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Abstract: 
The aim of this paper is to analyse the gender wage gap in Germany, 

Denmark, France, Italy, Spain and United Kingdom. We use the stochastic frontier 

approach to study the wage differentials due to gender, after controlling for human 

capital variables and other individual characteristics. The data set is the ECHP 

(European Community Household Panel Data) from 1995 to 2001. Our results 

indicate significant differences among the countries in the size of the wage gap, that 

range from Denmark, where the potential wage of women are 3% higher than that of 

men, to Spain where this difference is about 34% against women. 
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I. Introduction 

 Men earn higher wages than women even after controlling for measurable 

characteristics related to their productivity (Blau and Kahn, 2003). The European 

Employment Strategy has developed a strong compromise with the objective of 

gender equality in employment. The national action plans include specific goals from 

1997 onwards. However, even though this action plans in Europe in 2000, women’s 

hourly wages represented between 80% and 95% of men’s hourly wages (European 

Commission, 2003, p.10). 

In this paper, we propose six hourly wages frontiers for Denmark, France, 

Germany, Italy, Spain and UK to analyse the factors that contribute to explain the 

differences in the potential wage of women among these countries.  

The purpose of this paper is to provide evidence concerning this wages 

differential and their determinants. The gender gap could be attributed to a lower 

productivity of women or to a lower market return for a given characteristics, usually 

related to the discrimination component or to unobserved variables. Using the 

frontier approach, we also consider the existence of inefficiency in the 

transformation of human capital into market earnings and their determinants.  

The traditional analysis of discrimination consists in the estimation of an 

earnings equation by gender, separately, following the work of Oaxaca (1973) and 

Blinder (1973), assuming that males have a non-discriminatory wage structure. Then, 

with this method, we decompose the wage gap and we explain the differences in the 

potential wage due to differences in productivity and unexplained differences 
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attributed to gender discrimination. This methodology has been criticised in two 

essential ways. Firstly, the residual wage gap could include omitted variables that 

difficult its interpretation as discrimination. Secondly, because this method uses 

reduced form wage equations for the two groups and estimates them separately, 

considering that both groups are identical. However, there may be unobservable 

differences between the characteristics of the two groups for which the wage 

equations cannot account1. To avoid these difficulties, different methods have been 

developing (see Beblo et al, 2003). We use the stochastic frontier approach as 

alternative method. This econometric method includes a one-sided error to capture 

the possibility of an inefficient behaviour of the economic units analysed when trying 

to reach an economic objective. The frontier approach is a methodology usually 

applied to analyse inefficiency in firms’ production where a production frontier 

shows the maximum amount of output attainable with a given level of inputs. If firms 

do not obtain this maximum level of output, they are inefficient and we could 

measure their level of inefficiency by the one-sided error term. Likewise, adapting 

this methodology to the analysis of wage differentials, the earnings frontier will 

describe the highest potential income associated with a given stock of human capital. 

If the worker earns less than its potential wage, that indicate inefficiency in the 

transformation of human capital variables (schooling, experience, and tenure) into 

earnings and we could analyse which factors explain these differences between the 

potential and the effective wage. Moreover, this methodology allows us to know if 

                                                 
1 Robinson, M and P. V. Wunnava (1989) 
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identical observable workers can achieve different potential wage due to market 

discrimination. 

There is a growing literature that uses the stochastic frontier approach to 

estimate earnings functions. Among others, we can find the contributions from 

Hofler and Polacheck (1985), Herzog, Hofler and Schlottmann (1985), Polachek and 

Yoon (1987), Robinson and Wunnava (1989), Daneshvary et al. (1992), Hunt-

McCool and Warren (1993) and Polachek, and Robst (1998). Robinson and 

Wunnava (1989) paper is one of the first attempts to measure discrimination using 

the frontier methodology. Hunt-McCool and Warren (1993) considered the 

differences in potential earnings between black and white workers associated with 

labour market discrimination when analysing the extent of inefficiency in the 

transformation of human capital into earnings. More recently, Dawson et al. (2001) 

uses the stochastic wage frontier to estimate the relative underpayment of females 

and men. Garcia et al. (2002) analyse the differences in wages by gender and the 

existence of gender discrimination in Spain while Lang (2005) estimates an earning 

frontier to search for systematic differences and discrimination between native and 

immigrants in Germany. 

The stochastic frontier methodology contributes to a better estimation of the 

wage gap and discrimination in the following aspects. It establishes a relationship 

between the maximum wage attainable by an individual, given their human capital 

and other personal characteristics, according to the neo-classical theory instead of 

considering an average wage obtained by the estimation of a reduced wage equation. 

Then, the earnings function, represent the relation between the human capital 
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variables (inputs) and the maximum wage attainable (output) and allows to 

comparing the wage obtained by a worker with their potential or theoretical wage. In 

addition, the frontier method not only estimates the determinants of wages, like the 

traditional wage equation procedure but also gives other interesting information. 

Firstly, it allows evaluating the individual gaps between the frontier and the obtained 

wage; and secondly, it is possible to analyse the variables that could explain the wage 

inefficiency (the distance to the frontier) through the model of inefficiency effects 

proposed by Batesse and Coelli (1995) 

The paper is organised as follows: in section 2 we analyse the stochastic 

frontier methodology and its application to the earnings equation. Section 3 shows 

the data and variables. Section 4 provides the discussion of results. Finally, in section 

5 we present the concluding remarks.  

