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Runoff Analysis by the Tank Model with Snow Model
on Six Basins, Data of which are given by WMO
for the Intercomparison
of Conceptual Models of Snowmelt Runoff

By
M. Sugawara, I. Watanabe, E. Ozaki and Y. Katsuyama

National Research Center for Disaster Prevention, Japan

Abstract

In Norrkdping Conference for the WMO project, Dr. . A, Anderson of U.S.A.
suggested that t]]e}e is seasonal change in temperature lapse rate, Tt means, for our
model, that there is seasonal change in the parameter TD and this factor was lacking in
our models.

Runoff analysis of the six WMO basins were teopened introducing the seasonal
change in TD and T0. Some improvements other than the seasonal changﬁ of TD and TO
were also made as follows: 1) In the Durance basin, automatic calibration procedures
were repeated for many times and the tank modcl became much better than before.
2) In the W3 watershed, the snowpack tank was improved and result became better
than before.

In spite of many troublesome trials, the effect of the seasonal change in TD and TO
were not so large except the case where the elevation range in the basin is large such as

Durance and Dischma.
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1. FLBHIC

RERLoESE 7 voE-RK ] (BREES, 1830 EERE, el
1o & EFBTE BB WMO I 24 2 I0BRIZ 1982 FF 6 AR TH o7, T DRHH DM
ZWMOMHEL, EF/vOHALEOERAKIT 2261, HEFRICA Y. —T YD
Norrkdping (/ =¥z E» 7)) THOPNA EVWIT ETH 7245, OB TELDER,
198349 AL o1, ZORELLEL THIRWMOSG, 9 OSEOTHERD —
ELT, FEMEEARLA FHRNERSZ SN TERE.

WMO SEH L 7-f iV < Ddd B 43, P 2 FEELZNENL D EATINAD.
BrzoMims LT, FEEH2FEELI G Chaghnid) , thoFlE &IV DOTSHS,
FhlcL o THEELEEIT AL, 74 ) A NWSRFS (National Weather Service
River Forecasting System ) #%, Durance, W3, Dunajec @ 3 iz 20T, —&F&
WEREZHLTHA, /L, NWSRFS ECo03RELMEREEL TEIL., &Kho
3 itk Dischma, Ilecillewaet, Kultsjon T3, HHDOEEEHA—FEL, W3, Dunajec
KDV TE, UAHDERM NWSRFS ik e2 i Thsb, 772 L, Dunajecic 20T,
)it NWSRFS LB oOXDREET, A5FMIC20TENHOERELNL. W3iZ2T
i, o8 DESOOTOEY, W3IRBTA)HIORBTHEH,E, NWSRFS Ak iER
2T ORSARTHAS. SHOEFLHAE TR, BROFERFBREHBICT > TV
W, FCOETS, HEOREIZDWTRELDTEHERTH 5. HELESEE, 104/
DERAEZGINS L, REXFEEED 4 FRHSBENTH S, M6 FOBRTET VO
WIA—FEED, BEAERICET2EEETHENED o 5. HEOW)IAET 4 2
ETNREEN, REOBIN 4 FRIOBRHADZPICAHAL TEFLDNT £ -5 &K
BWELEWVILIUAEETHC ERUEVTHEASD (ZORHIUAEET DL, /L HS
LOThHE TOLIBZLEFLEBVWLEAS L, TERVEDOTHS). LL, ET R
BEHZHEOHIIc2WTE, EOEFAREELD, E2heE{ 0FE, EFEOER
EHoT03E, L2 ld, TOREBESNITEGEET, EfEbkn s i3, B8l HEN
BOWEHE LT THAI. bbAA, AR EFVFBEEIWMOL 5L SOl
BIZD L OETVDNT A - ERET EDOTH BH, RIL->TEDULTH, TOHRIC
DOTEL DIERER>TVWAZ LR, EFVRECEOLOHTEATHS., ZDLHILEL
T, BMEOTXTIK20T, 2Ll NANE, bhbhé LTRESTHS L, HilKH
ATV 13 ZFOEEAEF O MO FVIIEENNSTHAS. Lic/i- T, Dischma,
Illecillewaet, Kultsjon @ 3 #ikT 1 fiAHY , W3, Dunajec T2iZMNnicE o T &id,
OhIEAOHRFETHS. LrL, SHiEC 20T 2SN NERETHL EES WA
Mo, RLTETNTORMTIEHFLTOIME, NWSRFS 45 3 it © 1 (i %Hl -
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el &id, MHIRESTREIEYa y 7 TH- 1.

51 ORI Durance TYUHDERGKEICED 52T EThbH. 2MET B, hfy
DEMMTH otz BEtLTAT, DNONDOERLEDL o720}, REBEREFICLE60
THHT EDH T,

1 3AHFBWMO B LB cHd 24 OB CRERLTHS (Thid
WMO Ol & 3 REE B L, ArE6 EfMlic>WTEHBLAMTH ). Kultsjsn @ CR
BOAKODE, ElFRCEN S AOMEENTDICEREMA i, BB EX0F
MEiz-tcbdDT, EEMITIE Dunajec FEEORMICHEYT 2. L7245 T Durance (1
6 fmd, —FHLVFMEERLTHAE, 22T, CNTEINAIEE SO YOS Y
THofz. Durance DFEREL-E L UBTHAIEVIRRMEL L LTV, Fh
BAA Ko7 7E2RDLECH OB LNILDTHS. LALFFMBECR SLV et -
Taho, INTEIPEHILB O, BERUBYTHS. [~ Foss2 42001

Ul 8k REUIT, FMOERSICE EHENTERESHENEVIDN, BADEAITHS.

ENERNIOBRNEBLERTH o7, Durance HIEICIZITORSENL, 9 OSES
ME BB, HHMNIC3 ORBEATES . +AKEESH2010h0, bo &R T~
xTh o7,

&1 WMOIHEH LAcBEHREICHT 5 3HEEC R

Table 1 Values of criterion CR for our calculated discharge of six basins presented to WMO

Durance W3 Dunajec Dischma Illecillewaet  Kultsjon

0.339 0.404 0.509 0.382 0381 0.302

Duranceiilfi THhM L /2[RRI, EOSEICE AWML, 1&REHMLALEHD -1
TlicpbE, BULHEFL. Dischma, [lecillewaet T 2 YA A TEEEH E<

Bofel L&FEZNE, Durance iC T NAERAHDZDBURTH B &, TFEL/. LhL,
ﬂﬁ%bf&f,Dmmwkﬁﬂé%ﬁ@ﬁﬂﬁ%ﬁﬁ%ﬁ<%@T%%C&%ﬂﬂt.b‘

NONHBHOTHS, V7« EF VORI, BEOREEBET ISR, 5D
HTHE, HRNTH >T, HEIOC HEL TLWVEFAICEEST S, 20T, i, 25
LINADNZ 4 — 5 ZFLRD B E ZiPHTAEHBEARD ViR LI, 6[EICERE LT
2. ZLOHE, CHEBELAFMPSSETEVANT X —9 B LI, FRDOEEDPE T
i CROSEL LB LE V. Zhid, HBBRELIVERMILAE, RQ, RD 3+
LTEMOMEICL >THRSNA Liclsh, 55 RQ, RD Kk AEEL, 7%
BE o AHRIKBIET 200 THEEEZSNS.
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UL, Durance ODEEREFEIE>T W, TTTREKER, JUHSE < OHIZTH
S5, WEEKbc L >THSA, TOEEZEZHLHTAEVSELL. F2 T, RQ, RD

KEBET 4 —F =Ny 202 TEEICEH L. Eid, bhbhdisgici-z 7,
AEt hRLBEick D BE oz 60T, ZOBOR DG 8 BIHEB LA TS,

L7ctsoT, ZOEBREF v LHELT, SoicHEMtick 38F4 < ViR E, il
FEORADT BlcEOIG., FE, OBMbic L2 EEEE SiIc 6@ bRt &, HiFMic
CR=0330TTH-ob0H (ZDEHAEL DEERE >TVWAEDIE, CROERAZDLL
BHBH-7bO5THD), 6Biciz CR=0.3203 i3 Thior. S LHZNIL3
MEDSHRLICEDBSNIETSH D, S Sic BEHEFEA10E < it L, 8loBick
M CR= 03073 L, LIESMNck L. B0hoBihd, 0m0BIEL hELT
T oNET, KIESNTVRFEME CR =0.3307 i lb~xtut, WTE0ELTHA. £
TUDRHEHELNLSL, CROMESFNETHORMEDAELNAHTH B DT,
%mﬁ@w@m%<@ﬂ¢ﬁ@?,C3m7%§¢é<ﬁ5&@,iot BoThnlih
2l ETHB. Thid, bhbhOHBELHROEHNEZ LT DT, Avicsal
WZETHoRb, TOEHBFEELEL LN L > EHELTHE 7. WMO TH
VAR 2|OEL, bubhOFY 2 fBAEL IR E 0, BT HEIT TR0
(ONbNO P 2 FENFER, ©—20 1 UOFTHIZL 2 EAE BT LAw £ 5 ic s
SNTOE), bhvbhhHR LI LR ThNiE, NWSRFSOERLNDL L%
SicEbnt. g E A RE, Durance T8 1frafthizhbmnizn s, s
DEEDA LD, WEISOHRALES LA,
NWSRFSOZDEFMTD0TIE, 197341 HicHahi-HEns b, BEE Zh %
1975 FICHIRR L, 1976 A ENTW S, COHEDFEE Dr. Eric A. Anderson O
BTN NG A —g R LRDBELS, HBEmE RT3+ 2HHEE RE o)k
ADFIMEHFT OEAL TRV LS BN E) Fir, BEEERLL NS, TFLED
LDIDOTRBPEHBELLAES 7. W3 BIRIEC OWETT TICIFORR &1 > T
L0, ZLTRREIRLZHREOMEAEITONTE ST, 20 TiIAKBICIEER
TEROTHAS LBbhic. COARTR, BEEAFEOEHICAAENS. bhbh
DAHXTE, ANNERGHRKELARELS T THE. BSERMADEREELTHV LGNS
LS T EE, ANBERPZNTIET, 200 0HENE KAl H 2 (SE O
Norrktiping ME T, Dr. Anderson 3, HhibhOEFLABEEAFEHTIC L0
REHTOIRBLLIZESTHE). ANBHSZWC LRENTH BKEH, KBEDAH%E
T HLIBHTRS., NWSRFS T, BERBLH, [{HAE& 74 —Fenyg 2%

