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Abstract

Recent changes in the distribution of income have drawn significant attention to the changing

relationship between factors of production in the aggregate production function. These changes

entail corresponding changes in factor rewards and relative income levels. This paper examines

how the position and income of skilled labour relative to unskilled labour have changed during

the recent years in Hungary. A popular explanation to their changing position is offered by the

concept of skill biased technological change (SBTC) that increases relative demand for skilled

labour and can be captured through capital-skill complementarity.

In this paper, own- and cross-price elasticities of factor demand are derived from a flexible

functional form: a translog cost function. The estimation is based on aggregate time series data

for capital, skilled labour and unskilled labour in the Hungarian economy between 1980 and

2002. 

Keywords: skill premium, translog, cost function

JEL codes: E25, F20, J31 



4

Table of Contents

INTRODUCTION.........................................................................................................................................5
LITERATURE REVIEW................................................................................................................................7
ANALYTICAL FRAMEWORK ......................................................................................................................9
DATA ........................................................................................................................................................13
ESTIMATION PROCEDURE AND RESULTS............................................................................................14
CONCLUSIONS .........................................................................................................................................19
TABLES .....................................................................................................................................................21

Table 1. Price elasticity estimates from the Kertesi – Köllő (2002) study ...................................................21
Table 2. Descriptive statistics of data .......................................................................................................21
Table 3.  Parameter estimates derived from the original and reparametrised system of equations .................21
Table 4. Average Allen-substitution elasticities derived from the original and reparametrised system of
equations .................................................................................................................................................22
Table 5. Average price elasticities derived from the original and reparametrised system of equations ............23

FIGURES ...................................................................................................................................................24
Figure 1.  Evolution of the cost-shares data (1980-2002) ........................................................................24
Figure 2. Evolution of the skill premium (1980-2002)............................................................................24
Figure 3. Own- and cross-price elasticities from reparametrised equations (1980-2002).............................24
Figure 4. Own- and cross-price elasticities from reparametrised equations (1992-2002).............................25
References ...........................................................................................................................................26



5

Introduction

Empirical studies have pointed out a substantial rise in wage and income inequality in both

developed and developing countries during the past decades. The main sources of wage

inequality are educational wage differentials, occupational (physical and non physical), age related

and within group inequality (which means growing wage differentials even within the same age,

education and experience groups). (Katz and Murphy, 1992) A possible explanation for the

increase in wage inequalities is that they result from changes in the demand and supply for skilled

and unskilled labour. As a result of this process, factor rewards have changed and the skill

premium – defined as the ratio of the wage of skilled labour to the wage of unskilled labour – has

increased. 

In many countries, the skill premium and the relative quantity of skilled labour employed

increased at the same time. This phenomenon seemingly contradicts the law of supply, i.e. an

increase in the supply of skilled labour should result in lower wages for skilled labour, other

things being constant. Therefore it is reasonable to assume that factors other than supply are

responsible for the increasing skill premium and they are significant enough to over-compensate

the negative impact of increasing supply of skilled labour on the skill premium.

Several attempts have been made in the literature to explore the fundamental causes of these

changes. The literature offers two major explanations to these structural changes: numerous

studies demonstrate the effects of increased factor movements (trade hypothesis), and skill biased

technological change (SBTC). The effect of organisational changes is also emphasised in the

literature. This latter group of explanations suggests that changes in pay norms, minimum wage

and in the role of unions are responsible for changes in relative wages. (Aghion and Williamson,

1998, Brunello et al., 2001) 

The Hecksher-Ohlin theorem explains how increased factor mobility – including trade and FDI –

affects wages. Countries specialise in the production of commodities, which use intensively

factors of production they are abundantly endowed with. The assumption of the model is that

developing countries are abundant in unskilled labour but scarce in skilled labour, thus tend to
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export goods that are intensive in unskilled labour. Developed countries are relatively abundant

in skilled labour and export goods that are intensive in skilled labour. The trade hypothesis

suggests that increasing imports from developing countries decreases production in unskilled-

labour-intensive industries in the developed country and that there is a general shift towards

sectors that are intensive in education and skill rather than in physical labour. Increased trade and

trade liberalisation induce a reallocation of labour from low to high skill industries in skill

abundant countries. This increases demand for skilled labour while employment and wages of

unskilled labour decrease. As such, trade liberalisation increases both relative wages and demand

for skills in developed countries at the same time. Feenstra and Hanson (2001) provide a review

of the studies that estimate the importance of these effects.

Another popular explanation offered by labour economists is the concept of skill biased

technological change (SBTC). SBTC impacts the demand side of the labour market in such a way

that favours those jobs that require higher skill levels. More skilled or better-educated workers are

needed to operate the new generations of machinery and equipment, thus the introduction of

new, more effective technologies may entail structural changes in labour demand. When

technological change is skill biased, relative demand for skilled labour increases as the level of

technology increases. This means that both the relative supply and relative wages of skilled labour

may increase at the same time. 

Many attempts have been made in the literature to explore the possible causes of SBTC but there

is no standard theory to interpret the mechanism. One approach is to include SBTC as an

unobservable trend change that explains changes in increased wage inequality that can not be

explained on the basis of observed changes in input or output prices. A possible way to explicitly

represent and examine SBTC in the production function is through the mechanism of capital-

skill complementarity. This was first formalised by Griliches in 1969 and since then many studies

have provided evidence for and against it. (See for example Berman et al., 1998, Card and

DiNardo, 2002, DeSantis, 2002, Fallon and Layard, 1975, Goldin and Katz, 1996, Haskel and

Slaughter, 1999, Juhn et al., 1993)

In this model, capital-skill complementarity can be directly examined through the estimation of

substitution elasticities between the factors of production. The basic framework contains three

factors of production – capital equipment, skilled labour and unskilled labour. The main

assumption is that capital equipment and unskilled labour are perfect substitutes while capital

equipment and skilled labour are considered as complementary factors. The skill premium is
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calculated according to the neoclassical assumption that each factor of production is paid its

marginal product. If all the other variables are kept constant, an increase in the stock of capital

equipment increases the marginal productivity of skilled labour and decreases the marginal

productivity of unskilled labour, which results in an increase in the skill premium. (Griliches,

1969)

There is ample of evidence that since the beginning of the transition period, similar processes

have taken place in the Hungarian economy.  Foreign direct investment (FDI) played a dominant

role in the restructuring of the economy through the provision of capital, advanced technologies

and managerial know-how. (Kaminski and Riboud, 2000, Szanyi, 2002, Kroska, 2001, Hovley et

al., 1996, Barrell and Holland, 2000) Empirical evidence suggests that FDI was mainly attracted

to regions where well educated, skilled labour was readily available. Demand for skilled labour

and the skill premium increased significantly. Wages of the well-educated young skilled workers

increased the most. FDI was one of the main factors to increase demand for skilled labour.

(Ábrahám and Kézdi, 2000, Fazekas, 2003, Kertesi and Köllő, 2001, Kőrösi, 1997) Since FDI

increased demand for skilled labour in part through the introduction of new production

technologies, it is reasonable to assume that it contributed to SBTC. A study by Kézdi (2002) also

supports this assumption and provides evidence that SBTC took place, especially in the second

period of transition. 

This paper attempts to examine the effects of possible SBTC through capital-skill

complementarity. The paper proceeds as follows. A brief literature review is presented in Section

2 for the purpose of modelling and methodological comparisons. The main features of the data

are discussed in Section 3. The analytical framework is derived in Section 4. The estimation

procedure and the resulting elasticities from the experiments are reported in Section 5. Section 6

concludes the paper.

