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A METEOROLOGICAL STUDY ON SNOW MELTING

by Dr. Sci. Ryozaburo YAMAMOTO, Ken SAHASHI,
Yasushi MITSUTA and Mitsuo MIZUMA

Synopsis

Mi:rometeozological observations are carried out in the air layer near the deposited
snow surface during 7 days in March 1963, a period of snow melting, and the components
of thermal balance on the surface are estimated. The result shows that the heat flux
recuired for snow melting is nearly at balance with the net radiative one during the
observing period (Fig. 4). although it is suggested that the contribution from the sensible
heat {ux may be probably anpreciable during the best season of melting. A climatological
formula for predicting the rate of melt'ng is derived (Ej3. (14)), basing upon some physical

reasonings. This formula is partly verified by the aid of the observational data (Fig. 5).
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Table 1 Water content and density of snow.

Day time: 07 -17
Night time: €O -07 , 07 -24'

; Day time mean | Night time mean
Depth —_—— e
‘\Vater content ! Density ~ Water content Density
cm : % ! grem™? ; % i g-cm™
10 16 0.47 9 0.45
30 15 0. 47 8 0. 47
50 13 0.51 11 0.50
70 13 0.48 9 0.48
100 11 0.50 6 0.48
130 11 0.45 6 0.44

BKEROFEY REIBNCEI Lz L% Table 1 iciRT,

ZOBORESIHOBE TR, SEREENSOE L 80~60cm KX 40cm UTFOHHB SLHH IS
B TEALUSAOETME LD LEDHY ThH, BHRELLOEE 5, 10, 15, 20, 25, 35, 55, 75¢m
BEOIK 3~5mm OEID 7 7 A EHRRLILI,

XC, Table 1 itk 5y, GKEIBMEZ LEELZS, TELCLZLCECWEPS LTW258, BERHES
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GIKER, BECERELBAZVOR, RERL COMBKOERDELSD, Ec k) TE~BET
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OHZC LY BTBECFL, FRRBEHINSAETHS, chHD53H L, V RO B g 0 X
OHE (9 DEREAELEM LT

L = cppaK a:: (3)
- oq_
1% 8PaK . (4)
., 98s
B=xs o2 (%)
ORICERLEKS, ZZCHERT « REER, S REMLORSEETSHOT, MLEFOLST

5%, ARIDOFEBFZOBWFETIE, BEBOREREZFEZTHRE 0°C Tholehbh 00s/02=0 & E\T
EX 2. fEoTR2RRER L b

S+L+V=M (6)

EETD, CRLEBEAOAE IHIETHOCABEH LizFikE, S, L KO° V 85K,
MRZE R X VEREL LTRDBHFETE LN, THLERAYEAC L YVERT ORI ET, Sk
DVWTRELCEOERARD bR 5 MEATIRR e %, t« RO ¢ OWEIIZ 7 27 v BRGE & 6
L, ¥BOFHICR te ¢ OWESHED ) LEBEICGE-28E (FfEE 190cm KU 90cm) #HAHL
THRYHEM U, R iRBHEERE Ko BAGEDI< BilihAs Fl 7 Fi LTl 5 DT —It smooth
surface Th5 & REL, KRACHEOREDELZEHTIOERLL 2 SEOTHOEE (FHL
130 cm) DEEHESEREEZHEH LT

u =l]:‘—/n (g—“v*z—) (7)

X hRdic ug %
Ko=Fkuyz 8)

CRALTERE Lz, ¥, FOMOEHOMEE £=0.4, Cp=0.24cal g6, po=13x103gem™, &=
6.0x10%cal g'0', AKFEiX 740 mmHg %A L7z, b BRSO EREBNHMbRAD LA 5723
H1TH»H208 % TO 4 ARIEOVT 1 KR ER005 55205 ¥ TO205MSEEL & Lic LCRIEL
Tro TD4HBD S B17, 18HEITAEBRRCEIEL, 19, 200 IREETH - foo BT OEHDY
BREZONDEF DI, ORI 4 < RGCTOERD 5 T,

ZORBIC LTEHIR-ZRSO BELo—F (3 A19H, thiEH) % Fig. 4 wiRd, 22Tk S, L
NEDBARTHE @ESHCHRENS2OR5), VAEDEAIZEHS, #-TMMBEQCEAREKE L
Thb, IhThhrbikic, BERMRCI B0 L BRMREICK D0 EBRERIZE 25 IR RE
b BAYOBEATENLKHETEHY, MERABRBLADMHRCET L, ASL LTIRIETER
DR E—FH LTV 5,
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Fig. 4 Daily variation of thermal balance components. (19th March 1963)
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Table 2 Components of thermal balance on snow surface.
(S+L+ V=M (cal-cm=))
Day time: 072~17"
Night time: 00%~07%, 17%~24%

