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In this study, inflation cycles and the forecasting quality of mathematical 

methods were applied and examined. SARIMAX models and an extended Fouri-

er series model were applied in forecasting inflationary processes. The study 

identifies the cycles and intensity of inflation. The Fourier series model has been 

extended with a dummy variable (Extended Fourier Series Model) in order to 

consider economic shocks in the model. 

In this study inflation cycle of Azerbaijan and forecasting quality of mathe-

matics methods have been determined and investigated. Model SARIMAX and 

Extended Fourier series model have been implemented in forecasting the infla-

tionary processes. Fourier series model has been extended by additive dummy 

variable (EFS model- Extended Fourier series model) in order to consider the 

economic shocks in the model. 
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Introduction...  

According to dialectics, development does not occur as a linear movement, 

but "spirally". There is also a return to the starting point here. But this return and 

periodic processes are taking place on new foundations. [1, p.272]. 

As periodic processes, inflationary processes occur from complex mutual 

economic events occurring in a dynamic economic system. The relevance of the 

doctrine of inflationary processes acquires a new quality based on the economic 

behavior of business entities, and this makes this study more interesting for re-

searchers. In addition, in order to consider economic shocks in the economic 

model, the Fourier series were extended with a dummy variable. 

Previous research in this area. 

For the first time, the Fourier series were presented by the French mathema-

tician Joseph Fourier in his treatises "Distribution of heat in solids" in 1807 and 

"Analytical theory of heat" in 1822 [4, p.125]. 

Andrea Fumi and others studied demand forecasts using Fourier series [2]. 

NS. Omekara, E. Ekpenyong, MP Ekerete, and also studied the dynamics of 

inflation in Nigeria using the Fourier series [3]. 

N. Liu, V. Babushkin and A. Afshari used this model in their work for 

short-term prediction of electrical loads. Maurice Omane and others have ap-

plied SARIMAX to forecast inflation in Ghana. Sani I. Doguva and Sara O. 

Alade used these models for short-term forecasting of inflation in Nigeria and 

others. 

Despite the fact that a lot of research has been done in connection with in-

flation on various aspects in Azerbaijan, the analysis of Fourier series and 

SARIMAX models has not been implemented in the Azerbaijani economy to 

study inflation processes. 

Unlike other studies, it accounts for the economic shock using a dummy 

variable. 

Methodology and theoretical foundations of applied mathematical 

methods.The Fourier series is also applicable in econometrics, in addition to 

other areas such as electronics, optics, signal processing, acoustics, etc. [4; 12]. 

In general, harmonic oscillations change in accordance with the laws of sine 

and cosine. These changes will be brought to harmonic movements. The number 

of fluctuations hitting each month is the frequency of the fluctuations. The time 

it takes for a full swing is a period. Frequency and period are mutually recipro-

cal values. These are often periodic events, consisting of the summation of a 

series of harmonic vibrations. As a result, the oscillation graph forms harmonic 
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oscillations [8]. To determine the inflation dynamics function, we briefly present 

a simple harmonic series:                   

     
  

 
                        

 
    (2.1) 

Series (2.1) is a trigonometric series of coefficients, which have the values, 

,,,. In equal frequency harmonics, the price x is (). Series (2.1) is accumulated in 

this function for all values                       ... That is, the sum of 

the series is equal to the function.     

Harmonic analysis of inflationary processes is an expansion of series in 

trigonometric series. In order to expand a periodic function with a period of 2π, 

it is necessary to assign the coefficients of this series. It can be calculated using 

the following formulas:       
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Consequently, the series having the above coefficients is called the Fourier 

series with respect to the function 
  

 
                       

 
         

In this study, a variable is an argument dependent variable or function. The 

addition of simpler harmonics more accurately expresses the periodic motion 

defined by the function. Thus, Fourier series models are more tied to the length 

of the series. Therefore, the decomposition of the trigonometric series is of great 

importance [7]. Movements in aggregate demand and aggregate supply and 

market regulation seeking to ensure macroeconomic equilibrium form cyclical 

inflationary processes. And the definition of inflation cycles and the construc-

tion of models of the Fourier series are based on the Fourier coefficients and the 

Fourier frequency.   
 