Literature review

There is a large number of studies that examine substitutability between technology and  factors

of production. (See for example Berndt, 1991, Binswanger, 1974, Card and DiNardo, 2002,

Devroye and Freeman, 2001, Greenwood et al., 1997, Griliches, 1969, Krusell et al., 1997, Kohli,



8

1991, 1993, 1994, Stone et al., 2002, Tombazos, 1999, 2003a) They use different samples

(containing data for the manufacturing sector or the whole economy), different definitions for

skilled and unskilled labour (ranging from only broad occupational categories to groups defined

on education-experience-position) and different assumptions regarding the production function

(from CES to flexible functional forms). Hamermesh (1993) provides a detailed review of many

of these studies. 

Most of the studies that are included in his review are based on data for manufacturing, where

data is more readily available.  (In this context, terms of production and non-production labour

are used as proxies for blue collar (physical) and white collar (non-physical) employment.) These

studies provide evidence that in many cases capital and non-production labour are relative price

complements, and that the price elasticity of unskilled labour with respect to capital is higher than

that of skilled labour with respect to capital. They also agree on that the own-price elasticity of

production labour is higher in absolute value than the own-price elasticity of non-production

labour. This means that demand for production workers reacts more to its price changes and

production workers are in a more sensitive position compared to their skilled counterparts. 

The most important reference point for comparison of estimates of Hungarian elasticities is a

study by Kertesi and Köllő (2002) that uses a translog cost function to estimate, among other

things, substitution elasticities between capital, unskilled labour, old-skilled labour and young-

skilled labour in Hungary. Their study is based on cross-panel data for the years of 1992-1999.

(Detailed employment and wage data is available only after 1992.) Their estimates of the own-

and cross-price elasticities of unskilled, young-skilled and old-skilled labour and capital are

summarised in Table 1.

Concerning own price elasticities, for the three types of labour they found values around zero

and some positive values around 1992-1995. After that own-price elasticities started to decrease

reaching -0.5 to -1 for skilled labour and -1 to -1.5 for unskilled labour. The own price elasticity

of capital exhibited significantly negative values during the sample period, with the lowest values

occurring between 1992-1996.

The study also found that skilled and unskilled labour were price complements in this period.  All

types of labour exhibited substitutability with capital, however they suggest that because of the

statistical insignificance of the parameters used in the calculation of these elasticities, only small
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substitution values occurring in the later part of the sample should be accepted credible. Their

main conclusion supports relative capital-skill complementarity as the elasticity of substitution

between capital and unskilled labour is higher than that of capital and skilled labour.

Although these findings confirm the results of the literature, they should be interpreted with care.

First, the unreliability of capital-stock data sheds doubt on the reliability of the estimates. The

authors admit that their estimation might suffer from the mismeasurement of the capital stock

and capital cost data. (Kertesi and Köllő 2002, pg. 7.) Second, the authors do not report whether

their results satisfy concavity conditions of the underlying cost function. Since some positive

eigenvalues occur in some years for the matrices of the elasticity estimates reported, it is

reasonable to assume that concavity of the cost function does not hold. (The importance of

violating curvature conditions is discussed in detail in the next section.)

Because of these reasons, the main purpose of this paper is to derive elasticity estimates from a

more reliable capital stock data covering a longer period, that also satisfy the curvature conditions

required by the cost function. 

Analytical framework

The translog functional form was originally developed as a flexible approximation to the CES

production function. The main advantage of using such a simple flexible form is that it does not

require any a priori restrictions and assumptions on the possible relationship between the factors

of production. This implies that the estimates are not biased by any preliminary assumptions

regarding factor substitutability. (Greene, 2000)

The derivation of the translog cost function follows Berndt (1991) though numerous studies

specify the function in a similar manner. For the three inputs of capital, skilled labour and

unskilled labour the translog cost function is expressed by (1):
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Where C denotes total cost, Y is output, and Pi is the price of input i. (i =k, s, u). 

 

According to Shephard`s Lemma, the optimal cost minimising demand for an input can be

derived through differentiation of the cost function with respect to its price. As shown by

equation 2, in case of the translog cost function this equals the cost share of input i. 
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Where Xi measures the quantity of input i. Monotonicity of the partial derivatives requires the

LHS of (2) be positive. For the inputs of capital, skilled and unskilled labour differentiation of (1)

with respect to ln Pi   yields the following equations:
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Thus the system of cost share equations for the three inputs is expressed by (3), where the cost-

shares must sum up to one. The equality of cross derivatives is ensured through the imposition of

the following symmetry criteria:

skks �� � ukku �� � ussu �� � (4)
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As the cost-shares sum up to one, only two of the three equations are independent. Linear

homogeneity is imposed through the following conditions on the estimated values of i�  (ai) and

i�  (gi):

1��� usk aaa

0��� kukskk ggg

0��� sksuss ggg (5)

0��� usukuu ggg

0��� uYsYkY ggg

Stochastic specification of the function is done through adding a random disturbance term to

each cost-share equation. It is assumed that the vector of � �usk ��� ,,  is multivariate, normally

distributed, with a mean vector of zero and with a constant covariance matrix. As the cost share

equations sum up to one and only two of them are linearly independent, the sum of random

errors sums up to zero for each observation. Because of these properties, the covariance matrix is

singular and non-diagonal.

A commonly applied procedure to overcome the problem of singularity is to drop one cost-share

equation from the system. This way, only two equations need to be directly estimated. The

parameter estimates give the same result regardless of the choice of which equation is to be

dropped. In the case that the cost-share equation of unskilled labour is dropped, after the

imposition of symmetry and constant returns to scale the two equations to be estimated are:

)/ln()/ln( usksukkkkk PPPPS ��� ���

(6)
)/ln()/ln( usssukksss PPPPS ��� ���
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From the estimated coefficients of the system of equations in (7), Allen-elasticities of

substitution1 can be derived through calculating:

�ij = (�ij+SiSj)/(SiSj ) and   �ii= (�ii+Si
2-Si)/Si

2 (7)

Own- and cross-price elasticities of demand are calculated according to:

�ij= (�ij+SiSj)/Si  and  �ii= (�ii+Si
2-Si)/Si (8)

In addition to these point estimates of substitution elasticities, confidence intervals can also be

constructed following a method suggested by Anderson and Thursby (1986). However, it must

be emphasised that since the estimated coefficients are used together with the cost shares in

calculating elasticities, magnitude of the cost shares asserts significant influence on the elasticity

values. (Frondel and Schmidt, 2003)

It should be noted that there are a number of difficulties associated with the translog functional

form. The function is not necessarily concave or monotonically increasing in input prices. 

When the estimation is based on minimising a cost function, underlying economic theory

requires that the function is concave in input prices. This expresses that the demand curve slopes

downward as costs are minimised, which is a basic assumption in the model. However, estimates

derived from a translog specification very often fail to satisfy concavity of the cost function.

