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Abstract
This paper analyzes the market structure of the Hungarian bank market and the 
effects of the financial crisis of 2008 on it. With a static and a dynamic panel model 
we estimate the elasticity of total revenues with respect to changes in input prices 
so that we can determine the market structure based on the Panzar and Rosse meth-
odology for the period between 2003 and 2020. We test the input price elasticity 
according to the balance sheet and profit and loss data of the top 13 companies. The 
results show that the Hungarian bank market was a monopolistic competition or a 
monopoly market in long run equilibrium. To see the effects of the financial crisis 
we use three subsamples, furthermore we estimate and test the H-statistic with a 
fixed effect model. During the examined period the level of factor price elasticity 
increased in time.

Keywords  Panzar and Rosse model · Dynamic panel model · Monopolistic 
competition · Hungarian bank sector · Financial crisis

1  Introduction

Examining the market structure of a sector is an interesting question both from the 
consumer protection and the supervision point of view. The stability of the System-
atically Important Financial Institutions is a crucial issue due to the financial crises. 
Difficulties in the banking sector are quickly spreading to other markets. Therefore, 
it is an important question to examine the market structure of the banking sector, as 
well as to analyze the impact of a financial crisis. Financial markets are often men-
tioned as an example of the perfect competition market.
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This paper focuses on the Hungarian bank sector. After the change of regime 
more private banks appeared in the country, while joining the European Union was 
also a huge step for Hungary. We examine whether the market can be considered 
perfectly competitive. Furthermore, taking into account the evolution of the mar-
ket structure over time, we separately examine the period before the financial crisis 
of 2008, the years of the crisis, and the years after that. This study addresses the 
question about the development of the market structure of the Hungarian bank sec-
tor before and after the financial crisis of 2008. The objective of this research is to 
determine whether the monopoly or the perfect competition case fits better the factor 
price elasticity calculated by the balance sheet data between 2003 and 2020.

The determination of the market structure is based on the Panzar and Rosse meth-
odology (Panzar and Rosse 1987). The model gives a testable hypothesis about 
factor price elasticity which allows us to distinguish between cases of monopoly, 
monopolistic competition, and perfect competition. We estimate and test the input 
price elasticity according to the balance sheet data of the top 13 companies in the 
time-period between 2003 and 2020. We create three subperiods to determine the 
development of the market structure before and after the crisis.

We estimate factor price elasticity with a static and a dynamic panel model to 
test the market structure and create subperiods to see the changes after the crisis. 
The results show that the H-statistic increased during the three periods in Hun-
gary. Before the crisis the bank sector was a monopoly market, during the crisis 
(2008–2012) the market was not in long run equilibrium. Examining the whole 
period we used a static and a dynamic estimation, the structure of the Hungarian 
bank market differs significantly from the perfect competition case. Between 2003 
and 2020 the bank market was in long-run equilibrium and the market structure was 
a monopolistic competition or a monopoly market.

The rest of the paper is organized as follows. First, Sect. 2 contains a literature 
review, and Sect. 3 presents the methodology of the Panzar and Rosse model and the 
dynamic panel model approach. Section 4 describes the dataset, while Sect. 5 con-
tains the main results of the paper. Finally, Sect. 6 discusses the findings, and Sect. 7 
concludes.

2 � Literature review

The Panzar and Rosse method is often used to determine the market structure of a 
bank market. Most studies use static panel estimation, although according to Godd-
ard and Wilson (2009) the dynamic panel model should be used to estimate the Pan-
zar–Rosse H-statistic as the static model can cause bias. Apergis (2015) also uses 
a static Panzar and Rosse model to determine the changes in the market structure 
caused by the crisis with three subperiods in the case of emerging market econo-
mies. The results show that after the crisis a lower level of competition can be seen 
between 2000 and 2012.

The market structure of the Hungarian bank sector has been already studied, how-
ever, with another methodology. Hosszú and Dancsik (2018) estimate the efficiency 
of Hungarian banks with stochastic frontier analysis and data envelopment analysis 
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models and calculate the Lerner index for both the household and the corporate 
credit market. The two segments show a mixed picture, on the corporate credit mar-
ket the competition is stronger. According to the article, the Hungarian banking 
sector is homogeneous from the perspective of cost efficiency, but it is heterogene-
ous in terms of profit efficiency. The crisis had a positive effect on cost efficiency. 
After 2008, the profit efficiency deteriorated at first, but by rationalizing activities it 
improved after.

