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Spatial Variation and Watershed Average of Snowpack Bottom Melting Rate
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In regions covered with a thick layer of snow, snow melting occurs at the snow-ground
interface during the winter, a process we call snowpack bottom melting (SBM). To examine the
spatial variation of the SBM rate and to estimate its watershed average value, field observations
were made in a nival mountainous watershed in northern Hokkaido, Japan. Three different
methods were adopted to determine the SBM rate, namely, heat flow calculation, snow lysimeter,
and snow pit-wall observation methods, and we found the heat flow calculation method to be the
most reliable among the three methods. SBM rates were measured using the heat flow calculation
method at 7 sites in the watershed, where each site was selected by considering the slope or
flatness, whether it was south- or north-facing, the vegetation, and the elevation. The SBM rate
on the south-facing slope was larger than that on north-facing slope, and it was smallest in the
forested site. Spatial differences in the SBR rate did not depend on the snowpack condition, but
on the ground condition, especially on the gradient of soil temperature near the ground surface.
Winter streamflow recession analysis taking into account a steady SBM input showed that 20 %
to 30 % of SBM was supplied to the groundwater reservoir and contributed to winter streamflow.
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E) ITLo THERF ST 3D (BI1ED, 1962).

FEEHHE TIX, W% 50 ~60cm UL EOEERH 5 &, EIRICEATLEESNEEM & LT X,
ADEZIPHETE TEDLLRV., ZHErY T, TFPLOEWERIZL > T, 8EiFdn
RIRD GHEERE CTIXEICAMENEL, ZOOBEERRITI0CICHRZNTNS, FEEEHE T
AR L 7oK R S 5 W IidHiR 2 TR~ LT 5. Ledio T, AHIOW)IREOHER:
EHODIIEERERMME 2 HMEICTM T2 EREETHDL. L, TOHEMERD
e EFNIT E DO Th R, /NG (1982) 1ZALHEE LSO RET- BT R W TS K i gl g & o
ZEVNRIR L ESRICEKFE T2 G Uiz, BE0s (1962) 1ZAbHEE ) 1T BT 1 o> 25 JES T i
fRfe % 100 km® 4729 2m’s™ L RAED Y, WIBKEDE 2 BEREIED S 2 DZ YL R L T2,
Motoyama et al. (1986) (FR:FEICIVTAHIRIE DK 1/2 PEFEEMARIC X > TEHES
NTNDEHMEL TWD, Hidt (1986) TXIEPNIAFEFH ORI D&M i K18 KR O i & i L,
FES M) O i BN AR S HI N R TE L S RE L, MHF OZITHES R MAOA B2 X
L Lim Uiz, LaL, WIREDARS & 722 % FRR O LR B PIT 36 v TR S B T i & 2 e
BRILIZY, ZOEPNCE2ENEZER L LFEIEE DD TH R0,

AWFFETIE, 25 ILHIRIERNIC I 1 2 85 S TSR AR 2 EEIEL, BTl L oiE
WEHLPICT S L EbiC, TOHERIZOWTmES. £, EEZ AW TRETEEORS K
AR 2 RS 0, AHOWINREICED 2EE&E2H 62T 5.

m. A i

1. BAKOBE

WAL RE AL O R E AR ANET REF- B (iR 44° 227, BORE 142°167) odbifgiE KAEdL G £
WE 7 ¢+ — REEE v 7 — R
WFFERNIC & B F 7)1 K R R BE
J O TIT -7 (Fig. 1). ¥
9% 18 AR VLAY 1.2 km”, B 1 285
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Fig. 1. Location map of the study sites. The thick broken line
EIET S, £17, RO KER X shows the watershed boundary.
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BEImEBEOF LTI A FYPEAL TS, ZOWED SR EICK 13 km BEiL7
AMeDAS REINHLAIZ B 1 D FEFIGTIR, FRKE, REFESOFHME (1981~2010 4) 3%
AEN45C, 1647 mm, 236cm TH Y, XMOLELBLRK[EPHTH S, LMo HREES
RIL -35~-40CICET LI L bH DN, EEOWBRRIC L o TEEITHE T2 2 20537 <,
S L ORI 0 C IRz TnD, AHZE L TB X% 100 mm OFETIRmREESE LT,
RHR B OBEIFIC 72 > TWD (Motoyama et al., 1986). FER/KED 1/3 1XESFICX > T
beb I, MEMMIIMR L AP 5 ARRETO6 » HEL Rk S (Ishii ef al, 2004). 3
AT % & —Rry7e KR LRI E > TO TP REMEPES Kb H 2505, A2 ET4 A1
AL THhBIEE D, FHINOER (EE 285m) [CRITHIES BIZFIES AFETH .