 

II. Stochastic frontier and the inefficiency model 

We use the Stochastic Frontier Approach to estimate an earnings frontier, 

adding to the standard earnings equation an asymmetric error term representative of 

the wage inefficiency. Specifically, we use the model of Battese and Coelli (1995), 

which is a panel data version of Aigner et al. (1977) approach, in which we estimate 

the wage inefficiency using the stochastic frontier and explain, simultaneously, this 

inefficiency by a set of variables. This approach avoids the inconsistency problems 

of the two-stage approach, when analysing the inefficiency determinants2.  

                                                 
2  In a two-stage procedure, firstly, a stochastic frontier function is estimated and the inefficiency 
scores are obtained under the assumption of independently and identically distributed inefficiency 
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The Battese and Coelli (1995) model is: 

 

)exp();( itititit uvXfY −= β       (1) 

 

Where X is the set of inputs; β is the set of parameters, vit is a two-sided term 

representing the random error, assumed to be iid N(0, σv
2); uit is a non-negative 

random variable representing the inefficiency, which is assumed to be distributed 

independently and obtained by truncation at zero of N(µit,σu
2). The mean of this 

distribution is a function of a set of explanatory variables: 

itit
i

iit Zu Ψ+= ∑ δ       (2) 

 

Where Zit is a (Mx1) vector of variables that may have effects over individuals’ 

outcomes, δi is a (1xM) vector of parameters to be estimated and Ψit is a random 

variable defined by the truncation of the normal distribution with zero mean and 

variance σu
2.  

The function coefficients (β) and the inefficiency model parameters (δ) are 

estimated by maximum likelihood method together with the variance parameters:  

σ2 = σv
2+σu

2; and  γ = σu
2/σ2. 

                                                                                                                                          
effects. However, in the second step inefficiency effects are assumed to be a function of some firm-
specific variables, which contradicts the assumption of identically distributed inefficiency effects. 
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The difficulty of transforming individual characteristic in outcomes is 

measured by the ratio of observed wage over the maximum or potential wage 

obtainable for an individual (when there are not inefficiency), the efficiency (EF) of 

an individual i in year t is3: 

 

)exp(
)exp(;(

)exp(;(
it

itit

ititit
u

vXf
uvXf

EF −=
)

−)
=

β
β

    (3) 

 

The scores obtained from expression (3) take value one when the individual 

totally transform its characteristics in earnings and less than one otherwise. 

 

Specification of the stochastic earnings frontier 

The earnings frontier describes the highest potential income associated with a 

given stock of human capital. We adopt a standard semi-logarithmic earnings 

equation (Mincer (1974)) of the type 

 

ititit vXW +′+=∗ βαln       (4) 

 

Where W* is the potential or theoretical wage and X the set of human capital 

variables. This equation is stochastic and only measurement errors or 

                                                 
3 Individual efficiency scores ui, which are unobservable, can be predicted by the mean or the mode of 
the conditional distribution of ui given the value of (vi-ui) using the technique suggested by Jondrow et 
al (1982). 
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misspecification of the model could affect the entire transformation of the human 

capital endowment into markets earnings. 

 

However, potential or theoretical wage could differ from realized wage, that 

is, workers could not be able to transform totally their human capital stock into 

earnings because informational deficiencies in the labour market. We call the 

difference between potential and realized wage “wage inefficiency” and it is included 

in the analysis adding a one-sided inefficiency error term to the earnings function, 

obtaining a frontier. The stochastic earnings frontier represents an upper bound to the 

earnings. The observed wage (W) could be lower because of measurement errors or 

inefficiency in the transformation of human capital into earnings, the called “wage 

inefficiency”. 

 

itititititit uvXuWW −+′+=−= ∗ βαlnln    (5) 

 

As we focus on gender wage differentials, we consider discrimination as one 

of the possible reasons explaining differences in earnings. The existence of 

discrimination means that the potential earnings for one group are lower than it 

should be according to their human capital and then, the position of the frontier is 

affected. In this sense, we follow Hunt-McCool and Warren (1993), Garcia et al. 

(2002) and Lang (2005) measuring the degree of labour market discrimination as the 

differences in the potential wages for different groups of workers, not explained by 

different human capital endowment or personal and job-related characteristics. Then, 
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we allow for the existence of some kind of discrimination with the introduction of a 

dummy representing specific group of workers into the wage equation. If these 

dummies are statistically significant with a negative sign, we could not reject the 

hypothesis of discrimination. 

Moreover, the estimated wage inefficiency is explained by a set of variables 

that proxies some characteristics of the individuals, incomplete information and other 

market imperfections.  

 

itit
i

iit Zu Ψ++= ∑
=

19

1
0 δδ       (6) 

 

Where, Zit represents a set of variables that could have effect in explaining the degree 

of inefficiency in the transformation of human capital into earnings. 

Then, we estimate the earnings function for the whole sample, adding a term 

of inefficiency, whose mean is a function of a set of inefficiency determinants. 

From the estimation, we expect a positive relationship between earnings and 

human capital endowment, according to the direct link between human capital and 

labour productivity and a negative relationship between earnings and women in the 

presence of some kind of market discrimination. Notice that we estimate a common 

frontier for all the sample groups instead of estimate separate earnings functions for 

different groups. Therefore, we do not restrict wage inefficiency to a disfavoured 

group measured when comparing to a reference group full efficient. 
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III. Data and variables 

We use data from the ECPH for Denmark, France, Germany, Italy, Spain and 

United Kingdom to estimate a stochastic frontier, for each country, to investigate the 

determinants of wage differentials. We analyse the corresponding unbalanced panel 

of wage earners currently working 15 or more hours per week, from 1995 to 2001.  

The samples are of employed people with an age ranged from 25 to 65 years old, 

which remain in the sample at least three consecutive years and work in the industrial 

and services sectors.  