Date S L A% M
17 Day time 79 -8 32 103
Night time —21 1 6 —14

18 Day time 140 7 -5 142
Night time —58 29 13 —16

19 Day time 184 31 -8 207
Night time —66 16 13 —37

20 Day time 210 47 2 259
Night time —62 48 55 41

Blic&Et Lich D% Table 2 ©iRdT, chicX - Th M2z S LtRBTHY, L RO Viz M &
1S IO —HNIVWEIRIND, FEMkR M 208 D4 REACERETIHEERLTWB,
FOBRBEOMEAEDOH 1/10 Thb, BBRKARMSARFBHEOKES E-BETRUTCH
60

R EOBK LCEEINMERBOEYHEH LTRITELHE L, ZBOBEHTORSHIVRL %
BT A3HELERL ). WERVE (42) RXR X > THHLIB,

M v ©)

”FQTTTETT
ips (1
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‘Table 3 - Calculated (by Eg. (9))and observed snow melting.

e | ! 4: (cal) | 4. (obs)
g-cm= { s 1 cm em
17 0.44 0.22 3.8 10
18 0.44 0.18 4.9
19 0. 49 0.16 6.3 5
20 0. 49 0.15 7.8 10

& 2T 100 g/ ms BIEFEKKRTE D, CONTHEE LML, HRL OHEELER LboER & Hic
Table 3 BT %, ZZhbiFl ps, mw/ms DERZFNENDOHDHEEZ 10 cm N 3 B BHRIE
DFEETh D, MED—BRERADITHYBRVTRHEBINRETH %,

CORICRBIC FERAINIHRERBEEHEHE L ELL, LodMSRENDEE LRSHOENE
BloOFh e KB —BT 5% b, RNIERAEZNELT L I EHEFBILTOME,ID, BERHD
BAHETHIENMEL I Bbits, L Lo 20Tk, RAVENLZER L 4 AT OER
PUBREERPDREY BSREL T E S PRFOLBERL S, AHLR4OERETR, L Vi S
CHARTHIED/NE L, LrdBEAOMENKREDBEK KHHE TH - 7o b, ZOmERHBNZI
ML TRESHESZOIER, BLTHELZ 5 THLE 5 PRETHLS, £ 3 ATaKAS LSRN
FBL, L BHEMAKEL LD THAIBERRGICEBINSY, V BECRELL3BHREYL V2
DADEEICONTOERILMETE 25, bt EHAMChT - TBREOBRI %1778 5 BALEAT
550, KEOELZFE AL, Brx0BUATERCREIA TV 2 EERNORELXER L TR AR
BRIYERLEEL D b o 2 WBHOESNR L 23R LCRE 5. 3 AHALZOM /o7 4
A6 HECTOTHEEX 5.00CT »5%, [RAE L LTHEROEE (150cm) rEERME (0°C) OHD
BEZAERATLIECL, BEEHEN K BR4OHA Lz 4 BROBMOEEME 2.2X10° cm’sec™ %
HHET TS LR L » T L=66calem= k7 h Table 2 KR L7z L OBMOFIE (20cal cm™)
O#3fErh, S Ok s HOhTRADFEL L LTRE«OHA L 4 HEOPEEL £ XLV 2
THE, FORK 30% OREXEHOBI AR -> TCINEEELER - TRS, 8L LRk, 4R
WEPT CREEEORPYHE T IER YR ELBELE I B D,

wIC, FROBCEERCORERY AVCCERCHCEEY L L OEDOZSWEEE%RT I, 0
L %A U TEBRORESIER Y OREHRE LB 5h*RET 5.

3H15Em b 4 A 6 HETOBMOEEREL LT, Flkotke S rIE 0B L7 HMo¥S (183
cal em™?) YE—THBEL, VRELAMNELTOE TS, 2575

M=S+L (10)
=153+66=219 (cal cm™?)

riy, BEBRERCA/KERIZ Table 1 #BRLTERETCOBMOYEEMEE LTcrhZth 0.58 cm™
RO 16% %L Bk, 1 ADBEEOHPR (ORI h 6.5em Ligd, — R COEN TR DEI
7. 3em CHZIIEE—T 2 L RTRVETH S, chi M=S L LCaHETHL 4.5em kD4R
EHRMTHED,

DLF, EEREECIRERR LT T OREPIESROR TR, K@D OEERRE D BEET
Te b oW EE R T A8, IRICH SRS A SR B DICEIR DR 2\ LB AT L AR e, vy
FHSIIOMEEMICEHEN LEZMECRATIAEYDBND, nt v 7 ARARKESHCH 5 GRS E
(Sp) DALMEBELEVe L, AWMEHEIS AT 2 ERENE (S LASREENE Ly) 2

_7___
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Table 4 Downward short-wave radiation (Sp), Albedo(ﬁf)

B

and net long-wave radiation (Lx).