COBLTNI A= EEDTTS fodic, EFITFELEH» S5 L. SEOMELLET,

NWSRFSA 3 B L T i oo Did, BTt 2 KoOBBA B4 215 THES.
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WMO @ TRFiiHoOMEsE 7 /vOMOLE | O4Ed, Norrkdping ORX 7 2 —F v o
KEAKEATO A268 5308 THoN. PIHIC, ST FAREELEFLOHA
ALk, BEHISSGEDPDOFETCH, FALEFLTHELELHLHL., BEFLOHL
TSR OFFMBD S H L OEPKAER S, FRAEHHT, Dr. Anderson D L7 NW
SRFS =FUOFEENPESLATTCNTHALEEMotz. F-EZIE, OB LAERT
H, MESSASOTOVSAY 6 Fillich iy 2B HEROMNMEL, BF 4Bt 33
M &EAS, WEEALTH S, ZRRBASE SATOBEE6 Ellich 0 TEHARE
FRE L BDEREL TS, TOBDLEIKICENERE B TR OBEICES b
DTHNE, REDAIFEMTRADLELLETHAD. WE6E, BE4FETHEOIE
EMTENIT &, EDEFUOTKLENICAENNBLDELLCATVST LART &EE
ATEMAHI. DhbhDET VL OWEEBEL TWis%, Dr. Anderson OfR & %
ITHo7, WHIMET BLOERER L0, BRDINECEI S OTIAL,
BERT, b2 ORSE LN o0, 3OO TEHFCNAKTEETHET & Eic -
fo. @EO®RFE, ', MFOEHS, F—s Bl THEsTThh, R
ERShi. BREBERIEFNVERICBLAY, ZOBTRESEICLZQEE FRcE
HEADGHBEE ofc. COREIFEHHFEHEORBHICE T, RSB sH -1
0, BRICE>TRERTH >k, CThEDE RAD2HH, -BHGHoHc SRS
Wik B EEMEBICREIHEHEMMH I &, Reic L TESHRBIcEL TR, B,
RSHIRTIC S 1 2 FRELAE LRD B C EBEHHTNET, RafEicfn g & ik
Tz s, 50 Dr. Anderson i ZodE Uiz, BEICH LT, QS FRIc & B2k
BHLEERUICEE LT N bHINGE G, 105, MTEHSMELT (degree-day
factor LIFEN D) ICFHIENDH S L E Dr. Anderson i £ 5 D ThH 5. FEIL1975
FIBEDOMELHAIL L EFITE, TOBLESLTOEE LK, Ll W3OMITE LTAT,
TOPLEERLUI. ZOMOBKTE, FMERICLEZ A )y PEHFHARELHVEIT
b,

SECLRBETRCFHELHLLEVIT LT Z, bODHOEF LRI TV S
b ot BHEOHRILOIOLUOEDEN LV Dh., HHIRSEBEAHEEELTH
O, ST 4 —F Ny 7E2DEL, FEEHI TN A —sMlEE2ToT0BT 2
WP THS, Lipl, TR HEREGEL S o, SURE FROEHENO T & 24
2T, TNIEZVBREVNEHRNTCHSEE -/, bhvbhioTFAT¢54E, T0, TD &
MZESAsCLiclisd. ERT Dl kiz, bhbhbEs5 50T, Kultsjon #
froLd, TRERLETOVENS, HEDICHEENTREVAE, FIHHLTLE 70
THot,

HBAEICH>T, T0, TD OFHE(LEZAL, 6 REOMAEES 2 &l D
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TR LAREBEMAELTATh, 3022 T0BM0LEBEB0. 55 FEOH M
FrEeEm s & &3, M, EREEIC/ &AL, £ OFHIET, EH ORI EFhc
TV, ZNoEFHREFEE LTRIETY. €505 6001, HHEDEFIKRBEEAYE
NESNTV S FIIAEok®E { O PRES, o0 ERESATLERE, K
Bicd &0y, hhbsBEHEREBEL T EHETHSS. LrL, 2HE TO, TD IKF
MEABALTTY —EBOFELICTERL., FRICE2T, HBECRAE LD S L
(THZEHBTEBMLBEANTSHS. TO, TD OFHLEH S UDHARAALL EF L
T, YD ORI AITHINSHE, 53 0I0ERMEGNATHEAS. LrlL, 9T
T 21T, SFO LT EETLEAEE, ) —EROLOED L LIEAHETH S
o, FELAFEIRLTADEIEL AT,
EIF, Db s £ T B8 3EfWREs06, BonERER~s,
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Fig. 1 Map of the Durance basin
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B2 AR4 (1675m) , SVIT (2010 m) D AEHREOE
1) HESKEDHFHOE 2) ARESKEDOAEH0E 3) HTERED
ZD10F4 (o HERiE, - HESKE, OWFOEY)

Fig. 2 Difference of monthly mean air temperature between AR4 (1,675m) and
SV17 (2,010m).
1) Difference of monthly mean of daily maximum temperature 2) Difference
of monthly mean of daily minimum temperature 3) Ten years mean of
monthly mean air temperature (¢ daily maximum temperature, e daily
minimum temperature, {_) mean of both)
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K%$ﬂ5.¢ﬁ&ofﬁmﬁeﬁb.%ﬁﬁﬂﬁ@k%hwﬂa%,Zﬂéwﬁﬁ§m§
HZEMAGSHBT LIEHODT, ChEREELE-DRAENFEELTH 12, HEHMLIID
REVERFEZ, 10F VR THRIEDEDEHTE S TH5S.
HAORBEDOHBERNDZC Lick->T, BECLISEBETEORHLSESCH
HTHAI LHF LY, AEGEBTIRE LI WS DTH 7. 9 Hitid S 2 M4 i
DHEE, HATRIBEDTHE, TOREALTATIEOVT 2 HAKOSEED FHL
{EDMBEfE &, THOHERBKI I RENTV B, CHICH B LS, Bhimgo
BRUAVAT, InsoHEOFMHE AR L0, kT s ofiz0ilido 3
L, RIS TEEEOY, &5, SEOFEHIC->WTHEIET LA &S, RESLO
TNENI DO THNE DR AR id, S oiclictns. 2 MASESOEMBE L,
E, RBESEOBAGUANETRSTCLEbbnE, hEDRE - EBETTC L6455,
(NE 12, PE13 @2 IS ORESESHOME L0 H W ->TEL, 202 HiADESE S
LDMAEETHE, &E, BREKEOEST, R -8AENS),

4= b= oe b
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Fig. 3  Difference of monthly mean air temperature between two points in the Durance basin
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Eid, M3 O£y, A, B, C, DAHMKEsNFNOEHELORATH N
AHHEMF LI, WETHS. 20O F, CHENOKEBEMIZPEIZLZTTHD, Bl
XKTHE2MAEM2 ELO11 ULk, D#IKIicid AR4, CI5, SVIT O3#fAns 5
A, SVITEGEOENC WAL T, WhidHREZATH S, S 2,000 m OFic ASME
ATHBEDIE, ZCBBVRLTESH. TOLIKEZLLLE, [UERBRAIEDIZEALE T
T, WPOERTHEETMATHAS. 7oL AE, BR1 (Briangon) i O DL
PoDPLHIEITH S, TZIIIHATELOR, SBESHENEETS S0 50 bEINKL.
HEBNSOREG & —FMOMHRIC L > TRIEZREBESSE O FTHSKOH BEALL.
EM2 QKb TRRSBMICE > T ah N, COXIicEZ 2L, NE
12, PEIBOAHBREETHLOLSHNL L. HELAETEINE, HEHMESERA S
BEINEEME, WHENCEODTNEVELELGNEDLLTHS, COLHICEZBL,

KEERMORD ZHT D OB ELLET, THICSENELSE3THAS. SHLHOR

G IC—FEDMOBHE5 LT EEFK3IOMIADCI5, AR4 OKEEMALBHE. 2o
2SR A I3B/m T, 100m Y72 DEREE F% 0.6 CEdiu, o2 AR
DERZZ 0.2 CORETHARTTH A, LvL, HECIIKSI DN 14D 0.2 °C L
DIEBPICRECEHEMMAERLTOE. Chidmlic L 2 EEE FROBHLE Iz LS b
DTHEHIL. 2HIADOKM OFMEDOTIHRRET AT EMEETHE. HFh, K3 icHEb
DTV 5 FHIELOMIR L, BEICLIXEETFTROEHE(LE, SHSORMLO BELAL
OROHE ENERSNIERTHAS.

Durance #isi% A, B, C, DO 4 MKz 3T Bicid, MBS LE, BKREOERE
EORIEAEZ 2, [UMOBRENDOMAELT, R HEEE S5V LEZ-HBED 1
PHHNLG, FCDHIKIZEST 2 ARL ECISETE, WomicRARAEE L S TH B,

KEK 3 OFHEMDBD I L, SEFHCORTELLTA4ALS T B Tolilido
MOZATHS. 48, s HlicmBErlVSEEFRSAXTNE, SHOKESES, &
OB RATTICESTHEAD. 6, T AICKERETEINE { AU, ST THAL
B0, BSESETTS5THAS. Durance M TORROEEFRO R AL, 7HICREK
BARLTBLETH k. FOHTRIOEHT(OBEHEEcHL, WlE48~78
KR->TE, K3 OFHE(ORIVA0AT, FOMERMKOME LTLOH S0,

2.2 HEMNo201, No 202

K3 DR ZHRD TELAATOTERL LBV SS, B> THE2GAET, M
Wl EORURET OEM TDIe FHE(EGA A Lt L. RN 3 o Epkn,
ROLDFHEMDRIZ T ) — « Ay FTHE, ZEZHMEXORYEEEIRIAHE THIE
fEL7cbDTH S, HETDD (M) BERBONATOAETDICY LTEHT/LES52 260
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®2 BHMXOTDICEHELEGZSTDD (M)
Table 2 TDD (M) which gives seasonal change to TD of each subbasin

1 A 2 H 3 A 4 A 5 H 6ﬂ_7ﬁ 8 H 9H 10H 11TH 12 A

0.18 0.27 0.27 0.18 0.03 -0.09 -0.09 -0.09 -0.21 -0.30 -018 0.03
0.000 0335 0469 0350 0.168 0000 —0.168 -0.168 —0.201 —0.335 —0268 —0.168
—-0.12 0.24 052 0.64 0.52 0.24 0.00 -0.24 -0.32 -0.52 056 —0.40
—0.352 —-0.096 0.160 0416 0.416 0320 0,162 0.064 —0.096 —0.256 —0384 —0.384

w2 @ B « e ]

T, TDD(M) OFEEPENZ 0IcE b L5 LTH 5.

ZOTDDM) ZHlv, TD, TODEHELARODEZLICL-TH5AS. £ TDOEL

ZibERATHR 5.

TD(M) =TD+ TDK*TDD (M)
CZiTDW, TD, TO IZR:HMEMSTLOE L TIhicR®HlE, TDK 352 —4TC
NEEFLLTEHEZ CDEL, @O TDK A2 kBTN,

TD e FHiEESL 5L, TACIELTTO ICSEHELEEZ B ERELIEL. b
FRROGAHESTH OGN, FORYEEELHEMEST S (H4). COSEHMOKEALE
1o dMSEH | OKIRICAMIET i, M CEOQBRETETD, MHaEiEs
ZHDE g4, TD/ZHDMESEILLZ2RRIETERTHEH, G,

TO0l = (HM—H1) * (TD/ ZHD)
PREBAMEICHT T SEMETHS. LoL, Thblfic, EKEBEHSES ORI
TEOMESBETH S, 122 SVIT BEECHL, EHbHTEL. ZORDICHT S
fliE® TO02 &L,
TO=TO01 +T02
ThHEEALS. kic, TO, TD OFFHEEEZL L oL E, TO, TD OERER
kAR L DED SN, TNOOEELEDEHESSEE LELTLL.

R4 pdmeESE (A, B, C
VSR AL SD
Fig. 4 Schematical cross-section of

a basin (A, B and C denote
temperature stations)
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W TD iR ZBHIZ(LES5Z TDM) &g, 2HiciEUT TOL ic bFEIZE( Lo,
TO1(M) = (HM—H1) * (TD(M) / ZHD)
—((HM-H1) / ZHD ) #TD(M) =TO0K*TD(M)
L#s. f25L, TOK= (HM—H1) /ZHD Td 3. —J4, TO02 icid EHE/LIQ
WEREL, ChiBEET S, Lis-TTOOEHERRATEZONS.
TO(M) =TO1(M) +T02=TOK*xTD(M) +T02

#:3 13 Durance HBic BB ChoDERETT. T02 B ~NTOMRTATDH 5D,
KRB S HENREOAHICR > THAT EARL TV 3.

