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Abstract
1. Outline of the procedures
1.1 Tank model with snow model

In snowy basins, the sum of snowmelt and liquid precipitation is put into the
tank model with soil moisture structure (Fig. 1) to be turned into runoff. Then
the adequate time lag shown in Table 6 is added to the output from the tank
model to be turned into calculated discharge.

The principle of calculating snow deposit and melt is very simple. If the
temperature T°C is negative, precipitation is judged as snow and it is
accumulated to snow deposit, and if positive, precipitation is judged as rain and.
moreover, there occurs snowmelt given by SMELT * T +(1/80)P * T, where
SMELT is some constant and P is the amount of rainfall. The second term is
derived from the assumption that the temperature of rain water is equal to air
temperature, but the second term is nearly negligible compared with the first
term. Analysing many snowy basins in Japan, we can get good results by putting
SMELT as 6. However, in many other regions, SMELT must be put to smaller
values. In the present case, SMELT is put to 4 or to the values shown in Table
3.

The very important point of the snow model is the division of the object
basin into zones by elevation. Each of the zones is assumed to be uniform in
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precipitation and temperature. Number of zones need not be large, usually from
4 to 6.
The temperature of I-th zone is assumed to be given by

T+T0 — (I—1) * TD,

where T0 is the correction term and TD is the temperature decrease by zone.

The correction term TO is necessary, firstly because the elevation of
temperature station does not equal to the mean elevation of the first zone and
secondly some temperature stations have their own nature that it is warmer or
cooler there than ordinary points after eliminating the effect of elevation, from
its surrounding conditions.

Another important point is the zonal increase of precipitation which shows
a large seasonal change in some cases. The precipitation of M-th month in I-th
zone is assumed to be given by

CP (M) % (1+C(M) * PD(I)) * P

where PD () is the precipitation increase, C (M) is the factor for seasonal change
and CP (M) is the correction factor.

In some basing, the effect of liquid water storage in snow deposit is
considered by the snow deposit tank model shown in Fig. 2.
1.2 Method of calibration

Trial and error is the most important and fundamental method in
calibration. For the calibration of runoff and infiltration coefficients, such as
A0, A1, A2, B0O,--, D1 shown in Fig. 1, the automatic calibration method by
means of RQ(I)’s and RD(I)’s is very useful and effective, and so it is used as
an auxiliary method in trial and error, i e. one subjective trial consists of
successive automatic trials by means of RQ(I)’s and RD(I)’s.

For some parameters, such as parameters of soil moisture structure S1, 52,
K1 and K2 or positions of side outlets of the second and the third tanks HB and
HC, semi-automatic methods have been developed and there are some
improvements in these methods. For the calibration of T0 and TD, also semi-
automatic procedure is developed by means of orthogonal transformation of T0
and TD.

For the calibration of parameters about the precipitation increase with
elevation, trial and error is the only possible way.

2. Description on each of the six object basins
2.1 Durance basin (Fig. 8)

The basin is divided into four subbasins as shown in Fig. 8. Precipitation
stations and air temperature stations corresponding to each of the subbasins and
their weights are shown in Table 7. Corresponding weighted mean of
precipitation and air temperature are the inputs to the tank model with snow
model of each of the subbasins. Obtained parameters of the snow model are
shown in Table 8, Table 9, and Table 10, and the obtained tank model is shown
in Fig. 15, where the soil moisture structure is nearly meaningless in this basin.
The obtained results are shown in Fig. 16 and Fig. 17. The results are good,
probably because of many precipitation stations and air temperature stations in
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the basin.
2.2 W3 watershed (Fig. 18)

The basin is divided into four zones. The type of precipitation, i. e. rain or
snow, is determined by the given data. Three-hourly data are used as input, and
s0 some parameters, such as SMELT and the runoff and infiltration coefficients
of the tank model, are values for the time unit of three hours. The obtained
parameters for the snow model are shown in Table 13, and the obtained tank
model with soil moisture structure is shown in Fig. 20. Obtained results are
shown in Fig. 21, Fig. 22 and Fig. 23. The results are not so good, firstly because
small basins are difficult to analyse and secondly because the given precipitation
data are the mean areal precipitation derived by the weights shown in Tablell
and the air temperature data are given at only one station. If the raw
precipitation data at several stations and the air temperature data at plural
stations are available, the results would be slightly better, we expect.

2.3 Dunajec (Fig. 24)

The basin is divided into three subbasins as shown in Fig. 24, The areal
ratio of three subbasins and the areal ratio of six zones of each subbasins are
shown in Table 16. Obtained parameters of snow model are shown in Table 17,
and the obtained tank model is shown in Fig. 28. The results are shown in Fig,
29 and Fig. 30.

2.4 Dischma (Fig. 31)

Precipitation and air temperature are measured at stations No. 21 and No.
22 respectively, near the mountain top far from the object basin as shown in Fig.
31. It is described that precipitation measured by automatic rain gauge with
electric heater is not reliable for snow but the water equivalent of new snow is
more reliable. So, precipitation P and the water equivalent of new snow HW are
compared everyday to define adjusted precipitatio P, the larger one of P and
HW, which is the input to the model. The ratio P/P shows large seasonal
change as shown in Table 20. Obtained parameters of snow model are shown in
Table 22 and the obtained tank model is shown in Fig. 33. The results are shown
in Fig.34 and Fig.35. The results are faily good and rather admirable,
considering that the precipitation and air temperature are measured at such
stations far from the object basin. Such good results will come from the
reliability of adjusted P, we suppose.

2.5 Tlecillewaet (Fig. 38)

Precipitation and air temperature are measured at two stations No. 1 and
No. 2, shown in Fig. 38. The ratio of mean monthly precipitation at No. 1 and
No. 2 shows large seasonal change as shown in Fig. 4, where P1 and P2 are the
precipitation at No. 1 and No. 2, respectively, By smoothing the curve of P2/P1,
we get the coefficients shown in Table 24, and by dividing P2 by these
coefficients, the modified P2 are defined. In such a way, we can get two pairs
of input data (P1, T1) and (P2, T2). As we cannot find any appropriate division
of the basin into two parts for No. 1 and No. 2, we calculate two kinds of runoff.
The one obtained from (P1, T1), and the other from (P2, T2), where the snow
model and the tank model are the same for both inputs. Then. two series of
calculated runoff are composed with equal weight to make the estimated runoff.
Obtained parameters of snow model are shown in Table 26 and the obtained
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tank model is shown in Fig. 40. The results are shown in Fig. 41 and Fig. 42. The
results are fairly good in spite of the very biased positions of two stations. The
existence of both the precipitation and air temperature data for the two stations
must be the reason for good results. As shown in Fig. 12, air temperature shows
a large fluctuation from point te point in some cases, and so plural stations for
air temperature must be necessary for good results, we suppose.
2.6 Kultsjion (Fig. 43)

Precipitation data are given at three stations which will be represented by
K, R and M, but air temperature data are given al only one station K (see Fig.
43).  Similar to Illecillewaet, three series of runoff are derived from the
precipitation at K, R and M, among which temperature data are identical and
the models are also identical, and thev are composed with an equal weight to
make the estimaled discharge. Oblained parameters of snow model are shown
in Table 30, and the obtained tank model is shown in Fig. 46. The results are
shown in Fig. 47 and Fig. 48. Asthe discharge is derived from the outflow of the
Lake Kultrjon, the increment of the storage of the Lake Kultsjon and the inflow
to the basin, there are large errors on the discharge data and there often appear
negative values. Usually, we use logarithmic scale to represent the hydrograph
and so we musl avoid negative discharge. Accordingly, we add 2.5 mm/day to
both the observed and calculated discharges for the daily hydrograph of Fig. 47,
and add 0.5mm/day to both the observed and calculated monthly mean
discharges for the monthly hydrograph of Fig. 48. The results are not so good,
probably from two reasons: the first, the discharge data are not so reliable, and
the second, there is only one station for air temperature.
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Table 1 Six object basins for the intercomparison of conceptual models of
snowmelt runoff by WMO

T E 2 s = % o om & (km?)
1 Durance France 2,170,
2 W3 i U.5 A, 8.42
3 Dunajec Poland 681.1
4 Dischma Switzerland 43.3
5 Nlecillewaet Canada 1,153.
6 Kultsjon Sweden “1.109.
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Fig.1 a) Tank model with soil moisture structure
b) Former representation of soil moisture structure

¢) Schematic representation of primary and secondary
soil moistures
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£2 W3iimsizBirad SMELT OfiE (3 EFf&H47)
Table 2 The obtained values of SMELT for the W3 watershed (time unit :

Jhr)
l==3H 4 A 5 A 6~8H 9 H 104 11~124
0.52 0.71 0.90 0.95 0.90 0.71 0.52
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Kultsjon iz LT, B3IDLDERHWB Z L2 LT,

%3 Durance, Dischma, Illecillewaet, Kultsjon (2% TRV & 417z
SMELT O (H i)
Table 3 The obtained values of SMELT for Durance, Dischma, Illecille-
waet and Kultsjén basins (time unit : day)

1~3H 4K 5H 6~8H 9H 10H 11~12H

2.5 3.0 4.0 4.2 4.0 3.0 2.5
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BEOKITEHEL, Oy 727V TRbTIEETE, SLrU0OKRE Y OEIR
HEBRNF LD ACLHAREZ Thz Vil cHszwvnrs, BEEOEOWTEEROHE
ThiZLw, LALBEORALREER, BEIKEZFDEEY Y7 « EFMITHALRR

| Lo
2 SNOW2 E
£ z
=0 7] b |
e SNOW!1
a) b)
2 BEY I ex®2T W3 Dischma
I .
B3 a) \VS‘ﬁifEﬁ&:ﬂT%a‘ﬁ%?‘/?
Fig.2 Tank model for ( 3 EFMEEAD
snow deposit b) Dischma l2®f T 2 EE s > »
(H&f7)

Fig.3 a) Snow deposit tank model for W3
watershed (time unit : 3 hours)

b} Snow deposit tank model for the
Dischma basin (time unit : day)
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UTIOLRREEZTWADOE,S, FHENKE L ZERTEROBEVWIAEEHETICED
BRI TnEiwn, —FHEZORM2ICRT IR 2EOMEAE2FE>Y 7 2(E5 2
LThH3, #LTSNOWL %/ &<, SNOWI+SNOW2 # 1 ipwEic T kv, 727
L, HEFVICAVwE Y > 7 &2 20, LofEADOME HSNOW £ HEE
XSNOW icitfls €3 2 ¢, FOMHILOMEREHT LD THD, 48, ZZiKBHbh
LEEEAMRE XSNOW i3, kxBVi- ETOREZEETH B,

COBES L2 3 IEEEHTETLE W TEWERL25 20 THD S, Lo 5 Hs
TEHEZEY > 72 L TH T T LIVLERNEF O Tz, #4512 Dischma T, Zhvzfwn
Brw ohERS L RS, B3 WIFE, Dischma itV SiliBEy v 7 2R LT
VB,

1.2.8 BKRKEOSEZEI

EQETNTC—FATAZOIIMISEL T, L ICHEE, MESEHETLILTHS
Lkt ZOFEESRF A—F T0, TD, SMELT ik k> T b 2D THE05, F
DEFMCBWTIDIEORF A= BRI THLORERTH S, MBHARIZAER
EROEEL52 2013, AHNTHABAECMHETEAIA-—FTHS, HLDHE, WIF
TELEL, Lo THIESETE, Sl rBkEsREeLadndtsi
v, fiEOD, BREOEEEESBETHS L TRIE, SHFORAKEIX

1:1%PD:1+2 % PD:1+3 % PD: «----:

OETEZz o505, O THERDOAITEDFTE® L L&, PDERE LAV EEASHOH
KizGhbeongnI LB, (Lo LA TR, FHO 2% 3BE0ErEL L Laidhn
iE, BOBryKicgbEohhy, GO TEOTTLRHELLL S, FOEMOWLAE
Fafin, ¥07  EFLERDTEVWROTH L4, EOBS2VWEHTR, NORE
BN ELTIwOTHSE, 20D PDICIRAERTEELYEED, FI2KREL, Eidh
Bkl she, EUehini Lt THolss, BIFHEEICH-T, TAR
BECE-, F2ICLT, bAEOLOREE, ofy bR D ESETRSR
TwEONEETHS, BsnTwaHEIE, FHIO 20%~50%HORETH L H, LI
2fE~3METHB E LI NERMEHORELHEATE R L,

bREORSHHOLHOBS R, FHEL LHOMHERICL 20T, EHDERD,
TEig, AE, B LELRARRZC L2080 THEDER >TSS, FllIZ X 5FEHE 21405,
IR DB L 2N AZ VDR b L b THL EHBETE T,

1975498, F22RAaX"F2707 57 4 AZATHI N LEBRAXEEZO THEET L
CETEY—7 - vay ) T, BEMFRAROBERIICIFHELSHD, FOFIU
TE LY, BOMBEREL TRV ILEBRD L, AFFTLRAKTHL LOHE
MbH->T, TNHHEABEOERKTRWI LEHI>. 20®K, ¥4 (BES, 1976), 7=
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PIX op2/Pt
mm/month
150 2.5

2.0 4 lecillewaet 7t &8 12 8 »
T, P1, P2/P1 #5742 EiRY
Z{k (P1, P2 iz No.1, No.
2SI BT DK A REEAK

ol * i, [ 38 2R)

doN S xP1  © P2/Pl

204 &% i b 2 Fig.4 Seasonal change of P1 and

siK\J/’CL“"‘?‘»-(:”A P1/P2. where P1 and P2
are mean monthly precipi-
tation at No.1 and No. 2,
respectively, in the Illecille-

waet basin (see Fig. 38)
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Ty FxaAuiFT7ORNOREENT, LR VEBKEDEBELICEEHE LR ST,

SEEZ 5N THROPIC, BABORERICAZAFHECHH L 2 L 2ELHITR
LTwad3085 5%, #7540 llecillewaet B Tid, Mz, KR 2SS TEZRT
Wa, B HSARTRIROBEE, fige 5 LanicAnicd D EE 456 m, 5 2 M ks odt
RSATERGIVAFICS Y EE 1323 m TH L (KB SH), M4 3E 1 HS08ADF
WREPL &, BE2HUE, F1HE0SBOFHNEOL P2/PL L2 RLTw5, ZOEE
bz, BRTORHEN» SFsnz DL XT3,

BEAREOBREC X 2EMIERNEBRS T VHS,PD(I)THRDLT Z LIz 2. 1 I3H#
BESTHE, THEHEESHZLLT, ZHIICI(M) % PD(1)DETELENS L{R
ET 3, CIM)BFHEMEZEDLT T A—FT, MZABESTHS, #ZT]—HOM*%
P(])edhid, —H¥EoEkEd

P(J)*(1+C(M)* PD(I))
TERDLENZRTH2H, S2oniBAESHEENETHOA TS L ZRP(])icHE
EAT20LBNRHLLbH5L, FLWEHOSOHEENEL, TOMEOLELH D
5, PO CHERKCPBLELL2, ZORERECLEHE 2 DE05
P(J)* CP(M)* (1+C(M)s* PD(I))
X DHATFESMAERSEZ oNB I ik b, 22 ]iEH, MIiZA, Lz cgd 2%
STH5.
1.3 R"SAx—2nBLEKkDH
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1.3.1 EiTH#RA

MOTF LI s TTAONRZ A= R TIANTHTHEBECLI TR ST, FLEIC
%o, W, REORNEOBNIED 2 FRPER S0, (BIES, 1977, 1978, 1980)

D "D A — 5 A I FEERNCEELRD 2 AR HEs LD 2H S (BHR

5, 1982—1). SEOFEICEL TH, BEN LI AN TFEEREL, ThAzHVL5
T DL, BVEBE-TAT, BTHEARIEZNETVEROBRRTHL I EX2HDT
BT %,

1.3.2 RQ(1), RD(1)Iz & » B#E1t

GO T NTHBELT, MmEac L D EESLZRQ(L), RD(LI)ZHWwS, 7>~
7-%?»@N%x~yﬁm&w%uoﬂt.:@%E@mc%ﬁi<ﬁ%,wb&ﬁﬁ%
EHEOMBFREE 2, Yy s BT LORL, BEORBEELRD 2B, 1ZIZHF
BRLIELSITHS, bLAARUAREEET TV ETHEILLBAYTHLY, BELIER
ko, MEOB L FOEEREEL TEESKE WS, NBunE), HEOLAERE
ETNETEHDLIEN, HEVELL{LAVTHE I, HETT AL NE RTNE, 11
DHEIE4, SERBEDO VELTHATHS., HEMEFiEICLS 4, 5EDL VELHES:
1POFETEL, BAOFFE2Ez ol oiiTHAR2IDET ZEICED, Fr 2T LI
WD A—F ZFRIELROTITL ZEMTES

1.3.3 iF{EfE

HEME ¥ HEFNTFEEATHRAOEHTFRLLTHVWS I XRS5 L, E5LTE
FHEESLEIZR S, 26%35 RQ(1), RDIIIC LB 7 4 —Fo3vy 7 FHEH, & 55
FoTRREOERE2EDTWEOTHE, FOEBHWLFOE, DEEZOLODFEE2 F
7% (MSEQ) (MEOF¥HTEH-TH2) &, BEOMROFY 2 FEE (MSELQ) &
g, BLU 2) HBAAROFEY 2 FiLE (MSEDC) (MEQFHTEH-TH2) &, R
OFTEO IO 2 TR/ (MSELDC) &Yy, O@EOHTH S

CR = (MSEQ + MSELQ)/ 2 + (MSEDC + MSELDC)/ 2,
MSEQ = (2 (QE(J) ~ QF/ 213/ (£ Q)/ 21,
MSELQ = (3 (log QE (J') —log Q (1))*/ 311)%,

MSEDC = (Z(QE(NO)— Q(NOY/ Z1)2/ (ZQ(NO)/ Z1),

MSELDC = ( (mgQE(Nm—logQ(No>)2/§1>%.

NO

212 Q IEMFE, QF 3B, JEES, NO @iES, fEfEs ks 2 DJEI
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WA EOFESTHL, 48, fig, HEONEECYE 2EEX ST, E—20
lHOFRIZEDETREFELMHCLDE, J-HOEAREQD %2, J-1, 1, ]+ 1
DHEEREQE (J) L, BEO-FBNEVHDELEST, TO2ENELH>TVE,
Fhemthoir 2, QE(INt ERATELLTWE, ERonFRA0RD I, J-HoOH#
EFEQE(]) %, J—1, I, J+1 HOEHFE Q(J) b3 H4, b shl oL,
Sl EEOFETHELTLE 0T, ZOEFCLTEL., E¥baitLTh, RER
Zd, BENCLARALLERIIZ VY, SBRREETLZTETHD,
bitbpHWTHE RQ(L), RDIINC X BEEALXE, MWo20DF 203 EHGE0E
WONRBN D LD AEIELTIT L3 moTwnad, Lizd-s TEAKEEHICL TakE
b)), BAEEEL TEKIELELV T2 L8 L EE IS4, ERPEEC
LTlEKEEbES L aIE, MSEQ 3/h &8 {230 MSELQ I3 Kk&< 23 A5 1L, Bk
EBHLTEREGDLE 24 61F, MSELQ 3/h8 {2228 MSEQZAELBL2THED
bitbiid ARz L 2 L, MSEQ, MSELQ, MSEDC, MSELDC @Rz —fEo0:fuHs 2
5L, FLTEHEMCET, MSEQ, MSELQ, MSEDC, MSELDC @JEIZ/& { 52T
WBIENBWEITHD, RitREEIZ £ % RQ(I), RD(I) 2T w27 5ifdidl
BZOWTOF 2 FEEHI/NEL LB 2L, RQ(L), RD(1) B ES/NELTE LD
ZTETWEnS, REOWNKOTE 2 ZRESNIE5 I LHHEETE S,

PO RIS, ATHRESHE S 0 EREEC DIRT & (B34fTL 4, RQ(1), RD
(DL 2HEWNBERZ 4, 5HELVELTWELS, HE DEL2HZE, <DRL
AEIZ30~50mEVS Z kicaB), FEOCRM04EE, MSEQ #5025 BEIcRS 2 &
BEN, ZFOLE, N FpZ 27 (WEEETHRDLLTHS) 2Bk 5 L, HEREHIC
L E-TwB LI ICRAB, HOTEITHETHENL Tz L& Thhi, ZZTEREE
EiThEY, SHEIEEBMEALEZ- WS ZLTHY, BXOBE, FHENTFEL
RATALTWEFLH->T, T oEH{ DRENERN, BIOFCKREHMSE
Poli i THE, CROMEIZERIC/NELS B0 THEL, TO CRDE|EL, N1 F
uZ 77 %2eizBUrsldFAEN TV ENEhn o, DRABNICEYNIETEW®RLES
Ly, EBIZIS-2TRETHS,

CRBDPLESESTE, "M FuF 772U TRFOENHLROZ LI EH
H5 EFARZ, NAFR73 70825 TRERJICKAS DL BN, TRELT

CEHELLDICCRVEL Lol bbb, CIVELTCRBELS Golchbnrs
Zudd, BOF22BIIHls LTLESROTHS S,

WLinde AFHMIEE AV & hid, SEOFETH 2, birbiwiHvTw 250, &
ETHH2E0H, FoTATHTEZIELEREZ S, WMO A 0 H o 2 5T

EizbnbhObObiZfR->Tws, WMO OFHHEMEICEEE TS WAl > THOA

>
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WU, HEALEE WMO OFFHfi%k (WMO, 1982) #Hu T4 HIREDTH 5 2,
TNERHARESBEN TR LD AFEIC OB bNEDTHE, Lis>T, @
BHEGZOATHE 6EMIZOLTO WMO OFHED & 12, %¥E0 4 EMIC B 2 Fiio
;é%ﬁﬂt&m.%iaﬁt6¢@®§ﬁr%w1,Téokﬁ;wﬁfw*@%_~m
BiETH 2, bhbh oMy, e, TIBHAR DT IS L T, #it, 5 & e,
WATINC BN EFT B L REBELTWADEDS, TOMELSEETS - &2

L7zDTH S,

1.3.4 i, BBEREUADAS -4

Y7 ETADF, BEOFHCHL TE, RQ(I), RD(1)iz L 2 EEAR LT IR
MLz EwoThn, %@{m@zfix—yc:mﬂ&;‘. RQ(1), RD(I)&E%0iH+ 2 378
R EEN, FHEECC ORTARNEBAEL, < UELREB, HElIcTeS o ks
JU,@%&<§%@%%?:&%@ﬁH ROTHD, Thidt 2 REEENTHL L
b Ly, BL Amwn,

COLEBRDNZA—F 2RARFICEEE 2 2 L3 TE AL, TERE LHTOH,L
TELTITERY, ZORDITENZA—F2ERLT S, D% DMEEICHEL 21>
IWENTA—F 2HAELEL I LKYITH 5, S0 T0, TD ORET, ZOBETED
SR D oT, LEARSHEE, HETLOMEOREIZ DVWT Y, LOUENL SN,

