J. Jpn. Soc. Soil Phys.
T OY B
No. 142 p.5 ~ 11 (2019)

Rzt 24 1R—
RHICEFLLEKIDE

Rl ALBE
B/ —

Notes

VY MAERED
ENZE B DR

AR L AEAn & b 2 2 R O A SCIE !

Characteristics of seasonal changes in soil water in an agricultural field

in Okhotsk-Abashiri region with soil freezing

Shinji SUZUKI!, Tomomi SAEKI?, Hirotake ITO3 and Fumio WATANABE!

Abstract:  Agriculture in Okhotsk-Abashiri region,
Hokkaido, Japan has been led by large-scale upland farm-
ing systems, and seasonally frozen soil has occurred in
this area. Recently, there is a concern that the hydrolog-
ical environment in this region has been changing due to
changes in both rainfall and snowfall patterns associated
with climate change. In the current study, continuous mon-
itoring of soil water movement was undertaken in an up-
land field in this region during the period from July 2011
to June 2012. Particularly, this study focused on clarify-
ing characteristics of the soil water movement caused by
soil freezing-thawing and infiltration of snowmelt water.
Dielectric water potential sensors were used for measur-
ing soil matric potentials to derive water flux at deeper
soil depths. The annual maximum soil frost depth was
0.28 m. The maximum surface soil water content was ob-
served immediately after surface soil melted. The magni-
tude of downward water flux at a depth of 0.40 m recorded
in early April (freezing period) was higher than the mag-
nitude recorded in June (non-freezing period) with large
amount of rainfall. Changes in soil water content at deeper
layer due to the soil freezing and snowmelt water infiltra-
tion were similar to changes of soil water content result-
ing from drying followed by rainfall infiltration in non-
freezing period. Further, it is revealed that all snowmelt
water (116.5 mm) infiltrated into the soil without ponding
before the frozen soil layer melted. The results suggest that
the soil frost with a depth of 0.28 m observed in the cur-
rent study was insufficient to impede the infiltration of the
snowmelt water associated with high porosity of the soil.
Key Words : frozen soil, dielectric soil water sensor, soil
water flux, soil water dynamics, snowmelt infiltration
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1. [FLHIC

VB O HREINALE L, AR—Y VEICHT DA
A= 7 MEREIY, AARAEOKBREEMT CH
v, ENOEMERE~OFENRRKZ V. Z O
HEEABNIATR LD RVHIRD 1 >THDHH, IT
F, 5~8 ADOTRFEAEEHDOHMMzHEESN TS &
EbiT (REF5,2001), FRERMCEH, MERERNA O A

DEING 2 REME R R E N TS (RET, 2017). —
FHC, HEAESLCHREO R I WF O LT

WD EOWENH D (RZIL - FEE, 2006; TS, 2009).
F-Z ORI EG T, AFIZITEEREEL, o
BERD L. HENEHRET L L, SARENMET T 57
DEEROREDH S5 (Hardy et al., 2001; Iwata
etal, 2010a). L2 LT Cl, [UELBOREN L
FZH KW, AR —> 7 MR A 5 TE R Tl
BORERAREA L, MEEoWMEA R b L TE T
% (Hirota et al., 2006; JiLFH 5, 2009) . % D 7= O HE DS
&hfw@wTEK,iD%<@ﬁ§mﬁE§Téi
91272 -7~ (Iwataet al., 2010a; Iwata et al., 2010b) .
ﬁwyyﬁ%ﬂ@f@,@§%®ﬁém$®%M?%
FREN1FEOO B TROLAELS RAEMMPHRE INT
WHZ D (B - EHE, 2004), EFRLO XD Ak
TENE, AKSCERBEOZE L% L= Be B A i tH O K
WHROMI S ZeBBESnD. 4%, K[ELEICK
mbt@@ﬁﬁ%ﬁ&%i%%@,mmé@%@ﬂﬁ
L7010, BREKEOERLE STy, FHZ@E LT
K53 % @%@%%%#Kfé%%ﬁ%b

