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Effect of Snowpack Properties on Meltwater Infiltration Through Snow
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To clarify the effect of snowpack properties on meltwater infiltration through snow,
comparative observations using large-sized snow lysimeters were made at two separate sites
in Hokkaido, Japan. The snowpack properties are grain shape and size, density, porosity,
liquid water content, hardness, homogeneity and stratification. One site is Moshiri, where
the maximum snow water equivalent {(max SWE) is 700 to 800mm and the dominant snow
type is compacted snow. The other site is Furano, where max SWE is 300 to 400mm and
depth hoar is predominant in the snowpack. The observed average infiltration rates were
42cm/h in Moshiri and 22cm/h in Furano. During the whole springmelt period, total
amounts of outflow from the snowpack were almost equal to those of surface snowmelt in
both sites, although Moshiri’s amount is nearly two times larger than Furano. The charac-
teristics of infiltration through the Furano type snowpack are summarized; 1) outflow rate
are greater than or less than surface melt on a diurnal cycle, 2) snowpack porosity is slightly
larger (<1094 larger) and remarkably soft. However, the slow infiltration rate at Furano
cannot be explained sufficiently by these characteristics. Preferential pathways in the
Moshiri type snowpack are discussed as a possible explanation for the difference infiltration
rates.
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Location map of the Furano and the Moshiri

study sites. Thick solid line shows the boundary
between each snowpack area.
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Table 1. Characteristics of study sites.

Site name Furano? Moshiri? Québec?
Elevation (m) 400 250 300
Air temperature (deg-C)

Annual 5.2 4.1 0.2

July 18.6 17.7 18.2

January —12.5 —10.3 —12.5
Annual precipitation (mm) 885 1542 1300
Snow depth (cm) 96 166 99
Snow water equivalent (mm) 343 751 404
Predominant depth hoar  compacted depth hoar
snow property snow

data source: In 1) and 2), air temperature and precipitation are the mean value from
1979 to 1990 at the nearest AMeDAS station. These values in 3) are
reported by Papineau (1987). Snow depth and its water equivalent are
measured values just prior to snowmelt period in each site and year.
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Fig. 2. Snow depth variations from November 1993 to
May 1994.



BEKNDBENEEIZ RIZTTSEOMNE 57

*+
T 3] B: Moshiri
‘7
7 %
55
1504 |”* e
e [+ ] ;g
— . s mon
5
- o]
Ao
0 . liis
100+ A: Furano £ 100- b oo
| [ M =
- 5 - .o =
< e § R A
g , oo < | .o oo
= x jm 3 .e .o i I
< & - .o -
- oo oe LX) =} . °
_@' 504 | i 504 9 oe ! i
== 1 VT bz
g AN Ao i m oo
] 1 - 1 ve ioo V2774 i [r—
ni AA [Ee] s oo o0
0 e . =
| Ao o] — oo =5
od 1A = 2 o & = L4 [
16Feb.  3Apr.  12Apr. 19 Apr. 1B8Feb. 8Ap. 14Apr. 26 Apr.

Fig. 3. Snow property and stratification in midwinter, beginning of snowmelt,
early-, and late-snowmelt period. Each symbol follows the international classi-
fication for snow cover (JSSI, 1998), where, +: new snow, /: lightly compact-
ed snow, @: compacted snow, O: granular snow, A: depth hoar, []: solid-type
depth hoar, —: ice layer, respectively.
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Table 2. Depth averaged snowpack properties in Furano and Moshiri as compared
with in Québec.