2. BAAE

BN 2001 4 11 A2~ 2002 4= 3 A AT T2 o 7o, IR & A UERICSH 2 bifEE
RZRERZH TSN E O[S BNEYS Fig 1 © KH#R) TE—BLI8ESE (JIRRE,
JEFEGE, BUR 4R, BURIGCR, BRBESE, EER) a2, £k, oS
EXIGIRIEOLTE (Fig. 1 © P #17) THEAREAE»OESERmMMAERZ IEb 5 720ic, H
BES5emEE 30emET, BREZMENLS I0ecm LR 70cm OF S THEGRE L. S 5icxt
SIRENICE T 5 S Efm R ORFTRZRENWEZH 5D, Fig1®B, C, D, E, F, G,
H O 7HRT5om BEHER & K25 10cm OFIR ZHGHR L7z, K, PREFTD 4 91K
DEGFTORHE % Table 112”7, TNENOHFTIIAER DFEW, I H) LEH TS 7oAk 23,
AR AR A, RERSEILELLOME N EEEL THREL . MR & TR OBEHEE 21X
P—IRF —REFH L F—Zu i — (KONA ¥ 27 28) ZHAvwi., BurEitEnr o EEG
Rl 23R 5 JilE e & 2 CIIBRE A L LMY, KETTEM 2B 2.

KHiSEE PHUSOFHMTIE, EOMIC36m X36mDOKRBEEI AV A—FE2RELTE
&, COLCERESZHBE S AR OBS EmMFE 2 EENELZ. 22 TEIA
A—HE LIRS, R KEIXL D
7 > b 500 mL O fEIH R
(M EFHRR) L L2 FH = B —

Table 1. Site characteristics of all observation sites.

(KONA & 25 M) % Tl site Elevation (m)  Vegetation Site specifications
B 440 Sasa bamboo Flat

BB L 7e. C 340 Sasa bamboo South-facing slope

K, P, C, D, HO & A TiX D 330 Sasa bamboo  Flat and riparian zone

Az 1 B0 FEE CHEEWmHE N % E 340 Sasa bamboo North-facing slope

FitroTe. 7 OBICIHEE, = — F 320 Sasa bamboo South-facing slope
G 320 Sasa bamboo North-facing slope

NT =7 TSI AR E ST T H 320 Todo fir forest Flat

EREHMMAEEZ RO, 22T K 235 grass field Flat

Wi BLHNE L RS, ZOFETIE P 545 grass field Flat




62 VEPi A= SN i}

1 [ H oWrm SR Ic 2 EEESKE (Q) ZHIEL, MERAICHY LRI =—LT—T%
I ARBNTE L., ROBEBNFEC, BEFICHEE > TWDHRATRIOT—T &2 /D20, T07—7
POMKRE TOEEKE (Q) ZHETD. Q L Q DEMND 2 BIOWHE B O MR 7 FE
ERFEMFEEI RO DD, Eiz, WiaBRIEICIX Sem 5O FR-SCHE G IRE ORES, HFE
HPHE cm DFES £ TOHIEKSE (Delta-T Devices #:5, TYPE ML-2) ZHIEL 7. 51T,
K HBEOFEMEELZRD B 720I1Z, K, P, B, C, HOFZHL T 100 cc 1= 7> 7L 28
L, b= (KRR DIK-1130) % AW CHEMEHREE AR 721%, 85°C T 24 K
MR S CTEMER AR D, o, Bm@iEIc X 2 BSRmafFEEE, KD o7 K
M b PHLSIZ O TOARRD .