EH DI, AR—Y 7 MR O M8 SIS0,
Wt~ ) w7 RT oy VEIENSERL, F
TR ETCIEIFEEKRRT vy e 2 HNEZ L
WZEHoT, = U v I RT UV VOBEBEIEIT-
7o (B3R 5,2014). ZOREE, WIEOREIZL-T
FREOKBEN 2~30AIlbleo TH 2 &, &
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BTk, HERERETLZEICL T, EEES LY
b F v I RT U R AL ENITET () +
L8, TEE RS RIERVES) T, BEHO
EmEoxkBE) (EX035~045m) (2L->T, FEE
FEHCIERERN B Nl A & RIS, RV LITER
RN 7R R R N /N A ol P N O N 5 5
TIE, S OBLUAIASHNC AT &K RO & KBE)
BOMNTEZMZDZ L2k, HHEOMHMEE, B
L OEKRDORFED, [UFEET TICBIT 5B 5
KRG BEDEACR TER OKRBENZE D L 5 e 8% b
7T ONERHLNITHZ EEHE L.

2. AMBLUVAE

2.1 HBIX OB & SAKES

BN, HaREREEERA RS (N43° 55097,
E 144° 23°06”, Alt. 12m) TiT-o72. KELIIRES
Mg EEM & 72> TR Y, BUHIXZ EEOTE BICFR T
7o, BEIREaRRs EThy ((FHED, 2008), ik
I ~ L, RIS 0.54 ~ 0.61 mP m™3, A
FEAREREL DS 1074 em s™! FREE O Pk M 0 Ll iy B AT 72
M cHD RS, 2014). BHIKIZBWT, BEEE
(TR525M, Texas Electronics, Inc.), HiE (E\EXD), K
FEE/K#E (CS616, Campbell Scientific, Inc.), ~ VU v
7 BT > % 7 (MPS-1, Decagon Devices, Inc.) % il E
L7c. REEE KU OB, A5 (2014) (27D
L@ THDH. 200047 H 18 HIZ, BHEIXDH
Sz W AR, X0, 0.05, 0.15, 0.25, 0.35,
045 m |ZEERT %, X 0.05, 0.15, 025, 045m T
CS616 7, F/-EZ035m & 0.45m I MPS-1 %11
PHKEHMCHEE Lz, ZhbnktrHiaT—4n
#— (CR10X, Campbell Scientific, Inc.) Z#%ft L T 1
SEICIIE L, MR & REEKE, BEXO~ M) v
AT Vv T OWTE 10 I EYEE, £
oW CIIAEREZ ek L7z, 20114210 A 13 B 5
1, WX 035micd CS616 ZHlER Lz, &KUE & FHHE
Ehlg, 7—% v b —fEREEE ¥ (TR-3100,
TR72-Ui, T&D) (& > T 1 FEREIRIRE CRHI L7, 3%
Wi 2 MO R L7=1%, #iFRmas KIS 5 L 9 I
L, BLXD 6 oREEH & OJE DD OWAZBL <
72, HERZ ek L2 M 1mx 1 m O M
0.15 m FEAEERE = L72. TR525M 13 £ § X &at ¢
HY, XFEOBREKELZWET HHENHKRN. D
728, 11 ANBBUE 4 A £ TORIL, /Ma (1999) %
Ziz, () BIEHKEA0°C LT, (i) HFEHRIEN 0
~2°C T, MOFMRIEEN 50 ~90 %, (Gii) H FEHRIE
M 2~4°C T, DOMIHBEED 50 ~ 70 %, (iv) H -
SURM 4 ~5°C T, MOMFHEED 50 ~ 60 %, DV
OGN, v T —IZHEFH O HMENGEE S LT
WTHBEFICEDbDERRL, BRICEDRN-T
CS616 |2 X 2 FEEARFEORE L, MPS-112X5~ b
Uy 7 RT ¥ VORIEIZHOWTIE, b2 M
LR EN LR LEZ I CTRBIFY, EBR=ENIC