The Hungarian National Bank also has working papers, which deal with the 
question of the market structure. Móré and Nagy (2003) uses structural methods 
(structure-conduct-performance and relative market power hypotheses) to meas-
ure the competition in the pricing behavior and profitability of Central and Eastern 
European banks. They use the data of individual banks of eight Central and East-
ern European countries (Estonia, Lithuania, Latvia, the Czech Republic, Slovakia, 
Poland, Hungary, and Slovenia) from the period of 1998–2001. According to the 
results, the market concentration has no positive correlation with either the net inter-
est margin or Return on Assets. This implies that in more concentrated markets, 
banks did not earn higher profits. But the results show that dominant banks of the 
countries in the region earned extra profit and caused a welfare loss by exploiting 
their pricing advantage arising from the relative market power and by behaving in a 
manner that limited competition. Móré and Nagy (2004) focuses only on the Hun-
garian sector between 1996 and 2003, using the Bresnahan model, which is a non-
structural approach of measuring competition. Based on the results, the degree of 
competition in the loan and deposit markets is between perfect competition and the 
Cournot equilibrium. On the other hand, the consumer credit market is characterized 
by a lower degree of competition, between Cournot equilibrium and perfect collu-
sion. Molnár et al. (2007) compares the level of the profit margin in the Hungarian 
market with the theoretical values of Bertrand orphans and collusion. The compari-
son of the observed data between 2003 and 2005 with the theoretical models show 
that the competitive market is limited, the degree of competition in the other seg-
ments can be considered low.

Aczél et al. (2016) studied the reason of the high level of the average spread of 
Hungarian home loans above the three-month interbank interest rate before 2016. 
They found that the higher premium is currently primarily caused by the high pro-
portion of products with fixed interest rates beyond one year, the relatively large 
stock of non-performing loans, credit losses, high operating costs, demand-side 

Table 2   Interpretation of the 
market structure and the long 
run equilibrium tests based 
on the Panzar and Rosse 
methodology

Competitiveness test
H ≤ 0 Monopoly or collusive oligopoly
0 < H < 1 Monopolistic competition
H = 1 Perfect competition
Long-run equilibrium test
E = 0 Long-run equilibrium
E ≠ 0 Disequilibrium
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peculiarities, and the low degree of competition observed in certain regions. 
According to the results of the used panel model, the distribution of branches plays 
an important role in the evolution of mark-ups. The findings indicate that the Hun-
garian population chooses from a well-defined, narrow circle of banks when mak-
ing loan decisions. This is due to the territorial distribution of the banks’ branch 
network, the banks’ business model, and the taste patterns observed in the soci-
ety. These constraints and patterns give banks opportunities to price their products 
according to oligopolistic competition.

Although the literature of the Hungarian market structure is abundant, the impact 
of the crisis on it is rarely studied. González (2016) investigated the impact of the 
global financial crisis and the level of market competition of banks on corporate 
investment across countries. Lyons (2009) concentrated on bank bailouts and gov-
ernment money. Várhegyi (2010) focuses on the Hungarian bank market and stud-
ies the effect of international and Hungarian regulations based on the Herfindhal-
Hirschman index, the concentration ratio, the market share of the companies, and 
balance sheet data.

In the literature, the Panzar and Rosse method is often used in the bank sector. 
Table 1 summarizes the results of these studies for different time periods and dif-
ferent countries. In most countries the bank sector is a monopolistic competition in 
long run equilibrium. In Canada in 1982, in Italy between 1998 and 2004, and in 
Nepal between 2010 and 2019 the hypothesis of the perfect competition cannot be 
rejected. On the other hand, there are bank markets with monopoly structure where 
the decision of the companies does not depend on the rivals, which implies huge 
market power, e.g., in Italy between 1986 and 1989, in Japan between 1986 and 
1988, in the case of small banks in France and Germany between 1992 and 1996, in 
Japan, UK, US between 1998 and 2004, and in Bosnia and Herzegovina and Syria 
between 2005 and 2016.

Some research also includes Hungary. Drakos and Konstantinou (2005) focuses 
on post socialist countries between 1992 and 2000, Weill (2013) studies the coun-
tries of the European Union (EU) and Andrade (2017) collects data from the whole 
European Union, but it does not contain results about the individual countries. These 
studies use static models, OLS, or fixed effect panel estimations, and according to 
these results the European Union market and the Hungarian market was in long run 
monopolistic competition before 2010.

