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Chapter 1

Human Capital:

Microeconomics

With the beginning of the new millennium it has become more and more ap-

parent that education and human capital constitute a key element of modern

economies. Despite the important role of human capital in modern societies,

there are still many unknowns about the process of educational production

as well as individual and collective decisions concerning how much and what

kind of education to obtain. Chapter 1 of my PhD thesis aims at provid-

ing a better understanding of the process of human capital formation and

educational attainment. Although human capital plays an important role in

both microeconomics and macroeconomics, we focus on the former branch of

literature in order to analyze the individual incentives to acquire skills.

1
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1.1 Introduction

With the beginning of the new millennium it has become more and more ap-

parent that education and human capital constitute a key element of modern

economies. While some developing countries succeed in attracting industries

of the so-called old economy, developed economies have to concentrate on

skill-intensive industries in order to defend their leading position. In this

context, the change to an information society is occurring rapidly, with infor-

mation and knowledge the crucial inputs and outputs of nearly all economic

processes. Despite the important role of human capital in modern societies,

there are still many unknowns about the process of educational production

as well as individual and collective decisions concerning how much and what

kind of education to obtain.

The contribution of Chapter 1 of my PhD thesis is to provide a better

understanding of the process of human capital formation and educational

attainment. Although human capital plays an important role in both micro-

economics and macroeconomics, we focus on the former branch of literature

in order to analyze the individual incentives to acquire skills. Furthermore,

we analyze policy instruments and institutional features that may help to

increase the aggregate welfare by improving the efficiency of the educational

system. In order to structure the vast literature on human capital formation,

this review is divided into six sections each of them representing an impor-

tant stream of human capital literature. In each section, we concentrate on

theoretical results or empirical findings depending on the main approaches

of the corresponding literature. It is important to note that this literature

review provides a general overview of human capital theory and related em-

pirical findings without explicitly referring to those topics of human capital

formation dealt with in Chapters 2 to 4 of my PhD thesis.

As an introduction to human capital theory, Section 1.2 introduces the

basic concept of human capital that models individuals as investing in skills in

response to the expected returns to education. In Section 1.3 of this literature

review, we build on this basic approach by distinguishing between general
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and specific human capital and analyzing the different implications for human

capital investments by workers and firms. In perfect labor markets, all costs

and benefits of general human capital are borne by the workers, while firms

and workers share both the costs and the returns of investments in specific

human capital (Becker (1964)). In imperfect labor markets, general train-

ing may also be firm-sponsored because the wage structure is compressed,

which implies that firms manage to skim labor market rents depending on

the amount of training (Acemoglu and Pischke (1998a)).

In order to show the empirical relevance of these theoretical contributions,

Section 1.4 provides an overview of various empirical studies measuring the

return to education from an individual’s point of view according to Min-

cer (1974). Although the rate of return to education varies significantly in

response to several influencing factors, the average estimate for developed

economies generally ranges from 5% to 10% (Wilson (2001)). Because these

influencing factors may also directly influence the education decision, we re-

view the literature on educational production functions in Section 1.5 and

discuss the significance of potential inputs into the process of educational

production. While the empirical evidence concerning the impact of school

resources is mixed, there is an unambiguous effect of family background and

peer groups as well as institutional incentives within the educational system

(Hanushek (1997)). Beyond this rather static framework, Section 1.6 takes

a dynamic perspective and describes the life-cycle of earnings with endoge-

nous formation of human capital. The two most important approaches by

Ben-Porath (1967) and Heckman (1976) manage to replicate the empirical

life-cycle patterns with respect to the age-earnings profile of individuals.

Finally, in Section 1.7 of this literature review, we analyze the effects of

taxation and education subsidies on human capital formation. The marginal

effects of proportional and progressive income taxation on human capital ac-

cumulation are generally negative (Heckman, Lochner, and Taber (1999a)).

Depending on whether the costs of human capital are direct expenditures

or foregone earnings, a "comprehensive income tax" may discriminate either
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against investments in human or physical capital. In a nutshell, the incen-

tives for human capital formation depend on the net effective tax rate, which

implies that education subsidies can improve the efficiency in human capi-

tal investment by offsetting tax-induced distortions (Bovenberg and Jacobs

(2005)).

Section 1.8 provides an outlook on my research projects, which are pre-

sented in detail in Chapters 2 to 4 of my PhD thesis.

1.2 The Concept of Human Capital

As an introduction to human capital theory, this section introduces the main

characteristics of human capital and the original approach to human cap-

ital formation. The basic concept of human capital models individuals as

investing in skills in response to the expected returns to education.

"Human capital" can be defined as knowledge, skills, attitudes, aptitudes,

and other acquired traits contributing to production (Goode (1959)). Skills

represent individual capacities contributing to production as an argument

in the production function (Bowles, Gintis, and Osborne (2001)). There

are two main components of human capital with strong complementarity:

early ability (whether acquired or innate) and skills acquired through formal

education (Blundell, Dearden, Meghir, and Sianesi (1999)). Human capital

differs from physical capital because it cannot be supplied by oneself and

yields market returns only in proportion to the individual’s supply of labor

(Hall and Johnson (1980)).1 Ishikawa and Ryan (2002) suggest that it is

the stock of human capital that predominantly determines the earnings of

individuals. An extensive review of human capital theory is given by Cahuc

1The value of human capital positively depends on the number of hours worked in

the future. This implies that there are no benefits from investing in human capital if an

individual does not intend to work in the future (Heckman, Lochner, and Cossa (2002)).

