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Abstract
A well-established stylised fact is that employer provided job-related

training raises productivity and wages. Using UK data, we further �nd that
�rm-provided training is positively related to subsidies aimed at reducing
training costs for employers. We also �nd that there is a positive, albeit
quantitatively small, relationship between wage inequality and training in-
equality in the UK. Motivated by the above, we explore whether policies to
subsidise �rms�monetary cost of training can improve earnings for the lower
skilled and reduce inequality. We achieve this by developing a dynamic gen-
eral equilibrium model, featuring skilled and unskilled labour, capital-skill
complementarity in production and an endogenous training allocation. Our
results suggest that training subsidies for the unskilled have a signi�cant
impact on the labour income of unskilled workers. These subsidies also in-
crease earnings for skilled workers and raise aggregate income with implied
lifetime multipliers exceeding unity. Finally, the positive spill over e¤ects
to skilled workers imply that training subsidies are not very e¤ective in re-
ducing inequality, measured as the distance between skilled and unskilled
wages and incomes.
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1 Introduction

Job-related training has been a quantitatively and economically signi�cant activity
in the UK in recent decades. According to data from the Quarterly Labour Force
Survey (QLFS), about a quarter of workers received some training in each quarter
since the mid-1990s. A substantial empirical literature, which includes both acad-
emic and policy-related research, has examined the importance and characteristics
of employee training. The existing research suggests that job-related training is
bene�cial to both employers and employees by positively contributing to produc-
tivity and wages, although the gains tend to be larger for employers (see, e.g.
Blundell et al. (1999), Dearden et al. (2006) and Konings and Vanormelingen
(2015)). Data for the UK from the QLFS, the Continuing Vocational Training
Survey (CVTS) and the Employer Skills Survey (ESS), also suggest that the costs
of job-related training are to a large extent covered by the employer.1

Given the productivity and wage bene�ts associated with training, the latter
could contribute to increasing earnings for workers with lower skills and reducing
labour income inequality between groups of workers with di¤erent skills. Indeed, a
key observation relating to the UK labour market since the 1980s is the existence of
pronounced earnings and wage inequality accompanied by a stagnation of wages for
the lower income groups since mid-2000s (see e.g. Blundell and Etheridge (2010),
Brewer and Wren-Lewis (2016), Bel�eld et al. (2017) and Angelopoulos et al.
(2017a)). An important dimension of inequality in the UK and in other countries
has been the earnings di¤erential between University and non-University educated
workers (see e.g. Goldin and Katz (2008) and Heathcote et al. (2010) for the US
as well as Blundell and Etheridge (2010) and Angelopoulos et al. (2017a,b) for the
UK). In the UK, wage inequality related to University education increased since
1980, and despite reductions between 1995 and 2005, the skill premium remains
high.2 The UK economy is thus characterised by persistently lower labour market
returns for those with lower skills.
A natural response aimed at improving earnings for low skilled labour and thus

generating a reduction in inequality by closing the gap from the lower end is to
enhance the skills and productivity of those with lower education by improving the
quality of basic education (see e.g. Machin and Vignoles (2005), Wößmann and
Schütz (2006), and Autor (2014)). Academics and policymakers have considered
complementing such e¤orts by interventions to improve the skills and productivity
of workers already in the labour market. These have been applied to individuals
with high school degrees through ongoing vocational training and lifelong learning
schemes (see e.g. Stevens (1999), Sofer (2004), Bassanini et al. (2007) and the Eu-

1Further details relating to QLFS, CVTS, and ESS are discussed in the next section and
Appendix A.

2We will present and discuss data for the UK in more detail in the next Section.
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ropean 2020 Strategy).3 In other words, more intensive training of the lower skilled
non-University educated workers could improve their productivity and earnings.
The literature has noted that policy interventions in training can be justi�ed in

terms of equality of opportunity (see e.g. Machin and Vignoles (2001), Greenhalgh
(2002), Bassanini et al. (2007) and Busemeyer (2014)).4 However, the evidence
to date suggests that there is inequality for those who participate in training,
i.e. the more skilled and better able workers are trained more. For instance,
data from the European Community Household Panel analysed in Bassanini et al.
(2007)) demonstrate that there is a gap in training participation between workers
of di¤erent education levels and of di¤erent family background. Similarly, data
for the UK from QLFS also reveals a gap in training between workers of di¤erent
education levels.
Given that training is related to labour productivity and returns, it is rea-

sonable to expect training inequality to feed into earnings inequality. Our data
analysis below, using QLFS data, �nds that education-based training inequality is
indeed related to education-based wage inequality. However, the implied elasticity
is small, suggesting that changes in training inequality are not likely to have a big
impact on wage inequality.
The mechanism by which job-related training increases and determines its sub-

sequent e¤ect on wage growth and wage inequality, is complex. This is mainly
because job-related training takes place at the expense of work time and is thus
largely dependent on �rm�s choices, being a¤ected by the structure of production
and changes in other inputs. In particular, a �rm�s decision to train its employees
can be expected to depend upon factors such as: (i) the e¢ ciency of training time
in creating labour productivity; (ii) the monetary costs for training; and (iii) re-
turns to improved worker productivity for a given increase in worker skills, which
in turn depends on the structure of production (e.g. capital-skill complementar-
ity and skill-unskilled substitutability). The government cannot dictate to �rms
whom and how much to train, but it can try to encourage training by reducing
the cost of the investment in training by the �rm, and, in particular, the mone-
tary costs associated with employees�training.5 In our data analysis below, we
�nd that UK �rms that receive a higher �nancial training subsidy, train a higher

3Note that here we refer to training of those in employment, as opposed to training unemployed
workers or individuals who leave the labour force to study.

4In contrast, policy interventions to encourage training for e¢ ciency reasons are more di¢ cult
to justify, since under-provision of training as a result of market failures is harder to establish
(see e.g. Bassanini et al. (2007) and Brunello and de Paola (2009)).

5The train-or-pay scheme, where �rms face levies if they don�t train their workforce, has been
abandoned by UK due its unpopularity among entrepreneurs in the 90�s (see Bassanini et al.
(2007)). Also, Dostie (2015) reports that such a scheme does not have a signi�cant impact on
training in Canada, one of the few countries that still employ this scheme.
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proportion of their employees.
In light of the above, we aim to evaluate the quantitative implications of policies

that increase employer�s incentives to train workers. We construct a dynamic
general equilibrium model that is consistent with the main features of job-related
training and wage inequality outlined above and allows for the relevant policy
interventions. We focus on the e¤ects of such policies on inequality in training,
skill and wages. To model job-related training and skill creation, we build on a
large literature of partial and dynamic general equilibrium models with job-related
learning and labour productivity in the form of human capital (see e.g. Huggett
et al. (2006), Kim and Lee (2007), Mejía and St-Pierre (2008), Moreno-Galbis
(2012), Manuelli and Seshadri (2014) and Chen and Lai (2015)). The general idea
is that, subject to a cost, a portion of the worker�s time is invested in learning
skills that will improve future productivity, so that job-related training implies
both a monetary and a time opportunity cost. In each period, time in training is
used with existing job-related skills to improve future job-related skills. In turn,
the stock of job-related skills and worker time that is not diverted to training are
combined to create the quantity of e¤ective labour input.
What de�nes this form of skill acquisition as job-related training is that, in our

model, the decision to train is made by the employer and training time is explicitly
at the cost of work time. In particular, the �rm assumes both the monetary and
opportunity costs related to training and decides which proportion of employees
(or, equivalently, of their time) to train. It simultaneously appropriates the rent
from having a more productive stock of labour. Workers bene�t in that their
wages increase, albeit at a lower rate than their productivity, consistent with the
evidence discussed earlier. While this approach adds complexity to the problem of
the �rm by making it intertemporal, it is nevertheless consistent with the empirical
evidence discussed above, showing that it is the �rms, rather than workers, that
primarily cover the cost of training. It also follows that allowing the �rms to decide
on training is essential for the evaluation of the e¤ect of policy aimed at redressing
training inequality by incentivising job-related training.
We add wage inequality to this setup by allowing for ex ante heterogeneity be-

tween University and non-University educated workers and a production structure
that allows for capital-skill complementarity. In particular, University educated
employees work in occupations (or jobs) that are more complementary to capital
that those of non-University educated workers.6 This standard mechanism leads
to a University wage premium that has been extensively analysed in the litera-
ture, see e.g. Krusell et al. (2000), Goldin and Katz (2008) and Acemoglu and