3 � Methods

There are several structural and non-structural models to determine the market struc-
ture of a sector. The data request of the non-structural Panzar and Rosse method is 
relatively small, it gives a testable hypothesis of profit maximizing companies in 
different market structures. Its advantage is that there is no need for explicit informa-
tion about the structure of the market. Only the sum of the factor price elasticities of 
the reduced form revenue equation (denoted by H) should be estimated with the help 
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of revenues, and factor prices of the companies calculated from the balance sheet 
data. It allows to distinguish between the monopoly, monopolistic competition, and 
perfectly competitive market structures.

The reduced form revenue equation is the following:

where R(y, z) is the reduced form revenue function, y is the decision variable, and 
z are further exogenous variables which influence the revenue function. C(y,w, t) is 
the cost function, where w is the vector of exogenous factor prices, and t is the vec-
tor of additional exogenous variables that influence the costs.

The testable expression is the sum of the factor price elasticities of the reduced 
form revenue equation:

where * means the profit maximizing values.
The factor price elasticity is unique in the case of perfectly competitive com-

panies in long-run equilibrium (H = 1). In the neoclassical monopoly model the 
elasticity is nonpositive ( H ≤ 0 ). In this case the decision of a company does not 
depend on the rivals’ decisions. For a monopolistic competitor in long run equi-
librium the factor price elasticity is between 0 and 1 (0 < H < 1) (Table 2).

To test the long run equilibrium empirically the Return on Assets (ROA) can 
be estimated with the same independent variables used in the estimation of the 
factor price elasticity. In long run competitive equilibrium the return rates are 
not correlated with the input prices so the sum of the factor price elasticities 
here should be zero.

� = R(y, z) − C(y,w, t)(1)

(2)H =
∑

i

�R∗

�wi

wi

R∗

Fig. 1   Interest income of the top 5 banks between 2003 and 2020 in million Ft
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Goddard and Wilson (2009) showed that the dynamic rather than a static for-
mulation of the revenue equation should be used to identify the Panzar–Rosse 
H-statistic, because the fixed effect estimator of the H-statistic can be biased 
towards zero. We use static and dynamic panel estimations as well when the 
sample size makes it possible. The static approach means that the model specifi-
cation does not contain autoregressive, lagged variables. The dynamic approach 
uses the autoregressive specification of the dependent variable as an explana-
tory variable. When the lagged value of the dependent variable correlates with 
the error term, the fixed effect model is not appropriate to solve the problem 
of endogeneity: the parameters could be biased in that situation. Arellano and 
Bond (1991) used Generalized Method of Moments (GMM) estimation in which 
they use first differences to eliminate the individual effects. They solve the endo-
geneity problem by using all the lagged values of the dependent variables as 
instruments. The method is also called one-step GMM panel estimation.

Another important improvement is that Bikker et al. (2012) shows that only 
an unscaled revenue equation gives unbiased estimation. Thus, the dependent 
variable of interest income should not be scaled, and the model should not con-
tain the total asset as a control variable. In most models the level of total assets 
is a control variable, also in Drakos and Konstantinou (2005) and Weill (2013). 
Our model does not contain the level of total assets as an independent variable 
to avoid bias.

4 � Data

In our analysis we focus on public companies. In 2020 a total of 34 bank corpora-
tions are in the market according to the supervisor’s (Hungarian National Bank) col-
lection. During the data collection we ignore mortgage banks, savings banks, and 
some further banks with special focus (i.e., export–import, development). We used 
the data of 13 banks1 from between 2003 and 2020, all of them operated during the 
whole period and there was no fusion between these companies until 2022. The loan 
portfolio of the 13 banks covered 85% of the bank market loan portfolio in 2020 if 
we do not consider the mortgage banks and saving banks. Memic (2015) used the 
data of 73% of the bank sector in Bosnia and Herzegovina, Kasman and Turgutlu 
(2008) collected the data of non-life insurance companies in Turkey that covered 
80% of the market’s industry assets. Although Hosszú and Dancsik (2018) showed 
that the strength of the competition differs between the household and the corporate 
credit market, we cannot calculate the used variables separately for these two seg-
ments. Thus, we analyze the sector together.