There are a number of studies emphasising the importance of curvature conditions and derive

methods for checking and reinforcing them. (See Ryan and Wales, 2000, Diewert and Wales,

1987, Morey, 1986, Tombazos, 2003a, b, Kohli, 1991, 1994) There are a number of techniques

available to impose curvature conditions locally, but they often fail to result in proper estimates

globally. Using a method that was developed by Wiley, Schmidt and Bramble (1973) the

imposition of curvature conditions locally delivers results that satisfy curvature conditions

globally in most cases. However, even this procedure is shown to endanger the flexibility of the

function, as it may eliminate the possibility for a complementary relationship between inputs in

the whole sample (Kohli 1991, Tombazos, 2003b) or the reparametrised function may become

                                                
1 The Allen elasticity of substitution measures the proportionate change in the ratio of quantities of factors
employed given a proportionate change in the ratio of their prices. (Tombazos 1999.) For a more detailed
explanation see Ghosh, S. K. (1991) Econometrics - Theory and applications, Englewood Cliffs, Prentice-Hall,
Inc. 
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Cobb-Douglas for some observations. (Diewert and Wales, 1987) In such cases, choice of other

functional forms might serve the estimation purposes better.

Data

Data on the quantities and prices of the three factors of production is required for the estimation

of the elasticities. This means data on the aggregate capital stock, price of capital, wages of skilled

and unskilled labour, and number of people employed in the skilled and unskilled categories are

needed for the full period. The sample period is set from 1980 to 2002, in order to capture the

effects of changes before 1992 as well. 

Data was derived from four main sources. Macroeconomic data was derived from the National

Accounts of Hungary. The Hungarian National Labour Centre’s Labour force survey provided

data on the number of employees and wages from 1992. For years before that, Statistical

Yearbooks published by the Central Statistical Office of Hungary were used for both

employment data and national accounts statistics. Wages of manual and non-manual employees

were collected from the Statistical Yearbooks from 1980-1992. In those years when wages of

manual and non-manual workers had not been not explicitly reported, aggregate wages were

calculated in both categories using manual and non-manual wages in separate industries and were

weighted according to the share of the industry in total employment. To approximate the total

cost of labour, company social security contributions and taxes paid by employers were added to

gross wages. Data on employment is more readily available than on wages. The average number

of manual and non-manual employees is used as a proxy quantitative measure of skilled and

unskilled labour.

However, including more years in the sample comes at the cost of using less detailed employment

data. The Wage Survey that contains such detailed data according to highest education, years of

experience, occupational position, etc. is available only from 1992. For the full period of 1980-

2002, wage and employment figures for all sectors of the economy are available in the broadest

categorisation for manual and non-manual categories only. (These categories are equivalents of

physical (blue collar) and non-physical (white collar) employment.) Therefore skilled and

unskilled labour in this paper are defined on the basis of these categories, with unskilled labour
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referring to people employed in manual positions and skilled labour employed in non-manual

positions. 

Undoubtedly, the availability and reliability of the data limit the scope of research and the

reliability of results. It is even more difficult to obtain data on the capital stock, as the Hungarian

Statistical Office stopped publishing capital-stock data in the early 1990s due to inefficiencies in

the method employed to construct data. (Darvas and Simon, 2000 and Pula, 2003 for details.)

One of the motivations of this paper is to make use of a more reliable, consistent capital stock

data that was constructed by the National Bank of Hungary for the years of 1980-2002. The price

of capital was calculated indirectly, from the national accounting identity. Total output data was

constructed through the Tornquist aggregation of categories of consumption, investment and

exports. (This equals the sum of payments to domestic factors of production, and imports on the

sources side.) Net capital expenditure is defined as the difference between the sum of wages and

imports and total output. The price of capital is derived by dividing capital expenditure by the

capital stock.

Descriptive statistics of the data are reported in Table 2.  Figures 1 and 2 show the evolution of

the cost shares and the skill premium.  According to Figure 1, capital exhibited the highest cost

share during the whole period. The share of unskilled labour has been continuously decreasing ,

while that of skilled labour has been continuously increasing. From 1991, the share of skilled

labour of the total cost of production has been higher than the share of unskilled labour. Figure 2

shows a steady increase in the skill premium through the whole period.  By the end of the period

its value has nearly doubled. Egger and Stehrer (2003)  suggest, that this increase would have

been even more significant without outsourcing and downstream processing of imports that

generated demand for unskilled labour.

Estimation Procedure and Results

The system of cost share equations was estimated using Zellner’s seemingly unrelated regressions

(SUR) method. The SUR method offers an efficient solution to handle potentially correlated

disturbances and multiple regressors across the system of equations. (Berndt 1991.) The data was
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adjusted through the Cochrane-Orcutt procedure to eliminate serial correlation. The R2 - value2 of

the model indicates a fairly good fit with a value of 0.96.

Parameter estimates derived from estimating the system of equations in (6) are reported in Table

3.3 Average Allen-substitution elasticities calculated at sample means were derived from these

parameter estimates according to (7) and are listed in Table 4.  Price elasticities derived from the

original system of equations are reported in Table 5.  Many of the elasticity values calculated at

sample means are statistically insignificant and they exhibit sign reversals.

Also, as mentioned in the previous section, concavity in input prices must be examined at each

observation for a translog cost function before we can interpret these results. Concavity of the

function can be checked through calculating the eigenvalues of the substitution elasticity matrices

for each year. Concavity prevails if all the substitution matrices are negative semidefinite, i.e., no

positive eigenvalues occur. Since elasticity estimates calculated from the coefficients in Table 3

violate concavity in some years – i.e. positive eigenvalues occurred – reparametrisation of the

estimated equations was necessary on both sample periods. 

Reparametrisation of the estimated equations was done through imposing additional criteria on

the coefficients, using a method that was developed by (Wiley et al., 1973) as adopted in Kohli

(1991)4.

The matrices of substitution elasticities for each observation are calculated as:
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2 Using Berndt`s adjusted R2  measure for systems of equations Berndt, E. (1991) The practice of econometrics,
Addison - Wesley.
3 Although the data does not allow for a proper testing of structural break, the estimations were carried out on
two sample periods: 1980-2002 and 1992-2002, to test if there is systematic difference between the elasticities
derived from the two periods.
4 For a detailed explanation of this procedure see Kohli (1991), p 110.
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Since )ln( kjkjj ws �� ��� , after normalisation of wages for a given year, matrices of � �j�� � ,

)(�diagB � , and BB��� can be derived, where � has the form:
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It is then a sufficient and necessary condition for � to be negative semidefinite that � is negative

semidefinite and can be written in the form of: �= -TT’. This can be ensured by replacing the

coefficients of the estimated equations by:
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Symmetry and linear homogeneity must be also imposed on the new parameters. The starting

point for the procedure is normally the observation where the violation is most severe. Through

the estimation of the new parameters local concavity can be ensured, but global concavity may

not prevail. However in most cases, according to Kohli (1991), after the first round of

reparametrisation concavity is fulfilled for all observations. 

Parameter estimates derived from the reparametrised equations are summarised in Table 3.

Average Allen elasticities of substitution calculated from these coefficients at sample means are

reported in Table 4. 

Although some of these values might look rather high for a substitution elasticity figure, they are

normal compared to other studies that derive Allen-elasticities from a translog specification. (See

for example Berndt, 1991 on p 475.) After checking the eigenvalues of the new substitution

elasticity matrices we can conclude that no positive eigenvalues occur that are significantly

different from zero. Therefore with the coefficients reported in Table 3, concavity holds for the

cost function. These substitution elasticities also pass the criteria on monotonicity: the sum of
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substitution elasticities between any factor and the others is positive. (Stone and Laplagne, 2001)

Conditions of:

Sk�sk+Su�su>0; Ss�sk+Su�ku>0 and Ss�su+Sk�ku>0

are all fulfilled by these estimates.

