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Abstract 

In this paper we construct a modeling for detection of banks which are experiencing 

serious problems. Sample and variable set of the study contains 30 banks of Iran 

during 2006-2014 and their financial ratios. Well known multivariate statistical 

technique (principal component analysis) was used to explore the basic financial 

characteristics of the banks, and discriminant Logit and Probit models were estimated 

based on these characteristics. Results suggest that the model can be used as an 

analytical decision support tool in both on-site and off-site bank monitoring system to 

detect the banks which are experiencing serious problems. 
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1. Introduction 

The two last decades are marked by notable banking and financial crises by 

their extent as well as their exorbitant financial costs. In fact, many developing 

countries witnessed serious disturbances in their banking systems. 

The study of bank failure is important for two reasons: First, an 

understanding of the factors related to a bank failure enables regulatory 

authorities to manage and supervise banks more efficiently. Second, the ability 

to differentiate between sound banks and troubled ones will reduce the 

expected cost of bank failure. In other words, if examiners can detect problems 

early enough, regulatory actions can be taken either to prevent a bank from 

failing or minimize the costs to the public and taxpayers (Thomson, 1991). 

Banks in Iran are faced with various problems such as Non-performing 

Loan (NPL) to loan ratio> 5%1, Capital adequacy <8%, low liquidity and 

interest rate lower than inflation. These problems have led some banks to face 

risks. Financial ratios such as CAMELS 2  ratios can provide meaningful 

quantitative information about the changes in internal conditions of banks. 

However, these issues do not exist and there are no regulations to identify 

failed banks.  In this paper, financial ratios are used to determine important 

factors which can significantly explain the changes in internal conditions of 

the banks and NPL to loan ratio> 5% to identify banks at risk. Since this paper 

is the assessment of banks’ performance effects on probability of banking 

failure, we do not use macroeconomic variables in our model. 

This article combines three parametric models (Discriminant, Logit and 

Probit) with another parametric approach which is Principal Component 

Analysis (PCA). PCA helps us to explore and understand the underlying 

patterns of relationship between the financial ratios. By applying PCA to the 

financial data - the important financial factors-which can significantly explain 

the changes in financial conditions of banks were explicitly explored, and the 

five financial factor components (liquidity, earning, sensitivity, capital 

adequacy and asset quality) were determined. Factor scores were estimated 

for each bank with respect to the five factors determined and these scores were 

 
1. Supervision of Central Bank of Islamic Republic of Iran and CAMELs rating project in 

Monetary and Banking Research Academy (Ahmadian, Azam), determined threshold of 

NPL to loan at 5%. We use this reference for this purpose.  

2. Capital adequacy, asset quality, management, earning, liquidity and sensitivity  
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used as independent variables in estimating discriminant Logit and Probit 

models. 

The rest of this article is organized as follows: Section 2 includes literature 

review. Section 3 presents the methodology; the sample and variable selection, 

PCA and the estimation of the early warning models. Finally, Section 4 

concludes the article and discusses some future research perspectives. 

2. Literature Review 

Previous bank studies which employed multivariate statistical analysis include 

discriminant model (Sinkey, 1975), Logit models [Rose and Kolari, 1985; 

Pantolone and Platt, (1987)], and Probit model (Cole and Gunther, 1998). 

Financial ratios were directly used as independent variables to estimate the 

models in these studies. 

Recently, some new studies used Multi-criteria Decision Aid (MCDA) 

which is originally an operational research approach for assessment of risk of 

financial failure. Slowinski and Zopounidis (1995) presented a new approach 

for evaluation of financial failure risk of firms based on the rough set theory. 

Zopounidis and Doumpos (1999) used UTilit_es Additives Discriminates 

(UTADIS) method and Mousseau et al. (2000) used ELECTRE TRI method 

which is a multiple criteria sorting method, i.e., a method that assigns 

alternatives (firms) to pre-defined categories. 

Some other new studies tend to combine the non-parametric approaches 

with the discriminant or Logit analysis for bank failure prediction; Tam and 

Kiang (1992) introduced neural network approach to perform discriminant 

analysis as a promising method of evaluating bank conditions. Jo and Han 

(1996) suggested an integrated model approach for bankruptcy prediction; the 

discriminant analysis and two artificial intelligence models, neural network 

and case-based forecasting, and concluded that the integrated models 

produced higher prediction accuracy than individual models. Alam et al. 

(2000) stated that fuzzy clustering algorithm and self-organizing neural 

networks approaches provide valuable information to identify potentially 

failing banks. Kolari et al. (2002) used both parametric Logit analysis and the 

nonparametric trait approach to develop computer based early warning 

systems to identify large bank failures, and conclude that system provides 
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valuable information about the future viability of large banks. Lam and Moy 

(2002), combined several discriminant methods, and performed simulation 

analysis to enhance the accuracy of classification results for classification of 

problems in discriminant analysis. 

The objective of the paper of Canbas et al. (2005) was to propose a 
methodological framework for constructing the integrated early warning 
system (IEWS) that can be used as a decision support tool in bank examination 
and supervision process for detection of banks which were experiencing 
serious problems. Sample and variable set of the study contained 40 privately 
owned Turkish commercial banks (21 banks failed during the period 1997–
2003) and their financial ratios. Well known multivariate statistical technique 
(Principal Component Analysis), was used to explore the basic financial 
characteristics of banks, and discriminant, Logit and Probit models were 
estimated based on these characteristics to construct IEWS. Also, importance 
of early warning systems in bank examination was evaluated with respect to 
cost of failure. Results of the study show that, if IEWS was effectively 
employed in bank supervision, it can be possible to avoid bank restructuring 
costs at a significant amount of rate in the long run. 

Zaghdoudi (2013) has tried to develop a predictive model of Tunisian 
banks failures with the contribution of the binary logistic regression method. 
The specificity of his prediction model is that it takes microeconomic 
indicators of bank failures into account. The results obtained using his 
provisional model showed that a bank's ability to repay its debt, the coefficient 
of banking operations, bank profitability per employee and leverage financial 
ratio had a negative impact on the probability of failure. The objective of this 
study was to establish the microeconomic indicators which were able to 
predict banking defect. The use of collected financial ratios from the Tunisian 
banks’ balance sheets shapes battery of indicators inspired by the CAMEL 
typology, from which we wanted to select the ratios that have a strong 
predictive power to construct a prevision model of bank defect from it. The 
use of a vector of ratios selected in advance by a stepwise regression, like a 
vector of explanatory variables in our logistic model have provided 
satisfactory results with expected signs and significations. Likewise, the most 
pertinent ratios in the explanation of banking defect at the Tunisian banks were 
the decrease of banking profitability and the ability of banks to repay their 
debts which appear to be a high odd ratio. 

Salam (2012) empirically determined the significant determinants, among 

credit risk variables, of US bank failure. Applying the Probit model, the paper 

found that among five credit risk variables, the credit loss provision to net 
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charge off, loan loss allowance to non-current loans, and non-current loans to 

loans were significant for predicting bank failures. These factors predicted 

76.8 to 77.25 percent of total observation correctly. The model predicted 97 

out of 121 failures i.e. 80.17 percent correctly. Net charge off to loans and 

loan loss to non-current loans, though most reliable measures, were not 

significant predictors for the US bank failures during 2009. 

Boyacioglu et al. (2009) aimed to apply various neural network 

techniques, support vector machines and multivariate statistical methods to 

the bank failure prediction problem in a Turkish case to present a 

comprehensive computational comparison of the classification performances 

of the techniques tested. Twenty financial ratios with six feature groups 

including capital adequacy, asset quality, management quality, earnings, 

liquidity and sensitivity to market risk (CAMELS) were selected as predictor 

variables in the study. Four different data sets with different characteristics are 

developed using official financial data to improve the prediction performance. 

Each data set was also divided into training and validation sets. In the category 

of neural networks, four different architectures namely multi-layer perceptron, 

competitive learning, self-organizing map and learning vector quantization 

were employed. The multivariate statistical methods; multivariate 

discriminant analysis, k-means cluster analysis and logistic regression 

analysis were tested. Experimental results were evaluated with respect to the 

correct accuracy performance of techniques. Results showed that multi-layer 

perceptron and learning vector quantization could be considered as the most 

successful models in predicting the financial failure of banks. 

The purpose of Arabi’s paper (2013) was to estimate bank’s failure by 

logistic regression and discriminant analysis. Both the logistic regression and 

discriminant analysis showed that earning (E) was the most influential 

measure of bank failure followed by asset quality (A), liquidity (L) and capital 

adequacy (C). The estimated discriminant function without cross validation 

obtained the following ratios 0.957, 0.872, 0.764, 1.000, 0.961 for fair, 

marginal, satisfactory, strong, and unsatisfactory respectively. While using 

cross validation, it obtained 0.941, 0.872, 0.764, 1.000, and 0.961 

respectively. Averages for the first and second method were 0.878 and 0.756 

respectively. It is obvious that the estimated function without cross validation 

was the best for predicting fiscal situation of banks and the most efficient early 
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warning system. A new bank is identified as being of a particular rating 

dependent upon which discriminant function value is higher. 

3. Methodology 

3.1. The sample and variable selection 

The sample set of the periods 2006-2014, contains financial ratios of 30 

Iranian banks. Iranian banks are not explicitly declared bankrupt; this is why 

nonperforming loan to loan ratio (NPL) is used as an indicator of 

bankruptcy in this article. The average of the NPL ratio at banking 

network in the periods 2006-2014 is used as the threshold. Threshold is 5% 

and if NPL ratio in a bank is more than 5%, the bank is considered insolvent 

or at risk, otherwise it is assumed a healthy bank. 

Initially, the univariate analysis of variance (ANOVA) test was applied to 

43 ratios which were determined as the early warning indicators with 

discriminating ability for healthy and failed banks for one year in advance. 

Table 1, presents means and standard deviations of the financial ratios for two 

groups (non- failed and failed), and significance tests for the equality of group 

means for each ratio. F statistics and their observed significance levels are 

shown in the last two columns. 

Ratios are presented in ascending order, according to the significance level 

of F statistics in table 1. The significant level is small (<5%) for the first 23 

ratios. Hence, the null hypothesis that the means of two groups are equal is 

rejected at 5% significant level for these ratio. The other ratios displayed in 

Table 1 were excluded from the analysis. Since they were not able to split the 

banks into the healthy and failed groups, equality of group means for these 

ratios cannot be rejected at 5% significant level. 

The other test statistics calculated in Table 1 is Wilks’lambda (  ) which 

is the ratio of within-group sum of squares to the total sum of squares.   takes 

a value between 0 and 1 ( 0 1  ). 1   means all observed group means 

are equal. Values close to 0 occur when within- group variability is small 

compared to the total variability. That is, most of the total variability is 

attributable to differences between the means of the groups. As can be seen in 

Table 1, the group means of the first 23 ratios are most different for non-failed 

and failed banks. 
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In the following sections, Principal Component Analysis (PCA) was 

applied to 23 early warning ratios and the important factors for explaining 

changes in financial conditions of bank were determined. Factor scores were 

calculated for each bank, and these scores were used as independent variables 

in estimating parsimonious early warning models (discriminant, Logit and 

Probit). 

3.2. Principal component analysis 

The main objective of the principal component analysis (PCA) is to determine 

the important dimensions (characters) which can explain the changes in 

financial conditions of banks. PCA explores underlying patterns of 

relationship between the financial ratios; they must be correlated with each 

other for the PCA to be appropriate. Therefore, before proceeding to PCA, 

appropriateness of financial data to the PCA was evaluated. The evaluation 

was performed by Bartlett’s test of sphericity. Bartlett’s test can be used to 

test the null hypothesis in correlation matrix. In other words, all of the 

diagonal elements of the correlation matrix are equal to 1 and the rest of the 

elements are equal to 0 and no correlations exist between the ratios. 

Table2: Results of KMO and Bartlett’s test of sphericity 

Kaiser-Meyer-Olkin Measure of Sampling Adequacy. .633 

Bartlett's Test of 

Sphericity 

Approx. Chi-Square 1135.748 

Df. 28 

Sig. .000 

     Source: Research findings  

Table A in appendix presents the correlation matrix of the ratios. Here, it 

can be seen that most of the ratios show correlation to each other. Table 2 

presents the results of Bartlett’s test of sphericity. The value of the chi-square 

test statistic for sphericity is large and observed significance level is small 

enough (<1% significant level), so the null hypothesis can be rejected. 

In PCA, five common factors needed to represent the financial data, 

percentages of total variances explained by each factor were estimated 

(eigenvalues). Table 3, presents the estimated factors and their eigenvalues. In 
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PCA, financial ratios are expressed in a standardized form, with a mean of 0 

and the standard deviation of 1. 23 financial ratios were used in the study; then 

each ratio’s standardized variance is 1 and total variance is 23. Only those 

factors that account for variances greater than 1 (eigenvalue>1) were included 

in the model. Factors with variance less than one are not better than a single 

ratio, since each ratio has a variance of 1. Hence, the first 5 factors (
1F : 

Liquidity, 2F : Earning, 3F : Sensitivity, 4F : Capital adequacy and 5F : 

Management) were included in the model. The estimated five- common factor 

model explains 81.32% of the total changes of financial conditions for the 

Iranian banks. 

Table 3: Eigenvalues of the Factors 

Component 
Initial Eigenvalues Extraction Sums of Squared Loadings 

Total % of Variance Cumulative % Total %of Variance Cumulative % 

1 7.924 34.453 34.453 7.924 34.453 34.453 

2 4.826 20.983 55.436 4.826 20.983 55.436 

3 2.599 11.302 66.738 2.599 11.302 66.738 

4 1.811 7.875 74.613 1.811 7.875 74.613 

5 1.544 6.712 81.325 1.544 6.712 81.325 

6 .986 4.288 85.613    

7 .771 3.353 88.966    

8 .664 2.889 91.855    

9 .538 2.337 94.193    

10 .343 1.490 95.683    

11 .300 1.305 96.988    

12 .274 1.190 98.178    

13 .139 .605 98.782    

14 .116 .503 99.286    

15 .075 .324 99.610    

16 .061 .265 99.875    

17 .014 .060 99.934    

18 .010 .044 99.978    

19 .004 .019 99.997    

20 .000 .002 99.999    

21 .000 .001 100.000    

22 7.169E-5 .000 100.000    

23 2.322E-16 1.010E-15 100.000    

     Source: Research findings.  

     Note: Extraction Method is Principal Component Analysis. 
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Factor ( 1F ) is the most important dimension in explaining changes of 

financial conditions of banks. It explains 34.4% of the total variance of the 

financial ratios. This result shows that liquidity of banks is the most important 

factor that affects banking failure. If banks do not have enough liquid assets 

to face withdrawal of deposits, they fail quickly.  

Factor 2F is earning which explains 20.9% of the total variance. As 

chronically unprofitable financial institutions risk insolvency, it is important 

to follow indicators of profitability. Declining trends in those indicators may 

signal problems regarding the profitability of financial institutions. 

On the other hand, unusually high profitability may be a sign of excessive 

risk- taking. 

Factor 3F  is sensitivity which explains 11.3% of the total variance. Banks 

are increasingly involved in diversified operations, all of which involve one 

or more aspects of market risk. A high share of investments in volatile assets 

may signal a high vulnerability to fluctuations in the price of those assets. In 

general, the most relevant components of market risk are interest rate and 

foreign exchange risk, which tend to have significant impacts on financial 

institutions, assets and liabilities. 

Factor 4F  is capital adequacy which ultimately determines the robustness 

of financial institutions to shocks facing their balance sheets. Thus, it is useful 

to track capital adequacy ratios that take into account the most important 

financial risks—foreign exchange, credit, and interest rate risks—as well risks 

involved in off-balance sheet operations, such as derivative positions. This 

factor explains 7.8% of the total variance. A declining trend in this ratio may 

signal increased risk exposure and possible capital adequacy problems. It is 

possible to estimate vulnerability based on average sector-wide capital 

adequacy ratios, but these may be misleading under some circumstances. 

In addition to adequacy, it may also be useful to monitor indicators of 

capital quality. 

Factor 5F  is management that explains 6.7% of the total variance. Sound 

management is a key to financial institutions’ performance. Indicators of the 

quality of management, however, are primarily applicable to individual 

institutions, and cannot be easily aggregated across the sector. 
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The other objective of the PCA is to calculate factor scores for each of 

banks according to the five factors determined. All financial ratios 

are standardized, with a mean of 0 ( 0  ) and the standard deviation of 

1( 1  ) according to Eq. (1) in PCA. r is ratio and B is bank;  

br r
br

r

R
Z






  r=1,2,…,23 B=1,2,….,30 (1) 

Estimated factors can be expressed as a function of the observed original 

variables (ratios). In order to estimate the j th factor score ( bjF ) for bank B, 

Equation (2) is used below: 

23

1

bj rj br

r

F w z


  j=1, 2,..,5                                    (2) 

where, rjw is the factor score coefficient, for the j th factor and r th ratio and 

brz is the standardized value of the r th ratio for bank B. Table 4,  presents the 

factor score coefficient matrix ( rjw ) estimated by PCA.  

To enhance the interpretability of the financial factors, the varimax factor 

rotation method was used in PCA. This method minimizes the number of 

variables that have high weights on a factor. Table 5, presents the factor 

loadings. Here, variables with large loadings for the same factors are grouped 

and small factor loadings (<0.5) are omitted. Estimated factor represents a 

specific financial characteristic of the banks under consideration. 

After determination of the basic financial factors for the banks, early 

warning models (discriminant, Logit and Probit) were estimated according to 

these factors. The basic assumptions of the estimation of early warning models 

are based on banks possibility to be splited into two groups: The healthy and 

the failed groups. Thus, banks can be represented by a dummy dependent 

variable iy such that, 0iy  if the ith bank is healthy, 1iy if the ith bank is 

unhealthy (failed).  

3.3. The discriminant model 

In the discriminant analysis it is considered that any bank B is characterized 

by a vector of elements which are measurements of five independent variables 

(factors). For two populations (failed and healthy banks) it is assumed that the 

independent variables are distributed within each group according to 
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multivariate normal distribution with different means but equal dispersion 

matrices. 

Table 4: Factor Score Coefficients Matrix ( rjw ) 

Ratios 
Component 

1F  2F  3F  4F  5F  

R15 .112 .011 -.027 -.039 .025 

R2 -.045 -.007 .108 .001 -.112 

R7 .112 .052 .022 -.006 -.064 

R26 .080 .041 -.035 .266 .183 

R6 .110 .062 .016 .063 -.038 

R12 .108 .036 -.004 .101 -.078 

R30 .006 .008 .003 .255 .437 

R1 -.048 .008 .106 .390 -.171 

R25 .067 -.006 .064 .013 .393 

R8 .105 .056 -.011 .096 -.099 

R31 .077 .054 .262 -.055 .071 

R10 .101 .087 .011 .017 -.047 

R29 -.087 .000 .038 .276 .172 

R3 -.028 .012 .076 .225 -.348 

R28 .062 .033 .007 .243 -.199 

R17 .049 -.189 .025 .047 -.024 

R11 -.052 .188 -.020 -.021 .016 

R5 -.053 .186 -.021 -.022 .021 

R19 .049 -.190 .020 .025 -.026 

R14 -.013 .005 .372 -.076 .021 

R4 -.044 .193 -.010 -.023 .023 

R35 -.013 .005 .372 -.076 .021 

R24 .101 .058 -.024 -.185 -.066 

            Source: Research findings. Method: Principal Component Analysis. 
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Table 5: Factor Loadings 

Ratios 
Component 

1F  2F  3F  4F  5F  

R6 .921     

R7 .912     

R8 .899     

R10 .894     

R12 .885     

R15 .809     

R24 .807     

R26 .645    .562 

R29 -.621     

R28 .614     

R4  .996    

R19  -.996    

R17  -.995    

R11  .994    

R5  .990    

R14   .974   

R35   .974   

R31 .626  .705   

R1    .840  

R3    .701  

R30     .818 

R25     .563 

               Source: Research findings  

 Notes: Extraction Method: Principal Component Analysis.  

 Rotation Method: Varimax with Kaiser Normalization. 

 

The objective of this method is to obtain the linear combination of the 

independent variables that maximizes the variances between the populations 

relative to within-group variance. The linear combination of the factors scores 

provide a D-score for each bank, according to the estimated canonical 

discriminant model below: 

1 2 3 4 51.306 0.060 0.231 0.286 0.421BD F F F F F      (3) 
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In Eq 3, BD is the D-score for bank B  and 54321 ,,,, FFFFF
 
represent 

liquidity, earning, sensitivity, capital adequacy and asset quality. 

Table 6: The Statistics of the Estimated Discriminant Model 

Eigenvalue Canonical correlation Wilks’ Lambda 

0.806 0.484 0.766 
 

In order to evaluate effectiveness of the estimated discriminant model, the 

model statistics were calculated in table 6. An effective discriminant model is 

one that has much between-group variability of D-scores when compared to 

within- groups variability of D-scores. Coefficients of the discriminant model 

are chosen so that the ratio of the between-groups to within-groups sum of 

squares of D-scores is as large as possible. Any other linear combination of 

the predictor variables will have smaller ratios. The eigenvalue statistic 

presented in Table 6, is the ratio of the between groups to within-groups sum 

of squares of D-scores. Large eigenvalue (0.806) shows that the estimated 

discriminant model has high discriminating ability. Canonical correlation 

(0.484) is the measure of degree of association between D-scores and the 

group variable that is coded 0 for non-failed banks and 1 for failed banks. As 

stated previously, small value of Wilks’ lambda (0.566) means that the most 

of the total variability is attributable to differences between the means of the 

D-score of the groups. 

Based on its D-score and the calculated cut-off score (C) in Eq. (4), a bank 

is classified in either the failed or the healthy group. The optimum cut-off 

score is calculated approximately equal to 0.83, as the un-weighted average of 

the D-scores of the failed and the healthy bank groups: where C cut-off score: 

0.83
2

healthy faild
C

Dscore Dscor
 

 

(4) 

The classification is made by the following procedure: If D-score > C, the 

bank is classified in the healthy group, if D-score < C, the bank is classified 

in the failed group. 
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3.4. Logit and Probit models 

The Logit analysis is based on a cumulative logistic function; providing the 

probability of a bank belonging to one of the prescribed classes, given the 

financial characteristics of the bank. In the Logit method the probability of 

bank going to failure (
bl

P ) is calculated using the cumulative logistic function: 

1

1
b lk

l Z
P

e


  

(5) 

where  

1 1 2 2 3 3 4 4 5 5bl b b b b bZ F F F F F        
 

(6) 

Based on that probability a bank is classified as failed or non-failed, using 

a cut-off probability, attempts to minimize the type I (failed banks classified 

as healthy) and type II (healthy banks classified as failed) errors. 

Maximization of the log-likelihood function provides the following
bl

Z  

equation in the Logit analysis: 

1 2 3 4 52.019 4.9 2.2 1.7 5.6
bl b b b b bZ F F F F F    

 
(7) 

Table 7: Test Statistics for the Estimated Logit and Probit Models 

 Coefficients Std. error Z-statistic Sig. 

Logit     

F1 2.01 0.8 2.5 0.000 

F2 4.9 2.2 2.2 0.000 

F3 -2.2 1.02 -2.1 0.000 

F4 1.7 0.45 3.7 0.000 

F5 -5.6 2.4 -2.3 0.000 

Probit     

F1 3.1 1.4 2.21 0.001 

F2 1.9 0.8 2.37 0.005 

F3 -1.28 0.56 -2.28 0.000 

F4 2.39 1.5 1.59 0.003 

F5 2.32 1.2 1.93 0.000 

           Source: Research findings 
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In the Probit method the probability (
bPP ) of a bank going to failure is 

given by cumulative standard normal distribution function: 

2
1

.
2

Pb

b

Z z

PP e dz






   
(8)

 

As in the Logit analysis, maximization of the log-likelihood function 

provides the following (
bpZ ) equation in the Probit analysis: 

1 2 3 4 53.1 1.9 1.28 2.39 2.32
bp b b b b bZ F F F F F    

 
(9) 

Table 7 presents the calculated test statistics for the estimated coefficients 

of the Logit and Probit models. All of the coefficients of the Logit and Probit 

models are statistically significant according to the observed significance 

level of z-statistics corresponding to the standard errors of the coefficients. A 

bank is classified in the failed or healthy group according to the estimated 

Logit and Probit models, based on a cut-off probability of 0.50 ( 0.50cP  ) 

and calculated failure probabilities (
bLP  and 

bPP ). The classifications were 

made by the following procedure: 

If failure probability < Pc , the bank is classified in the healthy group; 

if failure probability cP  , the bank is classified in the failed group. 