We estimated the factor price elasticity according to a balanced panel dataset with 
13 cross-section observations and 17 time periods. As a main source, the statisti-
cal report of the Hungarian National Bank (Aranykönyv) was used. To collect more 

1  Bank of China, Budapest Bank, CIB Bank, Commerzbank, ERSTE Bank, Kereskedelmi és Hitelbank, 
Magyar Cetelem Bank, Merkantil Váltó és Vagyonbefektető Bank, MKB Bank, OTP Bank, Raiffeisen 
Bank, Sberbank Magyarország, UniCredit Bank.
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details, we also used the Annual Reports (the balance sheet data, financial reports, 
and annual reports). With the help of collected values (Total Assets, Cash, Loans, 
Total deposits, Borrowings, Equity, Operating expenses, Net profit, Interest income, 
Interest expenses, Personal expenses, General and administrative expenses, Number 
of employees, Number of branches) we defined the dependent variable as the inter-
est income (Interest Income, source: Aranykönyv). As factor prices the following 
variables were defined in a way that is often used in the literature as well:

•	 unit price of labor (PL: personnel expenses/number of employees, source: 
Annual Report),

Table 3   Estimation of the factor price elasticity with fixed effect and GMM models

Source: own calculation

Variables Fixed effect model GMM model

Y = ln_Interest income Y = ln_Interest income

Coefficient Std. error T-ratio P-value Coefficient Std. error Z P-value

Const 9.20 0.37 24.90 0.00*** –
l_PL 0.65 0.08 8.22 0.00*** 0.15 0.17 0.88 0.38
l_PF  − 0.04 0.04  − 0.8622 0.39 0.02 0.02 1.42 0.16
l_PK2  − 0.09 0.02  − 4.223 0.00***  − 0.02 0.02  − 1.13 0.26
Ratio_of_br 41.18 18.22 2.26 0.02**  − 4.24 10.94  − 0.39 0.70
Loans  − 0.54 0.31  − 1.764 0.08*  − 0.21 0.22  − 0.93 0.35
Interbankde-

posit_ratio
 − 0.54 0.29  − 1.848 0.07*  − 0.03 0.21  − 0.13 0.90

Likvi 1.19 0.47 2.50 0.01**  − 0.28 0.42  − 0.66 0.51
y(− 1) – – – – 0.93 0.04 22.76 0.00***
y(− 2) – – – –  − 0.18 0.07  − 2.57 0.01**

Test for AR(1) errors: z =  − 2,74,946 
[0,0060]

Test for AR(2) errors: z = 0,378,862 
[0,7048]

Sargan over-identification test: Chi-
square(127) = 188,573 [0,0003]

Test Hypo-
thesis

F P-value Decision Test Hypo-
thesis

X P-value Decision

Test of 
monop-
oly

H = 0 5.38 0 Reject Test of 
monop-
oly

H = 0 0.87 0.39 Fails to be 
rejected

Test of 
perfect 
compe-
tition

H = 1 24.44 0 Reject Test of 
perfect 
compe-
tition

H = 1 24.2 0 Reject
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•	 unit price of business services (PK: operating costs/number of branches, source: 
Annual Report)

•	 unit price of capital (PF: interest expenses/total deposit + total credit, source: 
Aranykönyv).

Further control variables are the ratios:

•	 number of branches to total number of branches (ratio of br),
•	 loans to total assets (loans),
•	 interbank deposits to total assets (interbank deposit),
•	 equity to total assets (equity)
•	 cash to total assets (liquidity).

The estimated equation is as follows.

Table 4   Testing the long run equilibrium with fixed effect and GMM models

Source: own calculation

Variables Fixed effect model GMM model

Y = ROA Y = ROA

Coefficient Std. error T-ratio P-value Coefficient Std. error Z P-value

Const  − 6.46 0.70  − 9.18 0*** – – – –
l_PL  − 0.3 0.150  − 1.99 0.05**  − 0.06 0.08  − 0.74 0.46
l_PK  − 0.04 0.082  − 0.45 0.65  − 0.01 0.03  − 0.35 0.73
l_PF 0.02 0.039 0.46 0.65  − 0.01 0.02  − 0.86 0.39
Ratio_of_br 46.58 34.721 1.34 0.18 12.73 28.98 0.44 0.66
Loans 4.56 0.590 7.73 0.00*** 2.36 0.53 4.48 0.00***
Interbankdeposit ~  1.62 0.562 2.88 0.00*** 0.13 0.63 0.21 0.83
Likvidity  − 2.21 0.91  − 2.44 0.02**  − 0.58 1.57  − 0.37 0.71
ROA(− 1) – – – – 0.64 0.09 7.21 0.00***