TE P OBIEEZ{T>72. CS616 2>\ T, BV
OHIME (S OEE, BT pus) & EBEEKED
BIfRZ KO T 3 RO #IFR T L7=. MPS-1 122\ T
X, TUVAA—F LR T HZ EITE ST, FREE
DEeUYOMAE (EE) o3 RN E LB
Tl L7z (83K 5, 2014). Decagon Devices (2008)
([Z1%, MPS-1 O~ F VU v 7 KT >3 WlED LR
2 =10 kPa &GRS LTV DAY, AHFZE CIERIE DR
B, BUHCELN S vz MPS-1 O H 1 fE 660 ~ 820 mV
WISt A~ b v 7R T v L, —60 ~ -2 kPa
ThHolz.

BT, BHNXZELE L CTEHE L. ARiF5E
TiX, 2011 7 A ~2012 586 Ao —#IiZ
DWTHGETL7Z.

BLAIX CIIMEBROEHBIN AT DR o T2y, Bl
WX 5 2.2 km BEN - MET ERANHIXIZIT 5 H
AREWHEIBEI O~ A X AT —2 23] LT-.
FEIZHB T, BNRKEDOBEREEZ ERTHE L
LA, ERATAX AT —=ZOMEHRLY 0.02m 2
EDIRWVETHo T, FTEBRENET L8, SH
(2010) 2&FBIZ L THEKEOHE bIT-o 2. W
57 mm, £ & 600 mm O =— L ®IOMEZ, 8l
WHLRGE R CEO B HEREICFHAL, T2 213
WL SR E Wm0, MRNICEIREN-F%
P VRICANTEE L. SOEELEENOE
EEAZEHL, BEEIOHISKEZREH L. B
IR, 0°C LLF o MR 2N @A B S AT 7=
Mz ER A, Z0E00 MM 2 IERH & Lz, Hili
DERERAICEBNT, 0°C & £ 72 WS OHE % B
THEATZRS, 0°CLLT &7 b & L & Uit
RO

23 FIETREOKISvI ADEEZEL

B35 KO, RRKTHEEERIZ 03 m BET
Hote., TZTHEE040m DKT T v 7 A goao (cm
s &, UTFoRyFoHh - Fro—RITk bk
Hi-.

Y035 —Y0.45 N 1) 0

q0.40 = —k(60.40) X( Az
Z 2T, k(Bpa0) IFEE 040 m 1281 2 AR FnidE K44
¥ (ems™) T, FFESOEEEGKE Opso (m® m3)
OEBTHD. Yozs & Yoas 1TFNEN, HEX 0.35m
L045mDO~ MY v I RTU¥ (cm) THY, Az
122 S oOERE (=10cm) ThHD. qo4o MIED & |
7k$§@”iiﬁﬂ% ThHDHZLERT. 6o.40 T3 X 0.35
m & 045 m THIE L2 BREEKEORIEY & L.
k(6p.40) 1X, One-Step ¥ (Doering, 1965) (2 X - Tk
% & LBz, LUF o Mualem-van Genuchten €57 /1 (van
Genuchten, 1980) (Z K-> CTHEE L7=.

Koao) =k (1-(1 —Se%)m)2 @)
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Volumetric water content (m3 m-3)

0.2 0.3 0.4 0.5 0.6
=10 9] T T T 104 Unsaturated hydraulic conductivity
O Measured
— Calucrated by Eq. (2)
103

106 |

10 |

Unsaturated hydraulic conductivity (cm s

10-10 /"\

Soil water characteristic curve
O Measured
------ Derived from Eq. (3)

Parameters of Egs. (2) and (3)
ks=3.9 x 104cm s

6= 0.523 m3 m-3

6r=0.243 m3m-3

a=0.063 cm™'

n=1437

N
o

)
N
(wo-) |equsjod aepy

100

Fig. 1 S 0.40 m DKy RE MM & R EaFnd K EREL.