We use Hosmer and Lemeshow Test and Pearson Goodness-of-Fit Test 

for examination of goodness of fit of Logit and Probit models. Table 8 presents 

the calculated Goodness-of-Fit test statistics. The significant level is small 

(<5%) for the two models. This table gives the overall test for the model that 

includes the predictors. The chi-square value of 20.961 and 46.560 with a  

p-value of less than 0. 05 tells us that our model as a whole fits significantly. 

The -2*log likelihood (103.217) in the table 9 can be used in comparison 

to nested model. This table also gives two measures of pseudo R-square. We 

see that Nagelkerke's R² is 0.427 which indicates that the model is good. Cox 
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& Snell's R² are the nth root. Thus, we can interpret this as 26% probability of 

the event passing the exam which is explained by the logistic model. 

Table 8: Goodness-of-Fit Test for the Estimated Logit and Probit 

Models 

Test Chi-square Def. Sig. 

Logit- Hosmer and Lemeshow Test 20.961 8 .007 

Probit- Pearson Goodness-of-Fit Test 46.560 8 .0001 

Source: Research findings 

Table 9: Other Goodness-of-Fit Test for the Estimated Logit 

Models 

Step Log likelihood 

Cox & Snell 

 R Square 

Nagelkerke  

R Square 

1 103.217a .269 .427 

             Source: Research findings 

 4. Concluding Remarks 

Bank failures threaten the economic system as a whole. Therefore, predicting 
bank financial failures is crucial to prevent and lessen the incoming negative 
effects on the economic system. This is originally a classification problem to 
categorize banks as healthy or non-healthy. 

The objective of this paper is to construct an appropriate model to identify 
healthy and non-healthy banks in Iran. Banking system of Iran has no 
regulations and characteristics that can distinguish between failure and healthy 
banks. Despite these limitations, we have used non-performing loan (Npl) to 
loan ratio>5% as an index to identify the failure banks.  

For this purpose we have used 30 banks of Iran and their financial ratios 
during 2006-2014. Well known multivariate statistical technique (principal 
component analysis) was used to explore the basic financial characteristics of 
the banks, and discriminant, Logit and Probit models were estimated based on 
these characteristics to construct the model. 
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Results of the study show that PCA is a useful tool to explicitly explore 
the financial characteristics of the banking system and compare the banks with 
respect to these characteristics, and thus, determine differences in the financial 
structures of the banks.  

In the discriminant analysis for two populations (failed and healthy 
banks), it is assumed that the independent variables are distributed within each 
group according to multivariate normal distribution with different means but 
equal dispersion matrices. Based on D-score and the calculated cut-off score, 
if D-score > C, the bank is classified as healthy and otherwise, the bank is 
classified in the failed group. Logit and Probit analysis provides the 
probability of a bank belonging to one of the prescribed classes. 

Finally, PCA, discriminant analysis, Logit and Probit models could be 
used as alternative or supplementary decision support tools to the CAMELS 
rating system in bank examination process. These models help to supervise 
and identify non - healthy (unhealthy) banks and the probability of failure. It 
is important to find out one bank has failed. This paper proposes a model 
design to identify the time of failure.  
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Abstract 

To prevent further increases in energy consumption, the government of Iran 

commenced energy subsidy reform in 2010. This paper investigates the fuel 

conservation effects of the reform in Iran using a homothetic translog cost function 

that provides estimates of the own- and cross-price elasticities of fuel demands. The 

percentage reduction in fuel demands is estimated using the likely effect of the reform 

on fuel prices. The results reveal that the reform may not be as successful as assumed. 

Under optimistic assumptions, the reform may reduce energy consumption 

marginally, and under pessimistic assumptions, it may increase energy consumption 

because of inelastic fuel demands and substantial substitution between fuels. 
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1. Introduction 

Iran has been one of the main oil exporting countries, but has encountered the 

problem of large increases in energy consumption and CO2 emissions. The 

growth in energy consumption has been so strong that Iran would become a 

net importer of refined oil products, if the current trend continues. Iran 

consumed 338 MBOE1 of energy carriers in 1990, but this increased to more 

than 1100 MBOE in 2013. On a per capita basis, final energy consumption 

was 6.21 BOE in 1990, increasing to 14.33 BOE in 2013. The trend is similar 

for environmental emissions. In total, 605 MT of CO2 were emitted in 2013, 

compared with only 211 MT in 1990. Since the 1980s, the main contributors 

to energy consumption and CO2 emissions have been the residential, public 

and commercial sectors and the transportation sector (MoE, 2014). 

The growth in energy consumption is a result of various structural and 

economic changes. Since 1990, annual gross domestic product (GDP) growth 

in Iran has experienced an average of 3.5% per year (Appendix 1). Oil 

revenues have accounted for a significant share of total GDP, meaning that 

fluctuations in global oil prices are transmitted to the domestic economy. This 

explains why GDP and the oil revenues are pro-cyclical. Thanks to abundant 

oil and gas reserves, income per capita has increased considerably in recent 

decades. While the average income in Iran was more than 10,000 USD (PPP) 

at the beginning of the 1990s, it almost reached 16,000 USD (PPP) in 2013 

(World Bank, 2014). As energy products are normal goods [e.g. (Gillingham 

et. al., 2014)], the increase in real income can explain the increase in energy 

consumption in Iran. 

The energy and CO2 intensities reveal other facts. Appendix 1 shows that 

whereas 0.59 BOE of energy carriers were consumed to produce 1000 USD 

of value additions (PPP) in 1990, energy intensity increased to 0.89 BOE/1000 

USD in 2013, indicating 50% growth in more than two decades. Furthermore, 

CO2 emission intensity increased from 0.37 tons/1000 USD in 1990 to 0.49 

tons/1000 USD in 2013.  

The energy pricing system is the other determinant of ever-increasing 

energy consumption in Iran. Domestic energy prices have historically been set 

administratively in Iran at significantly lower levels than international or 

regional prices. Unsurprisingly, the government has filled the energy price 

gaps by paying enormous implicit subsidies. IMF (2013) reported that total 

 
1. Million barrels oil equivalent. 
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energy subsidies exceeded 170 billion USD (PPP) in Iran during 2011. In 

other words, each Iranian received an annual energy subsidy of 2,216 USD 

(PPP), equal to 12.64% of GDP. 

To rationalize the energy consumption, the Parliament of Iran approved 

the Reform Act on January 5, 2010. The Reform Act included the replacement 

of product subsidies with targeted transfers to the population, with some 

assistance to Iranian companies and the government. The Reform Act 

stipulated that households would receive at least 50% of the increase in 

revenues derived from the reform. Initially, the payment of benefits was to be 

in cash, while in a second phase, some of the additional revenues would 

support higher social benefits and public goods. Thirty percent of the 

additional revenues were to be used to assist Iranian companies to restructure 

and adjust to the new, dramatically higher, energy costs. The remaining 20% 

of additional revenues went to the government to cover the government’s own 

higher energy bill. On December 19, 2010, Iran increased domestic energy 

and agricultural prices by up to twentyfold, making it the first major oil-

exporting country to reduce substantially its system of implicit energy 

subsidies. In the next phase, prices would increase progressively until all 

subsidies were removed (Guillaume et al., 2011). 

This paper is an attempt to investigate the fuel-conservation effects of 

energy subsidy reform in Iran. To study the conservation effects, a translog 

cost function is estimated and the own-and cross-price elasticities of fuel 

demands are derived. Using assumptions about the effect of the reforms on 

fuel prices, the reduction in fuel demands is estimated. The results of this study 

show that because of the inelasticity of fuel demands to their own prices and 

strong inter-fuel substitution, the reform cannot achieve the desired 

conservation targets. The paper is organized into six sections. In Section 2, the 

relevant past studies are reviewed. In Section 3 and 4, the translog cost 

function will be presented and the estimation results and the derived 

elasticities are described. Section 5 measures the energy conservation effects 

of the reform. The last section concludes and provides some policy 

implications. 

2. Reviewing the Past Studies 

Using translog cost or production function models, different studies have been 
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carried out to estimate the elasticity of energy demand (as a factor of 

production) or the elasticities of different fuels (as constituents of the energy 

market) in developed and developing countries. The objective of these studies 

was to understand the sensitivity of consumers to fuel prices at sectoral, 

national, and international levels. For instance, some of the studies carried out 

at the sectoral level are Bölük and Koç (2010); for Turkey, Welsch and Ochsen 

(2005); for West Germany, Al-Mutairi and Burney (2002); for Kuwait, 

Christopoulos and Tsionas (2002); for Greece, Berndt and Wood (1975), 

Humphrey and Moroney (1975), Lakshmanan et al. (1984), Debertin et al. 

(1990), Stratopoulos et al. (2000), and Urga and Walters (2003) for the United 

States. The national level studies are Vega-Cervera and Medina (2000) for 

Portugal and Spain; Ma et al. (2009) for China; Cho et al. (2004) for South 

Korea; Perkins (1994) for Japan; and Magnus (1979) for the Netherlands. 

Some of the studies carried out at the regional or international level 

are Pindyck (1979), Renou-Maissant (1999), Söderholm (2001), and Roy 

et al. (2006). 

Different studies have attempted to identify the determinants of the higher 

energy and CO2 intensities in Iran. Using an index decomposition analysis 

(IDA), Sharifi et al. (2008) showed that structural changes have had little 

effect in reducing the energy intensity of the manufacturing industries in Iran. 

Behboudi et al. (2010) attempted to identify the key factors affecting energy 

intensity in Iran by applying an IDA over the period 1968–2006. Their results 

indicated that increasing energy intensity was the result of a reduction of 

productivity and changes in the structure of economic activity. In addition, 

they found that energy prices play a critical role in determining energy 

intensity in Iran. The results of the study of Fotros and Barati (2011) indicated 

that the structure of economic activity has had the largest positive effect on 

CO2 emissions, with the exception of the industrial and transportation sectors. 

For these two sectors, structural changes have been the main driver of CO2 

emissions. Sadeghi and Sojoodi (2011) studied the determinants of energy 

intensity in Iran manufacturing firms and found that a firm’s size, ownership 

type, capital intensity and the wage level have significant impacts on  

energy intensity. 

Some domestic studies have attempted to identify the effects of energy 

subsidy reform on economic variables. Using a CGE model, Shahmoradi  

et al. (2011) found that in short run the welfare and production decline, but 

imports and exports increase. Comparing with those studies with no 

redistribution consideration, they found that the cash payment policy 
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compensates the welfare and productivity reduction to some extent. Following 

a computable general equilibrium approach, Manzoor and Haqiqi (2012) 

estimated that phasing out fossil fuel subsidies by 2020, would cut the 

expected growth in carbon dioxide emissions by 2 giga tons. Hoseininasab 

and Hazeri Niri (2012) found that reforming energy carrier's subsidies without 

income redistribution will result in a significant fall in total production and 

employment and will lead to higher inflation. On the other hand, supportive 

government policies will compensate increased production costs and will 

decline the percent of unemployment and reduction in total production. 

Abounoori et al. (2014)’s findings evidenced a deviation in production, labor 

supply, and inflation from their steady state due to the reform. Karimi et al. 

(2014) showed that according to a pessimistic scenario the increase in the 

exchange rate and consequently the price of imported gasoline price would 

decrease 60% of consumer welfare that amounted to 59 thousand Rails 

 per household.  

Several studies have estimated the inflationary effects of the energy 

subsidy reform in Iran. For instance, using a social Accounting Matrix Price 

Model, Perme (2005) concluded that removing the subsidies on refined 

petroleum products, natural gas, and electricity would increase their respective 

average national price indices by 19.52%, 11.07%, and 4.83%, respectively. 

Moreover, if the removal of all energy subsidies took place simultaneously, 

the price index would increase by 35.4%. Khiabani (2008) employed a 

standard CGE model and found that if domestic fuel prices increased to their 

international level, the inflation rate would increase by 35%. Shahmoradi et 

al. (2010) found that increasing inland fuel prices to their international level 

would increase consumer and producer price indices by 108% and 118%, 

respectively, while prices for freight and passenger rail transportation would 

experience an extraordinary increase of 263% in service prices. Heydari and 

Perme (2010) provided evidence that removing fuel and bread subsidies would 

potentially increase the related expenditures by urban and rural households by 

at least 33% and 40%, respectively. Applying a CGE model and using a micro-

consistent matrix, Manzoor et al. (2010) examined the effects of implicit and 

explicit energy subsidy phaseout in Iran. They concluded that the policy would 

increase the inflation rate by between 57.9% and 69.07%. Finally, using an 

updated input–output price model, Hosseini and Kaneko (2012) found that the 

first phase of reform would increase consumption prices by 18.86% 

nationwide. They showed that the inflationary impact of overall subsidy 
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removal is about 54.10%. In this study, we use the estimated CPIs in the 

authors’ previous study (Hosseini and Kaneko, 2012) to calculate the real 

prices after the reform. 

3. A Translog Cost Model 

To measure the own- and cross-price elasticities of fuels, we employ the two-

stage estimation of a translog cost model, suggested by Pindyck (1979). This 

approach is based on neoclassical theory and assumes that factor and fuel 

inputs are chosen to minimize the total cost of production (Renou-Maissant, 

1999). We assume that aggregate production is weakly separable in the major 

components of capital, labor, energy, and materials. Furthermore, we assume 

that each of the above factors is homothetic in their components, such that we 

can specify a homothetic translog fuel cost-share equation. Under these 

assumptions, the aggregate production function is given by: 

Y = F [K, L, E (OI, NG, EL); M]                                                                  (1) 

where Y is gross domestic product, and K, L, E, and M represent the quantities 

of capital, labor, energy, and materials. Function E is a homothetic aggregate 

energy input function of three fuels, i.e., oil (OI), natural gas (NG), and 

electricity (EL). If the factor prices and output level are exogenously 

determined, the above production function can be described by a cost function 

which is weakly separable: 

 , , ( , , ), ;K L E OI NG EL MC C P P P P P P P Y  (2) 

where Pi are the prices of factors and fuels. The translog functional form can 

be considered as a second-order approximation to the above arbitrary twice-

differentiable cost function (Christensen et al., 1973): 

(3) 
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where i, j = K, L, E, and M. In Eq. (3), 0YY   because of the assumption of 

homogeneity of degree one in price, 1i   and ij ji    because 
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of the adding-up criteria, 
ij ji   because of the Slutsky symmetry 

restriction, and 0Yi   because of the assumption of homotheticity in the 

production function (Cho et al., 2004). Using Shephard’s lemma, the 

conditional factor demands is obtained by differentiating Eq. (3) with respect 

to input prices: 

ln
. ln ln

ln

factori i i
i i Yi ij j

i i

P PXC C
S Y P

P P C C
  

 
     

 


            (4) 

The homothetic translog aggregate energy-price index (PE) function is 

given by: 

0

1
ln ln ln ln

2
E i i ij i jP P P P      ,                                            (5) 

where PE is the aggregated energy price and Pi or Pj denote the prices of oil, 

natural gas and electricity. By differentiating Eq. (5) with respect to individual 

fuel prices, the fuel cost-share equations are derived as follows: 

ln , ,fuel

i i ij jS P i EL NG OI                                (6) 

It is clear that in the two-stage estimation approach, we must estimate the 

system of homothetic translog fuel cost-share functions first to compute the 

fitted aggregated energy price ˆ( )EP . Through the estimation of Eq. (6), the 

partial own- and cross-price elasticities of the fuels can be derived. In the 

second stage, by knowing the price indices of all factors, we can estimate the 

nonhomothetic translog factor cost-share equations (Eq. (4)). The Allen partial 

elasticities ( ii  and 
ij ), and own-price and cross-price partial elasticities of 

fuel demands ( ii  and 
ij ) are given by (Allen, 1938): 
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ij ij jS i j    ,                                                          (8) 
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where i and j are oil, natural gas, and electricity and Si and Sj are the cost 

shares of fuels. To control for technological progress and structural change in 

the postwar era, two other fuel cost-share models are specified. The first is a 

static model with a time trend (Eq. (9)) and the other is the first-difference 

model (Eq. (10)). The time trend captures not only the technological progress 

in the economy, but also the effects of the economic reconstruction and boom 

that occurred after the Iran–Iraq war in 1988. While the first-difference 

variables reflect the changes in variables, the first-difference model can show 

the short-term impacts (where the economic and structural variables are 

relatively more stable). 

lnfuel

i i ij j itS P t                                                                           (9) 

lnfuel

i i ij jS P                                                                             (10) 

3. Estimation Results 

To estimate the fuel cost-share equations, we employed annual data over the 

period 1990–2013. The period was shortened because of the Iran–Iraq war 

(the First Persian Gulf War) from September 1980 to August 1988. In this 

period, the Iranian economy experienced substantial damage, instability and 

structural breaks. To avoid estimation bias, we only measure the substitution 

elasticities in the postwar era. The nominal prices and final consumption of 

electricity, natural gas, and oil products were collected from the Energy 

Balance of Iran 2013 (MoE, 2014). The CPI is derived from the database of 

the Central Bank of Iran (CBI, 2016). The price index of oil is the weighted 

sum of the prices of the oil products. 

3.1. The fuel model 

Employing the seemingly unrelated regression (SUR) method, introduced by 

Zellner (1962), we estimate the system equations of the translog fuel cost-

share function. Table 1 reports the estimation results of the static model 

without a time trend [Eq. (6)], the static model with a time trend [Eq. (9)], and 

the first-difference model [Eq. (10)]. As Table 1 shows, all the coefficients 

except .NG OI  in the first model are highly significant. 
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Table 1: Parameter Estimation of the Translog Fuel Cost-share 

Equations 

Source: Research findings. Note: Numbers in parentheses are the standard errors. 

NG=Natural gas, EL=Electricity, OI=Oil. 

Table 2 represents the estimated Allen and price partial elasticities. 

Obviously, the estimated elasticities in the static model without a time trend 

are significant at 10%. However, adding the time trend to Eq. (9) makes the 

Coefficient 

Static model 

without time trend 

(Model 1) 

Static model with 

time trend 

(Model 2) 

First difference 

(Model 3) 

EL  
–0.055 

(0.023) 

–12.216 

(0.628) 

0.008 

(0.003) 

NG  
0.310 

(0.025) 

–8.140 

(0.424) 

0.006 

(0.002) 

OI  
0.724 

(0.024) 

21.435 

(0.774) 

0.995 

(0.003) 

.EL EL  
0.217 

(0.016) 

0.240 

(0.009) 

0.248 

(0.010) 

.EL NG  
–0.079 

(0.011) 

–0.073 

(0.008) 

–0.050 

(0.008) 

.EL OI  
–0.140 

(0.022) 

–0.190 

(0.004) 

–0.210 

(0.009) 

.NG NG  
0.090 

(0.015) 

0.084 

(0.005) 

0.082 

(0.007) 

.NG OI  
–0.013 

(0.017) 

–0.050 

(0.005) 

–0.029 

(0.006) 

.OI OI  
0.152 

(0.031) 

0.244 

(0.012) 

0.230 

(0.010) 
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Allen - and own-price elasticities of electricity ( .EL EL and .EL EL ) 

insignificant. In the last model, four out of 15 elasticities are insignificant, 

which are the Allen- and own-price elasticities of electricity and natural gas  

( .EL EL , .NG NG , .EL EL  and .NG NG ). Among the significant own-price 

elasticities, the elasticities of electricity and oil are negative, whereas the 

elasticity of natural gas is positive. The results reveal that if the real price of 

electricity increases twofold, the demand for it reduces by 8.8%. The same 

increase in the oil price results in a 3.5% to 22.4% reduction in its demand. 

The story for natural gas is the opposite. If the reform raises the real price of 

natural gas by 100%, its demand increases by 25.3% to 33.1%. This finding is 

in contrast to the findings of some developing countries. For instance, Cho et 

al. (2004) and Ma et al. (2009) found that the own-price elasticities of all fuels 

are negative in Korea and China, respectively. Increasing the accessibility of 

users to natural gas through 189,484 km of pipelines, and relative cheapness, 

reliability of supply, and comfort in consumption, have been the main drivers 

of increasing natural gas consumption over the period of study. However, the 

sub-period analysis in the next section will show that the sensitivity of 

consumers to natural gas prices has changed. Overall, the above results show 

that fuel demands are inelastic with respect to their own prices. 

The Allen- and cross-price elasticities suggest that electricity and natural 

gas were complementary and electricity and oil were substitutable over the 

period of study. The substitutability between oil and electricity is confirmed 

for most developed and developing countries (Pindyck, 1979; Cho et al., 2004; 

Ma et al., 2009). However, several studies carried out at the national level 

indicate long-run substitutability between gas (LPG and LNG) and electricity 

in developed countries (Renou-Maissant, 1999). For natural gas and oil, 

Models 1 and 3 confirm the substitutability of the fuels, while the second 

model suggests they are complementary. Some studies find substitutability 

between oil and gas (Perkins, 1994). Comparison of the cross-price elasticities 

reveals some interesting points. Although electricity and natural gas are 

complementary, the sensitivity of natural gas demand to the price of electricity 

is significantly higher than the sensitivity of electricity demand to the price of 

natural. In addition, the sensitivity of oil demand to the electricity price is 

almost the same as the sensitivity of electricity demand to the oil price. 
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Table 2: The Allen and Price Partial Elasticities of Fuels 

Elasticity 
Static model without 

time trend (Model 1) 

Static model with time 

trend (Model 2) 

First difference 

(Model 3) 

.EL EL  
–0.200 

(0.075) 

–0.058 

(0.040) 

0.020 

(0.050) 

.EL NG  
–1.480 

(0.340) 

–0.570 

(0.250) 

–0.570 

(0.240) 

.EL OI  
0.390 

(0.083) 

0.142 

(0.035) 

0.070 

(0.044) 

.NG NG  
3.572 

(2.001) 

4.700 

(1.750) 

1.823 

(1.512) 

.NG OI  
0.740 

(0.400) 

–0.200 

(0.111) 

0.237 

(0.145) 

.OI OI  
–0.429 

(0.121) 

–0.079 

(0.031) 

–0.091 

(0.050) 

.EL EL  
–0.088 

(0.031) 

–0.031 

(0.026) 

0.021 

(0.013) 

.EL NG  
–0.125 

(0.025) 

–0.049 

(0.007) 

–0.055 

(0.020) 

.EL OI  
0.201 

(0.047) 

0.081 

(0.012) 

0.043 

(0.026) 

.NG EL  
–0.631 

(0.150) 

–0.245 

(0.089) 

–0.241 

(0.101) 

.NG NG  
0.233 

(0.144) 

0.350 

(0.100) 

0.141 

(0.121) 

.NG OI  
0.407 

(0.200) 

–0.097 

(0.053) 

0.128 

(0.073) 

.OI EL  
0.170 

(0.045) 

0.072 

(0.011) 

0.033 

(0.021) 

.OI NG  
0.043 

(0.038) 

–0.014 

(0.010) 

0.028 

(0.012) 

.OI OI  
–0.224 

(0.056) 

–0.035 

(0.021) 

–0.050 

(0.030) 

 Source: Research findings. Note: Numbers in parentheses are the standard errors. 

Elasticities are computed using the mean of each share. NG=Natural gas, 

EL=Electricity, OI=Oil. 
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3.2. The sub-period analysis 

The sub-period analysis provides a clearer image about the behavior of energy 

consumers. The results show that the own-price elasticities of oil and 

electricity were extremely stable over the period of study. For almost the 

whole period, the elasticities were negative and close to zero. In other words, 

the demand for oil and electricity were inelastic with respect to their prices in 

the last two decades. The demand for natural gas shows a different picture. 

The own-price elasticity of natural gas was positive until 2007 and then 

completely elastic in the years following the end of war. However, the 

elasticity reduced over time with some fluctuations and finally, became 

negative in the last years of our study. That is, the sensitivity of consumers to 

the price of natural gas has increased gradually. 

As the target of this study is the assessment of the effects of energy subsidy 

reform on fuel demand in Iran, the elasticities of fuels should be determined 

cautiously. Therefore, in addition to the average elasticities in Table 2, we 

calculate the averages of recent elasticities reflecting the shift in Iranian 

consumer behavior. Table 3 represents the average elasticities for the period 

2007–2013. 

