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1. Introduction

Forecasting rainfall situation has paramount importance for water resources engineering. In this field,
linear time series models are widely used in hydrology. Models of ARMA family have always had weaknesses
which can be solved by integration of ARMA linear time series models with nonlinear time series models such
as ARCH. In economy, the sequence of error variance in one model of errors’ size in previous time periods is
the main assumption for Autoregressive conditional heteroscedastic models (Engle, 1982). At first, models of
ARCH family for time series were used in financial and economic problems. In problems related to hydrology,
ARCH models have been studied less.

2. Methodology

In this research, regarding the situation of rainfall and drought in catchment of Urmia lake and risk of total
dryness of this beautiful lake, rainfall was predicted via time series random models and by producing artificial
data in three stations (Urmia camp, Chahriq, Golmankhane Abshur) located in west of catchment basin of Urmia
lake.

2.1. ARMA Models

Numerous statistical models are used to predict climatic variables that autoregressive time series models
have been widely used to examine and forecast the hydrology variables from the beginning of 1960s. Markov
continuum is the main base for autoregressive time series models. Among time series model, we can refer to
the autoregressive model with moving average named ARMA and ARIMA. The relation of autoregressive
moving average ARMA (p, q) has been presented as follows:

Y, = Zf:l((piyt—l) - 7:1(9j£t—j) + & (1)

In which Y: is standard and normal time series, p is the order of autoregressive model (AR), q is the order of
moving average model (MA), ¢:is the coefficint of autoregressive model, 6; is the coefficient of moving average
model and &, is the random and normal series of model with zero average and 62 variance (Salas et al 1988).
The excellent ARMA model will have the least amount of Akaike criterion as relation 2 (Salas, 1993):
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2(p+q+1)n

AICC = n.In(Var,) + S ===

(2)

In which n is the number of data, Var, is error variance, p is the order of model in autoregressive section and
q is the order of model in moving average section.

2.2. ARCH Models

ARCH model is presented as following (Brockwell and Davis):

g =hier, {e}~IID N(0,1) (3)

In which h; is a function (positive) of g5, s < t is mentioned as following relation:

he =0f = ao+ X} &4 (4)

In which, ¢, is error phrase or remaining of a model with average zero and variance one, h; is conditional
variance of g;, @20, @;=0 are parameters of model and n is the order of model and e:is time series of intended
parameter.

The integration process of two models ARMA and ARCH is as following:

e Finding the best model of ARMA

e Extraction of time series remained in the superior model of ARMA by using relation 1

e Fitting ARCH (1) model for standardized remained time series and calculation of h: value through ITSM
software

e Ultimately, the integration of selected ARMA and ARCH models

2.3. Evaluation Criteria of Models

To evaluate the function of ARMA superior model with the integrated model of ARMA-ARCH, different
criteria were used including Root Mean Square Error (RMSE), Mean Absolute Error (MAE), Nash Sutcliff
Efficiency Coefficient (EF), and Cumulative Remaining Modulus (CRM). The predictions that their RMSE and
MAE have the least value possess better performance in modeling. The more close the EF coefficient gets to
one, it shows the high accuracy. The proper value for cumulative remaining modulus (CRM) is zero.

3. Results and Discussion

The superior model for ARMA family was selected due to lower Akaike criterion in all stations. By
considering the results of Akaike test, the best model of ARMA for Chahriq station is ARMA (1,0), for Urmia
Camp station is ARMA (0,1) model and for Golmankhane Abshur station is ARMA (1,0) model.

Remaining series equations of (&) model of ARMA model has been extracted according to relation 1 and its
results have given in table 1. Then, the remaining series equations of the model were fitted by the ITSM
software and ARCH model and the results have been presented in table 1 for studied stations, and the required
htvalues are computable in the ARCH model.

Table 1. The resulted equations for ARMA model and ARMA-ARCH model

station & h,

Chahriq & =Y, —0.3905Y;_, h, = 0.5579117 + 0.0488868¢?% ;
Urmia Camp & =Y, —0.1631g_, h, = 0.7111748 + 0.1935307¢%,
Golmankhane Abshur & = Y, —0.2769Y,_, h, = 0.7787156 + 0.1515773¢%,

The results of statistical criteria of MAE, RMSE, EF, and CRM have been examined for the ARMA model and
also ARCH-ARMA integrated model for all studied stations (Table 2). The results of the RMSE criterion for the
ARMA model has changed between 14 to 39 millimeter in all stations, and the least was related to Urmia camp
station for the ARMA model and also ARCH-ARMA integrated model. The similar results can be mentioned for
MAE criterion such that this criterion in the ARMA model varies between 11.79 and 31.4, but in the ARMA-
ARCH model, this criterion shows values between about 11.9 to 30.5. These results indicate the acceptable
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accuracy of the ARMA-ARCH integrated model in studied stations than in the ARMA model. It is observed from
results in table 2 that all coefficients in the integrated model are good which shows the high compliance and
correlation of observational and simulated values. The CRM results illustrate that the integrated model has
better performance than the ARMA model.

Table 2. Results of statistical comparison criteria in ARMA selected models and ARMA-ARCH models

ARMA ARCH-ARMA

station RMSE MAE EF CRM RMSE MAE EF CRM
Chahriq 39.14 3137 085 -0.0062 37.98 30.54 0.86 -0.0028
Urmia Camp 14.26 11.72 0.97 -0.0064 13.94 11.86 0.98 -0.0023
Golmankhane Abshur 19.08 15.07 0.92 -0.0012 18.73 15.67 0.92 -0.0019

According to results obtained in this research, rainfall prediction for the statistical period of 2015-2049 was
carried out by using ARMA-ARCH integrated model for all three studied models. The results of annual rainfall
prediction by using the integrated model for Chahrigh station indicates the maximum rain as 560 millimeters
and the minimum rain as 200 millimeters, and in Urmia camp station, rain range will be between minimum
263 millimeters and maximum 556 millimeters in next 35 years. For Golmankhane Abshur station, rainfall will
not exceed 397 millimeters and the minimum rainfall is forecasted as 90 millimeters. The simulation results
represent that the area in which Golmankhane Abshur station have located will possess less annual rainfall in
the future.

4. Conclusion

The results of two model (ARMA and integrated model) in this research for all studied stations showed that
combination of linear and nonlinear models is good for prediction (modeling) of rainfall and drought and it can
play a significant role in planning of water resource management. Integration of time series models with
nonlinear models like ARCH, GARCH can be helpful.
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