TR O W HS TIXAERE (I8 2m) LEMA=MAEL BB ICRE L LEKECL-T
I 2 0 B R < ELfT A L Tz

3. RREMENCHEEEMBEERDDITE
MEEmEAMRICEDN D EBE (Q) FHT 250 E (Q) LHEEFITRDIL T B
& Q) DETRIND. Qp Qs FTNZNKRTRDLND.

Q= K¢ Z;Z (D
Qs — Ky ZZTZ (2)
Qy = Q¢ — @5 (3)

ZIT, Ky & Kgi3zhZnih EEFEhoBRER, Z, L Zo 3R (T,) &FiR (Ty) %
WEL i@ 2R T, e OBmEIHRICHRmEES0C THL Z L 2R L THY, S5cm
GRHIIR & IR IR O AR 5 (1) X&, HERmRE L ZZ06m S 10cm OFR & OAR?: L
(2) XZFHEL.

—MIT, Ko iZHBEOREEKE (0) DREVIEERELARY, 00 3FRICEFTS LN
SHELH D (GEEE, 1994). T, MBADK, P, HO 3 TEYRERE (Decagon De-
vices tE8 KD2) &l D 8K G F2HWT K, & 0 OBk ZRYD (Fig. 2), BB KX DR
L& LTHRD 1 AR ELN, (1) KoFHEICH W,

K,=015+04 0 (4)

L2L, K, P, C, D, HO 5 #iATH 1 [BIOWEBRIFHICHIE L 72 0 1% 40~50% DFEFHPNIC H
D, A RIC R Z B TR0 o T2, Liehdo T K IR b TR HIZIE—E O (K
0.33 Wm 'K") & 725 7o, — A2 kIR 1T 1T 5 0 2350%8F D K i & LT, HEFIE2>(1997)
205 Wm'K', JUE (1980) 1X04Wm'K' #%FTRY, ZNLICHATROS/NENHODIE
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ERYfEEE2 L 9. 0.6

— %, K lTOoOWTIRBEE
B (p) IKKFT5E L THEAZR —
ERADEE SN TND (HTH, X
198). LnL, MUGEOME g
THLHEEZIT LT Ks BEAED g
<

Ris., ZOFEREE LT, HE 0.2 oKL
FEEORIELISMC, BEonE % AP
BT TERL, BEEOMEIRE OH
EEEL TN EREZ LR 0 :
5. KW 3BENRFL THHEEM 04 05 0.6 0.7 0.8
MROBNC K-> THRRD Z LRH

HFEINTWD (ILUHEIE , 1974). 0
JbEEO X 9 2 E=EEH T, Fig. 2. Relationship between volumetric water content and soil
KA, HEND - L E ) E A thermal conductivity.

TLEVE~LELT DEREERE

M—RTHY, AL FETH D 2 & 2BmBRIECHE L. £ T, KBTI,
[FER DFEH MBI 2 & 5 ALvE LB 0 ALl Ko RIEWFIeA, ALIRATIAR o bk, dbifgE
REORFWEFICRBIT 2B E AT K L BEOBRERD FR - B (1975)
DREFR,

logwKs=—11+22x107p (5)

ERAWz. 725, (5) ROBIRHFIE p = 80~500 kgm ™ IZIRHND DT, p > 500 kgm™® DHFE
Ky =1%5x7T.

II. HFREEF

1. BB53FEATRO-EEETMBEEDLER
K, PR TIEBWRERIFELE, 740 A — 28k, Bm8liiEs Vo B3 3 FEICL > TR
T AR 2RO e,
(1) PuftEstElE

Fig. 312 285 m D K MU IC R 1T 5 12 A5 3 A £ TORIRE & FEEEE, 30 cm FEHIE &
5cm EHIE, BIUHELSES 10ecm & 70cm OFROKEH B A2 RT. HIRIX 12 A0S
3 AT THRERIEMICEAD T 5, 30ecmFEE 5 em EOIREZEIL 12 AI12iZ 1.8 °C TH o 727hs,
SHICIZ1I0CIZETHEE 72, — 7, 10em FIRIL 12 A5 3 BT THRAIZHEML T,
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Fig. 3. Time variations in snow depth and air, snow, and soil temperatures at site K.

