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 Inflation is one of the most significant contemporary economic issues, which has 

preoccupied economists for past decades. It is defined as a continuous increase in 

the general price level over more than a year due to economic reasons, which 

affects purchasing power—meaning that rising prices lead to a reduction in the 

purchasing power of goods and services. Tackling inflation and maintaining price 
stability are primary objectives that governments aim to achieve. 

In this study, a simple regression model and a neural network were applied to 

forecast the inflation rate. The findings indicate an increase in inflation rates as a 

result of money supply growth. A simple linear regression model was applied for 

forecasting and analyzing the data, as well as assessing the suitability of the model 

used. To improve the model's accuracy, a multilayer neural network with 

backpropagation and feedforward networks was applied. The suitability of the 

independent variables was explained through network training, relying on the 

coefficient of determination to interpret the results obtained.  Data was collected 

from the Central Bank of Iraq for the years 2004–2016 and analyzed using SPSS 

statistical software and MatlabR 2019b statistical program was used in the 

application of neural networks . 
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1. Introduction 

Studying inflation is one of the essential 

indicators for measuring the overall economic 

level. Therefore, it is crucial to examine the 

factors influencing inflation, one of which is 

the money supply. The research problem lies in 

studying the money supply and its impact on 

inflation. 

Numerous studies have addressed inflation [9], 

examining various factors such as exchange 

rates, population size, household expenditures, 

and money supply. These studies employed 

econometric methods to analyze and estimate 

the economic factors affecting inflation.  

In this research, a simple linear regression 

model has been applied to investigate the 

relationship between inflation and the money 

supply and evaluate the independent  
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variable's suitability in influencing inflation. 

This is compared with neural networks by 

examining the coefficient of determination and 

forecasting the time series. 

2. Concept of the Simple Linear Regression 

Model 

The simple linear regression model is a 

statistical method used to measure the 

relationship between two variables: a 

dependent variable and an independent (or 

explanatory) variable. The choice of these 

variables is often based on economic theory. 

   =    +      +      … (1) 

There are several factors that affect the 

dependent variable, and the choice of the 

explanatory variable must be based on strong 

objective justifications. When calculating the 

coefficient of determination, it indicates that 

changes in X explain a high proportion of 

changes in Y. The model is called simple linear 

regression because the relationship between the 

two variables involves just one dependent 

variable and one independent variable. To 

visualize this relationship, it takes the form of a 

straight line, and the function can be estimated 

by plotting the scatter plot, where pairs of 

points (   ,    )align along the straight line.  

The relationship between the variables is 

determined by the coefficient   . 

1- If it is negative, it indicates an inverse 

relationship, and the model is expressed as 

follows: 

   =    -        …(2) 

 2- If it is positive, it indicates a direct 

relationship, and the model is expressed as 

follows: 

   =    +               …(3) 

 3. Assumptions of ordinary least squares 

(OLS) 

The following linear model: 

  =    +     +       …(4) 

The above model is divided into two parts: 

1. The First Part: Represented by the 

equation B0 + B1X1, which reflects the 

variations in the explanatory variable. 

2. The Second Part: Represented by the 

random error term Ui, which refers to 

the unobserved factors. This represents 

the deviation of the estimated value of 

the dependent variable from its true 

value and is known as the disturbance 

term. It disrupts the linear relationship 

between the dependent and independent 

variables. 

The deviation between the actual and estimated 

values can be attributed to several factors, 

including: 

1-  Omission of some variables from the 

studied function: This means excluding some 

variables that may influence the dependent 

variable, leading to ignoring potentially 

important effects. 

2-  Random behavior of human beings: This 

refers to the fact that human behavior can be 

random or unpredictable, which affects the 

final outcome of the model. 

3-  Incomplete formulation of the 

mathematical model: This occurs when the 

mathematical model is incomplete or lacks 

some of the influencing factors that should be 

included for accurate interpretation of 

relationships. 
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4-  Aggregation errors: These occur when 

data is not collected or organized correctly, 

leading to inaccurate measurements or 

calculations. 

5-  Measurement errors 

These four errors lead to an incorrect form of 

the equation. However, the measurement error 

for the observation itself must take into account 

the assumptions related to the properties of the 

random error Ui in the studied linear 

relationship. 

Assumption 1: 

The random variable is real, meaning that each 

value depends on chance and can be positive, 

negative, or equal to zero (Ui). 

Assumption 2: 

Based on the first assumption: 

E(Yi) = B0 +B1X    …(5) 

Assumption 3: 

Var (Ui) = E[Ui−E(Ui)] =      …(6) This 

means that the variance of the values of Ui 

around its mean is constant over time for all 

values of the independent variable Xi. 

Assumption 4: 

(  ) follows a normal distribution, meaning 

that the distribution of (  ) around its mean, 

which is equal to zero, is symmetric for each 

value of the independent variable (  )  

(  )   N (0,   ) 

Assumption 5: 

Cov(    ) = E((    ) =0     ,  i   j  , i , j = 1,2, 

… , n   …(7) 

This means that the covariance between Ui and 

Uj is equal to zero, or in other words, the 

random error in one period does not depend on 

its value in another period and is independent. 

