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Fig. 1 Map of Sarobetsu river basin
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Fig. 2 Analysis area (left) and change in mire vegetation (right) (Black part in analysis area
in right figure changed from wetland to sasa bamboo between 1977 and 2000)
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(Daily average in 2000)

Il FEE R —HsB1

FEEF(cm)

6.0
58
£
&
¥ 56
=
ES
5.4
. .
M~ I~ IS I~ 0 © ©©
292232722 %
= =
52385238

Jan-99

Jul-99 |

Apr-99
Oct-99 [
Jan-00
Apr-00
Jul-00 |
Oct-00 [;

K-5 Ev4s—+vy—{(Hrok FRAERSEE (1996 4£-2000 £E0 7 P
Fig. 5 Groundwater level and depth of snow pack near the visitor center
(Monthly average from 1996 to 2000)



T4 THEOYIEIM: 51035 (2006)

@ ETA—ts— O BN IE

400 :
|y =0.6685x

350 , !
R?=0.8214 ‘

300 [~
|

250
200
150
100
50
0

EIRADEZKEmm)

0 50 100150200250 300350400
Z2EDHEEKEmMm)
K-6 =& &EBENOREEKEDHE (2002 -
2004 ED R /) —H =14 L D)
Relationship of water equivalent of snow

between Toyotomi site and sites in mire
based on field survey from 2002 to 2004

Fig. 6

FkE (mm) 2/R7, S8 & Eh 2 HpS it LT 7
km ZET, ESEEEN 12m, 3 2 50 3m R
ThOBEEFRIFEREEEZ ONS, LrLians, &
BICHANERNTRESKENF DO, FEEHER
[BE | TIINERD 7 5 v Fis L, N bIBEYED
FEAZT IV EHIOFETIT > 7oh, TOLHHEL
DU 5 O IIERHERE I & © B S Hith~ oIk a0
HETWBETEILkBEEZOND, BEKED LR
5B B E, fho 2 HSIFEE 0K 7T E &V S EERSE S
Nl TNH SRR TRDICFHEET 2 KRS 5 m,
%, FRuck - TitET %,
1—an)AS

=i—j%—i (1)
ZCT, apldEEHSICHT 2 EENOES/KEL (=
0.7, AS) 3HIEIRESZHFHA ¢=t—At) » S5RBSEHA
=0 FTOBEHHOEE/KEDOZ(L (mm), Ar 1
BWHE (days) TH b, EBICEAHTHS 1 HBLTD
2 HIcEEs N e EEFEEOHK R S il m, OFEE
ZRKWBE095mm/d £ 51, THb L, BENTIE
flhik v I mm/d OEHESEARDICH 5 & 2FEL,
Z T CHEE 2 s IS IR E SRR N O H R KA A S < R
Bd2¥NEELSND,

my

4. BRERRKRCLBMTKAEFE

4.1 EFIWEAS—FVERICLZHEFE
HIR/Ky 3 2L —va Vg, EEAOHTKERTH
TkE LTIRY, RUTRY 2 IRTCIEEE € 7 v 2
LTHIBE,
oh

o . 0h, &, 0k _ o Oh
o (Tax)+ay (Tay)JrqofS ot (2)

ZCT, b EHURKAL (m), T idH/KEOEKERE
(m?%/s) THEKIGEE R (m/s) ICHIKERES (m) 2%l
b0, S FIFRERE, g FEEREE 2 EEKE (m/s)
Th b,
FREGERESRSE (FEM) 1T & - THIBEIIEL 729,
Ho—F viEEEAT S, CIT, HBEL—F iFF
Vo Ny N (1990) DL bDasE L Lic, FEM
TRIFITHRZE M = 2 ML E SR CRPITIE=/M1E) 1ok
HALL, BERNOEEAZEMEEEICIL U CEA D I ANF
TERI N Y 2EZ D, TOMEKE OBAEAICK
DIRD & TR h 252 5,

