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Fig.1. Flow chart of the study methods
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Fig. 2. Location map of the investigated basins
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Meteorological

e JAPAN SEA

(93m)

H—3 HAENRFTR (FEHEHE)
Fig.3. Location of the investigated basins in SOYA Hills

X—1 BEHRB OBR
Table 1. OQOutline of the investigated basins

Investigated basin Sannai R. ' Otennai R.
Areas (hectares) 10.4 11.6
Elevation (metres) 33~88 36~93

. grass 70 % grass 30%
Vegetation Sasa spp. 30% mixed forest 70 %

Wi (AT HANFER) %R, REFEESH L S NICHEOBRA 21T - 72, WHBUIHK 2
km BN TV 275, @2 L0, MEAL & #30~90m) HHTPUr L -Twb, %
7z, MEBBASIBAUNREBERLIIIFL (22 L) icEL (R—3, £—1).

MFEYICIE, TR E b ICRER DL VRBIRE & SEROBFE &> SEE S N, BRE
BRI E LHENT, BB T ANERTR YV id'E (BREIRE) THEY, &7
¥ A MFERTII MRS E TRARIRIC L REKRZTH 19 (R—4),

FFANWRE AT > FANFERIE, ENENFBERLOREINEG (BE - W5 - #K
£ REWE), LHRAERORMAE ®E  BKE) »5%4 0% MRS b ICEKEIR
CHTABREFRND L WIHBLR U EZACOHIEHBRICTET 5.

RRITIR, AEMMAICH225 199051 ~2 AicB W THFHEAES m/s Ll En B A*
BEAETHY), HRABE 10m/s L LN BIZ1 Ai226 HR, 2 RIC22 HRE %> Tw 3",
iz, BEZekE L TRRRLHMLEF Y, LAERIRRENY (H—5),
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Sannai R. Otennai R.

0 T ! ! 400m 0

[ Imixed forest =] sasa spp.

®O~® : snow depth measurement sites
/ : discharge measurement stations

B—4 ¥ - EHERR
Fig.4. Topographical and vegetational conditions of the investigated basins
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g . 5 10
- > 10 nvs

B—5 FaicEiT2BELRE L BRSEM
Fig. 5. Direction and mean velocity of wind at
SOYA Cape (Jan. and Feb. 1990)

H KR (1951~1980 4E) (2, 12 8 :11lmm, 18 :94mm, 2 A 61 mm,

46mm Th 2 5%, AEHAMD 1989 4 12 A ~1990 ¢ 3 ANMKEIX 12 A © 49 mm,

mm, 28 :17mm, 38 ! 22mm & FEFicH~DLhho72, T2, BEBRIBIZ12AL 1A
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T CKRERANMET2RE L, KL% 1 HEERCEENSGL 72, BERMOT— LIz M
KD FRINALAHTFICKELLTEY, ZOLHLXMMHY 3 AMEICHEREYERL TR
—WHREREERL, KERBICHREL 2, BRLIMEIL 1989 412 A 29 H~1990 4 7 A 25
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TrE, MERULBLEN L BREEL TV, REREOEES RBRNICESRZL 2%
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FEMBARRICL->TITIZ & & LA, MRIREL 19904289108, 3H56-7H, 48
4 - 5 B 3 EIFAEL 72,

RABRORE, BN, BRERRARRRBEEIT (M—33R) 0F— 9% Hnr,

ZOREIT 1990~1991 FELEALERIL 7225, A T o F A NloHERE 1 B FaicEsEL 22
ZEhs, BRETIZI1989~190 ENT— 2 RICEELEDHLI L L LT,

2. ZWABIKEETH O R

K—61ic, 1989F 12 AXRA 5 1990 F 7 ARE CHOHKR (1RMENHKET—2%1H
BATICHRE L, MHEICHREL 239 mm/day) OEE & BEAKELRL 2,

RBE#BZ RS, 12A8%K25 2020 BEE THAMNBKNT, RRIITHRBE D 1
mm/dayLl FTh -7z, 2 A 20 LA FEOMEHEKICL I MENNZ 5 4 AbA T TR X,
B $ 10mm/day% 2 2 2 BL RoN7:. 4 AP ELBRICHEELI ML T 30I3RMICL 2
DTHb, TN, 6 AFELS 7T ATEHICH T THEI DL EHoBAAE L), TH25

(mm/day)' r .lm.." L |r7l FIT I T ,.-.vrl‘ "v ||| 4 (o] S
i -
g 16 4 " :3
; .:':- vy
S 1o: =
2 ] i ® 50 ©
5 @ &
> 1 'A'.‘ .I"‘"./': l\.‘ “‘\_‘_ " A
‘; 0 ] .'I\T v T T ';-Al“-\ T T T v v T .\"' "..- T ""~' ----------- - 80
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Sannai R.