Matric potential and unsaturated hydraulic conductivity at a depth of 0.40 m as a function

of soil water content.

_ (9_01‘) _ o n\—m
Se= =gy = (1= (au)) 3)
m=1-1 (4)
n

- -

Z 2T, ke (XEAFEAEREL (emsT!), S, XA NEARIE
(mkTt), yix<=hU v 7R Ty (em), a &
nixX7 4 v T 4 T RT A=K, 6 TR RFEE KE
(m®m™3), 6, 1FEFAREE AR (M m™3) Tho. %
D7 2012 4 6 H 28 HIZ, BT SIS 0.40
m OARRE A L RE AR LU 72, AREL T IIAFRE 50
cm? & 100 cm® DR F > L ABMERSEE AV, Fh
Zh 8B L6 TS L=, 50 cm® OAEEL+
I% One-Step 1512 & 2 REafiE KR OREICHE L,
100 cm?® OARBEIL 1L, fFE KR ORIE R LUK
9HYE (0 ~ =200 cm) & ANEAMRE (=500, —1,000 cm)
I X DRSIRFRRFEORIEICHA L7z, &5, H#il
+ & AW TELE (=3,200, —8,000 cm) (24> ThAK
SRFHREZE L, AREELTEORSR & &b Tk
FetEdlfR 2 k7=, X 3) 2T, 6 & 6, 13T h
zn, BEMFRERBIO~ MY v 7R T vy LR
—8,000 cm TR HUEHEEKKRLE L. a & niX, X
YRR IR I 35 1) 2 FEINE & HEEME D 220D TN
N2 B L HITRE L.
2.4 FHEHBDOKINEZDEH
M 2 S L T 5 KBEIAEE KT TEL T
DD LEEL, BHREHMHFOKIZEZLLTO LI
WEE L7z,
In = § atter — S before — Ft &)
2, In, S, FelIEnZEi, @GR o m
~OFANE, BAEHIBEI%OMENHES 040m £T
O FHOK AT &, BRI O S 0.40 m OFEREIK

75w ATHY, BT XTmm THD. ST,
ZEX 005, 0.15, 0.25, 0.35 m THIE L - KR & kR
N, TNEFROESOET 0.05m ORREEKERE Y
THETHLEREL, UTFOXNSRDT-.

S::§:9xhx103 (©6)

Z 2T, YO 005, 015, 025, 0.35m CTHIEL
TARTEEREOM (m® m™), h RS OEREEKE
PRFTIHEEOES (0.10m) THDH. X (B5) S
DR Z 5 before & after [ZIHHS B AR R AT & flAZ B 1% %
AT (k). E72 Fridgoso @R T2 L&~ T
K, TmE (RZnrbordE) PATHL. FEnrbd
DRI, —ITHRD ThSWeDIZEE Lo T
(Hayashi et al., 2005; Hirota et al., 2009) .

3. #5R

3.1 REafNE KR

WRE 040 m IZB1T D, KRFRMERIFR & R EaFnd KR
H (k(6o40)) % Fig. 112753, One-step HEIZ L - Tk
T2 FEMMEILIR & 7= 4B (KRR E K 0.33 ~ 0.38 m?
m™3) TOETH 77, Mualem-van Genuchten &5
M EDHEEM (X (2) < —H L. Fh—H
(2, AEafnZE KR L REE KR E ORICITE AT Y
VAPIFEALENE I TNWASZ LD (Hasegawa
and Sakayori, 2000), A TIE, R (1) FD k(6)40)
121X Mualem-van Genuchten €5 /LIC L 2 HEEE (X
(2) ZHAL, IZ 040 m BT DHKT T > 7 A qoao
R L.