SD ‘ LN
Date —gL }
cal-cm? { b \ cal-cm?
17 206 0.52 —19
18 406 0.50 71
19 489 0.49 —80
20 510 | 0. 47 —T75
b UEESIEHE (S) 1
v Sur -
S=Sp—Sy+Ly=Sn (1—S—D)+LN A (n

L LTRDBZENRHKD, T2 T Su/Sp (F~F~) & Ly P@EBHEACOW-Thh o TotuE, (1)
R & o CEYBEHEL TR TS, ABROBRTES B (07"~17Y) © S», Sv/Sp RO
Ly % Table 4 KRT, BO7 v~ K —RFBOK 0% HoHWEOK 6% ¥ CELT 5B K5I
THEHD, ReDHEIZ 4 AEKITA T 50% CH50D T, MSRBEHORFEN 7L XK —DfiL LT 50
% Wl STRWTHS 5. 72 Ly 1% Table 4 Ic LY —80cal cm~? (BEREZEHE O FAX s
HERT) hb—19cal cm? FCEMLTEY, ZREBBRK I DUATTEIDTRES WRA
WELFCHENTRVENT DR 102 OBRETHSh 0, BERELHT 5RALEM LOME TR —50ca |
em? BELRTEXZEVTEA I, o TRSHEEORBMBDOBA LKL OVTIR 1) RiR

S§=0.58»—50 (cal cm-? day?) (12)

¥ LTAVERCE S, & 2T Sp BRI EROBBHEICS - TR GIIEHD 1 HETH 5. :
ORI LTEWBERER T AviuE, BRcAEMEs SR ERET YAV CHSEYENT50K%
IROBEICE  ERHE S
9, (9N ) RO W) RERATI LEBREIR 42 7
. Sp (1—2%)+L1;+L

Lips(l~%

ZZC, Su/Sp, Ly, ps B my/ms DERSEIOHEMNTCELNEXBMBHMPOREM[LE R Th, £
FAREAEBORAEVEEZLLNELD L HOBVBEHRDEZAL LT

Az= 31_2(0. 50 Sp+ L —50) 13)

BELRE, 22T L RO RTEBINIBTH I, [URDE L LTHIRORCESHEIRE (0s=0C)
L EERKE fus (CC) LDER L BHECTIUE

L=CppaKa2%

CIl r REEFOEIC IORDERICEBEOEAY AhiuL

L=6.9x10"? Kyfas (cal em=? (10hr)-")
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Bird 10 Y% 0 ORBR LTh 20, MEHcEMCEI RT3 D13 102 RTRUVLAL ThH
o ThxBRRATEE, 1HMDOREVER

Az=3—12(0. 50 Sp+6. 910 Kaeasfso) (14)

TROONDHL LD, I T Ko BNRECBRC LY 1 EEDORETHRDOLNDEND, MEE 42 12
H&EE 1 SEORERVSR CHENRsF ), BeBtMcMIZHMto BHE BRRROCKRD
SBEFNICERRBIUE, RER, COBNEFABRICERET 2052 FTRITIESTHE K- TR,

wiw ) NREFCHCERTH D, ARXEOLORUESHEROMR, oL BPROMNZENC X -
THEEZITZNESDT, ZHRARECEINMETH 2,

V RERORMEA

FIE % ClSEENORSHOBRY KD LK[EENARE, B EOELH I »THNTHI. £
T, ZOARDIFUMRISHET B E B & L TARIOREROMBIEOREEN & DRE, 0N Ti
KD dO0ERAFLTRL 5,

Fig. 5 196355 1 H 1 HUMERZER2 kK o 4 A LAE COMOBBEEOEIELRT (ZhikI
ZQEHMA CERENEAERCEN LB L), 3m OBRZEYEE L1 AL HUEREEER
B LC\5%, 3 HISHUEZR K, ThUiLl#ke CRSEOEIOERBELSE-T\V 5, Rib,
FTHhUBRURCHE L TRPOEESNAMTH D, B L<E5 L, 3 ALBHMBRIIGITFERIICEI L
TWBOEAL, TRLUEIRERNCR T, EFEBEOL - BYRT/NEVE—70® THLThEh
ERANLEI LD, TLAEBNCES LT3R a5 x, X5 KBPRRDEVR, TOBE
ChAEIDECESBERIERTZLDTHS, b, FIHTE7Z W ROEBCK > TWH2ORE