Assumption 6: 

E(    ) = 0    …(8) 

This means that the values of (  ) are 

uncorrelated with any of the independent 

variables (  ) This assumption is verified in 

practice by ensuring that the values of the 

independent variable (  ) remain constant 

across different samples. To illustrate this, 

consider consumer demand studies, where the 

dependent variable represents the various 

goods that the consumer spends money on, 

while the independent variable remains 

constant for each group of goods being studied. 

Assumption 7:  

The independent variables should be 

uncorrelated with each other. This is 

particularly important when the model involves 

more than one independent variable. There 

should be no multicollinearity between the 

independent variables, allowing the dependent 

random variable to be identified independently. 

Assumption 8:  

The relationship to estimate its parameters must 

be properly diagnosed. 

As for the properties of the dependent variable, 

it should follow a normal distribution. 

 ̂ = E(  ) =   +        …(9) 

Var(  ) = E [(  ) - E(  ) ] =     …(10) 

That mean            +          
 )  
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4. Neural networks [6] 

  Neural networks are one of the artificial 

intelligence techniques that mimic the human 

brain. They have become more advanced and 

complex than traditional methods for analyzing 

relationships between variables. 

4.1. Components of Neural Networks [4,2] 
Neural networks consist of several layers as 

follows: 

- Input Layer: This is the first layer of neural 

networks, and it receives the independent 

variables. It contains a number of neurons or 

processing elements equal to the number of 

independent variables. 

-  Hidden Layer: This is the layer following 

the input layer, consisting of one or more 

layers. The main task of this layer is to classify 

and analyze the inputs by assigning relative 

weights. 

- Output Layer: This is the final layer, 

containing a number of processing elements 

that display the results obtained from the 

previous layer, thus providing the final output. 

- Relative Weights: These determine the 

relative strength or importance of each input, 

which defines the strength of the relationship 

between the elements and processing units. The 

relative weights can be adjusted through 

training and learning. 

4.1. Processing Units (Neurons)[3,5] 

The layers are connected through weights, 

which are considered the primary element. The 

transfer function outputs values within a 

specific range [0,1],[1,-1] and compares the 

sum with the threshold value. There are several 

types of transfer functions: 

1- Sigmoid Function 
This exponential function transforms 

outputs into values within [0,1] or 

[−1,1] and is referred to as the sigmoid 

activation function. It is one of the most 

widely used functions. 

2- Step Function 
This function sets the output value to 

either 0 or 1 and is known as the binary 

activation function. 

3- Linear Function 
In this function, the output equals the 

weighted input of the processing unit. 

4- Sign Function 
The output value of the processing unit 

equals 1 or −1. It is used in 

classification tasks and pattern 

recognition. 

5- Output Function 
This function adjusts the result of the 

transfer function. 

4.2. Types of Neural Networks Based on 

Layers [10]: 

1- Single-Layer Neural Network 

2- Multi-Layer Neural Network 

 

4.3. Practical Side 

4.3.1. Introduction: 

Inflation impacts the economic level of 

individuals due to continuous price increases, 

which affect all goods and services. This, in 

turn, impacts consumers' purchasing power, 

leading to a decrease in the value of the local 

currency against major international currencies. 

In this study, the effect of money supply on 

inflation was analyzed, aiming to predict 

inflation for the upcoming years. Data was 

collected from the Central Bank of Iraq for the 

period (2004–2016) and analyzed using the 

SPSS statistical software to determine the 

relationship between money supply and 
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inflation, as well as by using Matlab R 2015 b 

Neural networks were applied, using a Multi -

layer Neural Network , A feed forward 

backpropagation network with a single output, 

one hidden layer, and a linear transfer function 

in the output layer was implemented. 

4.3.2. Data Analysis: 

The data represents the inflation rate yi against 

the money supply x1 for the years 2004–2016, 

as shown in Table 1 below:

Table (1): Shows the money supply and inflation rate for the years (2004 – 2016 ) . 

Year 
Cash display 

    
Inflation rate    

4002 60626444 44.74 

4003 66177643 14.73 

4004 63240040 31.41 

4005 46546645 10.61 

4006 46667712 4.47 

4007 36521267 4.47 

4060 36521267 1.6 

4066 44251747 4.3 

4064 41513656 4.6 

4061 51610742 4.2 

4062 54474226 6.4 

4063 43213243 6.5 

4064 50511045 6.3 

To study the effect of money supply xi 

and its impact on inflation yi, based on 

the results obtained and outlined below: 

Table (2): The Effect of Money Supply on Inflation 

Std.Error of the Estimate Adjusted R Square R Square R 

8488174.625 .884 .894 .945 

 

The coefficient of determination   = 

0.894 explains that 89% of the variation 

in inflation rates is due to the money 

supply. 