6Since we focus on wage (and not wealth or income) inequality, we follow the unemployment
literature since Merz (1995) (see e.g. Rogerson and Shimer (2011) for a review) and simplify the
model by allowing for perfect consumption insurance between the University and non-University
educated members of the single household.
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Autor (2011). In the context of job-related training, this further creates di¤erent
incentives for the �rm to train skilled (University educated) and unskilled (non-
University educated) employees. Since these employees have di¤erent marginal
products of e¤ective labour, there is a di¤erent (and higher) marginal return to
increasing skilled, relative to unskilled, job-related skills and e¤ective labour in-
put. Moreover, the elasticity of skill creation with respect to job-related training
is allowed to di¤er between the two types of workers, and thus is allowed to re�ect
di¤erences in the e¢ ciency of training.
We calibrate the model to data from the UK and ensure that it generates

training and wage inequality that are consistent with the data. We then evaluate
policies that target training for the unskilled workers by subsidising the �rms
and reducing the relevant �nancial cost. The model predictions regarding the
magnitude of the e¤ect of training subsidies to training participation and of the
e¤ect of the reduction in training inequality on wage inequality, are consistent
with the empirical evidence we collect. In fact, with respect to both relationships,
the model predicts e¤ects just below the lower bound of our estimates. However,
despite the conservative calibration, there is a signi�cant impact on wages and
earnings for workers. In particular, training subsidies signi�cantly increase wages
and labour income of the target group, and there are sizeable positive spillover
e¤ects from subsidising the training of each group of workers to the other group.
For instance, a policy to subsidise a quarter of the costs to train unskilled work-

ers can increase their wages (earnings) by 0:23% (0:75%, for earnings), 10-years
following the implementation of the policy, and by 0:58% (1:06%, for earnings) in
the long-run. Moreover, there are sizeable e¤ects on skilled workers, who bene�t
from the increased productivity of unskilled workers. Continuing with the same
example, skilled workers would experience an increase in their wages (earnings) by
0:06% (0:16%, for earnings), 10-years following the implementation of the policy,
and by 0:42% (0:51%, for earnings) in the long-run. These positive spillover e¤ects
are important in generating wider social gains from a more targeted policy. In ad-
dition, they are helpful in reconciling the small e¤ect that training inequality has
on wage inequality in the data (and model) with the strong impact that training
has on wages in both the empirical literature and the model.
The increase in lifetime income, both in terms of labour income and in terms

of aggregate income, is greater than the present value of the resources required for
such a policy, implying associated �scal multipliers that are greater than unity.
What underlies these signi�cant e¤ects is �rst the strong impact of training on
returns to labour and second the spillover e¤ects that work in general equilibrium
to enhance the positive e¤ect on any labour input.7 Subsidies to increase job-

7The e¤ect of the increase in training on wages that is implied by the model is consistent with
empirical estimates in Blundell et al. (1996).
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related training of unskilled workers lead to a fall in wage and income inequality,
while subsidising training of skilled workers leads to an increase in inequality. On
the other hand, the positive impact of training subsidies for skilled workers is
bigger in terms of aggregate quantities.
Overall, our results suggest that while subsidising job-related training does

not have a big impact in reducing �inequality�, it can nevertheless be e¤ective
in contributing to improvements of income for the lower skilled. In fact, the
conclusion that training subsidies do not signi�cantly reduce �inequality�should
not be viewed as a downside of training subsidies, but instead as a welcoming
consequence of the positive spillovers that they create for the skilled workers.
The rest of the paper is organized as follows. In Section 2, we review existing

empirical �ndings and present additional empirical evidence on training, training
inequality and its relationship with wage inequality, as well as the importance of
subsidies for training decisions. In Section 3 we develop the model we use for the
quantitative evaluation of the nexus between training, inequality and policy and
we discuss its calibration and quantitative relevance. In Section 4, we evaluate the
e¤ects of policy aimed at redressing training inequality by incentivising job-related
training. Section 5 contains the conclusions.

2 Training costs, returns and inequality

We next review and add to the empirical evidence on the extent of job-related
training, its importance for employers/�rms and employees/participants as well as
its e¤ect on wage inequality. Job-related training refers to training of individuals
who are in employment, either as employees in a �rm or as self-employed. We will
refer to these individuals collectively as �workers�. In subplot (1,1) of Figure 1 we
plot workers�participation in this type of training in the UK, using quarterly data
from the QLFS from 1995.1 to 2015.4.8 In particular, we calculate the proportion
of workers who received training within the 13 weeks prior to the interview date.
As can be seen, following a large rise in the 1990s, this proportion has stabilised
in recent periods to about 25%, implying that one in four workers receives some
type of training every quarter.9

[Figure 1 here]

8The QLFS provides data using international de�nitions of employment and unemployment
and economic inactivity, together with a wide range of related topics such as occupation, training,
hours of work, and personal characteristics of household members aged 16 years and over. Further
details regarding the data can be found in Appendix A.

9The UK is not an outlier in the European context. In many other European countries training
participation is also high (see, e.g. Markowitsch et al. (2013) who use the CVTS dataset from
Eurostat).
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Job-related training on this scale should be motivated by signi�cant returns.
Indeed, empirical studies document a strong positive e¤ect from employee training
to �rm productivity, as well as a positive relationship between wages and training
(see e.g. Blundell et al. (1999), Haelermans and Borghans (2012), and Méndez
and Sepúlveda (2016)). The estimated e¤ects vary between di¤erent samples and
methods used in the literature, but overall imply bene�ts to both employers and
employees from job-related training (for reviews, see Leuven (2004) and De Grip
and Sauermann (2013)). Returns to �rms are typically estimated to be higher than
returns to workers, and are more robustly signi�cant (see, e.g. Hansson (2008)).
A positive e¤ect of training on productivity is also con�rmed in studies for the UK
(Dearden et al. (2006)).
The signi�cant returns that �rms realise from training their employees lead

them to encourage it.10 In fact, data from the QLFS, CVTS, and ESS demonstrate
that �rms in the UK pay for more than 70% of job-related training, and that
about half of this training takes place during work time, implying that it is costly
in terms of foregone output. Government subsidies cover approximately 4.17% of
total training costs (see the evidence from CVTS, waves 3 and 4 (2005 and 2010)).11

The importance of �rms�contribution to training expenses is also con�rmed using
European-level data. In particular, Bassanini et al. (2007) analysed data from
CVTS for European countries and �nds that employer-provided training represents
a major component of training, and that workers do not pay for job-related training
through lower initial salaries or �atter wage-tenure pro�les. Their results also
suggest that training spells paid by employers represent about 70-80% of the total
training expenditures (see Bassanini et al. (2007)).
Overall, empirical research has linked job-related training to productivity gains.

Moreover, existing empirical analyses have also demonstrated that there is in-
equality in participation and in the returns from training. Bassanini et al. (2007))
analyse European data from the European Community Household Panel and demon-
strate that there is a gap in training participation between workers of di¤erent
education levels and of di¤erent family background. Moreover, they �nd that
training increases wages more for better educated workers. We further elaborate
on training inequality and the relationship between training and wage inequality

10In theory, �rms are more likely to cover the cost of employee training if the latter is �rm-
speci�c. Otherwise, if it is mainly general purpose, then it would be more natural to expect that
workers would �nance training (see e.g. Becker (1962)), especially if �rms engage in poaching
of employees from other �rms. However, there is empirical evidence, at least for the US, that
�rms support employee training despite poaching (see e.g. Parent (1999)). The data for the UK
suggest signi�cant �rm-sponsored training (see e.g. O�Mahony (2012)), consistent with the high
returns to �rms from training their employees.
11Note that this ratio is based on gross receipts over total training costs as reported by surveyed

�rms.
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in the UK in the following sub-sections.