Price elasticities are calculated from the new parameters according to (8). Their average values

calculated at the sample means together with their standard error are reported in Table 5. Annual

values of the price elasticities are reported in Figures 3 and 45.

All the price elasticities derived this way are “well-behaving”: all the own-price elasticities are

negative, while cross-price elasticities are all positive, suggesting substitutability between all

factors of production. However, this behaviour warns that these results might be distorted by the

reparametrisation procedure.

Capital exhibited the lowest own-price elasticity in absolute terms and was fairly stable during the

whole period with values between -0.85 and -0.68. This suggests that demand for capital was

stable and inelastic, which indicates its importance in economic restructuring. The own-price

elasticity of skilled labour decreased until 1992 from -1.72 to -1.28 and after this stabilised at

around -1.35, which shows that the demand for skilled labour became less responsive to the

increase in its price during this period. This might be the result of increasing demand for skilled

labour  as suggested by the literature. The hypothesis that the transition placed skilled labour in a

more favourable position relative to unskilled labour is supported by these results. The own-price

elasticity of unskilled labour is the highest among the factors of production, showing that

demand for unskilled labour reacted most sensitively to changes in its price. With a starting value

of -1.44 in the beginning of the period, demand for unskilled labour was less responsive to

changes in its price than demand for skilled labour. However, by the end of the period its own-

price elasticity reached -2.15, which shows a more responsive position both in relative terms to

skilled labour and in absolute terms. It suggests that, as a result of technological advancement it

was no longer necessary to maintain the same level of unskilled labour employed in production. 

                                                
5 It must be noted that these price elasticities pertain to different P and Q values from year to year
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The cross-price elasticities are positive between all inputs in all of the observed years.  The lowest

cross-price elasticity values mark the relationship between skilled and unskilled labour. Its value

decreased continuously during the whole period showing that skilled labour became less

substitutable with unskilled labour. Again, a possible explanation might be that unskilled workers

could not substitute for skilled workers in production under increasingly advanced technology. 

Capital and skilled labour also exhibited positive values in all years, thus rejecting the hypothesis

of absolute capital-skill complementarity. The price-elasticity of skilled labour with respect to

capital decreased from 1.22 to 0.92 and stabilised around unit elasticity by the end of the period.

Therefore, it was still possible to substitute skilled labour for capital in production, but to a lesser

extent over the transition period. Unskilled labour and capital produced the highest elasticity

values that increased from 1.18 in the beginning of the period to 1.75 by 1998 and decreased

afterwards. These positive elasticity values could be explained in relation to the patterns of FDI.

Before the economic transition started, capital was scarce and unskilled labour was used as

substitute for capital equipment. After 1990, Hungary received a large amount of FDI. Many of

these investment projects were motivated by the availability of cheap labour and foreign owners

moved the labour intensive part of their production to Hungary, where both skilled and unskilled

labour was much cheaper. This explains why both skilled and unskilled labour were closer

substitutes for capital during this period.

Since the price elasticity between capital and skilled labour is smaller than that of capital and

unskilled labour, unskilled labour is relatively more easily substitutable for capital than skilled

labour. These results confirm relative capital-skill complementarity and suggest that the

technological development that took place during the period increased the demand for, and the

wages of skilled labour relative to unskilled labour.  Positive price elasticity values between capital

and both types of labour also support the findings of the Kertesi-Köllő study. However,

estimates of the price elasticity of skilled labour with respect to unskilled labour and the own-

price elasticities presented in this paper contradict their findings. Most importantly, relative

capital-skill complementarity is confirmed by both studies.

Results derived from the 1992-2002 sample confirm the results derived from the estimation on

the full period: all the own-price elasticities are negative and the factors of production are found

to be substitutes in production. Since the sizes and magnitudes of these price elasticity estimates

are nearly identical, they reinforce the conclusions drawn above. Comparison of the estimates
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from the reparametrised model on the full sample and only the second half of the sample

suggests that the structural break did not change the relationship between the inputs of

production significantly.

Conclusions

This paper investigates the potential effects of SBTC on the demand for skilled and unskilled

labour through capital-skill complementarity in Hungary during the 1980-2002 period. Although

the available data does not allow for proper examination of a structural break, to test whether the

relationships between the factors of production changed significantly the system of equations was

also estimated on a sample from 1992-2002.  Results turned out to be similar in both cases.

Input demand elasticities were estimated using a three-factor translog cost function that allows

for time-varying inference of elasticities.  After curvature-reinforcing reparametrisation of the

estimated system of equations was applied, estimation of the model resulted in statistically

significant parameter estimates that also ensured concavity of the cost function. Own- and cross

Allen-elasticities of substitution and price elasticities were derived from the coefficients to enable

the analysis of SBTC and capital-skill complementarity.

Both the Allen- and price-elasticities of substitution were “well-behaving”: the own-substitution

elasticities were all negative while the cross-elasticities were all positive for all observations.

Capital and skilled labour were substitutes throughout the period, thus absolute capital-skill

complementarity is rejected. However, the elasticity of substitution between unskilled labour and

capital was much higher. This means that it was easier to substitute unskilled labour for capital

than skilled labour and suggests relative capital-skill complementarity.

Although these results are significant and correspond to the findings of similar studies in the

literature, they must be interpreted with care. While imposing curvature conditions is necessary to

derive meaningful results, reparametrisation might distort the elasticity estimates. On both

samples reparametrisation is suspected to eliminate potential complementarity, as discussed in

Kohli (1991). Tombazos (2003b) provides further evidence that reparametrisation destroys

flexibility in the case of the translog function. In such cases, a different specification of the
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production function might deliver more credible results. For example, reparametrisation does not

challenge the flexibility of the symmetric normalised quadratic function (SNQ) to measure

substitutability between factors of production and thus it may provide the ideal alternative to the

translog specification to derive demand elasticities. This issue is left for further research.
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 Tables
Table 1. Price elasticity estimates from the Kertesi – Köllő (2002) study

Range
�UU –1.7  to –0.004
�YY –1.026 to 0.63
�OO –0.99 to 0.8
�KK –4.1 to –2.48
�UY –1.09 to –0.042
�UO –1.47 to –0.007
�YO –0.265 to 1.2
�UK 1.56 to 2.18
�YK 0.08 to 1.1
�OK 0.34 to 1.01

Table 2. Descriptive statistics of data

Name No. Of

Observation

s

Mean ST.

DEV.

Variance Min. Max.

Skilled wages 23 0.73949 0.80091 0.64146 0.066 2.733

Unskilled wage 23 0.40258 0.39865 0.15892 0.054 1.362

Price of capital 23 0.19083 0.18375 0.033766 0.033 0.553

Cost share Skilled 23 0.18012 0.030477 0.000928 0.132 0.224

Cost share

Unskilled

23 0.20760 0.046672 0.002178 0.145 0.274

Cost share Capital 23 0.61228 0.033658 0.001132 0.567 0.668

Table 3.  Parameter estimates derived from the original and reparametrised system of equations 

1980-2002 1992-2002
Original Reparametrised Original Reparametrised

Value S. E. Value S. E. Value S. E. Value S. E.
�s 192.07 1890.6 –100.7 1333.6 -74.09 178.93 0.0403
�k 0.129 731.72 9701.9 -81.93 200.2 0.102
�u –192.3 1889.4 – 8368 157.2 379.1 0.183** 0.0665
�ss 0.165*** 0.0418 – 0.346E- 0.108*** 0.1972E- - 0.122E-
�sk – 0.0147 0.08*** 0.208E- -0.143*** 0.112E- 0.556E-
�su –0.0528 0.04 0.331E- 0.0349* 0.191E- 0.117E-
�kk 0.221*** 0.0384 – 0.1E-06 0.252*** 0.150E- - 0.78E-
�uk – 0.0328 0.179E- -0.109*** 0.965E- 0.123E-
�uu 0.0578 – 0.404E- 0.226E- - 0.166E-

Based on the t- values, *** represents statistical significance at the 1 percent level; ** at the 2

percent level and * at the 10 percent level with a two tailed test.
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Table 4. Average Allen-substitution elasticities derived from the original and reparametrised

system of equations 

1980-2002 1992-2002

Original 1 Reparametrised 2 Original 3 Reparametrised 4

Value S. E. Value S. E. Value S. E. Value S. E. 

