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ABSTRACT 

The need to create the optimal water quality management process has motivated researchers to 

pursue prediction modeling development. One of the widely important forecasting models is the 

sessional autoregressive integrated moving average (SARIMA) model. In the present study, a 

SARIMA model was developed in R software to fit a time series data of monthly fluoride 

content collected from six stations on Tigris River for the period from 2004 to 2014. The 

adequate SARIMA model that has the least Akaike's information criterion (AIC) and mean 

squared error (MSE) was found to be SARIMA (2,0,0) (0,1,1). The model parameters were 

identified and diagnosed to derive the forecasting equations at each selected location. The 

correlation coefficient between the actual and predicted values for fluoride concentration at the 

six locations, Al-Karakh, East Tigris, Al-Wathbah, AL-Karamah, Al-Rashid and Al-Wahda 

WTP intakes, was 0.93, 0.82, 0.86, 0.90, 0.83 and 0.89, respectively. Model verification results 

indicated that the model forecasting outputs rationally estimated the actual monthly fluoride 

content in the selected locations.  
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 (R) في برًاهجهوديل  (SARIMA) ايذ الشهري في ًهر دجلة باستخذامرولالتٌبؤ بوحتوى الف
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 قسى انهُذست انًذَُت

انهُذست/خايعت بغذادكهُت   

 قسى انهُذست انًذَُت

 كهُت انهُذست/خايعت بغذاد

 

 الخلاصة

انخُبؤ  ًَارجواحذ يٍ انخُبؤ.  ًَارجانًُاِ قذ حفزث انباحثٍُ نًىاصهت حطىَش  َىعُتافضم لاداسة َظاو انحاخت لابخكاس 

نًىافقت  (Rبشَايح )( بؤسخخذاو SARIMAحى حطىَش ًَىرج )(. فٍ هزِ انذساست, SARIMA)انًهًت وانىاسعت الاَخشاس

قذ وخذ و(. 2014-2004خلال انفخشة انزيُُت يٍ ) انفهىساَذ انشهشٌ نسخت يىاقع فٍ َهش دخهتنًحخىي انسلاسم انزيُُت 

( 0,1,1نخكىٌ ) (SARIMAوقًُت ) (MSE)قًُت يعذل يشبع انخطؤ ( و AIC)قًُت  عهً أقمَسب لاحخىاءِ لأا ًُىرجان

يعايم الاسحباط بٍُ انقُى انفعهُت يعانى انًُىرج قذ عشفج وشخصج  لاشخقاق يعادلاث انخُبؤ فٍ كم انًىاقع انًحذدة. . (2,0,0)

, 2..0, 3..0وانًخىقعت نخشكُز انفهىسَذ فٍ انًىاقع انسخت, يآخز انكشخ, ششق دخهت, انىثبت, انكشايت, انششُذ و انىحذة كاٌ 

قذ قذسث يحخىي انفهىساَذ  ًُىرج بؤٌ َخائح انخُبؤ نهًُىرجَخائح أخخباس انقذ بُُج انٍ. عهً انخى ...0و  3..0,  0..0, 0..0

 انشهشٌ انفعهٍ فٍ انًىاقع انًخخاسة خُذا.

 . Rبشَايح , SARIMA ًَىرج سة َىعُت انًُاِ, ححهُم وانخُبؤ نهسلاسم انزيُُت ,ااد الكلوات الرئيسية:

mailto:d.alsaqqar@yahoo.com
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1. INTRODUCTION 

Water quality is a critical subject of the ongoing environmental concerns. Impairment of water 

quality has motivated researchers to develop methods to monitor water characteristics.  Usually 

monitoring water quality in lakes, streams and rivers is performed through the conventional 

methods which involve field measurements and laboratory analysis. The conventional methods 

are useful for small water surfaces. However, for large areas, the conventional methods are 

expensive and incapable for monitoring and evaluating of regional water quality when numerous 

sampling locations need to be evaluated periodically , Hirsch et al., 1982. Therefore, thoughtful 

water quality management efforts have been taken into consideration in many countries to be 

utilized in conjunction with conventional methods.  