2.1 Inequality in training and wage inequality

In the following analysis we use data from the QLFS on training, wages, employ-
ment and hours of work by education groups between 1995.1-2015.4. We split
the sample into the group of workers who have at least a bachelor degree or high
level quali�cation (University educated) and those without these quali�cations
(non-University educated). For each education group, we compute the training
participation rate as the ratio of workers who have been trained in the last quar-
ter over the total number of workers. To obtain a measure of training inequality
between the two groups, we calculate the ratio of the University educated to non-
University educated training participation rates (see, subplot (1,2) in Figure 1).
As can be seen, despite signi�cant reductions in the period 1995-2004, training
inequality remains high, at about 1.6, without signi�cant reductions since 2005.
Since training contributes to increased productivity and returns, training in-

equality can contribute to wage inequality. Although this seems like a plausible
speculation, we are not aware of existing research demonstrating a direct link be-
tween training inequality and wage inequality. The University skill premium has
declined in recent decades in the UK, as shown in subplot (2,1) of Figure 1 (see
e.g. Blundell and Etheridge (2010) and Brewer, Wren-Lewis (2015), Bel�eld et al.
(2017) and Angelopoulos et al. (2017a) for an analysis of inequality in the UK).12

This can be linked to increased University education,13 which implies that the rel-
ative supply of skilled labour over unskilled has grown, as shown in subplot (2,2)
in Figure 1.14 Indeed, as the scatterplot in subplot (3,1) in Figure 1 shows, there
is a negative relationship between wage inequality and the relative skill supply in
the UK for the period 1995-2015. However, the decline in wage inequality can also
be linked to the decline in the training inequality, as the scatterplot in subplot
(3,2) in Figure 1 shows. In fact, it is interesting to note that the trend in wage
inequality is more consistent with the trend in training inequality. In particular,
note that the biggest reduction in wage inequality took place between 1995-2004,
the period where training inequality also reduced signi�cantly, whereas after 2005

12The skill premium is the ratio of the average skilled to the unskilled wage over the period
1995.1-2015.4. Workers include both employees and self-employed individuals who are between
25 and 65 years old. The wage is computed by dividing weekly labour income by the number of
hours worked per week from the main job.
13See Goldin and Katz (2008) for evidence on the role education plays in wage inequality.
14Using the same de�nitions for skilled and unskilled as above, the relative skill supply is

de�ned as the ratio of the product of skilled (weekly) working hours and the skilled population
share to the product of the same two measures for unskilled workers using QLFS data from
1995.1 to 2015.4.
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both series exhibit a smaller slope. In contrast, the growth rate of the relative skill
supply increased after 2005, the slope being smaller prior to this date.
To further investigate the relationship between wage inequality and training

inequality, we regress the former on the latter and on the relative supply of skilled
to unskilled labour. In particular, we consider the following relationship:

wst
wut

= �1 + �2
pst
put
+ �3

nst
nut
+
X3

i=1

itQit + "t, (1)

where wst
wut
is the ratio of wages for skilled or University educated, wst , to unskilled

or non-University educated, wut , employees in period t;
pst
put
is the ratio of training

participation for skilled, pst , to unskilled, p
u
t , employees; and

nst
nut
is the ratio of

skilled, nst , to unskilled, n
u
t , employees. Given that training exhibits quarterly

regular variation (see e.g. Felstead et al. (2013)), we include a set of quarterly
time dummies,

P3
i=1 
itQit. Finally, "t s Niid(0; �2") is the error term.

The results for the coe¢ cients of interest are reported in Table 1.15 We also
report an F -statistic for the joint signi�cance of the three quarterly time dum-
mies. Finally, we present the F -statistic for a test of serial correlation, obtained
by regressing the residuals b"t on four lagged values and testing for their joint sig-
ni�cance. As can be seen, both pst=p

u
t and n

s
t=n

u
t are signi�cant at the 2% and

7:8% levels, and the estimated coe¢ cients have the expected signs. Hence, the re-
sults suggest that training inequality is positively related to wage inequality, even
after controlling for the change in the education composition of the labour force.
Further note that the 95% con�dence interval for b�2 ranges from 0:022 to 0:249.

Table 1: Wage and Training Inequalityb�1 b�2 b�3 b
1t = b
2t = b
3t = 0 Serial correlation
estimate 1.464 0.136 -0.093 F (3,78) 6.720 F (4,75) 0.340
p-value 0.000 0.020 0.078 p-value 0.000 p-value 0.852

2.2 Cost-incentives matter

As discussed above, in the UK, �rms assume the larger share of the costs to train
workers. On the other hand, the government�s contribution to monetary costs is
very small. It would thus be useful in the analysis which follows to know whether
the decision to train employees is sensitive to subsidies to the direct monetary
costs that job-related training entails. We are not aware of existing evidence on

15Note that this relationship has also been tested on a panel dataset composed of yearly
observations for 1-digit SIC UK sectors. The results of the analysis, available on request, are
consistent with the results of the time-series regression performed on the whole UK economy and
reported in Table 1.
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the link between training subsidies and training participation at the �rm level.16

We thus next explore this link by using sectoral data from the QLFS and the
CVTS, editions 2005 and 2010, which report information about training subsidies
and training costs for about 4000 companies.
We �rst compute the per �rm nominal average training subsidies and training

costs by SIC sector according to the classi�cation reported in each dataset. In
2005, the CVTS employs a classi�cation with 35 sectors, while the 2010 edition
classi�es �rms into 25 di¤erent sectors. Due to changes in the classi�cation, we
can only match 17 sectors between the two datasets. Thus, to make best use of
the available data, we merge them into an unbalanced panel dataset. We use this
data to generate the ratio of training subsidies to training costs which is denoted
subit in the regression below.
Using the QLFS, we next compute the training participation rate for each two

digit SIC in 2005 and in 2010 in annual terms. The training participation rate is
de�ned as the ratio between the number of workers who have received training in
any quarter and the total number of workers. This variable is denoted sit in the
regression below.
We �nally combine the sectoral QLFS training participation rate data with

the corresponding sectors in the CVTS database. In some cases, we aggregate two
or more sub-sectors to match the de�nition used in the CVTS. In such instances,
the number of workers of each sector is used as weight to compute the average
participation rate.
To exploit the cross-sectional and time-series dimensions in the sample dis-

cussed above, we undertake a panel data random e¤ects analysis. In particular,
we estimate the following model:

sit = �1 + �2subit + �3sizeit + �i;t, (2)

where sit is the share of employees in sector i that received training in period t; and
subit, is the share of training costs that have been received as a training subsidy, on
average, by �rms of sector i in period t. Given that sectors with bigger �rms may
train a higher share of their employees to exploit economies of scale in training
provision, we also include the average number of employees per �rm, sizeit, in the
model. Finally, we allow for further unobserved sector heterogeneity captured by
the error term and consistent with a random e¤ects speci�cation.
The results from estimating (2) are shown in Table 2. As can be seen, both

�̂2 and �̂3 are positive and signi�cant. Moreover, the results of the Hausman test
16In the literature, empirical studies consider several determinants for training provision at

sectoral, regional or national level, such as economic density (e.g. Brunello and Gambarotto
(2004)), market power (e.g. Bilanakos et al. (2017)), and size (e.g. Almeida and Aterido
(2015)). Notably, none of these works have been able to control or study the e¤ect of �scal
incentives due to lack of data.
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indicate that the random e¤ects cannot be rejected in favor of the �xed e¤ect
model. The estimate of coe¢ cient of b�2, indicates that an increase in the subsidy
(as a share of total training cost) of 1%, tends, on average, to increase the share of
workers that are trained by about 0:26%, suggesting an inelastic response. Further
note that the 95% con�dence interval for this coe¢ cient ranges from from 0:051
to 0:473.17

Table 2: Training subsidies and participationb�1 b�2 b�3 Hausman test
estimate 19.46 0.262 0.020 �2(2) 1.930
p-value 0.015 0.000 0.000 p-value 0.381

3 The model

To evaluate the quantitative implications of policies that raise �rms�incentives to
train low (high) skilled workers, we construct a dynamic general equilibrium model
that coheres with the main stylised facts relating to the UK job-related training and
wage inequality data reviewed above. The key features of the model are (i) ex ante
skill heterogeneity between non-University educated (unskilled) and University
(skilled) workers, leading to wage inequality under capital-skill complementarity
in production and (ii) job-related training and skill creation undertaken by �rms
separately for skilled and unskilled workers.
When we analyse the quantitative implications of policies, we focus on their

e¤ects on inequality in training, skill accumulation and wages. In particular, we
examine subsidies to encourage the productivity of training time and skill accu-
mulation which are �nanced by a lump-sum tax on the household. To gauge the
e¤ects of such policies, we �rst solve the model at the steady-state, choosing the
parameters so that the steady-state is similar to the actual UK economy. We then
take this as the initial position of the economy and evaluate the e¤ects of one-o¤,
permanent changes in policy by simulating the economy as it converges to its new
long-run equilibrium.