�ss 0.56 1.289 -8.09*** 0.106E- -1.293** -7.69*** 0.2999E-
�kk –0.043 0.102 -1.269*** 0.267E- 0.0509 -1.133*** 0.1947E-
�uu –0.0843 1.342 -8.28*** 0.938E- -2.325*** -9.587*** 0.6088E-
�sk –0.025 0.133 1.729*** 0.188E- -0.122 0.4359E-
�su –0.412 1.094 1.919*** 0.887E- 2.047*** 0.3516E-
�uk 0.15 0.258 2.242*** 0.141E- -0.0452 0.1184E-

Based on the t- values, *** represents statistical significance at the 1 percent level; ** at the 2 

percent level and *  at the 10 percent level with a two tailed test.
1 The highest eigenvalue occurred in 1981, with value of 3.06. This suggests that under these

coefficients, the cost function violates concavity, therefore imposition of curvature conditions is

necessary. 
2 The highest eigenvalue occurred in 1994, with value of 0.266E-14.
3 The highest eigenvalue occurred in 1998 with value of 0.6255. This suggests that under these

coefficients, the cost function violates concavity, therefore imposition of curvature conditions is

necessary.
4 The highest eigenvalue occurred in 1992, with a value of 0.2629E-14.
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Table 5. Average price elasticities derived from the original and reparametrised system of

equations 

1980-2002 1992-2002

Original Reparametrised Original Reparametrised

Value S. E. Value S. E. Value S. E. Value S. E.

�ss 0.101 SR 0.23 – 0.192E- -0.26** 0.097 –1.55*** 0.605E-
�kk -0.026 – 0.163E- 0.032 0.023 –0.717*** 0.123E-
�uu -0.017 SR – 0.194E- -0.384*** 0.136 –1.585*** 0.100E-
�sk -0.015 SR 1.058*** 0.115E- -0.077 0.055 1.251*** 0.275E-
�su -0.085 0.398*** 0.184E- 0.338*** 0.095 0.299*** 0.581E-
�uk 0.091 SR 1.372*** 0.864E- -0.028SR 0.058 1.219*** 0.749E-

Based on the t- values, *** represents statistical significance at the 1 percent level; ** at the 2
percent level and *  at the 10 percent level with a two tailed test.

SR shows that the elasticities exhibit sign reversals during the observed period.
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Figures

Figure 1.  Evolution of the cost-shares data (1980-2002)

Figure 2. Evolution of the skill premium (1980-2002)

Figure 3. Own- and cross-price elasticities from reparametrised equations (1980-2002)
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Figure 4. Own- and cross-price elasticities from reparametrised equations (1992-2002)

Own-price elasticities

-1.8

-1.6

-1.4

-1.2

-1

-0.8

-0.6

-0.4

-0.2

0

1992

1993

1994

1995

1996

1997

1998

1999

2000

2001

2002

P_SS

P_UU

P_KK

Cross-price elasticities

0

0.2
0.4

0.6
0.8

1

1.2
1.4

1.6

1992

1993

1994

1995

1996

1997

1998

1999

2000

2001

2002

P_SK

P_SU

P_UK



26

References

ÁBRAHÁM, Á. & KÉZDI, G. (2000) Long-run trends in earnings and employment in Hungary, 1972 -
1996, Institute of Economics, Hungarian Academy of Sciences, BWP 2000/2, Budapest

AGHION, P. & WILLIAMSON, J. G. (1998) Growth, inequality, and globalization: theory, history and
policy, New York, Cambridge University Press.

ANDERSON, R. G. & THURSBY, J. G. (1986) Confidence intervals for elasticity estimators in translog
models, The Review of Economics and Statistics, 647-656.

BARRELL, R. & HOLLAND, D. (2000) Foreign direct investment and enterprise restructuring in Central
Europe, Economics of Transition, Vol. 8., 2, 477-504.

BERMAN, E., BOUND, J. & MANCHIN, S. (1998) Implications of Skill-Biased Technological Change:
International Evidence, Quarterly Journal of Economics, 113, 4, 1245-1279.

BERNDT, E. (1991) The practice of econometrics, Addison - Wesley.
BINSWANGER, H. P. (1974) The measurement of technical change biases with many factors of production,

The American Economic Review, 
64, 6, 964-977.
BRUNELLO, G., COMI, S. & LUCIFORA, C. (2001) The college wage gap in 10 European countries:

evidence from two cohorts, PURE workshop. Milan, Lisabon.
CARD, D. & DINARDO, J. E. (2002) Skill biased technology change and rising wage inequality: Some

problems and puzzles, NBER, 8769, 
DARVAS, Z. & SIMON, A. (2000) Capital stock and economic development in Hungary, Economics of

Transition, 8, 1, 197-223.
DESANTIS, R. A. (2002) Wage inequality between and within groups: trade-induced or skill-bias technical

change? Alternative age models for the UK, Economic Modelling, 19, 725-746.
DEVROYE, D. & FREEMAN, R. (2001) Does inequality in skills explain inequality of earnings across

advanced countries?, NBER, wp 8140, 
DIEWERT, W. E. & WALES, T. J. (1987) Flexible functional forms and global curvature conditions,

Econometrica, 55., 1, 43-68.
EGGER, P. & STEHRER, R. (2003) International Outsourcing and the skill specific wage bill in Eastern

Europe, The World Economy, Vol. 26., No. 1., pg. 61-72.
FALLON, P. R. & LAYARD, P. R. G. (1975) Capital-skill complementarity, income distribution and

output accounting, The Journal of Political  Economy, 83, 2, 279-302.
FAZEKAS, K. (2003) Effects of foreign direct investment on the performance of local labour markets - The case

of Hungary, Institute of Economics, Hungarian Academy of Sciences, BWP.  2003/3,
Budapest

FEENSTRA, R. C. & HANSON, G. H. (2001) Global production sharing and rising inequality: a survey
of trade and wages, National Bureau of Economic Research, NBER wp 8372, Cambridge

FRONDEL, M. & SCHMIDT, C. M. (2003) Rejecting capital-skill complementarity at all costs,
Economics Letters, 80, 15-21.

GHOSH, S. K. (1991) Econometrics - Theory and applications, Englewood Cliffs, Prentice-Hall, Inc.
GOLDIN, C. & KATZ, L. F. (1996) The origins of technology-skill complementarity, National Bureau of

Economic Research, 5657, 
GREENE, W. (2000) Econometric Analysis, Macmillan.
GREENWOOD, J., HERCOWITZ, Z. & KRUSELL, P. (1997) Long-run implications of investment-

specific technological change, The American Economic Review, 87, 3, 342-362.
GRILICHES, Z. (1969) Capital-skill complementarity, The review of Economics and Statistics, 51,

465-468.
HAMERMESH, D. S. (1993) Labour Demand, Princeton, Princeton University Press, Princeton,

New Jersey.