N M
h:Zh,‘(/)i ZCZT (1),':2(]5[@ (3)
i=1 e=1

2T i BEHIAAETIRAT, N BHSK o 3ERE
FTTIRAT, M IEFEK, o 3RERKERT 2,
2R ICRAT B E, kX EBS,

_ 0 Ok, 8 Ok Oh
Ef%U@Q+®U@QWoSm (4)
HI—FviEciE bide #/NCd 2 HE LT, K

AMERSN B,
S ewidxdy=0 (5)

227, ERx v FHELEOERT £ &Sl Q Tok
Fe ERIERH 0 OBERY LicbD % 0 & LICEA,
h DEGEBBEBOENE EVWI D TH B, T DD DFE
B, kx4 5,

N N ah
ZP;,‘/’L,-+ ZR,‘,‘ L —F=0 (6)
=1 =1 ot

T, h o3 RE0TIIRD & 51Tk 5,

_ ¥ , 09 0pf , 09 0/
PU*QZ,IKT o ox 1 oy oy Jaxas

M
R;= ; J.Seoi ¢ dxdy

M
WZE(MWM@*LWW@) (7)

2T, 3EFHOROGIE 2 TUIBER s 1Tih - 7o Fifk
PEEWRL, ¢ IBRAEMULIBMNESH 2D DR
(m*/s) THb, TN5DESIE, Pinderet al. (1977)
HrVik7vYa—v5 (1987 OF(EELHIC, BERY



R IRE ORISR 75

4 2L TERM b s hi-Xp o3k 3, #5F, 2(6) 13
IERICBEd 2 E MO IR LD, IhERD LS
A & - TR o

Rt naran=(EDww+

o, [P, [R], [F] @ oFRETHIChd 5, 12
B, voXVEEAENRE LEEE, 124500m =
MR E = MIT, EFHDY 1,903 i, ik 1,051
HTh b, $1, HEOHEMZ 7 v 713 1day (86,400
sec) & L7,

4.2 FEEMHEORE

LM OTER, TV o R YIERFENRE L
TARYIavr—va vEBIE->TELES (2003),
e (2004) OFEEBEIC LI,

ERERE] T3, 2 KooERH FkikEh € 7 vic
Gauss-Newton iE2#H L, HS T EICHEELZHDIC
%0<o%mMﬁigﬂ%mmEFéf%bf 5h,
10 ‘~10°m/d DA — ¥ —1cdh b, 1o, [HFEHREL SIZ
0.25 &4 %, 1H, RERHNTITEKEREIL, EEOHTT
IRELOFBRIZ AR ST SN IliE LTV 5.,

[IHA7K A7) 13, ROKMT 7 (Residual Ordinary Krig-
ing with Modified Trend) %\ 1997 410 A D—
FH T KOS » SHEE LI b DIciES <o Ao
SETII 1998 D F KM DHEA B M -129 AT
Fl&HeE 1999 £ & 2000 O FKALAFIH T %,

[EKE] 1, HRKRHESIEEAEBVWEDEEZEZT
Yodkdd, —F KZ - HEHGEOBINEAER(L
fz2@E v (EDS (2002) TRISEE-LEFEHE T
BHTX30, Thpo LAEEME L IEROIRAE/K IS
BREON, MEREZFELC [AURER] 2k 52
EMTE B, T THE FRANDIHER SRR O RSy
OYBlE & IR DT ICHE S X 016 & L1, Thoh
52D g EHAICHEEL TEZ 5, 8B, g DFERM
BRI, FEHEE X vk TN (900 mm/yr) + Rl
(500 mm/yr) — 2ZFEL (700 mm/yr) | DfEIC 0.16 23 U
72110mm/yrfBE L2, Lchi->7T, HEED 84%
RERMRHE 85 T & EEET 5,

[BEREEPE] AR SR &P o FZA1 - 87E o SR
KELAPIEL, EKEEERE L TR b, £,
FEFAND S DFEAIL D WTIE, KR IC S 25k
BRFOKEERE LTER 5, & oS R I3 E/Kel
BRELTCOmM 252 %,