However, if the marginal utility of leisure positively depends on the stock of human capital

as assumed by Heckman (1976), there are benefits from human capital investments even

in the case of no work.
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and Zylberberg (2004).

The first use of the term "human capital" in modern economic litera-

ture was by Schultz (1961). He classifies expenditures on human capital as

investment rather than consumption.2 In the same year, Weisbrod (1961)

developed a first conceptual framework for estimating the value of assets in

the form of human capital. Capital values of people as productive assets are

incorporated into an analytical function of sex, age, stock of human capi-

tal, etc. The present value of an individual at any given age a is defined as

the sum of his discounted expected future earnings Yt (equal to the value of

productivity):

V (a) =
∞∑

t=a

Pat

(1 + r)t−a
Yt

Pat represents the probability of an individual of age a to be alive at age t

and r is the discount rate. In general, there are two methods of determining

the value of human capital, namely by summing up the costs of production

(input-based) and by considering capitalized earnings (output-based) (Kiker

(1966)).

The first applications of human capital theory in economics are by Becker

and Mincer of the Chicago school. In his original approach, Becker (1964)

develops a model of individual investment in human capital. In this view,

human capital is similar to "physical means of production". According to

Becker (1962), investing in human capital means "all activities that influence

future real income through the embedding of resources in people". Human

capital investments are expenditures on education, training, health, informa-

tion, and labor mobility (Weisbrod (1966)).

Human capital accumulation by formal education takes place in three

ways: formal schooling (i.e. the individual devotes his whole time to learn-

ing), on-the-job training (i.e. post-school training provided by the current

2Shaffer (1961) citicizes the application of capital concepts to individuals for three rea-

sons: educational expenditures may be undertaken for other reasons than the expectation

of monetary returns, impossibility to relate a certain return to a certain investment, and

undesirable basis for the evaluation of policy actions with respect to social welfare.
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employer), and off-the-job training (i.e. post-school training provided by "for-

profit" proprietary institutions) (Lynch (1991)).3 These investments involve

initial costs (direct education costs such as tuition expenditures, foregone

earnings during schooling, and reduced wages during training)4 in order to

gain a return on this investment in the future (Becker (1992)). The return

to education is based on two interrelated channels: increased earnings and

higher employment probabilities (Bloch and Smith (1977)).5 In a nutshell,

there are two key determinants of the return to education: the costs of edu-

cation and the employment opportunities after education (Rephann (2002)).

The key element in the model by Becker (1964) is that education is an

investment of time and foregone earnings for higher rates of return in later

periods. As with investments in physical capital, a human capital investment

is only undertaken by wealth-maximizing individuals or firms if the expected

return from the investment (which is equal to the net internal rate of return)

is greater than the market rate of interest. Regarding the costs of human

capital investments, Perri (2003) remarks that - if the best alternative of an

investment in specialized human capital is investing in another specialization

of human capital - the measure of foregone earnings has to cover the complete

opportunity costs of specialized education. These opportunity costs describe

what could have been earned with the best alternative specialized education.6

According to Haley (1973), there are two streams of human capital lit-

3Mincer (1962) estimates the contribution of on-the-job training to the aggregate stock

of human capital to be about 50%, while Heckman, Lochner, and Taber (1998a) estimate

a fraction of only 23%.
4Parsons (1974) distinguishes these three major components of education costs.
5Bloch and Smith (1977) find a positive correlation of human capital and labor mar-

ket employment. Also Mincer (1989) suggests that the probability of being unemployed

decreases with the amount of education.
6Rosen (1983) suggests increasing rates of return in the utilization of human capital

due to fixed investment costs independent of the degree of utilization. This induces private

incentives for specialization, i.e. to use one type of human capital as intensively as possible.

Hence, each individual has a comparative advantage for a certain occupation that uses the

accumulated skill most intensively.
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erature based on this original approach to human capital formation. The

first analyzes individual investments in human capital in order to estimate

the internal rate of return (cf. Section 1.4). The second stream of literature

deals with the life-cycle of earnings. The individual faces a trade-off between

producing additional human capital and renting his existing stock of human

capital in the labor market (cf. Section 1.6).

1.3 General and Specific Human Capital

In this section, we distinguish between general and specific human capi-

tal and analyze the different implications for human capital investments by

workers and firms in perfect and imperfect labor markets. We first discuss

the main theoretical contributions and then refer to some empirical findings

regarding the theoretical predictions. In a nutshell, there are two key ques-

tions considered in this section: First, who pays for investments in human

capital depending on the kind of human capital and the competitiveness of

labor markets? And second, is the total amount of human capital investment

efficient?

General human capital is defined to be not only useful with the current

employer but also with other potential employers. In contrast, specific hu-

man capital increases the productivity of the worker only in his current job

(Becker (1964)).7 Empirically, it is difficult to distinguish between general

and specific training. Loewenstein and Spletzer (1999) try to overcome this

problem by directly asking employers whether they assess the provided train-

ing to be general or specific.

7Parsons (1974) notes that firm-specific human capital is analytically equivalent to

transfer costs for adjusting a worker to other firms.
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1.3.1 General Human Capital

Investment in General Human Capital: Perfect Labor Markets

In perfect labor markets, where workers receive wages equal to their marginal

product, firms cannot recoup investments in general skills, which implies

that they refuse to pay for general training (cf. Table 1.1). This "hold-

up" problem arises due to incomplete contracts, which means that one party

(i.e. the employer) pays the costs of the investment in human capital, while

another party (i.e. the worker) shares in the return (Acemoglu and Shimer

(1999)).