ZhuE, EEOWPRIRICE Y KIEMES THHRETAME S 2 e L, HE»6IETHEIC
B ESNTVWD Z Ltk s, MEIFA (1991) 13AbiEERA ST T, B 50 cm ML
b B EMEEPHEFEE T, HE
JEHRREIE & TWD L& L

20 :
TW5., £7, 70 cm FIREITHE NE melting
= 15 - - - - soil B
FENT0em UTOHZERL & < . snow
S 10 Ko
XY, 70cm % # % 100 cm g \\
BEC 72 % £ TRIRD R L7 < E ) v/w\/\;\@i .............
FFTVE. Zhd ORI .
Lk LN TP R E (Qn) Z
. 3
EREEREERE (Q), BID £
= L2 P~
NG DETH B HRR © \—\
(o))
B (Q) LEME M) o £
[0
B2 % Fig 4 27T, K, =0 ‘ ‘ ‘
12/1 12/21 1/10 1/30 2/19

DHHEFPIZE-ETH LD
Q. 1% 5 cm VEHLIE & [ &L 12 12 Fig. 4. Time variations in melting, soil, and snow heat flows at
G . R

site K.
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AT 5. 2K L TR IE, FEEHREOHME L b Ky MEMT 5 o i HIiEiE—
EOEZED., LehioT, Qb MIT12 HItkbREL, ZO®RIL3I A ETHRAITHD L
Tn<,

& 545 m @ P #5128\ T

b K #R & F OB 217 72
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W, Bunim st Rk X o THS (\"E . mélting
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EERARERDE. Qn Qo ol
G 10 f
g 5
AL PHURIEEI PR LD : koo
St e e S

FERREBICALE 32 7eth, K HK

WCHA_EEGHE? 12 AL 30 em
FE, 2A253 A121Z60cm
BEZW. £, GimHEIOR
BrZFlanich it A H ok

N

w
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Melting rate (mm d'1)
N

‘Vf./\f-w-/\'—'—-\\m\—

AR IE -15 ~ -20C R E & 0

TLOTRLRY, ZOdE 121 12/21 110 1/30 2/19

EIREFEOERIT~ A F AT Fig. 5. Time variations in melting, soil, and snow heat flows at
site P.

XH 500 Clair<, FRAR

BIEFIT/NEW, LERosT,

Qs bZENIHEL T”haL< s, LL, TR EIZQ, DES K HRICERFL </hEL< 2o
Jz. Fig. 4 L Fig 55, KHS L PHUSICR T 2 ESEmAlMEE 2 i+ 2 &, BMERDR
W12 A FIEEHE OZERRKENDS, 1 HAUFEIZIZEAEEL L RoTN5D,
(2) FAVA—FE

K #1502 815 2 KEFEE 7 1 & A — % THEEHE L -ES KRG oR H 2L % Fig. 6 12
Y. BT 1995/96 4, 1998/99 4F, 2000/01 4EAHI DB £ b i TR LTZ. XDHD
W25 EVWEREID S DD,

TA YA —H THRIESNDES

4
PSRRI VXAE 1T X 58S © — o596
e e E3t — 98/99 [
INE L, BEERIU X5 B8l E . - 00001
WMEND, 22T, Thbik % 2 \ —01/02
915 O T2 B R A i PR —
R T T JES T AL & L L <0 ‘ T -
7z (Fig. 7). 12 A ¥ @& v 3 121 12/21 1/10 1/30 2/19
KEL72BDIL, FEEEIINE Fig. 6. Snowpack bottom melting rate during three winters ob-

served by snow lysimeter.
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& 7 — 7 BB DL E DAL D
5 3K 7o 5 5 JE i Al B A B
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JHIERIT DT —7 CC ORERD
Table 227”9, Wik @L<
X, 7—70Lkict+5E 0
LAENCAR EIC L > TT—7
DEE, ELVMIEEZRS 20
BT H D, Fig. 8 3 H 25
HORERITIEZ 5 LicidEng
T LHIETL, AT D RS
L 7z. Table 2 2>5 i Wrim M)
TR ¥ T FE 25 K i ol e o U
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RBEMBPEDHND. £,

L2AMPSG2HETO3 » HH
RETRD EMEITL<—H,L
TWa., LaL, 7—7fED
AL KRSV, WrmmBliEiE
TRDIAETH K ETHLEM
EEZDDBEETHASI.

