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Abstract

In recent years, new developments have Gender-aware Computable
General Equilibrium (CGE) models are a useful tool not just to evaluate
gender policies but also to understand if some polices may have uneven
effects for men and women. CGE models have incorporated gender fea-
tures since 2000 mainly by disaggregating labour factors by sex. How-
ever, in recent years some authors such as Fontana (2014) has pointed out
the importance of including also unpaid household work in this kind of
models. The "two-systems" approach makes an attempt to overcome the
above-mentioned limit through the integration into the CGE framework
of nonmarket activities, but they don’t take into account the interaction
between market and non-market activities. In a recent paper, Severini
et al. (2018) attempts to account for this interrelation by desegregating
the mixed incomes between market and non-market activities generated
in each production process by male and female

Other features that may be very relevant in the gender-aware CGE,
but that have not been incorporated yet, are the labour inefficiencies.
Labour market inefficiencies such discrimination have been very studied
in the labour and feminist literatura and however they have not been
considered. The omission of this feature in the models my biased the
simulation results of policy evaluation. Thus, the aim of this paper is to
do an exploratory analysis of effects of discrimination on the labour inputs
allocations to incorporate it in future gender-awere GCE models.

1Contact author: e-mail:y.penaboquete@ayeconomics.com
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Introduction
Gender-aware Computable General Equilibrium (CGE) models are a useful tool
not just to evaluate gender policies but also to understand if some polices may
have uneven effects for men and women. CGE models have incorporated gender
features since 2000 mainly by disaggregating labour factors by sex. However,
in recent years some authors such as Fontana (2014) has pointed out the im-
portance of including also unpaid household work in this kind of models. The
"two-systems" approach makes an attempt to overcome the above-mentioned
limit through the integration into the CGE framework of nonmarket activi-
ties, but they don’t take into account the interaction between market and non-
market activities. In a recent paper, Severini et al. (2018) attempts to account
for this interrelation by desegregating the mixed incomes between market and
non-market activities generated in each production process by male and female

Other features that may be very relevant in the gender-aware CGE, but
that have not been incorporated yet, are the labour inefficiencies. Labour mar-
ket inefficiencies such discrimination have been very studied in the labour and
feminist literatura and however they have not been considered. The omission of
this feature in the models my biased the simulation results of policy evaluation.
Thus, the aim of this paper is to do an exploratory analysis of effects of discrim-
ination on the labour inputs allocations to incorporate it in future gender-awere
GCE models.

Under neoclassic theory, an employer with preferences not related to produc-
tive efficiency would show higher costs than other employers, and consequently,
it will be dropped out from the market due to the free market forces.2 For
this reason, under the neoclassic theory, discrimination disappears in the long
term and differences in preferences explain gender wage differential. Actually,
Arrow (1973) argues that competitive markets forces tend to drive discrimi-
nation toward zero in Becker’s model (with preferences for disliking a group):
"only the least discriminatory firms survive". In the same line, Aigner and Cain
(1977) doubt that a mistaken behaviour, systematically overpay men relative to
women, will persist in competitive markets. Nevertheless, Becker (1957, 1971)
points out the possibility of the existence of discrimination in the long run be-
cause the generality of entrepreneurial skills and the long run elasticity of other
factors determine the persistence of a discriminating cost differential in the long
run under competitive conditions. Theories such as the monopsony power also
assert that frictions in the labour market may avoid the disappearance of dis-
crimination.

Actually, empirical research shows an important magnitude and persistence
of discrimination in labour markets so it should have macroeconomic effects on
labour inputs allocations and productivity. Different authors such as Esteve-
Volart (2000, 2004) and García-Miguez et al. (2003) point out the importance
of estimating a macroeconomic model about the cost of discrimination on the

2Taking individuals preferences as given make the automatic translation of different
prices (wages) for the same good (job) in a loss of total utility is impossible
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aggregated output. The main idea is that gender discrimination is macro eco-
nomically inefficient because the firms do not maximise its productive capacity.
They find that these costs are indeed quite substantial. However, they not
measure wage discrimination but the "discrimination" in managerial positions
using the share of women relative to men.3 These authors attempt to include
the effects of discrimination on growth; nevertheless, they use gender differences
instead of gender discrimination for testing their theories due to the difficultIes
of measure discrimination accurately. Actually, Luck Tick and Oaxaca (2010)
is the only paper taking into account the effect of gender discrimination or un-
explained gaps on macroeconomic aggregates such as gender wage gaps. They
show that the effect of technological change on the gender wage gaps for los skill
levels tends to diminish or disappear altogether once changes in unexplained
gender wage gaps are adjusted for.