Table 1 shows the mean and standard deviation of variables that indicates the 

differences among these countries. Female activity rates are still much higher in 

northern and central European countries than in most southern European ones, 

despite the catching-up process in participation that has taken place during the last 

two decades in the latter countries. The percentages in the sample of female workers 

vary from United Kingdom, which has the highest percentage, to Spain that is the 

country with the smaller. We have to mention that the level of female unemployment 

in United Kingdom is as high as that of men, while in Spain this level is nearly twice 

of men. The average ages of the individuals of the sample are quite similar around 42 

years old. The number of children smaller than 12 years old ranges from 0.62, in 

Italy, to 0.74 in France. Workers of Denmark seem to be more satisfied with respect 

their job while the Italian workers seem to be the less satisfied.  

 

[Insert Table 1] 
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Education and experience are important variables in the classical formulation 

of wage equations (Mincer, 1974; Willis, 1986). Education is a variable that present 

difficulties of harmonization on an international level. In the ECHP we have only 

three levels and do not include any specialities. To solve partially that inconvenience 

we have included in our estimation the variable formal training or education that 

gives the individual skills needed for their present job. As it appears in Table 1 the 

highest percentage of people with formal training belong to United Kingdom (84%), 

Denmark (77%) and Germany (76%), followed with some distance for Spain (58%), 

France (55%) and Italy (36%). Seniority is a variable traditionally included in the 

estimation of the wage equations. We have used from the ECPH the variable that 

picks the number of years that individual has been working with the last employer. In 

France (18%), Italy (17.99%) and Spain (17.32), we have workers with more 

seniority in the current job than in Denmark (13.63), Germany (12.99) and United 

Kingdom (8.43%). Mobility allows workers to obtain a better fit in the labour 

market, so this variable could be related with efficiency. We have on average a 37% 

of mobility for Denmark, France and United Kingdom while these percentages are 

smaller for Germany (22%), Italy (27%) and Spain (29%). In this sample Denmark 

and United Kingdom have a high proportion of services’ sector than the other 

countries. On the opposite, when we compare the differences in type of contract we 

obtain that Spain is the country with the smallest percentage of permanent workers. 

The proportion of individuals that work in private sector is bigger in Spain (71%), 

United Kingdom (70%) and Germany (70%).  
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The variables 
The dependent variable used for estimation is the logarithm of gross hourly 

wage.  

The explanatory variables of the wage equation are: 

Trend: It is the time trend. 

Gender: This is a dummy variable that takes value one if the individual is a woman, 

zero otherwise. 

Age: This is a set of four dummy variables 

From 25 to 35 years old 

From 36 to 45 years old 

From 46 to 55 years old (category of reference) 

More than 55 

Occupation in current job: This is a set of eight dummy variables 

Legislator, seniors’ officials and managers 

Professionals 

Technicians and associate professionals 

Clerks 

Service workers and shop and market sales workers 

Craft and related trade workers  

Plant and machine operators and assemblers 

Elementary occupations (category of reference) 

Tenure in Industry: this variable measures the seniority (in years) of individual 

with the actual employer in any firm that belongs to the industrial sector. 
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Tenure in Services: this variable measures the seniority (in years) of individual with 

the actual employer in any firm that belongs to the service sector. 

Private sector: This is a dummy variable that takes value one when the individual 

works in the private sector, zero otherwise. 

Formal training: Formal training or education that gives workers the skills needed 

for their present type of work. This is a dummy variable that take value one when 

they have this formal training. 

Permanent contract: This is a dummy variable that takes value one when the 

worker has a permanent contract, zero otherwise (fixed-term contract or a non-

standard contract) 

 Education Classification: This a set of three dummy variables 

Lower: Less than second stage of secondary education (ISCED 0-2) 

Second stage: Second stage of secondary level of education (ISCED 3), (this is the 

category of reference) 

 Higher: Recognised third level of education (ISCED 5-7) 

The inefficiency model: 

Previous unemployment: This is a set of four dummy variables 

Short-run unemployment, when the individuals have experienced a period of 

unemployment ranged from 0 to 11 months before to obtain their present job.     

Long-run unemployment (12-24), when the individuals have experienced a period of 

unemployment ranged from 12 to 24 months before to obtain their present job. 

Long-run unemployment (more than 24), when the individuals have experienced 

more than 24 months of unemployment before to obtain their present job 
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Not unemployed (category of reference) 

Mobility: this is a dummy variable that takes value one when the individual has 

move to another place, area or country, zero otherwise. 

Number of children under 12 years old in the household (taking out baby born): 

This is a set of four dummy variables 

0 children (category of reference) 

1 child, takes value one when the household has a child, zero otherwise. 

2 children, takes value one when the household has two children, zero otherwise. 

3 children or more, takes value one when the household has three children, zero 

otherwise. 

Born: This is a dummy that takes value one when a baby born in the household. 

Household income: This is the total monthly income of the household taking out the 

wage of the individual. 

Level of job satisfaction: This is a set of three dummy variables: 

Not satisfied, this variable takes value one when the individual has a level of 

satisfaction that range from 1 to 2. 

Medium, this variable takes value one when the individual has a level of satisfaction 

that range from 3 to 4 

Fully satisfied, this variable takes value one when the individual has a level of 

satisfaction that range from 5 to 6. 

Gender: This is a dummy variable that takes value one if the individual is a woman, 

zero otherwise. 