3.2 HIEMFEE L TIBEKSDOEEHLTE

Fig. 212, B&EE, A FEHORIR, EEHE, HRSE,
AR o iR, HEHOERMEKE (RS 005m &
045m), HE040m DOKT7 T v 7 A (HHEA CREH)
EAT. RBKT T v 7 AZONT, LEPTIEHFS
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PRV ThmE), TFRE) ERELEL, HdED 3.3 EAEHIRE D KIS

K& S TR 2. PES 040 m THE, WOREDSEAE B AT ABEIANE &
12 A Acs B S e, 4 Ao BRI AL, RN E -7 2011 12 1 13 BB F

TSR U7, B REUREARIE 0.28 m, 8 N CELH
SN TR IE —1.2°C (X 0.05m) TH - 7= (Fig.
2d,e). ABIXKOBFETEE, 2009 ~ 2010 4F, BLO
2010 ~ mnﬁﬂmsm&ff%ot(%ﬁgzma.
—TAESTIE, 2000 ~ 2001 £33 L T8 2001 ~ 2002
A, BRETTIC LV IESS>X1TH 50D, 04~0.7
m OBFFERMNEH STz Z Lanh (GREF 5, 2002;
FKEF 5, 2003), IHEO EEEEHHFNHEITEE LY HIEFIC
IR,

HWREBHAATS, 20124E3 H 16 HE T, X 040m T
1T Em & OKRBEID B2, FOEITIEFIZDRL,
RKTH003mmd! THo7- (Fig. 2g). 3 H 16 H
DR ST, HHEHAETEIL 026 m, 818N O R HIE
1 -02°C (EX0.15m) Tho7=» (Fig. 2d,e), &
DOFH LY, BEHKEN EHLT0°C xRS LD
2720, EOHREY &L HICIES 040m TRHEE O
K7 Z w7 ARBREIE T LD (Fig. 2b,c,g). =
D& ZEDOFEKRDRBI D FinE OKBENXS5 A 10
HE TFex, Ml 106.5 mm, HAfEIE 11.7 mmd!
Tholz (Fig. 2g). ZOREZ X, 6 A 17 HIZHELH
STz 46 mm OFERFEO FTME KT Z » 27 A 2.1 mm
d™! (Fig. 2g) £V bIEDMCKEN-72. MERLL
B, 2012 4F 6 A RANC/AKBENS B & IZii U7ens, %
DR E STHFEEHR P LRk, BOT/RIWNWHDT
»H-o7- (Fig. 2g).

TR IR A, RS 0.05 m iFE EEANICHE Y T
L. HEPHEELTH, BN HEEKO—EITRE
DEREE > TEET D (2 W&T@%& eSS . AR
RFFECREA L7z CS616 13K K DIARFESIGIZ Hefil L 72
HAEZ <3 7-% (Mohammed et al., 2013), SR
i ERE 0.05 m OFRFEEKEITE 2R 5720,

WHEMEERET, ERLETRMEDOKT T v 7 R
DR RN BIH S 72 2012 4F 4 A 4 B, EX0.05m
DIRFEEKEN 042 m> m™3 L72-7 (Fig. 2f). Zh
IR ORISR L, M LTEMBEKORBEICLDHDOH
B0, FHHFEMTRHZ L OF (882mmd™!) ZiCEk
L722011 49 H 2 HZ&Te, 201148 H 15 B 5
£9 130 HOZMKFICBWTE 2, HHASENZ
DIz 2 5 Fix 70 o7 (Fig. 2a,f).

RS 0.45m ORFEEKEL, 12 A EAS 3 A BA)
WZNT T o< Y LD L2, BB KDOEEICHE-
THINCHEZ U, 20124E3 A 17 A5 4 H 4 RITh
JTC, 041 m>m3 05 046 mP m3 I L 72 (Fig.
2f) . FEBFE RO LM IC BT 5 [RITE S DR G KR
1%, 20114E9 A 2 HORBEMRIZE > T042m’ m™> 5
045m> m> ([T L Tz Z &5 (Fig. 2), FE
TIEL BOREMR RS2 & ol 1 g oo 158k
Sy EOZELELL LT,

& OKBENBH SN S 201243 A 17 HET, &
# T 1.6 mm @iﬁ@kﬁiﬁ?{‘ W E L7z (Fig. 2g).
TREA S LI A EN TR BEITIEFITOT M
Tholtlnzxb.