This paper contributes to the literature in being the first paper analysing
the effect of wage discrimination or unexplained gaps on labour input allocation.
Additionally, we analyse the differences by sector of these effects depending on
the factor elasticity of substitution and labour intensity.

In order to archive the aims of the paper, we solve a cost minimisation prob-
lem with discrimination using an aggregate production function with constant
elasticity of substitution (CES) (see the details in section 1). By solving the cost
minimisation problem we get three equation by sector that will be estimated by
two-stage least with cross-equation restrictions for the Spanish economy from
2005 to 2013. The difficulty of the empirical part arise from how to approximate
the coefficient of discrimination by sector. The methods and the database to
overcome these difficulties are explained in section 2. We present the result and
the conclusions in section 3 and 4, respectively.

1 Theoretical model
The Nobel prize Gary Becker in his book "The Economics of Discrimination" is
the first author modelling the discrimination in a neoclassical framework. Based
on his model if an individual has a taste for discrimination, he or she must act
as if he or she were willing to pay something, either directly or in the form of
reduced income, to be associated with some persons instead of others. Thus,
when actual discrimination occurs, he or she must either pay or forfeit income
for this privilege. Different agents, such as employers, co-workers, customers,
unions, government may have this taste for discrimination and their effect in
the labour market would be different.4 In this paper we focus on the employers

3Their assumption is that in absence of discrimination the share of women in manage-
rial positions would be equally to men. It is not a very accurate measure, since differences
in the proportions of men and women in managerial positions could be due to human capi-
tal differences or preferences.

4Based on the Becker’s theory, the main outcome of co-workers taste for discrimination
is segregation and not wage discrimination. Nevertheless, perhaps segregation will not per-
mit equal wages between groups since discriminated workers are too few to allow economies
of scale in production, recognising that their numbers must staff all skill levels (e.g., women
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taste for discrimination because the aim in this section is to develop a cost
minimisation problem with discrimination.

Suppose an employer were faced with the money wage rate (wi) of a par-
ticular factor. If he or she has some "taste for the discrimination", he or she
is assumed to act as wi (1 + di) is the actual cost or the net wage rate after
discounting the distaste, where di as his discrimination coefficient against this
factor i. This employer will discriminate by refusing to hire someone with a
marginal value product greater than marginal cost. However, employer discrim-
ination does not alter the criterion of cost minimisation, and the ratio of any
two marginal products (MPi) still equals the ratio of their net factor prices:5

MPi
MPJ

=
wi (1 + di)

wj (1 + dj)
(1)

However, equilibrium factor combinations would be quite different in situ-
ations of discrimination from those obtained with classical assumptions: there
would be a smaller demand for discriminated factors. Moreover, the cost of pro-
ducing each unit of output would be greater than the minimum cost (without
discrimination).6

In order to estimate the input function with discrimination we are going to
develop the cost minimisation problem describe by Becker (1957). We assume
an aggregate production function with constant elasticity of substitution (CES)
by sector, with constant returns to scale, two types of labour factors (women
and men), and non-labour market input and a productivity:

Qi = Ai

 J∑
j=1

αjiL
ρ
ji +

(
1−

j=1∑
J

αji

)
Kρ
i

 1
ρ

(2)

being Q the value added of the industry i at the region s in the period t,7 Ai
is the technological change of sector i, Li if the labour input of sex j (j=male or
female), K the non-labour input , and α the productivity of one input relative
to the other. Note that, ρ = σ−1

σ , where σ is the elasticity of substitution among
inputs.

The marginal products can be expressed as:

MPLji = Aρiαji

(
Qi
Lji

)1−ρ

(3)

in construction sector).
5He or she just includes the extra parameter in the criterion that is the discrimination

coefficient
6Although we based on Becker’s model, we can arrive to similar conclusions using the

statistical discrimination or the monopsony power models i.e. labour inputs allocation is
different from the state without discrimination. Moreover, those theories are not incompat-
ible and they can coexist. See, for instance, the search model developed by Black (1995)
where a share of firms discriminates against minorities (women in our case) and others have
a certain monopsony power to pay minorities less.