27

HASKEL, J. E. & SLAUGHTER, M. J. (1999) Does the sector bias of skill-biased technical change
explain changing skill premia?, European Economic Review, 46, 1757-1783.

HOVLEY, G., COX, T. & FAHY, J. (1996) FDI in Hungary: Resource acquisition and domestic
competitive advantage, Journal of International Business Studies, 1996, 4.

JUHN, C., MURPHY, K. M. & PIERCE, B. (1993) Wage inequality and the rise in returns to skill, The
Journal of Political  Economy, 101, 3, 410-442.

KAMINSKI, B. & RIBOUD, M. (2000) Foreign investment and restructuring: evidence from Hungary,
The World Bank, No. 453, Washington D.C.

KATZ, L. F. & MURPHY, K. M. (1992) Changes in relative wages, 1963-1987: supply and demand
factors, Quarterly Journal of Economics, 107, 1, 35-78.

KERTESI, G. & KÖLLO, J. (2001) Economic transformation and the revaluation of human capital -
Hungary, 1986-1999, Labour Research Department, Institute of Economics, Hungarian
Academy of Sciences, BWP. 2001/4, Budapest

KERTESI, G. & KÖLLO, J. (2002) Labour demand with heterogeneous labour inputs after the transition in
Hungary, 1992-1999 and the potential consequences of the increase of minimum wage in 2001 and
2002, Institute of Economics, Hungarian Academy of Sciences, BWP. 2002/5., Budapest

KÉZDI, G. (2002) Two phases of the labor market transition in Hungary: Inter-sectoral reallocation and skill
biased technological change, Labour Research Department, Institute of Economics, Hungarian
Academy of Sciences, BWP 2002/3, Budapest

KOHLI, U. (1991) Technology, duality and foreign trade, The University of Michigan Press.
KOHLI, U. (1993) A symmetric normalised quadratic GNP function and the U. S. demand for imports and

supply of exports, International Economic Review, Vol. 34., No. 1., 243-256.
KOHLI, U. (1994) Canadian imports and exports by origin and destination: a semi-flexible approach,

Canadian Journal of Economics, 27, 580-603.
KOROSI, G. (1997) Labour demand during transition in Hungary, The William Davidson Institute,

WP 116, Ann Arbor
KROSKA, L. (2001) Foreign direct investment financing of capital formation in central and eastern Europe,

European Bank for Reconstruction and Development, wp No 67, London
KRUSELL, P., OHANIAN, L. O., RIOS-RULL, J.-V. & VIOLANTE, G. L. (1997) Capital-skill

complementarity and inequality: A macroeconomic analysis, Federal Reserve Bank of Minneapolis,
Minneapolis

MOREY, E. R. (1986) An introduction to checking, testing, and imposing curvature properties: the true
function and the estimated function, The Canadian Journal of Economics, 19, 2, 207-235.

PULA, G. (2003) Capital stock estimation in Hungary: a brief description of methodology and results, MNB
WP 2003/7., Budapest

RYAN, D. L. & WALES, T. J. (2000) Imposing local concavity in the translog and generalised Leontief cost
functions, Economics Letters, Vol. 63., No. 3., 253-260.

STONE, S., LAPLAGNE, P. & MARSHALL, P. (2002) Exploring the determinants of the increasing
demand for skilled workers in Australia: A general equilibrium approach, Productivity
Commission, Melbourne

STONE, S. F. & LAPLAGNE, P. (2001) Estimating input demand elasticities for Australia,
Productivity Commission, Melbourne

SZANYI, M. (2002) The role of FDI in restructuring and modernization: an overview of literature, IN
GÁBOR HUNYA  (THE VIENNA INSTITUTE FOR INTERNATIONAL
ECONOMIC STUDIES (Ed.) Integration through FDI. Cheltenham, Edward  Elgar
Publishing Ltd., UK.

TOMBAZOS, C. G. (1999) The role of imports in expanding the demand gap between skilled and unskilled
labour in the US, Applied Economics, 31, 509-516.



28

TOMBAZOS, C. G. (2003a) A production theory approach to the imports and wage inequality, Economic
Inquiry, 41, 1, 42-61.

TOMBAZOS, C. G. (2003b) Curvature enforcement and the tenuous flexibility of the transcendental
logarithmic variable profit function, Monash University Working Paper, 23/03 Melbourne

WILEY, D. E., SCHMIDT, W. H. & BRAMBLE, W. J. (1973) Studies of a class of covariance structure
models, Journal of the American Statistical Association, 68, 317-323.

http://www.mnb.hu/module.asp?id=106
http://english.mnb.hu/module.asp?id=125


29

MNB Füzetek http://www.mnb.hu/
MNB Working Papers http://english.mnb.hu/
1995/1   
SIMON, András: Aggregált kereslet és kínálat, termelés és külkereskedelem a magyar gazdaságban 1990-1994
Aggregate Demand and Supply, Production and Foreign Trade in the Hungarian Economy, 1990-1994 (available only in Hungarian)
1995/2   
NEMÉNYI, Judit: A Magyar Nemzeti Bank devizaadósságán felhalmozódó árfolyamveszteség kérdései
Issues of Foreign Exchange Losses of the National Bank of Hungary (available only in Hungarian)
1995/3   
KUN, János: Seignorage és az államadóság terhei
Seigniorage and the Burdens of Government Debt (available only in Hungarian)
1996/1   
SIMON, András: Az infláció tényezői 1990-1995-ben
Factors of Inflation, 1990-1995 (available only in Hungarian)
1996/2   
NEMÉNYI, Judit: A tőkebeáramlás, a makrogazdasági egyensúly és az eladósodási folyamat összefüggései a Magyar Nemzeti Bank
eredményének alakulásával
The Influence of Capital Flows, Macroeconomic Balance and Indebtedness on the Profits of the National Bank of Hungary (available only in
Hungarian)
1996/3   
SIMON, András:  Sterilizáció, kamatpolitika az államháztartás és a fizetési mérleg
Sterilization, Interest Rate Policy, the Central Budget and the Balance of Payments (available only in Hungarian)
1996/4
DARVAS, Zsolt: Kamatkülönbség és árfolyam-várakozások
Interest Rate Differentials and Exchange Rate Expectations (available only in Hungarian)
1996/5   
VINCZE, János — ZSOLDOS, István: A fogyasztói árak struktúrája, szintje és alakulása Magyarországon 1991-1996-ban;
Ökonometriai vizsgálat a részletes fogyasztói árindex alapján
The Structure, Level and Development of Consumer Prices in Hungary, 1991-1996 — An Econometric Analysis Based on the Detailed Consumer
Price Index (available only in Hungarian)
1996/6   
CSERMELY, Ágnes: A vállalkozások banki finanszírozása Magyarországon 1991-1994
Bank Financing of Enterprises in Hungary, 1991-1994 (available only in Hungarian)
1996/7   
BALASSA, Ákos: A vállalkozói szektor hosszú távú finanszírozásának helyzete és fejlődési irányai
The Development of Long-term Financing of the Enterprise Sector (available only in Hungarian)
1997/1
CSERMELY, Ágnes: Az inflációs célkitűzés rendszere
The Inflation Targeting Framework (available only in Hungarian)
1997/2   
VINCZE, János: A stabilizáció hatása az árakra, és az árak és a termelés (értékesítés) közötti összefüggésekre
The Effects of Stabilization on Prices and on Relations Between Prices and Production (Sales) 
(available only in Hungarian)
1997/3   
BARABÁS, Gyula — HAMECZ, István: Tőkebeáramlás, sterilizáció és pénzmennyiség
Capital Inflow, Sterilization and the Quantity of Money
1997/4   
ZSOLDOS, István: A lakosság megtakarítási és portfolió döntései Magyarországon 1980-1996
Savings and Portfolio Decisions of Hungarian Households, 1980-1996 (available only in Hungarian)
1997/5   
ÁRVAI, Zsófia: A sterilizáció és tőkebeáramlás ökonometriai elemzése
An Econometric Analysis of Capital Inflows and Sterilization (available only in Hungarian)
1997/6   
ZSOLDOS, István: A lakosság Divisia-pénz tartási viselkedése Magyarországon
Characteristics of Household Divisia Money in Hungary (available only in Hungarian)
1998/1   
ÁRVAI, Zsófia — VINCZE, János: Valuták sebezhetősége: Pénzügyi válságok a ‘90-es években
Vulnerability of Foreign Currency: Financial Crises in the 1990s (available only in Hungarian)
1998/2   
CSAJBÓK, Attila: Zéró-kupon hozamgörbe becslés jegybanki szemszögből
Zero-coupon Yield Curve Estimation from a Central Bank Perspective 
1998/3   
KOVÁCS, Mihály András - SIMON András: A reálárfolyam összetevői
Components of the Real Exchange Rate in Hungary
1998/4   
P.KISS, Gábor: Az államháztartás szerepe Magyarországon
The Role of General Government in Hungary 
1998/5   



