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Abstract 
Actual rainfall runoff modeling involves two kinds of procedures; identification of the 
optimum parameters and selection of suitable data. Although many reports described automatic 
procedures to obtain the optimum parameters of models, few proposed a suitable procedure 
of data selection. In these papers, a new multiple regression model which enables to identify 

the optimum parameters of linear runoff and select suitable data for the modeling oflinear 
runoff is described. This method is mathematically based on the robust statistical theory developed 
in the past decade. The method is referred to as RFMD (robust fixed maximum discharge) 
method because it is also based on the general expression of Shiraishi' s FMD method 
of data separation. In this paper, the robust statistical theory was introduced into runoff 
analysis and tested by using the manipulated data of the Zao dam in Japan. Compared to 
the FMD method, the RFMD method showed a strong robustness. 
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Introduction 

A large number of automatic a lgori thms is avail­
able to identify the optimum parameters of a rain ­
fall runoff model. If hydrological data conta in some 
irregularity, automatic algorithms cannot be use<!. 
The a lgorithms enable to attain a local optimum or 
cannot lead to a stable solution. Theoretically, it 
is considered that an optimum model cannot be 
obtained due to lack of accuracy of data . However, 
actual rninfall runoff ana lysis requires the identi fi­
cation of as many as possible runoff models regard­
less of the accuracy of hydrological data. In this 
procedure, if a satisfactory model can be identified 
based on low accuracy data, the model is called 
"robust". If the accuracy of the data is low and 
a model can not be identified, model ident ificat ion 

must be tried again by using data with a higher ac­
curacy in a limited period o f t ime. Fig. I illustrates 
the procedure of data select ion. Even if the 
parameters of the models arc ident ified by an auto­
matic algorithm, runoff analysis is biased if this 
procedure of data selection is applied due to the sub­
jectivity of the procedure. In add ition, if the data 
selection procedure is based on a trial and error 
method, the size of the selection procedure is large. 
If this procedure of selection is performed by the 
models themselves automat ically, the iden tification 
of the models can be more effect ive and unbiased. 
During the past decade, a "robust" est imation 
method, which can omit the biased effect of error 
distribution, was used for regression analysis . 
Tanji4

•
5> firs tly introduced the use of this robust 

model for rainfall runoff ana lysis of mult iple regres­
sion models. In these papers, the model was applied 
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Fig. I. Oui linc of model with irregular darn 

to 1he rainrall runoff analysis of a catchmen1 co­
vered by tropical forests where the data may con­
tain some uncxpec1ed errors. 

For 1he use of a s1a1is1ical method for rainfaln 
rnnoff analysis, the usefulness of a model depends 
on the physical significance of the model. lf the 
ph)•sical significance of the statist ical parameters can. 
not be interpreted, the model is not useful. Once, 
Shiraishi et a1.J> and Ito ct al. 1> used a multiple 
regression model for rainfall rnnoff analysis. Al tha1 
time, multiple regression analysis was introduced as 
a general expression of a unit hydrograph method, 
which enabled 10 interpret the physical significance 
of statistical parameters and made this method more 
valuable. In the use of a robust es1ima1ion methodl 
for multiple regression analysis, the physical sig­
nificance of I his statistical me1hod must be clearly 
defined. The author analyzed many kinds of robust 
estimation me1hods and found that the M es1ima­
tion me1hod (Maximum-likelihood-type-es1imation) 
among robust estimation me1hods was equivalent to 
one of the general expressions of 1he FMD method . 
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The biweight meihod in the M estimation method 
is homologous to the FMD method from the view 
point of separation of the linear runoff component. 
This paper introduced this robust multiple regres­
sion method into runoff analysis in relation 10 the 
FMD 111e1hod. 

Methods of analysis 

Basic equations of robus1 es1ima1ion are inlroduced 
here based on 1he reporl of Koyanagi2>. The esti­
mation method is limited 10 the M estimation me1hod 
among the robusl estimation methods, where, meas­
ured data of time series Y1U = I, ... , 11) can be ex­
pressed as a function of the parameters x; ( i = I , · .. , 

111) plus errors 01, 

Yi =/j(xi, ... , x111)+6j 

=Jj(X) + S1 . ................................... (I) 

In runoff analysis, (X) is a iime series of rainfa ll 
data and YJ that of discharge. Both dimensions arc 
expressed as mm/d. 