BLHIOFER NG, WAL MRIERT & Bl E % O B %
FNEN2011FE 12 A 12 BBXO2012F4 H 12 B
ET D E, Seefores Safter, Fr 1XZ3F4 Table 1 (2~
EE720, Int 1144 mm E72->7=. —J7, 201243
H 16 HI /E'Jﬂi L7-FEE/KEIX 116.5mm TH Y (HFE
J£0.33 Mg m™3, FEEE 353 mm), InldZ OfEICIEIE
L Loz, Fig. 2 \R$@Y, 201244 7 11 BIZ
IXEFARN~ A X AHE CTIIREE N2 <, BlIKIZE N
THHEEBHEAL T (MIREIREN 0°CLLET
HoTz) T Emb, %E’%iﬁfo“@z\fcﬁ?ﬁ)ofz%@k%
Zbn% (Fig. 2c,d,e). S LIZHIRO®EY, Btk

2011 2012

L S I o L L L L L L L M L J
- U’“ i Ty ‘H

o 0””. ‘

m
IS
S

o]

o

[V
16 Mar
4 Apr.
17 Jun

temperature (°C) Rainfall (
o3 8
%
5 2 Sep.
<
—
%
fulll

Snowcover
thickness (m)
o o
o N »~
o

Frostdepth (m)

o
w

o 8

2 6 ——Soil surface

54 —005m O

g2 045m \;_;\‘:f-r ~

E : . S

g0 ---0.25m

22

5 ----0.35m

&4 e —_045m

6
06 -

+E W o
o= | -— S B
1 A SN D ¥ A
s C
o 9
§ 2021 —at a depth of 0.05 m
o8 f —atadepth of 0.45 m

=0
<
55 0

)
- O
sE 4
x E « Upward
= -
< ‘O". 8 = Downward
&8s
g »5-12

=)

Fig. 2 FEKE (a), XU (b), T (), HHREE (d), HuUR
(e), WHIEAE (), MEAKT T v 7 2 (g) DERFALL.

Time series of rainfall (a), air temperature (b), snow cover thick-
ness (c), frost depth (d), ground temperature (e), volumetric soil
water content (f), cumulative water flux at a depth of 0.40 m

(2)
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Table 1 W#EHIM T ORAR (In), BGREHIEATE O L3
Koy ETREE (), IR ORBEAKRT T v 7 2 (Fy).
HERmPOERE 040 m EFTEXRET H. AT before
& after IXBFEBIAATAT (2011 4F 12 H 12 H) L @lRE%
(201244 A 12 A) Z27T

Amount of infiltration during soil freezing period (In), soil wa-
ter storage between surface and 0.40 m before (S pefore; 12 De-
cember 2011) and after (S afer; 12 April 2012) soil freezing,
cumulative water flux at a depth of 0.40 m during soil freezing
period (F¥).

N after Fy¢
mm

In  Spefore

1144 1325 162.0 -84.9

JEASEE L 7-BRIZ, YRS 0.05 m OEFREEKRNE L <
BimL=boo (Fig 2f), MEE (0.61 m* m™3) O
70 % K ThoT2Z LD, MEIZLBMKITELT
Wiaholob D B LD, AL T, #HAl
X JE PR A 2 5%V C R i it & SR B DA%
Bhnie., DlkoZ &Ly, @EKE, FoeE (1165
mm) BRSNS, WEERERICEAET 5 E TOM
WCHBIZRALIZEEZDZ ENTE S,

4. BH

| 208 L7 KRB OBLIRI OFE R, #0150k
IERRESD 1 FTRHBIB->TWVDZ LR L
2ol ETEREKOREN, FEHGHREHIK O L Wik
XV R&ERATZ7Iv I AELEL L. &6, +
OGS - mhig L Sk ORBICHE D T o 13Ky
DAL, FEEAEHAOMERE U7 ERIC KX o e =
DEDOERIZLDEEFREFED LD THoT2. Zh b
DOEIE, BEfEDORTSE (Hirota et al., 2009; Iwata et al.,
2010b) & FJE L7e\. SERHT IZ3 0 D PR B
I 7 S & L C O MBI e KB RE T o 72 LW
5.