@ : scanty-water period in winter .
@ : scanty-water period in summer =TT Otennai R.
M—6 #WEhbEicHITTHORBIKIR
Fig. 6. Streamflow hydrograph, observed from winter, 1989 to summer, 1990
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Fig. 7. Scanty runoff in winter (O : rainfall)
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Fig.8. Scanty runoff in summer

B T\ 72,

H—6n0, Q#MOBERBEB LEKEYRN—1T7, 8ITRL7Z, £HEKROWSH (X
— N %2a5E, WNEL 12 AKRPLALLTOREYXBAL, T FANT1R6H,
F4MT1A 16 HIZKEHKE (0.1mm/day LLT) 2L 7z, 20k, HEIRPHEML, 1
BETHa»52A208EE THT >+ 4T 0.49~0.61 mm/day, H >+ 4 )IT0.25~0.42
mm/day ¢, BEIZIITEEREB L -7, H— 7 oM POERKRIZ 73mm TH - 7255,
BEHRIES 0°CLULEOBOBRAK*BER L BETS (IPNO) &, 2A11H2 mm, 21 H
4 mm MU TNTREEEZ SN, $72, 2A23 B (BEERAE4L4.70) »5nMKIzRE
TR MERMAKOBREEZ L,

—7%, EHEKBEORERIE (M—8)ik, 6 A1H26mm, 2 H 22mm NEMICL 21
kg, MBHIEHL Tvwoke #LTC, 6 A21H~TA 248081 » AMIZAHS mm L
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R, BWRIZA T FANI2BWT 7 A 24 BIoR{ED 0.48 mm/day & %1, #>+
ANMIZBNTIZTAI2 BICHRL, ZOKEL T A 24 B TRV,

MEKRDOWRERIZ T 5 &, EHOEEMRYICIImI & L ICHBIELS L TOE,
RIS FANTRRES P RIZ L - 20ic LT, LEHIZEMIC & 2 FIRADKDHAE
ZVWHRHAPEWICLEL LT, RERBEZTL 2%, REICHMLZ20% 1AM (1A
208~2H20 B)R, RERETH-72, 2D EH5, KHEOKOYETRE L BbN 5 WE
THEMEKY, LHBKFORBIRFLEEI LN,

3. MErRLTER

1) MB - TLEERR

F— 21, MIERIC BT 2 REERIAOERILZ R L 72, EHEE 2 10% KiH, 10% L, 120
oK, 20 BLLE 3 BBEICK S L 72 2%, THR L b P ENER A, TR ERRIL,
BARERIC L A% 5 A 10 % RBORAE & BBV IS T 28 20 KL EOBRE D 2 o5 5
%ho TOWT, T ANFRTIZER 10 BRI D MIBNKI 35 % TH A, >
FANFIRTIZH 70 % % EHBEST LS S\, ZOBEBRXS5 2 D &, R UHEERRO R
%558 (B—400~®) #:BU, 1980 4F 12 AKRD 5 1990 £ 4 BMHIZHIT THRER L
FXEMORBEFAN (M—9).

FFANFTETIE, FEL» LEHEICHITTRELS S 2 BICIREREN I miEL T
B, ZITRELEBRIALN L. —F, BB LEMEICHATTII12A»S3A
TWINLMBERE20cm T THY, REFHE»RBHLN, 44 - 5 BHORETIREZR A
ELMEIIHEZ, BTEMHIAS - 6HETROHLNLO, @, QAL 4A4 - 5HD
AERICERRLIMBL T2y, HETHI0~40cm nERICIR T BT HEZE ZHLN
pA

AT FANTRBIC BT, MESHRICELFTEICEL COE2BRTYH >+ 4
B & AROMIE 2 RL, FETIINES S ( RLERKIIBO Lk - 720, BRI TIIHK
ErDSL  RTHFEEIEBDOLN, 4 A4 - 5 BFREROBT RN, > FHANFEBERL
CHRBVRIMRBRESGRONBBEETH-» 72205, MICHERUVBEROKNICLBEIREL T
Wiz, QL@imi, YA NG ERABKIC4 A4 - 5 BICIRBLIHRMBEL Tvizh, HE

®k—2 HSEEMSE (THKL)
Table 2. Slope gradient distribution (%)

Gradient
<109 10~20 % > 209
Ba—— % % 20 %

Sannai R. 69 0 31
Otennai R. 36 9 55
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T 10cmAHEAD & TRICH» T T BEEH» R
HeEiz, 72, QHEIIBBRETHEICL Y
b THRANM2E L AU LICKREY> S
, BEFEELRLN L o2, 2T, 4
A4 -5B80N8R&ERKIC) 18cm NIREHNFR o
72

HWFIC & 2B RO BV O—F % H—10
T, BiE, HrFANTBROO—Os
MHEN 19902 A 10 BiIcB I 2 MERESH &
AL T 25500 L QMAIC T TZERT,
QL VMETHIRTHHME L > T2, B
LM T TIMEH D 7  REFREHRR
B 5N H, BEISED IO KE AL,
FLRIERL Tokh sz,

kiz, I—%icBTREFFICRLZ-72
BRI %2R 724 T > F 4 NFEBROGHAEND
WERELE, R—111cRL 72, Di3E#, ®
M T, BEvicE#EL s BRSO FHEMIC
BT 2, MFE T Ao E I XFT2EHK
L2 R T, 1% 6 m AT, MEEREI
E#15em (B A 23cm) ThH -7z, RERETH
M2 10m UM TERKEC 6.5, TREAKN
3, BRI 3l l, 12A28H, 1A

" 90. Feb. 10.