7To simplify the notation we not include the subindices t and s nor for the value added
neither for the input factors
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and

MPki = Aρi

1−
J∑
j=1

αji

(Qi
Ki

)1−ρ

(4)

Assuming cost minimisation, the marginal products will be equated with
the factor prices (being w labour price and r capital price). Since we want to
include the discrimination (or unexplained gap) as in Becker (1957), the wage
(input price of labour) will be equated to the marginal product of labour but
discounting the discrimination as in equation 1.

Note that we are assuming men’s prices as a not discriminatory scheme, 8 i.e.
the coefficient of discrimination for men d is 0 by definition. Assuming constant
returns to scale, retaining the assumption the log linearity and rearranging the
equations we get:

αfi
1− αfi − αmi

(
Ki

Lfi

)1−ρ

=
wfi (1 + di)

ri
(5)

αmi
1− αfi − αmi

(
Ki

Lmi

)1−ρ

=
wmi
ri

(6)

αfi
αmi

(
Lmi
Lfi

)1−ρ

=
wfi (1 + di)

wmi
(7)

Taking logarithms, and the definition of the elasticity of substitution we get:

ln

(
Ki

Lfi

)
= −σln

(
1− αfi − αmi

αfi

)
+ σln

(
wfi
ri

)
+ σln (1 + di) (8)

ln

(
Ki

Lmi

)
= −σln

(
1− αfi − αmi

αmi

)
+ σln

(
wmi
ri

)
(9)

ln

(
Lm
Lf

)
= −σln

(
αmi
αfi

)
+ σln

(
wfi
wmi

)
+ σln (1 + di) (10)

2 Empirical approximation
To see the effect of discrimination on labour allocations by sector, we estimate
equations 8, 9 and 10 together by sector using two stages least squares and
including cross-equations restrictions for the Spanish regions during the period
2005-2013. Data for labour and capital inputs and their prices are taken from
the BD-mores database which compiles and estimate variables such the stock
of capital based on national and regional accounts. For the price of capital (r),
we calculate it as:

8In absence of discrimination women attributes are pay at mens prices
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rit =
PitQit − witLit

Kit

The biggest difficulty in the empirical approximation arise from measure gen-
der wage discrimination by sector and calculate the discrimination coefficient.9
The traditional method to distinguish between wage differences due to produc-
tivity (attributes) or discrimination is the decomposition of Oaxaca (1973) and
Blinder (1973). Nevertheless, this methodology calculate the level of discrim-
ination in average and we need to calculate the discrimination by sector. In
order to do that, we estimate the individual discrimination and we aggregate it
by sector the index with the decomposability property (Del Río, et al. 2011).10

We estimate the individual discrimination as wage that a woman should
earn if her attributes are paid at men’s prices (ŵmfi) minus the wage she earn at
women’s prices (ŵffi relative to the wage a woman should earn is her attributes

are paid at men’s prices
(
ω̂mfi

)
such that:

dfi =

(
ŵmfi − ŵffi

ŵmfi

)

Being ŵji = exp
(
X
′

JI β̂J + θ̂j

)
and θ̂j = 0.5σ2

ε .11 After estimating the rel-
ative individual discrimination we have to use a measure in order to sum up
all information to the indexes for industries and regions. Thus, we adapt the
poverty indexes of Foster, Greer and Thorbecke (1984) using the individual dis-
crimination, as Del Rio et al. (2006) have proposed. These indexes show very
desirable properties like continuity, dominion, symmetry, invariance to popu-
lation replications, weak monotonocity and the weak principle of transferences
and decomposability. The last property enables one to compute the indexes for
subpopulations, allowing the estimation of degrees of discrimination for socioe-
conomic groups (industries in our case).

drα (υfi) =

(
1

n

) k∗∑
i=1

(dfi)
α

9There is discrimination in labour market when two people are treated differently due
to its race or sex, when race and sex do not have an effect on the productivity (Altonji and
Blank, 1999), so different treatment based on different levels of productivity is not discrimi-
natory.