30

BARABÁS, Gyula — HAMECZ, István — NEMÉNYI, Judit: A költségvetés finanszírozási rendszerének átalakítása és az eladósodás
megfékezése; Magyarország tapasztalatai a piacgazdaság átmeneti időszakában
Fiscal Consolidation, Public Debt Containment and Disinflation; Hungary’s Experience in Transition
1998/6   
JAKAB M., Zoltán — SZAPÁRY, György: A csúszó leértékelés tapasztalatai Magyarországon
Hungary’s Experience of the Crawling Peg System (available only in Hungarian)
1998/7   
TÓTH, István János — VINCZE János: Magyar vállalatok árképzési gyakorlata
Pricing Behaviour of Hungarian Firms (available only in Hungarian)
1998/8   
KOVÁCS, Mihály András: Mit mutatnak? Különféle reálárfolyam-mutatók áttekintése és a magyar gazdaság ár- és költség-
versenyképességének értékelése
The Information Content of Real Exchange Rate Indicators (available only in Hungarian)
1998/9   
DARVAS, Zsolt: Moderált inflációk csökkentése; Összehasonlító vizsgálat a nyolcvanas-kilencvenes évek dezinflációit kísérő
folyamatokról
Moderate Inflations: a Comparative Study (available only in Hungarian)
1998/10   
ÁRVAI, Zsófia: A piaci és kereskedelmi banki kamatok közötti transzmisszió 1992 és 1998 között
The Interest Rate Transmission Mechanism between Market and Commercial Bank Rates  
1998/11   
P. KISS, Gábor: A költségvetés tervezése és a fiskális átláthatóság aktuális problémái
Topical Issues of Fiscal Transparency and Budgeting (available only in Hungarian)
1998/12   
JAKAB M., Zoltán: A valutakosár megválasztásának szempontjai Magyarországon
Deriving an Optimal Currency Basket for Hungary (available only in Hungarian)
1999/1   
CSERMELY, Ágnes — VINCZE, János: Leverage and foreign ownership in Hungary 
Tőkeáttétel és külföldi tulajdon (csak angol nyelven)
1999/2   
TÓTH, Áron: Kísérlet a hatékonyság empirikus elemzésére a magyar bankrendszerben
An Empirical Analysis of Efficiency in the Hungarian Banking System (available only in Hungarian)
1999/3
DARVAS, Zsolt — SIMON, András: A növekedés makrogazdasági feltételei; Gazdaságpolitikai alternatívák
Capital Stock and Economic Development in Hungary 
1999/4   
LIELI, Róbert: Idősormodelleken alapuló inflációs előrejelzések; Egyváltozós módszerek
Inflation Forecasting Based on Series Models. Single-Variable Methods (available only in Hungarian)
1999/5 
FERENCZI, Barnabás: A hazai munkaerőpiaci folyamatok Jegybanki szemszögből — Stilizált tények
Labour  Market  Developments  in  Hungary from  a  Central  Bank  Perspective —  Stylized Facts
1999/6   
JAKAB M., Zoltán — KOVÁCS, Mihály András: A reálárfolyam-ingadozások főbb meghatározói Magyarországon
Determinants of Real-Exchange Rate Fluctuations in Hungary
1999/7 
CSAJBÓK, Attila: Information in T-bill Auction Bid Distributions 
Az aukciós kincstárjegyhozamok információs tartalma (csak angol nyelven)
1999/8 
BENCZÚR, Péter: A magyar nyugdíjrendszerben rejlő implicit államadósság-állomány változásának becslése
Changes in the Implicit Debt Burden of the Hungarian Social Security System  
1999/9 
VÍGH-MIKLE, Szabolcs — ZSÁMBOKI, Balázs: A bankrendszer mérlegének denominációs összetétele 1991-1998 között
Denomination Structure of the Balance Sheet of the Hungarian Banking Sector, 1991-1998 (available only in Hungarian)
1999/10 
DARVAS, Zsolt — SZAPÁRY, György: A nemzetközi pénzügyi válságok tovaterjedése különböző árfolyamrendszerekben 
Financial Contagion under Different Exchange Rate Regimes
1999/11 
OSZLAY, András: Elméletek és tények a külföldi működőtőke-befektetésekről
Theories and Facts about Foreign Direct Investment in Hungary (available only in Hungarian)
2000/1
JAKAB M., Zoltán — KOVÁCS, Mihály András — OSZLAY András: Hová tart a külkereskedelmi integráció? Becslések három kelet-
közép-európai ország egyensúlyi külkereskedelmére
How Far has Trade Integration Advanced? An Analysis of Actual and Potential Trade by Three Central and Eastern European Countries  
2000/2 
VALKOVSZKY, Sándor —VINCZE, János: Estimates of and Problems with Core Inflation in Hungary 
A maginfláció becslése és problémái (csak angol nyelven)
2000/3 
VALKOVSZKY, Sándor: A magyar lakáspiac helyzete 
Situation of the Hungarian Housing Market (available only in Hungarian)