Test for AR(1) errors: z =  − 1.8319 
[0.0670]

Test for AR(2) errors: z =  − 0.490419 
[0.6238]

Sargan over-identification test: Chi-
square(129) = 221.914 [0.000]

Test Hypo-
thesis

F P-value Decision Test Hypo-
thesis

X P-value Decision

Test of 
long 
run 
equilib-
rium

E = 0  − 1.72 0.09 Fails 
to be 
rejected

Test of 
long 
run 
equilib-
rium

E = 0  − 1 0.32 Fails to be 
rejected
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The descriptive statistics by years (minimum, maximum, mean and standard 
deviation) of the interest income and the input prices are in the Appendix. The 
mean value of the interest income increased until 2008, however, after the crisis it 
decreased until 2014 (see Appendix Table 7). From 2008 to 2009 the unit price of 
inputs decreased, which is consistent with the results of Hosszú and Dancsik (2018), 
the cost efficiency is better after the crisis although the interest income decreased. In 
Fig. 1 one can see the growing level of interest income between 2003 and 2020 of 
the top five banks in Hungary. The market leader is OTP Bank. The curves are simi-
lar in all cases: after the crisis of 2008 the interest income decreased in every bank, 
that stopped around 2013, and a new rise started after 2015.

By forming subsamples we also examine the evolution of the H statistic over 
time, which lead to smaller sample sizes. Olivero et al. (2011) calculated H sta-
tistics according to 3 year long subsamples in Asian and American countries to 
test the robustness of the result about the whole continent. In several cases the 
estimation was made based on fewer than 50 observations (i.e., between 1997 and 
1999 the sample contains from Bolivia 27, from Paraguay 18, from Peru 28, from 
Singapore 21, from Thailand 41 and from Uruguay 17 banks). Also, Kasman and 
Turgutlu (2008) built three year long subsamples on the Turkish insurance mar-
ket, the sizes of the samples are the following: 66, 77, 47.

To see the changes of the H statistic we used the following subperiods: 
2003–2007, 2008–2012 and 2013–2020. Hosszú and Dancsik (2018) studied 
the efficiency of the Hungarian bank sector before and after the crisis with dif-
ferent methods, they used the following grouping: 2001–2004 balanced growth, 
2005–2008 excessive credit expansion and indebtedness in foreign currencies, 
2009–2012 crisis years, 2013–2016 period of recovery. Apergis (2015) studied 
the effect of the crisis with the H statistic of Panzar and Rosse in emerging mar-
ket economies, the subsamples were 2000–2007 and 2008–2011.

5 � Results

We estimated the factor price elasticity with a fixed effect and a dynamic GMM 
model. The dependent variable is the interest income. In the dynamic model the 
lagged value of the interest income is in the model as an independent variable as 
well. Taking the logarithm of the variables, the factor price elasticity is the sum of 
the estimated coefficients of the factor prices ( �

1
+ �

2
+ �

3
).

Table  3 contains the estimated revenue equations and the associated H-statis-
tics for the Hungarian banking system over the full sample in the time-period of 
2003–2020. The table shows the coefficients of the significant variables. Accord-
ing to the AR(1) and AR(2) tests two lags are sufficient in the dynamic model. The 
Sargan over-identification test shows that over-identification can occur in the model 
because of the large number of instruments, so the results should be treated with 

(3)

lnInterest Incomei,t = α + β1lnPLi,t + β2lnPKi,t + β3lnPFi,t + �1interbankdepositi,t + �2ratioofbri,t
+ �3loansi,t + �4equityi,t + �5liquidityi,t + �InterestIncomei,t−1 + ε
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reservations. We estimated a pooled OLS, a fixed effect, and a random effect model. 
According to the joint significance of differing group means test, the pooled OLS 
estimation is not adequate compared to the fixed effect model. According to the 
Hausman test the random effect estimation is not consistent, so we also decide in 
favor of the fixed effect model in the case of our dataset. The fixed effect model 
could treat the problem of unobserved effect (endogeneity) by a time-demeaned/
within transformation (Wooldridge 2012).