However, concerning the aggregate welfare of workers and firms, workers

efficiently invest in general human capital because they are the sole beneficia-

ries of their increased productivity (either with their current or with future

employers). Furthermore, workers can finance such investments quite easily

by accepting a wage below their productivity during the period of training

(the wage may even be negative) (Becker (1962)). For example, this argu-

ment can be applied to apprenticeship systems in earlier centuries, where

apprentices often paid fees or worked for very low wages until they mastered

a certain grade (Hamilton (1996)). Furthermore, the ongoing relevance of

this argument for the German apprenticeship system is illustrated in Chap-

ter 2. Hence, if workers are not credit constrained, they efficiently invest in

the accumulation of general human capital (cf. Table 1.1).8

The empirical evidence of the model by Becker (1964) is mixed. On

the one hand, it is supported by the empirical analysis of Veum (1999).

By using data from the National Longitudinal Survey of Youth (NLSY), he

finds that firm-sponsored training is indeed negatively related to starting

wages, but positively related to wage growth. On the other hand, many

analyses question the validity of this explanation by showing that there are

investments in general human capital which are financed by the employer.

8Already Eckaus (1963) criticizes that this result strictly depends on the assumption

of perfect labor markets.
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Skill type Labor markets Firms Workers Total investment

general perfect no yes efficient

general imperfect yes yes inefficient

specific perfect yes yes inefficient

specific imperfect yes yes inefficient

Table 1.1: Investment in Human Capital

For example, by further analyzing data from the NLSY, Loewenstein and

Spletzer (1999) find that the larger part of firm-sponsored training is general.

Other empirical studies also show that firms bear substantial net costs in

providing general training to their apprentices. For example, Ryan (1980)

examines welder apprentices in the US and Jones (1986) analyzes apprentices

in British manufacturing. The costs of apprenticeship training in Germany

are discussed in Section 2.2.3.

A number of studies also investigate whether workers taking part in gen-

eral training programs pay for the costs by accepting lower wages. The

majority of these studies do not find evidence of lower wages, at least not in

an appropriate amount to fully compensate firms for the costs. An overview

of these results is provided by Bishop (1997). Hence, in contradiction to

the theoretical predictions of Becker (1964), there is at least some empirical

evidence of firm-sponsored investments in the general human capital of their

employees.

Investment in General Human Capital: Imperfect Labor Markets

In order to give a theoretical explanation for the empirical evidence of firm-

sponsored general training, Acemoglu and Pischke (1998a) develop a model

with two periods, a training period where workers have identical productivity

zero and may receive an amount of general training t at costs c (t), and

a second period where workers have an individual productivity f (t) and

earn a wage w (t). If labor markets are competitive and workers are not
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credit constrained, the results of Becker (1964) hold: firms do not invest in

general training and workers invest efficiently by equating marginal returns

and marginal costs of their investment:

f ′ (t∗) = c′ (t∗)

However, if labor markets are not perfect or there are other labor market

frictions which generate wage compression, the worker’s wage is below his

marginal product. If the wage structure is compressed, general skills are

turned into de facto specific skills and firms manage to skim labor market

rents depending on the amount of training. Formally, Acemoglu and Pischke

(1999b) express this by assuming f (t) = w (t) + △ (t). Hence, the wage

function increases with the level of training less steeply than productivity

(i.e. the wage structure is compressed), which implies that the firm’s profit,

equal to the positive gap △ (t) between productivity and wage, has a first

derivative greater than zero. As a consequence, firms prefer more skilled

workers to less skilled ones and invest in general training until the desired

level of training satisfies △′
(
tf
)
= c′

(
tf
)
(cf. Figure 1.1).

Unfortunately, this advancement in the hold-up problem of the firms

(compared to the situation with perfect labor markets) is achieved at the

expense of an additional hold-up problem in the training decision of the

workers, which implies that the total amount of human capital investment

is generally inefficient with respect to the aggregate welfare of workers and

firms (Roed and Strom (2002)) (cf. Table 1.1).

Concerning the empirical evidence, Loewenstein and Spletzer (1998) find

that general training raises future wages more for workers who change their

job than for workers who remain with the training firm. This result is consis-

tent with workers and employers sharing the returns to general training. Fur-

thermore, Brunello (2002) suggests that wage compression and the amount

of general training show a positive and significant correlation.

The reasons for inefficiently low investments in general training are sum-

marized in Malcomson, Maw, and McCormick (2003): (1) imperfect capital

markets (i.e. the workers are credit constrained), (2) incomplete contracts
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Figure 1.1: Training with a Compressed Wage Structure (Source: Acemoglu

and Pischke (1998a), Figure 2)

(i.e. the desired level of training cannot be specified by a contract), (3)

positive external effects of human capital investments for potential future

employers if there is a positive probability of exogenous separation after the

training period, and (4) the presence of labor market imperfections. For

this reason, the sources of labor market imperfections are discussed in the

following subsection.