1.3.5 tEAH#EE

HIZEZ S LHEAIEEDE L RO T RIRDMED Th o7, /7 A—% (S, S2, K1,
K2) COZE(E T1, T2, T3, T4 2IEXRES, T1TikS], K25 RIfE+3. T2 ik S1
= R2MEL, K2%#(1/ROfET 5, T3 T S2, K1 %#R3EL, T4 TiES2%R4f5L, Kl
% (1/R4) 5%, R1, R2, R3, R4TiZ 11015 BEDEAE W3,

£9H5 (S1, 82, Kl, K2) »o®FEL, RQI), RD(I)iz & 2 B8LEIE 215w,
B 5RHIECR 252, IRIZ/SF7 A—F I TL 2L, 2ONF A —F 2 BOTH L REOSFE
TR CRERD B, COCREFOLD L L, 4FO CROAL L FHIES 512 T1
ZHEL, AIOAPLGIIEHBO ST A —F 1z TI BT, TDE3IILT, N3 A—4 12
T, TEP723 T1, TI"'O s ohiiisd, HEONSA— 7 2807 3E0HES N,
B INDCREZLZ BT AT PROHEFES L5 5, TR T2 HE L, LIFEME
T4 2THR5. Z0—EO D ELFERHBRNCETT 2 7075 anfEant:, 20—
HOFHOBEEWL T, REORY 217250 TH 5,

’@ﬁﬁ@kﬁa.CRmﬁvﬁﬁmﬁ EERLTOARVWIZH S, 2k 2 1 FHF 7

FENTHCRE, TL BML/85 A—2II03 5 CR £ 2L L, AR HEL 7
g, TORNPEFTICEEER TR, Bo¥les T2k L FDTEEEL]
M, TIVITEPBINITS VI I AT RA—FOEER G LR D NZ LD

Wi
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M L O T 5 A ELLE O TREE & 4 o 7o 6 BBk O I H BT —E A

THLHY, Ay CREASIBTHL55, 2ORNHERSHE DY TIZES R WL, £ 2T
DYEEREE 22,

W T A —w iz, TIN(N=0, =1, £2)#T. TOFNFRIHL TR0z 5@
DCRIZHMLT, 2WHiEE L TIEY, M MELZ2LSZ 3BEHEERD L, TOEHEE 4455
ALTEHEN LT, (81, S2, KI, KDIZ TIN&ZMiL7: b D 2RO EREEE T 5, M)
W LD N AE Ttﬁvfb*5@$v<tngwh4;U¢%ua§“ih—~4
4LDAREVESEN=+H4 T3, UTRO2REBN EICIMERS EEEZERELST
o, EESEG LRI RSIEN=—4, AF80E25EN=4L75,

T2, T3, T4 22T HREBERD Z L ZIHRITA D,

COARBEIOLO LD s IniERES 272,

1.3.6 mHILOMNUE

FHILOMEEELRD B 1213, HB, HClizDwZ, 7213 HAL &£ HA2—HALZDW
T, FRTH2RTDLSAH2ELETEIL0BE L AR ol FhICHT 5HEHRLL
T, BensFEEcH LT 2REON TR 2TR L, BMESSZ 2 EBELTRD S
TSN EEoT, BETAERESSXS OBE, 4X4 OB IDT A—-F ZE™M
WTEEE) D72 L 20, RBLTALD, $F0 I F{{Thib-o7, 21KH
HABNMEA S 2 2RSS L H 3. 2HimA ) 2 BES L S L &1, AFMFHHELBLD
THEBONDEET %?.axJ;t@4x4®aﬁ%<tnif%%nﬁbwﬂﬁ,zaﬂﬁz
E Rl > &ﬁfﬁéé%ji&)%;ﬁrﬁ By ARAIIEELES Bish, IOTOS T AEDIN
ZTEWTLIEIC R 57 WRBEOEEID S HINRETHD,

1.3.7 thwmELtE

PERITHE A Bk, M ERLEE 2 4:3:2: 18, 111011 EninBul, E5ET
EEEEOHF ICAE T L vES S, FEMEEE, <, MEFREEECFOMOIR
iz & 2 MEEESHS 9o, HHFRRESHAETHERETEZL EVI FLMR
Eiohot:, 22 CEgRSANCL2ME0EE2HS L0 3 FROp»HFELPD, &
FEORYTHEMBL 2 ED L LA, TR 275 2RLEOTHS

SHRTRRCLIAMYEEELOEEFHEVI I LICLE, DICETRTONSE
ErEHEOEGRE R THENSERELTSAsR T THE, JOWRNE25NT

WA Z kiR, MESERYRTERCIL o TEZGNBEEDALBEZ TV
YERTLDTHA D, TRV REB-REERES LE IS, SHOERINHEALR T
COBEERSICK - TBOLANERTHL LEZ 2, FRRC, ELRD 07 X —F 21
Brwd NERFEsND B,

W DAOTR T, FREEOTIRCHT, FREhEESEIL L, AT 2E
BIBoREZFTTR-0s, REFRBEStOoRERBE#EMERDROR TR R
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ot EEESHUEEE RO LIS VEE TR o2, HASNIINTES
BEzraolk, Bk erg ) FHEBMOo»»aEHETEo,

1.3.8 TO ¢ TD

TO » TD 2 FHENAHETEKDH 2 Z L RHTIcHEAShE (BRES, 1982—1), 5 2 {fTw
mol, FOEEE, TOZASL THEREHSBRMICE R THS I, TDRRE
T, BURRENEL 2D, 2 Z0BNEL 2 TR »SMSHIOKR D 258N, BEH
WRA B3 THEIEEL. ZOBEERFALT, T, TDA2EDE I ELNTELTHS
SLHIF LY, 220, HiBE YA P ETAREHOKMTY QkRE—2 1), 2057
BORE—AY N EEL, FEHEHEEDLR, 2ROE—A X b E—HEEDLIEELLD,
TO, TD&KDH IS L L1z, D fTokmol, I LTk ok—20FKEER, TO
2y Thd, TDHRTBHE=REz0, B LY T35 18BN, TOABELLIZRT,
TDRFLELT2RE—AVMRZEILTHEI LIRS ANLEP»ETHZ 5L,

TDMIERE—AY ML 2L OEARYEETH S, 1 EBOMFO PSRRI,
T+T0—(I-1)* TD THz 61525, |EEOMFOERE ZA(SZAD=1)
rThig, figetorssER

T+ TO“(Z(Ifl)*ZA(I))*TD
THzons, 2T (I-1)* ZA(1) =TZA LBV,
T0O—TZA % TD

MRIREHLHEOFHRBEED L. TD ORI TZA 3, 4 4Flo L 5, 1.58E, 6578T25
BETHILS, MEBOSXIOBLZOEA2ED 2 THS I THKER, TOLRUL
TDIZE>TRELELESNEDTH B,

ZITBLOLRIER, TO—TZA * TD 22D/ FA—FZBRIETHY, EDT
NIEE D —2oDRIRA—FFERTS TZA * TO+TDIcThIFLVEVRI ZETH S,

LIFiz» 30 Dischma TiThabh i EHITH 5, 7 Tfihbhi5H T, T0=6.0,
TD=19 D H7z VML Lidbd-Twiz, Dischma Tix TZA=236 ThH o205, LD
TO, TD # %l & LT, TO—TZA * TD B —Efl%R> & 5iZ, TD % 0.03, TO % 0.03
* 2.36=0.0708 DIFET, FEFAZFN 2EBHEE(ER S, RIZ TZA * TO+TD #—EfE L
A L5z, TO%0.03, TD 2 —00708 DIET, E&EThTN2EREAbLsE S, HEEE
6, 9flo (T0, TD) OfEiz2wT, RQ(I), RD(1) iz k2 BH{LEtEI TN, £
NFRIEODLTREDETLVE CRPESND, RIFFOBRETT.

M5ma), b) i, N, NZEUT CRAEMT 2HEFERTHOT, N=07, N'=07
OHzICCR OB SH L LS5 ICHZ 2, 22 TR0 )DL I TfFRIL T, T0=6.07,
TD=187 555N 5,



BTN O ST 7 A O E LB O FE & 4 o 12 6 bl o i L BT —E 5

x4 TO, TD AL 7DIIECTE 2% CR (Dischma)
Table 4 Obtained CR's for various values of T0's and TD’s

N TO TD CR N’ T TD CR
— 5.859 1.84 0.3840 P 5.94 2.042 0.4170
-1 3.929 1.87 (1.3834 -1 5.97 1.971 0.3960
0 6.000 1.90 0.3821 () 6.00 1.900 0.3821
1 6.071 1.93 0.3823 1 6.03 1.829 (.3811
2 6.124 1.96 .3822 2 6.06 1.758 0.3928
CR
0.42
CR Q
0.41 F
i85 |
° 0.40
o
o
-]
o ° o 0.39 F
NI S B A T
0.380 — 0.38
=2 -1 & 1 2 S A T C
a) b}
N
1.
1.
L T
6.2

¢l
5 To, TDOKbA

Fig.5 How to determine T0 and TD
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B/ND CRA%, N, N'O (2, 2) RESCHTLE 2L 2T, BLZOR%TEN

DFFrIZbH LM, 2IEHESE LTHIETIZ L b,
DEDTET RO W TD RHHE L OTRRET THLH S, TALHESEE AH ©
o e, QBOBEETICY2800ES, A% 100mS2 ) OREBEFEL Trl -

bLDHERS TH %, Durance, Dunajec, lllecillewaet ixER5pHE Iz 5% L T3E L 20T,
%%ﬁﬁf&@ﬁﬁﬁfw%.ﬁ%&ﬁuﬁwﬁﬁ&fw%ﬂ,%%WQ&TOG&U%%K
EVHERLTVD, FBNOGRES L, FrLTENESIcL24 DTHAI3, ER
HEMADELA L 52T, BEEE»SHESAZ LD I N AIVERELREZ 0
THBEEDLND, Ledds THRS OEHEMIVNC 06 LD K2 WEEZTOE, boriT
H5, WIHBTHEEITRE R0, —2 i ZORE NS <, BEMES 25T
mf,%hﬂ%ﬁfkuﬁ91w6:&,Lméﬁm®%ﬁﬁﬁ$éu#6,ﬁﬁﬁiw%

EORENPRESHLOTHS S, Dunajec DE 2, 553 EROFE L wAbRE T, &<
K%2%ﬁﬁﬁﬁ@éw%ﬂmT%%#a,%E@%E@Tﬁ$é<ﬁ%@ﬁ@%?%&
Durance D55 4 TRAFIMITHL TiE, 5 20MFH %, BRT 2 L5, ZOBOWEIE
Durance il o7, —FH L &5 TH 2.

x5 REOFEET 100m L7=19) (TD/AHX100)
Table5 Temperature decrease by elevation per 100t (TD/AH *x100)

it i ‘ i = b i
. 0.61
0.65 I 0.63
-0 s 0.47 Nlecille-
Durance .6 Dunajec VAt 0.69
0.59 |
0.46
W3 1.12 Dischma (.76 Kultsjén 0.61

1.3.9 C(M), CP{(M)¢& PD(I)

CNFANTHLBREEZBHT 257 A—5 T, HBCEEEEL252 25, 2Ho
TEETHLZDIZ, Bk oBBE L Ko Az,

Nlecillewaet D X 52, MEDEL 2 OMEOERSNE5L 5WT WD L X3, SEC L2
KERN, BELVZ0FMHELCOLTHENS LSRNl S, b2 ESIFEENS
Z1ADAETHY, FLBERTH-oTLBEOEOLINCHE ISR L TS 2 L itdL,