[ 30 i
) Snow Depth
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X 10
— ‘K R~ >
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Fig. 5 Comparison between observed and calculated snow depth.
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OEBL-BEAZERECHY, ZOBENYMR EROBRSERPRIMITERICIL > T oK Hlicg Eh T
%o 15T 3 AISH RIS AP RS WR CHAIND &5 hELLL, ¥, BAHLBTRE
H& CRESRCERNEERR D - T RBE TR, Al EEEORBLHCH A — P VOB L
OREBHTIR, OB —5C UTORBEOEALAHELHNDTH Y, OB L L RE
BCESRMT-L LT BEORM CHRE T 2ERRNELbNS, ¥/, Fig. 5 KREHDOHEGR
i [ (BESER+EESE)] L BREBMAMTEEN TV, SURIEOWVT, 3 B10BE X TRBA
E0C ¥R EFNAUTCEBLTRLS, ZTOHUARC ERLTW2O5RRLA, B BREHC OV
THLDELLRICEAL TS, ZOFHIMED 3 AI3REMAIKIE, KEOEHI X 5 Th, EFEX
LOEHIC X 5 ThHEVENRTTEDY, ZORUBTOMEL L » TRHENZBBEINIZLDL
ROERIEKS, Biel A3lE»HE2 A1 R To 1 BicizEie 3lecm OBRBEOREIRRL,
Chid 3 AIBHMUKD 1 BREABYE 20cm—3 A28HA5H29H) 2R BMHELOSHIDT, T
OB 1) RCRFFLER . F2C Fig. b LRLEESEOELcE DI 4 Ry #@HT 8%
k%, 3 BIBALBIOBAIRICONTLAL MDVENSLEBERLTHHBICT 5,

BMERZOHEL L - THEOEBE e FRIN3BFRIRL BTV, SElkE 7 LeELT,
FHIC X » THED 3 AI3AUAIOBSEOR DR EOREHALEShERET 5,

ZORERZOEHCOVWTUI/NEDORENRL Y, X5 DPOZOBOTE ps(t) &, TOBEI15S
FEOFES @) ORI

TH2 LB L L, EMEERELPENRS 1 & ps L OBKREERIIC

71:7166’“”
L, thk BRARALTESL,

8 {Ei(kps) — Fi (kpso)} = Szwdt 16)

#BT%, & 2T Ei (kps) 12 Exponential Integral Th %, (6 RIC L »TEH (¢=0) BE p0 Th
> TBDEN o BBEN% t BEZSTLROTE £ #ROZENHE, FEREHFINS T
v Thil, EBOREOKBNE LR, EfEC L 5BEESEOKBNELLRDBHERMES,

Fig. 5 ick5d, 1 AITH—BEARELBRERALR, ZTO®HULIES {hhIndh - TRHBHNSSL
BEWd THORBRL T 5, ¥z, 1 H25H2H31H 2 COFBRBEOLERIIZ 252cm ThH B, hb
DELERLT, 702 LC1 AS1HIKH E 150cm ¥ T ThEWEBO FeEH L L 250cm OF
BRRHBEL, HTWERBOEIRELEVWEELR D, hLIKEF LT, FOETDOTHEL B
X TERETS, COBRLELFROMIZ, 20 RO b B/NERERICHR®T- 1.0g-wt day cm™,
21.0gt em® X ZhAV, 1 AS1A% t=0 ¥ LTEXOKHERELZBRBOHEE (o) 1 0.10g cm™ %
BRI,

T, £ZT1AHEAL 3 AIBA TR (6) T, ThlAkr X THEL, EH L H&T2HEcT
b, WROBRACELTR, Sp XU Ko BR~0BRLMDOBRIOELERIL Sp=400 cal day-,
Ka=2.2x10?cm? sec™! %, 64 13 3 H16HA 5 4 H6 HE COHER BRI 0.:=5.0C 2AL
720

#2132 Fig. 5 WHMRTORLZEY TAB L LTRHEHERL ER LR B LTV 3L ETREZ5 T
5%o 16-T, BEEORMZ, BEXHREMOAT, BEHHCRFL EMNORT—ISIHLE
Th Do
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Vi & L3

19634F 3 AORE M, MBI NG 5 BINEOERS 2 KD D EY TR UTEHEAE IR CHH
KEFNBRI*ITAV, TOBEEXYAVT —RICThbh w2 @BrRgBRNOERES T, Bl
REAHOREBRYETETIARYE o, 19634E0D T AAFREDOROEM I AT 5 BBEROEAZE(LH
BEOEME, HLLHWAZDARE CREHBEINBEND, ZOAKOELESBDLND, Lk
L, KR TR, HMEEPHORE~ORI, BAOHE HEB/OTH, Ebiirhl OBRZHRELEEL
Tkh, COFRE L DB TEACRBMEECD » L B » THICHRA BIREOBM %778 5 &
BEhbbo

BODZEH, = OERFTCNS )M« DETL IS XN BHERBHc LEEmFEER, ERHEH
TEEAFREBEERE, AWK HRFRESBERR, FBFHNEEF BRI R BT 5.
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