HENo 201 GRERS 2N 201 ot b3, PD(I) I 2RAEHTHDHBAR, <
DR LEIHAETHREAN 10l hoEbdichoTHS) 3, A, B, C, DEHIKICHL,
—FICTDK%0, 1/3, 2/3, 3/3, 4/3 LBoTithh, K50ERMESNI.
CROMBZE» LYK+ EE, TDK=0.4DFH D TCCRIEBBNELBL LY. FFMAECRD
BOREITHBH, TDREHEILESABCLOMBRRENPICHD EATIDAS.

CORBICHOAKZOTDD (M)iE, EdsFhiEHEESTVWEEDNS. EDHIXD
TDD (M) iz 3 fEHEHAH D, FoEo b0 MEFEM L0 ELH BB, FHIKD

#£3 Durance®HBICEBHFA2TOM), TD(M BT 2FEHTOK, TO 2701k
Table 3 Constants TOK, T02, etc. in Durance basin which relate with TO(M) and TD(M)

AHBBL O 2o b M Hl1 zup | TOK TO1 TO2
Mt Lo | mows | S0 | HMeHL | To | TD |
PN, e | T | e | - 70 TOK:TD| =T0-TO1
BR1x1, 1324m; LMI10 % 1.2, — 4 - x .
A B RL I 14636 1150 300 1045 | 07485 19 1,986 ~1.238
Bi| Sk VAR, 1158 9675 335 0569 | 044 | 218| 1240 - 1.100
b et 1200 400 0325 |-02 260| 0845 ~1.045
3 |
AR4x1, 1675m:Clsx1, - - qa 14 i P ;
s S e 1775 1260 320 | 1609 |-0a3d | 1as | 2382 ~2716
- B e SRS S == W™ i
GR
0,35
o
o
o, ° o BI6 HFNo201 iT & DG SN FHEEC R
i . ; - .
0.30 Fig.5 Obtained values of criterion CR by trial No. 201
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Bl6 MHEN202 CE0fFoNAFFHECR (A, B, C, D&t

Fig. 6 Obtained values of criterion CR by trial No. 202 (A. B, C and D denote
subbasins)

LICTDKESMAT T LICLT, AEN 2020 Thhi. 1L ZEABMRDOTDKA 0, 1/3,
2/3, 373, 4/3 LEH L, EoHK TR TDK  0iKEETS. chx A, B, C, D
BRI EIZITH. ZOHRHBKE6THS., A, BHIKTE TDICEHL{LAE5Z 288
K&E0D, C, DK TRIZEAEHESE L, chid, C DHIKIZAVAE?2 O TDDM)
DEU TP 12 EE2RT EDTHAS. 5, A, BHIRT, 2 FhTDK 41/3 &4
Wik &, CRUNELE 1o EE-T, MHXTEIFCTDE = 4/3 SB0Th 03k
MEMEeNBRTHEAEY., ARG TDZHIC RNt 2 52 384, AfiEICH0 TR
BREEECTOELAL, MOMRODTOFREE L LASIED, R6cBEhTHh355
ThoH.

2.3 HEHE N 203

PIEDERE T02 BARELVHIREDS & CTirbhl. AFE N 203 T, T0R2ichE
MELNSLEEZ, TO2KEZOTDD(M) TEHLE(LAS A TA, CHlEN201 OFF
Hictgbe, EHEOTD (MR TDK = 1/3 itk -THA27. ABEOY, TO2IcEEE
{LAEGZTHHEODHREBOLITED. 2 T—IBTREFETHLHLELT, LTOK

Haird,

2.4 HE N 204~ Mo 208

HENe 202 DFERD S, R3OS TENR L 2O TDD(MIZZ 175 5S4 il
WEE UK, £CTTDD(M) & LTikakhiRE a2 &L, ABN 202 T, A, Bl
KICH WA TDD (MBS EWEREZGA b6, 2HIEAE T £ A&, 3 A
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030 i 1 L ’f‘.] 30 1 f x1 0K, (J,SUL I ) Wi 0.3 L 1 I |
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7 RN L OBEONAFEEECR (02 AlcEkL EHIERE, X3 Ak
O N AL )

Fig. 7 Obtuined values of criterion CR by trial No. 204 (o and x correspond to cases in
which sine curves with their maxima in February or March respectively)

K%k@]&@éﬁﬁ%ﬁm&@TDD%D%?%%C&KLT.%h%ﬂﬁﬁMZMA,

No 204 BoifTohir, HoNIEERERTICRSND, BRIIN202 E0ILEhic k {715h,

A, BHIROTDD (M) i 3 JJic Al & 75 5 Eaikdhig s, C, DMK iz (22 B o i Kl &
TAHILEHBAELNTEDEIDH LG L,

CCTROEATN 205 %175, A, BHRO TDD (M) Izit 3 BiciAMl | &1 5 Fikiy
#%&, C, DHIDUITIR 2 AICHRAME | & 755 TRMEE Y TEY, SR —&ic TDKA0 .
0.075, 0.150, 0.225, 0.300 &Z{L&€3. BN MECRAEB LRSS,
TDK=0.3TCR=0.2968 L1 ~7:45, CROBSMEAEL, CR OBEH SN2
&, TDK=0.225 057D CCRMBRNELLS S LI,

ZZTTDK=02 2#HRERELT, BRI &ic TDKABNLTAS. T4b5, B

CR

().'_%iL

0,30

o B8 BN 205 ik 018 52Uk FAEEC R
T T Fig. 8 Obtained values of criterion CR by trial No. 205
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DK TDK TDK I'DK
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B9 HEN206ICLYBESNAFHIUCR (A, B, C, Dd#sriftilic i
Fig. 9 Obtained values of criterion CR by trial No. 206 (A, B, C and D denote subbasins)

C. D&MD TDK% 0.2iZEFEL, AMX®O TDK %03, 04, 05, 06 &&H7.
B, C, DHIKIZ DO TaEHDT L &1TI. ZHMNFHE N 206 T, M9 22 DERERL
T3, chiH3E, A, Bi#IRKic2Tid TDK 202 £Hh A=< L, CHIRicD\T
HhE LEkanLv s L, DK c>20TiEfAIE ST AT,

ZZ7¢, CHiKicxtLCit TDK=0icEE L, A, BHIXicoW\WTid TDK=04, 0.6
DO OoOEE, DK 20 TE TDK=02, 04, 06 O=20F&, 2FhH2 x2x3
=12BEDDEH DV THRELTAH, ChsdBEN 207 T, BREBL4RREN TS,
BiFicK L, FME CR AL DD LEL Hole. TDK OEOH&EH (04, 06, 0,
0.2), (0.6, 0.6, 0, 0.2) DFAHEBICCR - 0.2956 T, THHHNTH 551, No. 206
TH O CRD&R/ME0.2949 L O/LLEW.

COFRERT, E5iCRd TDKDEAE HW THE No 208 2174, £ 512539 CROME
wiEohi. ShoiERE, N 206 TEH LN CR=10.2049 LD EHNDTHEH, CRIT
PESBEEFZ NS, ERTOEATEY, 22T, BL¥HEo LN/ TDKOfE (04,

4 REN20T, LBEINLETDKO#HAY, BLUBOHAIFHEECR
Table 4 Trial No. 207: values of TDK used for trial and obtained values of CR

TDK o1& TDK @ {H TDK @&
CR CR CR
A B C D A B C D A B C D
0.4 0.4 0.0 0.2 0.2964 (0.4 0.4 0.0 0.4 0.2969 0.4 0.4 0.0 0.6 0.2964
0.4 0.6 0.0 0.2 0.2956 |0.4 0.6 0.0 0.4 0.2965(0.4 0.6 0.0 0.6 0.2963
0.6 0.4 0.0 0.2 02963 (0.6 0.4 0.0 0.4 0.2965|0.6 0.4 0.0 0.6 0.2962

0.6 0.6 0.0 0.2 0.2956 |0.6 0.6 0.0 0.4 0.2970(0.6 0.6 0.0 0.6 0.2971
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#5  #HENe 208
Table 5 Trial No. 208
TDKof -

A B C D R
0.4 0.4 0.2 0.2 0.2951
0.4 0.4 0.2 0.3 0.2960
0.35 0.35 0.2 0.2 0.2958
0.35 0.35 0.2 0.35 0.2970
0.3 0.3 0.2 0.3 0.2958

0.4, 02, 02)iz -EERTATLiIcd 5.

2.6 ENo 209, No 210
LlE, Eskih#fic L 0 TD KBHIEREEZ, 2B LTTO K bEHELEL 60
foli, £ TR T2 BAETHHEMESHLTVA., 27T, —IE TDOEHE(LE No
20D K IITEHI LT, S6HICT02 EEMEESATHEL it 5B, FHE(LOR
LLTR, 2H, 48, 6 HitEAM 1 55 FERMBEERAVAC Licl, CZhERE N
209A~C LTS, COEE, KL KEB(bOBIAREILE LN EAEZ, TF
B, C, DHIK®D TOKK#ZO0iZ[EEL, AMKXDOTOKKA0, +0.1, t02:%E% 53,
DT &% B, C, DHIKIZ DWW THITH. T Cic TOKK (FiFkhigicig 3 S5,
TD, TO0 RROATHZ OGN 5.
TD(M) = TD+TDK *TDD (M)
TO(M) =T02 + TOK*TD(M) + TOKK *TM (M)
TDD(M), TMM) i, #1nZ# TD, TO02 cEBHLE(ASA B DT, T THIF
g T 3,
EORABOERERT. 2 HIKRKEL A EREHIRZES TS LY, 4H~6 Hick
ANE@gaRpntus Ly, B3, 2HMAREZOFHELOsy577T, 48, 54
IR AR RT ARG ECHN &L, ChEHETE20THESS.
4 A, 6 HiclRREEHIERHBTT 02 i FHE(ES5Z SL%, TOKK= 02 TH/h
BERTHENEZOL, CROBDADPOHBLT, TOKKE202 L0 KE{LTH, &

FDPREAUSEITHS. ML SHELT, A, B, C, DOLMKicxL, RURLE,

FLVWEETOKKEMNWT, 4tX—Kiclk U EHEbESZTAHAB LI

ZibDBELT, 4H, 6 H, 6 HickAE1 U5 E&ZdhiE+H», TOKKIE A, B,

C, D#iX—%&ic, 01, 0.15, 0.20, 025, 030 &EEoliz. THHMKE N 210A~C
T, Ml idxoiEELsRLTHA.
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o
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o e 0o
L 1 1 T"I\K —_ 1 ) 1 10 9
-0.2 a 0.2 C.2 g 0.2 p.2 (4] 0.2
B0 HENo209 2L 05N/ FEHEC R (L 2 AR AOFRmE, DB 4 ARA
O IEZRR, TE | 6 AfkobiZihgn)

Fig. 10 Obtained values of criterion CR by trial No. 209 (upper: the sine curve with its maxi-
mum at February, middle: the sine curve with its maximum at April, lower: the sine
curve with its maximum at June)

CR No.210 A Nu.210B No.210C
) 2YH

o

B o
0,29 | o

r o o o] & e o

o & o
0.294 | o o
o
L TOKK THOKK TOKK
0.1 0.2 0.3 0.1 0.2 0.3 0.1 0.2 0.3

B BN 210 iC L DR SN FHIEEC R (N 210 A T 4 ABADIEZHAER,
No.210 B : 5 ARARDIEHHAR, No210 C 1 6 BEcAD IELATHD

Fig. 11 Obtained values of criterion CR by trial No. 210 (No. 210A, No. 210B
and No. 210C correspond to the cases in which sine curves with their
maxima in April, May and June are used respectively)
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CROE-BELXEZINE, HDELHCROELLENSE—FLOLEED LD HELL
M, =B CikBEAEE/ND CROfEAG, 8 AltRg ALK S EHMmALE| LR E L,
TOKK=0.2 #EH&EFLEEDND. CHICHT 5 2EMEIE CR = 0.2937 TH 5.

