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Fig. 4 Outline of the experimental procedure.
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Fig. 5 Changes in wet density of the snowpack
samples along with melting time.
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Table 1 Water balance before and after the centrifugation.
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Fig. 6 Changes in Cl™ concentration in the liquid
water in the snowpack samples along with
melting time.
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Fig. 7 Changes in Cl~ concentration in the solid
ice in the snowpack samples along with
melting time.

BEICHAT, O ClEE RS T <, K
MTHRELDBEOMEBKOPICZED Cl- D3
TEL TV T EATRE NIz,

I, EoFEET b EERG 6 R To
fic, EEPOEEAED Cl 2SEHER A~ EE S
NTHEML, Tk, FEo 7B Cl BN IE
BE—ETEMLBVRIERD L TVWEEEZS
Nic. EHERGT 6 R coficid, HEERES
A OEH O ClRE & BARE R o EfH o
ClEELICEWSED -7, L L, BEBIIAE 6
Kl & < Cl BENKT L, RUFFEALGH 6 R
PBETIR Cl BESEITVTH - E v i,
EEESHE & AARSEE S cHEB L T,

PibEo ki, FEMHEO ClEER, WFhoR
FEhe & a9 2 g A s AR A F - T
v, BIRMKHEAY I 2L —va VEFUVNTE
HI270icfHLEWbDEEZ SN,

3.5 EHOEEKEDRLELEMRD Cl™BE
DFELELDOBR

At oW Z R L L cxonib L, &8
R O EFH O Cl- B o bR 250 (3) 2 Huv
T, AR O EH O SR & O FH 2
(4)ZHOTHEH L.

CsO 7 Csn

Re,= T (3)
s0 sn
Ryp=TVst~ Wan,
W Wso (4)



328 il M & w2, fth

HOWHH Cl™ BE (mgL™Y), C. (ZRUEIEHE n
I OEEO Cl7BE (mgL™), Rw, EHD

HMEKRBORADR, W FEHOMHESKE
(mm), W, ZEMFRIIGE n R O EHH OFEZ K

&2 (mm) TH5.

BEHOEEKEDRDREEHO Cl BED
Wb E ORIG AR 8 IR, EHOBEHKED
R/DFRPE NS B IEEHEO CL EEORDR G
BHICKREL Y, BEHOBESKEDORDRIPK
LB BICHONTHEMD Cl B ORDRIZE
PPICREL B> TOI,

X 8 fricid, +H (2004) itk b, 200443 H
IHBLUEEL A S HICHATRIE AL E
DEOAEIRE AW CE LW ETF— v &, =
21 Doi (2004) Run 1, Doi (2004) Run 2 & L
T, b TORYT. IH (2004 T, T
Hp/Disw e IR IS A e A HUh g7, @R L
IR S - 1ohs, AL TE S iR,
Tt (2004) DFEREZFFL oD, pOEHORE
EKBEORDREEHO Cl BEORDERED
BERRAS & b BB & 75 > 7c.

FEtH OB /KEDRDHFEE v, [EMHO Cl B
DRLREZy EL, vE2x TER[LT BT & AR
Bl x=0DEZXy=0TH0, x DEIIHFL Ty
DIEMHFEBEINT 3 & 2% 2 TEFEBMER
ML, R/ h_FEE2HWCEREERIET 5 &,

c

S 1.0

i

G 08 =

Q

5

© 064 “ e Runi1

) m Run2

S 04 - A Run3

e o Doi(2004) Run 1
S 0.2 - & Doi(2004) Run 2
= y=1.62x%%

® 0.0

D . T ) )

0.00 0.05 0.10 0.15 0.20

Decline rate of water equivalent

K 8 [EfHOBE/KEDR/DREEHOIEYA 4 ~
TREE DR DHR & DRERR.

Fig. 8 Relationship between the decline rate of
water equivalent and the decline rate of
Cl™ concentration in the solid ice in the
snowpack samples.