Education Classification: This is a set of three dummy variables. 
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Lower: Less than second stage of secondary education (ISCED 0-2) 

Second stage: Second stage of secondary level of education (ISCED 3), (this is the 

category of reference) 

 Higher: Recognised third level of education (ISCED 5-7)     

IV. Wages differentials 

We have estimated six stochastic frontiers corresponding with the six 

European countries. From the frontier approach, we obtain the measure of 

individuals inefficiency compared with the best observations of the sample. The 

value of the estimates allows us to explain the differences in the inefficiency effects 

among workers inside each country.  

The maximum-likelihood estimates of the production frontier parameters, 

defined in equation (5), given the specification for the inefficiency effects, defined in 

equation (6), are presented in Table 2. We obtain the estimated coefficient using the 

computer program FRONTIER 4.1 (Coelli (1995)). At the end of Table 2, we present 

the tests of the null hypotheses, based on the generalised likelihood ratio (LR) test4, 

concerning the relevance of the inefficiency effects. 

The variance parameter, γ which lies between zero and one, indicates that 

technical inefficiency is stochastic and it is relevant to obtain an adequate 

representation of the data. The value of γ picks up the part of the distance to the 

frontier explained for the inefficiency. In our estimation, the value of the variance 

parameter γ range from a value of 0.97 in the case of Denmark to a value of 0.36 in 
                                                 
4 LR=-2{ln[L(H0)]-ln[L(H1)]}, where L(H0) and L(H1) are the values of the likelihood function under 
the null and alternative hypotheses. LR has an approximately chi-square distribution with degrees of 
freedom equal to the number of restrictions.  
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the case of Spain. That means that the variance of the inefficiency effects is a 

significant component of the total error term variance and then, deviations from the 

potential wage are not only due to random factors.  

The first test reported in Table 2 reinforces the relevance of the inefficiency 

effects in the model. Our results strongly reject the null hypothesis, which considers 

that the inefficiency effects are not present in the model. Then, the frontier model 

cannot be reduced to a mean-response wage equation (OLS estimation) to represent 

accurately the data. 

The second test picks the jointly effect of the determinants included in the 

inefficiency model. We strongly reject the null hypothesis that means that these 

determinants are not relevant to explain inefficiency. 

In this method, we estimate only one wage equation for both men and women 

for each country. The variables included in these equations determine the potential 

wage. This is a practise potential wage, obtained from the best observations of the 

sample. As expected, we obtain that human capital variables had a positive sign in 

the estimation indicating that people with higher human capital could achieve a 

higher potential wage. We obtain a negative sign for women in all the countries 

analysed except for Denmark where the sign is positive. Thus being everything equal 

to be women reduce the potential wage available respect to men in France, Germany, 

Italy and Spain. Once controlled for human capital variables, individual and 

occupational characteristics, the differences between the potential wage for men and 

women can only be due to discriminatory factors. 
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The wage equation 
 

Here we define the wage frontier as the maximum wage that can acquire an 

individual given individual, socio-economic and human capital characteristics. As we 

mentioned above the estimated coefficients of the wage equations are in Table 2. 

 

[Insert Table 2] 

 

We obtain a positive and significant time trend for France, Italy, Spain and 

UK while we obtain a negative and significant coefficient for Denmark. The augment 

of the potential wage during the analysed period range from the 6% of France to the 

4% of Italy, Spain and UK.  

The human capital variables are significant and they have the expected sign. 

Here we have two sets of variables that pick the effect of education and training in 

the potential wage of individuals. The ECHP have grouped the years of education in 

three levels: lower, second stage and higher education, as we have defined in section 

III. In terms of higher education we can dive the countries in three groups; countries 

in which women have a lower level of higher education than men (United Kingdom); 

those in which these levels are equivalent (Denmark and Italy) and those in which 

women have a higher level than men (France and Spain). From the whole sample we 

have make a sample selection of working people, more precisely, salaried workers 

that works 15 or more hours. These selections increased the average level of 

education for both, men and women. For women the differences in education with 

respect the whole sample are higher than for men in every country and over all in 
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Spain (where the proportion of women with higher education rises from 28.8% for 

the whole sample to 48.3% for the sample restricted to salaried workers).  

As we expected, to have primary education reduce the potential wage that 

could acquire the individual with respect to have secondary education, which is the 

category of reference in every country with the exception of Denmark where we 

obtain the opposite sign. When we analyse higher education Denmark is once again 

eccentric because in this case to have higher education reduce around a six percent 

the potential wage. In table 1 we can check that United Kingdom (50%) and Italy 

(13%) have the highest and the lowest percentage of workers with higher education. 

Therefore, as it was expected the returns of education are bigger in Italy (44%) than 

in United Kingdom (10%). Therefore, to have university education increases the 

potential wage in Italy in a 44% while in UK this increment is around 10%.  

The tenure of individuals, measured in years, includes two levels that try to 

proxy the specific training of individuals by sectors of activity (Industry and 

Services). The coefficients of these variables have a positive and significant sign 

with the exception of Denmark, which is not significant for the service sector, 

indicating that tenure increases the potential wage in the Industrial and Services 

sectors.  

With the variable formal training, we measure if an individual have received 

specific education that gives the skills for its present type of work. The coefficient of 

this variable is positive and significant for the six countries analyzed. As we can 

check in Table 1, United Kingdom, Denmark and Germany are the countries with a 

high percentage of formal training while Italy is the country with the low percentage. 
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Given everything equal, to have formal training increases the potential wage in a 

rank of 12.57% for Denmark to around a 5% in Spain.   