#€&————— ground surface freezing zone

$48k F2¥%

Snow depth

Snow depth

89, Dec. 27~28. Feb.9~10 Apr. 4~5
'90, Jan. 13~14 War.

( : freezing of ground surface )

Otinnal ﬁ//////
%\\
w7z \

H—9. MEROHS & FRLIHHERI

Fig.9. Snow depth and freezing of
ground surface

E—10 >+ A NFRABAE - EICH 1T 2 MERN
Fig. 10. A typical snow cover condition on slope (Sannai R. Basin)
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grass land

Snow depth

———— ' 89. Dec. 28 —----- " $0. Jan. 18

Feb. 19
( ¥r : freezing of ground surface )

M—-11 * 74 NERARBRORTEEL
Fig. 11. Changes of snow depth around a ridge (Otennai R. Basin)

13H, 2R 19 BICMERLZETRIL 2. KNTIX 12 AAERICRERO0cm LI EERL, 20
HLMML T2 ARERICIIMN ImMISEL 2, 72, WThoRERACB W TLRIEEILER
DENLD -z, B L TEMTIE, 3ENRERATIIZE W TLHMER 0cmlITT,
HEEOKBIC ONMERIMMT 220 b, B 7RI, EHHAOKTIAIC
IIBBILTWRLNEEZ NG, 2, R LECIZIERCRED» L RIFER»EDH S
nr.

FEERD L 5 THRAMBRTE, AETR»SFICIrTUIVHYWAIRETE ) THER
FRELS Lo T3, B LAE EBMOBRMEICHIT T, REBVICL YV RBEEIVE
K NREFERIETEINLEZLND, L Lud s, BEIHTH > TLRMESFTIIK
EOREIAL DU —BRENRENMRFEINL 20, REFEEIrEL koL EZL
LHis,

2) RIABHHOHB

KRR BT BLREN LB 23 A%, 1990¢2H9-108, 3A6-7H, 4A4-
5B 3EAELL (F—3).

2 AiCiE, Y FHANRRTIEIME T LB ITTORT LR LEEIcREHEH
BoOoNT (FER 1 62%). T FHANERTIZ, BIREICSAT 2 B —8ic D AHE
PR LT (BREEIR © 16 %) WAL T WRBRREME IR R U2 0 AA8IcHEL L T
BY, MERIINS0~150cm L KE D -7, ZHIRATEI TR L S ICRICE NV EPRELFE
S72bNEEZLNB,

SALENTNOEIERIL2 A LEIRLS/ERLTEY, TOERIZY >+ NFRT
57%, 77> FANMBRT 15 % &% ->Twi,
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®—-3 A#EROT MK
Table3. Areas of ground freezing in winter of 1989-90 (%)

Feb.9-10 Mar. 6-7 Apr.4-5

Sannai R. 62 57 28
Otennai R. 16 15 10

-

1
—
a8

A
°

Air temperature

|
-3

~-10

Ratio of frozen ground area
<

Pe . \
/.-~ Otennai R'l } |-
O-A
ImilbafoI‘h”mIm;oI‘bzb

789. Nov. Dec. ’90.Jan. Mar. Apr.

( ‘ : survey dates of ground freezing)

s0: estimated ae: measured

B—12 FHEROHES - B8RS - BRESRE
Fig. 12. Relation between frozen ground area and air temperature

4 A3, MERE D ICREOERERIBH LN LD -7z, FZTHERR—NLE2 LB HIcE
ERL, BET TOLBERLZAEL 2, 2OKR, V> FANFRD 28%, A7+ 4K
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AR 2 A& 3 Aizktaliss, 4 ARMETOIBEEBOTERE BV, —IC, S5
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%%, 2 AE 3ANARBIIREIECIZLACRIBMBEGIC LW L hs, BEHERLTW
ZVITIRMETOEEL T wiEZ 55, 2%, Z 2R - EEERLIE, HE
BRUMKRT THENZEDS LN 2 KBORRERLTH 5,

KRB TREICH ) REFBREOETRILEZBET 5 72012, 1987—88 VXM EHEBERN
DRMRICBWTRIBE LBADHMEBE L ERREL 2217, 2OKE, B L RN L 2B CI3 BF
BRESOCUTE L 572 12 AFAICKBIIERH ICHEEL, 3ATHTITIZEA P
TR TREAB L 72,

B—1225, KRB0 CLUTICL 285 % 4303 12 AWDTH 3, 2N Z HIcBER
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AR