FKT173%5%5 (2011)

y=1.62¢% (R?=0.420) & W HFEEMNE SN,
BontzERIck B E, £EAIE, BEHEOBEEK
BOOIAED S 10% b4 2 EEHO CL B
&, B TT% 0T s EREHSN S,
Johannessen and Henriksen (1978) (&, FEE&
ENOH S LBLURENT A v 4 — 5 OREFIER
DO N AEEKESEERILL THT L, &
FIKBITH LT, H&HID 30% DKED T K
I 52~61% O Cl WEFL TVl E&ER LT
%72, Balesetal (1989) (3, #EEESZEENIC b
L= —ZMINL 72 O 72 ERREE ERIC
L0, WP 20% OKEDFIEKPIZ T0~81%
DML =Y —AFVvBBEFELTVWIIEEZRL
fo. KR TIEIN S OFERE D & &0 EiERY
IRE NS, ORI & D REI RS
FNBTEHAEDEEL 72 2 &5, BViEfERO—[K
LTV BEEEZOLNS.

=y

4. #& iw

BEENTOMEME» SN DERE CL D RfE
Bl %, s T CRliE S B o SRR
Ao EE L CERE A SR A EL TO Y B
FREICX @I L, BonifficiEk-o%, [E
o Cl B ORDREZ, EHOEEKEDRD
KeERAL L. EHO Clm BEORDER y &[EH
HOBEKEORDR x & OBERIT y=1.62x"
LERIbE N, &R, BEHOBEEKESYIY
5 10% b4 2 EEHO Clm B, 8
1% /03 5 EnBHshi, ToXIERX
fbick b, HAES TOREMED SEENDEL
Cl DEMFBIR 2 EIKICEKBIT 2 LT, B
SN AE COBREY I 2L — b 5ETFI
WWHERICHA L TE 7V ofEiigbs 35 2 &0
Tx5bDEELN S,

& 7o, AWFFLCH W 7B S E0k o [EHH o
Clr BEOZ L, HEEHBOZzh & ZEEED
xR L, BHOERE Cl OEfEEZEIET 2
B, HEESHEEESHNoRB E LR
T2 EN—EOHPHTARETH 5 EEZ 5N,
HEE D5 ORI bEEHEE & RO ER T — 5
ZEonsAlgEE RS LT,

AT TR, BEHD» O OEFEA 4 v OFERIE
Havyial— b 23EF VDD DOHEHBEN



Tk 7355 (201D AR RS OHLH A 4 > B 329

EBr 7 — 5 OFBREBITONIS, BEH» O OKRE
A 4 v OBIREHBIZ O 2 7 = X L3RS
rRTiEE ., 5%, £FRICEICHT L TE
Kol D O BERIE 21T > TRIERE R oM HI A
EEEEGRT AL E b, BloA 4 IOV T
DOEFEORFIBBELEEbN S, £/, RIRKEA
HBIR ZAGYE O SN TOHIRIREBICK &
HEshD LEbN, BEEEHETORENED
X0 3y o FEEREO A LERZ EBbh
5., 5L, AR TRESWALELEZ VL 2
L=y a VEFVIBHL, FEHF -5 &g
52 ELICE - T OEYM AT 5 C &L LT
rEEbLNS.

X B

FREE S - WIS - WANEE - S8R B —8] - Fis
& -tk B /Mo - HAEA - BB,
2009: HZIEH ETRIC B O 2 B35 O L2k o Fi s
K OTRMES ORAELL (1991/92 4:~2002/03 4F). =
K, 71, 253-262.

Bales, R.C., Davis, R.E. and Stanley, D.A., 1989: Ion
elution through shallow homogeneous snow. Wa-
ter Resour. Res., 25, 1869-1877.

Bartelt, P. and Lehning, M., 2002: A physical SNOW-
PACK model for the Swiss avalanche warning
Part I: numerical model. Cold Regions Science and
Technology, 35, 123-145.

Bloschl, G. and Kirnbauer, R., 1991: Point snowmelt
models with different degrees of complexity-
internal processes. J. Hydrol., 129, 127-147.

Colbeck, S.C., 1972: Theory of water percolation in
snow. J. Glaciol., 11, 369-385.

Davies, T.D., Vincent, C.E. and Brimblecombe, P.,
1982: Preferential elution of strong acids from a
Norwegian ice cap. Nature, 300, 161-163, doi:
10.1038,/300161a0.

THEA, 2004 FEHHNTOEA AV IRERET KO FAE
BGOC B9 2 WH9L. IR REBE AR HE L5
X, 1-38.

TEEYFERIEERE S, 1972 @ik, I ERE
B BN, BEE, 150-1564.

Harrington, R. and Bales, R.C., 1998: Modeling ionic
solute transport in melting snow. Water Resour.
Res., 34, 1727-1736.