       

Fourier series analysis is more appropriate for identifying periodic signals 

of inflation. In this study, inflationary processes are investigated as the summa-

tion of simple harmonics. The given harmonics of inflationary processes are 

repeated every t = 2π time interval [5], in other words, they turn into periodic 

processes. The summation of the equal-frequency harmonics forms a simple 

harmonic. 

To determine inflationary cycles, one needs to consider more complex har-

monics with different frequencies of sine and cosine waves. Therefore, the mod-

el of the extended Fourier series with a dummy variable has the following form: 

 (2.3)    
 
     

  
                               

 
           

Here, the inflation rate regression estimates    
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     equation of estimated trends, parameter estimates, - {0,1} - 

fictitious exogenous variable, residuals or residual of the model              

1,2,…,         

 The coefficients are assessed as follows:        

 
   

 

 
     

 
      

 
   

   
 

 
     

 
      

 
   

  (2.4) 

The intensity function for the frequency along the row is determined as fol-

lows [3]:              

 (2.5)      
 

 
   
    

             

Since inflationary processes are cyclical, the - th harmonic of the frequency 

should be assigned to the interval. The Fourier frequency is used to determine 

the parameters of the Fourier models [3]. The greatest amount of intensity is 

determined by the cycles of inflationary processes. The trend equations can be 

specified by the following parameters:             

 (2.6)   
 
     

  
    

Subtractions of the trend from the original series are calculated as 

follows:      

     
 
                            

 
    (2.7) 

The structural model of the SARIMAX process is structurally different 

from the SARIMA model [10; 11; 13; 14; 15].  

                         
 
             (2.8) 

Since the SARIMAX model includes exogenous variables. [eleven]. Conse-

quently, the SARIMAX model was built on the consumer price index as a pro-

cess:    
 
  ∈                     

                          
 
              

     (2.9) 

   
 
      

 

   

 
         

                      
   

   vectors of an exogenous variable, parameter estimate. the number of 

exogenous and integrated variables will be additive as follows:           

         

   
 
            

 
   

Here, autoregional members.     ∈   

Statistical data. 
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In this study, statistics cover the period from January 1996 to March 2015. 

Statistical data are divided into two parts: calibration and control [2]. 

The information was acquired from the official statistics of the Central 

Bank of the Republic of Azerbaijan5... 

Time series stationarity is important in econometrics [5]. 

Application of extended models of the Fourier series in the study of the cy-

clical analysis of inflationary processes. 

The frequency cannot be seen due to the uncertainty of the schedule. There-

fore, the highest intensity is determined based on the periodogram analysis. It 

was determined that the estimated frequency at the corresponding highest inten-

sity is equal to. This is seen as the frequency of the wave of inflation. (See Table 

1, Fig. 1),         

 
Table 1. Cyclic analysis and diagnostics  

inflationary processes 

n Intensity The inflation 

cycle  

Frequency Amplitude 

  -x 

fluctuations 

1 17.55 218 0.0046 0.40 

2 6.28 109 0.0092 0.24 

... ... ... ... ... 

eig

hteen 

63.26 12.1 0.0826 0.76 

... ... ... ... ... 

10

9 

0.14 2 0.5000 0.04 

 

 Source: Author's calculations and Microsoft Excel 2007. 

 

To determine inflationary cycles, long-term periods were studied, which 

cover the impact of all economic shocks that occurred during 1996-2015. In the 

long term, cycle inflation rates have been determined over a 12-month period. 

Since, the rate of regulation of inflationary processes directed towards equilibri-

um is equal to 6 (six) months. Hence, markets bring inflation back to equilibri-

um when prices rise.       

                                                             
5
 CBA official website, http://www.cbar.az 
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As a result of the analysis of the Fourier series, the inflation cycle was de-

termined for 12 months (See Fig. 1, Table 1). 

 
Fig. 1. Intensity and frequency of periods 

 Source: Author's calculations and Eviews 7 

 

Below indicated correlogram analysis of ACF and PACF shows periodic ef-

fects (see Fig. 2). 
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Fig. 2. ACF and PACF, correlogram 

Source: Eviews 7 

Thus, models with seasonal components can be constructed as follows: 

    
 
                                            

                                                 

High frequency and harmonic fluctuations for inflationary processes are re-

spectively equal to 0.0826 and 54. 

The econometric estimates of the component show that the autonomous part 

is statistically significant (see Table 2). 

Table 2.  