10This method allow us to use the whole sample information to calculate the different
returns instead of to break the sample in small pieces to make the calculations

11We estimate two ordinary Mincer wage equations by OLS, one for each sex, lnωi =

Z
′
Iβ + εI being i each individual, ωi the hourly wage, Z

′
I the vector of characteristics, β the

estimated coefficients vector, and εi the error term. In the Mincerian equations we include
both characteristics related to employees (potential experience, tenure and the level of stud-
ies completed) and job characteristics (occupation, time status, type of contract, firm size,
type of agreement and economic activity). In the annex we explain the variables in detail
and the source, EES.
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where k* would be the number of discriminated women and alpha a coeffi-
cient of "aversion to discrimination". We use α = 1, so we aggregate individual
degrees of discrimination in a simple way, i.e. all women have the same weight
(in fact, this is equivalent to the second term of Oaxaca’s decomposition).

In order to estimate the discrimination coefficient by sector, region and time
we use the Survey on Income and Living Conditions (EU-SILC). This survey
offers information about wages, hours and gender in addition to some demo-
graphic and firm variables that we need for approximating labour productivity
such as: educational level, year starting to work, type of contract; full-time or
part-time; occupation; the economic activity of the local unit (NACE); number
of persons working at the local unit).

3 Preliminary results
Table 1 shows the preliminary results before including the gender discrimination
gaps. Sectors included in the table 1 are Construction, Transport, storage and
communication and Financial intermediation. We are homogenising EU-SILC
and national accounts in order to get the results for more sectors. As we have
explained in previous sections, estimating the equations 8, 9 and 10 together for
each sector and imposing the cross-equation restrictions, we get the elasticity
of substitution between inputs. [Please, take results with caution: database
underconstruction]

Table 1: Preliminary results

Construction Transport, storage
and communication

Financial
intermediation

Dependent variable: ln K
Lf

ln
wf
r 0.05*** 0.01** 0.03***

Constant 13.42*** 12.85*** 12.54***

Dependent variable:ln K
Lm

lnwmr 0.05*** 0.01** 0.03***
Constant 10.85*** 12.32*** 11.85***

Dependent variable:lnLmLf
ln

wf
wm

0.05*** 0.01** 0.03***
Constant 2.60*** 0.49*** 0.54***

In the next table (under construction) we include the unexplained wage gaps
(discrimination) and see how the results changes.

7



4 Conclusions: "SECTION UNDER CONSTRUC-
TION"

References
Aigner, D. J.; Cain, G. G. (1977): “Statistical theories of discrimination in labor
markets”. Industrial and labor relations review, 30:175-187.

Aláez, R; Ullibarri, M, (2000): Discriminación salarial por sexo: Un análisis
del sector privado y sus diferencias regionales en España. ICE 789: 117–138

Altonji, J. G.; Blank, R. M. (1999): “Race and gender in the labor market”
in Ashenfelter, O.; Layard, R. (eds.), Hanbook of labor economics, 3 (3): 3143-
3259.

Arrow, K. (1973): “The theory of discrimination” in Ashenfelter, O. A.; Rees,
A. (eds). Discrimination in labor markets, Princeton University press, 3-33.

Baldwin, M.; Johnson, W. G. (1992): “A test of the measures of non-
discriminatory wages used to study wage discrimination”. Economics Letters,
39(2): 223-227.

Barro, R. J.; Lee, J. W. (1994). “Sources of economic growth”. Carnegie-
Rochester Conference Series on Public Policy, 40: 1-46.

Barro, R. J.; Sala-i-Martí, X. (1995): Economic growth. Mit press.
Becker, G. S. (1957) The Economics of Discrimination. University of Chicago

Press, Chicago (revised in 1971).
Black, D. A. (1995): “Discrimination in a equilibrium search model”. Journal

of labour economics, 13(2): 309-334.
Blinder, A. (1973): “Wage Discrimination: Reduced Form and Structural

Estimates”. The Journal of Human Resources, 8(4): 436-455.
Burdett, K.; Mortensen, D. T. (1998): “Wage differentials, employer size,

and unemployment”. International Economic Review. 39 (2): 257-273.
Busse, M.; Spielmann, Ch. (2006): “Gender inequality and trade”. Review

of International Economics, 14 (3): 362-379.
Cain, G. C. (1986): “The economic analysis of labour market discrimination”,

in Ashenfelter, O.; Layard, R. (eds.), Hanbook of Labor Economics, vol. 1,
North-Holland, Amsterdam.