ERFEAE L, FRERCTERLSERNZL L0 EOHEE AN, H2HEOBAE
EEDSSVLERLFTAEHEICEDLE NG D, BLFORYAE M, 2hESEC
ED LR T A (PD(I)DHE) YARERAE RS A Z v (CP(M),

[
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CIM)DIRE) E, brsiu,

FATF A VT EFEA N ORI 272 o7tk %, CPIM)2FENITKD L7077
AERBEFELE, IIRBRTTEE L hos, 87 A7 C(M), PH])EAETH D,
BRlic#EmtEes R EEmT a2 LickD, HILZCP(M)E2EBET B I EMNTE
fr. BabAEER, XOMOBKIFEE L LTEREN, 4B, Ak >THTREDE
e, ZOMOCP(M)®CIM)BEDO LI RERE2T 2RI 2040, lllecillewaet
OFlicHS LS, FHicb RELELELTWEDTHS

06| DEMICEFE T AEE3, CP(M), C(M), PD(1) 2 LK 2 FEITEHELS
FRETER LWL EEFL TV, BB olthLahor,

1.3.10 20t/ i35 4—2%

EHEFLIZBEWLT, BEOTHSMELT 2w RUIGEAT A=y 2k DHH, TiIZDL
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SMELT £#HATE, I—0 v L7 AV A T4 EETLT, TNTHED LLFEEHIH
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T, DFNEHE—TEOBETHLI VWS ETHAL D,
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B3> Twa e lbiide, SEIEINELEOBRETZHEEL W,

2D T A—F L LT, WEMEO YA a3 H 5, llecillewaet Tid 2 #i £,
Dunajec, Kultsjon Tz 3HS TEARENE 2 5T w5, bt AR Y24 VRSN
BEuht O HET, BERVL 220 Yo P ERELTHELRY, 5D I0HE
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FOMZEE Y > 7D A= 8H5, ZRHHAE»ORBEIZ LD ED .

1.3.11 B5ELER
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5, Eﬁﬁ@lﬁﬂiﬁﬁ?ﬂ&ﬂ@b@ﬂ%'9"%ﬂ\%?ﬁf?&m@f“@%. LAl WMO 1z &k 2+ E T
i, $2050FH2FHREFHVLI, S, BUSHEEAE2ES 2 TPH2RREL S D L
INE L AL, #2T, RERF 5D, IRE2REERETLEHRLLELAT, &
DHERIC L EFEEREREL .

AL aERES Y(]) L, ZHICEEEML TLAG 254, T

QE(J)=TLAG * Y(]J—1)+(1-TLAG) * Y(])
Z{ES, TLAGIZ 045 1.0 2T, 01%ACELsE, FAFNOQE(]) FEHQ(]) L
DOEDTH 2 FEELRD L, ZHRREFOLOL, REORKECDVLTHET S,
6B LNIBRO EERRLZLDT, TN, SHEENEZED S, 6 i 6 FKITHTL
TES S LT EEEIL 25T,

71 -oBMEnE, REABOTAREOMOEBEEZTY. LWALARETHIND
N, HEH LWLEERSESiLE -7 Dunajec ZE0E, HEZ»2 0 BEFT, BEEELD
REEEOFEAR, 22 VAlloRscBLIZHPIT LI LETLTWS, LitdioT, ¥
MEBIENA Fes/ 7 7 0EBER L0 EEZ TRARPZ . HTIKADL LI,
Dunajec Z#EH T UE, 1REICH 4km, BEH 1m oY 2FEEAT, D EEDOZR
WETH2 I, &8, Yo7 - ETLERCEBLES 258D, £6DFHENE,
Yoy 2T VOHENCEBICE5E220DTHS,

F6 KeoduoBEREN (BFR)
Table 6 Obtained time lag (time unit: hr.)

Durance W3 Dunajec Dischma Illecillewaet Kultsjon

18.2 0 15.6 3.6 8.0 6.0

6 i D F AL FALIZ D T O H AR

2.1 Durance

2.1.1 iko#R

ZOFHEEIE, Rhéneiic7 =z Y OIE THEEDSEH T S Durance f  (FEEHE
14,225 km?) O LREC, =FH &7 V7 AEBOILAL THE N, REMAEADRIBEEICH S
4,105m QETHS. ZH% 3000mFTO 7V 7ADIZ THE AL EHREICHEL, £hsth
H74< 13m OFEE T Rhdne TIC & T 205 m» S, LA LTHET, Durance i3 7 7
> BB durentia (i) mefTwE, AV 7T -FRZMEL THsLTH,
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2.1.2 Bisht-8#

1) KiZ

La Clepiére (2,170 km?) B+ 3 MENSGZ 5 Twd, Z#ld Serre Pongon frakith
NOWALT, fArOEHTRAL L 21k, FAEAOHARZ?S, BFAiADD 53—
DA Ubaye DHEEZ LB Wb D THOATHL 2, BABAORAETHZ T
FTzvZ2E8NTREn6TH2Id, IOREBORERELHTLIVELICRLGAS,

Z DAl Briancon aval (548 km?), Roche de Rame (984 km?), Maison du Roy (580
km?) DOFHEHEZ 5 Tw3, ZdH % Maison du Roy DB IZPORBEIIRITS LA
bihd, BIO" 2% %0 Xvas, La Clepitre DRBECIIRIZR VI3 TH S,

2) MEkE

EAZEERE S ICRSN ITHETEZ N Tw3, BRI biSs52 50, Lk
ENBIERHFCHRLTL20E, BRKEERLLTEbOTEZATHEY, TATY
BI8IZRZ LHiC, BEALTATOHMIITARTH 2, E9 13 Durance Hilk o & F K
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Fig.9 Area-elevation curve of the Durance basin
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MAESEEIZLD, EOLI LT 2R3 EHT, 1THADSESEL, 10 2Mo™
BFHEZOHBERAZ OSBRI THE, ThERZ &, &R LA 2R
L, BKELKE VDI, PE13, FRY, SV14, REIS EOMEIOMSTH S,

11 2 FfElO 2 #h A PEL3 & FRI O HRI PR RO PH L, thdo 2 #15 BR1 » EM2
DHRFEREOTHOLZ, KEaBHE21H2 2L 2FLTwa, ZHIZED, K10
i:iﬁ-éSilf;ﬁﬁfﬁﬁﬁﬁ,ﬁd)i[&yj(i@j\g WI i, FELTROBESA S 5 b
DTHLZLMbhd, 2H, ¥ 2RO ART LIS L -k X, 2 210k
HZELSHDND Z L, BAMEAOR» S S MBOTAMFE T2 - 5, HEERY
CP (M) KEHEMPDETHLZZ LETL TS,

y
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e
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o
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3) =id
REAH 8IS N2 OMETEA SN T VA, BAREHSC 2T Ax<, 211

P
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Fig. 10 Correlatinn between annual precipitation and
elevation in the Durance basin
11 B g Ao P H Rk b, 57T
) B 2R SR AR G - O
ter I mT AEREHEL
(Durance)
# Fig. 11 Large seasonal change of the
g ratio PW/PM. where PW
3 and PM are mean monthly
_d' preciptation in the western
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TR R R 04 F oM s ¥ 3T ow & Durance basin, respectively
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B 1312 9HIS I DWW T, BE L ETHER (10 THH) LORGRERL TWE, AWLETIE
PEWENLHLOEHEL A TH DY, MAIZ L VM H S 2 L LHEST, 72k 2 NEL2
298¢, SVI7T 3BV, BERMEOTH TOBNLETHL ZEBbLSL,

4) FEHE

BR1 - EM2 7T, 5 B»3 101 T6»HE®, Piche BT THl s> HERENEGA
ShTwa, WEMOBERRICOWT, 2HMSROHEREFS &, EHEEL AL, B
TSR ARREOHE2{ESL L, EM2 D60 LEEXT, BRI O AMEL, fiRE, BEE
FLTIEM2 28\, BRIBETAZ LiTLT,

5) TofioER

BR1, EM?2 0SB ST, KR, BE, HEEFOENIGZ S, FMHaN
BT, EERE, EEAUSENEZ AN, $BROB[PIELGZASN TR, bbbl

DHEFLICBEESO T, FIFALERo7.

2.1.3 BohtETL

1) HHHE~OHE

AR 8 ITRL TH D & ﬂ;4o@%ﬁmﬁxﬁ%¢%.&wﬁﬁﬁ%ﬁﬁiﬂ%“ﬁ
TR, R, MESCAMAL I LR, B HOREBBASI A ETHAA, B
ﬁﬁ%a::%<mum%%ﬂ%é.ﬁﬁi,ESuﬁﬁgiﬁﬁﬁ%ﬁ“t#'AmE!
CHREOEREMIZLAVWT, AKREAVLERETHo0 5 Litkly, LMI0 OfEKE
B, R s EREEE OO &3 bt 2 &, CHT ONZOBERBKOR & 2%
Lk, 8 OBAEES L, L, HRREYLEALWNT, SR

24 Z
HhzhHELBEWTHED

%7 Durance SEL5F i /s + 2 ok Rl s, <UREBH LB LTETD
r“; r /( I\
Table 7 Precipitation stations and air temperature stations corresponding
to each of the Durance subbasins and their weights

%ﬁ’;}iﬁﬂk [ P -5 =, i
# 4 | BRI CR6 CH7 LMI0 .NE12| BR1 LMI0 NEI2
A x4t 1 1 /2 1/2 1 1 1/2 1
oo EM2 CH7 LO11 REI5 EM2 LO1l
B x4 b 1 1/2 1 1/2 1 1
B s FRY LMI0 PE13 PVl4 LML10 PE13
k& Ak 1 1/2 1 1 1/2 1
@ W % | AB3 AR4  CI5  CQ8 SVIT| AR4  CIp  SVI7
W 1 1 1 1 1 | 1 1 1
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EMAMBOBAR L RBLF, TRIZETH2BARENS, SERHSTOREED
WEMGD, 2L, BRIGEOHAEY <1 M2 1/2 LT, WAOHSHETHY .
TubbRTIERT Y x4 NIk 2FY%, BRIFHICHT2ANBKE, ANRBELL
THv2, &8, JBRROES, REOTFHEZHEVS,

3) #HER

AR EM2 OERAVE, TOED05EEY > 7 EFAHLELEL, HD2IICHEL
HNB 07~08 L D/AE 0520, EM225871m SEVATNZH D, HEBFYEE
M200mBETHLILEELLLSTH S,

4) HHEHE

HAMME £ 12, SEROBOERERD, B 14 07T SEARSREED, Znizk)
EHAVH L SHEMRT 6 DL LHEHERE RO, RBRTOBRETRT, LBHS
W A, B, C, D OEMLEL

27 0 18 1 26 29
TH5,

&8 HaEC E OREEBLES L USSR ETEE (Durance)

Table 8 Areal ratio of six zones in each of the Durance subbasins and
ratio of area of Durance subbasins

e o
MBI T Hoamp

A 1,000m~2,800m £300m ¥ 6538 8 :10:15:24:24:19

B 800m~2,810m % 335m 31 6 73| 14:15:16:19:20: 16

C 1,000m~3,400m %400m 3 22 6 573%| 12:18:22:24:16: 8
D 1,100m~3,020m #320m ¥ 212 6 434l 5 :12:20:27 24012

S(A): S(B): S(C): S(D)=27:18: 26: 19

5) BrkEOEEZEI

IEHOMHE O, M BB T 2BAER, AJEAKZIZCP(M)*(14+C(M)* PD(I))
BRI TEONLLTE0OTHE, ZHoD T A—F 52RO LOBERI RTINS,

ZOPDI) i, BkESEEIC L D EHNICERL, BINES 100m 22 % 0.0375 ThH 5
ELTEDLDOTH S, FIAHESO PD(1) iz, EHAAOBEEO TS, Lupgodh
HEENSEE D,