The individual characteristic variables are age and gender. As we expected 

as higher is the age of individual higher is the potential wage. The relation between 

age and wages is not lineal. The results indicate that in Denmark, Spain and United 

Kingdom earnings increase with age until 55 years old. In France, Germany and Italy 

to be a worker between 36 to 45 years old reduce the potential wage with respect 46 

to 55 years old. In addition, in France to be older than 56 increases the potential 

wage around a six percent while for Germany and Italy to be older than 56 do not 

make significant differences with respect 46 to 55 years old that is the category of 

reference. 

In absence of discrimination, gender is a variable that should not affect the 

potential earnings of individuals. However, the sign of this variable in our estimation 

is negative and significant. That means that to be a woman reduces the potential 

available earnings related to man. In this type of estimation, the coefficient of this 

variable measures the extent of the wage discrimination against women. Here we 

observe differences among the countries. In Denmark, the coefficient is positive and 

significant meaning that to be women increases the potential wage in a 3%. We 

obtain the opposite result for France, Germany, Italy, Spain and UK, where the 

coefficient is negative and significant. Spain is the country where the reduction in the 

women potential wage is higher (34%), while Italy presents the smallest coefficient 

(10.6%).   
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We include type of contracts as another source of wages differentials. Here 

we have two categories: permanent and fixed term contract that is the category of 

reference. Once controlled for human capital variables, individual and occupational 

characteristics, the type of contract have a positive effect over potential wage.  The 

permanent contract variable increases the potential earning in every country from a 

value of 4.1% in Denmark to 13% in Spain. 

To work in the private sector increase the potential wage for Danish workers 

while reduce the potential wage for French, Italian, Spanish and British employees.  

With the occupational variables, we have controlled the wages differentials 

due to the differences in occupations. The category of reference is elementary 

occupations.  

Wages differentials and the inefficiency model 

We can define wage inefficiency as the distance between the wages that earn 

a particular group of workers and what they could effectively earn given their 

observed characteristics. These differences (distance to the frontier) could be 

explained by the existence of labour market imperfections that makes difficult and 

expensive for workers the job search process.  

Table 2 shows the estimated parameters of the model of inefficiency after 

those corresponding to the wage equations. Now we will comment the most relevant 

results obtained in relation to the observed wage inefficiency (a positive sign reflects 

an increase in the inefficiency) in each of the six European countries analysed. 

As we expected individuals that have experienced in previous periods, both 

short and long run unemployment are less efficient to be near the average wage 
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related to their individual, social and educational characteristics. Here we can 

differentiate between two situations: people that never suffered a dismissal and 

others that suffered one or more periods of unemployment along of their working 

life. Possibly, when individuals belonging to the latest group and are hired again the 

expected lost of human capital skills reduce their effective wage.  

One possible explanation is the negative effect that unemployment, overall 

long run unemployment, has over their reservation wage. Therefore, people that 

experiment unemployment spells have a higher probability of accepting small wages 

given a level of human capital endowments. Once again, we obtain different results 

by countries. From Germany and UK, we obtain positive and significant coefficients 

for both, short and long run unemployment, with respect do not experience any 

previous unemployment spell which is the category of reference. In both cases the 

inefficiency increases with the unemployment spell, meaning that as higher is the 

period in which the individual has been unemployed higher is the inefficiency to 

adjust its characteristics to its potential wage. We obtain a negative coefficient for 

Denmark and Italy but are only significant in the case of Denmark. Therefore, the 

Danish people that have experienced a period of short-run unemployment reduce 

inefficiency in obtaining a better wage.  

As expected, the variable representing mobility is negatively related to 

inefficiency. As more reluctant to move the worker be, the greater is their distance to 

the frontier. In this case, Denmark, Germany, Spain and UK have negative and 

significant coefficient.  
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The presence in the household of dependants children affect differently 

depending on the countries. Here we have a set of four dummy variables indicating 

the number of children in the household and the category of reference is the absence 

of children smaller than twelve years old. In addition, we have included a variable 

that indicates the born of a baby in this period.  The coefficient of this variable is 

negative and significant for France (one, two and three or more children), Denmark, 

Germany and Spain (two and three or more children) and UK (for one and two 

children) what means that individuals with dependants under twelve are closer to the 

frontier. In addition, the results obtained for baby born in the household for 

Denmark, France, Germany and UK is negative and significant. These results could 

be related with the signal that this type of workers (especially men) send to the 

market in the sense that they are more stable workers. If these characteristics reduce 

the probability of quit then they could be promoted in a higher proportion than single 

people could without dependants.  From another perspective, family characteristics 

and education are important factors in employment selection mechanisms. The 

difficulty here is the endogenous choice: less educated women have fewer job 

opportunities and then tend to have more children; or women that are more educated 

wait to have children once they have obtained a stable job. A recent work of Anh and 

Mira (2002) demonstrate a change of sign in the classic correlation between number 

of children and access to employment (notably in the Southern countries). This 

phenomenon can be related to the fall in fertility rates and the rise in levels of 

education. In addition, it seems that workers of the sample are closer to their wage 

frontier as higher is the number of children. It could reflect the fact that children are 
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income and time consuming inside the household and it motivate parents to be more 

efficient in adjusting their potential wage. 

The household income is a measure of the non-labour income of the 

individual we obtain a negative and significant coefficient for all the countries with 

the exception of Germany where the coefficient is positive and significant. Except 

for Germany, these results indicate that having non-labour income allows workers to 

obtain a wage closer to their frontier.  In any case, the impact of this variable to the 

inefficiency model vanishes to zero.  

The job satisfaction variable measures the subjective relation between wages 

and job characteristics for workers. The impact of job satisfaction varies among the 

countries. To be fully satisfied is significant and negatively related with inefficiency 

with the exception of UK. To be not satisfied is significant and positively related 

with inefficiency with the exception now of Denmark. 