2.6 FBECRIIEDLSICHDLID

EFNDOMEREICEE L thhboRB IR EOFD#IE CR=0.3307T Th /. Th
BOBEEEZHCHEL T LW EDTH -1, HHcHHLEEETZ itk ->T,
aHEifE: CR=0.3073 T8 »7z, 97 DR TH B,

WiC TDICEHZ A G542 52 Lic L 0(TO2 BEEEN TS ), #EMEIZCR=0.2951
i ot MABDRNLTH 5.

i T02 WEMELEFTASELICKD, FHHEfEE CR=0293TIKE o7z, 05 %D
R CT Eig,

bodl bEIRMES oD, i HEME R 2T T & T, RHETASALLAVWC L
BEAZRANTRENA T ETH A, Fhickb~iid, TDiGL 3 FEHE ORI
V. Lipl, BREBICGIESWT4%E CROEZOE, DRORKEVWHETHS. T02iC
HAZFEHEAOMBEEOLHTNS L, BHLEIEEDOLDTHS., Ll, 6k
KIZHBIEEAE P HRA G o0 D Did, B3 OFREHL(IOR L EX S50 TiEH T
XThDH, 280, SMAEDOKROR D ICEFHELBH D, 2ABFL O BICEEYT 5
AT ETHB.

3. lllecillewaet File

3.1 S2EHHEIANT, N2 OREE

C ORIz TR E ST, Nol, No 20 2 S SRERSSH S,

No. L (it OO iR, No 2 GO OER Lizd b, LbifE I B-THS
b Tiad, BkE, Kbl bic, PEDRE-TED, s flREIRITH S LD il
Lonsg.

B13:kNa 1, No2 Hiio B FIREBEOED 1046EEERT. COFEHE OB LOPF
2T, ERS ohd N Tw 5. B, H&IEXROTFEOEO10FROERESE
508CT, ZhFx2HISOSELET mTEH L&, 100m %7220 0.59 COSRILT T,
CNBZEEETHS.

6 N1, No2 i AFEEGE (s, HRESMOFEE) 00X, BlT¥nbs
FEREE 508 TRy Iz rd. & 6icZ Ofi% 2 HSOEE 867 m TH D, MHEE
i 367 m A H it 7-E% TDD (M) &L, K6ltmd. 2OTDDMY ik, TDRTO
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B12 Illecillewaet it i
Fig. 12 Map of the Illecillewaet basins

K Tmax
+
u 4 Tmin
O (Tmax+Tmin)/2
O N D J F M A M J I A S

B3 No1, MNo2lmdH FELED 2

Fig. 13 Difference of monthly mean air temperature at two |
stations No. 1 and No. 2 (ten years mean)

F6 Nol, No2DHFEAREDZE I

Table 6 Difference of monthly mean temperature at points No. 1 and No. 2

v 20 300 am sn s 70 84 81 w80 1H 1zA

Thel - T2 | 344 286 438 496 704 6342  64B 536 492 487 548 488
GBS LOER | 164 122 -0T0  -012 196 124 040 028  —016 021 040 -020
TODM) 0694 0512 —0.296 —0.051 0830 0525 0169 0019 —0068 —0.080 0169 —0.085
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FHENAEGAHT LEESD.

3.2 HE N 101, Mo 102

13 DRiREDEFHENOUASH T H S LRMBLOHTEATHE0T, ERHE
T, TORZOLODETDD(M)ICAWAZ LicL7. ZE6DOTDD(M) OETH 5.
AR N 101 T, Noo 1, N2 @TDiz, EMicESmELE5425cEEL, TDK %0,
1/3, 2/3, 3/3, 4/3 L&k 3€7. BRI LAE UL 5z, TDK=1/6 b
DT, CRPDUNESKBERETHS. iB, RTRTDICEEHELEE52 5L %, T0b
ZHCIE L TEHELAGA 6NEDT, THUCHENTEHTHS.

AH N 101 TiE, EEEBHOARXT, Nl MiSicidd s TDICEHELESZ /2. N101
LDRL LRSS ofchs, BEALSWRETOEEZ L0,

£7 IlecillewaetFBICHF AT 0(M), TD (M) KB4 AEEMTOK, TO 2 Z04t
Table 7 Constants TOK, T02, etc. in Illecillewact basin which relate with TO(M) and TDM)

i | HI ] TOK | e 02
sgma | wiwg | ZEP ) mM-mi | To | T T T
| i ‘m'rlfﬁﬂﬁz_ﬂlm - | ~TOK+TD|=T0-T01
W 1 456 | 6835 | 367 | -06199(-153|231| -1.432 | -0.098
N2 | 1323 | 6835 | 367 17425 | 354|254| 4426 | 0886

3.3 EENo 103, No.104

PLEDRES S F T DiE, Durance #iEE[EkEIC, [UREED Gk - BINE
RICES SO poTHAIEEA. ZC TRIBDE D G, Fakihiiic O TDD (M)
w5z BT EELI. KL, HIBOFHE OB TR, 5 HickAMl, 1 Hicg&/IMEiIZ3
S>TWAEDT, THichHhE, bAICERE]L &755EKEHE, 6 Bickbic?s 2B
FAETDD (M) IS TiE®, £hEniRXEN 103 A, N 103 BAiT-7. 2hodalETIH,
TN 2123 d A TDKA 0 CEEL, Nl itwd 2TDKA 1 /4, 274, 3/4, 4/4
EEHAL, >FCN 1 OTDK% 0 IC[EE L, N2 @ TDK ZFEHRicEind.
HRET~NTEHENT, AE N 101, No 102 k0w, SEBERL OB oRERITE S
DI, 5H, 6 BlcmAENBIEHHBREHO OB EL-OhEEZ, 3H, 4Hic%
NENBAE BB IFEZMBEEA >, BN 104 A, No 104 BEITo 08, AL 0L Lk
R EET, PROYBITOEHFEL TLO.

3.4 HENu105
P EORETETRNTIRHEAEDNRELI D 52D T, N1, N2 igiaoxEsE, TEL
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#8 NolHIADKIREMET 2 TMOM) GA%IN 105 )
Table 8 TM(M) which modifies air temperature at No. 1 station

1H 2R 3B 48 5} 6H T7TH 8ARA 9HF 10} 11H 12H
3.5 4.0 45 50 70 62 54 54 50 50 50 5.0

TEHUTH B No | HHOTREOHEEICEL 2 bOTREVHEELL, FHbL, RISICFE
SN2 HHOKRESL No 1 HNDOBHOKE, SZE LIS LItk DHIELT, No2 His
DRIRICHENT 3 bolcgildhud, LVEEPEONLIOTHEHEVAEFZL . TDHEH
ELTHRIZ(X6)D 2 HADKRREE Fidfb L TR S DRAED, Thick - Th 1 HEAD
SiRAMILT 5.

BN 105 Tid, No 1 HIAOGEASREDTM (M) AZELFIOT, TN 1 ME0K
HIcBERA S, N2pioRiBRFOEETHE. TO, TDELTE, N2 HigficwL
THRITEDHTO =354, TD= 254 ZliHFOMEICH LTHNS., ZDXITEUIEA
HEE e LTHOR BT 3ARAA T &7 5 s 4 AICERE 1 &7 5 FREihiE
iICL O TDD(M) 2454, 20 F0EEN 105 A, N 105 BEfr-7c.

FEYUT E BT, SHIEE CRIGATL H L 7T o7,

3.5 EENo 106, No. 107

HF No. 105 OKRMOFR I, 2 HSORIRZES No 1 MR OFRFEREFIc L5 EFA T =
ThHAD. LA Nl, 2OWAIKEOHED, WHEORD OEHFRHISDEHE(LOL
ELTHNCEBABNRETHAD, COFAS DL ET, ROFEREN 106 BiThHiL7:.
Nool, No2 @i OSRZEDFHE(NMORN S, TOFMEYET 2L obD (K6 D
2B HOM) 2 Pk, BihL THRIOMEEDS. CNAETMMEL, ThitkH TO
OEHENEZGALS.

OB,

TO(M) =TO0 + TOKK*TM(M)
CE->TTOICEEHENESAS. TDREES 5. £ N 2 IS LTiE TOKK=0
WEEL, o1d TOKKA20, £01, £02 &8 L, KRicN L HIED TOKKZO I
BEL, N2 TOKK ZFEficE»d. SEREMAcRT LS, BALEEORITH
St CLThHHI—2ENI o7=DiE, Nol, N2 tiflidis iz, TOKK %2 BOHEICEH)
LI EZIC CRBNE 7T & Th ot M l, N2 BHEAOTEMSS HizkEx &
WHZ &, Nl MIEAE JICREICEE 0, Fd N2 MBS BREEIREOHLTS
A2EFZf. LichioT, Nl Mot L TIREL T 3AMIIEIEL (TOKK #ficd
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&9 TOKFHLEMEFTZDLTMM GLEN.106)
Table 9 TM(M) which modifies TO in trial No. 106

14 2H 3H 4H 5H 6H 7H 8H 9H 1WA 11R 121

-18 ~1f =08 D 20 1.0 0 0 0 0 0 0
BT, N2 Mo LTRBERPC I BAMICEBIES 5L, JVFRPGEONETHS D
EHRFLZ. L Laofy, mflsedic TOKKE0, £01, £02 S LAMBARIC

WL THIDTHBY, BEACENEELIC TOKKZAOAMICE LT, CRANE
CMiofz, 28 b, bHicid, FECOMR GRS E MNTEATES (SEMIEAS I
AP ET) L tTHB,

Rl4ofEREHEE, TOKK 2890 L/NES{ Lizdihic CRORNSH L L.
ZCTTOKK#%, N1, No2@iudsnEhucwl, —01, —0.2, =03, —04 E#H»
L, 4x4=16BDDF<TOE&IC>EHEL, i@ CR ZRbi. RI0FB SNk
BERT.

T OFFNe 107 (I L, #FFM{E CRIINo 106 DIH A X /NS { 13 578, F10h & HH
T5& Nl1iHLTE TOKK=-025, N2zt L Tid TOKKA—04 XL
WHEHT, CREBNCIESES L.