Table 3: Average Price Elasticities for the Period 2007–2013 

Elasticity 

Static model without 

time trend 

(Model 1) 

Static model with 

time trend 

(Model 2) 

First difference 

(Model 3) 

.EL EL  –0.08 –0.02 0.02 

.EL NG  –0.08 –0.01 –0.01 

.EL OI  0.16 0.02 –0.02 

.NG EL  –0.28 –0.02 –0.03 

.NG NG  –0.12 –0.09 –0.30 

.NG OI  0.43 0.10 0.24 

.OI EL  0.11 0.02 –0.01 

.OI NG  0.10 0.03 0.06 

.OI OI  –0.23 –0.04 –0.05 

 Source: Research findings. Note:  NG=Natural gas, EL=Electricity, OI=Oil. 
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The temporal change in the price elasticities of fuels reflects the temporal 

changes in their substitutability and complementarity. The results reveal the 

stable pattern of substitutability between natural gas and oil, and, electricity 

and oil. Although natural gas and electricity were complementary over the 

whole period, their Allen partial elasticities decreased gradually. Given the 

reducing degree of complementarity between natural gas and electricity, we 

can estimate that if this trend continues, these two fuels will become 

substitutable in coming years. 

5. Fuel Conservation Effects of the Reform 

As mentioned above, Iran started to remove fuel subsidies in successive 

phases in 2010. Article 1 of the Subsidy Reform Law requires that the 

domestic sale prices of energy carriers should adjust gradually until the end of 

the Fifth Five-Year Development Plan (2010–2015) to a level not less than 

90% of Persian Gulf FOB1 prices. However, it is not clear when and in how 

many steps the next phases of reform will proceed. 

Table 4 provides information on domestic and regional retail energy prices 

before and after the reform. Clearly, the gap between domestic and regional 

prices in Iran has been considerable in some of the years. Before 

implementation of the reform, the ratios of international prices to domestic 

prices for electricity, natural gas, gasoline, kerosene, gas oil, fuel oil, and LPG 

were 4.68, 22.96, 5.36, 38.7, 37.81, 41.49, and 11.49, respectively. In the first 

phase of the reform, from December 2010, the government increased the 

domestic retail prices of these same fuels by 173%, 570%, 300%, 506%, 

809%, 2016%, and 426%, respectively. 

  

 
1. Freight on board (FOB). 
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Table 4: Domestic and Regional Retail Energy Prices Before and 

After the Reform (IRR) 

 

Domestic energy 

prices in 2009/10 

(before reform) 

Average 

regional market 

prices in 2009/10 

Increase in 

nominal 

prices (%) 

Domestic energy 

prices in 2010 

(after reform) 

Increase in 

nominal 

prices (%) 

Electricity 165 773a 368 450 173 

Natural gas 104.5 2400b 2197 700 570 

Gasoline 1000 5362c 436 4000 300 

Kerosene 165 6392c 3774 1000 506 

Gas oil 165 6239c 3681 1500 809 

Fuel oil 94.5 3921c 4049 2000 2016 

LPG 309.1 3605c 1066 1625 426 

Source: MoE (2014) and MoP (2014). Note: 1 USD = 9,917 IRR in 2009/2010. 

Note: a Export price (IRR/kWh), b Export price (IRR/m3), c FOB price of refined petroleum 

products in the Persian Gulf (IRR/liter) 

 

Using the estimated own- and cross-price elasticities of fuels, we can 

estimate the reduction in energy demand in the next step. As explained above, 

the elasticities measure the percentage change in fuel demand following a 1% 

increase in the real price of the same fuel or of other fuels. Table 4 shows the 

percentage changes in fuel prices after implementation of the energy subsidy 

reform in Iran. To measure the impact of the reform on energy conservation 

correctly, we need to know the inflationary impact of the reform. The 

following example highlights the necessity of knowing the increase in the 

general price level of goods and services. If increasing the price vector of fuels 

by 10% increases the aggregate price index by the same amount, the real prices 

of fuels do not change and consequently the demand pattern of consumers 

remains unchanged. 

Using the estimated own- and cross-price elasticities of electricity, natural 

gas, and oil illustrated in Tables 2 and 3, and considering the percentage 

changes in real fuel prices in the first phase and overall energy subsidy reform 

period, we calculate the percentage changes in fuel demands in Iran. To avoid 

any bias in the calculations, we replace the significant elasticities of electricity 

and natural gas with the insignificant ones in the second and third  

models. Table 5 shows the percentage changes in fuel demands after the 
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implementation of the reforms. Table 5 is divided into four parts. Parts I and 

II show the percentage changes in the first phase and overall reform period 

using the averaged elasticities over the period 1990–2013. Parts III and IV 

show the changes using the averaged elasticities over the period 2007–2013. 

 

Table 5: Changes in Fuel Demands of Iranian Consumers in the First 

Phase and Overall Reform Period (percentage) 
 1990–2013 

 First phase Complete reform 

 Model 1 Model 2 Model 3 Model 1 Model 2 Model 3 

Electricity +16.005 –6.254 –18.421 –14.521 –27.100 –50.214 

Natural gas +175.244 +90.012 +127.821 +520.222 +341.781 +402.001 

Oil –40.069 –13.776 –7.521 –65.000 –41.251 –8.002 

 2007–2013 

Electricity +17.452 –7.127 –20.257 +0.995 –15.741 –40.609 

Natural gas +60.120 +0.807 +32.281 +80.005 –31.054 +3.521 

Oil –28.010 –3.444 +7.500 –21.854 +6.874 +37.001 

 

In all parts, Model 1 shows larger changes because of the higher 

elasticities. In addition, the direction of changes is similar in Models 2 and 3. 

In Part I and Model 1, implementing the first phase would increase the demand 

for electricity and natural gas by 16% and 175%, respectively. It also reduces 

the demand for oil by 40%. In contrast, Model 2 shows that the first phase 

results in 6% and 13% reductions in electricity and oil demands, respectively, 

and a 90% increase in the demand for natural gas. Model 3 estimates a larger 

reduction in the demand for electricity than for oil (18% vs 7%). Adjusting the 

elasticities, Part 3 shows a smaller increase in the demand for natural gas. In 

Model 1, the demand for electricity and natural gas increases by 17% and 60%, 

respectively. The only conservation effect of the reform is a 28% reduction in 

oil demand. Model 2 shows minor changes in demands after controlling for 

any dynamic effects using a time trend. Decreases in the demand for electricity 

and for oil of 7% and 3%, respectively, is the only outcome of applying the 
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fuel price changes in the first phase. Finally, Model 3 shows increases in the 

demand for oil and natural gas of about 7.5% and 32%, respectively, whereas 

the demand for electricity decreases by 20%. 

Different models show contradictory results about the conservation effects 

of full subsidy reform in Iran. Model 1 in Part II demonstrates that the reform 

reduces the demand for electricity and for oil by 14% and 65%, respectively. 

However, it increases natural gas demand by about six times. Reductions of 

27% and 41% in the demand for electricity and for oil, respectively, are the 

outcome of Model 2. On the contrary, it increases the demand for natural gas 

by 341%. Model 3 provides similar results, with estimates of the increase in 

the demand for natural gas of 402% and decreases in electricity and oil 

demand of 50% and 5%, respectively. If we consider the recent behavioral 

sensitivity of consumers in Part IV, we obtain more optimistic results. In 

Model 1, the full reform has no significant impact on electricity demand. In 

contrast, it raises the demand for natural gas by 80% and reduces the demand 

for oil by 21%. Model 2 provides the most optimistic results among all 

models. Based on the results of Model 2, the full reform reduces the demand 

for electricity and natural gas by 15% and 31%, respectively. In contrast, it 

increases the demand for oil by 7%. In Model 3, the demand for electricity 

falls by 40%. However, it increases the demand for natural gas and for oil by 

3% and 37%, respectively. 

From a methodological point of view, the elasticities for the period 2007–

2013 better reflect the actual behavior of consumers, thus providing estimates 

that are more accurate. Consequently, the results in Parts III and IV are 

superior to the results in Parts I and II. The most optimistic results in Part III 

are from Model 2, which estimates 7% and 3% reductions in electricity and 

oil demand, respectively, and a marginal increase in natural gas demand after 

implementation of the first phase of reform. These results show a marginal 

impact of the first phase on energy consumption in Iran. However, if we 

consider the results of Models 1 and 3, we can conclude that the reform never 

reduces total energy demand, but rather will increase it. The same as for Part 

III, Model 2 provides the most hopeful results for the overall reform scenario. 

It diminishes the demand for electricity and for natural gas by 15% and 31%, 

respectively, but increases the demand for oil by 7%. However, the results of 

the two other models are disappointing. They show that either the full 

liberalization of energy prices has no significant effects (Model 3) or it 

increases total energy demand (Model 1). In general, the results reveal that the 

reform may not be as successful as imagined previously. Under an optimistic 
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view, it conserves energy marginally. Under a pessimistic view, it may 

increase energy demand because of inelastic demands and substantial 

substitution between fuels. 

6. Conclusion 

This paper is an attempt to measure the fuel conservation effects of energy 

subsidy reform in Iran. To measure the impact of the first phase and overall 

reform on energy demand in Iran, a translog cost function of the energy market 

was estimated and the own- and cross-price elasticities of electricity, natural 

gas, and oil were derived. The results of this study can be summarized in the 

following points. 

First, the own-price elasticities of electricity and oil are negative and the 

own-price elasticity of natural gas is positive over the period of study. Second, 

electricity and natural gas are complements and electricity and oil are 

substitutes over the period of study. In addition, most of the models find 

substitutability between natural gas and oil. Third, the own-price elasticities 

of oil and electricity are highly stable and close to zero over the period of 

study. However, the positive elasticity of natural gas declines over time and 

becomes negative in the last years of our study. 

Finally, we found that the reform might not hit its targets. Under an 

optimistic view, the reform may conserve energy marginally, and under a 

pessimistic view, it may increase energy consumption because of inelastic fuel 

demands and substantial substitution between them. As a policy implication, 

the above results suggest that other conservation strategies, such as training, 

technological progress and regulation improvement, etc., are alternatives to 

the price reform policy. 

From a social perspective, the unsatisfactory conservation outcome of the 

reform should be considered alongside the effects of the reform on key 

economic, social, and environmental variables. If we consider the total impact 

of the reform, we can evaluate its sustainability in Iran. The question of the 

sustainability of the reform is one that should be answered in future studies. 
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1. Introduction 

Inflation is one of the most important variables affecting macroeconomics. In 

fact, a long rapid inflation wave can cause a lot of damages to economic, social 

and cultural structures of a society. It can adversely affect the effective 

performance of policy-making institutions and macro level management of 

community; it also puts the economic stability in jeopardy. Because the 

economy of Iran has experienced high rates of inflation since late 1971 and 

especially after the war, many economists attempted to study the statistical 

properties of inflation. One of the significant features of inflation in Iran is its 

persistence. The stationary and persistent inflation rate in economy shows that 

when inflation shock happens, its effects remain for a long time. Inflation 

persistence prevents its reduction toward controllable levels (Dargahi and 

Sharbat Oghli, 2010). Also, inflation persistence has prevented the monetary 

policy to reduce inflation rate and delays the response of the economy to 

monetary and fiscal policies. Exchange rate misalignment is one of the 

important variables affecting the persistence of inflation. This study focuses 

on the behavior of inflation persistence and try to explain its' behavior in 

accordance with exchange rate developments. When money is over vaulted,  

it may lose competitive power in international trade, while undervaluation  

of money causes inflationary pressures. The impact of exchange  

rate misalignment on persistence of inflation in Iran is tested experimentally 

in this paper. 

2. Literature Review 

2.1. Real exchange rate 

The real exchange rate is a key variable which represents the weakness and 

strength of a country's currency compared to foreign ones. Usually, there are 

two definitions for the real exchange rate in the economic literature. 

a. Based on foreign exchange value: The ratio of general level of foreign 

price to general level of domestic price or costs of foreign production 

to domestic production costs, based on the single currency. 

b. Based on domestic exchange value: The ratio of non-tradable goods’ 

prices to tradable goods within a particular country which is difficult 

to be calculated due to the lack of access to information (Mohammadi 

and NabiZadeh, 2013). 
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2.2. Equilibrium exchange rate and its determinants 

Real equilibrium exchange rate is the relative price of tradable to non- tradable 

goods in which the relative price is the stable long-term equilibrium of 

variables such as commercial taxes, international prices and capital flows that 

cause simultaneous access to both domestic and foreign equilibrium (HH Alafi 

et al., 2004). One of the main obstacles in estimating the equilibrium exchange 

rate is that it is unobservable. Many researchers have tried to estimate the 

equilibrium value of this variable, but no comprehensive agreement exists 

among experts about how to do it. Among the many factors that affect the 

equilibrium exchange rate are economic openness, social tendency to 

consumption, relationship between trade and capital account. 

2.3. Exchange rate misalignment 

Financial markets show a keen interest to determine whether the value of 

national currency is higher than the equilibrium or not. Comparison of the 

current value of the exchange rate with its adequate value is not an easy task, 

as no appropriate method exists to determine the equilibrium exchange rate. 

Researchers use the concept of the equilibrium real exchange rate to define 

the misalignment, and express misalignment as a deviation between the 

equilibrium real exchange rate and potential real exchange rate. In other 

words, misalignment of exchange rate is real exchange rate deviation from the 

equilibrium (long-term) path. Deviation of the real exchange rate is a 

phenomenon that occurs in two forms, if the real exchange rate is below the 

real equilibrium exchange rate, deviation is appeared as over-valuation of the 

national currency (to make national currency more expensive) and if the real 

rate is higher than the balance, deviation will be by devaluation of the national 

currency (making the national currency cheaper). 

2.4. Inflation and inflation persistence 

Inflation refers to a situation where the general price level constantly increases 

over time (Emadzadeh et al., 2005). The important point in the definition of 

inflation is the element of time and the continued rise in the general level of 

prices, i.e. prices should have increased steadily over time. If the prices rise in 

a certain period and then the ascending trend stops, this is not inflation, 

because ascending increase in prices should be continuous (Ghaffari and 

NaimiPajoh, 2012). One of the problems that policy-makers, especially 

monetary authorities have in terms of inflation is inflation persistence. When 
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a variable is deviated as a result of a shock from its average and stays in its 

new position for a long time, the variable has a durable, stable or lasting 

behavior. In this case, if the inflation rate deviates from the target value which 

is determines by monetary authorities, it needs at least several quarters to 

return to its desirable level (Dargahi and Sharbat Oghli, 2010). 

Although economists have agreed on the persistence of inflation and costs 

of lowering it, there is not much consensus about the causes of this 

phenomenon. In general, inflation persistence may be ensured due to several 

reasons, including sustainability of aggregate demand, sticky price levels, 

wages based on formal contracts, lack of transparency of adopted monetary 

policies, lack of credibility of monetary authorities and thus, the lack of 

appropriate reaction of economic agents to monetary policies and ultimately, 

lack of independence of the monetary authorities in using monetary tools 

(Dargahi and Sharbat Oghli, 2010). 

2.5 Relationship between the misalignment of exchange rates and 

inflation persistence 

The process of transmission of exchange rate changes to domestic prices could 

be classified as direct and indirect effects: 

a. Direct effect: The effect shows exchange rate changes transmit to 

import prices through a country's foreign sector. Transmission effect 

will be complete when the extra fee and marginal costs are fixed. 

With the constancy of the extra fee and the marginal costs, producers 

do not apply any type of price discrimination and import price varies 

according to the exchange rate change. If manufacturers reduce extra 

fee by change in prices, and apply price discrimination, transfer of 

exchange rate changes to prices will not be complete. If the power of 

price making based on market conditions is higher (in fact, there  

will be the possibility to change prices according to changes in 

market conditions), there will be less transmission (Goldberg and 

Conter, 1977). 

b. Indirect effect: The effect of exchange rate changes transfer linked to 

good competitiveness in international markets. 

Studies show that the exchange rate change transmission to domestic 

prices level is not complete. The transfer of exchange rate changes into 

consumer prices largely depends on the share of imports. The higher the share 

of imports in consumption goods, the higher the rate of transfer of exchange 
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rate changes will be. By increasing the share of imports in consumption 

expenditures, it is expected that the price of imports be able to fully explain 

domestic inflation (Khoshbakht and Akhbari, 2007). 

In an open economy, with total freedom of international trade and capital 

mobility, exchange rate and prices interact with each other (Kim, 1995). In 

semi-industrial countries, such as most countries in the Middle East, where 

production units are heavily dependent on import institutions and inputs are 

not easily accessible in the country, with devaluating the currency, import 

prices and thus cost of imported inputs will be increased and subsequently, 

cost of firms increases and results in an increase in domestic goods’ prices 

(Kandilli and Mirzaei, 2008). Therefore, with devaluation of domestic 

currency, production and domestic prices will be affected and this factors the 

increase of domestic inflation and weakens the trade equation (Abasinejad and 

Tashkini, 2004). 

The effect of transfer of exchange rate changes is linked to 

competitiveness of goods in international markets. Domestic currency 

depreciation makes domestic goods cheaper for foreign buyers, leading to 

increased exports and aggregate demand, and with excess demand in the 

domestic market, the domestic price level increases. Since in the contracts, 

nominal wages are fixed in the short term, the level of real wages declines as 

a result of these developments and production increases. As the time goes by, 

wages will be adjusted and return to their initial levels, by increasing the cost 

of production, prices will be increased and as a result, production will be 

reduced. So devaluation leads to a steady increase in prices and temporary 

increase in production (Hafner and Schroeder, 2002). 

With the devaluation of national currency, firms' liquidity demand 

increases and thus, it increases the demand for money (Geilefson and Smear, 

1982). With the increasing demand for nominal money balances, if the money 

supply is fixed by policy makers, the interest rate increases and real aggregate 

demand reduces. On the other hand, if interest rates are kept constant by policy 

makers, total demand increases and in this case, the inflation will affect 

devaluation (Tayyebi et al., 2006). 
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Figure 1: The Channels of influence of exchange rate on domestic prices 

 

   Source: MunHeng, 1999  

If external source is the main cause of inflation, domestic inflation rates 

are expected to be persistent in periods of high undervaluation rates of the 

home currency, while they are expected to be transitory when exchange rates 

follow an equilibrium process (Giannellis & Koukouritakis, 2013). 

3. Empirical Studies 

Shahab (1997) has empirically analyzed exchange rates and inflation in Iran. 

For this purpose, the statistical data from 1968-1995 and Vector Error 

Correction model were used. His findings show that the impact of exchange 

rate variations is strong on the consumer price and is weak on producer  

price index. 
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Nasr Esfahani (2002) examined the nominal and real factors affecting 

inflation in Iran. Using data from 1971-2001 and VAR model, the researcher, 

showed that there is a positive relationship between exchange rate and 

inflation. 

Tayyebi and Torki (2006) examined the relationship between exchange 

rates and inflation in Iran. In this study, statistical data of 1959-2001, and 

Granger Causality test, VAR, Analysis of Variance and Impulse Response 

functions were used. The results showed that the hypothesis of a causal effect 

relationship between the exchange rate and inflation in the economy of Iran 

during the mentioned period is rejected. Also, results of Variance Analysis 

and Impulse Response functions indicated that the impact of the exchange rate 

and inflation on each other increases during time. 

Khoshbakht et al. (2007) examined the impact of exchange rate changes 

on consumer price indices and imports in Iran. For this purpose, the seasonal 

data for 1990-2004 and Structural VAR model and Impulse Response 

functions and Cholesky Variance Analysis were used. The results showed that 

the transition of exchange rate changes on consumer prices was declining, and 

the growth of the money supply play an important role rather than of import 

prices in increasing the consumer price index. 

Rana and Dowling (1985) examined the inflationary effects of changes in 

exchange rates among 9 Asian developing countries. For this purpose, the 

statistical data of 1973-1979 were used. Findings show that changes in 

exchange rates and excess money supply effects were not significant on 

inflation rate and rising prices in those countries is due to import inflation or 

increase in prices of imported goods and services. 

Onis and Ozmaker (1990) studied the exchange rate, inflation and money 

supply in Turkey (1987-1978). By using Vector Autocorrelation model, the 

researchers showed that the interaction between exchange rate, price levels, 

money volume and exports can explain inflation in Turkey.  

Ganles and Cocontakis (2013), investigated the relationship between 

exchange rate misalignment and volatility of inflation in Latin American 

countries (Brazil, Mexico, Uruguay and Venezuela).The researchers used 

statistical data of 1980-2010. In TAR method framework, they also showed 

that an increase in the exchange rate misalignment causes stable inflation. If 

exchange rate is close to its equilibrium, inflation will be unstable. 
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4. Methodology 

The VAR model and nonlinear Markov Switching model is used in this study 

to investigating the relationship between the variables. The data gathering 

method in this survey is based on library databases and this survey is an 

empirical study. The model which is used in this study is based on the works 

of Bafs et al. (1997), Nasrallah et al. (2013) and Dargahi and Kachlou (2001). 

Also, according to the purpose of this survey which is investigating the effect 

of exchange rate misalignment on inflation persistence, the econometrics 

model of vector auto regressive (VAR) is used. The model used to investigate 

the effect of exchange rate misalignment on inflation persistence based on the 

VAR model is defined as follows: 

STt  =  F(MISt, GMt, GGDPt) + εt                                                                 (1) 

Where STt is stable inflation, MISt is exchange rate misalignment, GGPt 

is GDP growth, GMt is liquidity growth. Smoothed values of inflation are 

calculated using the HP filter. Filter HP, calculates smoothed quantities of (S) 

time series of y by minimizing the variance of y around S. in This filter, 

quantities are selected so that the following function is minimized (Bafs et al., 

1997). 

∑ (yt−st)2I
t=1 + λ ∑ [(St+1 − St) − (St − St−1]2T−1

t=2                                                (2) 

Exchange rate misalignment, which is the difference between the 

real exchange rate and equilibrium exchange rate, is measured as follows 

(Nasrallah et al., 2013): 

𝑀𝐼𝑆 =
(𝐸𝑅𝐸𝑅−𝑅𝐸𝑅)

𝑅𝐸𝑅
                                                                                          (3) 

where, ERER is equilibrium real exchange rate and RER is the real exchange 

rate. To calculate the misalignment of exchange rates, we should first estimate 

the equilibrium real exchange rate. The model used for estimating the 

equilibrium real exchange rate is defined as follows: 

𝐿𝐸𝑅𝐸𝑅 = 𝑓(𝐿𝑆𝑃, 𝐿 𝑇𝑂𝑇, 𝐿𝑂𝑃𝐸𝑁, 𝐿𝐶𝐴𝑃)                                                          (4) 

where, LERER is logarithm of the equilibrium real exchange rate, LSP is 

logarithm of the social tendency to consumption, LTOT is logarithm of the 
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trade equation, LOPEN is logarithm of openness, and LCAP is logarithm of 

net capital account.  

Social tendency to consumption is defined as the ratio of private and 

public consumption to GDP. By increasing the income or wealth of 

consumers, their consumption preferences changes to use more non-tradable 

goods. In other words, due to high income elasticity of non-tradable goods 

(non-tradable goods are considered as luxury goods), demand and prices for 

these goods will be increased and thus the equilibrium real exchange rate 

decreases by increasing consumer income or wealth. The argument is not true 

for the developing countries because of low quality non-tradable goods, 

because in these countries, demand for tradable goods that are mainly 

imported, will increase with increasing wealth or income of consumers 

(Dargahi and Kachlou, 2001). The trade equation deficits and the real 

exchange rate increase by increasing the demand for imported goods. 

Other factors affecting the equilibrium exchange rate is the trade equation. 

Trade shocks affect the real equilibrium exchange rate through their impact 

on relative prices. The commercial trade equation of any country is calculated 

by the ratio of exported good prices to imported good price index. Changes in 

the trade equation, such as its improvement, reduce the real exchange rate and 

this reduction can be achieved if the income effect of changes in the trade 

equation dominates its substitution effect. In general, it can be said that the 

effect of trade equation on real exchange rate is ambiguous (Hosseini et al., 

2010). The trade equation calculated by the ratio of exporting good prices to 

importing good price index is as follows: 

TOT =
𝑃𝑋

𝑃𝑀
                                                                                                                              (5)  

where (𝑃𝑋) is exported good price index and (𝑃𝑀) is imported goods price 

index. 

Trade restrictions are among the factors affecting the real exchange rate 

which affects its movements in the long run. One of these restrictions is setting 

tariffs on various types of imported goods. A reduction in the tariff reduces 

the domestic price of imported goods and therefore, increases import demand. 