To test the market structure, we have to test 2 parameter restrictions, which are 
simple linear parameter restrictions, so we implemented an F test and Chi-square 
test for the sum of coefficients. The estimated factor price elasticity is 0.52 in the 
fixed effect model and 0.15 in the dynamic model. In the case of monopoly, the elas-
ticity is nonpositive (H0:H ≤ 0). We reject the null hypothesis in the case of the fixed 
effect model, and we cannot reject it in the case of the dynamic model. That means 
that the revenue function does not depend on the decisions of the rivals, the dynamic 
model suggest high market concentration. In the long run competitive equilibrium, 
the elasticity is unique (H0:H = 1). We reject the null hypothesis in both models, 
so there is no perfect competition between 2003 and 2020 in Hungary. The results 
of the two tests show that the bank market could be a monopolistic competition, 
because the factor price elasticity is between 0 and 1.

This is true if the market is in long run equilibrium. To test this assumption we 
estimated the equation with the same control variables, but the dependent variable 
is the Return on Assets (ROA). In equilibrium the dependent variable should not 
be correlated with the input prices. Thus, we need to test the same hypothesis, for 
which we cannot reject that the input price elasticity is zero (H0:E = 0), that the mar-
ket is in long run equilibrium between 2003 and 2020 (Table 4).

To determine the effect of the financial crisis we build three subsamples 
(2003–2007, 2008–2012, 2013–2020) and estimate the market structure in the 
same way. Because of the lower number of observations, we used the static panel 
model approach, so a fixed effect model was fitted. To be able to compare the 
results the estimated equations contain all the control variables. The results are 
presented in Table 5.

We tested the hypothesis of the long run equilibrium in every subperiod, see 
the results in Table 6.

Before the financial crisis (2003–2007) the Hungarian bank sector’s market 
structure significantly differs from perfect competition (H0:H = 1). The value of 
H-statistic is − 0.29. The hypothesis of the monopoly market (H0:H = 0) cannot 
be rejected on any usual significance levels, where the companies’ decisions are 
not influenced by the other companies of the sector.

In the years of the crisis (2008–2012) we get similar results, we cannot reject the 
hypothesis of monopoly and reject the perfect competition. The H-statistic (0.23) is sig-
nificantly different from one (H = 1), but not significantly differs from zero (H = 0). It 
has a positive value, so it also allows the case of monopolistic competition. However, 
the hypothesis of monopolistic competition holds only if the market is in long run equi-
librium. During this time-period the market is not in long run equilibrium according to 
the test in Table 6.
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The results of the post-crisis period (2013–2020) are not straightforward. The mar-
ket is in long run equilibrium, but the factor price elasticity is 0.99. We cannot reject 
either of the two hypotheses.

6 � Discussion

We analyze the market structure of the Hungarian bank sector. This is an impor-
tant factor of the competitiveness analysis of the sector. However, measuring the 
competitiveness is a much more complex problem. Ábel and Polivka dealt with 
this question in 1997 (Ábel and Polivka 1997). They focused on the development 
of the sector after the regime change, the transaction costs, and the foreign-owned 
companies. Mester et al. (2017) mentioned that predictable taxation and the regu-
latory system are important features of competitiveness in the current banking 
system. Thus, the strong policy influences (state support for credit and extra taxa-
tion of banks) also have a great effect on the sector. The Hungarian National Bank 
developed two competitiveness indicators, which are based on 14 basic pillars to 
measure the competitiveness of the bank sector (Baksay and Horváth 2017). The 
indicators contain macroeconomic aspects (tax environment) as well as the profit-
ability, so the factor price elasticity can be an important factor.

There are several structural and non-structural models to determine the mar-
ket structure of a sector. Comparing the results of some of these methods could 
serve as a sense of robustness test. The structural approach includes the differ-
ent market hypotheses, i.e., structure-conduct-performance paradigm, efficiency 
hypothesis and the concentration ratios: the k bank Concentration Ratio (CRk), 
the Herfindahl-Hirschman Index (HHI), the Hall-Tideman Index, the Rosenbluth 
Index, the Comprehensive Industrial Concentration Index, the Entropy measure, 
the Hannah and Kay Index (HKI), and the U Index (U) (Bikker and Haaf 2002b). 
As non-structural models, the Iwata model (1974), Bresnahan model (1982), and 
Panzar and Rosse model (1987) are often used. The first two methods are based 
on the profit maximizing problem of the oligopolies. The Panzar and Rosse model 
uses the comparative static properties of the reduced-form revenue approach. The 
Bresnahan and Iwata model is rarely applied in the case of bank market analy-
sis (Bikker and Haaf 2002b), whereas the Panzar and Rosse method is widely 
used, see Table 1. It is also used in connection with other markets, for instance 
the Hungarian insurance market (Varga and Madari 2023). The necessary data to 
carry out the analysis is relatively small, it is often used with small sample size in 
the literature, as we presented earlier.