5. EFINICK BHTKEHER DT

5.1 REBOHTKEOBIR
e Fvamw, K1 ORFE SR BRIz > W

THEABIBWL, EYVY—w vy —(HEOH 5km PY
H o (X-2 &Y oW THEBREERL
12bDNK-TTH %, KB, TITOFEMaryy—&iF
ROKMT iLic kK 2 ZEMNfi2 B C - bDTH 5, X
1213 2000 4 HOM Tk fFHixegkbdTn, £vs—+
VH—fHEEE x5 MK REIRE ICH b, HITF
IKELDE VIR E 7 > TV B T &b b, %7, X-8
FHE R AR OR b E W 4 &KW 7 H OFHEKAL O R

-7 M NUKAZOFBIRESR (2000 4 4 H 55D (AR,
ROKMT ki & 2 Eilllkfife, EHEM, HE)

Fig. 7 Calculation of ground water level on April

2000 (Dashed line shows interpolated result

of measured data using ROKMT method
and solid line shows calculated result)

1es00] |
18000
17500
17000
16500
16000
15500

15000

14500

14000-

6500 7000 7500 8000 8500 9000 9500 10000 10500 11000

K BZHITFOKGRZE (2000 45 4 H

K-8 FHiDEWIC
ETHDE)
Fig. 8 Change in ground water level to difference
of hydrologic condition between April and
September in 2000



76 THEOYIEIM: 51035 (2006)

AHOLOLILbLDED, BV —v vy —fFHEdH Ik
RLOEEHDIE NS Ebin b, 1535, RN TH
EE N BRI 13107 25 10° (m/d) O — 5 —
IZH B, TOMTIRZORTH/NS WEE & 5 A
T, S S ORI TR bEV. THb b,
FKPEE KD 5 OEZZ I THI KR EE <, L8
LRT VS EL > TWAB T ENbh b, EEmRIEE
T Z D LD BEFRICER S NS DT, KEFVHEE
W s PR E AR L C0 B EEZ .

5.2 F[ICEHIERDEENIMT

KA DR RS DS HE FKIC R T 8% v L 2 L —
Vg VLo T L TH %, ERRICIIBEoRET CF
15, 2004) THWCTWAEKHAMEE 1 mm/d D5A& &,
B~ EiOHEEICH S %, 2% 1 mm/d#EP LT 2mm/
d & Liaie, HIRKAMICED XS BENENE M E
SHE LIz, RADORMTEL 2 BT 7V T5 2 T FKAL
ZHEL, EZH%RRLIZOHNK-9 TH 5, XTlid 2000
F2HIZ>WT 2mm/d OFE» S 1 mm/d DfEHR%E
ZLglWicfizRd, CoOfEE, 1mm/d OKHERMSE
OB R/AKALIC LT 5em FRED FRICHYS T 2 &
MR S i, T4 TR L7 H8B1 &Mt Nk AL
PO L 0 cm BES VT Eh D b IFIFFEY 1K
EEEZONE, EBRETE, EMcHRsD->Td
HWTRKEIZEEAEESH LB WESLRLTVS, L
L, ZMRICERRENE ) O ORkGERIHE D B 2 &, )
WHEBWT EIZZEDbY F Vb0, oWk v
KEEAE ARSI NT VWS, 2O Enb, BERO
KO BRI A L 0 b, BEYHOERMED £ 5

650 7000 7500 8000 8500 9000 9500 10000 10500 11000

R-9 [ERBEEOEWIC L 2 FKAEE (2000 4F
2 Hick 1% 2mm/day & Ilmm/day O#)