Snowmelt period

Site and properties Midwinter —
beginning- early- late-
Furano:
Date 16-Feb-94 3~-Apr-94 12-Apr-94  19-Apr-94
Depth (cm) 94 87 64 29
Water equivalent (mm) 285 345 278 138
Wet density (kg/m?) 310 400 - 430 480
Ram hardness (kg) 8 9 5 2
Water content (%) - 6 9 11
Porosity (%) 66 59 57 53
Volumetric water content - 2 4 5
Moshiri:
Date 18-Feb-94 8~-Apr-94 13-Apr-94  26-Apr-94
Depth (cm) 182 166 148 92
Water equivalent (mm) 613 751 700 465
Wet density (kg/m?) 340 460 470 510
Ram hardness (kg) 37 58 36 26
Water content (%) - - 6 8
Porosity (%) 63 50 © 52 49
Volumetric water content - - 3 4
Québec:
Date 24~Feb-91 27-Apr-91 5-May-91
Depth (cm) 99 83 50
Water equivalent (mm) 404 338 203
Wet density (kg/m?) 410 410 410
Ram hardness (kg) - - -
Water content (%) 11 7 9
Porosity (%) 60 59 59
Volumetric water content 5 3 4
Water content (%)  Density (kg/m°) Porosity (%) Hardness (kg)
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Fig. 4. Comparisons of water content, snow density, porosity and snow hardness
between Furano and Moshiri in the active snowmelt period. Solid and dotted
lines show the data in Furano and Moshiri, respectively. In the density
profiles, thick and thin lines show the wet and dry density, respectively.
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Fig. 5. Photographs of aniline thin section of snow grains in midwinter and in
early-snowmelt period. F-1 and M-1: midwinter in Furano and Moshiri, F-2 and
M-2: early-snowmelt period in Furano and Moshiri, respectively.
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Fig. 6. Variations in meteorological elements during the early- and the
late-snowmelt period.
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Fig.7. Energy fluxes over the melting snow surface in Furano
and Moshiri. Rn: net radiation, H: sensible heat flux, IE:
latent heat flux, M: energy available for snowmelt
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Table 3. Infiltration rates and those averages in Furano, Moshiri and
Québec under the typical fine weather condition.

Infiltration rate (cm/h)

Site Date

Ve Vso

Frano: 4-Apr-94 13.8 13.8
5-Apr-94 32.0 21.9
6-Apr-94 18.3 14.4
14-Apr-94 18.3 14.4
15-Apr-94 28.0 18.7
16-Apr-94 22.0 16.5
Average 21.6 16.1
Moshiri:  14-Apr-94 35.0 25.5
15-Apr-94 68.0 44.2
16-Apr-94 64.5 55.4
18-Apr-94 28.8 19.7
19-Apr-94 39.0 21.3
20-Apr-94 57.0 22.4
21-Apr-94 36.3 22.6
22-Apr-94 51.5 25.8
25-Apr-94 30.3 15.6
26-Apr-94 44.0 27.1
27-Apr~94 40.0 28.3
28-Apr-94 15.2 16.3
29-Apr-94 36.0 14.6
30-Apr-94 11.3 9.1
1-May-94 69.0 17.6
2-May-94 66.0 24.0
3-May-94 61.0 22.2
7-May-94 14.3 16.7
8-May-94 34.0 20.4
Average 42.2 23.6
Québec:  24-Apr-91 18.4 13.2
25-Apr-91 19.4 17.6
26-Apr-91 21.2 17.3
27-Apr-91 15.9 15.9
28-Apr-91 15.2 14.7
29-Apr-91 19.0 19.0
30-Apr-91 16.4 11.2
Average 17.9 15.6

63
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HED 5 ELOENDORITKOFTEE L LT 2~5X10%cm/s #4372, ZHUFFME (1965) »*
KO EERTOBRMEIIZITEETH ), FHRTHRONTREREL LRI LEETH 5.
KBETLEERTOVWTFIRE TR L, BERFLEBTRIIBT 2REEENE T2
~3fEC D RELIT T, F, BKREBIZLIZEA RN LW, LT, HTFEED

BWTRERENER\ELZEEEZH, &b, AR TRRBL T 5RERE & HIECHE
BrUELKROWTHRE L TlE, ROFFRLBLNDDRELFENILL, F2, KHFRD
BERENH WL D) R cELEA LI NG,

BERFIBTRECBT2TENECE L TREEENDDRIERETH L. BENTOEKEIC
DV d Shimizu (1970) AWROBHRR 2B T 5.

ks=0.077d%exp(—7.804/ ow) (3)