CR CR
No. | o No.Z o
Fo.37 L o.37
0 2 -
Q B4 HENo 106 {2 £ D18 5N FHERAC R
¢ ¢
o Fo o Fo (No.1, No2 (3
o © Fig. 14 Obtained values of criterion CR by
TOKK TOKK trial No. 106 (No. 1 and No. 2 denote

i 0.2 -p.2 i 0.2 stations)

-0.2

£10 AENo 107, ABINALTIKKOMA S B LB o0 FMECR
Table 10 Trial No. 107: pairs of TOKK used for trial and obtained

values of CR
No. 1
No 2 0.1 0.2 =03 0.4
- 01 0.3562 0.3540 0.35629 0.3534
—0.2 0.3541 0.3521 0.3515 0.3524
-0.3 0.3529 0.3514 0.3513 0.3525
- 04 0.3518 0.3507 0.3509 0.3525
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F11 HEN 10T, ARS N/ TOKKOHAE S LUB3 o FHECR

Table 11 Trial No. 107 pairs of TOKK used for trial and obtained
values of CR

No. 1
Yo 2 —-0.156 —-0.20 —0.25 0.30
—0.45 0.3519 03514 0.3513 0.3519
—-0.50 03519 03515 0.3514 0.3521
—0.56 03524 0.3521 03521 03528

Z0T, ol S LTIETOKK=—0.15, —0.20, —0.25, —0.30 & ¥ L, No 2 £
MK LTiE TOKK% —0.45, — 050, —055&&irL, 3x 4=12B0D TOKK 0#
BHEICOVT, HEN 107" #3f7bh, RUCTTIHEMOME SNz, K10, K11 5HE
$5&, TOKK# (=025, —04) 0%k 0DT, CRARNELB LV,

3.6 EE N0 108, No109

TOKK%(—0.25, —04)cllElL (2o & CR=0.3004 £755) , €@ LETTDIC
IFEHROR CEMEE S THI., THBEAKE N 108 T, 3 HIcH&AM &S5 1E5% Bl
#, 4 BlziAiE iz 55 FEiER A AT, B N 108 A, No 108 B #5frdsz. No 1 HIxT
OTDK#E1/4, 2/4, 3/4, 4/4&8p0L, 2 SO TDK% 0 iZEET 255, Nl
O TDKA 0 ICEE L, No2 S0 TDKAEShTHE L AR LM, LbicHhE
ML, CORERT, AW LRIC, TDK%E —1/4, —2/4, —=3/4, —4/4
LEHTEHRSH LML, KB NI108A , No108B' #iTo74% HBHE, o,
TDK 2#8DOAECA LEIHhTE, CROBBADDLNELEEL LV, BRIEHLE
BIETHS.

B0, b HICEABICH 5 1EEETTDD (M) 25X THH (FHENe 108C), C
NSRRI - 72,

TD ICIEREHROR TEMELE S A TOHRBLODT, 5 0BKREEE» SE
#9DOTMM) ZTDD (M) iHl 0RiE L EEZTREN 109835 Thbh iz, 2hbz)h
B - fo,

R, £ROOMTTO KEHZE(LES L (TOKKIE —025, —04), TDizidZFEHiZE(L
EEZRVEVHIDN, BREERET sk, Tk, B CR=03620 ThotbdD
5, CR=10.3504 Lotz 33%0ELT, —IBHIREH o7& ATH.
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4. Dunajec il

41 SRENRMoOSIE
T Otk ¢ i3 Czarny Dunajec (676 m), Zakopane (857 m), Hala Gasiencowa
(1,520m)D 3 ML TREMBR 6N TS (K15). LT, Zo3Hf%A, B, CEMES:S
ISR & D i 3Kz HElsh, £hEhA, B, ClifoMkE, SRTRE
a3,

A, B, C3Mgho2iaslOHL, BSE (BKS, UREDEY) o HpEoE
OI0FEFI 2 ES. 20 2 MR EORHEOR o ERESE LS| &, FHLE(LETE
Bl oOFhTEO Lb0%, 2MAOEEETE D, 100mYihDEHE Licd
DHI6TH A, 100m E/2 D OFE FiZig0.6 CTh a5, FHIBICRS N BHLEH)
B hREWV., &L, A, B2HADKERZ, S L AEZMEFH MBS ODE, 2 #4
DEETEN 181 m & HEM/NS L iz, MEOKEDTHELORIDMBDOEE /K X

CENbDTHS. MI6ICRAL2iC, 3MEEbicsL 207 AR L, chidDurance
O DX THONAREYUTH S,

E15  Dunajec s Ha
- : . . y Fig. 15 Map of the Dunajec basin

42 =HENo 101, No 102
Hibie S N FHEOMIc L > T TD I FEHELASZ BT L 4#2 5. A, B2
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¢ 12

Bl16 Dunajecifiifir 2 HiSRD A F
BLROEOFEHE O (Hr 0.2
72 100 m¥ 7 O I HE L Fo ) §
1) A, B2H#GOREED, S
e ARV Agivl T
2) A, C2iEMSEENS it ® =
o FY . °
3) B, C2HiilioSigsis s
%L\f:?ﬂ 0.2 : o o o o] o

Fig. 16 Seasonal change pattern of dif- T o o © W 5 a9 & &
ference of monthly mean air ik o
temperature at two points in
Dunajec basin (reduced to per
100m altitude difference)
1) Derived from temperature
difference at A and B il o 2 g
2) Derived from temperature ; @ N b o9 ¥ 4
difference at A and C ° 4 o M A M U U a5
3) Derived from temperature 2 )
difference at B and C - o

|
T T T
o

RO[REPSH LAEEZAMKIC, A, C2HIADREZICLERE Bz, B, C2
HEOSREP G LA CHIKICA VS, 1608 IF 100m M OK[BETHLP 5,
IhzaStXotTaEEcabe THRELA-30E2 TDD (M) ELTHWA. TD, TOK
FHMEEGZ B5DICHELEERE L 121TRT.

B No 101 (3, 3HIK—Fic TDK %0, 1/4, 2/4, 3/4, 4/4 ¥l Tivhhi.
BMBEEDSNED - .

SHE N 102 Tit, B, CHIXKO TDKAREEL, AMIKDOTDK A0, 1/4, 2/4, 3/4,
4/4 L& LTHI.. bFPIcshRes o0, EEMICIEIRSITNESLTLD,

#12 DunajecfiBicEd 2 TO0(M), TD(M) KT 2ETETOK, TO 2 204k
Table 12 Constants TOK, T02, etc. in Dunajec basin which relate with TO(M) and TD(M)

f
X (’ﬁﬁHﬁggﬁﬂﬁ %mﬁ ZHY T[}{Irirm TO | TD 1ol Lo
= W | MWSER | < gan =TOK*TD| =T0-T01
A 6786 640 80 0.45 |—063] 049 | 022056 | —0.8505
857 815 70 0.6 0.09 0.33 | 0148 -0.108
C 1520 1175 150 2.3 0.75| 0.88 | 2024 -1274

4.3 =E No 103, No 104
Durance @ DMK DFH 5 BT, HEAFEED SE L TDD (M) 38Tzl s £ 2,
LMRIC LD TDD (M) 252 52 Hic L. —IGIEB 6B A EE L, e AESH
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B 6 FITmAME] &5 EMERIC X0 TDD (M) A52 5. HE N 1031, =B, C
XD TDK % 0 ICEE L, AMKOTDKA0.06., 0.12, 0.18., 0.24& 8L, &RICA .
CHIXOTDKZ 0ZEZE L., BHROTDK % 0.04, 0.08, 0.12, 0.16 &L, &%
A, BHIXDOTDK % 0 ICEE L., CHEROTDK%0.11, 0.22, 0.33, 0.44 S@hL
Tirbht:, MIRZ LI TDKA2#HhIRALE L0}, BHKOTDICBLZHAls#1-0
THD.

BRIFZE -1 BT, RIEOTA SN TDD (M) AL hs - 12D h S,
TNEMHE G DE L FRMEAS LTI YR TH - .

TIT, 4, SRAIRENTNRAM] ERATCEMETTDD(M)A5 2, HENI104A,
No 104 B&STrdsc. TDK @@L AidNo 103 Si2IFFARETH S, AMIKX TR TDK %
0.09, 0.18, 0.27. 0.36, BHIK T 0.06, 0.12, 0.18, 0.24, CHIXTIt0.15,
0.30. 0.45, 0.60 &&mg T izl

BRIFOL ShBEHOOAS., AJIKEARLL D EMEREH 084, AIKT TDK =
0.18& & CR 0.5492, BHIKTTDK ~ 0.24 D& % CR = 0.5488, 5)]ic|gALcd
AV ES, ABKTTDK =0.36 @& % CR=0.5487, BHMXTTDK 0.24
DEECR - 0.5490 &7 ~7z. BFUBHIKCR - 0.5509 TH - 71-DH5, CR = 0.549 IZfEiC
Bo7oDid, 0.3 BT, HREHZ0ICE/NEL, BB, CHETHIENE -
e BB ShEL,

SRHITEARED B LR GRAR I ~ETH S, TDICHT 2EHELORE R —IHH
LT, TOIEHENEZATAB LI L.

4.4 HE N 105

CCTRTDZEEL GKi2ofddfn3) ,

TOM) =TO0 + TOKK <« TM(M)

LD TOICEMELZEZFASE. TMOM) & LT, &HEN 101 TTDD (M) Il bom,
TEHLL 2HEBEOREES SHOAREANS. 9B, CHEOTOKKAEREL, Alth
KOTOKKA=0.1, £ 0.2 &8HL, 2FiB, CHRKIZHOLTHRIBEDC 244 5.

R, AR T IDIRNESS o L BET, BEASYHREID SNLL. Hig, C
HRiTBVTHE, RIEKE o7 #H SR,

4.6 L E No106
CNFTORARRBINTHIGL S ofohl, 20L& CHIKE B EBIEATTNENS XD,

RGP0 & 5%ip ofz. TDRTO K FMHEETA:z&E, 2OEMHE(LAREYLL

bOTHNE, BtrEZ 5 Licky, FMEE CRIGELKZETFTH B4, CHRicH
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W, RHEMEAD LELCILEEG T, aF EALBEVT EBBL. ChBFHELES
ABLAIO O, £ HNWTLERTHOTHAD. 20, CHfHioTEERZO O
CRFERBZ LD OTHAS. £—3F v FEEIEOILOIHED 1,500m OEXic Ap
EATVSDR, COMAHKEVEIIKENL, BESHALPLTHELS. LOLIICEL
T, CHidoSiROMRYic, A, BEMHADOTEDTFELS 3.35 CTEFIV Iz bDEHNET
&l Late:

COHEAHENe 106 T, FMEE CR — 0.5509 25 0.5504 ickib L. COREDEE,
CROBEDHPHE NINET, Chick) CHEDTEAELLTOANLIVERSI LWL
dhEds, Dl L CHIAOREBIEBIICERLZLSANVOREATHAS. CHS
OREOROIT, A, BHEOKEBEOFY )5 3.35°C A3 Wbt HWAT LickD,
TD, TOIEHLENAESZIE2OGERZHFITEETHAD.

