD
7, BMEEEGCHEY D 7, KEEMN 1mX2m, EX25cm O 2KOW &M (AFa 7
A=) ORBICT A IR L SARBREZED, MEXEE 20em OFSICHEE L, ZhT
EH AL EEEN TtE s, Bk, ZOBRBOTYHRHCIEHATELDT, ZOTTHI S
AEE, SLICRIRERTEIHEEX TINn A, —F, BRBEBOMEZ L, i, 0
g, &R, BABARLTCV%, - T, HABEE L AEOKSE L OMBEIEOEL, Afhc &
BIrEEZXDLIENTEL, MEBEEEG LCOICHETRDEND LD, KR, BELET R
MECRITTHELHL I ENTED, BRMB ST 2MEEE»D, 4RDICHSIC L2
Sk LB, QiR Bogskobhs,

COXHREZDL LT, EEROMEIRAET254 A 12 A A, #ERIRTRO 7 =
A= b EOMERE L 20 cm O XCEE Lz, HEORRL KR 11-7 0FHZR$, 4
CH#BEO4H 16 B, EEEEOT (HE) OBl L0, o3 &R 0EAREEY (Ai)
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ha, 2T, RUIHOESHETONZ LHFIH LT, B2HOGKENDL, MTRE Y
RDDHZENTES, MEBEOIEDHITOT, FHEKE, ThirFzbKBEKOEX, Th
MHRDL N HMEEE S, 5 3ERT,

IhuwhbE, RECORBEEEL, OOl AFETOTEETITK> T3, HiE
TOMEL, S, KL RCEENH B, fE- T, AETOHE 0.005g/cm? min (%, ZOH
DEREFC L AMBEE L Z 2 TRELBLAVIERVTHA S, o, BRRE TOMEE
Q1B HETOM Qs #2E LB 7238H @ 0.005g/cm? min i%, ELAHIZ o Tk~ 1
MEERELEZLND,

:@B@%iﬁﬂ%f,—ﬂ*@vﬂ%ﬁéb,#kbmﬁbvmﬁﬁﬁ:otoD¢®
F gt &tk 1.5 cal/em? min 72 - 7 DT, HHOX LD EXDONHROTH#EETLH L, AT
X AMEEE L 0005 g/cm® - min &SRB, ZhilL, a7k$®1ﬁllm7b>%f—%tﬂé&*ﬁL
T b, Fio, NafcdBAREE COMEHEE Q,~0.010 g/cm®-min X, (21T CHFHT T
1M, SRRSO 2« BB T Db R KMEEED & LT 5,

DEoZEnh, ZoRE, ORI »2MEREL, R, RTsIocBEREE»N, TED
WE Lol 2B,

VI. £ & &

HEALR W TEBET 5MEKOEE 25 710, 1965~ 1968 4, HHlSE I /g HILA
FHALKBEEREFIREN TREHEBN A 1 -7, FEALRC VLM, HEKBOEGKE
DR LAEL, BKEORENICKIT AN L5 THEBLC L, $ 21, 531Kk
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Summary

Snow covers consist of a great number of layers of variously textured snow. Melting
of snow begins at the surface of snow cover, and the melt water permeates downwards into
the cover. However, permeation does not always occur uniformly in a downward direc-
tion. For instance the melt water down flow is often blocked by certain boundaries
between the snow layers, which causes a strongly heterogeneous distribution of free
water in a snow cover.

In order to study the permeation of melt water, the free water content was measured
in each of the snow layers composing the snow cover at constant intervals from morning
till late in the evening by the use of the “Combination Calorimeter” designed by Z. Yo-
sida®. The majority of the present work was done during the melt seasons of 1965 to
1968 on snow covers in mountainous regions in Hokkaido. In addition to the free water
content, general stratigraphy, temperature, density, Kinosita’s hardness, tensile strength,

grain size of the snow were also measured (Fig. 1). Meteorological observations on air
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temperature, wind speed, solar radiation and net long wave radiation were made through-
out the period of investigations.

The figure (a) at the top of Fig. 2 is a diagram showing the change in the distribu-
tion of free water in the upper half of a snow cover on flat ground. The ordinate gives
the height above the ground and abcissa the time. The free water content is shown by
the patterned areas with numbers such as 0-5, 5-10, --- which represent the free water
content in weight percentage. In the second figure (b) are drawn the observed values of
meteorologicabl elements. The curves in figure (¢) show separately the changes in free
water content in each snow layer which occurred during the time of observations.

As seen from figure (a), layers 4 and 5 held more water than the layers lying above
and below them during the forenoon, while in the afternoon, layer 6 came to contain
more water than the layer 5 above. At the bottom of layers 5 and 6 were found ice
sheets of 1 cm thickness which prevented the water from flowing down.

Another example on the permeation of melt water into a snow cover on flat ground
is illustrated in Fig. 3. From these two figures 2 and 3, it can be seen that the upper-
most snow layer of 2-3 cm thickness (upper half of layer 1) always retained a large free
water content amounting to 20 to 30% during the daytime.

In the two diagrams of Figs. 8 and 9 are shown, in the same manner as in the top
figure of Fig. 2, the results of simultaneous observations made on both sides of a long
hill. Both slopes had an angle of 17°, one facing N7°W and the other S36°E. The ratio
of the intensity of solar radiation on the north slope to that on the south slope was
about 0.6. From these diagrams it may be seen that the snow sustained a stronger
melting by sunshine on the southern side than on the northern side and the snow on
the former contained more free water than that in the latter. But the amount of water
contained in the snow need not always be in parallel with the intensity of melting,
because the amount depends not only upon the rate of melting but also upon drainage.
Thus, in some cases the snow on the northern side contained more water than on the
southern side as shown in Fig. 8.

As seen from figures (b) in Figs. 8 and 9, the free water content remained at less
than 5% during the entire day below the level of 165cm. But there was no ice sheet
at the level. The water was held there due to an abrupt change in the texture of snow;
snow was fine-grained above the level (layers 15, 16 in Fig. 8 and layers 11, 12 in Fig.
9). Yosida® designated such a boundary above which a large amount of free water is
retained a “strong water-holding boundary”.

The free water content in the uppermost layer at the surface of the snow not only
increases very rapidly as compared with that in the lower layers but also maintains
a large value for the entire day as shown in Figs. 2(a), 3(a), 8(a), 9(a) and 9(b). The
thickness of this layer of large water content remains constant at 3 cm throughout the
day, in spite of the descent of the surface of snow cover due to melting. This large
amount of water seems to be suspended by the melting surface of snow cover (Fig.5)
but is not supported from below, because of the absence of ice sheets or a strong water-
holding boundary at a depth of 3 cm.

The melt water is often arrested within the snow cover by certain boundaries
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between the snow layers and extends far along the boundaries. The water thus accumu-
lated on the boundaries often breaks through at certain points and flows down into the
lower layers, making large “channels of melt water or water-channels” within the snow
cover {Fig. 7 and Plate I-3). The texture and mechanical properties of the snow in the
water channel differ largely from those of the surrounding snow as illustrated in Fig. 7.

In Fig. 7 are summarized the stratigraphy, grain size, dry density, Kinosita’s hardness
and free water content of snow (dashed lines) in a large water channel of 1 meter in
diameter, side by side with those of the general snow layers (solid lines). It should be
noted that the grain size in the water-channel is much larger than that in the general
snow layers. This suggests that the melt water, when it soaks into snow, causes the ice
grains of snow to grow quickly, changing its fine grained texture into a coarse grained
granular texture. In the water-channel the dry density and free water content are larger
and the hardness is much smaller than in the general snow layers.
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