ZZT, ks BREKEH, d SROFIRE, 0o SROLEEE, ov! KOBEETHDL. (3)
Ric kg, MERNTOBKERREIKRE(BEBEI NS VIIERE( L E. ERELBT
BE UG, FHRRRIZITEL VDT, BEBEINZWERFOHDEKEIKE <,
BEHELRE(LDETTHS., Lo, BRI E-TE), QOXNTRER
BTOBEREI/NI S b BEPHTE LV, —F, Colbeck (1978) iZBEKRNDEENEE %
Darcy R R TR L NI ERE) & A% L, ENHERLZIZEBL 2. ZoFE2HIC L,
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BT AKDOBEEERZ RN L HICEEN S,

Z)=3(pwgﬂw_l)1/3ks”3¢_1612/3 )

ZZT vl 7Ty I ADERERE (BERE), g BIIINEE, we KOMERE, ¢ EE

DEMERE, g 77w 7 A (BER) THEH., @WRIT UL, BEREIZER BRI ELE
T20T, ERBTCHONELBEEE*HHTCELITHS, UL, Fig Ll TiRLA2E 9IS,

BEFRELBREREEOMICIIHEBLZERIEZ, WRX0BEAZDLDICEH=SH B, —iic, &
ENTOMEKNEEEZHEY DL VA EORIETEETE), Z00OICEBRRKTNL ) %
EZHEHIRBENATNE, WREPEL 2DHICIE, TERNTOBBHERLLRAL & 5 % CREHN
Darcy B2 BH I N T 555, T L HICHENWTRARE TCHORE TH 512 2o b o T AR
Darcy Bl #ET 3 Z LI IEH »H 5. HH (1965) ZEBHET #BEHRIICERL, RTEE
DEHEE L TR &R,

U= pwg0H(31tw) ™! (5)

ZZT, u EFERTEEDFE, & KENES TH L, 6 DEIETR & HRTHa/hE L,
—~EHEEALEDLTHELIDL, udb TLBRRPEBORE LI LT —EBmEL), REERD
HEPBRFEENDI/NMNI LGV, ZDEHITEZ L, FIEHTHEXZL)IZ, BRETHRE
HEAMERSSHE LML T VO LITIIF U EEIC LD & L RESTE B,

3. kKarbEBL TOERRT

ZITE, S CoERL LM, BTRCBITAERERAEIERE L HNTKRE (L 5HH
IZOWTERET L, BENTOREEREXZONTEL LR, ERFTLONTE & Tkl LEEHE
ErfBgondiddTthsd, Lirl, EBCRBTETCHOBREAERIERFICHNTHL2IIAE
Trot, ZOHMBELT, KALZBLTCOERKETH»EZ 515, Nomura (1994) (3R FHEiz
BT 5 1989~1992 F-o» 4 MOBMBEHIC OV T, KR LE L AT T A > A= 2 HWTHEEER
RibZEBAL, MEELEEAREEOBMREHL ML, 2L T LT LLBEE T LW,
WREAWTRER L BREEENMFEEH L2, BTE TR, BEEREWICIIRRIC L 23S
BRI TERT L, FITRET2HTFLNL2EEKDERLIRE B, Ehic k> TKED
WY &, IEKROFAEDL LM T R2KDOTHANDEENWE D5, Z0FHEIZW)RNTE
ENBEVICERICL > TKEDPM L 22AZITLETL D O ELS 23, D ERVKEEPBEEIN
Y, TNLBRIRKLLZERE L-REVES L LY, EKABLEEDEKED2Y T AT
AT e B, REFETIAIE, BEREIC L » TIEFICI(CREL KA LIHERINEZ L
PE(, CORNFERTENDKRELEBNTH S, KEIMMED 220, ZNEFNDEDFEEN LK
IR ZFFOPIIEERIRH D 5 W FHNC & - TRERICRL Y, Z2071HIcBFRICEBT 3REHR
BRELDEPRES L >Tv 3 (Fig. 11)., KALN T EKESGCRAMEIAREZ( L LD
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