Fig. 9 The difference in the simulated ground-

water levels due to the change in snow

melting recharge rates from 1 mm/day to
2mm/day at the bottom of snow pack

IS RRBEI 12 A D G DY FKRL OB A4 5 b &
HBDHIEINTE D,

Wiz, BEZDbDODEDHIT KA E D & 5 1538
ZRFTIEATH D, FIHETIE 1999 F & 2000 F£D 2
HELCBWT 4 HO@MEREZHIRED 100mm S Lk
BEOH R OZEALE A1, [K-10 13, 2000 4F4 Hic
BOTHIREBMEZRZS Lo — 212> W THER/KAL
DEEZRLICEDTH S, K FREAMKI 100 mm HE W
IR S T ORER B DT, £ OIEICHE BRI
WV, TITHEHLTORESZVLOIE, HFKERA
PAFIC E CO A XD Tdh 5, HIF/KIAD IR
WKhtebpEY sy —t vy —FERFEFHRE VXIS
WoTWB I ENbND, £, K-21TRLIET DR
A E L ICHEFE X E b -TW3, £ AT, K-11
ICRT L axy)IlicBVTd, 4 HIERKEORE
Kick v 1FETRGKMUOEVHIETH D, £ DOBROH
HROFMDZZDBREMICH I AHTKMOEK NZE b1
5T EEZOND, EICIETHROKMDIETT 3 6,
7 HOWIE TS WY O AT 2 (e, BEEE
DY & D EEWHBEAZ1T 5 2 &b PS5,

HNKERDS S <, BEKEREADY NS WX T 1 RIKIE
BEOEEHDHI T KL ORI ZEE L, iR T2 EoK
DRFEIRTH 52 EPRESBEEEZR LTV B T EAUR
BTX/cEER D, BB, FOELT>VWTIHEETIE
MNESRES Tl FICbi s EEEOILERNDH 5
7, K-12 OERAREEFET 80 £ 5 90 FERUchr 1
TRDBAH SN D, FIKOBIR E W - o NARITS RS
YT, SUEAR G EERRICRET 5 ENER
LN 5,

6500 7000 7500 8000 8500 9000 9500 10000 10500 11000

P
RS EOREDIC X 2T KARZ (2000 £
4 HicB 13 3K E 100 mm/mon JHDZE)

Change in ground water level to decrease
of snow melt of 100 mm/month



S REO KIS 77

(O BR@#E1970% 14 7 BRiBHE1980% 1 M BEAB 19905 |

2.5

_______ M - ___

3 2.0 IE

oy /
185 - M- - - ____________/

[ IE
~ 10 - .- - - - — — — — - - - — — - — -

_‘31.0 I’

= /

05 [—--- 7

k

0.0 c

L& > X2
APTRN @'5\ SN v.o" &R ° S 000

B-11 4 v XV JIOFERG - FHisl o H K07

(1971-2000 ® 7 — %, BHiEE)

Fig. 11 Monthly averaged water level of Sarobetsu
river from 1970’s to 1990’s at the Kaiun-
bashi site

| o #m —SEBBTH GERN) |

250

200 [----- O e
150 f---— Q
100

50

Annual max. snow depth (cm)

0 N T T A B I 0 B B

N XA QO D A8 0 O D DN XN O
SR AR A S U A L A PR N I SR
FFE ST FFF PSP S

H-12 HENKREBICE T 3ERKESEDORELZL
(1961-2000 D 7 — %)

Fig. 12 Time series of annual maximum depth of
snow pack at Wakkanai site based on
date from 1961 to 2000

5.3 AIIKRIDSE

BIEANAZRN S 3o~y IO GhEEHL) 28
RA, ABNCSEE L L 72 b0 Z2M-11 1TRd, Thhd 1
FETbikbEmWw 4 HOKUMSTEHFEETENTH 5 2 &0
DB IKMDIETTED K S M FAFHIC B K 33h
13, 2000 4F 4 A & 2000 4 7 H OFFIKAZEEE L K-
SDIERMBELN B, D& XDRIEFTOKMZET
1.33m TH %, K& HIFKICHBED [ S5 14 o v ~
Y NLBEBORR S N TH 5 2 bbb, LL,
FEBR S o X VJINTRAT 5/NL), HEKER, 8
(o~ TR U@ o/NE) 78 & ok
WS HEN R E TN, L0 EEFHOH T K~
BINEZ OND, CTNEFFITED, I KEEDKAL
g & L THIRKL 2 ER S, EofeEA A