6) TO & TD

ANTRET E35 L&, [ BHOMFORRIE, THT0-(I-D* TD THEZHN5, &
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Fig.14 Area-elevation curves of the Durance subbasins

%£9 Durance EEiaviRic B s EREREELO T A—F
Table 9 Obtained parameters about the precipitation increase by eleva-

tion for each of the Durance subbasins

otk CP(M)  C(M) PD(1}
A 1 1 —0.12 —=0.01 0.11 0.22 0.33 0.44
B 1 1 —0.08 0.04 0.17 0.29 0.42 0.55
C 1 1 —0.05 0.10 0.2 0.40 0.55 0.70
D 1 1 —0.14 —0.02 0.10 0.22 0.34 0.46
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Homsicd L TED S TO, TDHRIVICFENS,

%10 Durance SIS L TEH 207z TO & TD (°C)
Table 10 Obtained values for T 0 and TD in each of the Durance

subbasins
A B C D
TO 0.7485 0.14 —0.2 —0.334
TD 1.9 2.18 2.60 1.48

7) BMEOEH

AEDEH SMELT BEHELOH2RIDERF S, 727L, EEMICIE SMELT=
4178, REZEZEEUCTH S,

8) LTEKSHEE

S1=50, S2=250, K1=2, K2=20 # f v
Fo. 2Pl OB TELEARSESLD
ENEMREL 270, L 0.0845
9) AL EFN 3
K15 ikBehiy 727 vERT, & =2, e
BRESmRIT L efiebh, 7 %7 4 5 550
NOWE, BAMESOERL 27: 18: 26 . 104
12907 x4 FTERSR, ZHhECHEER
0.55(B) #5254, HERHE RS, &
B, BES v 7 iHw s, Nlo.018e
10) #EARTEE{E
HERBORO Y > 7 OFIHME, 10 £/
OERE V=7 L THEREIC DELFEL -
oL XEOREMET S, FOMERIEOLY
ELUEE»EHENS, COABICEB L, 7 cass
WEHOEROBRD O KBS L0, 1
BEY 27k ) DiFRY D B 5 HE
L, lEHOEDDEHRE L Gbkw, £2

Sis

50

0.015

— (.007

e

— 0.001

15 Durance l2X L TiESH &

T, £<ICXA=50 LiEL. 1R 33 NEyy s« 2570
sFIL, 1EBEHO MKMW IARET Fig.15 The obtained tank model
%2 for the Durance basin
Do,
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Fig. 17 Monthly mean discharge of the Durance basin




EL PR > v —WIgETRE S5 309 198313 A

FonfR I+ 250, MSEQ=0.229, MSELQ=0.162, MSEDC=10.174,
MSELDC=0.114, CR=0.339 TH > T, EbhHTLIWEETHS, 21 La Clapiére 05

Mﬁiﬁxwza,ﬁﬁwu%ﬂw%ki,%ﬁ@ﬁﬂﬁﬁ%é:t:;ééwt&bﬂa
MEF 2, [LRFESTYLEL DESVIRCIENH S L5 0B siLs,

2.14 RRETLHFEOAS 2 TOEB

1) AR T2 2 b, SEE 600 m @) 4 B SE T £ , idE No. 1~No.7

T bz, Bk R RN 14 s (4% CTS CEMB L TERTE) DEY, ik
BRLEM2®¥W%%wt.%*é@ﬁ%%MPDGUEET Hx. FESIE AL
I BE 2, 600 m ORI L, 0.2 Fo0BAEEIE, 100m %72 0 0.0333 OB

LB, (ﬂulDJ@,(m3ﬁhmam%L (7L&40)t&ot.TD=4MiHMm
IZD2 067CDETT, PD, TD k& iz, BRERIEWETS 2, FHCR L, No.1T
0.74¢ TH>7:D#, No.6 Tt 051l F Tz -7,

2) RMOHILIZ X AEENANE L, ZANTLHTH I LE2MY, iy 2250,
fﬁxithmU$ﬂ¢,ﬂﬁﬁBRLEMz%Haumné:&uLt.Na8~M1ma
ARHEBE I DHAATITE b, No. 10 TCR=0451 %57, CR # 04 BB T 208 —IED

HIET, 8%{OTHEEL D0, CR=04512453 5, ~n4 FO7 37 2Bk RET
Hy PEVIBRB LS ol EITHRITET S0, oM.

3) 2RFOPEOE, 4 BATEICHE, FhEN 6 HAEABTHELATFAI I EIZL
72, FiERUELE No. 11~No. 14 9%, SO CRBOENE I ES S EREsE
Uf,ﬁﬁNumbW@bﬂt.T&TDHI%mﬁtD@EE@T%OECELT,ﬁM
Bl DBEORE L, MO NREE L, EHL 72, PD(1) 3 WEEEAOEEOTY
., MECTREELS, EHEMEFE L TEDL, 38 No. 15 THWA20, 100m Y7
D O REIEITHEA 0.0125 TH o7, No. 15 T CR=0.650 T, LWERThAd -7, 2
DRKIEANEREOLRICLZ D TH o7, #Z2TNo. 16 1 PD(1) % 2 5 LT a7
B, THLTHLAET, Noo 1T TEPDII)% No 15 W3 fFic L7 T4bbs100mEryo
BEAREEINZ 0.0375 12 L7z, No. 173 CR=0.366 =3, EboTIWEREE2S527:. 22
TE *‘momTJlJquﬁHrm_ Bo, 3B B0 E o7,

1) DBMMER TH 2, HB, HC 2817 £ H 809 E 4 No. 18, No. 18, No, 18”
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B 36%/NEL R BT, N Ky I 720D ROTE, EINEBohObbb
ST,

5 KIZTO, TD % En 3 L HBNZIELTa b, M0 o T, TD 714 h
ENFSEN, WER 10 OEAFSNL, ZNICED CRIZ 035345 0344 Lot {2
PIZ 25% /s ie o212 T, No. 17 3 0.366 AT 3 Y% DikEc T B, TS
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Table 16 Areal ratio of six zones in each of the Dunajec subbasins and
ratio of area of Dunajec subbasins

# 8 0 A ﬁﬁ%gﬁ%fg?m

A 600m A5 1,080m £ T#80m 212 6 4-E| 50:29:13:3:3:2
B 780m 40 51,200m £ TH70m ¥ 226438  20:24:20:12: 8 1 7
C 1,100m#52,.000m 2 T%2150m ¥2IC645% 14:25:22:19:11: 9

ERsriEE L S(A) : S(B) : S(C)=475 : 37.5 : 15.0

#17 Dunajec 2% LE® S 47z PD(), CP(M), C(M)

Table 17 Obtained values for PD(I), CP(M) and C(M) in the Dunajec
basin

Al —0.075 0.092 0.259 0.427 0.595 0.763
PD({) | B| —0.064 0.043 0.149 0.255 0.362 0.386
| C 0.057 —0.032 —0.008 0.017 0.042 0.068

1~2H 3~4F3 SA 6R 784 9H 1wWH 1B 128
1.45 1.50 1.15 0.95 0.8 0.70 0.78 0.95 1.10

CP(M)

C(M) 1
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4) ER

BHISIZ BT AAHEEREOHEENS S Z 0N TS, ZNIEAEELS
WERE LEZEETH S,

5 ZofhnEFR

A, B, Co3shET, BA, EH, &, B, HSE RKSALUEN5104, B
ETIEE S, LOBEE, 7AAF, HEEXRSZ SN TWS, ZoOfl, BN 8#ED
BEOER»SHESNLTSHROBS, FERC L THESNLTCENE20RIBER Y
FTAHFERGZ SRTWE, IALEFESEh T,

6) BEROITE

T—F e H—FERABLENELLBEITHEI ELhEZoMEVLTNE->T, YA
DEZTIZHE-> TENEL . OB TEICERE L2380 i WMO ic8# L, sTIEAAR
AT bR, ZORBOBRD ERENEBL 2O TELEOEL, AT TRIEL .

a) CHifAoEkEEERIZEHNT, 19714941838, 4A, 5HONC, FE4£9A27H,
28H, 29 HOBEREANS, D1 F3H»59H 26 HETOERL, 3 HE o&~JEE
Y5,

b) AMSOBARLGZRICIBVWT, 9418 7H»5 13HETO 7T HEOER %,
FE4A28H»5514HETORNICANS, 1EU4H»S5 A4 HETORITA->TW
gL, THEF2LK D E-T, 1B7TH»5 4B 2THE TOMKE

2.3.3 Bohf-ETNL

1) BamE~naE

Ew4mﬁénfw%iﬁﬁ,ﬁ@%SO@%%ﬁﬁﬁﬁ%T%.%ﬂ@%ﬂ@&Mm@%
i, BEUL1200m OFEMICLZ2 0D THEH, ELBALLEMITIOEL 2. 315
PO EELEI

Lbbhd, W

[t

(4

475 1 375 : 150

ThHd., K27 FEWMARRI oW TORERMEART, A, B, CRHDOGELRLTH

. BERMRERE A, B, C 3HADEKE, KBETELTARRINL LFEZ B,

2) HHSE

M2 oS EEEEGEHEy, STOmBIEE B ICTRENS L3 6l ca Bl NS,
3) BkESEEM

X 26 OB, BLUHIA A, B, COVPHERAZELEELOBEREE2EIELR T, &
17O PDIN)SED SNz, £z, 3MAWBLE, RITIIRINTVLS CP(M)MRED
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GNPy MRl e > & —BFEEldy B30 5 1983 3 H

i, CIM)E1 =L,
4) TO & TD
BELSEIERIZH LT, #1830 T0, TDHEDH STz,

%18 Dunajec FEAFIICH L E® 41/ TO, TD
Table 18 Obtained values for T0 and TD in each of thd Dunajec

subbasins
V A B C
TO —0.63 0.09 0.75
TD 0.49 0.33 0.88

5 MENEH

SMELT=4 #f\w: 3, ZHE(LITF 20,

6) 2> - EFLE S ULEKDHEE

EEONY Y 7 T B LUEEKRMEEERRL TS, 722 L 180KGEEE
CORBTRAEIVEREELE L, A A-FRENIIEVWTHEETTEA, BB, &
i, 5A 5N AREEREImED 80% & L7z,

= 0.3185
(=3
Lzl
= 0.0789
e
Ki=2, K2=20 |
!
' <
N
82 =250 1
H 2
”o.wsza
== 0.05

& 0.0064
j —— 28 Dunajec {3 % L T E
’ oIy e 2TV
t Fig. 28 The obtained tank model

for the Dunajec basin

0.0005
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7)  #HAE

SHEER 19 OIS S UL, CORTRLEZIZARKTYB=015,YC=014 £ &
200x, 2EHY Y7 o0FHE0EEA015mm/ O, 3BREY > 7 s DfitEoH]
HEA 0.4 mm/HTH2 2 EanT, HESNEA >z Z 3 X5, Flmov)
AEEECDTHS, RQ(1), RD(I L2 HENBEAREBVS &, fid, BEDRA
PETIZ L VEET 205, REESOUBEEZ52 2L 21, FiHOREDZEMIZIGE TEF
HEOIEESAEH 2 312, 7ar 7 A0MFeilTna,

%19 Dunajec DFIE IZA G 72 IHAE

Table 19 Initial values for the Dunajec basin

\ SNOW
‘XA YB YC XD XS XSNOW

1 2 3 q 3 6
A 50 0.15 0.14 300 250 0 0 0 0 0 0
B | 50 0.40 0.28 440 250 0 0 0 0 0 0
C 30 0.65 0.57 670 250 0 0 0 0 0 0