In the wage equation we obtain that to be woman reduce the potential wage 

in all countries except Denmark. However, we obtain a negative and significant 

coefficient of women in the inefficiency model for French and Spanish women. That 

means that even women are discriminated in wages they are more efficient in 

reducing the distant to their wage frontier. Thus, the gender differences reflect 

females’ lower promotion probability (or receive lower wage gains consequent upon 

promotion) not within job discrimination, see Booth et al (2003) and Arulampalam 

(2005).   As women are less promoted, the range of wages that can achieve is reduced 

compared with men. A recent study of De la Rica et al, (2007) found that the wage 

gap in Spain is much flatter than in the Northern countries. They explain the 
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differences trough the existence of statistical discrimination especially for the group 

of women of primary and secondary education due to the historical low participation 

rate of this group. They found a composition effect in the overall gender gap when 

they lump together this group with the group of tertiary education concluding that 

there is a glass floor for the group of low education while there is a glass ceiling for 

the group of higher education. Notice that we obtain evidence in favour of the ceiling 

glass. From the estimation of the wage equation and the inefficiency model, we 

obtain a narrowed range of variability of wages for women, due of two facts.  The 

first one, related with the loss of their potential wage obtained in the wage equation 

and the second because they are more efficient in approaching to their potential 

wage. For Danish and British women we have a positive and significant coefficient.  

The coefficients of education are significant and have the expected signs. We 

have three dummy variables that reflect the level of education of individuals. In the 

wage equation, we have obtained that there are a positive correlation between 

education and wages. Here we analyse how efficient are the individuals, with 

different levels of education, to be more or less close to the frontier. For France, 

Germany, Italy, Spain and UK we obtain a negative and significant coefficient for 

lower education while positive and significant for higher education. Once more for 

Denmark, we obtain the opposite result. 

As we expected, the individuals with primary education are closer to their 

wage frontier. People with primary education have a reduced possibility of job match 

than the rest of workers with higher education. Thus, these workers are more 

concentrated around their average wages that correspond with the lowest skilled jobs 
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in the ranking of jobs and it implies that they are closer to their potential wage. As 

the level of education increases, the rank of jobs that could occupy the individual 

augment and it implies a higher variability in wages. That means that with the 

highest level of education, workers could occupy a wide range of jobs and then we 

could find more people with wages below their potential wage.  

 

V. Concluding remarks 

In this paper, we have studied through the stochastic frontier analysis the 

wage gap in six European countries. Especially we focus in wages differentials due 

to gender, analysing if the gender gap could be attributed to a lower productivity of 

women or to a lower market return for a given characteristics, usually related to 

discrimination. We also consider the existence of inefficiency in the transformation 

of human capital into market earnings (explained by the existence of labour market 

imperfections that makes difficult and expensive for workers the job search process) 

and their determinants.  

Using the frontier approach, we propose six hourly wages frontiers for 

Denmark, France, Germany, Italy, Spain and UK to analyse the factors that 

contribute to explain the differences in the potential wage of women among these 

countries.  

The earnings frontier will describe the highest potential income associated 

with a given stock of human capital. This method allows us to consider that there 

could be differences between the potential and the effective wage due to the 

existence of inefficiency in the transformation of human capital variables (schooling, 
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experience, and tenure) into earnings and we could analyse which factors explain 

these differences. Moreover, this methodology allows us to know if identical 

observable workers can achieve different potential wage due to market 

discrimination. 

From the estimation, we obtain a positive relationship between earnings and 

human capital endowment, according to the direct link between human capital and 

labour productivity and a negative relationship between earnings and gender and type 

of contract dummies.  

Our main result shows that, after controlled for human capital variables and 

other personal characteristics, in France, Germany, Italy, Spain, and UK the potential 

wage that can earn women are smaller than that corresponding with men. In absence 

of discrimination, gender is a variable that should not affect the potential earning of 

individuals. However, the sign of this variable in our estimation is negative and 

significant. That means that to be a woman reduces the potential available earnings 

related to man. In this type of estimation, the coefficient of this variable measures the 

extent of the wage discrimination against women 

From the inefficiency effects model, one of the explanations of this finding is 

that this wages differential reflects lower promotion probability not within job 

discrimination. As women are less promoted, the range of wages that can achieve is 

reduced compared with men so they are more efficient because they have less 

opportunities and it allows being more concentrated around an average wage. 

In addition, we have obtained that a higher level of education increases the 

potential wage for French, German, Italian, Spanish and British workers while 
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reduce the wage possibilities for Danish employees. Also, the tenure of individuals, 

measured in years, have a positive and significant sign with the exception of 

Denmark 

The results obtained with the inefficiency model indicate that there are two 

groups of education, the first group with primary education and the second group 

with university studies. Individuals with primary education are closer to the wage 

frontier because they only can match with lower jobs in the queue of jobs while 

people with higher education can occupy all rank of jobs available in the labour 

market. People that are in jobs of a lower category about their skills are far away 