Nevertheless, there are also some weaknesses of this model. The different size 
of the firms can cause problems (Bikker et al. 2012), Shaffer and Spierdijk (2015) 
showed that the H statistic can be negative or positive at any level of competi-
tion, and it was also suggested that the value of the statistic could be presented 
as a pass-through rate not a market power measure (Sanchez-Cartas 2020). We 
built in the further critics about the empirical application of the Panzar and Rosse 
model to the analysis. According to Goddard and Wilson (2009) the dynamic 
panel model estimation should be used, and Bikker et al. (2012) shows that only 
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an unscaled revenue equation gives unbiased estimation, thus the model does not 
contain the total asset as a control variable.

According to Andrade (2017), studying the European Union countries together 
between 2004 and 2011, all countries had monopolistic competition. However, 
the operation of the bank market, especially in the household sector, is country 
specific so it is worth examining the countries individually. Drakos and Konstan-
tinou (2005) estimate H statistic between 1992 and 2000 with fixed effects esti-
mation and total assets is used as a control variable, they calculate that the mar-
ket is under monopolistic competition. According to our dynamic and unscaled 
estimation the hypothesis of the monopoly market in Hungary between 2003 and 
2020 cannot be rejected.

It is worth noting that the effect of the crisis in the most studied countries 
decreased the level of H statistics, i.e., the EU15 and EU27 average (Weill 2013) and 
in emerging markets (Apergis 2015). But in Hungary the H value increased between 
2008 and 2009 from 0.65 to 0.77 (Weill 2013). We get a similar result with panel 
estimation. Between 2003 and 2007 the H static was negative (− 0.29), the monop-
oly market hypothesis cannot be rejected. During the years of the crisis (2008–2012) 
the competition increased (H = 0.23) and during the recovery period (2013–2020) 
the H value was 0.99. The Hungarian market tends to the perfect competition in the 
analyzed years.

The Panzar and Rosse method focuses on the whole market, but it would be inter-
esting to study the household and corporation credit market separately. It is a statisti-
cal estimation, thus, it can contain some bias, although suggestions for improvement 
have been taken into account and the observations cover a large part of the market.

7 � Conclusion

We examined the effect of the financial crisis of 2008 on the market structure of the 
Hungarian bank sector. Between 2003 and 2020 the H-statistics increased. Before 
and during the years of the crisis the market was a monopoly market. The market 
was not in long run equilibrium so further conclusions cannot be made. Extend-
ing the results of the papers that studied similar questions in this area we estimated 
H-statistic with a dynamic panel estimation in the whole time-period. Based on the 
Panzar and Rosse methodology we tested the hypothesis of the monopoly and the 
perfect competition markets, and we rejected the hypothesis of the perfect competi-
tion. According to the dynamic model we cannot reject the monopoly case. This 
research has shown that the Hungarian bank sector is a monopolistic competition 
market or a monopoly in long run equilibrium between 2003 and 2020.

The results are in some sense similar to the ones gained in previous research in 
the area with fixed effect estimation. Contrary to the result of Apergis (2015), who 
shows the decrease in the level of competition in emerging markets, the value of 
H-statistics in Hungary is constantly increasing during the examined three time peri-
ods. The main limitation of this study was the paucity of sample size, greater efforts 
are needed to extend the number of observations or to carry out the investigation 
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on a regional level. Further control variables could also improve the results, using 
other revenues from fees and commissions for instance. Studying the impact of digi-
tal banking trends on the market structure can be also an interesting further research 
question.