An increase in imports; results in the external imbalance that is, the trade 

deficit and thus declining reserves and foreign assets of the central bank. In 

this case, we assume that the Marshall-Lerner condition is true; the real 

exchange rate must be increased to re-balance the external sector of the 
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economy (Hosseini et al., 2010). Economy openness is calculated by the ratio 

of exports and imports sum to GDP. VX and VM are imports and exports 

respectively. 

OPEN = 
𝑉𝑋+𝑉𝑀

𝐺𝐷𝑃
                                                                                            (6) 

Capital inflows are other factors affecting the exchange rate. To calculate 

this variable, the net trade balance is deducted from the net change in the 

central bank's foreign reserves, and the result is used as a net flow of capital 

outflow. With capital inflows into the country, the demand for tradable and 

non-tradable goods increases. The price of tradable goods is determined in 

world markets and their price does not change by increasing domestic demand 

for these commodities, but demand for non-tradeable goods goes up and 

increases their prices and, ultimately, the real exchange rate will be decreased 

(HojabrKiani and Eqbali, 1990). Net capital account as inflow and outflow of 

funds is considered as an indicator. To calculate capital inflows, the net trade 

balance is deducted from the net change in foreign reserves of the central bank, 

and the result is used as a net inflow and outflow of capital. 

CAPFLOWt= ∆FRt -  NXt                                                                             (7) 

where ∆FR is the change in foreign reserves and NX is the net trade balance. 

In this study, the real exchange rate is calculated as follows: 

𝑅𝐸𝑅 = 𝐸
𝑃∗

𝑃
                                                                                                                            (8) 

where P*is America's consumer prices, P, domestic consumer price index and 

E, shows the nominal exchange rate for US dollar. This variable is used as a 

logarithm. After estimating the equilibrium exchange rate, exchange rate 

misalignment is calculated. 

5. Findings 

5.1. Estimation of the real equilibrium exchange rate: 

In order to test the stationary situation of the variables we conducted unit root 

tests. For this purpose, we choose Augmented Dickey-Fuller test 

from among different methods. 
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Table 1: The Results of Augmented Dickey-Fuller Test (ADF) 

Variable 
Degree of 

significance 

Level of 

significance 
Test statistic 

Log of the real 

exchange rate 

First differences -3.49 -11.15 

Log Terms of trade First differences -3.49 -7.76 

log Net capital 

account  

First differences -3.49 -10.03 

Log Social tendency 

to consumption 

First differences -3.49 -10.57 

Log openness First differences -3.5 -6.70 

Source: Authors. 

As it can be seen, all the variables are stationary at first difference. 

To determine the optimal lag, the criteria Akaike, Schwartz and Hannan-

Quinn were used. Results of these criteria are presented in Table 2. 

Table 2: The Results of the Determination of the Optimal Lag Model 

lag AIC SC HQ 

1  -6.43*   -5.78*  -6.16* 

2 -6.27  -4.97  -5.74 

3 -6.17 -4.22 -5.38 

4 -5.99 -3.39 -4.94 

               Source: Authors. 

              Notes: AIC: Akaike information criterion 

       SC: Schwarz information criterion 

       HQ: Hannan-Quinn information criterion 

According to the results of Table 2, the lowest value of Schwartz criterion 

is obtained at lag1. Thus, the optimal lag for estimating the model is 1.To 

investigate the long-term equilibrium relationship between the variables, 

Johansen test is used. The results of this test are shown in Table 3. 
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According to the results of trace Statistic and Max-Eigen Statistic, the 

number of Model's integration vector is one. The equilibrium exchange rate is 

estimated as follows: 

Table 4: The Results of Estimating the Equilibrium Exchange Rate 

Variable LERER LOPEN LSP LTOT LCAP 

Coefficient 1 0.31 0.21 1.84 -0.87 

Source: The authors 

 

Table (4) shows that if openness, social tendency to consumption, net 

capital account and trade equation increase about one percent, the equilibrium 

real exchange rate increases about 0.31, 0.21, 0.87 and 1.84 percent, 

respectively.  

5.2. VAR estimation 

The first step in estimating VAR model is testing stationarity of data. Here 

also, the augmented Dickey-Fuller test (ADF) is used. The results of ADF test 

are presented in Table 5. Based on the results of table (5), liquidity growth, 

GDP growth and misalignment in the exchange rate are stationary and 

inflation persistence is stationary in first difference. 

Table 5: The Results of Augmented Dickey-Fuller Test (ADF) 

Variable 
Degree of 

significance 

Level of 

significance 
Test statistic 

ST First differences -2.58 -2.7 

GGDP Level -3.49 -9.3 

MIS Level -3.49 -3.41 

GM Level -3.5 -4.02 

Source: The authors 

Convergence test results are shown in Table 6. According to Trace 

Statistic and Max-Eigen Statistic, this model has two integration vectors.  
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Table 6: The Results of Johansen Co-integration Test 

Hypothesized 

H0 

Hypothesized 

H1 

Trace 

statistic 

Critical 

value 

(5%) 

Probabi

lity 

Max-

Eigen 

Statistic 

Critical 

value (5%) 
Probability 

r = 0 r = 1 69.67 40.17 0.000 33.87 24.15 0.001 

r ≤ 1 r = 2 35.8 24.27 0.001 31.11 17.79 0.0003 

r ≤2 r = 3 4.69 12.32 0.61 4.5 11.22 0.54 

r≤3 r = 4 0.15 4.12 0.1 0.15 4.12 0.74 

Source: The authors 

To determine the instability caused by the variables in the model, we use 

variance decomposition. The results of analyzing model (1) are shown in 

Table 7. 

The third column in Table (7) shows the percentage of variance due to a 

sudden change or given shock. Although in the first period, 100% of changes 

in inflation persistence are due to the inflation itself, but in the second period, 

changes in this index are related 98% to inflation persistence index, 0.59% to 

GDP growth shock, 0.04% to exchange rate misalignment shock, 1% to the 

liquidity growth shock. And, the GPD in long-term has the greatest impact on 

the persistence of inflation. So, GDP growth and exchange rate misalignment 

are among those factors that affect inflation persistence the most. 

Each of these figures is depicting the effect of inflation persistence itself, 

liquidity, exchange rate misalignment and gross domestic product on inflation 

persistence, respectively. As we can see in Figure (2), the effect of inflation 

persistence on itself is positive and increasing. The effect of liquidity is 

also positive and increasing (Figure 3). In Figure (4), the effect of exchange 

rate misalignment on inflation persistence is volatile. That is positive in 

two first periods, and then the effect became positive and decreasing until the 

tenth period. And at last, the effect of GDP on inflation persistence is negative 

in Figure (5). 
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Table 7: The Results of Model Variance Analysis  

Period S.E ST GDP MIS GM 

1 0.012 100 0.00 0.00 0.00 

2 0.28 98.35 0.59 0.04 1 

3 0.4 95.36 1.56 0.22 2.84 

4 0.07 92.19 2.63 0.53 4.63 

5 0.09 89.27 3.63 0.91 6.15 

6 0.12 86.78 4.46 1.34 7.39 

7 0.15 84.63 5.10 1.8 8.44 

8 0.18 82.76 5.63 2.3 9.29 

9 0.21 81.12 6.08 2.82 9.96 

10 0.24 79.68 6.42 3.38 10.49 

     Source: The authors 

5.3. Markov Switching Rotational model 

Markov Switching model is one of the best models to study the relationship 

between variables when the relationship between the variables is non-

linear. For this purpose, likelihood ratio test is used, the H0 hypothesis of this 

test is the  presence of a nonlinear relationship between variables, since in 

accordance with Table 8, the test statistic of this model is high and the 

likelihood of this statistic is very small, therefore, test null hypothesis is 

rejected, which represents a non-linear relationship between the variables. 

Table 8: The Results of Testing the Nonlinear Relationship 

between Variables (LR) 

Probability Degrees of freedom Test statistic 

0.0001 18 61.98 

Source: The authors 
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After ensuring that the Markov Switching non-linear model is a proper 

model compared with a linear model, different models of Markov Switching 

were estimated and based on Akaike's criterion, the optimal regime would be 

chosen. Then, based on Akaike's criterion and maximum likelihood, 

the optimal lag in each Markov model have been selected. Then, we compared 

various estimated models based on; a. Lack of violation of the classic 

assumptions (BLUE), and b. The value of maximum likelihood (Higher is 

better), c. The value of mean and intercept calculated for different regimes, 

and d. Probabilities of transition between different regimes), in a way that 

results are consistent with the theory proposed in different macroeconomics 

approaches, thus the optimum model selected is MSMAH (3) - AR (3) model, 

with three regimes and three optimal lags. The results of the model's 

estimation of given model is reported in Table 2. It should be noted that the 

research model fits with the MSMAH (3) - AR (3) model is given in the 

following equation: 

ΔLnCPIt - μ(st) = A1(St)(ΔLnCPIt-1 - μ(st-1)) + A2(St)(ΔLnCPIt-2 - μ(st-2)) + 

A3(St)(ΔLnCPIt-3 - μ(st-3)) + B1ΔLnGDP + B2ΔLnM +  θ1(St)MISt    + et(9) 

With this model, we explored the effects of exchange rate misalignment 

in different inflation regimes. The number of regimes and lags of inflation and 

exchange rate misalignment based on the strategy is selected in the previous 

section, based on work by Klingi and Mantra (2006). 

AR is representation of the expected inflation in the model. According to 

the results in Table 9, this variable has a positive significant impact on all three 

regimes. This means that the expected inflation from three previous periods 

has a positive effect on present inflation. On one hand, the impact of GDP 

growth on inflation is significant and negative and the result is expectable, on 

the other hand, the impact of liquidity growth on inflation in the economy is 

positive and significant and this result is also consistent with theories. But 

what is considered as important in this research is the estimated coefficients 

for the exchange rate misalignment. According to the results of the Table (9), 

the impact of exchange rate misalignment on inflation in zero regime (a 

regime that reduced inflation) is negative and significant. This means that at a 

time when inflation is declining, exchange rate misalignment increases 

inflation. The impact of inflation on regime one (a regime in which inflation 

is moderately increased) is positive and significant. This means that if inflation 

in a country increases steadily, then misalignment of exchange rate would 

continually increases inflation. Also, the effect of exchange rate misalignment 
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on the regime two (a regime that inflation is strictly increased) is negative, but 

the value of this factor is not statistically significant. According to Table (9), 

it is observed that seasonal inflation mean is 4.6 percent in the whole period. 

Table 9: Results Estimate of the Model Markov - Switching  

the dependent Variable Inflation (P) 

Variable Coefficients 

AR 1(0) 0.788 

AR 1(1) 0.047 

AR 1(2) 0.104 

AR2(0) 0.726 

AR2(1) 0.973 

AR2(2) 0.610 

AR3(0) 0.609 

AR3(1) 0.206 

AR3(2) 0.282 

Ggdp -0.034 

GM 0.55 

Constant(0) 103 

Constant(1) -0.03 

Constant(2) 0.35 

Mis(0) -0.496 

Mis(1) 0.176 

Mis(2) -0.139 

𝛔𝟐(𝟎) 0.001 

𝛔𝟐(𝟏) 0.006 

𝛔𝟐(𝟐) 0.02 

Statistics Log – Likelihood                 292.74  

Statistics AIC                -5.55 

The average quarterly inflation in the period under review:    4.6% 

The number of observations: 96 

Variance inflation:  0.00095 

        Source: The authors 
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Figure 2: Regimes Extractive the Model and the Fitted Model 

 

Figure 3: The Probability of Exposure in Every Regime 

 
 

Figure 2 shows the probability of each season's exposure in the model's 

regimes. Moreover, Figure 3 shows the probability of each season exposure 

in each regime. Total possibilities of zero regime (a regime that reduces 

inflation) and one (a regime in which inflation increases at a moderate rate) 

and the regime two (a regime in which inflation has a sharp increase) is equal 

to one for each season. Meanwhile, red lines show Iran economic inflation 

trend during the study period and blue ones represents the estimation of 

models during the study period. According to Figure 2, the model is well 
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estimated, because one line has almost completely covered the other line. Also 

according to figure 2, regimes can be identified and can be separated. 

Table 10 shows seasons exposure in each regime. While regarding this 

table and Figures 2 and 3, we can have a correct definition of the regime and 

attributes. So that the zero regime represents a period in which inflation is 

decreasing compared to the previous period and regime one shows a state that 

inflation has increased compared to the previous period, but this increase has 

not been severe. Regime two represents a regime in which inflation is severely 

increased. 

Table 10: Seasons’ Inflation in Iran 

 

Regime 0 
1991:4 , 1991:5 , 1992:4 , 1992:5 , 1995:5 , 1996:3 , 1996:5 , 1997:1 , 

1997:5 , 1998:4 , 1998:6 , 2000:6 , 2003:6 , 2004:6 , 2005:4 , 2008:3 , 

2008:5 , 2009:5 , 2010:5 , 2010:6 , 2011:4 , 2011:5 , 2012:4 , 2013:3 , 

2014:4 , 2014:5 

 

Regime 1 
1992:6 , 1993:6 , 1994:5 , 1995:3 , 1995:6 , 1996:6 , 1997:6 , 1999:3 , 

2002:3 , 2004:3 , 2006:6 , 2010:6 , 2011:3 , 2011:6 , 2012:3  

 

Regime 2 
1990:6 , 1991:3 , 1991:6 , 1992:3 , 1993:3 , 1993:5 , 1994:3, 1994:5 , 

1995:4 , 1998:3 , 1999:4 , 1995:4 , 1998:3 , 1999:4 , 2000:5 , 2001:3 , 

2001:6 , 2002:4 , 2003:5 , 2004:4 , 2004:5 , 2006:6 , 2007:3 , 2007:5 , 

2008:3 , 2008:6 , 2009:6 , 2010:4 , 2010:6 , 2011:3 , 2013:4 , 2014:3 

Source: The authors 

Table 12 shows the characteristics of each regime. According to the 

results, from 96 economic seasons of Iran during 1989:4-2014:3, 35 seasons 

are placed in zero regime and 45 seasons in regime one and 16 in regime 

two. On the other hand, according to the mean period of staying in estimated 

regimes in the economy of Iran, the highest average of exposure is related to 

a regime that is stably increased. This means that the probability of exposure 

to regime one is more than two other regimes. 

According to the results presented in Table 12, the stability in regime one 

is more than the other two regimes (the possibility of staying in regime one 

equals to 72%). This means that the stability of a regime that inflation in Iran 

is increasing at a smooth rate is more than the other two regimes. Zero regime 
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stability is also less than the other two regimes; it means that a regime with 

decreasing inflation is more unstable compared to the other two regimes. 

Table 11: Features Regime 

Type of the 

regime 

The number of 

observations in 

each regime 

The probability 

of being in each 

regime 

The average 

period of being 

in each regime 

Regime 0 35 36.46 1.19 

Regime 1 45 46.88 2.81 

Regime 2 16 16.67 2.33 

Source: The authors 

Table 12: Probability of Transition from one Regime to Another Regime 

 Regime 0 Regime 1 Regime 2 

Regime 0 0.27 0.214 0.378 

Regime 1 0.725 0.723 0.008 

Regime 2 0.25 0.101 0.642 

Source: The authors 

6. Concluding Remarks 

According to VAR model, liquidity growth has the highest impact on inflation 

stability and, based on monetary approach, there is a causal relationship 

between increasing money supply and inflation stability. GDP growth has a 

negative effect on the persistence of inflation. Exchange rate misalignment 

has a positive effect on inflation persistence; these findings are consistent with 

theoretical principles. While, VAR model findings show a linear relationship 

between these variables, the likelihood ratio test confirms a nonlinear 

relationship between variables. According to Markov Switching model, 

inflation is related to three regimes: zero, (inflation is decreased compared to 

past), one (inflation has increased compared to before but it is not a sharp rise) 

and, two (inflation increase is severe). Comparing the coefficients of liquidity 

growth and GDP growth, we can conclude that the positive effect of liquidity 

on the stability of inflation is more than the negative impact of GDP 
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growth. Since exchange rate misalignment is considered as transmission 

variable in this model, its impact on all three inflation regimens is studied. The 

effect of this variable in zero regime is more than regime number one; also, 

its impact in regime number one is more than regime number two. It  

should be noted that the coefficient of this variable is negative in regime 

number two which is known as unstable regime, but it is not statistically 

significant. Misalignment factor in the exchange rate in regime number one 

which is a stable regime is positive and statistically significant, also variable 

coefficient in zero regime is negative which is more unstable in zero regime, 

and statistically significant. Finaly, the results can be expressed as follow: 

The impact of exchange rate misalignment on persistent inflation and 

negative on inflation instability. Since more than 85% of Iran’s imports 

consists of capital and intermediate goods, increasing exchange rate 

misalignment (devaluation of national currency) through increasing the value 

of inputs, leads to production reduction, as well as increase in the cost of 

products manufactured domestically, on one hand, while the increase in the 

exchange rate will also stimulate inflationary expectations on the other, which 

will affect inflation. Fiscal and monetary policies should be designed 

compatible with exchange rate policies. If these policies are designed to 

control the demand behavior and reduce domestic prices, they will cause 

compatibility with exchange rate policy and prevent incorrect regulation of 

exchange rates. Thus policy makers and central bank authorities should 

choose monetary and fiscal policies consistent with exchange rate policy so 

that they do not interact adversely.  
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Appendix 

The effect of variables shocks on inflation persistence is shown by IRF 

function as follow: 
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The purpose of this paper is to investigate the relationship between the inflation and inflation 

uncertainty in Iran. Using mixed models of self-exciting threshold autoregressive (SETAR) and 

generalized autoregressive conditional heteroskedasticity (GARCH), the inflation behaviors 

are examined for the period 1990M05-2013M10. This approach allows testing the hypotheses 

of Friedman-Ball, Pourgerami-Maskus, Cukierman-Meltzer, and Holland during different 

inflationary regimes. The results indicate that an increase in Iran’s inflation leads to higher 

inflation uncertainty, as predicted by Friedman-Ball Hypothesis, while the other three 

hypotheses are not confirmed. Positive unidirectional causality from inflation to uncertainty 

seems to be significant only in periods of relatively higher inflation, but not in periods of low 

inflation. The finding is important because it confirms the existence of regime-dependent effect 

of inflation on public’s expectations about future inflation; that, in trend, it reduces economic 
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1. Introduction 

Over the last two decades, inflation was a major problem of the economy of 

Iran. Iran experienced higher inflation with more fluctuations in the 1990s. 

The inflation trend, conducting anti-inflation policies since 2000, was 

downward and at the same time relatively stable. But after five years, the 

inflation has begun to rise, especially from the late 2011. It seems that a new 

period of abnormally increasing prices with more fluctuations has started. 

In this paper we investigate Iran inflation behavior by an autoregressive 

process. The simplest type of autoregressive process is linear autoregressive. 

This simple process, cannot provide a sufficient level of fitting to variables 

and especially to inflation behavior for two reasons. First, economic 

phenomena and variables are too often complicated to be explained by linear 

equations. Second, these variables and especially inflation are in a permanent 

interaction with economic agents’ (consumers, producers and government) 

behavior. Low and high inflations have different impacts on the behavior of 

economic agents, thus triggering different reactions. These different reactions 

result in different feedback on inflation. For example, high inflation 

destabilizes economy, with the probability of being sticky, while low inflation 

does not soar high. Governments react to inflation level differently. This 

reaction can be very intense and rapid to high inflation, while low inflation 

usually faces no significant reaction and continues slowly. 

The main purpose of this paper is to investigate and compare the 

relationship between inflation and inflation uncertainty in the two regimes of 

low and high inflation. The paper investigates Iran inflation behavior by mixed 

models of self-exciting threshold autoregressive (SETAR) and generalized 

autoregressive conditional heteroskedasticity (GARCH). It examines 

nonlinearity in the behavior of inflation rate using the monthly inflation rate 

for the period 1990M05-2013M10. It provides new insights into the 

asymmetric behavior of inflation in Iran, and has important implications for 

policy-makers and inflation targets. 

The remainder of this paper is organized as follows: Section 2 describes 

theoretical and empirical studies. Section 3 provides a brief description of 

SETAR-GARCH model. Section 4 discusses the empirical results and 

analyzes inflation behavior. Finally, Section 5 presents a summary of the  

main findings. 
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2. Literature Review 

In general, there are four hypotheses about the relationship between inflation 

and uncertainty. At the first time, Okun (1971) provided some evidence about 

the relationship between inflation and its fluctuations. He argued that there is 

a positive relationship between inflation and inflation variability since 

monetary policy becomes more unpredictable during the periods of high 

inflation. Then Friedman (1977) and Ball (1992) demonstrated that high 

inflation accommodates political pressure to reduce it, while some 

policymakers may be reluctant to take disinflation policy because they fear 

the recessionary effects. So, when the current inflation rises, the public faces 

increasing uncertainty about future inflation. In other words, the response of 

policymaker in the next period is not known. Hence higher inflation results in 

higher uncertainty about future money supply growth and subsequently, about 

future inflation which is called Friedman-Ball Hypothesis. 

Ball (1992) argues that, in high-inflation periods, prediction of future 

monetary policy is more difficult for the public. But Pourgerami and Maskus 

(1987) believe that agents (consumers and producers) may invest more 

resources in forecasting inflation, thus an increase in inflation is associated 

with lower average uncertainty about future inflation. Ungar and Zilberfarb 

(1993) provide a formal analysis of this effect. This argument implies a 

negative causal effect from inflation to inflation uncertainty which is known 

as Pourgerami-Maskus Hypothesis. 

Reversing the causation link of the Friedman-Ball and Pourgerami-

Maskus Hypotheses, Cukierman and Meltzer (1986) show that, during the 

periods of higher uncertainty, monetary authority has more incentive to 

stimulate output by surprising monetary policy, and in turn they follow more 

discretionary policy instead of the commitment mechanism. It means that 

higher inflation uncertainty will raise the average inflation rate. This positive 

causal effect of inflation uncertainty on inflation is called Cukierman-Meltzer 

Hypothesis. 

Holland (1995), against the above hypothesis, suggests a different idea 

based on the stabilization motive of monetary authority. He asserts that the 

stabilization tendency of central bank depends on the welfare cost of inflation 

uncertainty. When higher inflation results in an increase in inflation 

uncertainty, the welfare cost rises due to inflation uncertainty. Therefore, the 

monetary authority reacts by contracting money supply growth for eliminating 
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inflation uncertainty and the associated negative welfare effects. Higher 

inflation uncertainty will decrease the average inflation rate. This negative 

causal effect of inflation uncertainty on inflation is called Holland Hypothesis. 

Since the negative causal effect is an evidence of a stabilizing central bank, it 

is also known as Stabilizing Fed Hypothesis. 

However, the relationship between inflation and inflation uncertainty is 

considered by many empirical studies such as Evans (1991), Baillie et al. 

(1996), Grier and Perry (1998, 2000), Kontonikas (2004), Daal et al. (2005), 

Conrad and Karanasos (2005), Berument and Dincer (2005), Wilson (2006), 

Fountas and Karanasos (2007), Thorton (2007), Özdemir and Fisunoğlu  

( 2008), Fountas (2010), Balcilar et al. (2011), Chang (2012), Hartmann and 

Herwartz (2012), Karahan (2012), Neanidis and Savva (2013), Daniela et al. 

(2014), Nasr et al. (2015) and Buth et al. (2015).  

These studies often use the autoregressive type processes, while GARCH 

techniques are used to generate the conditional variances of inflation as a 

measure of inflation uncertainty. Finally, conditional variance series is 

employed to perform Granger-causality tests. The summary of their results is 

shown in Table 1.  

The majority of studies concluded that there is a positive bidirectional 

causality relationship between inflation and inflation uncertainty. Therefore, 

they support both the Friedman-Ball Hypothesis and Cukierman-Meltzer 

Hypothesis. Furthermore, there are pieces of evidence in favor of the nonlinear 

relationship between inflation and uncertainty. For example, Ungar and 

Zilberfarb (1993) emphasized that this relationship is significant only in the 

periods of high inflation, and so a threshold effect may exist. Recently, Chang 

(2012) indicates that inflation has a negative effect on uncertainty during 

periods of high-inflation volatility, while its effect is insignificant during 

periods of low-inflation volatility.  

According to the theories of Ball (1992) and Cukierman and Meltzer 

(1986), inflation uncertainty is the variance of the unpredictable component 

of an inflation forecast which is called the conditional variance of inflation. 

To quantify inflation uncertainty, a variety of measures are employed by the 

very last studies, but none of them compute the inflation uncertainty correctly. 

