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Prediction of the mass flow rate of the Hirmand River: The application of the
SARIMA time-series technique

Neda Ali Ahmadi!, Ebrahim Moradi?, Seyed Mahdi Hoseini? and Ali Sardar Shahraki*

Abstract

A river’s flow prediction and simulation for the sake of predicting the river inflow in future periods are
among the main and practical issues of water resource management. The present research assessed and
determined a proper model to predict the mass flow rate of the Sistan and Paryan rivers in the Hirmand
watershed using the SARIMA time-series model over the period 2000-2018. The statics of the model
was checked by the Box-Cox method using the autocorrelation and partial autocorrelation tests. Based
on the results and the validation, Akaike and Schwarz-Bayesian criteria, SARIMA (1,1,1)(2,1,0)*
showed the lowest Akaike criterion (1325.91) and Schwarz-Bayesian criterion (1895.40) for the Sistan
river and SAMIRA (1,1,1)(1,1,1)*? exhibited the lowest values of Akaike and Schwarz-Bayesian criteria
(-328.429 and 328.151, respectively) for the Paryan river. Therefore, they were selected as the best
model to simulate the mass flow rate in the Hirmand watershed. The model is applied to simulate the
mass flow rate in future periods.

Keyword: Paryan river, prediction, SARIMA model, Sistan river, time-series
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Prediction of the mass flow rate of the Hirmand River: The application of the

SARIMA time-series technique
Neda Ali Ahmadi!, Ebrahim Moradi*?, Seyed Mahdi Hoseini? and Ali Sardar Shahraki*

Introduction

In recent decades, the limitation of water resources to the growing population and the intensification of
competition between the demands of the agricultural, drinking and industrial sectors, has led to the
importance of managing the use of water resources. Given that most conceptual models require data and
accurate science in relation to physical solutions to the flow of rivers that affect a particular place and
location, and this makes it impossible. And therefore researchers have resorted to using statistical
methods. For the past four decades, time series patterns have been one of the most widely used models
for predicting river flow (EI-Shafie, et al., 2007; Nayak, et al., 2004).

There are various methods for predicting time series and determining the forecasting pattern, these
methods are divided into two groups: quantitative and qualitative. Quantitative methods such as simple
and rhythmic moving average models, Jenkins box, simple exponential smoothing and Hollow Winters,
integrated moving average autoregression and econometric models and qualitative methods such as
brainstorming, Delphi and The nominal group can be named (Azar and Momeni, 2016).

Most common time series models in hydrology and water resources are analysis of linear time series
patterns. There are various models for time series, but what has many applications in hydrology and is
found in a variety of sources include moving average, autocorrelation, self-correlated cumulative
moving average, and self-correlated moving average (Tsonis, 2001).

Methodology
In this research, Sarima seasonal model is used among time series patterns. Sarima model can be used
to simulate the random behavior of seasonal time series. A random pattern is a linear parameter whose

multiplicative form is SARIMA(p,d,q) x (P,D,Q),,shown as. This model follows the period of

autoregressive frequency, differentiation, d, p and g non-seasonal moving average, D, P and Q from
equation (3) to (9):

Dp(B?) =(1- DB ..~ 0yB@*P) (3)
$p(B) =(1-¢Bl-..-$BP) (4)
vB-ago)’ ©)
vd - @-8)d
0Q(B?) =(1-01B?1-..~egB®RQ)
(7)
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0q(B)=(-61B1-..—0qB9) (8)
®p(B?)¢p(BIVEVIX t =0q(B)OQ (B et (9)

Discussion and Conclusion

The results of this study showed that the annual discharge in all stations had a decreasing trend during
the statistical period and a significant trend for this parameter is in the range of 90%. Flow changes in
Sistan and Parian rivers with Mann-Kendall statistic of -0.56 have been obtained. The value of Q
obtained 0.08 and 0.13 of the flow variable during the 18 years studied, decreased by an average of
1.112 and 0.61 cubic meters per second. The continuation of this process in the future will cause a crisis
in the system. The lowest value is obtained for the Sistan and Parian flow variable. The results show a
total decrease in the amount of discharge in Sistan station.

The values P —Value in all the delays are greater than 0.05 and this test also confirms the accuracy of

the model. After determining SARIMA(1,1,1)(2,1,0)12 the selected model, the fluctuations of the Sistan
River flow were predicted for the next 156 months, and considering that the box-cox conversion was
performed on the time series and using the conversion equation, the previous data Return the projection
to the original state to obtain the actual modeled value.

Comparison of different time series models for static discharge data shows the fairy river flow over an

18-year period. The model SAMIRA(l,l,l)(l,l,l)lzof absolute value of statistics T in all P —Value

parameters except constant is more than 2, less than 0.05 and also the criteria of Akaike (AIC) and
Schwartz-Bayesian (SBC) have the lowest value.

The results of Lejang-Box test for monthly discharge of Sistan and Parian river in Helmand basin, which
is greater than five percent for the selected model for all delays, confirms the hypothesis of residual
correlation. Also, with different degrees of freedom, the value P —Value of test statistics is smaller at
the level of five percent of tabular kiddo, so the null hypothesis is accepted and the model adequacy is
accepted.
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