8) BohriER
FyRoEF AL DEE s ARE, ATSREE, TAEAEN L HEL L DOBE
29, H 30 THAH, B0 oFHLER, MSEQ=0.361, MSELQ—=0.217, MSEDC=0.302,

MSELDC=0.138, CR=0509 Th 5, HiEfE = L THE L, v Py 2 72WoTd v
s, I X TERALB DM,

2.3.4 BBREFLIFELND F TOREB

1) FETEEO 700 m 0% EE, 1,100 m OEEE T IR ICaE T 2 AR THE No. 1
piFiehii:, 3MKX A, B, COEEOLIZ40:43:17 THB, COZEE, At Bl
FIFRELE Y24, COT A bENSLSTHHHTED diLfe, CHAORKEDRFER
HNELLisLunl B, THEEETHh>Tw, P RFERARDLOEETH S

C(M)=1, CP{M)=1%L, T0, TD i3 100m 7 0 OiREE F% 06C & L TTE 7.
BN REOMNMEIL CR=0652 T, RE No.1 & L TIREL A0, @EHORES

ST E S,
7 No.l@oxhiziBekofBresE¥s 2o ks 2Ez2, TOE 3L TH

7 3R E L —F TO RS LT, 6 8D TOHIZ2WIHEL TAaAZEZS, No 1D
LD EOEL2C/AIE L LT, CR=0.622 £ —F L LR IZ% - Z A E No. 2
T, PRIMTZTHORAENNE T E S,

3) EEMOmESNESTES20%, C(M)ICEHNE(LE 525 2 L THEETER VD
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DBSERVED
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1 LIHHIl
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29  Dunajec Hii=
Fig. 29 Daily discharge of the Dunajec basin

vl 5 l\lJI1|‘IJ|J|JIIIII!|II‘II[I\I\I\l\]!lll},]il\I\lll\l\l\J_Jl\IllFLllqu

1971 1872 1973 1974 1975 1976

30 Dunajec H¥HmE
Fig. 30 Monthly mean discharge of the Dunajec basin
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4) EMEHOHE LA HADREIET S 0ICE, FORBAKEEZRESEBLETS
HLAR, ThicEBkE HﬁCPwlémﬁ 'DﬁbT&w.mi%Mﬁ@,%n
PUORATHEOBREIEBTICH D, THRCKESHERBEHITZ2DEFEL <AL
B, FRLsic AR gL, CPIM) 20w aun a2 a7, #E No. 3~No. 9 23T b i,
D CP(M)ZKELTAHIEIZLD CR=0550ICETHR 72,

5) WEELEHEN—HLEVHAT, FOLICETLVEBELTY, —BERDI3H#
Linzd3 EBbhaTrds, #hiE%s, EHRBEICMPOBRIAHLDTHLI, £

(W]

WIEFRO D B, MIZkHHLOLDE, KICEDEHDED LEZ, TR AT EH
GBI L, ©A 2 BT REETE, RQ(L), RD(DDFE»S b, FHEONRMS

BmiLd, w22 BT TOHER, RE No. 10 L LTiTabi, CR=0523 £k ok,

6) & No.1l, No.12 Tix, T0, TD #&» L, F#EO L D %2RKD 2 ¥ BFHFELA
Asiiz, Ko sni T, TD EEEARND LD L BT LT, 1§25 /5HiEIX CR=0515T
B4, 413 No. 10 @ CR=0523 12th, &2 1% OWIZ T Fi,

7 NatVﬁiHBHC%@@T¥H%W¥$ﬁﬁﬁ%hJﬂﬁﬂIm=0ﬁ%6ﬂt
125 i1 7z 3T ik CR=0.514 T, LR@&*i#H EL o,

8) bLixPELTAENATA—FAEY LSV S, A, B, CH{HIZOBEKE, Kk
SHLEMRFHEREEERT 57 24 b 28H L TH, A7 =4 +id No. 1 LKA
BT 40:43:17 5, 46:38: 16 {EIES R, FHilZ CR=0.507 & o/, 2
NHERE No.14~No. 16 T, Hfiid No. 13 D 0514 i2Lbx, EHIC 1A% DR TH 5,
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DT, HHEREEEZA(DZED A7 A—-%1Z, b 0EEHRIECELETEDSNTY
L, FHEDNRAFA—FREIDEZRLT, BRY o4 FPETEEZL0OB3WERN TR,
ZZTERROSNIHE 46:38:16 KEEFEILIIC, MK RZEET LI LD
L, #OEZHT, M24 125307, 800m, 1,200 m D& ST L 2 5803 TR b, £
DHYENCIE U THIATELE ZA(T), BAKEOFBEZLPD(D)AED ST

ZOMRSED Y kT, CP(M)%, T0, TD 2814+ #HE No. 17~No. 22 28T 2 b,
No. 22 BEEE F L ez -7, #OFHiIZ CR=0.509 T, 3% No.16 ® CR=0.507 £ D &
LEuH, 2O5RRERL TLWw, RE No. 17 LMkE, REOH2ET LW IO IET
Hol, BB, HIDSMELT B2 ->TEWEREE2E52 /20T, SMELT k4 2B W/,

10) fal b L TIHMES 05 X DB Lz Botedl, 5 X {fThkro7, A A
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v
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o
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BH-TYH, ET2MEL, b CHEMsEICE2 T
BPGECAD, DBEW20LAFMA2#I T, Fhib
ZAb, HB, HC2E 2 2%iZ, LWhITHMIEETH 3,

Hﬂ@xﬁbwmtw%*N;HBEU, FHEREICRZ THRBFSNB Z Lizh ., #5058

i, K, HEON Far S 72 THET A LA SBANLDT, N4 Fo
777 ERDTFOIT B LI NBTNE, FRAAZELEELSZ 2540,

OB OowTHZ L, CPIM) %8, LT No.9 TCR=03550 2% 1, DL rTiiEs
AV TRZVWHERLRBAHT, LobWizksdbsificei 2% LT, No l0 7CR=
0.023 L ofz, ZHERIE, BiioMBEE R L 20THL, HEE LD BL T, M
0.5 2&|o72L0L78, THIEZCRS0A9BEDLDT T, MRZEWH T ELWLIEEY

2.4 Dischma

2.4.1 mEoER

DFURIE A A ZADOHER, FYRRAOEHCMHBEL, 54 v AARICET 2 (31), T
T 43.29km?, &EFEIE 1,668 m 75 3.146 m DRENZH D, FEEEE 2372m Th 2. 32}
HEmMEISRETT. fiEo 399% H3 s, 58%7&“&*’3, I WSERAE, HEAGHY 0,129, JRiETAY 2,569
Thah,

242 BEiohr-BY

1) wE

H¥RENE L onTwa, ERHER, 5250k 6 EIZoLTIE, DrunisETy
900 mm, ZWVHFETH 1,450 mm, T TH 1,200 mm, HHEO L5 OFHICW T, 2 H
DREKMT, REROFRHEEH 05 mm/HTh2

2) BKkE

AR Y R AOBEET, FBORMHOIID b, S 2540 m @ No. 21 H#s THl 5 41
Twd, ZNEREATESSNLRENTHOATHSY, PAL7RAORED S LTk, =
DHEHAIOZOHHE EbO TEBLEBRRONTVS, COBAEEHGE L, %<0

TERAESERASL DS RD LI, ZORSEES EWT, [HUHMSTH ST
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31 Dischma it i o
cREGEEN eTHRNERIE +RTHES
Fig.31 Map of the Dischma basin
Cmeterological station @totalizer +sonw course
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Fig.32 Area-elevation curve of the Dischma basin
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VEFBOALEHW t vl 3085160 Twa, 2L T1 A, SxEorHicHnT
i, BRICHW OB sRAKEL D KEL, SETE2 Lf~onT1E, LHL, foA
bHLL, BEREMNESIALH L5, HW 232 EHT 2T Thn, LGS Ls
S, EHAZ, BKEP &, HITKYBHW L &1L, 203 50KXLWHE LT, #
NEETFsnBARZP LB, ChAs ANBARELET2, WESEaE2HZE, 0P
PREODBARELE DS B2 EBHE00 Litkns, DhriGin,

WEHM L No. 21 DEMAKES P Thkohig, 105893 58/ TH 750 mm, SATE
1400 mm, ‘P75 1L,100mm TH L, BESH2 P Clt, B0 TH 1,000 mm, A TH
L850 mm, T4 1,550 mm TH 3, P 129w TOHHE 1,550 mm i3, EEERE 1.200 mm
ERLTE 285 LWETH S, EfillE L, ERAZ L OBEMEEEES £, P TfFor
DDFH, L HaHEER L b

R FEMDOERIZL 2P L POHAFY Y, 20k P/P #0i1,

WANPS4HET, BMAKRESTRTETHAI UL Ars4Bx7T, HES > H
WEATHE), ZLTHP/PRI0A» S 2 B2 CHREL T LB REOHEERL T2
DIT, 3H, AJJICRBREL BT, 21 BEDEICA 2, ROWEHZEOBETHA 3 4,

WEIKL-5THEZ S &, W3 % Dunajec THWHZ CP(M)IE, ER -0 D/Picttist 2y

|

K

A
K

EHI
<
)

DTHSH, CPM) BRI TEHHNLIVS LW I LEENOBTIEELAS, 88K
SCTDLILRIEDE TV, F2E2BFICLTCP(M)2E 20T, W3 Dunajec @
D, BAHVEH ISP I oty Lt

FA ELINEBAEP L RETHAZPOR Y, BL020H
(Dischma)
Table 20 Mean monthly precipitation of adjusted P and non- adjusted P,
and their ration P/P in the Dischma basin

108 117 128 1H 2H 3K 4H 58 6A 78 8A 9,*:]‘ F

P110 153 128 110 137 130 111 120 138 152 158 100 | 1,546
P 66 91 79 65 84 Bl 54 91 122 144 155 93 1,101
P/P (1.66 1.68 1.62 1.69 1.63 2. 13 2.06 1.32 1.13 1.09 1.02 1.08‘ 1.40

3) KA
B, BEREAESE 2677m o No. 22 i THls T2, 1 H O S n 5 —8
C, 7 HDFEISESH 5°C, EEHH—2C TH A, = OHhitz T PRI E X 0 7 300 m
B S, MY

TELIPLEVWTHS I, 2RBICEHLOHTEL, TTLEE

e
S[EBOCCLUFRELZ LBEBLLLAVL, BAME L 52,
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4) EE
ERIZG2H50TORY, G2oNRERS, RAOBEEEELL, L2, JOH
TRARAZHE VERERREZHEHL 2V,

#21 Dischma (oxf LAE S i HaRD (mm/H)
Table 21 Assumed daily evapotranspiration for the Dischma basin

(mm/day)

1~4H 5 H 6 H TH 8 E 10~12H

0 0.5 1.0 2.0 2.0 1.0 0

5) HEE, FERKE
31 wmRE i 4T, BEE, BESRYENTH-B RS Z 50 TED, 72431
RENT-AMS TERKENERINEFHCLIDEZ R TWS
6) FonfhoBER
S, RIESUEASH 5 17T 2 T 2,677 m OHig No. 22 T EFsAS, I < OB 2,693
m OHET, DTS, HHEE, T8, RESS2 50 T3, a5 RAASAES-

Fa

2 2,100 m, 2,600 m OFERT I HIXITHT, FAFNOMX T LI, FICEN
CAEOLFE BRI, AHMZDWTRL TR

2.4.3 BohtzETN

1) #HEHE

1,668 m & 5 3,146 m & TOM%, SEE 2463 m TOO 6 #EH 8T 5, HEEHREOL

=545
8 18 25 ¢ 31 15 3
THb,
2) ADEHR

AREAkEE LT, EhoBEsBARD 2MW5,

AEdy LT, T=06 % TMAX+04 % TMIN ZH1 3,

EE267TTm OKBEISACSMOPELTT I EME 5, Trbs, RHIEVRE
b, F1UC100m 22 % 0.6°C DREET £28M 7% &, Dischma iz 2L LT
XpOLTHERERY, #ONCAELMEHASTNS Z L 5RERHTES, LaLE
FrRBEEHEAEE - BV OTHS, 1HIADOKEEE T e T, »dd5iR
OBEEMETA LR TERY, ZORRR, RESLGZ ATV 6 FERMIC 2 BETH
N, CO2HERATAHMT, WAWLH»S 2HKHZT, &E, RIEKHRETNT
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CTNE IO THE, MBORBIN TR 4EMIOVTE, BWILTI0F 15 45
2ARBETORM, JUROHES L WHIERERShns -1,

3) EOETLOSATA—X

BT, MEOFTHICLEL AT A9 EEDIERNEFL ICREN TS, ZIOXKD
SMELT ZflicE 3 L LTH LA ®, BEY > 2 ZHiIicE3b) L ITERLAEZLOTH
5.