from their frontier.   
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Table1: DESCRIPTIVE STATISTICS (MEAN AND STANDARD DEVIATION) 
Variables Denmark France Germany Italy Spain United Kingdom 
 Mean Sd Mean Sd Mean Sd Mean Sd Mean Sd Mean Sd  
Women 0.37 0.48 0.23 0.42 0.30 0.46 0.28 0.45 0.18 0.38 0.41 0.49 
Age 43.75 9.47 41.90 8.79 42.46 9.68 41.69 9.78 42.85 9.39 41.83 9.70 
Number of children 0.68 0.98 0.74 0.95 0.64 1.34 0.62 0.84 0.66 0.84 0.62 0.98 
Job satisfaction 4.92 0.93 4.40 1.04 ------ ------ 4.05 1.22 4.34 1.26 4.26 1.31 
Higher education 0.37 0.48 0.30 0.46 0.29 0.45 0.13 0.33 0.32 0.47 0.50 0.50 
Formal training 0.77 0.42 0.55 0.50 0.76 0.43 0.36 0.48 0.58 0.49 0.84 0.37 
Seniority 13.63 8.54 18.01 10.03 12.99 7.49 17.99 10.88 17.32 10.67 8.43 6.18 
Services 0.72 0.44 0.66 0.47 0.54 0.50 0.67 0.47 0.60 0.49 0.71 0.45 
Mobility 0.37 0.48 0.37 0.48 0.22 0.42 0.27 0.44 0.29 0.45 0.37 0.48 
Permanent contract 0.95 0.20 0.96 0.20 0.95 0.23 0.93 0.26 0.81 0.39 0.96 0.19 
Private sector 0.58 0.49 0.64 0.48 0.70 0.46 0.58 0.49 0.71 0.45 0.70 0.46 
Note: Germany do not report in the enquire data for the variable PK001 that measure the job satisfaction. 
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Table 2- Stochastic Frontier Estimation: The Wage Equation 
Variables Denmark France Germany Italy Spain UK 
Constant 4.757 

(16.17) 
5.203 
(22.81) 

3.135 
(14.91) 

2.543 
(95.85) 

7.025 
(11.06) 

1.649 
(54.83) 

Time trend 
Trend -0.0105 

(-73.05) 
0.0594 
(32.49) 

0.00005 
(1.229) 

0.0370 
(19.18) 

0.0371 
(15.32) 

0.0415 
(20.34) 

Gender (Category of reference: man) 
Woman 0.0307 

(10.86) 
-0.1415 
(-14.54) 

-0.1907 
(17.87) 

-0.1062 
(-7.75) 

-0.3483 
(-12.81) 

-0.2321 
(-23.88) 

Age (Category of reference: 46 to 55 years old) 
25 to 35  years old -0.1487 

(-13.49) 
-0.1086 
(-11.03) 

-0.0399 
(-4.54) 

-0.0994 
(-8.22) 

-0.1325 
(-9.07) 

-0.0204 
(-2.01) 

36 to 45 years old -0.0844 
(-5.99) 

-0.0214 
(-2.68) 

-0.2771 
(-3.468) 

-0.0210 
(-2.03) 

-0.0383 
(-3.17) 

0.0585 
(5.97) 

More than 56 -0.0273 
(-2.34) 

0.0582 
(3.88) 

0.0098 
(0.983) 

-0.0044 
(-0.329) 

-0.0602 
(-3.84) 

-0.0485 
(-3.54) 

Occupation in current job (Category of reference: elementary occupations) 
Legislators, seniors officials and managers 0.0592 

(3.70) 
0.6203 
(33.06) 

0.4024 
(22.48) 

0.5360 
(18.61) 

0.6881 
(23.01) 

0.6435 
(36.65) 

Professionals  0.4594 
(21.52) 

0.5998 
(35.25) 

0.4186 
(27.19) 

0.3715 
(19.06) 

0.4751 
(20.50) 

0.6168 
(33.68) 

Technicians and associate professionals 0.3151 
(17.55) 

0.3129 
(21.52) 

0.2375 
(17.02) 

0.2309 
(13.46) 

0.2989 
(14.86) 

0.5126 
(28.39) 

Clerks 0.2348 
(13.69) 

0.1383 
(9.18) 

0.2009 
(13.77) 

0.1798 
(12.32) 

0.2186 
(10.74) 

0.2990 
(17.14) 

Service workers and shop and market sales workers  0.1218 
(6.37) 

0.0489 
(3.046) 

-0.0543 
(-3.34) 

0.0679 
(4.10) 

0.0568 
(2.74) 

0.1000 
(5.51) 
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Craft and related trade workers 0.0578 
(2.77) 

0.1101 
(7.49) 

0.0331 
(2.49) 

0.0460 
(3.23) 

0.1018 
(5.86) 

0.2878 
(15.30) 

Plant and machine operators and assemblers  0.0369 
(1.75) 

0.1051 
(6.92) 

0.0537 
(4.03) 

0.0999 
(6.26) 

0.0693 
(3.76) 

0.1759 
(9.24) 

Seniority in the economic sector of activity 
Tenure in services 0.0023 

(1.20) 
0.0080 
(19.52) 

0.0031 
(5.95) 

0.0052 
(12.15) 

0.0086 
(13.21) 

0.0020 
(2.81) 

Tenure in industry 0.0022 
(3.42) 

0.0106 
(23.27) 

0.0085 
(17.05) 

0.0040 
(8.74) 

0.0108 
(16.34) 

0.0079 
(9.07) 

Current job (category of reference: public sector) 
Private sector 0.0030 

(3.50) 
-0.1096 
(-14.19) 

0.0133 
(1.76) 

-0.0369 
(-4.11) 

-0.0749 
(-6.55) 

-0.0972 
(-11.13) 

Have you had formal training or education that has given you skills needed for your present type of work? (Category of Reference: No)
Formal training  0.1257 

(11.59) 
0.0719 
(10.66) 

0.1095 
(13.64) 

0.0694 
(8.34) 

0.0495 
(4.95) 

0.1251 
(12.16) 

Type of contract (Category of reference: fixed-term contact) 
Permanent 0.0411 

(3.35) 
0.1152 
(7.14) 