Variable  Coefficients 

Std.o

tk t-statistics 

probabili

ty  

Trend component (c) 100.3359 

0.15

6755 640.0793 0.0000 

Trend component (@trend) 0.001112 

0.00

125 0.889897 0.3745 

Residual component u (-1) 0.333744 0.06 5.185301 0.0000 
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4363 

Source: Author's calculations and Eviews 7 

Econometric models with a combination of Fourier series model compo-

nents take the following form: 

                                             

                                   

                                    

              

To account for economic shocks, the Fourier series models were extended 

with the FP dummy {0,1} as additive. Then the expansion of the Fourier series 

will look as follows. Here FP is a dummy variable and is defined as 0 and 1. 

   
 
                                                      

                                    

                                            

When comparing the quality of models (RMSE, MAE, MAPE, TIC, Dur-

bin-Watson statis. Criterion, Akaike info crit. Fourier series (RF) and extended 

Fourier series models (RF), it can be seen that RFRF models are more signifi-

cant. Fuller show that the model has stationarity at all levels of statistical signifi-

cance. 

Modeling inflationary processes based on SARIMAX models.  

As stated above, SARIMAX models are structurally different from 

SARIMA models. Since SARIMAX models include exogenous variables. 

When adding dummy variables, considering economic shocks as exogenous 

variables, the SARIMAX model looks like this:            
 
     

 
 

          

                         
 
               

               

                       
             

                        
 

                      

 
                  

                                       
 

 The evaluation results of the above constructed SARIMAX models give es-

timates of the model parameters in the following table. 

Table 4. Estimation of parameters of SARIMAX models and quality of 

forecasting models. 

Options SARIMAX Standard dev. SARIMAX (102) Standard 
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 (100) (100) [12] (100) [12] dev. 

C 100.3318  [0.143681] 100.3304 [0.14932] 

FP 2.060154  [0.481008] 2.085979 [0.489423] 

AR (1) 0.454368 [0.063536] 0.422471 [0.064776] 

SAR (12) 0.243506 [0.06088] 0.242089 [0.064191] 

MA (2)   0.101964  [0.000537] 

Determination 

coefficient 

0.426393  0.42843  

RMSE 0.316724  0.15172  

MAE 0.316724  0.15172  

MAPE 0.315524  0.15117  

Akaike info 

criteria 

2.516702  2.52290  

Schwarz 

criteria 

2.581542  2.60395  

Darbin-

Watson p. 

2.007207  1.94838  

Source: Author's calculations and Eviews 7 

When considering the forecasting results of the SARIMAX (100) (100) [12] 

and SARIMAX (102) (100) [12] models, it can be seen that the SARIMAX (1 0 

2) (1 0 0) [12] models have a closer price to the actual indicator (See Table 4). 

The quality indicators of SARIMAX (1 0 2) (1 0 0) [12] models are considered 

more acceptable than SARIMAX (1 0 0) (1 0 0) [12]. The SARIMAX model 

consists of exogenous variables added to the SARIMA model. It is the integra-

tion of regression models to SARIMA models. This model combines the ad-

vantages of both models. ARIMA methods provide for autocorrelation in resid-

uals. The comparative forecasting schedule for the SARIMAX and RRF models 

is described below (see Fig. 3, Table 5): 
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Fig. 3. SARIMAX Model Prediction and Extended Fourier Series 

 Source: Author's calculations and Eviews 7 

 

Table 5. Estimation of SARIMAX model and Fourier series  

 n SARIMAX (1 0 2) (1 0 

0) [12] model 

Rrf model CPI 

218 100.21 100.92 100.36 

219 100.20 100.93 100.30 

220 100.27 100.92 100.20 

221 100.13 100.57 99.20 

222 99.96 99.97 98.80 

223 100.07 99.42 99.20 

224 100.17 99.30 100.00 

225 100.27 99.74 101.10 

226 100.41 100.50 100.30 

227 100.42 101.17 100.10 

228 100.72 101.46 100.50 

229 100.21 101.41 100.20 

230 102.39 102.77 104.00 

 

Consequently, all these models in forecasting only then acquire an approx-

imation to the actual assessment, when all significant processes occurring in the 
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economic system are formed on the basis of chance and retain their market 

mechanisms. These are the necessary conditions for obtaining the smallest devi-

ations in predictive models. Evolutions in the behavior of economic subjects 

lead inflationary processes from one quality to another. In this case, a sufficient 

condition is to maintain a significant quality. These conditions increase the ade-

quacy of the approximation of the models to the actual indicators. 