FRBHYEBLL 12 A%s 5 1 AREE TR, 2 ~ 3 BRABIOIMIALIRNE# )R L
L HBIMERL Tvwb, ZORRERIZ, KHLANHCHRIRICESE S L REBRSH»REIC
BOL TV BREER LD, $72, RBOIMALERIIOVTIE, ZOBMIZWRET
HMERERTH 2 AR ERURBEROMKM FEFERER) 2BV TLHEES Oecm B L 2%,
KEORMIC £ L7 BREROELR URE TEMEROELOREBIRN TV LN E S
L5,

LT, AFYFANTLA6E, >+ 4NTix 1A 16 BioR{EHR (0.1 mm/day L
F) #abN, &2 CABUBMORBEERFOMBIRb -2 LD LHBIS N, ZOKDP
DPHBIEIHBML KL AM(1A20B8~2A20H), KERBE Lo, ZOBRETIE, &
HRUBREOKE (FEEER) OMERD 60 cm %8 2 WBOBREREL L 525E L 12726,
METHES L OMEKI LB I N, TORER, HBILERBIC k- nEEZ LN,

R—14 2, HREIRERBTH-722H 1 ~3 BRUMERD 3 A 20~22 B 1 B
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Fig. 14. Fluctuation of hourly discharge both of a scanty-
water period and a snowmelt period
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BORBESZ TR 72, ZOBOREIR, 2A1~3BHIZ»ITTULOCLUT »HRE, $223A
20~22 Hiz 3B L BRERBIXI 7T 2(2.6~4.6C), RiEAERIZT=AF+2(—0.8~—-3.8°C)
Thotzo 3H2-22 HIZRKREBENHABLICNE L2200 BbN 2 REE#VEH LD
DIMLT, 2B1~3 HORBEBRTI L WD TIECI EXb2r 2, Tibb, X5
KEFICBWTHRBEVEERBICHD L W) Z LIF 1 BHEMNTATLETIIE), 2NZ LT,
ZEBABIC BTN OBEEZ > RS TERECL VBB IN TS L HEINLHEIEL &
%,

MEHILERETH 7281 +»AM (1A20H~2H20H) HFHBEHRZEL2H9 - 10
BFxEROELFEEENL, Fo@ERRICE T 2RIREEELEZER—4ITRL2, &8, BIR
WEMILIEE— 2 ORBHEES D 5 B 10 BRBOTS & L 72, BAEE D 5 5 THit
THHETOEE (BRIBEMHLE) Lo TRL 2. F> A NFRBRTIE 69 % % & 2 BIRER
DETHEMTHY), FOWMFNORE IR S b, BEPBEMEICIZIZHEL T 2 FIBAD 62 %
gL L Tz, —F, AT FANFRTIE, 36 %% H05RBEED ) b 4 EHHT
FEIEDPLRMBRENNENEZHBRBD 2BRBEEZ LN, ZDIFE AL (HED 16 %)
THIHMEL T,

EoT, ZORBRPOMETEHMERER GEEER) 1V F A4 NHERT8%, +7 >~
A BRI T8% E LY, B FANEBASL/20ETH -7z, 1 B208~2 R2083 7
EHAKRL T FANMDPAE L (B F+ 4 0.3lmm/day, * 7 > F A4 )l 10.5]
mm/day), & F > FANDH6EITH -7z, DR LA KFOTBIL, ZHLIBIOR
BEFE R DHRHEEHINS > TR LIRMETEMERERD /I KE CRFIZ N, K
BV BREINTWS LHEIND,

2) FEMEE IR ZMBARR

FHHEE LA HBAKEOREOBMELZ L VAL L DT L1201, REDEEIRDH S
NEWRRICB W T LB KROKEZFBIL 22, FREEROY >+ - T FH 4
BERBET2E, ArHRBHICOEEVGALNELHRIFREIILALRELLWETF
BL, dEgdmonBEIchET2EMI w7 FH Az E20RE LT

TR REN DX TABBELE AN HNETRICALET 5 (R—15), FEEHED 2 i

®—4 XHBARKBEIERLAFEREL

Table4. Area of ground surface freezing and scanty-water discharge in winter

Ridge area Area of ground Mean daily discharge
( * ) surface freezing (Jan. 20-Feb. 20)
Sannai R. Basin 69% (0%) 62 % 0.31 mm/day
Otennai R. Basin 36 % (40 %) 16 % 0.51 mm/day

* ;. BRI
* : forested area /ridge area
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Fig.15. Location map of Douran R. and Makunnai R. basins

BT TR FIRE M A 200 ha LU E ($3W)11 232ha, =<7 >+ A )1 223ha) &t k&EWZ &,
F7HEAERIIE, SEWMINCB W TIMRHS FERTRARIELIZ LA SO TH ) (Ritk 70 %,

i 30%), 27 FANTREMGZRTRBIBILEM TS S Z & (bRt 20 %, FE 80 %)
PRERTH 5,
RERIGESBRE TIZ 2, 19894 12 A ~1990 & 4 ADHAMIC 5 |, FE & ks EH L