3.1 Representative household

There is an in�nitely lived representative household that is comprised of unskilled
and skilled members. Superscripts u and s are used in what follows to denote
unskilled and skilled respectively. We assume that household members share the
household labour and asset income and have equal consumption irrespective of

17As robustness check, we include as regressor the average contribution to training funds (as
a percent of training costs). This control variable is statistically and economically insigni�cant
and it does not a¤ect the estimation of the �2 coe¢ cient.
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their labour market status (as in e.g. the literature on unemployment since Merz
(1995)). This allows us to focus on wage inequality without additional modeling
assumptions required to enrich the setup with wealth and consumption inequality.
In this setup, the head of the household makes all choices on behalf of its members,
di¤erentiated in our case, by labour market skills. In particular, the head of the
household maximises discounted lifetime household utility:

U =

1X
t=0

�t

n
c 1t [n

u (1� lut )]
 2 [ns (1� lst )]

 3
o(1��)

1� �
, (3)

where, 0 < � < 1 is the time discount factor; ct is per capita consumption; ni

(i = u; s) is the share of each skill type to total household members (nu + ns = 1);
lit is labour supply; � > 1 is the coe¢ cient of relative risk aversion; and the
parameters 0 <  1;  2;  3 < 1,  1 +  2 +  3 = 1, represent the weights that the
household attaches to consumption, unskilled leisure, (1� lut ), and skilled leisure,
(1� lst ) in utility respectively.
The household�s budget constraint is:

ct + kt+1 �
�
1� �k

�
kt = nuwut l

u
t + nswst l

s
t + rtkt + �t � Tt, (4)

where kt is physical capital; 0 < �k < 1 is the capital depreciation rate; wit is
the wage rate; rt is the net return to capital; �t is pro�ts; and Tt is a lump-sum
transfer/tax. The labour productivity advantages, for University educated work-
ers, work directly via di¤erences in wst versus w

u
t , which in turn capture di¤erences

between the marginal productivity of skilled versus unskilled labour input, as it
will become apparent when we examine production.
The Lagrangian for the household is given by:

L =
P1

t=0f�t
n
c
 1
t [nu(1�lut )]

 2 [ns(1�lst )]
 3
o(1��)

1�� � �t�kt [ct + kt+1 �
�
1� �k

�
kt�

�nuwut lut � nswst l
s
t � rtkt � �t + Tt]g,

(5)

where �kt > 0, is the Lagrange multiplier. The household chooses fct; lst ; lut ; kt+1g
1
t=0

taking the initial condition, k0, the policy variable, fTtg1t=0, prices, fwut ; wst ; rtg
1
t=0

and pro�ts f�tg1t=0 as given. The static �rst-order condition (FOC) for consump-
tion:

�kt =
 1

h
(nu [1� lut ])

 2 (ns [1� lst ])
 3
i1��

c
1� 1(1��)
t

, (6)

states that the shadow price of the budget constraint (4) is equal to the marginal
utility of consumption, @U

@ct
, at time t.
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The intratemporal FOCs for unskilled and skilled labour supply:

 2
 1

ct
nu (1� lut )

= wut , (7)

 3
 1

ct
ns (1� lst )

= wst , (8)

imply that the marginal rates of substitution between leisure (unskilled and skilled)
and consumption at time t, i.e. @U

@(1�lit)
= @U
@ct
, are equal to the unskilled and skilled

wage rates, respectively.
Finally, the Euler equation for capital:

1

�

"
c 1t (n

u [1� lut ])
 2 (ns [1� lst ])

 3

c 1t+1
�
nu
�
1� lut+1

�� 2 �ns �1� lst+1
�� 3

#1��
ct+1
ct

= 1 + rt+1 � �k (9)

says that the marginal rate of substitution between consumption at time t and
t + 1, �kt

�kt+1
� @U

@ct
= @U
@ct+1

, is equal to the gross return to capital, 1 + rt+1, net of

capital depreciation.

3.2 Representative �rm

There is an in�nitely lived representative �rm, which is owned by the household
and employs capital, unskilled and skilled labour to produce a homogeneous �nal
good. Production takes place using the following constant elasticity of substitution
(CES) production technology:

eyft = A

�
� (zut )

� + (1� �)
h
�
�
kft

��
+ (1� �) (zst )

�
i�
�

� 1
�

, (10)

where, eyft is the �rm�s output; A > 0 is total factor productivity; 0 < �; � < 1
are the factor share parameters; zit is the e¤ective labour input used in produc-
tion; kft is the demand for capital; and �; � < 1 are the parameters de�ning the
factor elasticities, i.e. 1= (1� �) is the elasticity of substitution between capital
and e¤ective unskilled labour as well as between e¤ective skilled and e¤ective un-
skilled labour; whereas 1= (1� �) is the elasticity of substitution between capital
and e¤ective skilled labour. Capital-skill complementarity in production, which is
obtained in this setup when � > �, has been shown to be empirically relevant and
a contributor to wage inequality. This is because an increase in capital stock and
capital augmenting technology in this setup are skill biased (see e.g. Krusell et al.
(2000), Hornstein et al. (2005), Caselli and Coleman (2006), and Goldin and Katz
(2008)).
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The �rm hires lf;it hours from the labour market, but not all of it is used
for production, as some of the workers� time is used for training purposes. By
denoting the share of workers�time in job-related training by tit, this implies that
the net time actually used for production is given by lf;it (1� tit), whereas l

f;i
t t

i
t is

the actual time devoted to job-related training. Training increases next period�s
labour productivity. In particular, building on the human capital tradition since
Ben Porath (1967), and following e.g. Huggett et al. (2006), we assume that
labour productivity, or else the stock of skills accumulated via job-related training
evolves according to the following laws of motion:

hut+1 = (1� �u)hut +Hu
�
lf;ut tut h

u
t

�
u
, (11)

hst+1 = (1� �s)hst +Hs
�
lf;st tsth

s
t

�
s
, (12)

where 0 < �u; �s < 1 are the depreciation rates for skills accumulated by unskilled

and skilled workers respectively; Hu
�
lf;ut tut h

u
t

�
u
is new skills created at time t;

H i > 0 is the productivity in new skill creation; and 
i < 1 captures the elasticity
of new skills with respect to existing skills and training time. Note that both H i

and 
i are related to workers�learning ability (see Huggett et al. (2006)), i.e. the
ability of the workers to use existing skills with their time for training to create
new labour skills. This ability is �xed at the point of their entry in the labour
market. Since both sets of parameters relate to the same economic concept, we will
normalise in what follows H i to be unity and let 
i capture di¤erences in learning
ability associated with University education.
The restriction that 
i < 1 guarantees that there is well-de�ned (bounded)

steady-state value for hi, thus precluding growth in the stock of skills in the long-
run. At the same time, 
i < 1 leaves open the possibility of increasing or decreasing
returns to scale in creating labour productivity. Importantly, following a basic
assumption largely employed in the literature since the seminal work of Mincer
(1992), we allow learning ability to di¤er between skilled and unskilled workers,
re�ecting their di¤erent education status prior to entering the labour market.
The �rm thus incurs an opportunity cost in terms of foregone workers�time

when it decides to train its employees. Moreover, we assume that it incurs a
monetary cost. The bene�t for the �rm is that the labour productivity generated
by job-related training increases e¤ective labour input. In particular, the e¤ective
labour input zit is a function of workers�time and of labour productivity:

zst =
h
lf;st (1� tst)

i!
[hst ]

1�! , (13)

zut =
h
lf;ut (1� tut )

i!
[hut ]

1�! , (14)
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where 0 < ! < 1 measures the elasticity of e¤ective labour with respect to produc-
tion time. Note that the constant returns to scale restriction in (13)-(14) implies
that the production function (10) is also constant returns to scale in its �ve inputsh
lf;it (1� tit)

i
, hit , for (i = s; u), and kft

This setup implies that it is the �rm, and not the worker, which assumes the
costs of training and also owns job-related skills associated with hit, thus capturing
�rm-speci�c skills that are augmented by job-related training.18 As explained in
Section 2, this is consistent with empirical evidence which suggests that (i) �rms
pay for the majority of job-related training of their employees and (ii) that the
returns to productivity and �rm pro�tability/returns from job-related training are
estimated to be larger than the e¤ect of job-related training on workers�wages,
implying signi�cant rents for the �rms associated with job-related training. Indeed,
in this speci�cation, and given that the production function in (10) is constant
returns to scale, the compensation to labour productivity in the form of hit is
captured by the �rm as a rent associated with training its employees, and takes
the form of pro�ts. Therefore, the higher the contribution of the �rm-owned factor
hit in production, which is captured by a lower !, the higher the �rm�s pro�tability
associated with investment in employee training.
The �rm�s problem is formalised as follows. The representative �rm aims

to maximize the present discounted value of lifetime pro�ts (e.g. Chen and Lai
(2015)19):

�f =
1X
t=0

Qt�t, (15)

where

Qt =
t�1Y
j=0

�
1 + rj+1 � �k

��1
, (16)

de�nes the discount factor20 and

�ft = eyft � rtk
f
t � wut l

f;u
t � wst l

f;s
t � �utut l

f;u
t (1� �u)� �stst l

f;s
t (1� � s) , (17)

18This is therefore di¤erent from partial or general equilibrium studies where on-the-job train-
ing is modelled as a household�s decision variable, as in e.g. Huggett et al. (2006) or Kim and
Lee (2007).
19Note that in the setup in Chen and Lai (2015), all new hires are unskilled and �rms train

automatically all new recruits who then become skilled in the second period. Hence, in their
setup, training does not increase the productivity of skilled and unskilled workers in their tasks,
but rather serves as a means to move workers through tasks.