Appendix

Tables 7, 8, 9 and 10

Table 7   Descriptive statistics of 
interest income

Source: own calculation

Year y

Mean MIN MAX SD

2003 21,390.46 357.00 93,117.00 25,591.78
2004 26,266.38 377.00 110,561.00 30,015.75
2005 29,756.54 573.00 116,654.00 31,634.39
2006 33,561.00 531.00 126,503.00 34,355.63
2007 37,686.69 515.00 138,681.00 37,602.45
2008 42,989.62 528.00 156,231.00 42,363.53
2009 41,029.08 632.00 143,913.00 39,562.49
2010 37,942.77 286.00 146,097.00 39,058.41
2011 35,862.92 318.00 133,037.00 35,549.87
2012 35,177.08 551.00 127,323.00 34,118.48
2013 34,322.31 1873.00 130,397.00 34,337.26
2014 34,007.15 2364.00 132,303.00 34,592.24
2015 35,620.69 2937.00 135,018.00 35,217.02
2016 34,473.46 3917.00 138,648.00 35,907.73
2017 52,545.26 4174.00 252,427.29 66,450.23
2018 56,730.08 3130.00 290,733.00 75,860.66
2019 55,666.15 2099.00 235,679.00 62,319.95
2020 59,435.85 3060.00 239,633.00 64,160.63
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Table 8   Descriptive statistics of 
unit price of labor

Source: own calculation

Year PL

Mean MIN MAX SD

2003 6.79 3.86 10.66 1.91
2004 7.70 5.68 10.80 1.51
2005 8.30 5.74 12.33 1.78
2006 8.73 5.85 11.52 1.74
2007 8.41 1.93 11.32 2.37
2008 10.13 1.41 23.53 5.11
2009 9.05 7.05 12.33 1.58
2010 9.11 6.53 14.57 2.18
2011 9.27 5.87 16.32 2.48
2012 9.60 7.77 15.85 2.12
2013 10.46 7.73 17.66 3.13
2014 11.55 8.01 32.14 6.52
2015 11.88 8.13 31.69 6.24
2016 13.43 8.37 51.10 11.40
2017 13.39 8.47 50.73 11.32
2018 13.35 8.82 46.00 9.91
2019 13.38 7.86 43.41 9.17
2020 13.75 9.44 48.10 10.44

Table 9   Descriptive statistics of 
unit price of business services

Source: own calculation

Year PK

Mean MIN MAX SD

2003 1 128.55 362.45 3 311.71 949.81
2004 1 181.59 348.29 4 793.89 1 295.57
2005 1 135.01 325.60 4 989.50 1 345.08
2006 2 584.10  − 1 163.00 16 387.81 5 507.34
2007 3 111.58 148.55 18 253.00 6 386.86
2008 3 195.85  − 98.50 19 145.00 6 578.66
2009 3 260.48 239.09 18 601.00 6 539.56
2010 3 550.66 375.06 19 446.00 6 736.58
2011 4 120.78 485.60 20 707.00 7 004.78
2012 3 785.86 379.00 21 520.00 7 221.62
2013 3 838.83 409.51 21 216.00 7 337.91
2014 4 234.34 517.89 22 628.00 7 873.18
2015 4 237.76 512.33 28 888.00 8 419.05
2016 4 074.24 362.87 25 703.00 7 926.28
2017 3 285.24 271.47 16 994.00 5 968.55
2018 2 698.52 276.88 15 171.00 4 421.67
2019 3 136.53 331.00 13 686.00 4 336.79
2020 3 291.00 31.00 16 566.00 5 133.76
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Table 10   Descriptive statistics 
of unit price of capital

Source: own calculation

Year PF

Mean MIN MAX SD

2003 0.0211  − 0.0202 0.0871 0.0263
2004 0.0274  − 0.0205 0.0843 0.0289
2005 0.0248 0.0043 0.0646 0.0177
2006 0.0221 0.0070 0.0658 0.0168
2007 0.0255 0.0062 0.0454 0.0114
2008 0.0191 0.0004 0.0478 0.0140
2009 0.0059  − 0.0284 0.0280 0.0136
2010 0.0025  − 0.0850 0.0500 0.0320
2011  − 0.0045  − 0.1069 0.1637 0.0674
2012 0.0094  − 0.0745 0.2307 0.0754
2013 0.0143  − 0.0682 0.2382 0.0714
2014  − 0.0148  − 0.0810 0.1515 0.0591
2015 0.0127  − 0.0407 0.1716 0.0549
2016 0.0235  − 0.0190 0.1604 0.0434
2017 0.0300 0.0017 0.1648 0.0428
2018 0.0076 0.0008 0.0162 0.0050
2019 0.0101 0.0013 0.0190 0.0059
2020 0.0090 0.0022 0.0209 0.0058
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