Hirashima, H., Yamaguchi, S., Sato, A. and Lehning,

M., 2010: Numerical modeling of liquid water mov-
ement through layered snow based on new meas-
urements of the water retention curve. Cold Re-
gions Science and Technology, 64, 94-103, doi:
10.1016/j.coldregions.2010.09.003.

AREHEE - LARBSE], 1993: RS W B 1 B kit i5 Y
B %2 SRR ICEGUREKOTRNER. BEARES
FMCEE, 166, 55-61.

R #ER - EABE] - HEYS - EARET, 1995 Hdk
5 B AR R 3 0 2 B ERE ) O k.
BT ARFSWME, 175, 4AT-56.

lida, T., Ueki, K., Tsukahara, H. and Kajihara, A,
2000: Point physical model of movement of ions
through natural snow cover. J. Hydrol,, 235, 170—
182.

Johannessen, M. and Henriksen, A., 1978: Chemistry
of snow meltwater: changes in concentration dur-
ing melting. Water Resour. Res., 14, 615-619.

Kuhn, M., 2001: The nutrient cycle through snow
and ice, a review. Aquatic Sciences, 63, 150-167.

Leivestad, H. and Muniz, I.P., 1976: Fish kill at low
pH in a Norwegian river. Nature, 259, 391-392.

Lilbaek, G. and Pomeroy, J.W., 2007: Modelling en-
hanced infiltration of snowmelt ions into frozen
soil. Hydrol. Processes, 21, 2641-2649, doi: 10.1002/
hyp.6788.

Marsh, P. and Pomeroy, W., 1999: Spatial and tempo-
ral variations in snowmelt runoff chemistry, Nor-
thwest Territories, Canada. Water Resour. Res., 35,
1559-1567.

Molotch, N.P., Meixner, T. and Williams, M.W., 2008:
Estimating stream chemistry during the snow-
melt pulse using a spatially distributed, coupled
snowmelt and hydrochemical modeling approach.
Water Resour. Res., 44, W11429, doi: 10.1029,/2007
WRO006587.

Suzuki, K. 2003: Chemistry of stream water in a
snowy temperate catchment. Hydrol. Processes,
17, 2795-2810, doi: 10.1002/hyp.1434.

Suzuki, K. and Shirohada, M., 2006: Seasonal and
temporal changes in the fluxes of major inorganic
ions via wet and dry depositions, observed in Mat-
sumoto, central Japan. Geochemical Journal, 40,
609-623.

Yamaguchi, S., Katsushima, T., Sato, A. and Kuma-
kura, T., 2010: Water retention curve of snow with
different grain sizes. Cold Regions Science and
Technology, 64, 87-93, doi: 10.1016/j.coldregions.
2010.05.008.



330 i H & w2, it FK73%&5 5 (2011)

Formulation of changes in chloride concentration of solid ice in snowpack
during partial melting

Toshiaki Ipa”*, Shusaku Isun® and Akihiko KAJIHARAY

1) Graduate School of Agricultural and Life Sciences, The University of Tokyo
1-1-1 Yayoi, Bunkyo, Tokyo 113-8657
*corresponding author
2) Minamiboso city office
28 Tomiurachoaoki, Minamiboso, Chiba 299-2492
3) Faculty of Agriculture, Yamagata University
1-23 Wakaba-machi, Tsuruoka, Yamagata 997-8555

Abstract: It has been observed that meltwater with extremely high ion concentration flows out
during the early melting period due to ion movement from solid ice to liquid water in snowpack
during the partial thaw-freeze cycle. For the sake of modeling of this phenomenon, this study
attempted to formulate the non-dimensional decline rate of the chloride concentration in the solid ice
during melting as a function of the decline rate of the water equivalent of the solid ice. Samples of
natural snow and artificial snow melted under controlled condition for specific time were centri-
fuged to analyze liquid water and remained snowpack for the dissolved chloride concentration. The
chloride concentration in solids continuously decreased with melting time in all the experimental
cases and most of the chloride ion eluted from solid ice to liquid water in the first six hours of the
melting process. On the other hand, the changes in the chloride concentration in the liquid water did
not show any notable tendency. The relationship between the decline rate of the water equivalent
of the solid ice and the decline rate of the chloride concentration in the solid ice was revealed to show
that the latter greatly enhanced even in the case which the former was relatively small. Based on the
obtained data, the decline rate of the chloride concentration in the solid ice during melting could be
expressed in a simple function of the decline rate of the water equivalent of the solid ice.
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