Sources of Labor Market Imperfections

There are several possible sources of labor market imperfections which gen-

erate a compressed wage structure. The first one refers to the presence of

transaction costs, for example, due to matching and search frictions. Search

frictions derive from imperfect information about potential contractual part-

ners, heterogeneities, the absence of perfect insurance markets, limited mo-

bility, congestion due to large numbers, and other similar factors (Petron-

golo and Pissarides (2001)). In practice, it is difficult for workers to quit

their existing jobs and find new suitable employers. Similarly, it is costly for
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firms to replace their employees. The costs of finding new contractual part-

ners create a bilateral monopoly situation in wage determination so that the

match-specific surplus has to be shared by bargaining. The Nash bargaining

solution implies that the output is distributed between workers and firms

according to their bargaining power. If the parameter 0 ≤ β ≤ 1 indicates

the bargaining power of the workers, profits are equal to△ (t) = (1− β) f (t)

(Acemoglu (1997)).9

Furthermore, wage compression may arise due to the interaction of gen-

eral and specific skills. If general and specific skills are complements in the

production of output, the presence of specific skills increases the productivity

of general human capital. On the other hand, the value of firm-specific skills

increases when general skills are acquired (Acemoglu and Pischke (1999b)).

Kessler and Luelfesmann (2002) as well as Balmaceda (2001) extend this

idea by designing a model with general and specific human capital that con-

stitute strategic complements although returns and costs are technologically

disconnected. They find that there is firm-sponsored general training because

the hold-up problem of investments in general skills is reduced. According

to Bougheas and Georgellis (2004), this interaction of general and specific

human capital is the main reason for German firms to offer apprenticeship

training positions although training is largely general (cf. Chapter 2).

A third source of wage compression is the presence of asymmetric in-

formation between the current firm and other potential employers. There

are two possible types of asymmetric information. The first concerns the

amount of training the worker has received and is analyzed by Chang and

Wang (1996). If potential employers cannot observe the correct productivity

and thus pay a wage below the marginal product, the wage structure is com-

pressed. With respect to the German apprenticeship system, this explanation

9Nash-bargaining implies that firms and workers maximize the Nash-product

[f (t)−w (t)](1−β)w (t)β . While w (t) is the bargained wage of the worker, the firm is

the residual claimant of output so that its profits are equal to the residuum f (t)− w (t).

If the fall-back payoffs of firms and workers are zero, the bargained wage is w (t) = βf (t)

and profits are equal to △ (t) = (1− β) f (t) (Ortigueira (2006)).
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for firm-sponsored general training is less important because each apprentice-

ship follows a prescribed curriculum (cf. Section 2.2.2). The second possible

asymmetry between the current and potential employers is about the innate

ability of the worker (hidden knowledge), i.e. the employer learns about the

ability of the worker by providing general training (Acemoglu and Pischke

(1998b)).

A fourth reason for wage compression is the presence of asymmetric infor-

mation between the worker and the current employer concerning the worker’s

effort (hidden action). Hence, wages must satisfy the incentive compatibility

constraints which leads to a compressed wage structure (Acemoglu and Pis-

chke (1999b)). In a similar model, Loewenstein and Spletzer (1998) demon-

strate that efficiency wages (that are paid to reduce fluctuations) can also

induce firms to pay for general training.

Many authors have investigated similar sources of firm-sponsored gen-

eral training. For example, Bishop (1997) and Lazear (2003) point out

that the firm-specific mixture of general skills makes the labor market non-

competitive. Furthermore, wage compression can also be generated by labor

market institutions, for example, minimum wages (Acemoglu and Pischke

(1999a)) and worker unionization (Freeman and Medoff (1984)).

1.3.2 Specific Human Capital

Investment in Specific Human Capital: Theory

According to Becker (1964), specific human capital is different from general

human capital because workers do not benefit from higher productivity after

changing their jobs. Both in perfect and imperfect labor markets, firms can

recoup investments in specific skills and thus are willing to share some of the

costs of these investments (cf. Table 1.1).

The accumulation of specific human capital leads to lower fluctuations be-

cause both firms and workers benefit from keeping their contractual partner

(Becker (1962)). In a search model with economic growth and endogenous
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accumulation of specific human capital, Higashi (2002) confirms that invest-

ments in specific human capital reduce the number of quits. This result can

be split into two different effects depending on who pays for the investment.

Firm-sponsored specific training reduces layoff rates, while worker-financed

specific training leads to lower quit rates (Parsons (1972)). Donaldson and

Eaton (1976) stress that firms may manipulate the workers’ wage profile

by investing in specific skills in order to reduce turnover. Hence, the neg-

ative relationship between wages and labor turnover creates incentives for

firm-sponsored investments in specific human capital (Rosholm and Svarer

(2004)).

According to Becker (1964), many sharing rules of costs and returns are

possible and the optimal sharing rule depends on the correlation between

wage and turnover rate. As a corner solution, specific human capital may be

no shared investment if the firms manage to keep the whole return (Donald-

son and Eaton (1977)). In this context, Prendergast (1993) describes a dual

moral hazard problem: first, workers have an incentive not to accumulate

specific skills if it is costly for them; and second, firms have an incentive not

to reward the acquired specific skills. As a consequence, the total amount

of human capital investment is generally inefficient concerning the aggregate

welfare of workers and firms (cf. Table 1.1). By interpreting the distribu-

tion of the investment costs in the context of the Coase theorem, Hashimoto

(1981) tries to determine the sharing rule of the return to specific training.

The key feature is the existence of transaction costs while the wage is set so

as to maximize the expected total surplus.10

By using a dynamic model of wage determination in the presence of spe-

cific human capital, Felli and Harris (1996) show that the worker receives the

full value of the match with an alternative employer. More precisely, there

are three components of the wage: the worker’s expected productivity in the

10The Coase theorem predicts the following: If there is an externality and the trans-

action costs of trading this externality are not too high, (decentral) bargaining will lead

to an efficient allocation no matter how the property rights are distributed (Mas-Colell,

Whinston, and Green (1995)).
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alternative match, a premium reflecting the accumulation of human capital

specific to the alternative match that the worker forgoes by staying with the

current employer, and a reduction reflecting the human capital specific to the

alternative match that the worker also obtains by staying with the current

employer. In a dynamic matching model, Arozamena and Centeno (2006)

analyze the interaction of job tenure and external labor market conditions

in the wage setting process. As the employment relationship evolves (and

more match-specific human capital is accumulated), external labor market

conditions (particularly unemployment and real growth) exert less influence

on the wage.