METEVSIEZT b TE D, Lirl, RKBEDOEN %
2K, SEEFEORE T 2 ERBSIKERIE AL
TELPICOVTEEI S BMFTENEET 5,

B H YU IC

AEIcBVTEONEREZDNICE LD 5,

D BEIR oM FRAERNEIIC FR a0 TS,
ARSIt & v bE < BREFE TV B RS
HoNb, CHIIBEEDOMIZICLSEEZL 6N 5,
BIE B IEE I L 0 KEME 1 mm/d BEZ O
EMHEEI NI,

2)  EHHIFAKICRIE SR AR U ok, iR
FROBES A AL T & TEBIBRE O TR I35
cm 2 B2 S EpER SN, FEEROM NKED) &
BT B &S BEERNE SN,

3) BEEORDICE b2 5 I KE FEIE, KKE
BESZ UK EWETNICB W T X D KRS EEN
Fntsy, a@EE~0YORANPEEFICAONS
I EAE L TV b,

Pibxy, BEOBEEL, FEOBRE V- A
BERDH 25T, BEEOREDCREORE D Lo
FREERIC b FEH LT BB RS B T & AR L
foo 2L, TNETERL TV EailE, Kiioa v
o=V EDNBHHRBSNEE IS Z 0 LN,

Bl *

A O P KR F R IT 0 W T RIBERFERF LD
TN R, A HEBEIR, ThEDKRIES o R E R
THREA W W, 51, BRENICHV2BRO—E
LB R BB R A 5 & OHEN B R
SRt LW, T L THEEE LT B,

51 A X #

R - ILARER - MTNFRR - A 1 - ) R - P
I (2003) : 1EHRAESME T T ORI F KD
JEEH FRENT BT 2 — v v Y B %
Pl LT—, KX - KEPRFLEE, 16 (4) @ 349-367.

BLHEET (1997) : 4o Xy gFHOZEEBR, W H
K E RIS, 1994 -+ 1995 AFEETFZE B RS
*+ . 59-71.

PS. 7¥a—v - GF. ¥V ¥ — - JFrHik—EER (1987) :
KT O FRE &R, &, R, pp. 76-80,
BT AL

LSRR - AEEE (2004) @ 4 o~y BIF O MR KB
B bico v T, JbimEbaF AR A
#H, 612 : 3-20.



78 THEOYIEM: 51035 (2006)

W. F vy 2Ny~ FHFE-EER (1990) @ /¥y simulation in surface and sub-surface hydrology,
3 VT X BHENKERNT, pp. 78-119, FRALHiRk. p. 295, Academic Press, New York.

O 5 - E)IER (2002) @ B4 - JKINK 2 F R Lo AR - PAFERCER - RAF— (1966) : JEHI O FEE
W2y — VoS L ZEFHOMEE, JtiEERaYE AR FRicow GE3#H), HATHEIER ML 37
W5 AT A7, 588 : 19-38. (8) : 415-421

thE) 13 - EEEEIE - THE A/ (2005) : 2FHcdh 3 ML « dE— - b 50 EKHES - AHTETRRR
MRIE O R IKZEB I > W T, K TEERCE, 491 79- (1988) = # o~y eI DM R IRAL & 4 —Je it
84. DIZRERIINIZE (D) —, L K i e 22

Pinder, G.F. and Gray, W.G. (1977) : Finite element 16 (1) : 70-81.

E:3 =1

F oY BT KM OE IS TE Y, T OMETREREG OEAICED D 4 S HIOHLAD
BEaENTOVS, TOHBKTIITFICL 22RO FAKBES, HITKAEZS HREL, SO
WKRELFEGS LTV EZEZLOND, BIKEE»S b, SEBHETRESIKmHL? S OfEIC L -> THl
TAKGISE HEFE S B T EAURS N, F i, RIS FKEENC KT TRELE S B 0w, 2 IROGIEE
TEHINKE TV EROWIRENMT 2B T8 - 1o SRR, SERFEICE 21 TR O NS
BORDERESCBEHT B EER L, DT &, BEOERDKY, HHIFIHEEOZLE V-
te NBIERZ I T, QEEHc-> VLT bEET 20T NS 2 - & AET 2,

SZREHH 2006110 7 H
SZHAEF H 2006 4E 2 H 28 H