£22 Dischma [ L TEH SN AFOET LD T A—F B L DV HHER
ol
Table 22 Obtained parameters of the snow model for the Dischma hasin
and the ratio of six zones

Het LR ZA (D 8 18 25 31 15 8
PD() | —0.26 —0.26 —0.18 —0. 22 0.54
—— (I 0.26 —0.18 —0.02 0.22 5
N CP(M) | 1
Z ft
C(M) 1

T=0.6% TMAX +0.4% TMIN
T0=6.07, TD=1.87

1~38 4F 5H 6~8A 97 108 L~12A

9.5 3.0 4.0 4.2 4.0 3.0 2.5

SNOW0=0.04, SNOW1=0.15, SNOW2=0.85

HHRERES L WMET ‘
= r
|

|

BT OEL SMELT

oW ' ¥ ¥ 2

4) Ars  EFILE L ULERDEE

B33 iBonicy vy 727 8L U0HERSEELRRT. 2770, CORBTIIHEK
SEERIEEALYERER: BV, F2 2 EFAOHAC015 HOBUSEZ 50T, #
CHitimens, o8, BREIXN OEFOEEEELE|L.

5) #HAME

ATERR 2 OWEE,LSERT 2, 0EMEZBEU THE LR 2D 2 &, Z0yHHHE
TRBLZWLED EBEbh 3,

6) BohiiR

tox7insBeniAiiE, AFHRELENEHEL - 50234, K35 Th2,
CDET NP oF5 N REICT 2 7HfEIR MSEQ=0.220, MSELQ=0.208, MSEDC=
0.165, MSELDC=0.170, CR=0.382 Th 3, ZOTFfild/% ) BIFTh 2. ZOWHEDO LS
iz, Bk, RUBSR IHETEZSR, Lab 2AsnfEso@mdsgazLoEERECd
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BHBES Fig.33 The obtained tank model for the
Dischma basin
L 0.001

%23 Dischma (&3 2 ®EIE
Table 23 Initial values for the Dischma basin

XSNOW
1 2 3 4 5 6

0.4 0.5 0.9 500 250 0 0 0 0 30 2,000

YA YB YC XD XS

FRRECEEESH L E, BLUBKESHEALEICL > TEFE R, SEEAEL
DK T2 5DTHD S,
2.4.4 HBRETFTILHNFELNS E TOES

1) A4S BWT, 1974~1977 © 4 FEEIZ DLW TEBKES S 6T 03, 2
DI, FIRAD No. 21 A TEEREP 52 o Tw3, 2O, MESASD

mEL, EEAKEEOEFGETRLIZONK 6 THDH,
CORIZRS L2, FICk > TEEH D, BELHAEOMRIID E DAL TE L,
FITAEMOTHERZICIO2NT, BE LERBRKEOMEFEL2kS, —FEL: Gadmen, —
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Fig. 31 Daily discharge of the Dischma basin
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B Ehicuy F—|UtEFOo o ETEICREL, O v F i bR 24T 300 km ¥
N, SITREKELTHEKT 2, ZOREORT» 5% 100 km T, Revelstroke DT
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R kEIZBI38 I3 M7 No. 1, No. 2 D 2 i Tl S A Tw: 3, Noo 1 IZisomE,
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Fig.39 Area-elevation curve for the Illecillewaet basin

ﬁﬁﬁ%zkit*ﬁﬁﬂﬂ%&mﬁﬁ@@%f’% ¥, No.1,No.2 £ iz L WiEE%RT. & < No.
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H T e, No. 2 OB KEREF 2L THEILWI L TH2, BKBRIEEE & b2
TEELE L, No.2 DBAEREMESATH S,

TNo.1,No.2 DREKEOREFEERARL, ThMECH4 ELTHLLLDTHS

B 4izmL7-H P2/Pl i, Eh W0 FEROEEH S LD ThEm s, KERERA
EEBATVWLEEZ, INE2HBOLREBRTHALONE U OETHS, No. 23tibo
kg P2 %, 20F 24 OBRETEZ Z L1tk b, No. 1S OERKE P1 L[RIFEO L O
HahzeE25, LORBTE>TERSh P22 P2 CRbT 2 LiIcT 3,

ke P2 (P2 0&EATH LEHHE Q L O, FRKEPL L P2 LWy (724

o

F:24 P2 A#BET LA L0EHE (lllecillewaet)

Table 24 Monthly coefficients that modify the precipitation P2 for the
Illecillewaet basin
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DEFCE-LMEZ2RT 2HACTRENSZ 5N TS Z LiZ, BETOBFICHL TRIC
SEDTHB I,
4)  EE
ZROEHBZSE Lo TRy, [UE»SROEREEL. (£25)

%25 lllecillewaet 3 LHES M7z &R E (mm/H)

Table 25  Assumed daily evapotranspiration for the Illecillewaet basin
(mm/day)

1~2H8 3H 48 5H 6 A TH 8H 9F 10~12R

0 0.5 1.0 2.0 3.0 245 1.5 0.7 0

5 HEERLIUESKYE
BICRENHHET, MEEBLUESAKYENE LN TS,
2.5.3 #5hizETIL

1) #ERE
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2) [MkE, KBH L USHLEE
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ST E T 5, H2VRAEE 241, FYIRELF LBEEERSS (7 -
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3) BEDETFILOATA—4

HE, MEOBIBELRNT A~ EED AT 26 Ths, 5, 2hoO SMELT
BRIDLOEMUTH A,

in
Py

<\>}‘

®26 lllecillewaet iIZH L TEDSNLEBDTFADST A—F 5 F (S
TR
Table 26  Obtained parameters of the snow model for the Illecillewaet
basin and the ratio of six zones

e 13 21 26 2 9
| PD(1) | 017 0.17  0.25  0.41  0.65  0.97
m%%wu:‘(XM) 1H 28 3H 4H 5~F 8A s.un 117 12H
% 1k 2.1 2.3 1.9 1.5 1.4 1.0 0.81.65 1.8
PC(M) | 1 o
M EwE | No.l T0=-1.53, TD=2.31
BLMEF | No.2 TO0= 3.54, TD=2.54
soowes ey 100 4F 5A 6~8H 98 10A 1~2A
25 3.0 4.0 4.2 40 3.0 2.5
5 7 w7 & 2

M40 BRFonz sy >y 72 TAB L UEHAMEE R T, 1L BEAEE I - 0w
HTUEDEOEWRERLZG, VBV TH323TH2. Nol, No.2OAAIZEST2
T ETAOUET D 1 TERSN, FACHMEN 033 B85 50608, #
ETE L5, HBEEIIE B OBED S0%E G S,

SHREER 27 OUHIES 5 HFT 5,

27 Ilecillewaet @FEIZH s & 417 104

Table 27 Initial values for the Illecillewaet basin

S W

‘YA YB YC XD XS . xaNe .
1 2 3 4 9 6

250 0 0 0 0 70 200

70 250 0 0 0 0 80 2,500

No.l1, 0.3 1.0 0.5
\T().QJU.S 1.0 0.5

[ S ]
=1
=]
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#28 Illecillewaet (2% L3&A& & 17z PD) & 2 1z idiid 3 CR
Table 28 PD(I)’s used for trials for the Ilecillewaet basin and their

criteria
PD (I) CR
1) 0.06 0.16 0.29 0.45 0.64 0.85 0.3829
2) 0.17 0.17 .25 0.41 (.65 0.97 0.3798

3) 0.03 0.08
4) 0.13 0.18
3) 0.075 0.145
6) 0.08 0.16

Al 0.42 0.71 1.08 0.3847
.28 0.43 0.63 0.88 0.3816
.265 0.435 0.655 0.925 0.3801
.28 0.44 0.64 ().88 0.3816
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Fig. 43 Map of the Kultsjon basin
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Fig.45 Mean monthly precipitation at three stations in Kultsjén basin and
mean monthly runoff of the basin
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3) wiR

KidiF KSR G TEZ hTws, BRE, HRIEOTEE, 1 BOFHH—-10°C,
7 ROFEHH 12°C, EFHBMN0C T, BEFFBOEICEHE AL, [R0O DEE I TEY
THITC, EW6, 7, 8 HICIRHEEMWAE L 7T AOFEYNE985C, Fka 9, 10, 11 Biziz
HEzEs/ha <, 10 BOFEEH5C ThH o,

#29 3 A&, RESROB¥EO 10 FHOEE» & TH LEERE L 2RO LD T,
EHImRE[ESERWIALE TREKBOAHNEE, L3, REKROFSHEE
WLEE TRESROAVTLETHS 2R L T s,

#29 HEaxil, HRESKED SR FEOFES (m) 2 EEER (5) (Kultsjitn
i Klimpfjall)
Table 29 Mean (m) and standard deviation (&) of monthly mean of daily

maximum and minimum temperature at Klimpfjall in the
Kultsjon basin

1K 2K 30 4H 53 6H 7H 8H 98 1WA 1H 12H
om| 7.2 —6.3-20 1.0 7.6 14.3 162 14.1 8.3 3.1 —3.0 — 4.9
| 39 36 1.9 1.2 14 24 1.7 1.1 1.3 1.2 1.9 4.0
.om|—14.4-13.8 —9.8 —6.2 —0.3 4.8 7.6 58 1.8 —1.7 —09.4 —12.2
| 4.7 48 3.1 1.7 05 1.3 1.3 0.6 1.4 1.5 2.3 5.3

2.6.3 BohkETL

1) EHE

FEE 540m A S 1580 m OEFICH 275, 1200m % 2 2 HEMNIZE b D T/ S 1m s,
540m 725 1,200 m £ TESEE 110m 00 6 #iHIc 28 5, HFEiRLLERE

300 24:2:15: 5: 4
TH5.