For example, Kline (1977) employed the moving standard deviation of the 

inflation rate. Also Ungar and Zilberfarb (1993) used the mean squared error 

of inflation forecasts.  
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However, Baillie et al. (1996) and Berument and Dincer (2005) argued 

that these estimates have bias, and would not be the reliable measures. In 

addition, they measured inflation variability, not uncertainty. The 

development of GARCH techniques by Engle (1982) and Bollerslev (1986) 

allows that inflation uncertainty can be properly measured by the conditional 

variance of the inflation. For this reason, as it is evident in Table 1, all of the 

recent studies used GARCH techniques to generate a suitable measure of 

inflation uncertainty. 

Table 1: Empirical Studies 

Study Method Country 

Friedman-Ball Hypothesis (inflation 
+
→ inflation uncertainty) 

Evans (1991) GARCH US 

Ungar and Zilberfarb 

(1993) 

LS/WLS Israel (in high-inflation periods) 

Baillie et al. (1996) GARCH Argentina, Brazil, Israel 

Grier and Perry (1998) GARCH Canada, France, Germany, Italy, Japan, UK, US  

Kontonikas (2004) GARCH-M UK 

Berument and Dincer 

(2005) 

GARCH Canada, France, Germany, Italy, Japan, UK, US 

Daal et al. (2005) PGARCH Argentina, Bahrain, Canada, Colombia, Egypt, France, 
India, Indonesia, Italy, Japan, Korea, Mexico, Morocco, 

Pakistan, Sri Lanka, Thailand, Turkey, UK, US, Venezuela 

Conrad and Karanasos 
(2005a) 

FIGARCH Japan, UK, US 

Conrad and Karanasos 

(2005b) 

FIGARCH Belgium, Finland, France, Germany, Italy, Netherlands, 

Portugal, Spain, Sweden, UK 

Fountas and Karanasos 
(2007) 

GARCH Canada, France, Germany, Italy, Japan, UK, US 

Thorton (2007) GARCH Colombia, Hungary, Jordan, India, Indonesia, Israel,  Korea, 

Malaysia, Mexico, South Africa, Thailand, Turkey 

Özdemir and Fisunoğlu 
( 2008) 

GARCH Jordan, Philippines, Turkey 

Fountas (2010) GARCH-M Australia, Germany, Italy, New Zealand, Sweden, US 

Jiranyakul and Opiela 

(2010) 

EGARCH Indonesia, Malaysia, Philippines, Singapore, Thailand 

Balcilar et al. (2011), GARCH Japan, UK, US 

Karahan (2012) GARCH Turkey 

Hartmann and Herwartz 

(2012) 

GARCH 22 developed economies 

Daniela et al. (2014) GARCH-M Czech Republic, Poland, Hungary, Romania, Turkey 

Nasr et al. (2015) GARCH South Africa 

Buth et al. (2015) GARCH Cambodia, Lao PDR, Vietnam 

Pourgerami-Maskus Hypothesis (inflation 
−
→ inflation uncertainty) 

Ungar and Zilberfarb 

(1993) 

LS/WLS Israel (in high-inflation periods) 



74 Money and Economy, Vol. 10, No. 2, Spring 2015 

 
Study Method Country 

Fountas (2010) GARCH-M Finland, France, Germany (1924-2003), Ireland, Netherlands 

Cukierman-Meltzer Hypothesis (inflation uncertainty 
+
→ inflation) 

Baillie et al. (1996) GARCH Argentina, Brazil, Israel 

Grier and Perry (1998) GARCH Japan, France 

Grier and Perry (2000) GARCH-M US 

Berument and Dincer 

(2005) 

GARCH Canada, France, UK, US 

Daal et al. (2005) PGARCH Bahrain, Egypt, Indonesia, Italy, Germany, UK 

Conrad and Karanasos 
(2005a) 

FIGARCH Japan, UK 

Conrad and Karanasos 

(2005b) 

FIGARCH France, Spain, Netherlands 

Wilson (2006) EGARCH-

M 

Japan 

Thorton (2007) GARCH Hungary, Indonesia, Korea 

Fountas and Karanasos 
(2007) 

GARCH Germany, Italy, Japan 

Fountas (2010) GARCH-M In most 22 industrial countries 

Jiranyakul and Opiela 

(2010) 

EGARCH Indonesia, Malaysia, Philippines, Singapore, Thailand 

Balcilar et al. (2011), GARCH Japan, UK, US 

Karahan (2012) GARCH Turkey 

Neanidis and Savva 

(2013) 

EGARCH-

M 

Germany, Japan, UK, US, Canada, Italy, France 

Daniela et al. (2014) GARCH-M Czech Republic, Romania, Turkey 

Buth et al. (2015) GARCH Lao PDR 

Holland Hypothesis (inflation uncertainty 
−
→ inflation) 

Grier and Perry (1998) GARCH Germany, UK, US 

Berument and Dincer 

(2005) 

GARCH Japan 

Conrad and Karanasos 
(2005a) 

FIGARCH Japan and UK 

Conrad and Karanasos 

(2005b) 

FIGARCH Sweden 

Daal et al. (2005) PGARCH India, Colombia, Venezuela 

Fountas and Karanasos 

(2007) 

GARCH Canada 

Thorton (2007) GARCH Colombia, Israel, Mexico, Turkey 

Chang (2012) GARCH-M US (during periods of high inflation volatility) 

None of the above Hypotheses 

Baillie et al. (1996) GARCH Canada, France, Germany, Italy, Japan, US 

Daal et al. (2005) PGARCH Peru 

Fountas (2010) GARCH-M Switzerland 

Chang (2012) GARCH-M US (during periods of low inflation volatility) 

Sources: Authors’ findings. 
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3. The Model 

The self-exciting autoregressive model was introduced to the literature of 

econometrics by Tong (1978) and then widely applied by Tsay (1989, 1998), 

Chan (1993), and Hansen (1996, 1997, 1999, 2000). This model is denoted in 

a general form as: 

𝑦𝑡 = 𝑌𝑡
′𝜑1. 𝐼[𝑦𝑡−𝑑 − 𝑐 < 0] + 𝑌𝑡

′𝜑2. (1 − 𝐼[𝑦𝑡−𝑑 − 𝑐 < 0]) + 𝜀𝑡,   (1) 

where 𝑌𝑡 = (1, 𝑦𝑡−1, … , 𝑦𝑡−𝑝)
′
, 𝜑𝑗 = (𝜑𝑗0, 𝜑𝑗1, … , 𝜑𝑗𝑝)

′
, 𝑝 is the lag length, 

𝑗  is the regime, and 𝑦𝑡−𝑖  and 𝜑𝑗𝑖  are the lag variable and coefficient, 

respectively. 𝐼[𝑦𝑡−𝑑 − 𝑐 < 0] is an indicator function in which 𝑦𝑡−𝑑 and c are 

the threshold variable and parameter, respectively. Based on the 𝜑1 and 𝜑2, 

the variable behavior is described in the two regimes of low and high inflation 

levels. In addition, the mean lag (𝑀𝑁𝐿) of regime 𝑗(= 1, 2) is calculated as:  
𝑀𝑁𝐿𝑗 = (∑ 𝑖. 𝜑𝑗𝑖

𝑝
𝑖=1 )/(∑ 𝜑𝑗𝑖

𝑝
𝑖=1 ) that can be used to examine the persistence 

of regime. 

If εt  is conditionally heteroscedastic, the error term can be defined as 

𝜀𝑡(𝑑, 𝑐) = ℎ𝑡(𝑑, 𝑐)0.5𝜖𝑡  where 𝜖  is independent and identically distributed 

with zero mean and unit variance. Then, based on the Engle (1982) and 

Bollerslev (1986), generalized autoregressive conditionally heteroscedastic 

(GARCH) model denoted in a general form as: 

 ℎ𝑡(𝑑, 𝑐) = 𝐻𝑡𝜃 +  𝐸𝑡𝜗                                                                                             (2)   

where  𝐻𝑡 = [ℎ𝑡−1  (𝑑, 𝑐), … , ℎ𝑡−𝑠(𝑑, 𝑐)] ,  𝜃 = (𝜃1, … , 𝜃𝑠)′ ,  

Ε𝑡 = (1, 𝜀𝑡−1
2  (𝑑, 𝑐), … , 𝜀𝑡−𝑞

2 (𝑑, 𝑐)) ,  and 𝜗 = (𝜗0, 𝜗1, … , 𝜗𝑞)
′
 in which the 

orders 𝑠 and 𝑞 are the lag length of conditional variances and squared error 

terms, respectively. 

To estimate, if the delay or threshold lag (𝑑) and threshold parameter (c) 

are estimated consistently, then the coefficients can be estimated consistently 

by the least squares method. According to Chan (1993), SETAR model is 

estimated drawing upon the given values of delay lag and threshold 

parameters, and then the best fitting is selected; in other words: 
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(�̂�, �̂�) = 𝑎𝑟𝑔𝑚𝑖𝑛 
𝑑 ∈  D   𝑐 ∈  𝐶

𝜀̂(𝑑, 𝑐)′𝜀̂(𝑑, 𝑐),                                                       (3) 

where 𝐷 = {1,2, … , 𝑝} . By minimizing the sum of squared residuals, a 

consistent estimation of threshold parameter is reached, and the super 

consistent estimation of delay lag is resulted since 𝑑  is picked among the 

range of discrete numbers. Then the coefficients vector are determined as 

�̂�(�̂�, �̂�) = (∑ 𝑌𝑡(�̂�, �̂�)𝑌𝑡
′(�̂�, �̂�)𝑇

𝑡=1 )−1 ∑ 𝑌𝑡(�̂�, �̂�)𝑇
𝑡=1 𝑦𝑡  and the error terms 

variance is estimated as �̂�𝜀 = 𝜀̂(�̂�, �̂�)′𝜀̂(�̂�, �̂�)/𝑇.  

Considering the null hypothesis 𝐻0: 𝜑1 = 𝜑2, the existence of threshold is 

tested by 𝐹 = [𝜀̃′𝜀̃ − 𝜀̂(�̂�, �̂�)
′
𝜀̂(�̂�, �̂�)]/�̂�𝜀  where 𝜀̃  is the residual of linear 

autoregressive. Hansen (1996) describes that F distribution is non-standard 

and depends on the moments of sample, and so the critical values cannot be 

tabulated. So, following the suggestion of Hansen (1996, 1997), the bootstrap 

procedure should be used. Based on the sample residuals distribution, a new 

sample under the null hypothesis is produced. With the new sample, the 

coefficients are estimated (under the null and alternative hypotheses) and the 

simulated F statistic is obtained. Then the process is repeated and the p-value 

based on the number of simulated F statistic that exceeds actual estimation of 

F is calculated. This method can be used for testing the existence of multiple 

thresholds. 

Hansen (1997, 1999), considering the null hypothesis 𝐻0: 𝑐 = 𝑐0, suggests 

the likelihood ratio statistic,𝐿𝑅(𝑐0) = [𝜀̂(�̂�, 𝑐0)
′
𝜀̂(�̂�, 𝑐0) − 𝜀̂(�̂�, �̂�)

′
𝜀̂(�̂�, �̂�)]/

�̂�𝜀 , which can be used for the construction of confidence interval of the 

threshold. Hansen shows that this statistic converges in distribution to the 

random variable 𝜉  which its reverse distribution is 𝑐(𝛼) = −2 𝑙𝑜𝑔(1 −

√1 − 𝛼) . Therefore, the confidence interval (1 − 𝛼)  percent will be 

constructed for the threshold by 𝐿𝑅(𝑐0) ≤ 𝑐(𝛼). It should be noted that the 

hypothesis 𝐻0: 𝜑1 = 𝜑2  is different from the hypothesis 𝐻0: 𝑐 = 𝑐0 . The F 

statistic is for testing the existence of threshold, while the 𝐿𝑅(𝑐0) statistic is 

used for constructing the confidence interval of the present threshold.  

Finally, the residual of Eq. (1) is defined as 𝜀�̂�(�̂�, �̂�) = ℎ̂𝑡(�̂�, �̂�)0.5𝜖�̂� and 

then the conditional variance is estimated as ℎ̂𝑡(�̂�, �̂�) = �̂�𝑡
′𝜃 + Ε̂𝑡

′𝜗 . The 

estimated unconditional variances series is used as a measure of volatility (or 

uncertainty) in the low and high regimes, and also it is used for testing Granger 

causality between variable and its uncertainty. 
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4. The Inflation Behavior Results 

The data for consumer price index (CPI) is obtained from the Central Bank of 

Iran1. According to Augmented Dickey and Fuller (1979), Elliott, Rothenberg 

and Stock (1996), and Phillips and Perron (1988) tests, the stationarity of 

monthly inflation rate is confirmed. The results are shown in Table 2. 

Table 2: Unit Root Tests 

 ADF ERS (DF-GLS) PP 

 Non Constant Trend Constant Trend Non Constant Trend 

t-Stat 
-6.2187 

-

10.4406 

-

10.4531 
-4.2932 -6.7548 -5.8467 -10.3810 -10.3917 

p-value (0.0000) (0.0000) (0.0000) (0.0000) (0.0000) (0.0000) (0.0000) (0.0000) 

  Source: Research findings 

The lag length 12 is determined based on the maximum likelihood method 

and Akaike Information Criterion. Then the delay lag and threshold 

parameters are determined by minimizing the sum of squared residuals of 

nonlinear model, Eq. (3). The results show that SETAR model is estimated 

consistently with �̂� = 1 and �̂� = 2.60 (Table 3). 

Table 3: Selection of Threshold Variable 

(d, c) σSETAR
2/ σLAR

2 (d, c) σSETAR
2/ σLAR

2 (d, c) σSETAR
2/ σLAR

2 

(1, 2.60) 0.7958 (5, 2.06) 0.8233 (9, 2.51) 0.8616 

(2, 1.80) 0.8803 (6, 2.15) 0.8938 (10, 2.68) 0.9071 

(3, 1.76) 0.8812 (7, 1.24) 0.8865 (11, 1.33) 0.8482 

(4, 2.25) 0.8832 (8, 2.48) 0.8649 (12, 2.44) 0.8958 

  Source: Research findings 

 
1. There are two ways to consider seasonality in time series. The first way, as the present study, 

assumes that seasonal variation appears in the lag structure, and so the regime switching 

models can consider it correctly. The second way is to use seasonality adjusted data which 

is usually less satisfactory and leads to unfortunate consequences (see Davidson and 

Mackinnon, 2004. p. 570; Franses and van Dijk, 2000, p. 58, for details). 
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In the next step, the existence of first threshold is strongly confirmed by 

20000 bootstrap replications of F-statistic of Hansen (1996, 1997). But F-

statistic of the second threshold is not significant, and the existence of second 

threshold is not confirmed. Thus the model is estimated with single threshold 

2.60 per cent. The adjusted R-squared of the nonlinear model is almost 40 

percent and it is considerably larger than 28 per cent of the linear model  

(Table 4). 

Ljung and Box (1978) and Eitrheim and Teräsvirta (1996) methods are 

used to test autocorrelation. Also heteroskedasticity is tested by McLeod and 

Li (1983) method. The results shown that there is no autocorrelation, but the 

presence of heteroskedasticity is confirmed. Therefore, the standard errors and 

confidence intervals are corrected by heteroskedasticity-consistent covariance 

matrix estimator (see White, 1980; MacKinnon and White, 1985; West, 1997, 

for details).  

The threshold of inflation is 2.60 percent with the confidence intervals 

(2.41% 2.70%). The first and second regimes have 228 and 42 observations, 

respectively. There are enough observations in both sides of the threshold 

value, and thereby, the estimated parameters are credible. In the first regime, 

the inflation rate is mainly determined by inflation rate of the past month and 

the same month last year (1st and 12th). But in the second regime, the inflation 

rate is significantly and positively related to the 1st, 7th, 10th and 11th lags, and 

negatively to 8th and 9th lags. Since the mean lag (𝑀𝑁𝐿) of parameters in the 

second regime is greater than the first regime, it is expected that inflation 

higher than 2.5 per cent would be more persistent.  

On the other hand, the error variance of the second regime is 2.31, which 

is significantly larger than the first regime (0.80)1. The larger variance of the 

second regime indicates more fluctuations in higher inflation, and so the 

process of rising prices is associated with deflationary and inflationary 

extremes. Therefore, the changes in inflation are evidently more rapid with 

high fluctuations when compared to the first regime. This is evident in Fig. 2 

and 3, which will be analyzed below. 

  

 
1. F-test for the equality of variances is 2.88, which is significant at 1 percent level. 
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Table 4: SETAR-GARCH Model 

 Low-inflation regime (INFt-1≤2.60) high-inflation regime (INFt-1≥2.60) 

 Coefficient LS S.E. HCC S.E. Coefficient LS S.E. HCC S.E. 

Constant  0.3090 0.1980 0.1702 -1.6508 0.6474 0.7875 

INFt-1  0.4170 0.0917 0.0820  0.4490 0.1805 0.2778 

INFt-2  0.0413 0.0644 0.0641 -0.0521 0.1676 0.2306 

INFt-3  0.0825 0.0646 0.0602  0.0290 0.1716 0.2969 

INFt-4  0.0271 0.0649 0.0520  0.0975 0.1555 0.2805 

INFt-5 -0.0838 0.0646 0.0577  0.0653 0.1528 0.1931 

INFt-6  0.0576 0.0646 0.0500  0.0586 0.1797 0.2621 

INFt-7 -0.1105 0.0647 0.0468  0.8924 0.1916 0.1985 

INFt-8  0.1311 0.0653 0.0541 -0.3774 0.1731 0.2807 

INFt-9  0.0049 0.0655 0.0596 -0.3829 0.1965 0.2434 

 INFt-10 -0.0721 0.0662 0.0584  0.2612 0.1493 0.2080 

 INFt-11  0.1276 0.0703 0.0669  0.6110 0.1303 0.2199 

 INFt-12  0.2405 0.0667 0.0721  0.1128 0.1149 0.2169 

MNL 5.4102   6.2617   

σε
2 0.8014   2.3097   

Obs 228   42   

Ffirst threshold=69.2923 (0.0000)                  2.41≤ c ≤2.70 Fsecond threshold=14.2416 (0.5450)                   

LB(1)=0.0226        ET(1)=0.0531 McL=44.8408 

R2
LAR= 0.2815 R2

SETAR= 0.3978 LMSETAR=0.0964 (0.0082) 

ht= 0.5676 + 0.5490 εt-1
2 

     (0.0934)  (0.1652) 
R2

GARCH= 0.2866 LMGARCH=0.5090 (0.4762) 

Notes: F statistics for the first and second threshold tests are estimated with 20000 bootstrap 

replications. 

R2
LAR, R2

SETAR and  R2
GARCH  are the adjusted R-squared of linear autoregressive, SETAR 

and GARCH models, respectively.  

LB and ET statistics are Ljung-Box and Eitrheim-Teräsvirta tests for autocorrelation, 

respectively. McL statistic is McLeod-Li test for heteroskedasticity. LM statistics is 

Lagrange Multiplier test for ARCH effects.  

     Source: Research findings  

Before modeling inflation volatility, the Lagrange Multiplier (LM) test is 

performed to examine whether the inflation has ARCH effects. The result 

shows that the null hypothesis of no ARCH effects is rejected for the SETAR 

model. So, the inflation volatility is modeled with a GARCH specification. 

Based on the Akaike Information Criterion and not rejecting the null 

hypothesis of no ARCH effects, the lag lengths of squared error terms and 

conditional variances are selected as one and zero, respectively. The 
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conditional variances (CV) series are estimated by GARCH (0, 1) model, and 

it is used as the measure of uncertainty (Table 4). 

Now the standard Granger causality test is employed to explore the 

direction of causality between inflation and inflation uncertainty. To make 

sure the results are robust to the choice of lag length, the causality test is 

performed for three different lag lengths 1, 2, and 12 (Table 5). The results 

strongly reject the null hypothesis that inflation does not cause inflation 

uncertainty, and hence inflation is Granger cause of inflation uncertainty. 

However, the null hypothesis that inflation uncertainty does not cause 

inflation is not rejected (at 1 and 2 lags). So both Cukierman-Meltzer 

Hypothesis and Holland Hypothesis cannot be accepted. 

In this regard, the regression of inflation uncertainty on inflation level is 

estimated (Table 5). Based on the results, until inflation is lower than 2.60 per 

cent, there is no significant relationship between inflation and inflation 

uncertainty. But when inflation rate is higher than 2.60 percent threshold, 

inflation affects inflation uncertainty positively. Therefore, the empirical 

findings strongly support Friedman-Ball Hypothesis during the high-inflation 

regime; while Pourgerami-Maskus Hypothesis is not accepted. 

 

     Source: Research findings  
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Using SETAR-GARCH model, the behavior of inflationary process is 

explained by the low-inflation regime, high-inflation regime and uncertainty 

space between the two regimes which are shown in Fig. 1. As it is clear, the 

two decades after Iraq-Iran war, it can be approximately distinguished the 

three sub-periods 1990M05-2000M03, 2000M04-2005M03 and 2005M04-

2013M10. Moreover, the average and variance of inflation and uncertainty are 

calculated for these regimes and sub-periods, which are reported in Table 6. 

These can be very useful to compare the realities of Iran’s inflation with the 

results of present model. 

In sum, the results of SETAT-GARCH model are consistent with the 

stylized fact of Iran’s inflation during the two decades after the war. The 

average of inflation and inflation uncertainty in the second regime are 2.64 

and 2.74, respectively; which are significantly larger than the first regime 

(1.36 and 1.10). In addition, the variances of inflation and uncertainty in the 

second regime are considerably larger in the second regime than the first 

regime (4.88 and 7.51 in comparison to 1.53 and 1.66)1. Therefore, in the 

second regime, both the inflation and inflation uncertainty are higher and have 

more fluctuations than the first regime. The Friedman-Ball Hypothesis is 

confirmed again. 

In this regard, it is evident that the period of 2000M04-2005M03 is 

dominated by the first regime, with low inflation and inflation uncertainty. 

While the periods of 1990M05-2000M03 and 2005M04-2013M10 are 

frequently dominated by the second regime, with higher inflation and larger 

inflation uncertainty.  

In the first period (First and Second Five-Year Development Plan of Iran), 

the fluctuations of inflation are relatively high (Table 6 and Fig. 2). The high 

and sudden increases in this decade had been as an outcome of structural 

adjustment policies during the First Development Plan, liberalization of 

exchange rate and exchange rate crisis in 1993.  

The inflation rate exceeds far from the threshold value (44 observations 

exceeding 2.60 per cent). These peaks are often in the early and late months 

 
1. F-test for the equality of means is 26.92 for inflation, and 35.35 for inflation 

uncertainty. Moreover, F-test for the equality of variances is 3.17 for inflation, and 

4.51 for inflation uncertainty. All of the F-statistics are significant at the 1 percent 

level (Table 6). 
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of the year (February, March, and April)1 that associated with their minimum 

occurring in the first through fifth months, and hence high inflation causes 

higher fluctuations. In this decade, the variances of inflation and its volatility 

are 3.01 and 3.90, respectively which are significantly larger than the ones in 

the second period (2000M04-2005M03) that are 0.51 and 0.07, respectively 

(Table 6)2. These observations show that inflation behavior in the first decade 

after the war is dominated by the second regime. 

Figure 1: Inflationary Regime of Iran 1990M05-2013M10 

 

 
1. Iranian calendar begins after the mid of March. 

2. F-test for the equality of variances is 5.93 for inflation, and 11.90 for uncertainty, both of 

which are significant at 1 percent level. 
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Figure 2: Monthly Inflaiton Rate of Iran 1990M05-199905M05 

 

During the five-year period of 2000M04-2005M03, the inflation did not 

exceed 2.60 percent, and subsequently, economy enjoyed relatively low 

inflationary fluctuations (Fig. 3). This five-year period is appeared as a period 

of tranquility and stability which is somehow related to the implementation of 

the Third Five-Year Development Plan. In this period, the dominant regime 

was the first regime, and so low inflation caused lower fluctuations. The 

variance of first regime was 0.91 which is smaller than that of the second 

regime. Therefore, the inflation before the threshold is less inclined to switch 

regime and less likely to transmit to the second threshold value. Hence the 

inflation rate less than 2.60 percent likely remains low. 