20We follow the convention: Q0 =
�1Y
j=0

�
1 + rj+1 � �k

�
= 1.
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denotes pro�ts, which are de�ned as the revenue from selling the �nal good, minus
the costs of capital, the costs of unskilled and skilled labour, as well the monetary
training costs for unskilled and skilled labour. The parameter 0 < �i < 1 refers to
the �xed cost per training hour; and � i is a subsidy or tax on training activities.
The intertemporal trade-o¤ associated with training time is evident in equa-

tions (10)-(14) and (17). In particular, ceteris paribus, an increase in training time
raises new skills at time t and the stock of skills in t+1. Hence, e¤ective labour and
output in t + 1 increase. However, training incurs a resource outlay. In addition,
by lowering the time available for work at time t, e¤ective labour and output at
time t fall.
This setup further creates di¤erent incentives for the �rm to train its skilled

and unskilled employees which we observe in the UK data. In particular, since the
employees have di¤erent marginal products of e¤ective labour, there is a di¤erent
(and higher) marginal return to increasing skilled, relative to unskilled, job-related
skills and e¤ective labour input. Moreover, if the learning ability for skilled workers
is higher, i.e. 
s > 
u, then the increase in labour productivity is higher, for a given
amount of training time, for skilled versus unskilled workers (see e.g. Almeida and
Faria (2014)). On the other hand, if training skilled workers implies a relatively
higher monetary cost (i.e. if �u < �s), then the �rm has a disincentive to train
skilled, versus unskilled workers. In this case, relative training between skilled and
unskilled depends on the quantitative evaluation of this trade-o¤.
Taking the initial conditions,

n
kf0 ; h

s
0; h

u
0

o
, prices, fwst ; wut ; rtg

1
t=0, and the dis-

count factor fQtg1t=0 as given, the �rm chooses fkft ; lf;ut ; lf;st ; tut ; t
s
t ; h

u
t+1; h

s
t+1g1t=0

to maximise (15), subject to (11) and (12).21 The Lagrangian for the �rm is given
by:

� =
P1

t=0fQtfyft � rtk
f
t � wut l

f;u
t � wst l

f;s
t � �utut l

f;u
t (1� �u)�

��stst l
f;s
t (1� � s)g�

�Qt�
u
t [h

u
t+1 � (1� �u)hut �Hu

�
lf;ut tut h

u
t

�
u
]�

�Qt�
s
t [h

s
t+1 � (1� �s)hst �Hs

�
lf;st tsth

s
t

�
s
]g,

(18)

where �it are the shadow prices associated the skill accumulation constraints (11)

21This is equivalent to a setup where: (i) a branch of the �rm faces a static problem and
decides on capital and labour demand, taking training time and labour productivity as given;
and (ii) another branch faces the intertemporal problem of choosing training time and labour
skill acquisition, as long as both branches have the same objective function in (17).
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and (12); and yft is given by:

yft = At

n
�
�h
lf;ut (1� tut )

i!
[hut ]

1�!
��
+

+(1� �)
h
�
�
kft

��
+ (1� �)

�h
lf;st (1� tst)

i!
[hst ]

1�!
��i��� 1

�

.
(19)

The static FOCs with respect to capital, unskilled and skilled labour:22

rt =
@yft

@kft
, (20)

wut + �utut (1� �u) =
@yft

@lf;ut
+ �ut

@hut+1

@lf;ut
, (21)

wst + �stst (1� � s) =
@yft

@lf;st
+ �st

@hst+1

@lf;st
, (22)

equate their respective marginal costs to their marginal products. In the presence
of job-related training and skill accumulation, marginal costs are comprised of the
wage costs, wit, and the marginal increase in monetary costs of training, �

itit, net of
the tax or subsidy, � i. The corresponding marginal products are comprised of the

marginal product of labour in output, @yft
@lf;it

, plus the marginal product of labour in

skill accumulation,
@hit+1

@lf;it
, valued by its corresponding shadow price, �it. Hence, the

second term in the right hand side of these two FOCs captures the bene�t to the
�rm from increasing work time since this allows for more time to train and thus
for increased future labour labour productivity.
The intratemporal FOCs with respect to unskilled and skilled training time:

�ulf;ut (1� �u)� @yft
@tut

= �ut
@hut+1
@tut

, (23)

�slf;st (1� � s)� @yft
@tst

= �st
@hst+1
@tst

, (24)

equate their respective marginal costs to their marginal products. Marginal costs

are equal to the opportunity cost of foregone output, @yft
@tit
, due to time being di-

verted from work, plus as above, the marginal increase in monetary costs of train-
ing time, net of the tax or subsidy. The corresponding marginal products are
the marginal product of training time in skill accumulation,

@hit+1
@tit

, valued by its

corresponding shadow price, �it.

22All of the derivatives listed in the following FOCs are de�ned in Appendix B.
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Finally the Euler equations for unskilled and skilled skills acquisition:

�ut =
Qt+1

Qt

 
@yft+1
@hut+1

+ �ut+1
@hut+2
@hut+1

!
, (25)

�st =
Qt+1

Qt

(
@yft+1
@hst+1

+ �st+1
@hst+2
@hst+1

)
, (26)

state that the shadow price of skill acquisition at time t, �it is equal to the dis-

counted value of the net bene�ts to skill accumulation,
@yft+1
@hit+1

+ �ut+1
@hit+2
@hit+1

, where
@yft+1
@hit+1

is the increase in output due to increased labour skills at t + 1 and
@hit+2
@hit+1

is
the increased labour skills in t+2 that result from increased skills in t+1, valued
by its corresponding shadow price in t+ 1, �it+1.

3.3 Government budget

To focus on policies to reduce training inequality, we assume the following balanced-
budget constraint for the government:

Tt = �u
�
�utut l

f;u
t

�
+ � s

�
�stst l

f;s
t

�
, (27)

which equates the lump-sum transfer/tax, Tt, with revenue/expenditure for the
monetary costs of training time, �ititl

f;i
t . To ensure that the government budget is

balanced, Tt, is the residual policy instrument in the analysis below.

3.4 Market clearing conditions

The market clearing conditions for physical capital, unskilled and skilled labour,
dividends and goods markets are respectively:

kft = kt, (28)

lf;ut = nulut , (29)

lf;st = nslst , (30)

�ft = �t, (31)

yft = ct + kt+1 � (1� �k) kt + �ut
u
t l
f;u
t + �st

s
t l
f;s
t . (32)
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3.5 Decentralized Equilibrium

Given initial conditions, the decentralized equilibrium is de�ned to be an allocationn
ct; l

u
t ; l

s
t ; �t; l

f;u
t ; lf;st ; kft ; �

f
t ; t

u
t ; t

s
t ; h

u
t+1; h

s
t+1

o1
t=0
, prices frt; wut ; wstg

1
t=0, shadow prices�

�kt ; �
u
t ; �

s
t

	1
t=0
, and the policy instrument, fTtg1t=0, such that (i) households and

�rms undertake their respective optimisation problems taking aggregate outcomes
as given; (ii) all constraints are satis�ed; and (iii) all markets clear.
Using Walras�s law we discard the household�s budget constraint, thus the DE

consists of the following 19 equations: (i) the household�s 4-FOCs, equations (6)-
(9); (ii) the �rm�s 2-skill accumulation equations (11)-(12); (iii) the �rm�s 7-FOCs,
equations (20)-(26); (iv) the government�s budget constraint, equation (27); and
(v) the 5-market clearing conditions, equations (28)-(32).

