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Application of Genetic Threshold Auto-regressive Model to Forecast Flood
for Tidal River
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1. Introduction

River water level forecasting is one of important components of hydrology forecasting, based on a
great deal of data of hydrology, meteorology, geomorphology etc. For unsteady flows, generally St.
Venant equation was been established to simulation. However, not only it is difficult for water level
forecasting model established by St. Venant equation to solve and correct real-time but also need river
topographical data which are difficultly obtained, because the water level series of the tidal reaches often
exhibit some well~-known intricatefeatures of nonlinear vibrations such as jump, random and harmonic
due to influencing by many uncertainty factors of tides and runoff. As the development of statistical
theory and time series theory since the 1970's, we have seen remarkable successes in the application of
time series model to dynamic data simulation and forecasting in diverse fields including in hydrology,
e.g. ARIMA model presented by Box and Jenkins supplying powerful mathematics tool for dealing with
linear time series. But linear time series model is totally inadequate as a tool to analyze more intricate
nonlinear phenomena, therefore, the study and application of nonlinear time series model have been
seriously made more and more. Among this process, H. Tong presented threshold auto-regressive model
(TAR) (H. Tong, 1980), which can effectively reflect nonlinear dynamic system charactered by limit
cycles, cyclical data, jump resonance, time irreversibility and amplitude-frequency dependency. TAR
model is one of ideal model for resolving model construction and forecasting of more intricate cyclic
nonlinear time series, and ensures the forecasting accuracy and adaptability by controlling threshold
values. Based on TAR model is quite adequate to reflect nonlinear feature, this paper adopted it for
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water level simulation of tidal reaches and researches the feasibility and simulation results of its
application to tidal reaches.

2. TAR model

The general form of TAR model presented by H. Tong is
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Where %% % are termed threshold values; d is delay step number(¢2) r is threshold interval number;
a0, ((=1.r) is autoregressive coefficients of the ith interval; ~(G=l--r)is the order number of the

AR model at the Ith interval; {@”}i=1--ris independent white noise series.

The basic concept of TAR model is based on the idea that the threshold values %(=L--r=D are
introduced to observation series (%} which are divided into r number intervals according to threshold
values. The series %} are allocated to different interval based on values of (*(-4)} in the condition of
the delay step number d. Then ¢ falling into different intervals is described by corresponding AR

model. Thus the r number AR models integrally construct nonlinear dynamic time series ().

Because TAR model is of the nonlinear time series model which is based on piece-wise linearization,
the construction of the model follows the parameter estimation method and test criteria as AR model,
such as least square method and Akaike Information Criterion (AIC). However, different from
construction of AR model focused on the parameter estimation and model test, TAR model mainly
considers the identifications of the threshold interval number r, threshold values %.%.%. and delay step

number d. Theoretically, the process of TAR construction is a problem of multi-dimension optimal
method for "%.%..%.. and d. If the AIC is adopted for determination of model order A.P. of diverse
threshold intervals and object function of 7%.%%. and d, the object function value A can be expressed
A=f(p,,Pd.%.%..%,,) . When the A value is minimum, the optimal parameter is obtained. Because there

are considerable computations, a preferable method that is genetic algorithm was introduced to optimize
parameters of TAR model.

3. Application of TAR model to forecasting water level at tidal reaches

Based on monthly maximum water level series ) r=12,-132%of Sapgyoho hydrology gauging
station in Korea from 1988 to 1998, the TAR model was established and tested by monthly maximum
water level series from 1999 to 2001. Model-building steps are as follow.

1) The delay step number d of TAR model and model order ~(=12--r) of AR model in threshold
interval 1 can be determined with the technique of auto-correlation analysis. The auto-correlation

coefficient of delay step number k of series %} can be given by formula:
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Where n,‘é , n is sample size of ¥, k=12mum <300' 2 The autocorrelation coefficients of the

former 20 orders are shown in table 1.

Table 3.1. Autocorrelation coefficients of monthly maximum water level

k 1 2 3 4 5 6 7 8 9 10
R(k) 0.4 0.1 -007 | -0.14 | -027 | -038 | -0.29 -0.2 0.03 0.07

k 11 12 13 14 15 16 17 18 19 20
Rk) | 033 0.46 0.3 0.13 0.04 -0.09 | -036 | -037 { -029 | -0.11

According to results of table 3.1, autocorrelation coefficients of R(1) and R(12) are distinct, therefore
delay 1 step and 12 step can be adopted for autoregressive coefficients of AR model in threshold
intervals. Delay step number d of TAR model is 1 in this case.

2) Optimal ranges of threshold values of TAR model were determined by experience distribution
graph of time series data {*}.
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Figure 3.1. Experience distribution graph of observation X - F(X)

Figure 3.1 shows the experience distribution graph of monthly maximum water level series. If r=2, the
threshold value corresponds to the frequency 0.5, and if r=3, the threshold values correspond to frequency
0.33 and 067 (Wang Wensheng, 2001). Based on experience distribution graph, threshold value range of
the corresponding frequency 0.5 approximately falls into interval (212, 2.15).

3) In the last step, the threshold values *%%.-%.and autoregressive coefficients g0 i=1r) were
optimized.Genetic algorithm was adopted to synchronously optimize threshold values and autoregressive
coefficients based on the criterion of the model fitted error minimum. Considering that the method of
minimum first power is more robust than method of minimum squares for estimation of model

parameters (Jin Juliang, 2001), the optimal criterion function is based on minimum fitted absolute
deviation.

minf()?l,fz,'“,fr_‘;q)lgi),-“,q):)) = ZIJ’&I —X,| (3 2)
t .

Thus the objection function was obtained and parameters were optimized with genetic algorithm by real

encoding. The population size is 200; probability of crossover is 0.9; probability of mutation is 0.001;
Iterative times are 1000 times. The results are:

- 589 -



o0 =1.95,0" =0.08,0 =0.04;0f? =2.57,0 =0.23,¢ = 0.13;F, = 2.13

4. Model test and conclusion

The monthly maximum water levels were forecasted with the TAR model established from above.

Error analysis of the monthly maximum water level series from 1999 to 2001 in Sapgycho hydrology
gauging station were listed in the table 4.1.

Table 4.1 Percentage of the absolute values of forecasting error
falling into diverse intervals (%)

interval

{0,0.1] {0,0.2] {0,031 {0,04] [0,0.5] {0,061

percentage

33.33 47.22 7222 86.11 97.22 100

From the results oftable 4.1, the index values of TAR forecasting falled into the permissible error
ranges, which expounded the robust performance of TAR forecasting. Therefore, the TAR model based
on genetic algorithm for water level forecasting of tidal rivers is feasible and has high adaptability to

forecast other hydrological nonlinear time series in tidal rivers. The results of forecasting effect can be
seen from figure 4.1.
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Figure 4.1 Forecasting monthly maximum water levels by TAR model
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