Finally, in the 9-year period of 2005M04-2013M10, the economy 

experienced more inflationary fluctuations (Fig. 3). Especially from the late 

2011, the inflation higher than the threshold value occurred occasionally that 

a maximum delay of 5 months contributed to a minimum level of inflation 

rate. The Fourth Development Plan was similar to the Third Development 

Plan, but the improper policies and misconduct of government accelerated the 

fluctuations. The variances of inflation and its volatility were respectively 1.33 

and 0.86 in this period, which are significantly larger than those of the second 

period, 0.51 and 0.07 (Table 6)1. These observations are consistent with the 

 
1. F-test for the equality of variances is 2.64 for inflation, and 54.45 for uncertainty, 

which both are significant at 1 percent level. 
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analysis provided by the second regime that it may lead to unfavorable 

economic conditions in the future. 

Figure 3: Monthly Inflation Rate of Iran 2000M2013-04M10 

 

Conclusions 

This paper investigates the relationship between inflation and inflation 

uncertainty based on a nonlinear framework in Iran. Generally, there are four 

hypotheses about this relationship. The first one is Friedman-Ball Hypothesis. 

This Hypothesis describes that higher inflation results in increasing 

uncertainty about money growth and subsequently about future inflation. In 

contrast, Pourgerami-Maskus Hypothesis predicts that an increase in inflation 

may be associated with lower average uncertainty, since agents invest more 

resources in forecasting inflation.  

On the other hand, Cukierman-Meltzer Hypothesis asserts that higher 

inflation uncertainty will raise inflation rate because the incentives of 

monetary authority is to stimulate output by surprising monetary policy. 

Finally, Holland Hypothesis argues that, due to the welfare cost of inflation 

uncertainty, the monetary authority reacts by contracting money growth, and 

hence higher uncertainty will decrease the average inflation rate.  

Using monthly data for the period 1990M05-2013M10, in the present 

paper, a SETAR-GARCH model is estimated to generate the conditional 

variance series of inflation as a measure of its uncertainty. Then, Granger 
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method is employed to test causality between inflation and inflation 

uncertainty. The findings indicate the following results:  

First, an asymmetry is observed in the inflation behavior which can be 

specified by the low- and high-inflation regimes. The inflation rate and its 

uncertainty in the high-inflation regime are significantly higher and more 

fluctuating than the other regime. In addition, it is empirically evident that the 

inflation in the period of 2000-2005 has been completely influenced by the 

first regime. But, in the periods of 1990-2000 and 2005-2013, economy of Iran 

is frequently dominated by the high-inflation regime. 

These results have noteworthy implications for modelling inflation. If this 

nonlinear behaviour is ignored, the measure of inflation uncertainty will be 

inappropriate and also results in an incorrect analysis of the mentioned 

hypotheses. The nonlinear model allows testing the more accurate inflation-

uncertainty hypotheses during different inflationary regimes. 

Second, the results show that there is no evidence in favor of Cukierman-

Meltzer and Holland Hypotheses. In other words, inflation uncertainty is not 

the Granger-cause of inflation. In contrast, one-way positive causal form 

inflation to uncertainty is significant only in the periods of relatively  

high inflation, but not in the periods of low inflation. Thus Friedman-Ball 

Hypothesis is accepted, while Pourgerami-Maskus Hypothesis is not 

confirmed.  

It is concluded that, when inflation rate switches to the high-inflation 

regime, it retards output growth both directly and indirectly via the inflation 

uncertainty channel. Therefore, the incentive for keeping inflation in the range 

of the first regime is clear. Moreover, this finding confirms the existence of 

regime-dependent effect of inflation on public’s expectations about future 

inflation. Hence, it is crucial that anti-inflation policies are taken in the special 

months such as February, March and April (the early and late months of the 

Iranian calendar). Otherwise, high and persistent inflation uncertainty will 

reduce economic activity and misallocates resources.  

Monetary authorities should attempt much more to curb public inflation 

expectations based on the inflation targeting. An explicit target will be 

relatively lower than long-run uncertainty based on reducing asymmetric 

information between the policymaker and public. The government’s 

misconduct and improper policies caused the economy to get away from the 

goals of the Third Development Plan; therefore, robust policies for targeting 
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inflation, especially in the Sixth Development Plan (2016-2020), must be 

followed. 

Finally, since the results highlight the asymmetric behaviour of inflation-

uncertainty, it is suggested that future research should focus on the type of 

monetary policy rules and stabilization policies that would be consistent with 

this form of nonlinear behaviour. 
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1. Introduction 

The build-up of excessive leverage in financial intermediaries was an 

underlying cause of the global financial crisis. In many cases, banks cranked 

up their leverage to perilous levels while maintaining risk-based capital ratios 

that, still looked solid to all outward appearance, (BCBS, 2014). The new 

regulatory framework of Basel III which has introduced a minimum leverage 

ratio, defined as a bank’s Tier 1 capital over an exposure measure is 

independent of risk assessment to cure the vulnerability (Ingves, 2014). The 

aim of the leverage ratio is to act as a complement and a backstop to risk-based 

capital requirements. It should counterbalance the build-up of systemic risk 

by limiting the effects of risk weight compression during booms (Borio and 

Zhu, 2012, Adrian and Shin, 2013, Vallascas and Hagendorff, 2013, Altunbas, 

Gambacorta and Marques-Ibanez, 2014). In good times, better economic 

conditions increase the number of profitable projects in terms of expected net 

present value and hence increase the demand for credit [Kashyap, Stein and 

Wilcox (1993)]. The increase in the supply of lending and other investments 

will be reflected in an expansion of banks’ exposure measures (independent 

of how these risks may be estimated by regulators or the banks themselves) 

and, therefore, in a reduction of the leverage ratio. This will make the 

regulatory minimum a tighter constraint: Banks with limited capital will be 

forced either to increase their capital base or to reduce their activities. The 

leverage ratio is therefore expected to act counter-cyclically, being tighter in 

booms and looser in busts. In other words, we should observe that the leverage 

ratio is negatively correlated with GDP or credit growth (Brei and 

Gambacorta, 2014). The Basel III framework requires that the leverage ratio 

and the more complex risk-based requirements work together. The leverage 

ratio indicates the maximum loss that can be absorbed by equity, while the 

risk-based requirement refers to a bank capacity to absorb potential losses. 

The use of a leverage ratio is not new. A similar measure has been in force in 

Canada and the United States since early 1980s (Crawford et al., 2009, 

D’Hulster, 2009). Canada introduced its leverage ratio in 1982 after a period 

of rapid leveraging up by its banks, and tightened the requirements in 1991. 

In the United States, the leverage ratio was introduced in 1981 amid concerns 

over bank safety due to falling bank capitalization and a number of bank 

failures (Wall and Peterson, 1987, and Wall, 1989).  

Leverage allows a financial institution to increase the potential gains or 

losses on a position or investment beyond what would be possible through a 
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direct investment of its own funds. There are three types of leverage-balance 

sheet, economic, and embedded - and no single measure can capture all three 

dimensions simultaneously. The first definition is based on balance sheet 

concepts, the second on market-dependent future cash flows, and the third on 

market risk. Balance sheet leverage is the most visible and widely recognized 

form. Whenever an entity’s assets exceed its equity base, its balance sheet is 

said to be leveraged. Banks typically engage in leverage by borrowing to 

acquire more assets, with the aim of increasing their return on equity. Banks 

face economic leverage when they are exposed to a change in the value of a 

position by more than the amount they paid for it.  

A typical example is a loan guarantee that does not show up on the bank’s 

balance sheet even though it involves a contingent commitment that may 

materialize in the future. Embedded leverage refers to a position with an 

exposure larger than the underlying market factor, such as when an institution 

holds a security or exposure that is itself leveraged. A simple example is a 

minority investment held by a bank in an equity fund that is itself funded by 

loans. Embedded leverage is extremely difficult to measure, whether in an 

individual institution or in the financial system. Most structured credit 

products have high levels of embedded leverage, resulting in an overall 

exposure to loss that is a multiple of a direct investment in the underlying 

portfolio. Two-layer securitizations or securitizations, such as in the case of a 

collateralized debt obligation that invests in asset-backed securities, can boost 

embedded leverage to even higher levels. The standard measure of leverage is 

total liabilities to equity and total assets to equity. However, while some 

liabilities-like bank loans and bonds issued-are due to financing, other 

liabilities-like trade payables, deferred revenues, and pension liabilities-result 

from transactions with suppliers, customers and employees in conducting 

operations. Financing liabilities are typically traded in well-functioning 

capital markets where issuers are price takers. In contrast, firms are able to 

add value in operations because operations involve trading in input and output 

markets that are less perfect than capital markets. So, with equity valuation in 

mind, there are a priori reason for viewing operating liabilities differently from 

liabilities that arise in financing (D’Hulster, 2009).  

Profitability determinants are more often evaluated by most countries who 

have underscored to take hold of a bank-based financial network. However, it 

requires adequate studies about risk and return of the banks to know them 

appropriately in Iran. Among the seventeen commercial banks which are 
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active in the country, eleven are state-owned whereas other six banks are 

privately governed. Like all the financial intermediaries procedure, the Iranian 

banks follow a conventional path of absorbing deposits for lending with a 

spread on loans in order to make profit. In Iran, all the banks must follow 

Islamic banking principles where profit rates are set on deposits and expected 

rates of profit on facilities are set on loans. Iranian banks were nationalized 

and banking regulations changed with the approval of the Islamic Banking 

Law (interest free) in 1983, and the role of banks in accelerating trade deals, 

rendering services to clients, collecting deposits, offering credits to applicants 

on the basis of the CBI's policies and so on was strengthened (Salehi and 

Alipour, 2010).  

Following the reforms in the financial sector, government control 

removal, and investment motivations, Iranian banks perceived remarkable 

variations. Central bank was led by the government to have ups and downs 

with the public banks governance and utilize specific monetary policies in lieu 

of their objectives and fiscal policy (Gharaie Ahangar, 2009). Money supply 

is controlled by the central bank after it had challenges with the mixture of 

private and state-owned banks owing to performance and productivity to cope 

with public intervention in financial intermediaries (Dehghan Nejad, 2010). 

The number of private banks in Iran is far lower than the international 

standards which is due to the lack of completion in the financial system 

(Naghshineh Pour, 2009). 

Policy makers have carefully noticed the return factors and researchers 

have generally pinpointed it since higher return in banks’ financial situations 

is accompanied by augmented risk that is an index for evaluating financial 

stability as well as national economy. What caused intense attention to the 

performance implications is the banking crisis which has led to an interest to 

both regulatory and supervisory authorities and banks’ stakeholders (Roman 

and Danuletiu, 2013). 

Financial system in Iran is focused on banks and financial and credit 

institutions, which have a crucial role in financing the real economy and 

ensuring the financial stability. Therefore, guaranteeing a stable and highly 

effective banking sector is of major importance to deal with economic growth 

and financial stability. 

Following a high generated loans, especially to households, a diversity of 

banking operations, a range of banking products and services, the banks have 

recorded a growing income, with positive and significant impact upon the 



Degree of Leverage Ratio  … 95 

 

 

profitability indicators. In the whole period, during which the current world 

economic met crisis, significant structural, institutional and legislative 

transformations caused Iranian banking sector to register a rapid growth upon 

bank profitability and efficiency.  

By using balance sheets of Iran’s banking system, the objective of our 

research is to measure the leverage ratio degree relating to the banks’ 

profitability in the Iranian banking network in this framework.  

This study patronizes an imbalanced data model for 31 Iranian banks 

during the course of 2006-13 where the impact of leverage ratio on banks 

profitability known as the degree of leverage ratio is evaluated and leverage 

ratio is defined as the ratio of total assets on equity in line with a dummy of 

leverage and GDP growth multiplication to consider the economic situation in 

line with the influence that leverage might have on the banks’ return. The 

paper proceeds as follows: Section Two focuses on literature review; Section 

Three briefly describes profitability and asset/liability variations to take a look 

at the facts of the banking network, Section Four reflects the methodology, 

data and model; Section Five underscores the empirical results of our 

investigation, and Section Six reflects the conclusions. 

2. Literature Review 

Financing structure refers to all types of funding sources used in financing the 

project total assets, so it is different from capital structure, which is 

represented by institution permanent funding elements, which includes equity 

and long-term loans. Therefore, project capital structure is a part of its funding 

structure (Yahyaoui, 2002). There are various types of available funding 

sources for businesses organizations that take several classifications vary from 

one writer to another according to classification target. There are those who 

depend on ownership criterion and thus differentiate between private funds 

and debts. And those who divide these sources to traditional and modern, 

according to their appearance, taking into account recent trends regarding 

traditional securities (Mohammed, 2010). Financial managers seek to achieve 

ideal capital structure for the project through the use of appropriate funding 

combination that leads to reduce financing cost to its minimal limit and 

increase shares market value (Akintoye & Taylor, 1998). In contrast, 

financing funds concentration in a single source, which is owners’ money, 

leads to in appropriate capital structure. The inappropriate capital structure is 
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deemed inappropriate when it does not affect the project mark value 

(Singhania and Seth, 2010).  

There are several factors that affect the formation of funding structure 

within a project. Some are internal based on the use of a combination of 

funding which includes external debt and common and preferred shares, 

according to these projects needs’ of funding in addition to the quality of 

available investment opportunities to these projects. This is made through an 

exchange policy between risk and return and to conduct in-depth studies and 

for project financing and financing available investment alternative needs in 

addition to study cost of each alternative funding in addition to study 

operational risk and management acceptance degree of risks surrounding and 

tax impact and the extent of tax benefits for alternative funding to another, as 

well as taking into account the flexible financing structure, on the other hand, 

there are external factors that affect financing structure and include lenders 

sensitivity to company high indebtedness of, and industry nature in which it 

operates in terms of competitiveness, growth and stability of sales and profits, 

and assets value (Shlash, et al., 2008). All of these factors must be taken into 

account when designing project ideal financing structure, but practical status 

often differs, since actual and applied financing structure differs from ideal 

funding structure which management is trying to reach because of economic 

conditions, political and social variables the project has and therefore, the 

weighted cost of funding sources are not in their minimal limits (Deiranieh, 

1992).The concept and importance of financial leverage and financing 

structure theories, financial leverage refers to use third party funds in 

financing in order to increase operating profit and taxes, which is loans ratio 

to total liabilities (Hawari,1996) and financial leverage degree measures 

company's exposure level to financial risk, and it also reflects the change 

degree in earnings per share of operating profits resulting from earnings 

operating rate change before interests, and it is also defined that the use of 

others funds, (Akintoye & Taylor, 1998) and taxes to achieve additional 

profits that benefited the company’s owners, so it depends on borrowing to 

finance company's operations in order to achieve a return that increases 

owners’ profits. The financial leverage degree is increased by increasing use 

of external financing sources, and financial leverage can be increased by non-

traditional financial instruments, such as the use of financial options and 

futures contracts (Fahmi, 2008). some consider financial leverage as one if the 

terms invented by institutional mental for packaging undesired or negative 

things or to give a nice appearance, instead of saying borrowing or 
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indebtedness which is a term that inspires risk and weakness we say financial 

leverage term that inspires confidence and strength (Nibal and Qasaba, 2010). 

In general, the company needs of short-term financing depends on sales 

growth rate in addition to company's efficiency and effectiveness degree in 

managing company's working capital, and on long-run short term financing 

needs may to long-term financing, so management of any Project should made 

periodical evaluation for financing structure and determine the extent 

dependence on debt funds in financing.  

The risk of failure may rocket when banks do not adjust their equity in line 

with changes in their assets and liabilities. The condition deteriorates when 

boom and bust are considered in the study because when one percent increase 

leverage ratio will result in more than one percent profitability in boom, which 

could be regarded as justified since banks follow their conventional path in 

financial intermediaries where they make portfolio of assets in order to make 

profit. However, if in case a percent increase in the leverage ratio occurs, 

banks confront with a more than one percent decrease in profitability in bust 

which would be hazardous since it would cause difficulty in responding the 

deposits they have raised from the depositors and paid capital from the 

shareholders. Leverage ratio degree is measured as an innovation in this paper 

for the Iranian banks to obviously indicate whether banks are taking 

adventurous risk of increasing their costs for lower profits in the bust. 

3. Profitability and Asset/Liability Variations  

The ratio of total assets to equity and total deposits to equity are considered as 

major leverage definitions. According to Figure 1, loans and deposits growth 

rate of total banks in Iran have co-movement since 2007 with a sharp 

diminishing rate up until 2008 but they have increased sharply from 2008 to 

the peak of their growth rate of approximately 40 percent owing to positive 

expectations of the economic agents about the economy. However, these key 

banking variables commences on dipping from 2010 to 2011 where their co-

movement breaks since the deposits growth rate starts to boom contrary to the 

growth of loans.  
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Figure 1: Loans, and Deposits Growth of Total Banks 

 

 

 

On the other hand, profitability of the total banks in line with the assets 

growth rate of the banks are illustrated in Figure 2, where banks recorded the 

highest profitability in 2007 by almost forty percent growth rate contrary to 

the year 2009 when they registered the lowest return growth although it 

continues to gradually increase in the next years. Unfortunately, according to 

Figure 1 and 2 the deposits growth rate was increasing sharply in 2011-12 

whereas the profitability is decreasing which shows that banks were raising 

money through deposits without taking their profitability into account during 

the bust in 2011-12 which appears to be hazardous for the banking network 

because banks are increasing their risk appetite and neglect how they must pay 

back their depositors’ money.  
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Figure 2: Profitability and Assets Growth of Total Banks 

  

 

Henceforth, in periods 2011-2012 when macroeconomic atmosphere 

started to confront with bust, banks pursue a risk taking approach and make 

their situations worsened by changing their assets portfolio from loans (which 

is decreasing) to investment and other assets portfolio items of their balance 

sheet which would absolutely-negatively influence their profitability. 

4. Methodology, Data and Model 

Imbalanced panel data model is patronized to study the behavior of banks from 

leverage ratio degree aspect which is literally defined as the percent increase 

in the profitability measure due to one percent increase in the leverage ratio 

utilizing 31 banks during 2006-13. The general linear regression model is 

provided in equation (1) as it follows: 

Yit= C+ βiXit+ 𝜀it                                                                                         (1) 

where: Yit = dependent variable observed for ith bank at time t; X  

represents independent variables including financial soundness ratios and 

macroeconomic variables; β is the coefficient for explanatory variables; 

i = 2….N; c is a constant term; 𝜀 is error term of the model. Commencing on 
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the general model and considering the selected variables, the empirical model 

is optimally selected as random effect based on the Hausman test used in this 

study which is presented by equation (2): 

 

LROEit = C +β1LNPLTTLit + β2LNPLTTAit + β3LNPLTTEit + 

β4LNPTEAit + β5LROAit + β6LTLTTDit + β7LLATTDit + β8LLEV2it + 

β9GDP_Git + β10LLEV2D_GDP_Git                                                         (2) 

 

where the key determinants of return on equity as profitability or earning 

indicator is defined as the logarithm of return on equity (LROE), asset quality 

measures are denoted by LNPLTTL, LNPLTTA and LNPLTTE respectively 

representing logarithm of nonperforming loans to total loans ratio, logarithm 

of nonperforming loans to total assets  proportion and logarithm of 

nonperforming loan to equity ratio, LNPTEA which indicates the logarithm 

of net profit to earning assets ratio signifying profit margine (PMAR) as 

another earning indicator in line with LROA defined as logarithm of return on 

assets, LTLTTD  is defined as the logarithm of the total loans to total deposits 

ratio signifying the management indicator, LLATTD is determined by 

logarithm of liquid assets to total deposits ratio representing as the liquidity 

measure of the FSIs, LLEV2 is defined as the logarithm of leverage ratio (total 

assets to equity), GDP_G  is representing gross domestic products growth of 

the Iranian economy, and LLEV2D_GDP_G denotes a dummy which shows 

the cross multiplication of the leverage ratio and GDP  growth to depict the 

simultaneous impact of leverage during boom and bust in zero (bust) and one 

(boom) format to show that the leverage ratio is analyzed conditioned by the 

economic cycle. 

In order to specify whether or not the variables are stationary, the Fisher-

type unit root test for variables are patronized based on the Augmented 

Dickey-Fuller tests. Unit root test results depicted in table 1 illuminate that the 

explanatory variables are stationary at 1 percent as well as the variable of 

outcome of interest LROE except for the leverage ratio which is significant at 

5 percent.  
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Table 1: Unit Root Test  

Variables Statistics Prob. 

LROE 190.11*** 0.0000 

LNPLTTL 95.6*** 0.0001 

LNPLTTA 142.43*** 0.0000 

LNPLTE 182.97*** 0.0000 

LNPTEA 74.67*** 0.0004 

LROA 161.69*** 0.0000 

LTLTTD 144.43*** 0.0000 

LLATDD 157.71*** 0.0000 

LLEV2 77.96** 0.0400 

GDP_G 329.38*** 0.0000 

Source: Authors’ Calculations 

Note: The significant parameters are indicated as such with ***, **, * indicate  

Significance at 1%, 5% and 10% levels. 

5. Empirical Results 

Evaluating the leverage ratio degree has originated from utilizing profitability 

measures of the FSIs with return on equity ratio as dependent variable and 

total assets to equity raio as well as other main indicators to provide empirical 

results of estimations shown in table 2. We use the multiple linear regression 

model with imbalanced panel data to find out whether the leverage ratio 

degree is significantly positive as expected or not as well as the impact of 

leverage ratio conditioned by the economic boom or bust in which the 

coefficient is statistcally anticipated to be negative.  

We have demeaned return on equity as profitability or earning indicator, 

asset quality measures representing non-performing loans ratios, net profit to 

earning assets ratio signifying profit margine as another earning indicator as 

well as the return on assets, total loans to total deposits ratio denoting 

management, liquid assets to total deposits ratio representing liquidity status 
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of the Iranian banking network, leverage ratio (total assets to equity), GDP 

growth rate as macroeconomic variable and a dummy of the cross 

multiplication of the leverage ratio and GDP  growth to depict the 

contemporaneous effect.  

Table 2: Empirical Results of Panel Regression for ROE 

Variables 
(1) 

LROE 

(2) 

LROE 

(3) 

LROE 

  
Pooling Data 

Estimation 

Fixed  Effect 

Estimation 

Random Effect 

Estimation 

LNPLTTL 
-.023*** 

(0.008) 

-0.026** 

(0.011) 

0.02** 

(0.008) 

LNPLTTA 
-0.29*** 

  (0.081) 

-0.3*** 

(0.082) 

-0.28*** 

(0.07) 

LNPLTE 
0.32*** 

(0.08) 

0.33*** 

(0.084) 

0.3*** 

(0.07) 

LNPTEA 
0.037*** 

(0.012) 

0.043 

(0.028) 

0.03** 

(0.013) 

LROA 
0.96*** 

(0.013) 

0.95*** 

(0.028) 

0.96*** 

(0.014) 

LTLTTD 
-0.005** 

(0.002) 

-0.002** 

(0.661) 

-0.003 

(0.002) 

LLATDD 
0.002** 

(0.001) 

0.003* 

(0.002) 

0.002** 

(0.001) 

LLEV2 
0.68*** 

(0.081) 

0.67*** 

(0.083) 

0.7*** 

(0.07) 

GDP_G 
0.0004** 

(0.0002) 

0.0005** 

(0.0002) 

0.0004** 

(0.0002) 

LLEV2D_GDP_G 
-0.012*** 

(0.003) 

-0.007 

(0.004) 

-0.009** 

(0.003) 

constant 
-0.012*** 

(0.003) 

-0.004*** 

(0.006) 

-0.009** 

(0.003) 

No.obs. 93 93 93 

R-squared 0.99 0.99 0.99 

Number of  banks 31 31 31 

Source: Authors’ Calculations 

Note: Standard errors in parentheses; the significant parameters are indicated as such 

with ***, **, * indicate significance at 1%, 5% and 10% levels. 

 



Degree of Leverage Ratio  … 103 

 

 

The model fits the panel data (Random effect) estimation and has 

significant coefficients while Hausman test decides between fixed and 

Random-effect model.  According to table 3, the estimaton result from the 

Hausman test determines that Random-Effect must be selected in order to 

interpret the coefficients. The result from table 3 shows that we use Random-

Effect as the ultimate empirical model because in the regression result for 

ROE, Hausman statistics is 7.05. 