Especially; if Ji is cxprmed as the linear function 
of g1, YJ is wriuen as follows : 

Yj =gtX1 + ... +g111x,,, . ........................ (2) 

The parameter g1 is called an intercept in a mul1i­
plc regression method. The sum of pariial regres­
sion coefficiems g2, ... , gm is referred to as "linear 
percen1age runoff". Here, the most likelihood 
me1hod is generalized and objective variables are set 
al X as fol lows: 

" .r: >J/1(Yrfj( X)) = M(X) = 111i11 .............. (3) 
J • I 

The least square method is expressed as fo llows: 

(Yr/j(X))2 
'lr1(Yr/j(X)) = 2 ..... . ........ . (4) 

IJJ 

Now, v1= Yr f; ( X) and the rate of >JJ1 ( v1) to v/ 
arc set or w1(vj). Then equation (3) is wrillen as 
follows: 

_ • (Yr Jj(X))2 
M(X) = _r; 

2 
w1 ( vj) = min. . .... (5) 

1 • I "J 

w1 can be solved iteratively because w1 is approxi­
ma1ely equal 10 I for most of the data. wi is called 
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Fig. 2. Temporary RFMD value 

an adjustive weigh!. For the calculation of wj , the 
biweight method in equation (6) was adopted. The 
value of c in equation (6) decreases with repetitions. 
The final value of c is the value equivalent to FM D. 
This final value will be called RFMD value (robust 
FMD) in this paper. 

l vi l s c 
.... .. ...... (6) 

The robust regression model constructed by the 
biweight method will be referred to as an RFMD 
model in comparison to the Shiraishi's multiple 
regression model obtained by the FMD method. 

For the calculation of the value of wj, the repeti­
tion time was set at 80. The value of c decreased 
after 30 repetitions to reach the RFMD value and 
remained at this value after more than 50 repetitions 
as shown in Fig. 2. 

Relation between FMD and RFMD methods 

Fig. 3 outlines the basic concept of the FMD and 
RFMD methods. The FMD method treats the dis­
charge between zero and FMD as a linear compo­
nent, while the RFMD method treats the discharge 
within RFMD from the linear estimated discharge 
as a linear component. The two methods are com­
mon in that the linear component is separable by 
a certain permissible range. For this reason the c 
value in equation (7) is called RFMD value. In this 
interpretation, the RFMD method Lreais the linear 
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Fig. 4. Relation between FMD and RFMD methods 

component of runoff as the neighboring discharge 
of the linear estimated discharge. The FMD method 
treats the lower part of the discharge as a linear com­
ponent. This interpretation is more rational than that 
of the FMD method. The RFMD method is ex­
pressed as follows as in the case of the FMD method. 

I Yj SFMD 
Wj (Yj ) = ( ... . .. . . .. ... .. .. . .. .... (7) 

0 Yj >FMD. 

This equation shows that the relationship between 
the FMD and RFMD methods is homologous. 

A robust regression model takes an adjustive 
weight even if the datum is located within the range 
of RFMD. Fig. 4 shows the relationship between 
the FMD and RFMD methods in taking account of 
this assumption. From the view point of criteria of 
linear runoff for the separation of the linear com­
ponent of runoff, multiple regression analysis can 
be categorized into the following four kinds : center 
of the set of the linear componem (ce111cr of dis­
tance) is the X axis or linear estimated discharge, 
set of the linear data is crisp (the adjustive weight 
is digital) or fuzzy (the adjustive weight is analog). 
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This paper considers only the RFMD and FMD 
methods based on these four kinds or criteria. 

Tcsl of robustness 

Comparison of the FMD and RFMD methods 
shows that the main difference appears when a low 
discharge contains abnormal data. However it is 
difficult 10 identify the data in this case. Firstly, 
the author used the manipulated data of the Zao dam 
in Yamagata Prefecture in Japan as the check of 
robustness. Fig. 5 shows the om line of the Zao dam 
basin (21.0 km2). Analysis was performed on the 
data during the period June 5 10 November 29, 1971. 
The data from September 1 to 10 were replaced by 
a dummy abnormal low discharge and those from 
September 11 to 20 were replaced by a dummy 
abnormal high discharge. Both abnormal dummy 
data were not negligible based on the FMD method. 

Fig. 6 shows the estimated discharge calculated by 
the FMD method for a value or 8 mm/ cl of FMD. 

Fig. ;,. Outline of the area used fo,r model 
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Fig. 7 shows the estimated discharge calculated by 
the RFMD method for a value of 4 mm/d of RFMD. 
Est imated discharge calculated by the RFMD method 
was more accurate than that obtained by the FMD 
method. 

Fig. 8 shows the unit hydrographs obtained by the 
FMD and RFMD methods based on the original darn 
and the daia after replacing the accurate data by in­
accurate data. Compared with the unit hydrographs 
based on the original data, the unit hydrograph 
obtained by the FMD method for the manipulaced 
data was more accurate than that obtained by the 
RFMD method. 

l'ig. 6. Comparison of estimated and observed discharges 
Mani1>ula ted data: FMD 8(mm/ d). 
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l'ig. 7. Comparison of estimated and observed d ischarges 
Man ipulated data: RFMD 4 (mm/d). 
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Conclusion 

The au1hors iruroduced a new robust method of 
a rainfall runoff model (RFMD method) which ena­
bles to identify the model based on some irregular 
data. This method was theoretically equivalent 10 

1he generalized method of the Shiraishi's FMD 
me1hod. This method was applied to a dam basin 
in Japan by using the manipulated data. The results 
confirmed the strong robustness of this method. 
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