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Method of Automatic Calibration of the Tank Model (Fifth Report)
— Automatic or Semi-automatic Procedures to Calibrate the Multiplication
Factor of the Precipitation in Snowy Basins —

By
M.Sugawara and E.Ozaki

National Research Cenler for Disaster Prevention, Japan

Abstract

Automatic calibration programs were developed for basins of different two types, one
is the Turtle River in Ontario, Canada, and another is the Kitakami River in Japan.

In the former case, the period from December to March is the snow depositing season
in which snowmelt does not occur and April is the snow melting period. The remaining
period is the non-snowy season and, though there are some snowfalls in November, they
are negligible. Under the Assumption, that mean areal precipitation of the basin is given
as

CP(M, K)x P(K),

the parameter CP(M, K) is determined by successive adjustment. In the above formula,
M is the month index and K is the index of the precipitation station. In non-snowy season,
CP(M) is adjusted as follows :

RNS(M)= %‘, (QE()+CxEJN/ %: QN +CXEQ)),

CP(M)=CP(M)/RNS(M),
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where QE(]) and Q(J) are the calculated and observed discharge of the day ], E(J) is the
evaporation of the day ], 3 is the summation over the month M and C is a constant being
0.5 in this case. )

In the snowy season, a common CPSS is assumed and it is adjusted as follows :

RSM =3 (QE()+CXE()/ 3 @QI+CxED),

S w
CPSS=CPSS/RSM,

where ¥ is the summation over the snowmelt season, i.e. April in this case.
SN

Thé;e is a special condition in the Turtle basin, that the time constant of the top tank
is extraordinary long, i.e. about a month. Therefore, the effect of the input to the top tank
in some month appears in the same month about half and in the next month about half.
Considering this fact, the above adjusting formulae are modified as follows:

CP(M)=CP(M)/ v RNS(M) x RNS(M +1) (for M=5, 6, -+, 10)
CP(11)=CP(11)/RNS(11)

CPSS=CPSS/+ RSM x RNS(3)

In the snow depositing season, infiltration coefficients A0 and B0 of the first and the
second tank of the tank model are adjusted as follows:

A0=A0/+vRSD, B0=B0/RSD,

RSD= \Z{:, QE())/ § Q).

where 3} is the summation over the snow depositing period.
n

The adjusting procedure is stopped when the following conditions are satisfied:

| STQEJY/ Q-1 001
J )

‘ \21 QE(J):‘\ZQ{J)—l | £0.10
(for each month M in non-snowy season)

| ZQED/ QM -1 | =0.03
SM i

| ZQED/ 2 Q-1 =003
SD 50

where 3] is the summation over whole period, or the number of iteration reaches five.

The obtained values of CP are shown in Table 1 and these values could give better
result than before. The assumption that the value of CP is constant during the snowy
season can be allowed because total precipitation in the snowy season is not large.

The meteorological condition of the Kitakami basin is very different from that of the
Turtle. Temperature in snowy season is not so low and snowmelt occures frequently
during snowy season and precipitation in snowy season is very heavy. In this case, the
mean areal precipitation in the zone 1 and the month M is given by

(1+-CM(M}x PD(I)) x P.

Adjustment formulae of CM(M) and CMSS are given by
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CM(M)=(RZP+CM{M))/RNS(M)—RZP,

CMSS=(RZP+CMSS)/RSS—RZP,

where RNS(M) and RSS are same as before but the constant C is better to be set ag C=
0.2, and RZP=1/2> ZA(I)XPD(I). The result obtained is shown in Fig.7 for the Waga
River, a tributary (])f the Kitakami. In this method, CM is assumed to be constant during
the snowy season, ie. from December to May. However, it is expected that the above
assumption seems to be rather unreasonable. Another method was performed to find
different values of CM in winter and spring. The value of CM in winter, CMWI, is set to
various values. Then, corresponding value of CM in spring, CMSP, is determined
automatically from the water balance. Using such pairs of CMWI and CMSP, discharge
is calculated and the evaluating criterion CR is derived. By the comparison of values of
CR, the optimum pair of CMWI and CMSP is determined. The obtained results are shown
in Table 2 and Fig.8. It shows that CM is nearly constant during the snowy season.
However, there is still a question, that whether CM is really constant in spring or not, e.g.
whether it is small in May or not.

Then, the trial was made to determine the value of CM for each month in the snowy
season. In the Waga basin snowmelt begins in the beginning of April and ends in the
middle of May. Under such a consideration, the following adjusting formulae were boldly
introduced. In the first stage, the previous methed was applied to determine CM(M) in the
non-snowy season and a common CMSS in the snowy season. Then, starting from the
obtained CMSS, the following adjustment formulae was applied for each month in winter:

CM(M)=CM(M)/(RS(M)/2+RS(4)/3+RS(5)/6) (for M=12, 1, 2)
For April and May,
CM(M}=CM(M)/RS(M)

and for March, CMSS is assumed.

In spite of the presupposed anxiety that this method must be unreliable and difficult
to converge, it could give rather reasonable results as shown in Fig.10.

Methods described here seem to be not so reliable because the feedback procedure
seems Lo be not strong against noises. However, in spite of its weak point, this method
seems to be hopeful and useful in objective estimation of areal precipitation.
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Fig. 1 Map of the Turtle River
(TR : Turtle River, LTR : Little Turtle River, M : Mine Centre, A : Atikokan, I : Ignace)
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Fig. 2 Runoff Model for the Turtle River
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Fig. 4 Monthly hydrograph of the Turtle River
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Table 2 Paires of values of CMWI and CMSP used for trials and the criterion values obtained
1 2 3 4 5
CMWI 0.521 (1.586 0.651 0.716 0.781
CMSP 0.830 0.741 0.651 0.561 0.472
CR 0.3859 0.3781 0.3741 0.3747 0.3770
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Table 3  Assumed values of CM(M) for three rainfall stations in the Sarugaishi basin

18~4H 5H 6 7H 8 H 9H 103 1A 12H

i, REF 1.0 0.5 0.0 0.1 0.3 —0.1 —0.1 0.0 0.8

i B 4 0.2 —04 —0.25 —0.1 0.0 —0.3 =03 —0.3 0.2
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