 

Table (3): Analysis of Variance Table 

sig F Mean Square df 
Sum of 

Squares 
S.O.V 

.000 92.404 
6.658e+15 

7.205e+13 

1 

11 

12 

6.658e+15 

7.925e+14 

7.459e+15 

Regression 

Residual 

Total 
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From the table above, the calculated F 

value (92.404) is greater than the 

tabulated value (4.49) with degrees of 

freedom (1, 11). This indicates a 

statistically significant effect of the 

money supply on inflation. 

 

Table (4): Predicted Values for Inflation Rate 

Estimated inflation year 

7.703 4065 

61.437 4066 

64.464 4067 

67.744 4040 

41.167 4046 

44.451 4044 

10.044 4041 

11.160 4042 

14.511 4043 

20.064 4044 

The results indicate an increase in the 

predicted inflation rates for the years 

(2017–2026). 

4.4. Prediction using Neural Networks 

[8] 
For prediction using neural networks, the 

data is divided into three sets: 

1. Training Set: This set includes 

10 observations, representing 

70% of the data. 

2. Validation Set: This set includes 

2 observations, representing 15% 

of the data. 

3. Testing Set: This set also 

includes 2 observations, 

representing 15% of the data. 

From these, the architecture of 

the network is determined, and 

the activation function is used in 

the output layer to obtain the best 

hidden neurons. 

The resu l t s  show that  the  Mean 

Squared Error (MSE) = 2.1475e+09, 

and R² = 0.900. The figure below 

illustrates the architecture of the neural 

network, where the network was trained 

t o  a c h i e v e  t h e  m i n i m u m  M S E . 

This value shows that the model explains 

90% of the changes or variances in the 

output data based on the independent 

variables used in the model. Meanwhile, 

the remaining 10% of the variances are 

unexplained, possibly due to other 

factors not included in the model or due 

to noise in the data. 
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Figure (1). Neural Network Architecture for Money Supply 

 

Figure (2). Decrease in network errors after training 
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5. Conclusions and Recommendations: 

1. The results indicate that the 

money supply has an impact on 

increasing the inflation rate for the 

forecasted years. Therefore, we 

recommend strengthening the role of 

the Central Bank in implementing 

monetary and fiscal measures aimed at 

limiting market price deterioration and 

stabilizing the exchange rate. 

2. The value of the coefficient of 

determination using neural networks is 

high, indicating the suitability of the 

independent variable in predicting the 

dependent variable 

3-  Coefficient of determination is a 

strong indicator that the model used is 

accurate and suitable for predicting the 

relationship between the input variables 

and the outputs. 

4- The network was trained 7 times to 

achieve the minimizing the error errors 

and ensure the predictive quality of the 

model used, as explained by the 

c o e f f i c i e n t  o f  d e t e r m i n a t i o n 

References 

[1] Zeina Akram Abdul Latif Al-Nadawi, " The 

Impact of Key Economic Factors on Inflation 

Rates in Iraq for the Period (1980-2020): An 

Econometr ic Study " ,2023. Stat istical 

Sc iences  Journa l ,  I ssue  18 -  March. 

[2] Darwish,Marwan Juma 

.,(2018),‖Effectiveness of Predicting Palestine 

Stock Exchange Project Using Artificial 

Neural Networks compared to the 

autoregressive model‖,Al-Quds Open 

University Journal of Administrative and 

Economic Research, Volume (3), Issue (10) . 

[3] Karlik,B.and Olgac,A.V.,2011.performance 

analysis of various activation functions in 

generalized MLP architectures of neural 

networks.International Journal of Artificial 

Intelligence and Expert Systems,1(4),pp.111-

122. 

[4] Kapanova,k.G., Dimov, I. and Sellier, J.M., 

2018. A genetic approach to automatic neural 

network architecture optimization. Neural 

Computing and Applications, 29(5), pp.1481-

1492. 

[5] Sharma,S.and Athaiya, A.,2017.Activation 

functions in neural networks.Towards Data 

Sci,6(12),pp.310-316. 

 
[6]Al Shayea K Qeethara K.,(2017),‖ Neural 

Networks to Predict Stock Market Price ―, 

Proceeding of the World congress on 

Engineering and Compaiter 

Science,Vol.(I),San Francisco,USA. 

[7] Adnan Karim Najmuddin – Statistics for 

Economics and Management (202- Al Shayea 

K Qeethara K.,(2017),‖ Neural Networks to 

Predict Stock Market Price ―, Proceeding of 

the World congress on Engineering and 

Compaiter Science,Vol.(I),San 

Francisco,USA. 02). 

[8] Kazem ,Amouri Hadi and Muslim ,Bassem 

Shaliba.,(2002),‖Advanced Economic 

Measurement (Theory and Application 

)’,National Library ,Baghdad . 

[9] Peter J. Brockwell, Richard A. Davis, 

Introduction to time series and forecasting, 

second edition , springer-verlag,New 

York,USA,2002,p1. 

[10] William W.Hsieh and Vancouver 

,(2004),―Nonliner Multivariate and  Time 

series Analysis By Neural Network 

methodsMarch.18, pp.1-25 .  

www.ocgy.ubc.ca/~william/Pubs/Rev.Geop.pdf 

 

http://www.ocgy.ubc.ca/~william/Pubs/Rev.Geop.pdf