VAP S AR I ]
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N W b

=
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o
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Fig. 7. Comparison of snowpack bottom melting rate between the
snow lysimeter method and heat flow calculation method.

BB 163 p——
L5 164 T —
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T 'f_ e o . 1505
= 1285
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= 108 ] T 5]
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3 AA o o | uTB
2 |- ek
a
= -
wi L] L]
40 [ ] -
o AA ] L [ ]
/e e o], aa
i o —
oz03| |z _A‘E e
o (5] ] o o ]
Dec. & Jan. 12 Feb. 22 Mar. 25

Fig. 8. Results of monthly snow pit-wall observation at site K.
Each symbol follows the international classification for snow
cover (JSSI, 1998), where+ :new snow,  : lightly compact-
ed snow, @: compacted snow, O: granular snow. Thick solid
lines quoted by AA or BB show the monthly position of each
marking tape.

Table 2. Comparison of snowpack bottom melting rate obtained
by the snow pit-wall observation method and by the heat flow
calculation method.

Snow pit-wall Heat flow

Duration obs. method calc. method Remarks
(mm) (mm)
Dec. 6-Feb. 22 60 52 Tape AA at site K
Jan. 12-Feb. 22 28 22 Tape BB at site K
Jan. 19-Feb. 22 16 11 Tape CC at site P
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PbEXY, BUREEHELE, A A -5k, BEsliikE Vo £ied 3 FETROLNHE
JET iR 2 P U i R, BURERI A ZEMN T2 2 LItk > T, X0MO0 6D Y £ TR
LREP D LWEBEOND Z L Bbhro Tz,

. RBRICEIT5EEEERMEE O LE

VIRANOMEEIREIZZEDLOTEZHETH Y, K, PHIS DO X O 2 O\ TR D 1
EEHMAEEEY Z O ETFHBANICGER T2 ICTERRD . 22T, fEOME, HEON,
EEDEWIERLTB~HO7THEZRT, SHRICRT 2SR 2 Bl &5 F ik
Lo TRDTZ, ENOLDOEP» LRBEOFNIC L DE NS, €I LITEVDE Qe & Qs DL
HHICE S THELTNE N EER
T5.

R 250 AN — K
PN -
K, PHiE %874 9 HAIC 2 200 NN \ ™ —>
i B EROLE(E Fig 9 1R = va, * ° e
BT HFEE 1k % Fig. 2N £ 150 | 20 J\/\J‘i;) R
T WTE® P Il & T £ 100 :MJ +D
A E
AT 60em 1EEHENS<, ¥ §50§ o o F
KowgmEEHNOHEAT ¢ i~
TP D THS, b 2 121 12/21 110 130 219
RUAMMTIZIERCEEOREEGE T Fig. 9. Time variations in snow depth in each observation site.

b5, 2T, WEBEIEZTT R
TWARWE, F, G® 3HiHic>
WTIHER ML OEEHES LB EPMHREFT LB X, KHMEERU K, Ks%25%T

HmEEFE L.

Fig. 1012 C, E, F, G, H#tR OSBRI AR E O A Z b 2. CHR & E# R ISR
340m OFEM & LAbm ERlmm, FHS & G HUSITAER 320m oA E LAbrm & flEicd v, Bk
DRV YHTH D, FEE340m BT 2 ERmO/MERE (O 1%, dkmEfm B)
NTI2 A 2FFEEREVR, Z0%, BFEOHD L LS ICHBRH TOEL/NSL2Y, 3
RICXZER URREIC 2 5. &
7o, FEE 320m TILFE M X A
(F) @R b & #imm (G
XV 1s5~2fFzE k&<, HEfM
L LB ICRFR I T b 00
MRHE 31T 5 iR E D2 1T 8D
%721/\ 0% 5 fﬁﬁ:ﬂ:f#ﬁ@l:}% 0‘12/1 12/21 1/10 1/30 2/19
TOMBREORICEVPEL DR Fig. 10. Time variations in snowpack bottom melting rate at sites C,
KUEHH & T2 nWas, F, Gt E, F, G, and H, respectively.
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MTHEQ L QDPELLLDC, EMA LIV KENWZILERERD I DEEXLND., —F, [k
BB b R~ Y MNICH 2 HHA TIL, HNO K, 12027 Wm'K' Th v, #io K, (1
0.33Wm'K") ICHA_RTAIW, 2ok, EEIEIHIDC, E, F, GHUSICHAREL </ME

{Ipotz.