Table 3: Hausman Test  for ROE 

Variables 

Cofficients 
(b-B) 

Difference 

Sqrt [diag(V_b-B)] 

S.E. (b) 

FE 

(B) 

RE 

LNPLTTL -0.026 -0.02 -0.006 0.008 

LNPLTTA -0.3 -0.28 -0.024 0.029 

LNPLTE 0.331 0.302 0.029 0.032 

LNPTEA 0.043 0.03 0.012 0.024 

LROA 0.958 0.969 -0.011 0.024 

LTLTTD -0.002 -0.003 0.001 0.004 

LLATDD 0.003 0.002 0.001 0.001 

LLEV2 0.67 0.707 -0.031 0.031 

GDP_G 0.0005 0.0004 0.0001 0.0001 

LLEV2D_GDP_G -0.007 -0.009 0.002 0.002 

Test: Ho: 

b=consistent under Ho and Ha 

B= inconsistent under Ha, efficient under Ho  

      difference in coefficients not systematic  

      chi2(8) = (b-B)'[(V_b-V_B)^(-1)](b-B)  = 7.05 

      Prob>chi2=0.7206 

      (V_b-v-B is not positive definite) 

Source: Authors’ calculations 

The NPL ratio denoted by the logarithm of non-performing loans to total 

loans and total assets has significantly-negatively influenced the return on 

equity ratio since higher NPLs enforce the banks to store higher reserve for 

the non-performing loans in order to prevent failure. Therefore, higher NPLs 

are considered to have higher cost in the profit/loss statement which can 

obviously diminish the profitability of the banks.  
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The coefficients regarding the profit margin and return on assets indicated 

by LNPTEA and LROA are positively significant which can be interpreted as 

higher profit margin causes higher return on equity to emphasize the direct 

relationship and causality among the profitability variables.  

The management ratio depicted by the logarithm of total loans to total deposits 

has a negative correlation with the return ratio though the coefficient is border-

insignificant. This shows that banks higher NPLs ratio and increasing amount 

or ratio of total loans to total deposits does not necessarily augment banks’ 

profitability since it can shrink the profit before tax.  

The leverage ratio coefficient defined as the logarithm of total assets to 

total equity signifies that as banks increase their leverage ratio, they will 

directly identify profit, and their return on equity will improve. Therefore, the 

estimation result for this variable is as it was anticipated. However, the dummy 

variable which is constituted by the multiplication of leverage ratio and the 

GDP growth underscored by one as for boom and zero as for bust, registered 

a negative relationship with the ROE as it was expected for the Iranian banking 

network. It appears that during the bust period of 2012-13, the cost push driven 

by the higher leverage in line with inappropriate return of investments has led 

to the negative impact of the leverage on the return on equity ratio. Henceforth, 

it can be interpreted as the need for further adjustment in banks’ asset portfolio 

as well as more accuracy of customers’ credit rating when lending as well as 

promulgate for less expensive funding and financial resources for the banks 

which are the key tasks of the regulator of the banking system to be actively 

monitoring the trends of key financial soundness indicators i.e. the central 

bank of Iran on one hand, and banks’ on sight and off sight supervision and 

surveillance departments in order to adjust strict strategies and internal bank 

auditing for assets/liability management. Leverage ratio degree during the bust 

is highlighted as negative which replicates a higher cost for lower return for 

the banking network that gives an alarm for credit rating, optimizing financial 

resources as well as higher quality of portfolio management. 
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6. Conclusions 

Financial and economic conditions are tightly interrelated with each other 

specifically when boom and bust repeatedly take place and the banking 

network has to adjust their performance with them in such a way that lack of 

proper return from investments as well as lending profits could not have a 

major impact on the banking network. A decent measure that can help 

regulators and banks supervisors to monitor their performance is the degree of 

ratio analysis which has been calculated in this study. The higher the leverage 

ratio, the higher the bank’s profitability provided that the economy is in a 

boom state, but failure might be coming up to the banking network if lower 

profitability is recorded during bust from higher levels of leverage. With an 

analytical-statistical look at the history of the Iranian banking network during 

2006-13 data and suggesting a panel data model for the leverage ratio degree 

this study has been conducted to estimate the relationship between 

profitability and leverage ratio. 

As it was anticipated, results show that banks should adjust their balance 

sheets to move towards target leverage ratios, with both assets and liabilities 

to be adjusted. This is because the risk of failure may rocket when banks do 

not adjust their equity in line with changes in their assets and liabilities which 

could be interpreted as banks follow their conventional path in financial 

intermediaries where they make portfolio of assets in order to make profit. 

The banking situation worsens when higher leverage degree during the bust 

which would cause difficulty in responding the deposits they have raised from 

the depositors and paid capital from the shareholders. Leverage ratio degree 

is obviously a good measure to indicate whether banks are taking adventurous 

risk of increasing their costs for lower returns. The leverage ratio degree 

shows that both equity and liabilities tend to adjust to move leverage positively 

without considering the state of the economy of Iran. On the other hand, the 

index of leverage’s coefficient conditioned by the state of the economy is 

negative which replicates that banks tend to experience a negative impact of 

leverage on the return to equity as a result of cost push due to higher ratio of 

assets to equity in the bust and inappropriate return on investment. 

Furthermore, leverage degree during the bust is highlighted as negative which 

replicates a higher cost for lower return for the banking network that gives  

an alarm for credit rating, optimizing financial resources as well as higher 

quality of portfolio management which reminds us the need for portfolio 
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diversification which appears to be essential so that banks have to adapt their 

revenue situations with the state of the economy.  

Regulatory and supervisory steps have to be taken by the central bank 

along with the Iranian banks at least to monitor and manage banks financial 

resources as well as how they use the funding from expensive deposits which 

could be a trigger to provide new approaches for raising less expensive 

financial resources. Capital restructuring is vital since institutions strive to 

make the most efficient use of limited finance; the key consideration is where 

banks expand and scale back. One clear trend is the renaissance of classic 

banking as unsustainable and over-leveraged structures give way to simpler 

and more transparent forms of banking business which should include moving 

away from an originate-to-distribute model towards a renewed focus on credit 

quality and relationship-driven banking. The ability to build enduring 

relationships through customer service, understanding and the ability to adapt 

to tougher regulatory controls will be key competitive differentiators in this 

environment. Effective capital restructuring will help to streamline what are 

often overly complex and diffuse banking groups. In turn, divestment will 

provide well-capitalized banks with openings as well as disclosed monetary 

markets which are also essential as windows of opportunity.  
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Abstract 

This paper focuses on developing models to study influential factors on the inflation 

rate for a panel of available countries in the World Bank data base during 2008-

2012. For this purpose , Random effect log-linear and Ordinal logistic models are 

used for the analysis of continuous and categorical inflation rate variables . As the 

original inflation rate response to variables shows an apparent right skewness, the 

log transformation in the linear mixed effect model seems necessery. In the ordinal 

logistic mixed effect model , as a new approach , the inflation rate variable is 

categorized based on two threshols to increase model predictibality and 

precision. These two models consider the potential serial correlation between annual 

infltion rates and categories through introducing some latent random effect 

parameters. The results of both models show that money growth, GDP, oil price and 

income levels of the available countries are significant predictors with increasing 

effect on the next year inflation rate category. Using the categorical inflation response 

variable yields some superior results where government expenditure, exchange rate 

and capital formation are also detected as significant determinants of ordinal 

inflation variable . Also , the random effect variance is highly significant in both 

models which shows the necessery need for consideration of the potential association 

of inflation variables across time.  
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1.  Introduction 

Management of the annual price level changes within a country, known as the 

inflation rate , is one of the important economic issues for policy 

makers. Actually, there are large numbers of researchers trying to recognize 

key determinants of inflation in different countries . From the economic 

perspective , these determinants have been categorized to supply side and 

demand side factors . Supply side factors are those economic factors which 

cause inflation by increasing cost of the production. Some important supply 

side factors include output growth, capital formation, oil and import prices, tax 

and wage levels, and exchange rate. On the other hand, demand side factors 

lead to higher inflation via creating more buying requests for goods and 

services in the country . Some important demand side factors are money 

growth , private consumption expenditure and government consumption 

expenditure . Most of the researchers have studied the effect of the above 

mentioned factors on the inflation rate using three different types of extracted 

sample data: 1) Variables data for a single country across time, 2) A cross-

sectional sample of some countries in one occasion, 3) A panel of countries 

during some period of time. The first two sample types lose some information 

about simultaneous analysis of other countries and different periods of 

time , respectively . It seems that the third approach gives a more reliable 

sample of data for statistical analysis.  

Actually, panel studies are a particular design of study in which the unit 

of analysis is followed at specified intervals over a long period, often many 

years. The key feature of panel studies is that they follow the population of 

interest over an extended time period and are concerned with measuring 

change over time for the units of analysis within the population . In 

contrast, Cross-sectional surveys are based on a sample of the population of 

interest drawn at one time point which do not allow change assessment 

through time.  

In this paper we will try to model the most important supply and demand 

side determinanats of inflation rate using a panel of countries from 2008 to 

2012. There are vast numbers of researches examining inflation rate variable 

in the litrature, some of which will be shortly reviewd in what follows.  

Bruno (1995) and Bruno and Easterly (1998) examined the relationship 

between inflation and economic growth for 127 countries between 1960 and 

1992. Their examination of these data set is historical and descriptive. They 
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do not present a formal econometric model . Their key conclusion was that 

there is some evidence for growth-inflation relationship just for high inflation 

(rates of inflation of 40 percent and higher) countries . Also they belive that 

the results get stronger as one goes from the cross-section to ten- year averages 

to five- year averages to annual data.  

Campillo and Miron (1997) examined the determinants of country-level 

inflation rates for a sample of sixty-two countries during the period 1973-

94. They found out that prior inflation experience plays an important role in 

inflation performance . As another result , they showed that economic 

fundamentals, such as openness, political instability, and tax policy have large 

effects in determining inflation rate.  

Mohanty and Klau (2001) studied the determinants of inflation in 

emerging economies. They used quarterly changes in the variable data in 14 

emerging countries during 1990s. They found out that the output gap, money 

supply and wage level as well as some supply side factors like exchange 

rates, import price and oil price have a significant influence on inflation.  

Pollin and Zhu (2005) used non-linear regression for 80 countries over the 

period 1961-2000 to estimate the relationship between inflation and economic 

growth. They do the test for full sample countries as well as separate tests for 

high, middle and low income countries. For the full data set, they have found 

that higher inflation is associated with moderate gains in GDP growth but for 

differnt income subsamples no clear pattern emerged.  

Hammermann and Flanagan (2007) used a panel data analysis for 19 

transition economies, during the years 1995 to 2004. Their model suggests 

that a central bank’s incentive towards higher short-run inflation is a key 

reason for observed outcomes . Also , unanticipated shocks to supply and 

demand are important determinants of cross-country inflation.  

Calderón and Schmidt-Hebbel (2008) evaluate the impact of non-

monetary factors on inflation for a sample of 97 countries over the period 

1975-2005. They estimate the inflation dynamics for two sets of data with 

different frequency, annual and five year average data, to determine the factors 

driving short and long run inflation . They found out that countries with 

inflation targeting policy and countries which adopt fixed exchange-rate 

regimes would face lower inflation. Also, according to their results, financial 

integration would help lower inflation.  
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Kandil and Morsy (2009) studied the determinants of inflation in Gulf 

Cooperation Council Countries during the period 1970 to 2007 . For this 

purpose , they used two domestic factors: Government spending and the 

money supply, and two external factors: Nominal effective exchange rate and 

a weighted average of price in major trading partners. They found out that in 

both short run and long run, the inflation rate in major trading partner is the 

most relevant factor.  

Diego et al. (2011) examined the determinants of inflation in the United 

States, Japan, the Euro Area and the United Kingdom, using quarterly data for 

1960-2010. According to their research, the output gap and unemployment 

have been important drivers of inflation in the four economies in past 

decades. Also, short-term inflation expectations play a key role in the inflation 

process in the United States and the Euro Area but not in Japan or the United 

Kingdom. And, changes in import prices have affected inflation developments 

in all the economies.  

In the above reviewd litrature , there is no comprehensive panel study 

which includes both key supply and demand side factors across all available 

data countries. In this paper, we will propose two random effect models to 

examine influential economic factors on the inflation rate of a panel of 

available data countries during 2008-12 . For this purpose , as a new 

approach, we have used two response variables corresponding to the inflation 

rate with different measurement scales. Actually, one is the numerical reported 

inflation rate and the other is a three-level inflation status including three 

ordinal categories of , low , medium and high inflation . Also , using some 

graphical and inferential devices , the need for a logarithmic transformation 

seems necessery for the original inflation rate variable to make its distribution 

symmetric . Hence, we have fitted a log-linear mixed effect model for the 

former response variable , while an ordinal logistic mixed effect model has 

been applied for the ordinal response variable. In our proposed models, output 

growth , capital formation , oil price and exchange rate are included as the 

supply side factors. Also, money growth, private and goverment consumption 

expenditure are the demand side factors considered in the analysis . An 

important characterstic of our proposed models is the regression of each year 

inflation on the pervious year determinant factors which causes more 

predictability power for the upcomming year inflation.  

The rest of the paper is organized as follows : The description and the 

exploratory analysis of inflation data are given in Section 2. Section 3 presents 
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the model structure and framework for the two proposed models including 

their likelihood function to be used for parameter estimation . The two 

proposed models will be applied to the inflation data in Section 4. Also the 

point estimation and hypothesis testing results along with the prediction and 

model comparison are presented in this section. Finally, Section 5 includes 

some concluding remarks and possible further works.  

2. Data Description 

The data which will be described in this section and deal with in the model 

estimations are extracted from the World Bank Data Bank for all available 

data countries during 2008 to 2012 (Available at : http://databank. 

worldbank.org). We have used the annual changes in consumer price index 

(CPI) of each country as the inflation rate variable denoted by INF  now 

on. Also, we have constructed a new categorical variable based on the INF  

variable to summarize inflation level of countries via an ordinal 

variable, namely INFcat . Actually, we have categorized all inflation rates 

below 2 percent as low inflation level , between 2 to 5 percent as medium 

inflation rate and upper than 5 percent as high inflation rate. The reason for 

such categories is that, during the last 10 years, 50 percent of countries had 

average inflation rates between 2 to 5 percent , 25 percent had an average 

inflation under 2 percent and 25 percent had average inflation higher than 5 

percent . Using an ordinal level inflation variable could lead to some 

advantages comparing with the use of original INF variable. One important 

adavntage is that , using the ordinal scale we have the oportunity to do a 

comparitive study among different countries with different economic 

charachtrestics (for example comparing the level of inflation in two 

countries, one with higher economic growth or other economic factors). Also 

the categorized inflation approach prevent the missleading estimation results 

due to measurment errors and potential outliers in the reported data.  

For the possible predictors of the inflation rates and levels of the 

countries, we have chosen the most important demand side and supply side 

factors to cover both demand pull and cost push inflation . In the demand 

side , we have used money growth , private and goverment consumption 

expenditure, while in the supply side , gross domestic product , capital 

formation, exchange rate and oil price are selected as variables which could 

potentially determine the inflation rates and levels. Table 1 gives some brief 
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descriptions and notations for these variables that will be used in the data 

analysis. It should be mentioned that since the inflation rate as a dependent 

varaible has a nature of year to year growth , we have also used all the 

independent factors in anual growth form (or anuall changes).   

Table 1: Description and Notation for the Economic Factors  

  Notation Stands for Description 

 MG  Money growth 
Annual changes in the volumes of 

money and quasi money in each 

country 

 ER  
Exchange rate 

growth 
Annual changes in the currency value 

per us dollar in each country  

 CE  

Private 

consumption 

expenditure growth 

Annual changes in the final private 

consumption level in each country 

 GE  

Government 

consumption 

expenditure growth 

Annual Changes in the final 

government consumption level in each 

country 

 CF  
Capital formation 

growth 
Annual changes in the gross capital 

formation level in each country. 

 GDP  
Gross domestic 

product growth 

Economic Growth; Annual changes in 

the constant price level of gross 

domestic product in each country.  

 Oil  Oil price growth  Annual changes in the Brent spot oil 

price per barrel. 

 

For oil price data, we have used the Energy Information Administration 

oil price statistics (Available at : http://www.eia.gov) . To cover the non-

homogeneity of countries with different income levels , in addition to the 

above mentioned variables , we have used income level (INCOME) as an 

ordinal independent variable which according to the World Bank Data Base 

has four categories as follows : Low income, lower middle income, upper 

middle income and high income countries.  
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2.1. Exploratory data analysis 

The data at hand include two interesting dependent variables related to 

inflation: (1) The continuous inflation rate variable; (2) The ordinal inflation 

level variable . Due to the longitudinal nature of the present data , for the 

exploratory analysis it is important to study variations of different variables as 

time grows up. Figure 1 presents histogram of INF variable along with the 

curve of estimated density function during 2008-2012 period. According to 

this figure, there is a non ignorable right skewness in all histograms which 

indicates the need for some transformation to make the distribution of these 

variables symmetric . This high skewness is a result of large number of 

countries with lower inflation rates and a few number of countries with high 

inflation rates which fall in the right tail of the distribution.  

Figure 1: Histogram of INF Variables Across 2008:2012 Years 

 

Table 2 gives the percentage of countries in different inflation categories 

during the time. Also Figure 2 shows the barchart of INFcat variable during 

the period of study. World economic boom in 2008 caused higher inflation 

rates all over the world and as the economic recesion started in 2009 and 

deepened in 2010 , we could see a notable increase in the number of low 
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inflation countries in Table 2 and Figure 2 in these years. Also, since world 

economy, specially in emerging economies , moved to better situations  in 

2011, we could see an increase in the number of countries in the medium and 

high inflation rate categories comparing with two previous years . Figure 3 

shows two apparent peaks in the oil prices at 2008 and 2011 which are due to 

increase in the world oil demand as a result of mentioned better world 

economic situation in those years.   

 

 Table 2: Inflation Category During 2008-2012 (%)  

   Year 

 Inflation category  2008 2009 2010 2011 2012 

 Low 0.03 0.31 0.28 0.08 0.24 

 Medium 0.41 0.48 0.57 0.70 0.56 

 High 0.56 0.21 0.15 0.22 0.20 

 Number of available cases  115 99 107 104 94 

Source: Energy Information Administration oil price statistics 

 (Available at: http://www.eia.gov) 

Figure 2: Barplots of INFcat Variable During 2008-2012 
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Figure 3: Volatility of the Oil Price Growth Across 2008:2012 

 

 Source:Energy Information Administration oil price statistics  

(Available at: http://www.eia.gov) 

Now we study the relationship between different potential factors, which 

were described in the pervious subsection, and the two interesting dependent 

variables. Figure 4 illustrates the boxplots of INF variable for different income 

levels, panelled in five years of the study. According to this figure, in all five 

years of the study , richer countries have lower inflation rate as the lines 

connecting medians of the boxplots have a decreasing trend in all plots. This 

result shows that high inflation rate is the phenomenon which mostly occures 

in less developed with low income countries. Also as the income level of the 

country increases, the boxplot variations decrease which indicate less volatiled 

inflation rates in higher income countries . Figure 5 illustrates the median 

profile plot of INF variable for different income levels through 

time. According to this figure, the median of inflation rate is lower for higher 

income levels in all years except 2008 which shows a slightly different trend 

for the first two lower levels of income. Also this figure shows that the median 

inflation , in each group of countries with the same income level , has 

beed decreased from 2008 to 2010 and has an increase in 2011 as  

described before. 
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 Figure 4: Boxplots of INF Nariables for Different Income Levels 

During 2008-2012

 

Figure 5: Median Profile of INF Variables for Different Income 

Levels Across 2008-2012 

 

   The barcharts of INFcat variable for different income levels in different 

years are presented in Figure 6. In this figure, bars represent percentages of 

the countries in the specefic year. The figure indicates that high inflation rates 

are more common in low and lower middle income countries while there is no 

high inflation rate country in the high income level during 2010 to 2012.  
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Figure 6: Barplots of INFcat Varialble for Different Income 

Levels Across 2008:2012 

 

 

The relation between INF and the supply side and demand side factors are 

respectively shown in Figures 7 and 8 via scatter plot of INF with the 

corresponding factor across time. These two figures show that all of the above 

mentioned factors except CE and GE have a positive relationship with INF 

response variable of the next year which means that the increase in these 

variables during the pervious year leads to higher inflation rates for the next 

year. Actually, we can say that there is no observable relation between INF 

and the two independent variables, CE and GE.  

Figure 9 presents the median profile plot for all independent variables 

panelled through income levels and time . According to this figure , higher 

levels of income lead to lower median value for all variables which could be 

justified since these variables are all in the year to yaer change format and this 

result shows that higher income countries have more stable economic 

nature. Due to economic slow down in 2009, there is an apparent decrease in 

the median of CE, CF and GDP in 2009 for the last three levels of income and 

the effect of this recession is deeper for high income countries . This figure 

also shows that the changing pattern of these independent variables is 

approximately parallel in all income levels except the low income level.  
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Figure 7: Scatter Lot of INF Variable with ER, CF and GDP 

through time 
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Figure 8: Scatter Plot of INF Variable with MG, GE and CE 

through Time 
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3. The Proposed Models 

In this section we will present two different models along with their likelihood 

functions for estimation purposes , one for the analysis of log-normal  

panel data and the other for the analysis of ordinal categorical panel 

data. Actually, in most of the panel studies, the excerpted data might include 

an interesting response variable of continuous or discrete type which should 

be analysed with respect to its own scale. When the response variable has a 

continuous scale, often a linear or a linear after transformation model is used 

based on the histogram and possible distributional assumptions for the 

response variable . In the following subsection , assuming that the log 

transformation is needed (as a common occurance in most of the economic 

variables) for the continuous panel response variable , we will present the 

details of mixed effect log-linear regression model. It should be noted that this 

model includes linear model or other transformed models , ommitting or 

changing the log transformation, respectively.  

In the case of discrete response variable, it should be noted that discrete 

or categorical variables might have two different primary types of 

scales, namely nominal and ordinal, where the variable categories in the first 

type do not have a natural ordering unlike the ordinal type. Hence, the model 

to be used for analysing a discrete response variable should be chosen 

carefully according to the actuall scale type of the response variable, otherwise 

misleading results or loss of information might occur. In this section, we will 

present the model structure and its likelihood function for the mixed effect 

ordinal logistic regression model which assumes an ordinal scale for the 

response variable as the ordinal scale is higher than nominal sclae in the 

measurement hierarchy. Note again that this model includes binary response 

as a special case and also could be changed for the case of nominal response 

variable applying multinomial logit models (see Agresti , 2002 for more 

details).  
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Figure 9: Median Profile of MG, ER, CE, GE, CF, GDP for 

Different Income Levels through Time

 

3.1. Mixed Effect Log-linear Regression Model 

Let the continuous response variable for the i th observation at time t , in a T

period panel study , be denoted by itY . To model the vector of repeated 

measurements for each individal , i.e . ),,( 1 iTii YYY   we assume that 

conditional  on the vector of q  dimensional subject-specific random effect 

parameters iB  the individual responses are independent along time. Also we 

assume that )( itYg , where (.)g  is some monotonically increasing function 

(e.g . log) chosen to make the values of itY  approximately normally 

distributed, has a conditional normal distribution as follows:  
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coefficients and q  is random effect, respectively. Based on the above mixed 

effect model, the likelihood function whould be:  
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where , },,{= 2

YB   , Y  and X , respectively denote whole set of 

responses and the covariates, and ),,(= 1 iTii XXX  . Also, 
i

B
represents q  

dimensional integral and )( iB  is the density function for )(0, BqMVN   

distribution . The first equality in the above equations is a result of 

independence assumption of sample subjects. Also, conditional indepency of 



Determinants of Inflation in… 129 

 

 

the components of i th individual response vector, iY , given random effects, 

iB , leads to the third equality. To obtain estimation for the vector of model 

parameters using a likelihood approach, one should maximize the logarithm 

of the above mentioned likelihood function. The complexity of the likelihood 

function due to integrals needs an approximate optimization method to 

estimate model parameters.  

3.2. Mixed Effect Ordinal Logistic Regression Model 

Let itZ denote the discrete response variable with L  ordinal 

categories , recorded for the i th observation at time t  of a panel 

study. Applying a mixed effect approach for panel data analysis, we assume a 

multinomial distribution for itZ  given the vector of q  dimensional subject-

specific random effect parameters iB  which leads to the conditional indepent 

ordinal responses for the i th individual across time:  

,,1,=   ,,1,=  ),(1,|
.