4.6 FHHE N 107, No108

A, BEIHIAAD KR O ¥E M5 3.35°CEF |0 - bDT, CidoSiBic{A LA ET, TD
IIERHCRHZEES A5, 3], dAFNFhEAE] LS ATEMEEH O
5AH N 107A, No 107B T, TDKOBD»LARREN 104 LEHTHE. HITIE %0k
BT, W ShPRMBEH OIS, 4 HTBAREB S EFRMEOARLI VS L, :REN107

No. LU7A
CR CR CR
0,352 r r
A ) &
¢ © o O ¢ © ¢
0,550 - o O F o 4 &
o o o
TDK TDK TDK
0,548 i I 1 1 1 I 1 1 1 L 1 1
0. 18 0.36 0.12 0.24 0,30 .60
No. (07B
G550 O R CR CR
552 ! -
A B C
9 o ¢ ¢
0,550 I o &
+ o o © L o L © o o
TDK © e TDK
0,548 L) L 1 L L 1 ) 1 . L
0, 1g 0.3t .12 0.24 .30 0.60

BI17 SN 10712 & 015 S aHEEC R (R 8 ARAD, Fi3 4 A
BAOERHR. A, B, CliaRBIcHIL

Fig. 17 Obtained values of criterion CR by trial No. 107 (upper and
lower correspond to cases in which sine curves with their maxi-
ma in March and April are applied respectively. A, B and C
denote subbasins.)
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BO#RTE, A, B, CTZAZLNTDKH0.18, 0.12, 0.60 D& X ICCREE/NEL
ST 3,
TLTIHMEOTDK#0.18 © 0.12 : 0.60=3 : 2 : 10 OHICEE 8wt tiz
LT, 5N 108 2iT»7c. 74bH, A, B, C3HXIcwtL, TDKAE#h %4 0.03K,
0.02K, 0.10K(K=1, 2, « « «, 10) &EHh LTHEE L DR L, FEME CR kb i
RSB TH B,

K=60&L&, #70bbA, B, CRHARICHTATDK A (0.18, 0.12, 060) DL X,
CR=0.5463 AE/NDHMEETH S.

CR

E ° B18 %Ne 108 IC k 055 7= FFEEC R

. L K Fig. 18 Obtained values of criterion CR by
s E— trial No. 108

4.7 SHENo109, No110

KICTDDFMAE(LD Lic, LI TODEHEEGTABTEERAS. T1b B, TDIM)
HEAF N 108 TRD b D EH L,

TO(M) TO02 + TOK*TD(M)+ TOKK>TM(M)
K&y, TOIREEELESASE, TMM)ELT, 68, TH, 8AIc2hahEAH 1
LSRR ARG, TOKKIE+ 0.1, £ 0.2 28H LT, REN109DFTTHNI. TM (M)
ELT, 6. TH, BRIEERALBATEMEAA VAR, K160 2 HtiSiEEh o8
WEFEHZELOR T, 6 AEAREK, | ABRNTH L5, chld6H, 7THIREAREY
SIENHRTEUTE 200 THD, £ TDICEAAEMHBILE LTLAIREBARENSE
MBSV o, 2EKIEDOBR X Y ST TN TV ARG, TO icwd2EHLEL

ELTH, HIEDHAL PPN ENTOAEARIMAILEZ PO THSL. Tt
FI16 DRI, SR FTROFHECOR L, EHEDRO OFHELOSKER EEZ o h
BT EMLETHS,

K19i3AH No 109 DR TH B, Flifi CR DZALIZH T, CR OfEdiiEAE L
AUTEITE S LS, A, BEHIKICK L TiE 6 Btk AKDIFKATMA#EA L, TOKK
TEOHCELL, CHIKiZIE 8 Bick ADOIFEEsEEL, TOKK 2 FEoflic g
FErs9.
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R CR CR

- U550 — 0.530 0,550
\ H & (

e F19 AAFNe 109 icE h o
6 o S C R
o (No. 109A, No. 109 B, Na109
| y TR ChzEnEN6 A, 74,
o o o 8 itk K& 5 IEagth
i CIRE 0,545 - 0.342 @M, A, B, Ciis
e o L g g, |, RIS
Fig. 19 Obtained values of criter-
el (i eR CR ion CR by trial No. 109
[ = [ (No. 109A, No. 109B
8 and No. 109C correspond
o o to the cases in which sine
curves with their maxima
& b o o in June, July and August
o are applied respectively.
o L 545 L w545 Loain A, B and C denote sub-
TORK TOKK TOKX basins.)

U EoHMih SImoFEREN 110 2175, A, BlifiKicii 6 Bic&kA®, CHIXICIZR A
CRADEZHHFEICLD ZhEFN TM (M) 252, TOKKE—0.07K, —0.07K, +0.07K
(K=1, 2, »««, 5) E&SED. ZORBRELSHNT, K- 4TCR=10.5423, »'i
MNOMETHE. ZOEEZTOKKIZ(—0.28, —0.28, 1 0.28)THhHb.

aHiifEi, F U CR=10.5509 T, CHIMOKEREEHIE T &iz LT CR=0.5504ic
Wofo, 72720, CCTREEMIREFMBEORDERKNVELTEL. 20T TDiE FHZ
L5256 Lickh CR=0.5463 L1sh, TOICEHEILEFGABT Eickd CR=0.5423
LS ol #HlifEE, ThEQ08% 2RO L, AbETI6% ORALTHSB. TO,TD
CEHZE A G LICE2HBRBEOTSH L8, THTEVL OHhOHBEREDT L,
A9
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5. Dischma Fits

5.1

HELEH

20

AFNe 110 i & 9 f5 Sdfo FIE C R

Fig. 20 Obtained values of criterion CR by trial No. 110

C O liT x4 2 AR BmHEIE, HiEAD 267TTm OERRich D 1 #iAE 0T, S

T A5 HFRIT LI 780,

T FEIZALE 5 A BICHETNERARIZICRT.

LictB > TR HIEH 8 TRENT, W2 DI
MEYTEDT TO, TDIEMTLELGAZ, TOMEELHALL0HLALTW. TO,

TD

#F13 Dischma#iBic&E 2 T oMY, TD (M) ICBET 2BTHTOK, TO0 22D
Table 13 Constants TOK, T02, etc. in Dischma basin which telate with TO(M) and TD(M)

HM
SR BRI

;-4

HA
5 1
rhfElERE

ZHD
iy S 0

TOK
_ HM-HI
ZHD

TO

TD

TO1
=TOK+TD

TO2
=T0-TO01

26717

1,L791.15

246.3

356966

6.07

1.8 7

6.726

—0.656

5.2 =HE N 101

EREEHOTDIREFHE(LES AL 2L THAS.
4 Hic#hFhE i1 L5 1kfis= e, TDK £ 0,
INNHAEN 101 A ~CT, ERIBZOEREALTH S, FOBEEDH

H,

& @i L THI.

B,

TDD (M) & LT,

2H; 8

1/4, 2/4, 3/4, 4/4

T T TDicHd 4 FBHMELEENT N ER > WA T2 0, T iox L TEHEIL
AL AZBARAENN02%ETo7/0, BABELTALLE, TDICEFL(LEASZ AEEARKS D

SHpR - TWA. FT,
TDD(M) A5 %, TDK#%0
223 T DFREEZR LT A,

frhaf.

1/4,

= 15—

LA, IZR, NACENEARAM 1 £HEAEKMKICLD
2/4, 3/4,

474 L= THAEN 103 A~CH¢
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CR CR CR

o.ul- & 0.as b B RS B
£ - - o
& A o 0,27
c
040 040 e
Q
]
o
o 5
WP 2 L1 N 1. g &
e 1DR TUK
1 1 1 A 1 1 Jd 1 1 L J
2tk 3fa a4 a2 3 4 T

BI21  AENe 101 I2X 018 S/ FFEE C R (Ze, 1, fikehsh2H,
3R, 4 RicBRL1 B il g H o8
Fig. 21 Obtained values of criterion CR by trial No. 101 (Left, middle and
right correspond to the cases in which sine curves with their maxima
in February, March and April are applied respectively)

cR R
A

040 F N4k o
o]

q TDK LK q
1 1 i J L A1 1L J
4 24 34 A 4 29 2 ai

L3k

N

B2z HENa 103 ik DIFHNAFEMMBCR (&, th, Hrznzhl A,
12H, NAEALTE B IEZ A BV 72384

Fig. 22 Obtained values of criterion CR by trial No. 103 (Left, middlc and
right correspond to the cases in which sine curves with their maxima
in January, December and November are applied respectively)

CCTHHMBE-TEY, TDK BEDHBIICELSEERETH 1. 2hidss
No I0IADBRPSURTETE B ETH-F. #2CTDK%E—0.07, —0.14, —0.21,
—0.28 LEA LT, HEREN 103" A~CiTbh, RBIidEErsBont. 22Th
TDKODOEHLSORB OB E ., CRIE—0.28 TE/IMNCH -T2,

ENEFM-THE 103" A, BoTbh, TDK I3 —035, —0.42, —049 & Ehsh
fo. Bl2dic kg, 12HIc\&AfE 1 &70 5 ERHHR%E HY, TDK=—028 ®&3, CR=
0.3696 D3 et DF/MEE 5 R T B, 426 HIiTiAlE 1 755 FiE 5 HLy, TDK
=028 LWVWHT LT, %G TD OFHLE(LLEFEDH .
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0.38

0.37

CR

1

CR

o Jda

034

q

TDK
1 1

-0.14

L 1l
-0.28

:
r
e -0.13

2
-0 14

-0.28

E23 HEN103ICLYBELNIFHEECR (£, B, A3EhEn 1],
12, 1AICEAEE 2 FRif4s AV IBE)

Fig. 23 Obtained values of criterion CR by trial No. 103” (Left, middle and
right correspond to the cases in which sine curves with their maxima
in January, December and November are applied respectively)

0w

i 1 i 1 i L § MR L L L
it -1 38

H24 HEN103"IKELDEBOoNLFHMMECR (£, GRThEA1H, 128
IR &5 5 IERHRA Al LB B)

Fig. 24 Obtained values of criterion CR by trial No. 103” (Left and right
correspond to the cases in which sine curves with their maxima in
January and December are applied respectively)

37

OF

5.3 =& N 104

i E N 102 &£ LT, TDFHE/LEGZYT, 28, 30, 4 JicghThaKiibl
LA EREEICE D TM(M) 252 2680 Tbil, 2 HITRA LSS FEEH D,
TDK =— 0. 15050 TLWERPBLATHWS, DEoEREEL, TMM) LT,
1H, 2H, 3Bic#hEhmAE L L7125 Eidh#i=v, TOKK 20, —0.1,-0.2,
—03, —04 EEHHLT, BN 104A~CofTON. TDEE, TD AL/ aFi
fEDB iz bDICEEL TEL, H2BEOEROBREETT.

2 BicHEA L ATERINEA LIS LA, TOKKS—04 & D/MEDBEEIRLTAS
Z0ENHB. TOKK%A —05, —0.6, —0.7, —08 LBLTHESKITEN, K260
HESE LN, 2HicRAKLEHAEZKMRER, TOKK=-06 W50, 8HIC
BALITATFRMEELMHY, TOKK=06 W5 &THA.

#R, TDEMEEE5L 5 &itkD, CRIF0.3804 A5 0.3696icED, 20T
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CR

B26 HENIMIZLOFohfHEECR (A, 1, GEEathl A,

2R, 3RICENED S ERIfAER e

Fig. 25 Obtained values of criterion CR by trial No. 104 (Left, middle and

right correspond to the cases in which sinc curves with their maxima
in January, February and March arc applied respectively)

CR

AENIMBB LU ZOERICL DGO
SEEfEC R

Obtained values of criterion CR by trial
No. 104B and its extension

T 02 iz BEHEALA G52 A5 Lic kb 0.3626 {27 »7-. CR DL EEF, #h<eh 28 %,
19% T, GbE8T AT HBORLTH B, —IELRHOFEEH-EHTLY,

6. Kultsjon 7l

6.1 HELTEH
Z Dz &, Dischma & [A#, SEESEAS 1SS0 THSE,. K143 TO, TDicE

HiZEA LA 52 5 DI LERTERERT.