Water quality management includes modeling, forecasting and analysis of water bodies’ quality. 

Developing precise forecasting model of future water parameter is the essence of optimal water 

quality management. Modeling methods have been improved with the continued development of 

computer science and statistics particularly for discovering time series data patterns. Time series 

prediction is ongoing area of forecasting approaches. Past collected observations of the same 

parameter are investigated to create a model that describes the underlying relationship. 

Afterwards, the developed model is used to estimate the parameter in the future.  

One of the most useful and important time series prediction models is the autoregressive 

integrated moving average  (ARIMA) model , Sowell, 1992. The advantages of the ARIMA 

model can be attributed to its statistical characteristics, represented by the famous Box–Jenkins 

methodology ,Harvey, 1990. in the model building process. Moreover, ARIMA models can be 

performed to represent several exponential smoothing applications including environmental 

applications ,Williams and Hoel, 1999. The development of ARIMA models have continued 

over decades. The basic ARIMA model has been implemented to include pure autoregressive 

(AR) or pure moving average (MA). Then, it was developed to combine both autoregressive and 

moving average (ARMA) compounds. To implant this model for non-stationary time series data, 

the integrated compound was included in the model to be the ARIMA model. Afterwards, studies 

have investigated the effect of seasonality on fitting an accurate ARIMA model and found that 

seasonality causes weakly stationary condition. Therefore, seasonal compound was added to the 

original ARIMA model to decompose a time series data uniquely into equally independent 

additive seasonal, trend, and irregular noise components  Hillmer and Tiao, 1982, Williams and 

Hoel, 2003. Recently, the seasonal ARIMA (SARIMA) model has been used for water quality 

management applications , Lehmann and Rode, 2001, Kurunç et al., 2005.  

Various programing languages and statistical software were utilized to build SARIMA models 

such as Matlab language, SAS and Stata software. To date, R software is rarely used in modeling 

processes of water management applications. R is a language and environment similar to the S 

language which is used for statistical applications. R offers a variation of statistical techniques 

that can be utilized for linear and nonlinear modelling, statistical tests and time series analysis. 

Unlike the other statistical software and environments, R software is a free software which gives 

the advantage of being an open source in the modeling methodology.  

In the present study, Time series analysis of monthly fluoride content was carried on using R 

software. Also, R software was used to code and construct a SARIMA model to forecast monthly 

fluoride concentration in Tigris River.   
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 2. MATERIALS AND METHOD 

2.1 Study Area and Data Collection 

The study area in this study is Tigris River in Baghdad City. This river is considered the 

main source for Baghdad City water supply systems. Sample collection locations were chosen to 

represent water quality in the main flow stream, including upstream, downstream and between at 

different water treatment plant intakes. Al-Karakh and East Tigris WTP intakes represent the 

upstream flow locations, Al-Wathbah and AL-Karamah WTP intakes represent in between 

upstream and downstream location, and Al-Rashid and Al-Wahda WTP intake represent 

downstream locations. The data used in this study were provided from Baghdad Mayoralty 

(Amanat Baghdad)–Water office which represents the fluoride content at the selected locations 

which were measured monthly according to the standard methods for water and wastewater 

examination , APHA et al., 2005. Monthly time series data of fluoride concentration from 2004 

to 2014 was used in this study.  

3. MATHEMATICAL STRUCTURE OF SARIMA MODEL 

This model assumes that the predicted value of a variable is a linear function of multi 

previous observations with random errors , Box et al., 2011. The model structure is identified as 

the below expression: 

ARIMA (p, d, q)(P, D, Q)s 

This expression can be broken down into two terms, non-seasonal and seasonal terms and the 

mathematical formula of a SARIMA is presented in Eq. (1):  

 

  ( )   ( 
 )    

      ( )  ( 
 )                                                   (1) 

Where:  

p and   : the order of auto-regressive (AR) and the AR operator of order p, respectively. 

P and   : the order of seasonal auto-regressive and the seasonal AR parameter of order P, 

respectively. 

B: the backshift operator of   .  

d and   : the order of integration and the differencing operator, respectively. 