Investment in Specific Human Capital: Empirical Evidence

Empirically, Lynch (1991) finds that individuals with on-the-job training are

less likely to leave their current employer while individuals with off-the-job

training are more likely to quit. Loewenstein and Spletzer (1997) show that

individuals with company training are less likely to quit their job, whereas

individuals with school training have mobility characteristics similar to those

with no training. If on-the-job training is more specific than off-the-job

training (as presumed by Lynch (1991)) and company training is more specific

than school training (as suggested by Loewenstein and Spletzer (1997)), these

job mobility results are in line with the theoretical predictions of Section

1.3.2. In almost the same manner, Loewenstein and Spletzer (1999) find

that specific training and job mobility are negatively correlated.

An empirical study for Switzerland shows that specific training reduces

both job search activity and job mobility while general training significantly

increases job search (Zweimüller and Winter-Ebmer (2000)). Based on data

from the German Socio-Economic Panel (GSOEP), Bougheas and Georgellis

(2004) find that labor turnover is negatively correlated with tenure because

firm-specific human capital is accumulated during employment.

As summarized in Table 1.1, Section 1.3 of this literature review analyzes

the different implications for investments in general and specific human cap-
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ital by workers and firms. In perfect labor markets, all costs and benefits

of general human capital are borne by the workers, while firms and workers

share both the costs and the returns of investments in specific human cap-

ital (Becker (1964)). In imperfect labor markets, general training may also

be firm-sponsored because the wage structure is compressed, which implies

that firms manage to skim labor market rents depending on the amount of

training (Acemoglu and Pischke (1998a)).

1.4 The Rate of Return to Education

In order to show the empirical relevance of the theoretical contributions in

Sections 1.2 and 1.3, this section provides an overview of various empirical

studies measuring the rate of return to education from an individual’s point

of view. We first refer to the empirical approach by Mincer (1974) and then

report the empirical evidence. Furthermore, we verify whether the returns

to education differ systematically, for example, depending on gender or the

type of skill and finally discuss the main problems of the empirical analysis.

1.4.1 Empirical Approach

The rate of return to education is analyzed by two different branches of

human capital literature. According to the micro labor literature, the rate of

return to education measures the extra earnings of a worker for an additional

year of schooling or training, while the macro growth literature investigates

whether the level of education in a cross-section of countries is related to

the GDP growth rates (Krueger and Lindahl (2001)). In the following, we

focus on the micro literature because it is the rate of return to education

that determines the amount of human capital investment at the individual

level (cf. Section 1.2).

According to Mincer (1974), if the only costs of an additional year at

school are foregone earnings and if the effected proportional income increase

is constant over one’s lifetime, the logarithm of earnings is linearly dependent
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on the years of schooling. This approach yields the following Mincerian wage

equation:

lnWi = β0 + β1Si + β2Xi + β3 (Xi)
2 + εi (1.1)

Wi denotes the wage of individual i, Si represents the years of schooling,

Xi is a measure of work experience, and εi is an individual disturbance term

independent of β0 and Si. Work experience is also included as a quadratic

term in order to capture the concavity of the earnings profile.

The Mincerian wage equation is a log-linear transformation of an ex-

ponential function and can be estimated by OLS. The coefficients have a

semi-elasticity interpretation and measure the percentage change in Wi for

absolute variations in the independent variables. Hence, the parameter β1
can be interpreted as the rate of return to investments in education. Har-

mon, Hogan, and Walker (2003) extend this original approach by including

dispersion in the return to schooling and thus treating β1 as a random co-

efficient. However, empirically they do not find any time trend in mean or

variance so that the deterministic Mincerian wage equation can be used quite

appropriately.

1.4.2 Empirical Estimates

By estimating equation (1.1) on cross-sectional data from the 1960 census

for the US, Mincer (1974) finds that an additional year of schooling yields

a net increase of 11.5% in annual earnings.11 Subsequently, the Mincerian

wage equation has been estimated for many countries by using OLS. The

results generally yield estimates of β1 between 5% and 15%, with slightly

larger estimates for women than men (Psacharopoulos (1994)).

By equating discounted costs and benefits, Becker (1964) estimates an

internal rate of return to college and high school education of 13% to 28%.

However, Solow (1965) argues that these large estimates are not corrected for

11Mincer (1974) converts the 16.2% gross increase in annual earnings to a net increase

of 11.5% by factoring out increased labor force participation associated with an increase

in education. In a previous paper, Mincer (1958) uses data from the 1950 census.
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correlations between education and ability. In order to solve this problem,

Ashenfelter and Krueger (1994) estimate the return to schooling by contrast-

ing wage rates of twins with different levels of educational attainment. They

find that an additional year of schooling generates a wage increase of about

12% to 16%. In a similar manner, by analyzing a cross-section of twins,

Rouse (1999) concludes that the rate of return to education is about 10%

per year of schooling. Furthermore, Arias and McMahon (2001) estimate

dynamic and expected dynamic rates of return to college and high school

education in the US. They find average returns of 13.3% in real terms or

11.7% after correcting for ability, family factors, and measurement errors.