HiRICHREL 72,
1990 4 1 ~ 2 AR 772 81 3 BRI, BFHEAES m/s U ENBEH 1 AT 2

B, 2AT1H, $/-:88EXKEE1I0m/sU EnHA1AT2H, 2AT2ATHY, FEW(a
FH@A#ESm/sEAE1A 1268 24 1218, BRABEEIOm/sEAEL A (268 2 A :22H)

LHET S LHRMRTH S,
TR E W TRI—15 DO~QD AT, 19894 12 A 26 HA 5 1990 4 4 B 7 B » AR
I, MERE 5 BIFHRIL 72, R EH—16 (IR ¥, SEMIMIRIC BT 2 3RS T THRET,
ORBHBTEADPBTW S, QIIME CHELEMETT, @LAE CERHEREE T
THb. QDLOQRHARQDOMBBEIVINE VA, ZHIRBETT2MELHERBEICHIEINAL
HEBEbid, LeLuds, QeBnTyh 2 AICIBKERT0cm £ 2 2, REHAEZRA
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F—16 &M - =7 > F A NKROMEERENL
Fig.16. Changes of snow depth in Douran R. and

Makunnai R. basins

B WFNOBFICLBDH LN o7,

< 7o FANFBIC BN TiE, OFE, OfNE, QBRED 3 »ArCIREREIHAIL 72,
LB, 3,ELEMTHE, BERETIHILACHBRICEI L, BEBTRRRD S
VA2 AICIZREEM 80 cm iIEL T3, =7 > FANIFHRIC B\ T REHKE I BREIE
BWFROBFICLRDLNL D 272, WRICBWTRIMENLS LW EBbNI N, SN
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mm/dhy
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A------ Makunnai R.

Daily discharge
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50 max.
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e ] min.
oot
< —307
ﬁ‘I'()‘2:> I ‘ITO 2"0 ‘ 1'0 2.0 I 10
‘88, Dec. *80, Jan, Feb, Mar,

H—17 AWM - =7 A NOXHE KR
Fig.17. Daily discharge and air temperature in winter
(Douran R. and Makunnai R.)

NTREZSEREE T, <7 FANTIIBEBOEMIZBWT, FRELNDBRTTL H
BR—NTRIFENEER LR L 20BOLN L -T2,

g~z FANMcBNT, 1989F 12 A 9 H~1990 4 3 A 8 B #fic 5 mIER L
REMEHERE, TOHMOBES -  HEREEZH17 IR . BRAKBRNEHDIC & T,
12 A 4 BIZ 25 mm DBEMH»H -7, 2 A 11 BN 3 mm F THEMIZ LW (Z OB 0OBREKE
12240 mm), $AWI, =27 FANEBLICAL LS CKRBEIEBDSLTCOE, BEERF, 28
8 HicH{EfR (M)l &b 0.53mm/day) 2/RL, 20, RELAOHECTI A8 HICIIH
mLTwa,

3) REMREMRLL > LB KRR
LIED 4 HBIC BT 5 X HBKBORLASREMILIZ, £—4 X0 AT+ NFKRT
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Qw
06 .
0. 5] ~«.[g Otennai R.
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00 ~e
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s
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s Sannai R. ~a
>
‘©
a
Qw = —-0. 4 X R + 0. 5
ol — ; . ; . ; —R
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Ratio of frozen ground surface area
during scanty-water period in winter

H—18 FHAREAERL & ZHERTE

Fig. 18. Relation between ratio of frozen ground surface area and
scanty-water discharge in winter

16 %, > F A NIRRT 62%, EHICHNETD 2WBICEWTIEARNEBY 0% TH5, X
—18 IR KFEN R L HFREKIL & KR L DBFRE2TRL 72, &8, KEBKENFHRERE L
T AT FAMEFFAMNTIZ1IA208~2 A20 BoOFEHRiER, AWM &E~7 >+ 4
MTIZ2A 8B EIKEEHAW,

H&H, METERMEI»EL L WREIEEBOEBILIKE VR, KEEKROFRIT/
S L EMH»BHLNDE, Thbb, RLFEEBORPIHHBICHE I NEME THEHME K
BRRELTEY), TASrLXHEKRREICENS LHEEINS,

ERWHEIAFRH IOV TIL, REIVNEWIHBKE I REKL S CGERBRA»ES T
Wz ehh, INFTHRA - BTN ZENI L, Y FH A - AT 2 FANTRBRIC
BWTY, 1990~19]1 ELHANHEBBAOLBEIZ I T > F A N THBIE AL, 1 b
DESKIIREMEER L2, LaL, 199142 B 23-24 BICER L &R, BERY > FA4NT
0.13mm/day, 7>+ ANT0.41mm/day THY, > —F—WICHEBLIZIZEILTH -
fzo Fz, ABEICBITZLHHENOFERBRASEM 2 H, KBEHREH» S RLFEE»EL LW
LALNDWBOLIBKFOMB LB T2 &, RENAKRFEN RIEETRIEF]) T0.38
mm/day (Feb.19, 1988), 0.56 mm/day (Feb.2, 1989), BIFNAKREL V7 F+A4N (1]
SIAET8-F8) T 0.42 mm/day (Mar. 7, 1987), 0.42 mm/day(Mar.7, 1988), 0.55 mm/day