D and   
 : the order of seasonal integration and the seasonal differencing operator, respectively. 

q and   : order of moving average and the MA operator of order q, respectively. 

Q and   : order of seasonal moving average (MA) and the seasonal MA parameter of order Q, 

respectively. 

s : The seasonal period. 

   : The value at time point t. 
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   : The white noise (random walk) of the stochastic model. 

 

To fit predictive equations for fluoride content in the selected locations, a SARIMA model was 

constructed by proceeding multi steps, model identification, parameter estimation, diagnostic 

checking and model validation. 

 

3.1 SARIMA Model Development 

As mentioned above a SARIMA model was constructed for fluoride concentration at 

each location. An R software code was developed to construct the SARIMA model. Time series 

inputs for fluoride concentration from 2004 to 2012 were used to develop the SARIMA model. 

Data from 2013 to 2014 was used to validate the constructed model. To fit the optimal SARIMA, 

model parameters, p,P,d,D,q,Q,s, were identified. Parameter identification was performed based 

on examining the autocorrelation (ACF) and partial autocorrelation (PACF) functions of the 

transformed data. Additionally, it was examined to give the minimum Akaike's information 

criterion (AIC) and mean squared error (MSE). After identifying the model, the model was 

diagnosed and verified for being appropriately fitting the series. The diagnostic process was 

conducted by examining the model residuals based on its ACF, normal quantile-quantile plot (Q-

Q plot) and Ljung–Box statistics results (Box et al., 2011). Validation of the model was 

performed by running correlation analysis to determine whether predicted and actual data are 

significantly different or not.  

 

4. RESULTS AND DISCUSSION: 

Fig. 1 shows monthly data variation of fluoride concentration at each location for the 

study period. The monthly data was examined for its stationary condition. This was achieved by 

performing Augmented Dickey-Fuller test to decide if transformation of the data is needed , 

Harvey, 1990.  The time series input was found to be not stationary (p>0.05). Seasonality could 

result in nonstationary condition. Mainly, this is possible due to the difference between the 

average values at some particular times within the seasonal period and the average values at 

other times. Therefore, the monthly data was differentiated to yield stationary input series with 

respect to yearly periodicity by seasonally transformation.  

 4.1 SARIMA model construction 

To fit the optimal SARIMA model parameters for fluoride data series, several trails were 

performed. The model parameters were chosen based on the statistical residual diagnostic test. 

Time series inputs from 2004 to 2012 were used for model calibration and to find the adequate 

model that fits fluoride content in each location. Data from 2013 to 2014 were used for model 

verification. The data was differentiated to overcome seasonal effects.  

To identify and find the persistence model structure, the ACF, PACF, MSE and AIC were tested. 

The best fitted model was chosen to give the least ACF, PACF, MSE and AIC values. The most 

appropriate SARIMA model included non-sessional and sessional compounds. The model 

parameters, p, d, q, P, D, Q,s, were 2, 0, 0,0, 1, 1, 12, respectively, for all locations. The 
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SARIMA (2, 0, 0) (0, 1, 1)12 equation was derived from equation 1 based on the selected model 

compounds. Equation 2 is the SARIMA (2, 0, 0) (0, 1, 1)12 equation 

 

 
t
    t-     t-   t-  -   t-  -         t-   et   et-                                              (2) 

 

To compute the model parameters, the computational steps proposed by  , Box and Jenkins, 

1976. were followed. The residuals of the computed parameters were diagnostic to make sure 

that the adequate model was selected for their independence, constant variance and normality. 

Fig. 2 shows the results of the statistical residual diagnostic test for the selected model of the 

monthly fluoride content collected at the East Tigris WTP intake. This test showed similar 

results for the other locations. According to , El-Din and Smith, 2002, to estimate a decent 

prediction model, the residuals of the fitted model should satisfy the white noise method 

requirements which should be uncorrelated and normally distributed around a zero mean. The 

statistic test showed that the ACF values of the residuals and p value were adequately distributed 

within confidence limits (98%) and no significant “spikes” among 35 lags which confirms the 

normality of the residuals. Also, the results exhibited no significant correlation between the 

residuals of the fluoride content at each location. Moreover, the normal quantile-quantile plot (Q-

Q plot) exhibits that the residuals were laying closely on the theoretical line, which obviously 

supports the normality of the residuals. The diagnostic test showed that the selected SARIMA 

model is appropriately fitting the time series data. 