NiTtlMultinomiaBZ it

ind

iit   

),(0, Bq

iid

i MVNB   

where ),,(= 1 itLitit    is the vector of probabilities corresponding to the 

L  levels of itZ , i.e. , ),|=(= iitititj BXjZPr . Now , we consider an 

ordinal cumulative logistic regression for modelling the effect of covariates 

on these response probabilities as follows:  
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 where itj

j

kiitit BXjZPr 
1=

=),|( , is the cumulative probability of the 

j th and lower levels. Also, according to the above equation, we have:  
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The likelihood function for the Mixed effect ordinal logistic regression 

described above could be obtained as follows:  

),|(=),|(
1=

  ii

N

i

XZfXZL  

iiiii
i

B

N

i

dBBXBZf )(),|(=
1=

  

iiitiit

T

ti
B

N

i

dBBXBZf )(),|(=
1=1=









  

,)(=
)=(

1=1=1=

ii

j
it

ZI

itj

L

j

T

ti
B

N

i

dBB 







  

 where )=( jZI it  is an indicator function which takes the value 1 when 

jZit =  and 0  otherwise.  
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4.  Applying the Models for Inflation Data 

 In this section we will apply the two previously mentioned models for the 

inflation data which is a panel data. The first model is a log-linear regression 

with random effect for acessing the relation between the continuous response 

of INF and the set of 6 independent variables },,,,,{= GDPCFGECEERMGX

. The second model is a mixed effect logistic model, to study the relation 

between the set of independent variables, X , and the INFcat response 

variable.  

Model (I):  As was illustrated in Figure 1, the INF variable is a rightly 

skewed variable which needs some appropriate transformation to make its 

distribution symmetric . To study the appropraite transformation needed for 

INF, one can use the Box-Cox parametric power transformation proposed by 

Box and Cox (1964) to reduce  anomalies such as non-additivity , non-

normality and heteroscedasticity . This family of power transformations is 

defined for positive variable iY , as:  
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where   is an appropriate number which maximizes the profile log likelihood 

of 
)(Y . Figure 10 shows the profile log-likelihood plots of the INF variable 

for the parameter of the Box-Cox power transformation ,  , through 

time. According to these plots we can choose the logarirthm transformation 

for the INF variable as the confidence intervals are near zero and some 

include it.  
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Figure 10: Profile Log-likelihood Plots of the INf Variable for the 

Parameter of the Box-Cox Power Transformation, , through Time 

 

Now to apply the mixed effect log-linear model of section 3.1 for the 

inflation data, some adjustment should be considered due to the possibility of 

different set of countries in different times with different sizes. Actually, we 

have five set of indices for five years of study which we denote by:  

,2012,2008,= ,214},{1,  tI t   

where a whole number of 214 countries has been assumed in the original data 

set . Also it is assumed that tI  has 214tN  elements due to missing 

observations , where in our extracted data set , 115=2008N , 99=2009N , 

107=2010N , 104=2011N  and 94=2012N . The reason for the differnt 

number of countries in differnt years is that we have included all countries 

with available necessary information in each year in the sample. It should be 

noted that the available case analysis is prefered to the complete case analysis 
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where one just includes the countries that which have been observed in all 

times since the number of countries included in the sample would have been 

reduced to 77 in each year and some loss of information and precision might 

occur. Using the above notation, the mixed effect log-linear model for INF 

[namely, Model (I)], would be:  

,2012,2008,=   ,  ),,(|)( 2
.

tIiNbINFLog tINFit

ind
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where, we have considered an intercept random effect parameter ib  to acount 

for the serial correlation between the elements of the vector of response 

variables for the i
th country, ),,(= ,2012,2009 iii INFINFINF  . To compute the 

likelihood function for the above model, again some considerations should be 

applied due to unequal number of countries in different years. Actually, we 

introduce a dummy variable itM  which takes the value one if the i th country 

is included in the sample at time )( tIi and zero otherwise. Hence, according 

to equation 1 the likelihood function of Model (I) whould be:  
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Model(II):  The second model is an ordinal logistic model with random effects 

which includes the INFcat variable as an ordinal response variable with three 
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ordinal categories. According to section 3.2 and the above consideration for 

the different number of countries in differnt years, the mixed effect logistic 

model for the present data [namely, Model (II)], would be:  
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where 1=j  and 2=j  indicate ‘low inflation’ and ‘medium inflation’ levels 

of categorival inflation variable  respectively. Again the likelihood function 

for this model would be obtained as follows:  
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where )=( jINFcatI it  is an indicator function which takes the value 1 when 

jINFcatit =  and 0  otherwise.  
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4.1. Results of the two models 

 In this section the numerical results of parameter estimation for Model (I) and 

(II) will be presented . To estimate the model parameters we have used a 

likelihood approach, where one should maximize the likelihood function to 

obtain parameter estimations . However , both likelihood functions include 

integrals which do not allow introducing closed form ML estimators. Hence 

some numerical itterative approaches along with Monte Carlo methods of 

integral approximation should be applied to maximize likelihood 

functions . Actually , we have used the R program enviorment for model 

estimation. The function lmer  in package 4lme  and the function clmm  in 

package ordinal  are respectively used for Model (I) and Model (II).  

Table 3 presents the results of the parameter estimation for Model (I) and 

(II). According to the results of this table for Model (I), if the significant model 

covariates; MG, GDP, oil increse in a year, the mean inflation rate will also 

increase in the following year. Also the results illustrate that higher income 

countries experience less average inflation rates as expected . Parameter 

estimations for Model (II) indicate that an increase in MG, ER, GE, GDP and 

oil price will be followed by a lower odds of less inflation in the succeeding 

year. In contrast,when CF increases the odds of less inflation for the next year 

increases. The same ordering as Model (I) is true for the income levels which 

shows that as the income increases the odds of experiencing lower inflation 

levels increases. To test the significance of the variance of random effects , 
2

b , in Model (I), use of conventional likelihood ratio tests produces a very 

conservative test because the asymptotics are different than for tests of fixed 

effects (the null hypothesis 0=: 2

0 bH   is on the edge of the parameter 

space, which means trouble). Hence, we have applied an (exact) restricted 

likelihood ratio test based on simulated values (Greven et al. , 2008) which 

leads to 162.2<  evaluep  (based on 10000 simulated values) for the null 

hypothesis of 0=: 2

0 bH  . This means that there is a necessery need to 

include the random effects in the model to consider the possible correlation 

between the INF variables for each country across time . Also we use a 

likelihood ratio test for 0=: 2

0 bH   in Model (II). According to this method, 

164.368=  evaluep  which rejects 0H  and shows strong evidence for the 

existance of correlation between the INFcat variables across time.  
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The results presented in Table 2 lead to the following economic 

interpretations:   

• Both models suggest that money growth is one of the most important 

determinants of inflation all over the world . This finding confirms the 

famous Friedman expression , " Inflation is always and every where a 

monetary phenomenon" (Friedman, 1963). So in any country, a sound 

monetary policy is required for inflation management.  

• Both models suggest that some part of inflation rate changes all over the 

world is due to economic boom and bust (i.e. , GDP cyclical 

changes). Hence, to experience a high GDP growth, one has to accept 

some amount of increase in the inflation.  

• Both models accept the important role of oil prices in determining 

inflation rate in world countries . So that the oil price changes as an 

exogenous vriable affects the inflation rate in countries with different 

levels of income.  

• As the income level increases and moves the country toward a developed 

situation , the inflation rate will decline based on the results of the 

two models.  

• Although the log-linear model failed to discover the significant effect of 

exchange rate, government expenditure and capital formation, the ordinal 

model shows that as the first two of these variables increase the odds of 

lower inflation category increases while an increase in the third variable 

leads to a higher odds of higher inflation.  

Although one of the important goals of model estimation is the inference 

for the data at hand, researchers are mostly interested in the prediction results 

for the future. In what follows, we will use some graphical, descripitive and 

hypothesis testing tools to assess the predictability of the Model (I)  

and (II). Figure 11 displays the scatter plot of observed INF variable versus  

its fitted values according to Model (I) . There is an apparent positive trend 

in this figure which is shown by the red line , estimated via least 

square approach . Also the Pearson correlation between observed and  

predicted INF variable is 0.82=  with 
162.2<  evaluep  for 0=:0 H

(independence) . Figure 12 shows the scatter plots of observed INF with 

predicted INF for different years. According to these plots again Model (I)’s 

ability of prediction is acceptable across years.  
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Table  3: Results of ML Parameter Estimation of Inflation Data 

Corresponding to Model (I) and (II) (significant levels: '' ***
 at 

0.05, '' **
 at 0.1, 

*'

 at 0.2).  

    Model (I) Model (II) 

 Par.  Est.  S.D Est.  S.D.  

 MG  1.10
***

 0.21  -5.04
***

 1.15 

 ER  0.22 0.28  -1.92
*

 1.44 

 CE  0.17 0.31  -0.99 1.58 

 GE  0.14 0.12  -1.08
**

 0.62 

 CF   -0.22 0.14 0.96
*

 0.70 

 GDP  4.33
***

 0.74 -16.2
***

 3.75 

 Oil  0.63
***

 0.08 - 2.52
***

 0.41 

 )(lowInc  0.64
***

 0.15  -2.34
***

 0.62 

 ) ( MiddlelowerInc  0.56
***

 0.14  -1.92
***

 0.55 

) ( MiddleUpperInc  0.45
***

 0.14  -1.16
***

 0.53 

 )(HighInc   -  -   - -  

 0   -3.83
***

 0.10 -  -  

 1   -  - 0.50
*

 0.40 

 2   -  -  5.06
***

 0.52 

 
2

b  0.24
***

  - 2.92
***

  - 

 
2

INF  0.22 - - -  

    Source: Authors’ calculations. 
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Figure 11: Scatter Plot of Observed Versus Fitted INF Based on 

Model (I) 

 

cource :  Authors ' findings 

Figure 12: Scatter Plots of Observed Versus Fitted INF Based on 

Model (I) Across Different

 

 cource :  Authors ' findings 

Table 4 gives the cross table of the observed versus predicted inflation 

category along with the prediction errors based on Model (II), for the overall 

sample in five years of the study. The numbers -1, 0 and 1 in the prediction 
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error column, respectively indicate lower category, exact and upper category 

predictions. According to this table , the medium inflation level is the best 

predicted of the three levels and also the high category has better prediction 

results than the low category. However, the low and high inflation levels are 

likely to be predicted as medium inflation level with one level error.  

Table 4: Observed Versus Predicted Inflation Category and 

Prediction Errors  

   Predicted Category Prediction Error 

Observed Category  Low Medium High  -1 0 1 

  Low 36 59 0 0.00% 37.89% 62.11% 

 Medium 14 244 23 4.98% 86.83% 8.19% 

 High 1 72 70 50.35% 48.95% 0.00% 

   Source: Authors’ calculations. 

 

Applying the Pearson Chi-squared statistic for testing the hypothesis of 

independence between observed and predicted inflation categories leads to 

strong rejection with 222.84=2  and 
162.2<  evaluep . Also using the 

Kendall’s measure of correlation for ordinal variables gives the value , 

0.53=̂  with 
162.2<  evaluep  which again rejects the independent 

hypothesis, i.e., 0=:0 H . Figure 13 displays the mosaic plot of the cross 

table given in Table 4 . In this figure , the width of every rectangle is 

proportional to the total number of countries in the corresponding observed 

category and the height of rectangle capture the conditional proportion of the 

predicted categories within the corresponding observed category . This plot 

illustrates the same results as Table 4 but in a graphical approach. Actually, the 

plot shows that most of the observed responses fall in the medium inflation 

level and also this level has the smallest number of false predictions.  
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Figure 13: Mosaic Plot of Observed Versus Predicted Categories of INFcat 

 

Figure 14 also represents the mosaic plot of observed versus predicted 

inflation categories panelled through five years of the study . These plots 

approximately show the same pattern as the over all plot of Figure 13.  

Figure 14: Mosaic Plot of Observed Versus Predicted Categories 

of INFcat for Different Years 
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5. Conclusion 

Inflation rate is one of the most important macroeconomic variables in all 

countries since all policy making measures need the exact foresight about the 

previous, current and future changes in inflation level. This fact has pushed 

many researchers to work on the recognition of main inflation 

determinants . These determinants are often categorized in two groups : 

Demand side factors and supply side factors . According to the current 

literature , the important demand side determinants of inflation are money 

growth, private and government consumption expenditures and the important 

supply side determinates of inflation are considered to be output 

growth, capital formation, oil prices and exchange rate.  

This paper tried to model World Bank data base during 2008 - 2012 to 

find the level of significancy and effects of the above mentioned demand side 

and supply side factors on the inflation rates considering all countries with 

available data . For this purpose , two random effect log-linear and ordinal 

logistic models were presented in which the correlation between repeated 

measurments for each country is considered via some random ecoefficients. In 

these models, we have used different measurement scale response variables 

corresponding to the inflation rate . Actually, one is the numerical reported 

inflation rate and the other is a three-level inflation status including three 

ordinal categories of, low, medium and high inflation. Using some graphical 

and inferential devices , the need for a logarithmic transformation seems 

necessary for the original inflation rate variable to make its distribution 

symmetric.  

Two points make this study different from the previous similar studies: 

 1) This study used all countries with available data during the time to analyse 

the effects of determinants of inflation while the previous researches focus on 

one country, a cross-section of countries or a limitted number of countries 

during the time. 2) Using the ordinal logistic model in addition to log-linear 

model for inflation variable and comparing the results of both models is a new 

approach in the inflation analysis which has not been considered by previous 

researchers . One important advantage of ordinal scale compared with the 

continuous one is that we have the opportunity to do a comparative study 

among different countries with different economic characteristics (for 

example comparing the level of inflation in two countries , one with higher 

economic growth or other economic factors) . Moreover, the categorized 
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inflation approach prevents the misleading estimation results due to 

measurement errors and potential outliers in the reported data.  

Results of both fitted models show that money growth, GDP growth and 

oil price growth are the main effective elements in determining the inflation 

rate category . Actually , the increase in each of these three variables will 

increase the next year inflation rate (in log-linear model) or the odds of being 

in higher inflation categories in the next year (in ordinal logistic model). The 

other important result is that , while log linear model could not find any 

significant relation for the exchange rate, government expenditures and capital 

formation on the log transformed inflation rate, these variables had significant 

effects on the odd of inflation categories in the ordinal logistic model which 

shows the superiority of ordinal logistic to log-linear model. Model estimation 

shows that any increase in exchange rate growth and government expenditure 

growth increases the odds of higher inflation categories and any increase 

in capital formation growth decreases the odds of higher category  

inflation levels.  
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 دک ا توا د مصرف ا ر،ی را به صورت حداالی کاهش دهدج حدی در شرایط بدبیسا ه   به دلی  کشش    می

 هام ممکن ای  کشور با مصرف ا ر،ی موامه شودجایمدی   ما شیسی بین یوخ 

 های ا ر،یم تقاضای یوخ م ایرانم تابع هزیسه ترا سلوگاصار یارا ه کلیدی: واژگان

  JEL: C32, Q38, Q43بندی طبقه

 

 
 اد دانشگاه تهرانعضو هیات علمی دانشکده اقتصmail:mirshojaeian@ut.ac.ir .-E  

 عضو هیات علمی دانشکده اقتصاد دانشگاه تهران 

 ژاپن -انشکده توسعه و همکاری های بین المللی، دانشگاه هیروشیما د 
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 خ ارز بر پایداری تورم  در ایرانتاثیر نامیزانی نر

 عصمت معصومی

 هرانچیانطامیرمنصور 

 

 چکیده
 ر شام رژ هش حاضننرم برریننی تاثیر  امیزا ی  رز ارم بر رایداری تورب اینن ج برای این مسظور   هدف ام

م  ایدداده شده   0026:2-0030:0های فصلی  داده برای برداری   الگوی چرخشی مارکوف  خودرگرییون 

ام یوی  جکه تأثیر رشد  قدیسگی    امیزا ی  رز ارم بر رایداری تورب مث   ای  دهد شان میایج  دج ای 

رایداری تورب اثر مسدی داردج        دیگرم ر ش چرخشنننی مارکوف رابطه    با رشننند تولید  اخالا داخلی بر 

( در های تورببر رایه این ر شم محیط تورمی فصلی )ر،ی   مزیرخطی بین مدغیرها  یز برریی شده ای    

ی ج برا رد الگوی           شان داد که تورب فصلی دارای یه ر،ی  مخدلف ا یدخراج شد    دایج   اادصاد ایران ا

 رز  ثیر  امیزا یأدهد که ت شننان می  دایجکسدم یید میأبرداری را تمارکوفم  دایج الگوی خودرگریننیون

 های  ارایدار توربم مسدی ای جرم بر ر،ی ثیر  امیزا ی  رز اأارم بر ر،ی  رایدار توربم مث   ای    ت

 

یداری توربم اادصننناد ایرانم ر ش خودرگرینننیون     واژگان کلیدی:    را برداریم الگوی  امیزا ی  رز ارمم 

 چرخشی مارکوف

 JEL: H5,C22,D31,E3, F31 بندیطبقه
 

 
  کارشساا ارشد اادصادم دا شگاه مام درانم بابلسرجesmatmasoumi@yahoo.com Email: 
  عضو هیات علمی دا شگاه مام درانEmail: a.tehranchian@umz.ac.ir 

mailto:esmatmasoumi@yahoo.com
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 طمینانی تورم در ایرانارتباط میان تورم و ناا

 و محمدعلی فالحی

 مهدی حاج امینی

 

 چکیده

یی ارت اط میان تورب    ا    ضر برر یدداده ام     هدف مقاله حا ی ج رفدار تورب با ا اطمیسا ی تورب در ایران ا

(    اریا س  اهمسنننا ی شنننرطی    SETARخود محرک ) ایخود بامگشننن  ایننندا ه    ترکیب الگوهای   

برریی شده ای ج این     6300: 03الی  0333:31( برای د ره مما ی GARCH) یافدهخودبامگش  ت می  

ملدزر   هلسد را تح   -ماینننکوام کوکیرمن -با م رورگرامی -های فریدمنر ش امکان اممون فرضنننیه

دایج  شنننان می   ر،ی  های تورمی مخدلف فراه  می  با    -گو ه که فرضنننیه فریدمن     دهد همان  کسدج  

شننودج این در حالی اینن  که یننه  یش تورب به  ااطمیسا ی تورمی باالتر مسجر میکسدم افزابیسی میریش

ای با تورب هشودج علی  ی  طرفه مث   ام تورب به  ااطمیسا ی تورمی تسها در د رهفرضیه دیگر تأیید  می

ارد که  دار  یسننن ج  دیجه مزبور ام این مه  اهمی  د   های با تورب رایین م سی   دار اما در د ره باال م سی 

سده ر،یمی تورب در مورد ا دظارات عموب ام تورب ایسده را تأیید می  کسد که  دیجه ان کاهش  مود اثر  اب

 های اادصننادی   تخصننیا  امسایننب مسابع اینن ج این بیسش مدید ام رفدار  امدقارن تورب در   ف الی 

گذاری یژه برای تث ی  ایم    هدفایران مداهی  ییایدی ارمشمسدی برای ییایدگذاران اادصادی به        

 تورمی داردج

یدی   گان کل دا ه         واژ بامگشننن  ایننن دار زیرخطیم الگوی خود  سا ی توربم رف ای خود محرک :  ااطمی

(SETAR م ایران) 

  JEL:C22 ، .E31بندی طبقه

 

 
  ایداد اادصادم دا شگاه فرد یی مشهدmail:falahi@um.ac.ir.-E 
 دا شجوی دکدرای اادصاد دا شگاه فرد یی مشهد 
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 بانکی ایران تجزیه و تحلیل درجه اهرمی در شبکه

 محمد ولی پور پاشا و

 علی ارشدی

 

 چکیده

گرفدن  س   اهرمی مورد ارمیابی ارار می گیرد که م موالً با برریی ها با در ظر ض ی  با   مقاله در این

س    ضریب م ادله یودا ری برحسب  س   اهرمی به عسوان  س   ک  بدهی به حقوق صاح ان یهاب   

ر د جگرددها به همراه یایر عوام  در  ی   بیر  ی تدسیر میوق صاح ان یهاب با  ها به حقک  دارایی

دهسده  خام  ا ضاع ش که با کی ای  به این دلی   ظر گرفدن تحلی  رکود   ر  ق  در این مطال هم  شان

 که افزایش ی  درصدی در  س   اهرمی یودا ری را در د ران ر  ق بیش ام ی  درصد یودا ری ایجاد

ااب  تومیه ای ج اما مما ی که با افزایش  مهار ا  عادی  ایطه گری با   اکرده ای  که این برایا

های  چراکه دهسده افزایش خطررذیری با   شانیابدم  س   اهرمی یودا ری در د ران رکود کاهش می

 ها بسیار مشک   توان بامررداخ  اص    فرع یپرده های دریافدی    یز یود صاح ان یهاب  برای با

ها در اثر رذیری با  خواهد شدج درمه اهرمی به طور اشکار م یار مسای ی برای ت یین میزان ریس 

 00ه  های یاالام داده ریدج در این مقالهمر میظها   کاهش یودا ری در د ره رکود به  افزایش هزیسه

های مد  داده ام طریقها درمه اهرمی با   برای تخمین 0036الی  0061با   در ایران طی د ره مما ی 

م سای  به مدرمه اهرمی در شرایط رکودیکه مسدی بودن دهسد تابلویی ایدداده شده ای ج  دایج  شان می

های با   در امای کاهش یودا ری ام مح  اعطای تسهیات تأثیر مسدی اهرب بر یودا ری   افزایش هزیسه

شرایط رکودی اادصاد مسدی  درضریب  س   اهرمی ودج مطابق ا دظارم گذاری خواهد ب  بامدهی یرمایه

ای بر با     کاهش بامده حقوق صاح ان یهاب در اثر دهسده فشار هزیسهدار بوده ای  که  شان م سی

 باشدجافزایش اهرب در  ض ی  رکود اادصادی می

 درمه اهرمیم رکود   ر  ق اادصادی یودا ریم واژگان کلیدی: 

 M20م G21م E51م E44م E32م JEL: C23بندی قهطب

 
 

 محققم رژ هشکده رولی   با کیmail: pashaptl@gmail.com.-E 

  عضو هیات علمی رژ هشکده رولی   با کی 
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های عوامل موثر بر تورم در مجموعه ای از کشورها با استفاده از مدل

 خطی و لوژستیک ترتیبی - اثرات آمیخته لگ

 و سمانه افتخاری مهابادی

 حسن کیایی 

 

 چکیده
ای ام کشنننورهای ثیرگذار بر  رز تورب در مجموعهأت هایی برای مطال ه ی عوام  مد   در مورد این مقاله  

 هایه این مسظورم مد بمرکز شنننده ایننن ج م مد6306تا   6336حاضنننر در رایگاه داده با   مها ی ام       

 بسدی شنندهم اینندداده خطی   لو،ینندی  ترتی ی برای تحلی  مدغیرهای  رز تورب ریویننده   رده -لگ

مد   دی  لگاریدمی درا دج ام ا جا که مدغیر رایخ  رز تورب اصلی به  ضور چولگی به رای  داردم ت هشد

ریدج در مد  اثرات امیخده لو،یدی  ترتی یم به عسوان ر یکردی خطی ضر ری به  ظر می دهاثرات امیخ

دج این مد  افزایش یابسبسدی شده تا اابلی  ریشگویی   دا    مدیدم مدغیر تورب بر ایاا د  ایدا ه رده  

های تورب یالیا ه را با م رفی برخی رارامدرهای اثرات ها    رزد  مد  هم سدگی بالقوه یریالی میان رده

م ایم   د    GDPدهد که رشنند رو م شننان میتصننادفی رسهان ماحظه می  مایدج  دایج هر د  مد   

شگوهای م سادار        ضرم ری شورهای حا شی بر ر ی  رز   رده با اثر افیطح درامد ک یا  اتی  زای های تورب 

ل م دهد که در ان هزیسه د بسدی شدهم  دایج برتری به دی  میهسدسدج بکارگیری مدغیر رایخ تورب رده

شو دج  شده شسایایی می   بسدی  تشکی  یرمایه  یز به عسوان عوام  م سادار برای مدغیر تورب رده    رز ارم

ر هر د  مد  بسننیار م سادار اینن  که لز ب در  ظر گرفدن ریو د بالقوه همچسین  اریا س اثر تصننادفی د

 دهدجمیان مدغیرهای تورب در طو  ممان را  شان می

 توربم مطال ات را لیم مد  اثرات امیخدهم رایخ ترتی ی کلیدی:واژگان 

   JEL : E17, E27, E31, E37, E47بندی طبقه

 
  درارتمان اماردا شکده علوب ریاضی دا شگاه تهرانs.eftekhari@khayam.ut.ac.ir: mail-E 

   )دا شکده اادصاد دا شگاه اماب صادق )صKiaee@isu.ac.ir: mail-E 

mailto:s.eftekhari@khayam.ut.ac.ir
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