(Mar. 11, 1989) T4, BB L# 0.4~0.6mm/day & % > T\ 37,
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5. MEEAWC & 5 LRIBKRROT HF54E

1) REFEE: AETEME

IhE TORERERD L, REGHE L METEHMS KEEBOERR 27 2 (8—19),
SEANIRIC BT, BRICEKD D 2BEICRANL O TRBLHEIC 5 0BT/ IR S
Nz, METEMERZRBEETET 2. £/, FHRI L VIHEB TIIRBI TERLHIFE
L, #HTHARETEMEHIES 5, 2NN THAMIRTE, BROFEC»»HLT
T UMERBHITREINL :HRBLECRETEMT»4ET 2,

METEOMEBRICEL T, /B (1980, 1982) i3dt#EILLBFEMX HFEMIZE -
T, Q74 v A= bKkDdFk, OQRBRENEY LKDLHE, Ot L MEHHHK
RAUE»HLRKHLFENIB) TMETEHMERXBEL, BEHT1979~80F130.44
mm/day, 1980~81 %43 0.44 mm/day, 1981~82 4|3 0.61 mm/day Tk » 72 L &L Tw
1D, g 7o, BRI (1989) DHlE s LY, AURTTOFEHICBWTIA > A —F 2HVLER,
F#0.54mm/day Th- 720, ZhonEL ), RETEMERIZHS S L% 0.5mm/day &
wRmINb,

ThbbEE—-19 125V T, BRMBRTRRICHEAD S 5 KBS HRAMBORBTIL, &4
BAEOWHEN ) LMETHEMEIC L 2HBIIBB &% 0.5mm/day BEic, 72HBEAMBRT

veak wind area

i) @ snow cover , xxx @ ground surface freezing area)
( ¥¥¥ : water supplying zone at the bottom of snow cover)

H—19 XEHFEHBREWNETERE
Fig.19. Water supply process by melting at the bottom of snow cover
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BARICBMD L WIRB TR ENUTICZ 2 b0 EHESI D,
2) RWHKEEOGRH & REFHE

512, EAEBOYFHANEAXTF AN, RNHENEMII &~ F4), B
L AL NG ORI DO Z K] - ERBKROREL T L 2. 4B, BAIIZENLD
WRTAILE IR 2 BN 2 W1 T, FIRIH 100m DBEL2FOKLELY @Ear»Ek) IoHK
bNT w5, BANORRIZIEERFEE ML T EEKIC L > THIEIN TS ), KERN
HiCBITAEREWRIE7.9km*TH 5,

FrFANEXFTFrFANIZBRBBBOEERRICMEL, £MBKREIZT T
0.31 mm/day, & 7>+ 4N 0.51mm/day &+ 7>+ A NHKRE» -1z M E=7 > F A4
N FHAMIBICAIEL T D, KB KKEIZT & b 0.53 mm/day TH -7z,

TS AN OXREREKKES 0.3~0.5mm/day THB 2 &, FAAEHLIMETEME
B/H#50.5mm/day Th B2 S, ZDANDEXIEKENERBETIZIMETHEHMEIC
F230TH), KEBARICE W TRAHUIOEBEERS OMBHEIIT LA L LV
BEMEDITLNS,

WMELENHICB VT, SPMIZERIIC L 2 RBADKOEEIZ L, dLHEICB T,
KO EETHLHE I HREL b2 0B85 % 12 AP~ 3 Ahan 3 » ABTH 5. BEMIC &
BAKOBHE D ED 3 » ABILIAT, ZHLIATICEE & MBS DOWBEY % < % 5T
CHEVTIE, WETEAMEIC L 5 RESZANEKREHR L X5,

FHIC 3 » AR L EREREAHE ¢ 2 & I3AbHE TIIESIC T W %Y, 20 BRI DR
BlizdoNs, TOELHOREMIICEITLEKBFREY 4O TAB L, FrFA L
AFLFANTIZI9904E 7 B 6 ~24 Bic P T 19 HEOERNLEA»»Y), TH24HNH
KBz >4 N0 mm/day, A7 >+ 4 )NT0.48 mm/day Th -7z, M & =7 »+A4
NI 19884 7 H 12 B4 5 8 A 2 HicH 1T 22 B EEMAIMA»H ), 8 H2 B HRER

®—5 BAKER—%H - TH

Table5. Scanty-water discharge in winter and summer

Scanty-water discharge (mm/day)

Geological condition Stream name in winter in summer
(no rainfall periods)

Sannai R. 0.31 0 (19 days)

Otennai R. 0.51 0.48 (19 days)
Tertiary sedimentary area

Douran R. 0.53 0.16 (22 days)

Makunnai R. 0.53 0.08 (22 days)
Quaternary volcanic area Horonai R. 2.53* 2.53 (19 days)*

* : ENMCEGRAIE (F - 19884, & - 1989%)
* : measured by TOMAKOMAI Exp. Forest (summer in 1988, winter in 1989)
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|2$AM )1 C 0.16 mm/day, =7 >+ AT 0.08 mm/day T&H -7z,