3.6 Model calibration and steady-state

We set the parameters appearing in the DE equations with the overall aim that the
model generates a steady-state solution which implies model generated quantities
similar to the actual data for the UK. The calibrated parameters are summarised
in Table 3. More details on data sources used can be found in Appendix A.
The productivity parameters which work as scaling factors fA;Hu; Hsg are all

normalised to unity. Also, following many dynamic general equilibrium studies, we
set the coe¢ cient of relative risk aversion � = 2. Similarly, we set the depreciation
rate of capital, �k = 2:5%, which is commonly used in dynamic general equilibrium
studies for the UK economy, see e.g. Harrison and Oomen (2010). Given that the
depreciation of job-related skills is hard to measure, we assume �s = �u = �k.
The literature on work-related human capital, e.g. Blundell et al. (1999), suggests
that this depreciates within a decade or so, which implies a yearly depreciation
rate of about 10%. Indeed, Mincer and Ofek (1982) estimated the annual rates of
individual-level depreciation to be between 3:3% and 7:6%, while Heckman (1976)
reports a con�dence interval between 3:7% and 8:9%. To these �gures, one needs
to add the value of human capital stock lost because of retirees, which, according to
Stokey and Rebelo (1995), amounts to 2:5% up to 4% of the total stock. Based on
this evidence, the quarterly depreciation rate should lie between 1:45% and 3:26%.
Thus, our assumption of 2:5% is in-between these estimates. We set the quarterly
discount factor of � = 0:995 to ensure that the annualized risk-free interest rate
net of depreciation is equal to 2 percentage points in the steady-state. The latter is
the value obtained from the real rate of discount on 3 month Treasury bills, net of
in�ation, averaged over the periods 1992q1-2015q4. Finally the population shares
nu and ns are obtained from the QLFS dataset, and correspond to the average
shares over the period 2000q1-2015q4.
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Data are available for training subsidies to �rms from CVTS 3 & 4. We divide
these subsidies by training costs (average per �rm, in a given year) and �nd that the
subsidies amount, on average, to about 4:17% of �rms�training costs. The CVTS
dataset does not distinguish training subsidies for skilled workers separately from
those for unskilled workers, and current �scal policies do not discriminate between
training recipients with respect to job-related training paid by companies. We thus
set �u = � s = 4:17%.

Table 3: Calibration

Symbol Value De�nitions
Household

� 0:995 quarterly time discount factor
 1 0:320 consumption weight in utility
 2 0:370 unskilled leisure weight in utility
 3 0:310 skilled leisure weight in utility
�k 0:025 quarterly capital depreciation rate
� 2:000 coe¢ cient of relative risk aversion
ns 0:340 share of unskilled to total household members
nu 0:660 share of skilled to total household members

Firm
� �0:495 e¤ective skilled labour to capital substitution parameter
� 0:401 e¤ective unskilled labour substitution parameter
! 0:9416 elasticity of e¤ective labour with respect to time
A 1:000 total factor productivity
�u 0:025 depreciation rate for accumulated skills (unskilled)
�s 0:025 depreciation rate for accumulated skills (skilled)
Hu 1:000 productivity of new skill creation (unskilled)
Hs 1:000 productivity of new skill creation (skilled)
� 0:589 share of composite input to output
� 0:881 share of capital to the composite input
�u 3:234 �xed cost per training hour (unskilled)
�s 4:445 �xed cost per training hour (skilled)

u 0:589 returns to scale for creating new skills (unskilled)

s 0:622 returns to scale for creating new skills (skilled)

Policy
�u 0:042 public subsidy for training activities (unskilled)
� s 0:042 public subsidy for training activities (skilled)

The parameters f 2;  3g (recall that  1 follows from  1 +  2 +  3 = 1) are
calibrated to match labour supply for skilled and unskilled workers. In particu-
lar, the QLFS database reports the average weekly hours of work of skilled and
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of unskilled workers over the periods 1994.1-2015.4. We normalize these by the
number of daytime hours (i.e. 16 � 7) in a week to calculate the labour supply
of skilled and unskilled workers as 0:31 and 0:29, respectively. Conditional on the
remaining parameters, f 2;  3g, are obtained from the labour supply conditions
to ensure ls = 0:31 and lu = 0:29.
We next move to the group of parameters relating to training and production

f�; �; �; �; �u; �s; 
u; 
s; !g. We start with the parameter !, which, as discussed
in the previous section, is directly linked to �rms�pro�tability or returns asso-
ciated with job-related training and the resulting rents to �rms. To the best of
our knowledge, data on �rms�returns, in terms of pro�tability, associated with
�rms� expenses on job-related training do not exist in the UK. Blundell et al.
(1999) estimate the private return to participating to job-related training in the
UK to be up to 10% and Dearden et al. (2006) estimate the partial e¤ect of train-
ing time to �rms�pro�ts, alongside other factor inputs in a regression analysis.
However, it is di¢ cult to express such partial e¤ects in model-relevant quanti-
ties. We thus choose ! by relating �rm pro�tability to a monetary valuation of
the investment in job-related training, as measured by the ratio of �rm�s pro�ts
over total monetary costs of training, including both direct and indirect costs, i.e.

�t
�utut l

f;u
t (1��u)+�stst l

f;s
t (1��s)+wut tut l

f;u
t +wst t

s
t l
f;s
t

. The advantage of using this ratio is that

it is free of units of measurement, and thus useful for model calibration purposes.
Almeida and Carneiro (2009) estimate this return to be between 8:6 and 13:8 per-
centage points for training �rms in Portugal. Given this available information, we
choose ! so that, in conjunction with the remaining parameters, �rms�returns on
investment in training, de�ned as above, are about 10%.
We also have data on the: (i) labour income share, n

slsws+nuluwu

y
; (ii) capital-

to-output ratio, k
y
; (iii) skill premium, w

s

wu
; (iv) training costs as a percent of GDP,

�stslsns+�utulunu

y
; (v) unskilled training share, tu; and (vi) skilled training share, ts.

These are obtained, respectively, from: (i) data from the OECD (2015) report;
(ii) GDP and capital stock series published by the ONS; (iii) our own calculations
from the UK QLFS data, averaging the ratio of the hourly wage of University
educated workers and that of non-University educated workers over the period
1995q1-215q4; (iv) ONS data on gross value added (GVA) and the estimates of
the total training costs reported in the 2011 ESS; (v) our own calculations, based
on ESS estimates of total training time per employee, on QLFS population shares,
and on the average ratio of training participation rate of University educated and
that of non-University educated workers derived from the QLFS over the period
1995q1-2015q4; (vi) same as (v). Thus, these data provide six targets.
Following common practice in the literature using general equilibrium cali-

brated models with the CES production function (see e.g. Lindquist (2004) and
Pourpourides (2011)), we set the elasticities of substitution � = �0:495 and
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� = 0:401, based on the estimates by Krusell et al. (2000). We then choose the
remaining parameters in the production function so that the model�s steady-state
solution is consistent with factor income shares and inequality indices. In partic-
ular, we choose f�; �; �u; �s; 
u; 
sg so that the model�s steady-state predictions
regarding

n
nslsws+nuluwu

y
; k
y
; w

s

wu
; �st

slsns+�utulunu

y
; tu; ts

o
are similar to the data.

The steady-state solution implied by the parameters in Table 3 is summarised
below in Table 4. As can be seen, the model�s predictions for the long-run quanti-
ties are very close to the data. Moreover, we can use this steady-state to evaluate
the predictions of the model regarding the elasticity of training (average across
the two types of workers) with respect to changes in subsidies. Recall that the
empirical evidence in Section 2 demonstrates a signi�cant, but small e¤ect of an
increase in subsidies on training shares, i.e. 0:26% with a 95% con�dence interval
implying a range from 0:05 to 0:47. Given that we cannot di¤erentiate between
skilled and unskilled workers in the data, this estimate refers to an average ef-
fect, across worker types. Thus, we examine the response of the model solution
to increasing both �u and � s by 1%, starting from the solution in Table 4, and
�nd that on average, across skilled and unskilled workers, training increases by
0:03%. Thus, the elasticity of training time with respect to training subsidies that
is implied by the model is fairly consistent with the empirical evidence, and it lies
just below the lower bound of our estimation in Section 2.