2) AJIEMB L UEHELE

K, R, M 3#imoBkEs, 2hEh ANBAREET 2, [RBZKBEOLOEETH
5, HEA, REXEZ 0307074 b TEYLLZLOEANTBRET S,

K, R, M 3MiHOMKES L DESRBERET 20 B TH L5, ZATNOBK
BERfMAOANMARYL L THESZEN L, ZhoRMTHREEREL 75, s
3SR, TRAENOILNREHSA—OWSTRELE S8 s, 2A2K, R, M 3#
RTRBENDEEZTH I,

3) BOEFLDATA—4

HE, MEOHTIZAVE/S7 A - 2 ROLFBRNK I IRENTVL S, #HEK, R,
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]3I0 Kultsjon 120 L TED SALABOEF LD 5T A — ¥ 5 5 U TEH
Ho
Table 30 Obtained parameters of the snow model for the Kultsjtin basin
and the ratio of area of six zones

HAAREILTZAD | 30 24 22 15 5 4
PD@) | 0.65  0.65 0.80 1.10 1.55 2.15
UUEET & S : 1~4H 5~8H 9K W0H  11~12F
: C(M) =
g2y ft , 1.4 0.2 0.5 0.8 1.4
CP(M) 1

T=0.3% TMAX +0.7% 1MIN

KIS £ METF TH=AE  THobl
=0.46, =). 0¥

. 11~12
1~34 4H 5H 6~8A 97 10H

A5 v 8 SMELT
2.5 3.0 4.0 4.2 4.0 3.0

8]
o

MEzxtL, $EDAF A=y BEVONS, BEOEHRSMELT 3£3 CHTWE 50 L [F
UThsb,

4) B2y - EFLE L ULTHKDEE

Bld6 R oney > 7«70 & HEAGMEE S 7T, LEASESE OB Tkl

BT, DBV TH TSRy, 2BEBIELS ALIED T0% = L 72,

T\=== 0.3149

A== 0.0630

82 =250

46 Kultsjon fiE Iz L TE® 5 L7
¥y e ETTIL
L—.0234 Fig. 46 Obtained tank model for the

]l Kultsjon basin
0.0026

0.001
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5) fHAME
ATEIER 3 OYEES S ez, kB, K, R, MO 3#hSictd L, R—o#Ess
vy sz,

%31 Kultsion ©FHEIHV & Rz #IEE
Table 31 Initial values for the Kultsjon basin

XSNOW

6) /Boht-#ER

bdozFrici vBEllshi-BEE, AFEOREEFH L LHEL -0 028, F47, 1448
THb, RHFZIZELEL TEAOEBEObNR S, e BEBRTELTRICETrz L
s, EH, HEHRE: 2 25mm/O2MA 73 D0OXEE &> THFRL O 47
Thd, NPHRECESTIEDERREbIAZVWSS, ZOEENHE LB ENTES
B, £3T5LHEVEFEOTVIBKICE T ZHE, EHOFR B2 EAIh20T,
HE, ERE L 05mm/BEMZ 00N E L > TRRLEZONK 8 THS, Thb
5B 47, B 48 OftEhE &I log(x+2.5), log(x+05) OEBREL->TWE,
KHERE CAOERREDNL 25, HEOMEE £ o7 b DOFH 2 54 MSELQ,
MSELDC #3833 RicidfTi v, 2 ZTHEL HEE L I 25mm/HEMA 6 DICD
W, P 2 EBGE R RO 2. £ ORRIZ, MSEQ=0.182, MSELQ=0.181, MSEDC =0.126,
MSELDC=0.115, CR=0.302 T %, Z DFHliiE o 5 itk &l L T2 b TRIFICR Z
39, THEMEIC25mm/BHBMATHZ55THb, MSEQ (37 2 BUE5 TR E
TH-bDTHS, FH2RBEE2 RO L &, HERE, EHRBOZOFELAMEES
6, #E, ERONAICMI>AL 25mm/BOBERNL 228, FHURETHLFTA
X EESNH A, ZORBOFEHER 2.23mm/H7 5, 223 TE2 P DI 2.23+25=
473 THI- 745 R, MSEQ=0182 -0 TH 5. 25mm/FA &2 % Fhi, MSEQ,
MSEDC % (4.73/2.23) 5 & % b, MSEQ=0.386, MSEDC=0.267 ¥ %z %, Z ®{#&iF Dunajec
Wt 53l MSEQ=0.361, MSEDC=0.302 & 1ZIZEBETH 2. DF 0 BSNHRITH
ENRIFLEIE AL,

COFRBTHRLINEHERZOFMADH D L XVORBLAzwI L Ebils, £
BimEZz 0L 0, HOOKE (ZHWEREFOFERAKE L BAKEHRE»rSHLZ LD,
sfE#EEEVEELRS) 1T, BAOirkE0ESE2NZ, 25 CHRAEERELT VY
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Fig.47 Daily discharge of the Kultsjon basin
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Fig.48 Monthly mean discharge of the Kultsjon basin
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DTH DGR, k%m/4x%ﬁvfwfwb“%é.%@/%%ﬂk%h;tﬂ,L@L
TEbLILAADKENTL TwE, BohkHlioEso b ) -D0KER, [EL 1A
TLmbi s mot-l izl s L Ebha, BkESIMETT LSO LRI
SEMIHMATELZ SN TWES, BRELIDPLLIR2ETHS I,

2.6.4 BRETFALIELNLS F TOREE

) K,RRM 3#ifioBARE®1:1:1/207 x4 FTEHLzbOEANBKELL,
A 4 Hid I o E L TRV sz, BE No. 3 Tk, PD(I) = 0.2, 0.7, 1.2, 1.7 &
L, T0=—10, TD=15, C(M)=1, CP(M)=1 & LT, #flizs CR=0.397 £ &7z Z
MBI 25mm/ 0223 QIR T25i7Z25, BonEREIHED I TVO
ThH5

2) FHHE No.4, No. 5 T, fii% 30#EIL, #hzhz K, R\MﬁJ”ﬁﬁéﬁaﬁ
KRERALN, d 2L T0Rbo7, FHRNAEOERKT, BB ~OaFL 2T 5 L,
RBELT 2100 T

3) AENo.6TiE NoJitED, C(M)cEHigb® 525 LIl N
C(M)=15 BElxC(M)= WLL.P(U@T&TDE&@L%E%MK?JR:M%
LD, RRLVHERICE T,

4) E No.8~No.137, C(M), PD(1), TO0, TD #5\x A4 284 241, No. 13 T
C(M)%&I1z14, Fi202 LB, CR=0360 B o/, ZOCIM)ERBETLDLDIZ
AL, akﬂéﬁumé<,£mk%< LI EIEBES L,

5 LIEOFHBOBRIZ Lz REMNH -7z, 19704F, 1974 E£D 5 @B, T
mﬁzﬁ%kfix%<L %%n%,xﬂfm FREFAESIZVWOTH S, 2OFEAE,
IWQ1%4¢®5ﬁ,6ﬂ®mﬂiﬂﬁ%u:k[ié6bu.Eﬁﬁﬂ%ﬂmﬂK%ﬁT,
KEREHERT, #2THET= (TMAX+TMIN) /2 # HW TR D 20D, & Xdm
B4 PERASLTRIE, 0E, MEQS ADSETHAENSL TS LHFL:
T= (0.3 * TMAX+0.7 * TMIN) # L (FRZIGLET, TO 2 K& F5), 3 E No. 14,
No. 15 2378 bh, 704, MHEDFEFREHN LG L3 k27258 x@%%%ttiu

[

2 &S ﬁ#&m@f@@

Wie-c- 8

(®]

HaHAkOToEbhAE L 2ot LHRRETECIEN, RESRO TS LT, WER
WO s A4 M ARNS ST AL, ZEIZHEOERNHLOTHS
6) ERESEENTH LA, BEHI L H~1 5 30 ,w*%5F1H»8FﬂH

£T, e, HEROY 24 PELAD tuLt.f&b%,%E,%ﬁ%ﬁcﬁ¢5
waAd LT, EEHCIE (05 03) %, @IEHicE (03, 0.7) #HVAL I 2T 5,
ZRICELT, TO 3 S BSHE IR 72802 5, BB No. 16, No. 17 2D K
LT b, No 17 TCR=0.336 &4 -7z,
7)) HETH, MEHCSTAAR0L LT, 6 2Elic L 2EE No. 19~No. 23 #3774
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b, A No.21 TCR=0.322 & o7, No.21 Tit, PD(1)2%0.55, 0.75, 0.95, 1.15,
1.35, 1.55, C(M ) Z&HAIC 1.4, EWC 0.2, TO RS HIC—0.8C, MSHIZ 0.7°C, TD=
06TCTHL, Z2THLAOHRT L4 o7,

8) No.2l #iiFEHA L LT, HB, HC 2 E® 3 L HEWFEMNAA 64, No.21 Tik
HB=30, HC=50 B »h T\7z@A, HB=15, HC=0 % b, CR=0321 & o/, L
L, CR=0322230321 0% -72i0@&EF, YO HB, HCL v, 220 Liaw (&
® No. 24),

9) #E No.25 T2 T0, TD 2E» 2 ¥ BHHFH FEIHAS o4, BEHIZ TO=—-045,
RRLHIC TO=054, MFZFAL T TD=07224 ¥E iz, BBICEREREBEO 721 b &
INELTENLEHRBIIEL LD, TRCIECTTORKREL 5D THS, BohicFHi
tx CR=0.320 T, No.24 @ 0.321 i2tb~, ESFRWES > T &,

10) kg, EHl, #ERSZIC 25 mm/BEINZ THL, ZhiZAOREOHBLIINT
ZMNRTH S, HE No. 26, No. 26 TREF I L 2 VB TEDRBERZ#EIT S 2 L 25
Alzts, 3Tl

11) FAHE No.27, No.27Tl&, PD(1) 2&» L TAHz, R EHES - PD(I) &,
FonffMit #mL T3, ZCORD8FHICHZ PD(1) 2RO CR 28T, ZhdaiR
NIZhEBETTLONRFA=FBEEL >,

%32  Kultsjon 20 LEE 2417 PD( 1) & & o5
Table 32 PD (I)’s used in trials for the Kultsjon basin and their criteria

PD(1) CR
1) 0.55 0.75 0.95 1.15 1.35 1.55 | 0.3228
2) 0.63 0.78 0.93 1.08 1.23 1.38 | 0.3221
3) 0.47 0.72 0.97 1.22 1.47 1.72 | 0.3217
4) 0.56 0.71 0.91 1.16 1.46 1.81 | 0.3181
5) 0.61 0.70 0.87 1.12 1.45 1.86 | 0.3175
6) 0.46 0.76 1.01 1.21 1.36 1.46 | 0.3263
7) 0.64 0.69 0.84 1.09 1.44 1.89 | 0.3164
8) 0.65 0.65 0.80 1.10 1.55 2.15 | 0.3144
9y | 0.7 0.72 0.82 1.02 1.32 1.72 | 0.3158
10) 0.59 0.70 0.88 1.13 1.45 1.84 | 0.3165
12) THMETIRANEAELLTC K R M 3o kifol:1:1/2 OREFEE

ATk, 22T1:1:1/2%2B000 LT YA b2 LTAET, V214 F8:8:7D
Y%, CR=0.310 & -7,
13) 8:8:7 L%, fla s N1l 1 x#FEEI L, K, R, M&EHSDE
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MEEFNEARECERL, el 1 10OY2A b TEKTS L7, FRE

# No.29 TCR=0311 TH 7,

4) BE No. 16 Lk, MEM-BMEHT, E452 7 1 F TR, REJEBEOTFHZF-
Tu, ZhELHRLEENTHS, BSHIIEbE 20, &E, REQOY 24 b %
(03, 0NRELEDTHSH, TOIETREMIELRL RS, LPDHAT L3 <T
Froizid, M0 SMELT 2/h& < FHUZ kv, #4003 W30 SMELT iotfifi¥ 3, 22T
# 3o SMELT % A\ THHE No. 30 2374 bi, CR=0.299 {8 54172, 21T, 10 F/MD
FTERR 2N THBESED S, FfiiE CR=0.302 LA L#EL Lo, IhHRKET
VTH D,

52 £ X B
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