0.0578 
(4.42) 

0.1080 
(7.49) 

0.1295 
(9.98) 

0.0548 
(2.95) 

Education (Category of reference: second stage) 
Lower 0.0402 

(1.91) 
-0.1145 
(-12.59) 

-0.0501 
(-4.18) 

-0.0876 
(-6.13) 

-0.2771 
(-8.70) 

-0.0564 
(-4.49) 

Higher -0.0584 
(-2.89) 

0.1952 
(19.35) 

0.1545 
(12.15) 

0.4445 
(8.52) 

0.2346 
(6.54) 

0.0976 
(7.96) 

Inefficiency Model 
Constant -4.530 

(-6.07) 
-0.0500 
(-16.30) 

-1.758 
(-12.05) 

-0.4703 
(1.94) 

0.3503 
(4.08) 

-0.0628 
(-13.58) 

Previous unemployment (Category of reference: has not experienced any previous unemployment) 
Short-run unemployment -1.369 

(8.37) 
0.1567 
(4.97) 

0.529 
(13.10) 

-0.0092 
(-0.272) 

0.0679 
(2.25) 

0.1465 
(2.13) 

Long-run unemployment (from 12 to 24 months) 1.0368 
(6.05) 

0.5751 
(5.78) 

0.7341 
(13.15) 

0.1802 
(2.96) 

0.0656 
(1.44) 

2.109 
(9.83) 
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Long-run unemployment (more than 24) -0.7593 
(1.63) 

0.3431 
(3.90) 

1.126 
(16.52) 

0.1349 
(2.64) 

0.0652 
(1.36) 

2.487 
(11.78) 

Mobility to another place, area or country (Category of reference immobility) 
Mobility -0.8235 

(-4.69) 
-0.0285 
(-0.963) 

-0.1515 
(-6.04) 

0.0432 
(1.61) 

-0.0893 
(-3.03) 

-0.5281 
(-14.66) 

Number of children under 12 years old in the household  (category of reference: no child aged under 12 ) 
1 child 0.2595 

(4.261) 
-0.9881 
(-20.20) 

-0.0102 
(-0.419) 

-0.0211 
(-0.79) 

-0.0049 
(-0.180) 

-0.5824 
(-11.56) 

2 children -0.6447 
(5.67) 

-1.119 
(-29.21) 

-0.4060 
(-9.27) 

-0.1199 
(-1.96) 

-0.1186 
(-3.01) 

-0.5635 
(-10.56) 

3 or more children -0.4118 
(-4.79) 

-1.0346 
(-14.68) 

-1.1018 
(-10.72) 

0.1528 
(1.89) 

-0.2293 
(-2.04) 

0.8785 
(10.72) 

Born (category of reference: no born)        
Born -1.1292 

(-4.15) 
-1.1585 
(-32.12) 

-1.1024 
(-9.34) 

0.0770 
(1.50) 

-0.0448 
(-0.756) 

-1.226 
(-8.91) 

Household income (taking out the own wage) 
Household income -0.0003 

(-5.83) 
-0.0001 
(-16.18) 

0.0002 
(5.58) 

-0.0002 
(-2.37) 

-0.0002 
(-3.46) 

-0.0001 
(-14.47) 

Level of job satisfaction (category of reference: medium) 
Not satisfied -0.2851 

(9.56) 
1.058 
(10.97) 

_______ 0.4210 
(3.82) 

0.1922 
(4.13) 

0.3177 
(7.73) 

Fully satisfied -1.9948 
(-4.791) 

-0.4063 
(-16.43) 

_______ -0.1653 
(-3.45) 

-0.0767 
(-3.43) 

0.4475 
(11.87) 

Gender (Category of reference: man) 
Woman 0.1367 

(2.94) 
-0.4429 
(-7.83) 

-0.0200 
(-0.552) 

0.0750 
(1.73) 

-0.3865 
(-4.12) 

0.8623 
(9.65) 

Education (Category of reference: second stage) 
Lower -0.3601 

(-6.481) 
-1.0456 
(-19.51) 

-1.8876 
(-11.33) 

-0.2077 
(-4.17) 

-0.3138 
(-4.17) 

1.728 
(21.59) 
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Higher 0.9775 
(6.26) 

2.198 
(27.14) 

0.7062 
(14.38)_ 

0.7331 
(6.03) 

0.2007 
(3.82) 

0.5435 
(8.29) 

Variance Parameter 
σ2 1.260 

(7.48) 
1.066 
(17.85) 

0.5753 
(18.69) 

0.1534 
(5.23) 

0.1504 
(13.55) 

1.117 
(14.37) 

γ 0.97 
(31.86) 

0.9316 
(21.66) 

0.9021 
(14.27) 

0.6698 
(10.10) 

0.3640 
(7.53) 

0.9063 
(12.40) 

Generalised likelihood-ratio (LR) tests of null hypotheses (a) 

Null hypothesis, H0 LR Test  LR Test  LR Test  LR Test LR Test  LR Test  
H0: γ=δ0=......= δ14=0; critical value (23.069)b 804.87 940.81 1507.53 258.27 284.67 386.55 
H0: δ1=......= δ14=0; critical value (29.1) 55.82 184.69 279.36 186.48 235.79 79.42 

(a) The test statistics have a χ² distribution with degrees of freedom equal to the difference between the parameters involved in the null and  
alternative hypothesis. The T─ student statistic in brackets. 
(b) As γ takes values between 0 and 1, in H0: γ=δ0=......= δ14=0 the statistic is distributed according to  mixed χ² whose critical value is obtained  
from Kodde and Palm (1986). 
 
 



 