Based on the results of the study, it was determined that the use of Fourier 

series and SARIMAX models is considered more significant in modeling and 

predicting inflationary processes in Azerbaijan. Consequently, the rate of regula-

tion of inflationary processes aimed at equilibrium is equal to 6 (six) months. 

For all these models, forecasting only then acquires an approximation to the 

actual estimate, when all significant processes occurring in the economic system 

are formed on the basis of chance, and retain their market mechanisms. This is a 

necessary condition for the smallest deviations in predictive models. Evolutions 

in the behavior of economic entities transfer inflationary processes from one 

quality to another. In this case, a significant preservation of quality is a suffi-

cient condition. 

 Consequently, the application of these methods in the study of inflationary 

processes is of theoretical and practical importance in determining the macroe-

conomic monetary policy.  

Reference  

Maksud Farhad oglu, “Fundamentals of Philosophy”, Enlightenment, 

1998, Baku, 440p. 

1. Andrea F. Arianna P., Laura S.,“Fourier Analysis for demand 

Forecasting in a Fasion Company” // International Journal of Engineering Busi-

ness Management, Vol.5. 2013.P.1-10. 

2. OmekaraCO, Ekpenyong EJ, Ekerete MP, Modeling the Nigerian In-

flation Rates Using Periodoqram and Fourier Series Analysis // CBN Journal of 

Applied Statistics, Vol. 4. No.2. 2013. P.51-68 

3. Anumaka M., Anaysis of Electric Circuits Using Fourier series // In-

ternational Journal of Engineering and Innovative Technology, V.1, I. 5, 2012, 

P.125-128  

4. Linus OU,Oladejo M., Another Look at Fourier Coefficients: Fore-

casting Non-Stationary Time-series using Time dependent Fourier Coefficients 

// Int`l Journal of Computing, Communication & Instrumentation Engg, Vol. 1. 

I.1. 2014.P.83-86 

5. Bermant A.F., A short course in mathematical analysis, State pub-

lishing house of physical and mathematical literature. Moscow. 1963.663 c. 



 
 
 

Science, Education and Innovations in the 

context of modern problems , 2018 

Volume 1, Issue 1 

I M C R A 

 
 

 
118 

 

6. Zaichev I.L., Higher Mathematical Courses, Education Baku .. 1965. 

434c. 

7. Aliev M.M., Physics, Baku. Prosveshenie, 1986.307 p. 

8. Nengbao L., Babushkin V., Afshari A., Short-Term Forecasting of 

Temperature Driven Electricity Load Using Time Series and Neural Network 

Model // Journal of Clean Energy Technologies, Vol. 2.No. 4.2014 

9. Maurice oa., Francis TO, Samuel DO, Determining the Better Ap-

proach for Short-Term Forecasting of Ghana's Inflation: Seasonal-ARIMA vs. 

Holt-Winters // International Journal of Business, Humanities and Technology, 

Vol. 3.No. 1. 2013. P. 69-79. 

10. Sani I. D., Sarah OA, Short-Term Inflation Forecasting Models for 

Nigeria // CBN Journal of Applied Statistics, Vol. 4.No.2.2013.P.1-29 

11. Leland LL, Water Temperature Forecasting and Estimation using 

Fourier Series and communication Theory Techniques // Water Resources Re-

search, Vol.12., No.5.1976. P.881-887. 

12. Otu AO, Osuji GA, OparaJ., Mbachu HI, Iheagwara AI, Applica-

tion of SARIMA models in modeling and forecating Nigeria`s inflation rates // 

American journal of Applied Mathematics and Statistics, Vol. 2. 

No.1.2014.P.16-28 

13. Susan WG, Anthony GW, John MK., Forecating inflation rate in 

Kenya using SARIMA model // American Journal of theoretical and Applied 

Statistics, Vol.4 (1). 2015.P.15-18 

14. Suleman N., Albert L., Lea A., The efficacy of ARIMAX and 

SARIMA Models in predicting monthly currency in circulation in Ghana // 

Mathematical Theory and Modeling, Vol. 3. No.5. 2013. P.73-81 

  

 

 

  