Table 4: Steady-State

Variable De�nition Model Data
ws

wu
skill premium 1.675 1.671

ts skilled training to total time share 0.023 0.023
tu unskilled training to total time share 0.013 0.013
ts=tu training di¤erential 1.743 1.746

tslf;s+tulf;u

(1�ts)lf;s+(1�tu)lf;u training to work time share 0.019 0.017

ls skilled labour to total hours 0.316 0.310
lu unskilled labour to total hours 0.292 0.290
k=y capital-to-output 10.25 10.30

�stslsns+�utulunu

y
monetary training costs-to-output 0.025 0.025

T=y public spending on training costs-to-output 0.0006 0.0006
rk=y capital income-to-output 0.306 0.285

nslsws+nuluwu

y
labour income-to-output 0.665 0.685

4 Policy analysis

We next examine the dynamic e¤ects of training subsidies on training, wages and
earnings. To solve for the transition paths, we work as follows. We assume that
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the economy is at its steady-state, as summarised by Table 4, when a one-o¤
permanent change takes place in either �u or � s. We then solve for the dynamic
paths of the endogenous variables of the system as this moves towards the new
steady-state by obtaining the dynamic solution of the non-linear DGE system
of equations for T periods, which is solved non-linearly using standard numeric
methods in Dynare (see Adjemian et al. (2011)). We set S = 1000 to ensure that
convergence is achieved.

4.1 Income and inequality e¤ects

The e¤ects of a permanent increase in �u from 0:042 to 0:5, which implies that the
government subsidises half of the training cost for unskilled workers, are shown in
Figure 2. As can be seen, an increase in �u increases training time for unskilled
workers (see subplot (1,2) for tut ). As expected, given that the cost to train workers
is lower for the �rm, this creates additional incentives for the �rm to increase tut .

[Figure 2 here]

To see the e¤ect of �u on training time more formally, recall the �rst-order
condition (23), which is re-written as:

�ulf;ut (1� �u) = �ut
@hut+1
@tut

� @yft
@tut

. (33)

This implies that a reduction in the training costs requires that the right-hand side
of (33) must also fall. Given the concavity of the skill creation function (11),

@hut+1
@tut

is a decreasing function of tut , hence a rise in �
u tends to create a rise in tut via its

e¤ect on future labour productivity. However, @y
f
t

@tut
is also a decreasing function of

tut ,
23 hence the rise in �u also tends to generate a fall in tut via its direct e¤ect on

production, capturing the opportunity cost of time taken away from production.
Quantitatively, the e¤ects associated with

@hut+1
@tut

in this case dominate, but they

are mediated by the opportunity cost e¤ects via @yft
@tut
.

The increase in tut leads to higher worker skills (see subplot (2,1) for h
u
t ). In

turn, the increased labour productivity works to increase labour demand, since the

23It can be shown from the production function (10) that @eyft
@zut

> 0, and from equation (14)

that @zut
@tut

< 0, @2zut
@2tut

< 0. Note then that @yft
@tut

=
@eyft
@zut

@zut
@tut

< 0 and that @2yft
@2tut

=
@

�
@ eyft
@zut

@zut
@tut

�
@tut

=

@eyft
@zut @t

u
t

@zut
@tut

+
@eyft
@zut

@2zut
@2tut

=
@eyft
@zut

@2zut
@2tut

< 0.
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marginal product of labour, @yft
@lf;ut

, is an increasing function of hut .
24 At the same

time, the increased training also tends to reduce lut (1� tut ), which puts pressure
on �rms to increase the unskilled labour input, lf;ut , to accommodate the higher
training without reducing drastically hours used in production (see subplot (2,3)
for lut (1� tut )). On the other hand, the increase in the unskilled labour input tends
to decrease the marginal product of unskilled labour (see subplot (5,1)), since the

marginal product of labour, @yft
@lf;ut

, is a decreasing function of lf;ut .
25 The trade-o¤

is resolved by an increase in lf;ut (see subplot (4,3)) and in unskilled wages (see
subplot (3,3)), despite the initial reduction in the marginal product of unskilled
labour. Recall from the �rst-order condition:

wut + �utut (1� �u) =
@yft

@lf;ut
+ �ut

@hut+1

@lf;ut
, (34)

that wages increase with the marginal product of labour, @yft
@lf;ut

, and with
@hut+1

@lf;ut
,

which is a decreasing function of lf;ut , given the concavity of the skill creation
function, but also increase when training costs decrease. Here, although the rise in
lf;ut tends to decrease the right-hand side of the �rst-order condition, the reduction
in training costs dominates quantitatively, so that wages increase. Consequently,
earnings for unskilled workers, wut l

u
t increase (see subplot (5,3)), since both labour

input and wages increase.
The positive developments in the labour market for unskilled labour, and,

in particular, the increase in the e¤ective labour input of the unskilled (see the
increase in zut in subplot (3,1)), have positive spillover e¤ects on the productivity
and returns to skilled labour. In particular, after an initial decline, the marginal
product of skilled labour and thus skilled wages increase (see subplots (5,2) and
(3,4) respectively). Following these dynamics, capital stock is also increasing (see
subplot (4,2)).26 Hence, the increased labour productivity and employment for

24It can be shown from the production function (10) that @eyft@zut
> 0, and from equation (14) that

@zut
@lf;ut

> 0, @zut
@lf;ut @hut

> 0. Note then that @yft
@lf;ut

=
@eyft
@zut

@zut
@lf;ut

> 0 and that @yft
@lf;ut @hut

=
@

�
@ eyft
@zut

@zut

@l
f;u
t

�
@hut

=

@eyft
@zut @h

u
t

@zut
@lf;ut

+
@eyft
@zut

@zut
@lf;ut @hut

=
@eyft
@zut

@zut
@lf;ut @hut

> 0.

25It can be shown from the production function (10) that @eyft
@zut

> 0, and from equation (14)

that @zut
@lf;ut

> 0, @2zut
@2lf;ut

< 0. Note then that @yft
@lf;ut

=
@eyft
@zut

@zut
@lf;ut

> 0 and that @2yft
@2lf;ut

=
@

�
@ eyft
@zut

@zut

@l
f;u
t

�
@lf;ut

=

@eyft
@zut @l

f;u
t

@zut
@lf;ut

+
@eyft
@zut

@2zut
@2lf;ut

=
@eyft
@zut

@2zut
@2lf;ut

< 0.

26To see that @yft
@lf;ft

is increasing in both zut and k
f
t , note the following. It can be shown
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unskilled workers initially crowds out capital, skilled training and skilled labour
productivity (see subplots (1,3) and (2,2) for tst and h

s
t , respectively). However, as

more resources are diverted towards unskilled labour during the initial phase of the
adjustment towards the new steady-state, the increased e¤ective unskilled labour
input eventually crowds in capital and skilled training as well as skilled hours (see
subplot (4,4) for lf;st ). The changes in wages and hours imply that earnings are
also increased (see subplot (5,4) for wst l

s
t ).

In summary, increased training subsidies for unskilled workers create bene�ts
to both skilled and unskilled workers, in terms of wages and earnings. The e¤ect
is stronger for unskilled workers, so that wage inequality is reduced. Hence, this
is a policy intervention which, in terms of labour income, is bene�cial for all the
agents and it reduces inequality.
The same dynamics can be observed in the case that the government increases

subsidies to skilled training. In this case, the spillovers come from the positive de-
velopments in the labour market for skilled labour, and produce an improvement of
working conditions of unskilled workers. Figure 3 shows the e¤ects of a permanent
increase in � s from 0:042 to 0:5, which implies that the government subsidises half
of the training costs for unskilled workers. As can be seen, although increasing � s

is Pareto improving in terms of labour income, it increases inequality.