®14  KultsjoniR#ic B2 T 0(M), TD (M) IZBET 2385EHTOK, TO0 2 Eofh
Table 14 Constants TOK, T02, etc. in Kultsjon basin which relate with TO(M) and TD(M)

. HM 1 TOK
k T TO2
SR BRI R 5 1 B fﬁD _ HM-H1| TO | TD | _ 01, ]
= ey | SRR T T zEp =TOK+TD|=T0-TO01
570 595 110 0.2273[0.46|0.67| —0.152 0.612
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6.2 FHE N 101

FITDIREHEAESZS,. TDDM)icid, 2J], 3A., 4 BiczhFhEkibl &
13 5L %My, TDKIE0, 0.08, 0.16, 0.24, 0.32 &@LU 7. ZhssENe (01
A~CTI2TIZ ZFDEEEETRT.

TZ THIMAERD, TDiDWTHAEEF L, TOIcF:HA(LE5Z 25E N 102, N
103 T2/ THAH M, BTEAEL, TDREZAZFHME(ExSicAA LT LiclL
foo 9hn, 1H, 12)], NHzZhZFEAM | 752 EREFL0 TDD M) A5
Z, TDK%0.1, 0.2, 0.3, 0.4 X&H L TABEN 104 A ~C 2TV, PIBOFEELE &

27 HENIOUTL OB ONLTMEMCR (&, o, GUEzATh2 A, 37,
4 TR & 18 5 B liE lio 7o)
Fig. 27 Obtained values of criterion CR by trial No. 101 (Left, middle and right

correspond to the cases in which sine curves with their maxima in
FFebruary, March and April are applied respectively)

o
o
(IPER IR [NELS
1 i : L o N 1 W i L | 1
T i 1 T 0.2 e [ 14

R28 TN 10T & {304 FFIEC R (%, th, AixEhzn i, 1201,
NAHRA L £ 5 IR dhig s 88D

Fig. 28 Obtained values of criterion CR by trial No. 104 (Left, middle and right
correspond fo the cases in which sine curves with their maxima in
January, December and November are applied respectively)
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.

12HIZHAME 1 £ 5 ERiE4EHG, TDK- 0.20& %, &/OFE@ECR=0.270243
Botf. HIEA TDK = 0.2 TEANES (LB EAPDAHAKRICK N0 T, TDK
Z0.15, 0.17, 0.19, 0.21, 0.23 L8 L THLHTAIY, TDK=0.20b70ic
CROB/NEHBDFE,IS L. ##7L, CR=02702{3, CR OBEDE&ELH>T,
foEENSVEERE S S L.

6.3 HEN.105, No 106

TDOEMEAE, 12ZHicH&AE] LS54 E, B TDK=02 TH24C2&E
L, 2 TO ILFEHEEFTALLEHAS.

SRIHBENI02ELT, 28, 3H, 4BCENFhSAE 1 &2 EFibE I E D TM (M)
ZH5Z, TOKKZ+0.1, £0.2 £Bh LTAHESPREES ORI -1, O
TDICHRA 2 FMENMS EOLDEDLEL - THEN, FOEBRIELAELVLES S
TEsHD. ARENI2OBREEZL, 48BE5H, 6, THFhFREAE1 L1153
EMEFRICEO TM(M) 252, TOKK#F£0.2, 0.4 &80 LT, REN105%2iT-7
B, PENYHRERDH S hTTL,

SEIT, TO CFREARIC L D BEAESZ R BN 102 THESAY o b1 & &,
Nlecillewaet FR TRV 2L 9 DEE TM(MIUITH O THAE N 103 2570, HEDITEEA
H5HEH 7. Kultsjon, Illecillewaet @i i3 7 2 ORENRE > TV EA, ABEOFAR
DEREILHY, BFEORNZHOEEL B LICZIEEHTHL OMETHE EEL LD
LTHb, TCTAENIG ELT, BUEIDOMHICE->TTMM) A 52, TOKK%
0.1, £0.2 800 TAHEH, SERIGHENAD LN,

fiR1, 1ZRICEARE 1 L2 5 EREEEM L, TDK=0.2 LB 2 &ick ., FiHHER
CR=02756 5, 02702 iy, —5 TOIKSZ AEHE(LRTBELLLE LS T EiC
Bote, HEMBEOBRLEK2 T, DELICHELSEHONS.

7. W3 i

7.1 ETEH

W3O b SEBRIRR IS 2T TH B, W3R OMITIZ, SEMiciz 3 LR
CLoTITONT. TO, TD itntd 2BHEOBEAL, 3IHHBEHTHES EZ~xETH
5%, BAOEMMRICHT 2B 44 ~T 3HMERTITI &, HEBEMS#HN) 55,
T LTHRTHERHC L 2 PRTREETD, ABORYD0 18T, 3 BRERIC £ 55t
RICOIDMA BT Licd b, RISITD, TO KEHEILAE5Z 3L 3 HEBHENTS 5.
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#1565 WIREICEBFATOM), TD (M) ICBE T 2EEHTOK, TO 2 ZOfth
Table 15 Constants TOK, T02, etc. in W3 watershed which relate with TO(M) and TD(M)

HM H1 TOK
smgas | ®iww | C00 ) pvon| to (to | TO! | oz
SR h s | M SER 71D =TOK=TD|=T0
15 (1.2 2241 | —0.741
bl 3895 81 LB &Y —-0.8(098| 1830 —2630

Lo¥FiEEER, TORTIE3BMERa L THO SN S,

7.2 HENo 201, No 202

3 R ERic & 2RI E T 0L, UERNCE DiTh 5B No 40 TR LN T F e i
DOWTELNTV S, ZCTHAN A THONAEF v SHRELT, TD, TO0ic B4
ftE5x 20 Licdsd. ANTHBE, ABE N L DBONLETFT LR, HHEFL
DL DaEER 6 P o TS, LT Durance DESE[EEL, & SIZEIE
EODETEICLD, FHIEA £ LA AEENS B, £ CTHE N 200 (Sic 3 Bl
Mick 5RFEZ N 101 Do, ShlOREIE N 2000 5BHE)ELT, £0RE
No 40 i£HBWT, HILBLEEZS 51 DELTA7. < YELIEHILCR= 0.4550 & &
IMBICTS 57z, 6 BIHICIE CR~0.4604 THBMm 6, CRIF1L2% R LA, coTiEsh
feETFUEHERELT, T TD ICEHL(LEHGA 5.

2)]. 3R, 4R ZAENMAM] L1405 EHRA TDD (M) icfAv, TDK% 0.1,
02, 03, 04&L@HLT, AE N 201 A~CHifThil, K29DEML LN, iR
FRAHE, 3A, 4 RSB E RSB IEMIIBOEE M 201B, C)icid, TDK A&0OMH

CR cR CR
a B ¢
7r 0 r C 047 o
o
L¢] o]
e}
046 046 e} 046 F °
[e]
o o
¢ © o P
TLE TDE TIK
5 I 1 1 | b5 L L 1 i WA L L L i
0 0.2 0.4 TR b2 it Ty 5B 0.4

B29 BHHEN20UCL OB ONLFEECR (£, F, 4dZhEn2A, 3A
4 It K L7135 Ei i 4 Aot 2a)

»

Fig. 29 Obtained values of criterion CR by trial No. 201 (Left, middle and right
correspond to the cases in which sine curves with their maxima in
February, March and April are applied respectively)
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CEmd L, CRHEVLSHNSCHEDESTHS. 22T, 38, 48, 5 HicghsFh
RAME 1 &85 E#ME % TDD (M) icfv, TDK#% —0.05, —0.10, —0.15, —0.20 &
#)7> L CRE Yo 202A ~ C 41T, MOERASE SN, COMMLHNTELE, 68,
T AICRAL IS EHEREREL CA3 48665, »< LT, REN202D, E
osntz. H31E<2oERE 9. K3 oMo BED GR30 I KNTI0RE ik - T30
T, 6 HicaRELBFERMMOLSHIT > T EWHEFE TRV, b, TT
TTDK=—-01®&xiz, CRFR/NME 046541 12725, H i bEMhic 013% Ic S0,
CCTTDK —0.1THLh0, 2ZARKEKE] &5 EEMMEE TDD (M) AL,
TDK=0.1,F-7A0L0. 3AIRENS)H A TRMETH 5. '

CR CR CR
\ B (o
0=t r © 0,36 0,40
Qo
o]
o
] o ©
o
o o \ o ©
(1] 1] o ] o Q
TDK TDK TDK
a5 L 1 1 1 J 0.15 1 1 1 1 1 0.45 1 1 L 1 J
] -0.1 -2 0 -0, 1 -0.2 0 0.1 0.2

B30 AHEN202A~CIZLVFLNLMMIMECR (&, h, fidEhsh3 A, 44,
5 HIZE AN LTS 5 LR A MO 72854

Fig. 30 Obtained values of criterion CR by trial No. 202 A, B and C (Left, middle and
right correspond to the cases in which sine curves with their maxima in March,
April and May are applied respectively)

0,455 - 0,455 ) B31 HE&EN202D, EickoFons:HMafEiCR
(e, AxThEne A, 7THITEKERS
GG IRl -2Ta
o Fig. 31 Obtained values of criterion CR by trial
o No. 202 D and E (Left and right corre-
spond to the cases in which sine curves
o - LK with their maxima in Junc and July are
i Frat— 0 ol ) .applied respectively)

7.3 #HEN. 203

VIETTDIE BHZE 52588410, RETOIZH L TEHELESZ5. TM(M)
A2, Al 6 R A EMHEETSA, TOKKA0, £0.1, £ 0.2 &8h
LCHOMATE N 203 A~CT, K323 % OlEA 5. ”

21, AN ENEFNR KL 5 IR E R H A, 6 gl & B EE I o
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CophRzEnL, TOKKETEO R#HsHEL . 22 TCTMM) 258, 68, 7
JNCEgKME ] L7135 EHI TS A, TOKKZ0, 0.1, 0.2, 0.3, 0.4&8hLT, 2E
No 203 A~Ca&AT~7o. MB3IEZDMERE (T, 6 AIKRAME1 &K 5 EE#ETTMM)
h A, TOKK=0.20&%, 3HMEAEDE/NCR = 0.4524 2515 505 . HREHEOD 0. 4541
Ik, H 0.4 BOFbicd S,

- ® CR CR
- [}
0,460 A - B - c -
|_ o o
- a8 o
o]
o (o]
L o o
ST o ) b 3
° o
- 52
TOKE TOKK TUKK
L 0,350 RS SR L 1 1 J L 1 ' J
&2 fi 0.2 ( ) 0.2 0.2 ] 0.2

B132 i 203 Ik 0B oniiFHEECR (&, b, GdEnFn2H, 4/,
6 JNTIRA L 73 5 TRl S H U1 BE)
Fig. 32 Obtained values of criterion CR by trial No. 203 (Left, middle and right

correspond to the cases in which sine curves with their maxima in
February, April and June are applicd respectively)

0.6 r CR A 0.44 IGR i} .46 =GR <
o o
8 [}
o o © @ . ® o5 ©
o o ©
TUKE TOKK TOKK
UAS“_L_ELE_‘_{LII L"ésh 0.2 0.4 iHBn 0.2 0.4

B33 HENe 2037 L DB S ALTHIMEC R (A, I, firEh®EnsH, 64,
T AR AL SIEFMR A 058

Fig. 33 Obtained values of criterion CR by trial No. 203° (Left, middle and right
correspond to the cases in which sine curves with their maxima in May,
June and July arc applied respectively)