Fig. 11 1ZH2& 440 m O 22 B #5 &, 22E 330 m TRl 55 00 SEAR 70 -4l D Hi
OFEE R EEE O A b2 R 3. BUEEOESRFIE 2D 52D, UM bR
E MY, S HIE D, DRI, 2 EOSLMERI A TRHFATHILERH S, B HLE
D AR I 6 His ot Tt
bR ERMEITHA 5 T2h, FiH A

FHHIEE, DO2MAICELR, ~ |
) B _ _g 3 \‘\f_\
IR TR ERR T £ /Vv T ——

. P AT —B
ZLRTEAR, Ei, EEEE 82 [T / vﬁ\ —1 o
PEIC K& <H< L2 Bh DS §1 \
WL, ORI TIEEAUEE A 0

1211 12/21 110 1/30 2/19

TREWERV., I, EE
340m » C, EHi & & E 320m
DF, GHifE THEROEW
DEREDKREVDOICH L, EE
285m D K HiS L AEE 545m @ P #iS L T, 12 ARBEESOFBRE NSO 1 H UK
BECRD. ZOX51CE2D L, SRIOPEFBRL D2 TIRIHES KRR E OESRFET
D PICIETE RV TSNS,

Fig. 11. Time variations in snowpack bottom melting rate at sites
B and D, respectively.

3. EEEEMEEDEMIZLEEVNELSHIER

WD C, E, F, G, HHRICR 1T 2 i Bt i Q. L T P Ui & Qs Ot H (b £ Fig. 12 1TR 7
BHE LD Qe DD Qs IV KEV., Fiz, Qg TEATIC X 2B VWS IZIEFR UREOfE %
ELDILHL, Q¢ IMATICE 2BNAE LY., 9%V, BEIERMGEEOSTIC L 2E VT Q,

20 20 ‘
Mo - —C
s 15 | el « 15 E [
E I~ Tf--- : T
2 10 e e 10— " M
sl T 3 .
[0 — . %)
g 5 | ~ S 5k —~
‘ P e sy o P
0 ‘ 0 It i v —— W_':_x
12/1 12/21 110 1/30 2/19 121 12/21 110 1/30 2/19

Fig.12. Comparison between soil heat flow and snow heat flow at sites C, E, F, G, and H, respectively.
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DEFEWICE > TELTWS, SO K X HHEUIMIIZIE—ETH L0 5, Q; DEWITE
HS OHIBAE OFE Y, S HICTITHIRIIREIZ0C TH D55 5 cm FEHIEOEWICERK L T
5. ZOWKOEMEEIL11H 14 RITHE->LDT, THRLETO 5 cm BEHIE O SE S E ST
AR EOZITIC L 2 EWEEL SHETN5,

4, REFHOBREEERMAEDHTE

AT E T THIBENICRIT 2EEEREREROLHITZ L OBVWPHALNICRST2DT, ZNb%E
AW TR TP OfREZ REL Y, LHOWIIFEEICEDORERH L TWaLhrE#EmT 5.
5000 73 @ 1 X & ALifiE K AR R OBRAREER (BE) 2HWT, BN EZRERE
R (FR~FEEmE), JbrE Rl (FER~FEER E LN, ERksFEE GRIEE 7T0%2L 1),
TGRS (RIEOEHM), BARS (CEH#) o5 DiIChHE L7z, KL 25m A v ¥ 2125 E]
L, ZRENRED DEEEIEG 2RO TAER, mimEaim 31 %, dermah 41 %, ket iEs
W13 %, FIGEEE9 %, RBRE6 %Liolz, ZHFNIC, CHIEL FHSDOTY, EfEL
GHiE D, HHS, DS, PHSICRIT 28RN EEL 5 2, LM% 12 A, 124
#Ap, 1A, 2 Ao 4HIBICKY) > Tk EaE 2 Rko et 25, £h 20 20, 1.8, 1.5, 1.2 mmd”
Lotz

NS DEEIEZREDND DT, LHIRENA v 75 7 ORI 21778 o7z, W
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