Empirical evidence for developed western economies suggests that the av-

erage estimate of the return to an additional year of education ranges from

5% to 10% (Wilson (2001)). For example, for the UK Dearden (1998) finds

that the average annual return to an additional year of full-time education is

5.5% for men and 9.3% for women. Comparisons with less-developed coun-

tries show that the return to education tends to be higher in latter countries

(Acemoglu (2002)). However, at least some of these countries show esti-

mated returns to human capital investments of nearly the same magnitude,

for example, Belarus with 10.1% (Pastore and Verashchagina (2006)). In his

empirical analysis for Thailand, Hawley (2004) finds increasing returns to

education over time which are fluctuating depending on gender and the type

of skill.12

12The general trend of rising returns to human capital in the 20th century is analyzed in

a theoretical model by Acemoglu (2002). He suggests that the increasing supply of skills

leads to skill-biased technological change. As a consequence, the demand for skills rises and

thus the returns to skill and wage inequality increase. According to Lillard and Tan (1992),

the individual returns to education change over time due to the increased interaction

between demand for and supply of workers at each qualification level. Individuals working

in an industry with rapid technological change have above-average returns to education,

which can be attributed to the positive correlation of education and adaptability to new

technologies in high-tech firms. As suggested by Juhn, Murphy, and Pierce (1993), rising

wage inequality stems from two dimensions of inequality which have been growing over

time: the return to education and within-group inequality. In this context, Mincer (1997)
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In a meta-analysis of the literature on the return to education, Ashen-

felter, Harmon, and Oosterbeek (1999) review 96 estimates from 27 studies

and nine different countries. They find that the average OLS estimate of

the return to schooling is 6.6%, whereas the average IV estimate is 9.3%.13

Even after adjusting for a possible publication bias (because the probability

of being published is higher for statistically significant results), the average

IV estimate is 8.1% and still exceeds the average OLS estimate.

The dynamic character of human capital formation has implications for

how human capital investments should be optimally distributed over the

life-cycle. Figure 1.2 summarizes the major findings of the literature on

the return to education and shows that - for a given innate ability - the

rate of return to education decreases over the life-cycle. The horizontal axis

represents age (a), which indicates the individual’s position in the life-cycle.

The vertical axis represents the rate of return to education assuming the

same amount of human capital investment is made at each age. Optimal

investment profiles equate the marginal return to an investment with the

opportunity costs of funds over the life-cycle. Hence, for constant opportunity

costs equal to the real rate of return (r), the optimal investment strategy is

to invest more at younger ages and less at older ages (Shaw (1989)). For

individuals with higher innate ability (i.e. H ′

0 > H0), the curve in Figure 1.2

lies farther out to the right.

In a nutshell, the most important empirical findings with respect to the

average rate of return to education are summarized in Table 1.2. In the

following subsections, we refer to some important influencing factors that

may have an impact on the magnitude of the return to education.

suggests that (log) wages are an increasingly convex function of years of schooling, which

implies that growing wage inequality is essentially concentrated at the top of the wage

distribution. This result is empirically confirmed by Piketty and Saez (2003), Autor,

Katz, and Kearney (2005), and Lemieux (2006).
13IV estimates are identified by variability in schooling associated with quarter-of-birth.

Individuals who are born early in the year tend to earn less. Krueger and Lindahl (2001)

discuss the validity of these instruments.
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Figure 1.2: Return to Education Depending on Age and Ability (Source:

Cunha, Heckman, Lochner, and Masterov (2005), Figure 1A)

Study Estimate

Becker (1964) 13% - 28%

Mincer (1974) 11.5%

Ashenfelter and Krueger (1994) 12% - 16%

Psacharopoulos (1994) 5% - 15%

Dearden (1998) 5.5% - 9.3%

Ashenfelter, Harmon, and Oosterbeek (1999) 6.6% - 9.3%

Arias and McMahon (2001) 11.7% - 13.3%

Wilson (2001) 5% - 10%

Table 1.2: The Average Rate of Return to Education
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The Rate of Return Depending on Type of Skill

The figures in Table 1.2 represent averages for the population as a whole

but the returns to education vary significantly, for example, by the type of

acquired skill. According to Wasmer (2006), specific human capital yields

a higher return than general human capital investments if the job-finding

rate is low. By using data from the Displaced Worker Surveys, Neal (1995)

empirically investigates skills that are neither completely general nor fully

specific but rather common to firms operating in relatively homogenous eco-

nomic activities. Because industry-switchers suffer significant wage losses,

he suggests that wages strongly reflect industry-specific human capital. In

contrast to this result, Cingano (2003) estimates returns to skills by using

a special identification strategy and concludes that there are no returns to

skills for industrial districts but high returns to firm-specific skills.

Important differences in rate of return to education have been found for

different subjects taken in higher education. In the UK, men with chemistry

or biology degrees have returns below average while women with education,

economics, accountancy or law have significantly higher returns compared

to other subjects (Blundell, Dearden, Goodman, and Reed (1997)). In a

dynamic model of college and major choice, Arcidiacono (2004) estimates

the returns to different majors in order to find reasons for ability sorting

across majors.

Furthermore, individuals who completed schooling with some formal qual-

ification have significantly larger returns than individuals with the same

amount of schooling but without any formal qualification (Dearden (1998)).