[Figure 3 here]

In Table 5, we summarise the e¤ects of di¤erent increases in �u and � s on
training, wages and earnings for both types of workers, as well as on the relevant
measures of inequality. For each tax instrument, we consider three di¤erent mag-
nitudes of training subsidies, in particular � i = 0:25, � i = 0:5 (which was analysed
in Figures 2 and 3), and � i = 1 for i = u; s. The increase in �u to 0:25, increases
training for unskilled workers by nearly 18%, implying an increase from 3:4 days
of average training to 4. Similarly, the increase in �u to 0:5 implies an increase
from 3:4 days of average training to 5 days.27 In terms of implied elasticities, these
e¤ects suggest that an increase by 1% in �u increases training for the unskilled

from the production function (10) that @eyft
@zst

> 0, @eyft
@zst @z

u
t
> 0, @eyft

@zst @k
f
t

> 0, and from equation

(14) that @zut
@lf;st

> 0. Note then that @yft
@lf;st

=
@eyft
@zst

@zst
@lf;st

> 0 and that @yft
@lf;st @zut

=
@

�
@ eyft
@zzt

@zst

@l
f;s
t

�
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=
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@zzt @z

u
t

@zst
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+
@eyft
@zzt

@zst
@lf;st @zut

=
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@zst @z
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@zst
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> 0,
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=
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�
@ eyft
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�
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=
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+
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@zst
@lf;st @kft

=
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@zzt @k
f
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@zst
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> 0.
27Using ESS and QLFS data, we estimate average unskilled training time to be 3.4 days per

year, by combining the information about the average days of training per worker, the population
share of skilled and unskilled workers, and the ratio of unskilled training participation to skilled
training participation rate.
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workers by 0:02%, which is at the lower bound of the estimates in Table 3. Hence,
although consistent with the lower values of the empirical estimate for the e¤ect
of �nancial incentives on training, training subsidies produce sizeable increases in
training.
In turn, these lead to smaller, but quantitatively signi�cant increases in wages

for the unskilled. The e¤ect of the increase in training on wages is also consistent
with previous econometric evidence (see e.g. Table 2 in Blundell et al. (1999)).
In particular, we �nd in Table 5 (using the case for �u = 0:5 as an illustration)
that an increase in training by about 1:6 days increase wages by 1:45%. Since
the average days of training in a year are 3:4, this implies that the incidence of
training for a worker increases her wage by about 3:1%, which is consistent with
the estimates in Blundell et al. (1999) regarding the e¤ect of employer-provided
training courses on the wages for a worker who undertook training in the year.
The e¤ects of job-related training subsidies for unskilled workers on wage in-

equality reduction are smaller, because of the concurrent increase in wages for the
skilled. Earnings inequality is reduced by more, because of the positive e¤ects of
increased training on unskilled hours. The relationship between wage inequality
and training inequality in Table 5 is also consistent with the empirical estimates
in Table 2. In particular, the results in Table 5 imply that a decrease in training
inequality by 1% leads to a fall in wage inequality by about 0:011%, which is at
the lower bound of the con�dence interval for b�2 from Table 2.

Table 5: Steady-state e¤ects of increasing the training subsidies

Permanent increase in �u Permanent increase in � s

�u= 0.25 0.5 1 � s= 0.25 0.5 1
%�tu 17.85 49.58 214.9 0.41 0.99 2.60
%�ts 0.27 0.65 1.81 16.54 44.88 172.37
%� ts

tu
-14.92 -32.71 -67.67 16.06 43.46 165.47

%�wu 0.58 1.45 4.39 0.61 1.46 3.85
%�ws 0.42 1.04 2.89 0.89 2.20 6.40
%�ws

wu
-0.16 -0.41 -1.44 0.28 0.73 2.46

%�wulu 1.06 2.76 9.83 0.64 1.61 5.11
%�wsls 0.51 1.30 4.49 1.54 3.95 13.05
%� wsls

wulu
-0.55 -1.42 -4.86 0.9 2.30 7.56

The e¤ect of a subsidy to skilled training on training time is slightly lower than
that of subsidies to unskilled training. However, the e¤ect on wages is larger. This
can mainly be attributed to the skill-capital complementarity that allows a greater
increase in overall labour productivity. Even though the policy produces higher
inequality, we observe important spillovers especially with respect to the unskilled
wage.
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The message from Table 5 is that while the results are on the conservative side
of the estimates regarding the e¤ects of training subsidies on training and wage
inequality, they nevertheless imply signi�cant gains in terms of wages and income
for unskilled workers. Therefore, although subsiding job-related training may not
be the most e¤ective policy tool in reducing inequality, it has strong potential to
support the income of the lower skilled. In the next sub-section, we explore further
the resource e¤ectiveness of these income gains.

4.2 Multiplier analysis

We next measure the e¤ectiveness of job-related training subsidies with respect
to increases in income and other monetary values quantities, compared to the
resources required for their funding. To do so, we compute multipliers based
on the simulation exercise described above. In particular, we de�ne the impact
multiplier for the variable x as the di¤erence between xt and its value in the initial
steady-state x, divided by the di¤erence in government spending at time t and its
initial steady-state, Tt � T , which is the period in which the new �scal policy is
introduced. Similarly, and following the large strand of literature on �scal policy
evaluation (see e.g. Leeper et al. (2010)), we compute the lifetime multiplier of
e.g. the variable x according to the formula:

lifetime multiplier =

SX
t=0

Qt (xt � x)

SX
t=0

Qt (Tt � T )

(35)

where Qt is the household discount factor introduced in (16). We simulate S =
2000 periods after the shock to compute (35). The multipliers for the case of
subsidies to unskilled training are reported in Table 6.

Table 6: Multiplier e¤ects of increasing the unskilled training subsidy

Permanent increase in �u

impact multiplier lifetime multiplier
income measures �u= 0.25 0.5 1 �u= 0.25 0.5 1
wulu 0.75 0.72 0.66 1.74 1.60 1.25
wsls 0.09 0.10 0.10 1.23 1.12 0.82
wulu + wsls 0.32 0.31 0.29 1.40 1.28 0.97
(1 + r � �k)k -0.19 -0.14 -0.07 7.99 7.46 5.93
y 0.24 0.24 0.24 1.62 1.46 1.07

As can be seen, all multipliers (except on impact for capital income) are positive
and the lifetime multipliers are generally greater than one. Therefore, over the
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lifetime, the increase in bene�ts is greater than the increase in resources required
to �nance the policy. As expected, given the dynamic analysis in Figure 2, and
since the bene�ts increase over time, the lifetime multipliers are greater than the
impact multipliers, but it is noteworthy that the bene�ts materialise even in the
short-run. It is also interesting to note that the multipliers are decreasing with
interventions that have larger �scal implications, which implies decreasing returns
on income from the increase in training that is induced by training subsidies.
In Table 7, we report the multiplier e¤ects for permanent increases of training

subsidies to skilled training, � s. The results are broadly similar to those in Table
6, although in general the positive e¤ects are stronger at the aggregate level.
This is explained by the central role of skilled labour in production, since its
complementarity with capital acts as an ampli�cation mechanism for the policy
intervention at the aggregate level.

Table 7: Multiplier e¤ects of increasing the skilled training subsidy

Permanent increase in � s

impact multiplier lifetime multiplier
income measures � s= 0.25 0.5 1 � s= 0.25 0.5 1
wulu 0.32 0.29 0.22 0.76 0.69 0.52
wsls 1.82 1.68 1.41 3.29 3.02 2.38
wulu + wsls 1.31 1.21 1.00 2.43 2.23 1.74
(1 + r � �k)k 0.03 0.00 -0.08 25.6 22.3 14.6
y 0.40 0.36 0.27 2.14 1.90 1.32

5 Conclusions

To understand whether subsides to job-related training could improve earnings for
the lower skilled workers and reduce wage inequality, as measured by the distance
between wages and earnings of the skilled and unskilled workers, we developed a
dynamic general equilibrium model for the UK. This model, incorporating skilled
and unskilled labour, capital-skill complementarity in production and an endoge-
nous training allocation, performed well with respect to replicating key long-term
relationships in the UK data.
Our quantitative policy analysis suggested that training subsidies for the un-

skilled have a signi�cant impact on their labour income. These subsidies also
increase earnings for skilled workers and raise aggregate income with implied life-
time multipliers exceeding unity. The latter result implies that the increase in
bene�ts accruing from the policy is greater than the increase in resources required
to �nance the policy. It should be noted, however, that a given increase in re-
sources to �nance training subsidies can have additional cost implications for the
society depending on the type of revenue-generating policy implemented.

27



Training subsidies to skilled workers, while again increasing skilled and un-
skilled earnings, raise the former by more and worsen wage inequality. Therefore,
there is a trade-o¤ associated with subsidies to skilled training. In contrast, train-
ing subsidies to unskilled workers improve earnings for both skilled and unskilled
workers without a negative impact on inequality.
The positive spillover e¤ects to skilled workers imply that the e¤ects of training

subsidies on inequality are small. As a result, training subsidies that are targeted
to unskilled workers are not a very e¤ective tool for reducing inequality. However,
this �nding is a consequence of the e¤ectiveness of the policy to propagate bene�ts
throughout the labour force and thus works to increase the social value of such
interventions.
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Appendix B: Derivatives Firm�s FOCs
The derivatives used in the FOCs of the �rm in the main text are de�ned as follows:
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Figure 2: Permanent increase in τu from 0.042 to 0.5
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