INL A FBOWEIRZ TN BACHEE TEEREEI/NE W ETFRIN, EHEK
REED 0~0.48mm/day &L/ LfERZRL T2, EHDEKERICIILM L B D ERERY
B2, BRIZIIAMEKEE L KBETELwy, B0 20 BEEEOEERBMEN KRS
BB L% 0.5mm/day LT THNE, LD 3 » AMOERERIOF N AMBKEFICIE, &8
DARTICBHE S N2 ic & 2 X RIBKBRE~DEBIZ L L2 L BBEN S,

IRISHL T, BEREKLNEE RN SZRANIZEERBE»AE(, EHBEKEFIEW
TH 2.53mm/day &) 4 NHIZHANRTKE LRBELZFD, RAIFBIZIZHBEE LD 7% <
RIWEIET 25, LHBKRICE W TLLXBLEOER S OHEHEBIKE V2D, &
HEKEFRED 2.53mm/day L KELEERT L EZLND, $72, Eb (1989) ZEHEE
M OTR % EK LR & L THREBENOERIBR Z B L 2R, B K LS KR
#71.34~3.42mm/day, 8 KILEHE 1.43 mm/day, G40 EELEOHERE
¥ 0.004~0.41 mm/day TH -7z BT 39 B+ 4+ F >+ A IFRIE AERL R
BZROMRESHED, SEW -~ 7 M IRBIZ AELOHERSHBOTHY), Ths 4
NEREKEOWRRIZ, RENEEZMR - EAERLOEMET 0 BKILHE 0.004~0.41
mm/day *i3i1T—%7¥ 5,

3) MEEAHIC BT 5 X RBKEDTHEYE

X—20 i, MEERPRICB T2 LB KRRE: T2 BRTERL, 27,
BERSDLWRBICBEWTIIMERIDNE(, BRIBICLVREFEEL, METEHMSE R
LT, o7, XEBEKRORBIIZYLAORBEITFBRAFOFRHNATHEEEINL (B
I=DIDR

BRERFSVHRRICBVTIE, FORBICBIT2LMBORORKIRICL>TELY, HA
RICBWTIIE - ECHBINTICHSLREBITRINE 26, BLEBEIREL
v, Lzd-> T, METEREFRBLE CEL, CHICL2HRER BB L% 0.5mm/day &
EZzond AWM, =7+,

Kiz, BERY S P OBANBTH 545, FTHRICL > T —LKESTH L L5,
BB TEIMESG AR ELbN L 2O T EREB IR INTRLER I RET L4, &
BTREHIREZE)RIFEHIBEL v, LALEYSRESHICBCTLHBRTH 254
i, AMLERICEIRELZIRIFR-RIREL 2V, 23, REFEEERLEEBIC
B 3RBBRENERLE LR LT, 20RBMICBIT MBI KRE 2213 RLBER
MIIETd23neE2oN5, 2L T, IHLME - HERRICE - TR 5 R HHEE
LKD), HRCBHENIWMETEHMZ KEIRT ) LREKREDO RN E L 5T
BhseEions (FrF+40N, 2F+4M),

FrrAN AT FAN BN - =2 > FANNLRETET L D, KEBKBICBWTIEE
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Snowfall Wind Landforss [the forested area|  Ratio of frozen Scanty-water discharge
the ridge| |ratio of (a) ground surface area in winter
a[‘ea(a) hld’l E——— « base
flow

Douran R.
Makunnai R.

veak

about
0.5 mm/day

E- METHMIKICLZHE

Note * : runoff from snow melting at the bottom of snow cover

H—20 %HEEKAER L EOHERTF

Fig. 20. Factors affecting winter scanty-water discharge

HLIRI ORI ER S OMHBEITII L A &%, METEME K LNEKERD ERFIC
Lo T E#EIN, B—18 25, LHEKRER (Q.) IRLFEKEMRL (R) B
TRINDGY, RICHBLE TREFRHET UL, FBKFRBIILOISENECES D
DEHASI NG,

LE&Y, MERGMICE T 2 ZHBKREOFRBESFIZOWT (1), (2) KoL Hicg
EHLND,

Qu=B+S, S=(1=R)XM  ccrrrerrerereersreneenenieeriissinsreanens (1)
Q. : winter scanty-water discharge <mm/day>
B : base flow (waterflow generated before winter) <mm/day>

S : runoff from snow melting at the bottom of snow cover <(mm/day>
R : ratio of frozen ground surface area
M : melting volume at the bottom of snow cover <mm/day>
KAk R (Qw) 13, FHLEORBAFERS D6 NEERE (B) (RS TEHRE
K (S) LTHEREINTEY, 205 L, METEMEKR 8) RRLFERL T iRoF
ik (1-R) tIRETEMER (M) DR TRINL, B, MofEREIicR~LEIicEs
205 BESZ NS,
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FLHEEEEL (R) (3, BEMBICE W TIHRESRES0°C 2 THY D 2 Eiz8m
L, HEE -BESREDL 0CCLUTE2RTHBEIcBWTL, (2) R L) CHEEERTH
% [RIESPEMIE (R)] (HEAERTH S [ 1 -BREHKHME (R)] O TEINLRAME