Based on the above analyses, the model parameters were selected. Table 1 demonstrates the 

sessional compounds as well as the MSE and AIC for the selected model at each location. The 

results exhibit that the fitted model for fluoride content at Al-Wathbah WTP intake has the 

highest MSE among the other location.  The forecasting equation for each location can be 

determined by substituting the corresponding computed parameters to each location from Table 

1 in Eq. (2).  

4.2 Monthly Fluoride Content Prediction and Verification 

Using the fitted SARIMA model, monthly fluoride concentration at each location was predicted 

for the period from 2013 to 2016 as shown in Fig. 3. Predicted dated from 2013 to 2014 was 

compared to the actual data to verify the fitted model. Fig. 4 shows the correlation between the 

actual data and the predicted data at each location. The correlation coefficient between the actual 

and predicted values for fluoride concentration at Al-Karakh, East Tigris, Al-Wathbah, AL-

Karamah, Al-Rashid and Al-Wahda WTP intakes was 0.93, 0.82, 0.86, 0.90, 0.83 and 0.89, 

respectively. These values are acceptable in common model applications , Faruk, 2010, Zhang, 

2003, Nourani et al., 2011. Model verification results state that the model forecasting outputs 

reasonably estimated the actual monthly fluoride content in the selected locations.  

5. CONCLUSION 

In the last few decades, time series analysis and prediction have been considered a 

dynamic study area. Researchers have never stopped to improve the accuracy efficiency of 

prediction models of water quality. Using R software, an effective SARIMA model was 
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developed for monthly fluoride concentration in Tigris River. The model validation 

demonstrated that the fitted model is adequately forecasting monthly fluoride content. The 

outcomes of this study are necessary in the environmental applications especially with the raised 

concerns regarding water bodies impairment phenomenon.    
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Table 1. Summary of the statistical parameters of the selected SARIMA model fitted to fluoride 

concentration at all locations. 

Plant          AIC MSE 

AL_KARAKH 0.4974 0.3788 -1 -7.0644 0.000261 

EAST TIGRIS 0.4413 0.327 -0.9999 -6.5953 0.00041 

AL-WATHBAH 0.4458 0.2069 -1 -4.8524 0.00235 

AL-KARAMAH 0.461 -0.0879 -0.7834 -6.0299 0.00074 

AL_RASHID 0.2707 0.0539 -0.7947 -6.0299 0.0013 

AL_WAHDA 0.3943 -0.0758 -0.775 -6.1358 0.00082 
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Figure 1. Box plots of monthly fluoride concentration data from 2004 to 2014 at different WTP 

intakes. a) Al-Karakh WTP intake. b) East Tigris WTP intake. c) Al-Wathbah WTP intake. d) 

Al-Karamah WTP intake. e) AL-Rashid WTP intake. f) Al-Wahda WTP intake.  
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Figure 2. The residual statistical results of the fitted model for monthly fluoride content at the 

East Tigris WTP intake. 
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Figure 3. Prediction of monthly fluoride content at various locations in Tigris River. Black solid 

line is the actual data from 2004 to 2012 used to calibrate the model. Blue solid line is the 

predicted data for the period from 2013 to 2016. Gray areas shows the upper and lower limits of 

the predicted values based on 95% confidence intervals. a) Al-Karakh WTP intake. b) East Tigris 

WTP intake. c) Al-Wathbah WTP intake. d) Al-Karamah WTP intake. e) AL-Rashid WTP 

intake. f) Al-Wahda WTP intake. 
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Figure 4. Actual versus predicted fluoride concentration data for correlation analysis at the 

selected locations. a) Al-Karakh WTP intake. b) East Tigris WTP intake. c) Al-Wathbah WTP 

intake. d) Al-Karamah WTP intake. e) AL-Rashid WTP intake. f) Al-Wahda WTP intake. 