31

2000/4 
JAKAB M., Zoltán — KOVÁCS, Mihály András — LŐRINCZ Szabolcs: Az export előrejelzése ökonometriai módszerekkel
Forecasting Hungarian Export Volume
2000/5 
FERENCZI, Barnabás — VALKOVSZKY, Sándor — VINCZE, János: Mire jó a fogyasztói-ár statisztika? 
What are Consumer Price Statistics Good for? 
2000/6 
ÁRVAI, Zsófia — VINCZE, János: Financial Crises in Transition Countries: Models and Facts
Pénzügyi válságok átmeneti gazdaságokban: modellek és tények  (csak angol nyelven)
2000/7 
SZAPÁRY, GYÖRGY: Maastricht and the Choice of Exchange Rate Regime in Transition Countries during the Run-Up to GMU
Maastricht és az árfolyamrendszer megválasztása az átmeneti gazdaságokban az GMU csatlakozást megelőzően (csak angol nyelven)
2000/8 
ÁRVAI, Zsófia — MENCZEL, Péter: A magyar háztartások megtakarításai 1995 és 2000 között
Savings of Hungarian Households, 1995-2000 
2000/9 
DARVAS, Zsolt — SIMON, András: A potenciális kibocsátás becslése a gazdaság nyitottságának felhasználásával
Potential Output and Foreign Trade in Small Open Economies
2001/1 
SIMON, András — VÁRPALOTAI, Viktor: Eladósodás, kockázat és óvatosság
Optimal Indebtedness of a Small Open Economy with Precautionary Behavior
2001/2 
ÁRVAI, Zsófia  — TÓTH, István János:  Likviditási korlát és fogyasztói türelmetlenség
Liquidity constraints and consumer impatience
2001/3
VALKOVSZKY, SÁNDOR — VINCZE, JÁNOS: On Price Level Stability, Real Interest Rates and Core Inflation
Árszintstabilitás, reálkamat és maginfláció (csak angol nyeleven)
2001/4
VINCZE, JÁNOS: Financial Stability, Monetary Policy and Integration: Policy Choices for Transition Economies 
Pénzügyi stabilitás, monetáris politika, integráció: az átmeneti gazdaságok előtt álló választási lehetőségek (csak angol nyelven)
2001/5
SZAPÁRY, GYÖRGY: Banking Sector Reform in Hungary: Lessons Learned, Current Trends and Prospects
A bankrendszer reformja Magyarországon: tanulságok, aktuális folyamatok és kilátások (csak angol nyelven)
2002/1
TÓTH, István János: Vállalati és lakossági konjunktúra felmérések Magyarországon
Cyclical Surveys of the Hungarian Corporate and Household Sectors (available only in Hungarian)
2002/2
BENCZÚR, Péter: A szuverén kötvényekben rejlő kockázatok azonosítása 
Identifying Sovereign Bond Risks (available only in Hungarian)
2002/3
JAKAB M., Zoltán — KOVÁCS Mihály András: Magyarország a NIGEM modellben
Hungary in the NIGEM model 
2002/4
BENCZÚR, Péter — SIMON, András — VÁRPALOTAI, Viktor: Dezinflációs számítások kisméretű makromodellel
Disinflation Simulations with a Small Model of an Open Economy (available only in Hungarian)
2002/5
On the estimated size of the Balassa-Samuelson effect in five Central and Eastern European countries 
Edited by Mihály András KOVÁCS (avaible only in English)
2002/6
GYOMAI, György — VARSÁNYI, Zoltán Máté: Az MNB átlal használt hozamgörbe-becslő eljárás felülvizsgálata 
A Comparison of Yield-curve Fitting Methods for Monetary Policy Purposes in Hungary  (available only in Hungarian)
2003/1
BENCZÚR, PÉTER: The behavior of the nominal exchange rate at the beginning of disinflations 
A nominálárfolyam viselkedése monetáris rezsimváltás után (csak angol nyelven)
2003/2
VÁRPALOTAI, Viktor: Numerikus módszer gazdasági adatok visszabecslésére
Numerical Method for Estimating GDP Data for Hungary (available only in Hungarian)
2003/3
VÁRPALOTAI, Viktor: Dezinflációs számítások dezaggregált kibocsátási résekre alapzó makromodellel
Disinflation Simulations with a Disaggregated Output Gap Based Model (available only in Hungarian)
2003/4
VÁRPALOTAI, Viktor: Dezaggregált költségbegyűrűzés-alapú ökonometriai infláció-előrejelző modell
Disaggregated Cost Pass-Through Based Econometric Inflation-Forecasting Model for Hungary
2003/5
JAKAB M., ZOLTÁN — KOVÁCS, MIHÁLY ANDRÁS: Explaining the Exchange Rate Pass-Through in Hungary: Simulations with the NIGEM
Model 
Az árfolyam-begyűrűzés meghatározói: szimulációk a NIGEM modellel (csak angol nyelven)
2003/6



32

VADAS, GÁBOR: Modelling households’ savings and dwellings investment — a portfolio choice approach (available only in
English)
2003/7
PULA, GÁBOR: Capital Stock estimation in Hungary: A brief description of methodology and results  
Tőkeállomány becslése Magyarországon a PIM módszerrrel. Módszertani leírás és eredmények (csak angol nyelven)
2003/8
DARVAS, ZSOLT  — VADAS, GÁBOR : Univariate Potential Output Estimations for Hungary (avaiable only in English)
2003/9
BENCZÚR, PÉTER: Nominális sokkok átmeneti reálhatása egy kétszektoros növekedési modellben
Real Effects of Nominal shocks: a 2-sector Dynamic Model with Slow Capital Adjustment and Money-in-the-utility
2003/10
MÉRŐ, Katalin — ENDRÉSZ VALENTINYI, Marianna: The Role of Foreign Banks in Five Central and Eastern European Countries (A külföldi
bankok szerepe öt közép-kelet-európai országban) (csak angol nyelven)
2003/11
VILÁGI, Balázs: Az optimális euró konverziós ráta meghatározása egy sztochasztikus dinamikus általános egyensúlyi 
The Optimal Euro Conversion Rate in a Stochastic Dynamic General Equilibrium Model
2003/12
MÓRÉ, Csaba — NAGY, Márton: A piaci struktúra hatása a bankok teljesítményére: empirikus vizsgálat Közép-Kelet Európára
Relationship between Market Structure and Bank Performance: Empirical Evidence for Central and Eastern Europe (available only in Hungarian)
2003/13
BENCZÚR, Péter — SIMON, András — VÁRPALOTAI, Viktor: Fiskális makropolitika és a növekedés elemzése kalibrált modellel 
A Calibrated Model of Growth and Intertemporal Consumption Allocation in a Catching-up Country
2004/1
DARVAS, ZSOLT — SZAPÁRY, GYÖRGY: Konjunktúraciklusok együttmozgása a régi és új EU-tagországokban
Business Cycle Synchronization in the Enlarged EU: Comovements in the New and Old Members
2004/2
NASZÓDI, ANNA: A sávmódosítások árfolyamhatásának vizsgálata opciós modell keretei között 

Target zone rearrangements and exchange rate behavior in an option-based model 
2004/3
TARJÁNI, HAJNALKA: A szakképzettséget felértékelő technológiai változás hatásának becslése a termelési tényezők
keresletrugalmasságára Magyarországon 
Estimating the Impact of SBTC on Input Demand Elasticities in Hungary


	Introduction
	Literature review
	Analytical framework
	Data
	Estimation Procedure and Results
	Conclusions
	Tables
	Table 1. Price elasticity estimates from the Kert
	Table 2. Descriptive statistics of data
	Table 3.  Parameter estimates derived from the original and reparametrised system of equations
	Table 4. Average Allen-substitution elasticities derived from the original and reparametrised system of equations
	Table 5. Average price elasticities derived from the original and reparametrised system of equations

	Figures
	Figure 1.  Evolution of the cost-shares data (1980-2002)
	Figure 2. Evolution of the skill premium (1980-2002)
	Figure 3. Own- and cross-price elasticities from reparametrised equations (1980-2002)
	Figure 4. Own- and cross-price elasticities from reparametrised equations (1992-2002)
	References