(R) 10ET 5, 2L TZNHK, BERKEIG 7 IRV HED2 LBLT 5,
RcerX(l-Rf) ............................................................... (2)
R.: maximum of R
R; : ratio of ridge area within basin (topographical coefficient)
R;: ratio of forested area on ridge (vegetational coefficient)

ZIT, EFENRELLESEROFTHICE WL, BIRBEEKL (R,) I3MEF 10 %%
WoRsOEMLE L, ZOMBEIIHEE6 mEBEOFEKROBEMILE L2, LAL, Z0hbid
WRDHKEEIEIZIE U CTETBO T - HEER» LERICEI 2L TH 2,

DEnZ s, ZEERHBIKRE CEZRLRCBNLOKILIMIRIC BV TIE, ZHEK
BICBW T ZHLANC TN E SN ESTIC L 2 K2 (B) k&, HAMNMICRLRRE

(R) NEEIBKRKE (Qu) ICRIZTHREBIINES L EEZ LN, 12, AERL - =
AHMCEHIRIC B\ T3, SEBKERCIIZHLETICHE S N oI & 20 (B) o8Iz
M2, o TMETEREK (8) »LXHBKBRE Qo) DERS L %Y, W HEEER

(Re - Ry) CXERNZ2RLEKEML (R) OBBLE(ZT T2 0L BN,

5 b hH (c

ZHERFORBII R OEEREARICHE L Z, REOEKIMEIC, T -8EMR
TIRME T L BROBRICHE S EELZTTWE I P E Lo T,

FIFFRTIZ, ZHHEKRFICR> TENFHER L RHRSF 2L ITT LI L 2RAZ, K
REREZEZRIC N RBEELIT) 2200013, FM%E L 2 EKEO KNG £ 08T 3
ZEHFAURT, RICEHREKE HHAH () HBIRT CHEIR SKIch 5,

£ JE KD KIERERD 12601213, FICEBERE RO/ WHRIC B W TR EERO
EXERLNRICLDEEZ NS, REERICBWTEZ 2 LRBBERORELHMAI 422
EHUETH), WEOKRELYWERED LW Eh L, HHROBERRL7 2 v ARBL I L
SMEDRBVER UMK L L NBL 2 E2 bz,
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Summary

Streamflow source in winter, especially during scanty-water period, is considered to be
composed of runoff generated before winter and runoff from snow melting at the bottom of snow
cover. Melting at the bottom of snow cover is induced by soil heat and adiabatic effects of snow
cover even in the condition of air temperature below 0 °C, though it dose not adversely occur when
ground surface is frozen. The main objective of this study is to clarify the influence of snow
melting at the bottom of snow cover on winter scanty runoff.

Continuous measurement of discharge, and surveying of snow depth and frozen ground
surface were carried out to ascertain the characteristic of winter scanty runoff in Sannai and
Otennai Basins of Soya Hills located in strong wind area where ground surface is frequently
frozen. For a comparison, the similar surveying was also performed in non-freezing basins.
The results are summarized as follows :

1) Snow depth was greatly influenced by topography. Snow depth was thick in valley and
forested ridge, whereas shallow on grassed ridge.

2) Frozen ground surface was largely distributed on the ridge without forests. In the
beginning of February '90, the ratio of frozen ground surface area in Sannai and Otennai Basins
reached to 0.62 and 0.16 respectively, decreasing into 0.28 and 0.10 untill the end of April.

3) Discharge fluctuation was not found for about one month before snow melting period.
The winter scanty-water discharge (mean daily discharge from Jan. 20th to Feb. 20th in 1990)
was 0.31 mm/day and 0.51 mm/day in Sannai and Otennai Basins respectively, while winter
scanty-water discharge in the non-freezing basins was measured as 0.53 mm/day.

4) Winter scanty-water discharge was influenced by the ratio of frozen ground surface area
determined by snow depth distribution. In strong wind basins, the ratio of frozen ground area
was considerably high on ridge whose forested area ratio was small. It was considered that as
the frozen ground area would be reduced, winter scanty-water discharge was expected to be
increased. While in weak wind basins, frozen ground surface was not found because of thick
snow depth without relation to topography and vegetation, therefore winter scanty-water dis-
charge was considered to be steadily supplied from snow melting at the bottom of snow cover all
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over the basin.

5) In basins of Quaternary volcanic area where discharge is mostly generated from base
flow, winter scanty-water runoff is mainly supplied by waterflow generated before winter,
therefore the influence of snow melting at the bottom of snow cover on winter scanty-water
discharge is considered to be relatively small. In Tertiary sedimentary area, such as the investi-
gated basins, the runoff generated before winter is small, therefore the influence of snow melting
at the bottom of snow cover on winter discharge is considered to be exceedingly high.