Concerning the level of qualification, Blundell, Dearden, Meghir, and Sianesi

(1999) report that the average annual return to an O level qualification ex-

ceeds the average annual return to an A level or higher education qualifica-

tion. Evidence from the US also suggests that there are decreasing returns to

successive investments in human capital, i.e. the rate of return to education

declines with the level of education (Hanoch (1967)).14

14Duncan and Hoffman (1981) distinguish between received and required level of edu-
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Early US studies as well as studies from developing countries find that the

return to education is largest for investments in primary education

(Psacharopoulos (1994)). With respect to basic skills, Tyler (2004) esti-

mates a model relating cognitive skills (measured by a post-schooling math

test), schooling, and earnings. He concludes that basic cognitive skills matter

for earnings of young dropouts. Increasing their basic skills by one standard

deviation leads to 6.5% higher earnings within the next three years.

The Rate of Return Depending on Gender

In the UK, the average annual return to a first degree in terms of hourly wages

(compared to just A levels) is in the range of 5% to 8% for men and 10%

to 13% for women (Blundell, Dearden, Meghir, and Sianesi (1999)). Studies

from other countries also find that investments in women’s education tend

to yield higher rates of return than investments in men’s education. For

example, Butcher and Case (1994) find higher returns for women in the

US. In this context, Mincer and Opek (1982) suggest that the restoration

of human capital - after labor market interruptions associated with human

capital depreciation - is more efficient than the accumulation of new human

capital by men who stay inside the labor market the whole time.

This gender difference in the returns to education arises because the earn-

ings of women are considerably lower than those of men (Blundell, Dearden,

Meghir, and Sianesi (1999)). The gender wage gap can be decomposed into

three different parts: gender differences in human capital accumulation, oc-

cupational sex segregation, and discrimination15 (as residuum) (Kanazawa

cation. Building on the econometric specification by Verdugo and Verdugo (1989), Rubb

(2003) finds that the premium for overeducation is about the same magnitude as the

penalty for undereducation but lower than the reward for required education. By using

the same econometric specification, Bauer (2002) confirms these results for Germany. In

a matching model with ex-post wage bargaining, Charlot, Decreuse, and Granier (2005)

demonstrate that both over- and undereducation may take place in equilibrium, depending

on the relationship between private and social returns to education.
15Bloch and Smith (1977) and Bloch and Smith (1979) find sex discrimination much
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(2005)). According to Winter-Ebmer and Zweimüller (1992), occupational

sex segregation can have three different reasons: different preferences for

various occupations16, crowding (i.e. disadvantages in "male jobs" leading

to oversupply in the more "female jobs"), and human capital theory. With

respect to the latter argument, Blackburn (2004) empirically finds that men

perform better in math-oriented tests and women better on speed-oriented

tests. However, he argues that test score differences explain only a small part

of the gender wage gap.

Concerning the gender wage gap due to occupational sex segregation, Po-

lachek (1981) suggests that women tend to choose jobs with low penalties for

intermittent employment because they anticipate labor market interruptions

due to their fertility decision. Although this argument is rejected by England

(1982), Schumann, Ahlburg, and Mahoney (1994) find that the male-female

wage differential can be partially attributed to job characteristics. Further-

more, by developing a model of fertility and labor market decisions, Erosa,

Fuster, and Restuccia (2002) conclude that fertility decisions generate impor-

tant gender differences in turnover rates and thus in employment and wages.

In an empirical study for apprentices in West Germany, Kunze (2005) verifies

a gender wage differential of about 25% that is attributed to occupational

segregation. However, Blau (1998) suggests that the convergence in male

and female college majors may be responsible for a reduction in the gender

wage gap during the 1980s.

The Rate of Return Depending on Family and School Quality

Empirical research has also highlighted the importance of other factors in

affecting the rate of return to education. These factors are, for example,

innate ability (Dearden (1998)), family income, parental education, and the

more important than race discrimination.
16If different occupations require different skills and people are differently equipped with

these skills, individuals have comparative advantages for one occupation leading to self-

selection into different occupations (Paglin and Rufolo (1990)). Another explanation for

the development of comparative advantages is given by Rosen (1983).
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number of siblings (Butcher and Case (1994)) as well as school quality and

the proximity to a college (Card and Krueger (1992)). For instance, Lam

and Schoeni (1993) show that in Brazil the estimated returns to schooling

decrease by about 30% if parental schooling is added as a family background

variable to the wage equation.

Card and Krueger (1992) use state-level data to estimate the effect of

school quality on the return to education for men born between 1920 and

1949. They find that men educated in states with lower student/teacher

ratios, longer average term length, and higher-paid teachers have higher rates

of return. By using individual-level data, Altonji and Dunn (1996) estimate

the impact of parental education and school quality on educational returns.

In most of their specifications, having a more educated parent is associated

with a higher return to education while school expenditures per student do

not have a positive effect.

In these studies, family and school effects are analyzed with respect to

their impact on the return to education but they are not allowed to di-

rectly affect the process of human capital formation. The importance of this

shortcoming will become more evident when contrasted with the concept of

education production functions. This stream of literature takes the opposite

position and assumes that the schooling environment directly influences the

decision how much education to obtain (cf. Section 1.5). For example, Wil-

son (2001) estimates a model that allows family, neighborhood, and school

characteristics to affect educational attainment both indirectly through the

expected return to education and directly as inputs into the process of educa-

tional production. She finds that background characteristics predominantly

work directly and not via their impact on the rate of return to education.

1.4.3 Problems of the Empirical Analysis

There are several problems in empirically estimating the true causal effect

of education on individual earnings. The most discussed of them is whether

higher observed earnings for better-educated workers are caused by their
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higher education or whether individuals with greater innate ability and thus

higher earning capacity choose to acquire more education. If econometric

specifications omit the direct influence of individual ability, the estimated

return to education is biased upward, which is referred to as ability bias due

to the positive correlation of ability and education.