Cuadrado-Roura, J. R.; García-Greciano, B.; Raymond, J. L. (1999): “Re-
gional convergence in productivity and productive structure: the Spanish case”.
International Regional Science Review 22 (1): 35–53.

Del Río, C., Gradín, C., & Cantó, O. (2011). The measurement of gen-
der wage discrimination: the distributional approach revisited. The Journal of
Economic Inequality, 9(1), 57-86.

Dollar, D.; Gatti, R. (1999): Gender Inequality, Income, and Growth: Are
Good Times Good for Women?. Gender and Development working paper nÂº
1

Esteve-Volart, B. (2000): Sex Discrimination and Growth, International
Monetary Fund, working paper nÂº 84.

8



Esteve-Volart, B. (2004): Gender Discrimination and Growth: Theory and
Evidence from India. Suntory and Toyota International Centres for Economics
and Related Disciplines (STICERD), development economics Papers, nÂº 42

García-Mínguez, P.; Sánchez-Losada, F. (2003): “Statistical discrimination
and growth: should we subsidize discriminated against workers?”. Economics
Letters, 79(2): 255-261.

Gómez-Salvador, R.; Musso, A.; Stocker, M.; Turunen, J (2006): “Labour
Productivity developments in the Euro Area” European Central Bank Occa-
sional Paper no. 53.

Krugman, P. (1996) Making sense of the competitiveness debate, Oxford
Review of Economic Policy, 12: 17-35.

Lucas. R. E. Jr.; Rapping, L. A. (1969): “Real Wages, Employment, and
Inflation”. The Journal of Political Economy, 77(5): 721-754.

Lup Tick, S., & Oaxaca, R. L. (2010). Technological change and gender wage
gaps in the US service industry. Annals of Economics and Statistics/Annales
d?économie et de Statistique, 47-65.

Manning, A. (2003): Monopsony in motion: imperfect competition in labour
markets. Princeton University Press

Mincer, J. (1958): “Investment in Human Capital and Personal Income Dis-
tribution”. The Journal of Political Economy. 66(4): 281-302.

Oaxaca, R. L. (1973): “Male-Female Wage Differentials in Urban Labor
Markets”. International Economic Review. 14(3): 693-709.

Pena-Boquete, Y. (2009): “A comparative analysis of the evolution of gender
wage discrimination: Spain vs. Galicia”. Papers in Regional Science. 88(1):
161-180.

Phelps, E. S. (1972): “The statistical theory of racism and sexism”. The
American economic review, 62(4): 659-661.

Polachek, S. W.; Siebert, W. S. (1993): The economics of earnings. Cam-
bridge University Press.

Porter, M. E. (1990): The Competitive Advantage of ations. Free Press,
New York.

Robinson, J. (1933): Economics of imperfect competition, MacMillan. Lon-
don.

Schwieren, C. (2003): The gender wage gap - due to differences in efficiency
wage effects or discrimination? METEOR Discussion Paper. University of
Maastricht.

Seguino, S. (2000): “Gender inequality and economic growth: A cross-
country analysis”. World Development 28 (7): 1211-30.

Seguino, S. (2002): “Gender, quality of life, and growth in Asia 1970 to
1990”. The Pacific Review, 15 (2): 245-77.

Severini, F., Felici, F., Ferracuti, N., Pretaroli, R., & Socci, C. (2018). Gen-
der policy and female employment: a CGE model for Italy. Economic Systems
Research, 1-22.

Sibert, A (2007): “Labour Productivity Growth in the European Union”.
Briefing paper for the Committee on Economic and Monetary Affairs (ECON)

9



of the European Parliament for the quarterly dialogue with the President of the
European Central Bank.

Thurrow, L. C. (1976): Generating inequality. The Macmillan Press.
World Bank (2001): Engendering Development: Through Gender Equality

in Rights, Resources, and Voice. New York: Oxford University Press.

10