ek, EEHT T, BE KSR CER L, Rl
METDHZ LT E T, W~ LK A D
HABEINTELDR (FEDH 2002; A 5, 2003),
AR TIE, MEKRPEKRT D ERBRELE. A
H5 (2011) (%, +HWHkiC R 2 B & mhEs ko
REKEOFEMZBIFEREZ S LT, HEETE~D
B K DREN BRI KFTH 2L, £
X, BHSTEOEIINCE - T, BB OB KIS
Ko TUIWENDMEENIEZ 572D THDZ L AR
7o RIROIE Y, AWFFEOBLRK 4 5% T 72 #d &2 H
BB WT, BEITIT 0.4 ~ 0.7 m OEFEENEIH S
NTNW=Z Lnh, RFFEORERIT, HREESED L
T2 ElT ko T, BMEKRDRE KT 2 LEOERGIA
BELFZILERLTWS., 2T, BRI 0
L, BiE LIS KA REECE AR Z -
o, WARNEU RN STERE LTETON5.

Yanai et al. (2017) 1 E 7=, B oo ks % 5 5
(2, MEHIFFOES 0.50m O FHiRiEE (Inf, mm)
NEEKE (SnowMelt, mm) (25D HEE (r, MK
J6) ICDWNWT, R IEEHAER D (m) OBEE L
TUTFOETNARERE L.

Inf 1

= = 7
"= SnowMeli - 1+ exp(-431 149Dy

ARFGE TR BN BHAERO KR KME (028 m) % E=X
D Dpax WA T DL, r13053 &£72n7. —F T,
Inf & SnowMelt % RWFFEOFZRIEHRD, r OFEH
BRI T,

Inf = |Fo0l—Aboas x hx 10° ®)

T ZIZ, Fogo ZAAEHMF Q01243 H 17 H ~4 A
8 H) @ qoao PFEF (mm), Abyss (LRSI AT O
EE 045 m OREEAROENE (m*m™>) TH5.
SnowMelt #HHR® 1165mm & LT r &3R5 L 0.67
72V, Dy FVRDIEELV ERENBD Lo
7-. Yanaietal. (2017) 23xf4 & L7 £80E, A0
BRIX & FARICHERMEO BVWIRBERAR 7 L Tho Tz,
L2x LB iX, B, ok, REK, SHEO4HERTH
0, RHEKOEEREIT M, OB LM
Ko THRL L EBIZ, 0°CHEFETIRRED DT M
RIS TEBIZHEINT 5 (Suzuki, 2004; Watanabe
and Wake, 2009). Z=DO#EFRE LT, KOKEEIS DR
B L DZBIZ 0°C fHETEH L. REFZETIE, f@t
EDRIRE D ERTOH T8N O FRHIRIE -0.2°C & 0
CITilEMoTeZ &, FIMOLMEDE NG, BT
KOBFIZHTT HKIC K HIFEOREREMEINTE
0, =iEKE (Inf) OEIEPHEIICKRELS o2
DEEZBND. DI EMN, Dpax % HAVT Yanai et
al. 2017) oEF L (K (7)) LRI r &, Rif
BRI E NI Inf & SnowMelt % HAWTRDT= r &
DOED—R &b DL HRIND.

5. B YIC

AW T, AT BRI L, EOH D4R —
> 7 A R O JHIES & b BT, K B OB
TR QKB OWEBIR ATV, HHAEHI DK D
FEAM A AT BIX TIE, BEEAEE L CHRaE K
DIFEZHET DT EOHEMBEICIT 5T, ASEKN
BRI, Wb EoRERNIC TEPIRALL. K
R OBLAFERIE 1 FHI 2R LIZISEE 220, [
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