7.4 EENo204, No205 (3RSRIBERICLBEE)

HERC L Do EOERIL, 12AIRAE 1 &4 5 FEM#z kD TDD(M) %
5ZTDK 0.1&#&, 6 BicmAM Il S5 EMETTMOMZ 542, TOKK =0.2
LELLDTHS, CORBAFBFENEEA, JHFMEHIZH LTS, TDD M) F12)]ic
RAM 1 752 FRMET, TMM)IZ6 BiciAlll 735 i TY %, TDKIL0.08.
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0.10, 0.12 £@h» L. TOKKIZ0.15, 0.20, 0.25 &#p LT, 3x3=90@hiEss
ARELTAL. CndalEiN204T, K163 Z0BRE2 LT, FTEBBEHOLY, B8t

BEZIELACOBSUL - LWL OHPREBLELAZT, FHEEOELHIT,

Vg 2T LE WD, TOKKIZ0.2TE»AHH. LiL, TDKEZESICAE LTRELT
HHLENDHE. ThdaABEN2056T, TDKEAE{ LTITL &, CRIIBRLICHED LTIT
<. BEIGHAEDHITEN, BRRMCRTEHENHE S, TOK=0.5TCR = 0.477948
R/PNDCR &ETE -1,

F16 AN 204 iITL DG ONIFEECR
Table 16 Obtained values of CR by trial No. 204

TDK
TOKK 0.08 0.10 0.12
0.15 04811 0.4809 0.4808
0.20 0.4810 0.4808 0.4806
0.25 04810 0.4808 0.4806
u.qs:rcP‘
0.481 o]
o]
o)
O
0.480 : Do
[}
0479 o
o}
0,478} 2 o
' o o
TDK
0.477 L 1 L | ] J
0.1 0.2 0.3 0.4 0.5 0.6

B34 %N 205 IC X 0 iF S n A FFMEC R
Fig. 34 Obtained values of criterion CR by trial No. 205
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8. 6MBICHLTEDORLEBEEREFN, BLUFNICELNEREINEREBICNT 3
B i}

8.1 HKHEN

PLET 6 msictl, TO, TD OFMAOBALDLESTZEFVORESETL 12
D THALAD, LoEFrMcLtOERESNREICH L, BYTBUNENLE S A 3 0E NS
S, InPRME BRI L, WMO AR &5 % 84 5L 0RERDT.
HREN TLAGA 4 7 « eF O AY (J)ITHAB &,

QE(]) = TLAG*Y(]J~1) + (1 —=TLAG) *Y(])

ChD, MEQ() )&ENUTAT LIS, ZOQE(])EQ( N ED VA2 JHEES F/N
L4 5XHWTLAGERDBRMEICIE, SN2 F|HEICELD, ROBHEA SND.

| S(0) —5(1)
TLAG =+ —
AG = T (RO —R()

iy €ET

N
S YU-1) =Y,

N
ROOY = F Y(J}*: BR)=
1—1 i—2

N N
8(0) = E]Y(J)*Q(J), 8(1) = EZY(J—I)*Q(JJ.
—= i=

j
HRICBNBWKOBER THEROAREELGINIBEDI L5 EZ, ARDOHELHE
DA -T2 VT, EoiciHtE 43,
ZOHRick o TR BB AR TiorT. REZ0bOh OB NEE, HE
DM LGN MELALEDIEST BEERE D, FOL D icHREERELH M
WCRIREAIH D48, [MHEMICHEME YA LS LicLik.

FI7T ES ot EEN LA . O, £ LW3 IS0 TH 3 )

Talbe 17 Values of time lag obtained (time unit: day except W3 where time unit is 3h)

Durance W3 Dunajec Dischma Illecillewaet Kultsjon

MEMhoRDIME] 04114 03449 05982 01793 0.2054 0.2933

MROMMBER (3989 05405 06689 00559 03590 02632
bo¥ i ]

LiEDHEDFELE 04002 04427 06336 01176 0.2822 0.2783

Bl (B5RE) | 9.6 1.3 152 2.8 6.8 6.7
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Fig. 36 Correlation between time lag and square root of catchment arca
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8.3 W\oh/FHEE

Lo L i LTHE SO EFLEROTIVESORBEEH L, EF VIO DD
¥O4FERICEVT, EURBEABHEORICE > TH ONAFEE L RIITH S, 73
% Durance, W3, Dunajec @ 3REIZHL T, BED/I-H NWSRFS DFIEREIC
T BFEMELRLTCHS. Norrkdping OEHIEBWT, LEETEIN T IBELE
MOERFEESP, SEFREESEE L0ESORHKEY, §NTOEFAMREEIC
HGzohiz., Lizth-T, bivbh b 4EMictd 2FiEEHRTE 20 TH 5.

RIYICA 6N 5K HiC, Dunajec &, KE SOl FaRBIATL D L VB %R
Dunajec 128 LTiE, EFNMEPZ o THEEINIDOTH 5.

Dunajec 220 Tid, BEAECDELTVWAE X5, FHfiMEICEN ARG IC2 W TR
mH otz ThTEFHEEICHENIMRAEHOTNEhof. CHADTBEEFEDLL L
CTlicEwizlE, CROZIBEEZICEHELL-%. TDRTIORMHEAED L X
DCRDFDIE, ThEFhl BichEolih o7z, Fhid, CREWEBELH LB L 0N
EXHAEEETNT (FNVRNTHECLEHRHETH B0 , FELELZEZ I o
fo. Z5LHOUAHL, HATTD, TO KEHENEGZ O THEH, HRELTRAE
DETALDENT LTt o7z,

#19 HHeFNCk D, B¥E4FOFMBMcBE Y 2EHREICHT 2FMECR

Table 19 Values of criteria of the calculated discharges in the verification period derived by
the revised and previous models

MSEQ MSELQ MSEDC MSELDC CRHY CRDC CR

= 7 n 0.2481 02050 0.2087 01220 02271 0.1653 0.3924
Durance e o 0.2002 0.1939 01583 01225 01970 01404 03375
NWSRFS 018905 0.1933 01639 01438 01919 01539 03458

b+ 7 0.3456 0.2459 02286 0.1545 0.2957 018918 04873
Wa ;e Fou 0.3476 0.2403 0.2226 0.1459 02940 01843 04783
NWSRFS 0.2844 02104 01574 01614 02474 01594 0.4068

H € 7 0.3570 02836 02972 0.1668 03203 02320 0.5523
Dunajec e 7o 04078 0.3034 0.2556 01868 03556 02212 0.5769
NWSRFS 03233 0.2841 0.2727 0.1560 0.3087 02139 05176

o & 5 | 02314 02314 01537 01784 02314 01660 0.3975
1SCRITLE
sehma ge 74| 02173 02111 01478 01717 02142 0.1597 0.3740
P e 5 | 0.2248 02072 02602 01755 02160 0.2179 0.4339
gertiewae @ €5 | 02155 0.2093 02436 01830 02124 0.2133 0.4257
‘ =4 | 01725 01071 01447 00601 01398 01024 0.2422
Kultsjiin

I?Frr-E 7l 0.1765 0.1069 01342 00605 0.1417 00974 02391
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[EREDL LT Ecwic, EFVvERMET A2 LELTERAESTHN] S0 HD0,
TRONHNHFF > TR —DDHAITH »fc. HEMET 07 7 455 LKL >ThS
13, i, REOFREITMMES O ESWL L S I s, SATHBETEFTLVEEDLTH
ok &, mE, BEOGRES, RHAOMERL AT OLIOERETHEEH WA
LTV, 2hHBBEOEELLENE DD HETH -7, ZOFEANEFRENIT & 55
Dunajec THEBLFRTH 5. Dunajec DFEEERNZIMALY KEFVEESEINATY
5500, bhbNDEFVEFICHET 2ERENMLES, HHiERE BlEE oLEiZ Y
CX»T, TBTFWDNFA—FEEDDE, LichioT, HUFERICAREZREELH B LEIF
5o T MM R AORIHL AL,

Dunajec #p&iid, dGES N EFAEETL D L0FElEZ Lz, R4 &9,
FEME O BT, Durance Tl4% & NF VA, ChORFEEHH(LEFOL DE LA
LT, 9v7 - EFaxkl L ickd &7, TD OFEMHE( T £ 2T EOHLD
B -t MEEDEDTHA S, Dischma THFHOFEORE/DIIHE6 2T, chid, TD,
TODEMEAICELDEDTEHB. Durance, Dischma & &z, HIEAOEEEAS KE
s, TDOEHEOESAE L EHN-OTHAS. W3, Nlecillewaet Tid, 2EM
EORBMEK 2% THEEH, W3IK2WTHESY v/ OB L30R 0 TEESSTHY,
Ilecillewaet TiENo. 1, No 2 Hi S OGRICHd AEO DRI XL BB TH 5. Kultsjon
ZEOTE, FHEOMDEIOHDTNICIIHT, W OPEEOLETHAIN, FEALH
i CR O#MELHBEO LD THAD.

Pt AEE T 0E, REBFERE,G b H 5T, TD, TOCEMHEEBAL
RHREHETHDAZFVEFSANL. HIKHOGELENKEVEEE, TD OFHE(LES
ABTED, W OB AGAARETHA. TODEHEI, HAMEOKEDRED
CEMETAANH B ENH T ET, TOMBEIELICED ST, B ORINEDTIIIIN.

TD, TO OFEHEODEAICLD, NWSRFS OEF L) LOFERSELNLOTIE
ol v RS, BRSS9 Th7Ed ofz. Durance (220 T}, NWSRFS
Lo hFELI LV EAB O NI (A Fa 7570 D0 TOFMTIE NWSRFS @
DOHHLFTED, FHRBFIC DL TOFEGTELRDLNROANTEY, CR Thihichild
NOLME X o, WMOODFEMIREELTHA Fe s 57 Tirhi, SEfEic k55T
ZLIE0DE NS, 2L OFMTNWSRFSOLFHLWVFEMIZILS), W3, Dunajec TiE
NWSRFSOAHMEShicd ChT VWA, ZARBETEREANEL LTHO TV AT LitdkD,
HLkETHAS. Norrkdping OEEOMT, Anderson FEHIFERIICHLT Il
FicMld 3 EHE2RELHVDOL] &, SEINALIUWRUETCHELILP TR LEEZEL
5L, BOEFLTERHICHETLIERNY, EHOLTAHNBANELTHG TR SO L
Bbnb.
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FSLEHRHOEIL, BECHT2EHEAV200FFTHLDIRURTH B4, S
OHE LET, XEEFE TEHNUL, Durance, Dischma, [lecillewaet, Kultsjon
DAFHTEDLOTIVERERL E{OFMEAD L0, BRBLEESVIZS 0L, £
RANC AT, BERRTH LB TENSI) , W3 TNWSRFS 2D IWERERL
TEMOELT, bhbBYSBEREANLE LTAVEOARERT L2860 TS,
bHED LS, HEOKBIHEHET, PORKESSAFERTESDLATL 2EEE, &K
HEMOESHBEIZ OO TRETHD, THHTEEE, ATHEEE LAHELRET
HLLEEDNELOTHS. 2L T, BEEBRLL TS, Ttk sRBOEHEISD
BTENDTH S,

2 E X B
1) & - 4 - bl - BT - B (1983) © [@Siktofis =7 vo AT | oMEES -6
PO AT, BB R AR 7 — B g, N30, pp. 85— 165,
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