However, even with ability as an independent variable empirical estimates

will be biased because they are unable to separate the contribution of ability

from that of education (Heckman and Vytlacil (2000)). IV studies that use

exogenous variations in the schooling decision indicate that the estimated

OLS values are too small, i.e. the OLS estimates are biased downward. The

magnitude of this endogeneity bias is controversial in the literature. While

Angrist and Krueger (1991) suggest a limited impact of endogeneity, Harmon

andWalker (1995) find a rather large effect. In this context, Murnane, Willet,

Duhaldeborde, and Tyler (2000) argue that at least 50% of the full return to

higher educational achievement can be attributed to individual ability.

Finally, Lindsay (1971) notes that a correct measure of the return to

education would consist in the wealth effect of increased wages due to human

capital investments, but not in the pure income difference. The substitution

effect of increased wages implies that leisure is substituted for hours worked

(if the substitution effect is larger than the income effect), which generates

an upward bias in the estimated return to education that is positively related

to the size of the investment.

As summarized in Table 1.2, Section 1.4 of this literature review provides

an overview of various empirical studies measuring the return to education

from an individual’s point of view according to Mincer (1974). Although

the rate of return to education varies significantly in response to the type of

skill, gender, and other influencing factors, the average estimate for developed

economies generally ranges from 5% to 10% (Wilson (2001)).
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1.5 The Education Production Function

In this section, we analyze the literature on educational production functions

and discuss the significance of potential inputs into the process of educational

production. In the following subsections, we present the findings of various

empirical studies that investigate potential arguments of the education pro-

duction function, for example, the level of resources or the influence of family

background and peer groups. Finally, we refer to two models of educational

production that take into account some of these inputs discussed before.

According to Hanushek (1971), the severest problem in educational re-

search is the complexity of the educational process. Hence, there is consid-

erable confusion about how empirical studies should be conducted and in-

terpreted (Hanushek (1979)). As suggested by the concept of X-inefficiency

in the theory of the firm, inputs in the process of educational production

may not be converted efficiently to outputs (Hanushek (1996a)). There are

two kinds of potential inefficiencies: the misallocation of resources between

different units (although the resources may be used efficiently in each unit)

and the inefficient use of given resources (although they may be allocated

efficiently) (Bishop and Woessmann (2002)).

Many studies focus on the effects of school characteristics on educational

attainment within the framework of education production functions. The

relationship between inputs and educational output is assumed to be deter-

ministic and depends on the technology of the education production function.

The measurement of school inputs and outputs varies from study to study,

but for about two thirds of the studies, the output of educational produc-

tion is measured by test scores.17 The other one third focuses on quantity

17We do not address the question whether test scores are adequate for measuring edu-

cational output. By using data from the National Education Longitudinal Study of 1988,

Rose (2006) suggests that, at least for women, test score gains affect both the status of

employment and earnings. Also Murnane, Willet, Duhaldeborde, and Tyler (2000) find

that one standard deviation increase in mathematics performance at the end of high school

translates into 12% higher annual earnings. Furthermore, by using international data on
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of schooling achieved, such as high-school graduation or college attendance

(Bishop and Woessmann (2002)).

1.5.1 The Level of Resources

The relationship between school expenditures and educational outcome

reached a lot of public awareness with the so-called Coleman Report that

analyzes the equality of educational opportunities. In brief, it concludes that

the level of resources has only little impact on educational attainment (Cole-

man (1966)). Subsequently, various studies have presented mixed conclusions

concerning the dependency of student achievement on public expenditures.

In his influential work, Hanushek (1986) reviews 147 regressions (taken

from 33 separate published studies) concerning the effects of school charac-

teristics on educational attainment. According to Hanushek, Rivkin, and

Taylor (1996), the separate studies are different along two dimensions: the

level of data aggregation (in many studies data are aggregated at state level)

and the degree of control for other variables that potentially influence the

educational performance (for example family background). In a nutshell,

Hanushek (1986) compares the sign and the significance of the estimated ef-

fects of school inputs. Due to a lack of consistent findings, he concludes that

"there appears to be no strong or systematic relationship between school

expenditures and student performance", at least after variations in family

inputs are taken into account.

Hedges, Laine, and Greenwald (1994) reexamine the same studies like

Hanushek (1986) but draw a much different conclusion by summarizing that

expenditures are positively related to school outcomes. While Hanushek

(1986) uses a "vote counting" selection rule of weighting the separate studies

(i.e. the results of each regression receive one vote), Hedges, Laine, and

Greenwald (1994) use a more sophisticated method accounting for the size

of the estimate, the expected correlation in the error terms from regressions

test scores and wages for eleven countries and two birth cohorts, Bedard and Ferrall (2003)

show that test score dispersion and wage dispersion are positively related.
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estimated over the same sample, and the potential influence of outliers.

By applying more explicitly defined search criteria to the selection of rel-

evant studies, Greenwald, Hedges, and Laine (1996a) again conclude that

educational resources are positively related to student achievement.18 In a

further approach, Hanushek (1997) reviews about 400 studies in order to in-

vestigate the relationship between student performance and school resources.

He finds that most estimates are not simultaneously positive and significant.

Unfortunately, also more recent studies are not able to resolve whether

the level of resources is a significant determinant of educational attainment

(cf. Table 1.3). On the one hand, Wilson (2002) uses US data to examine

the impact of school expenditures on earnings. By controlling for exten-

sive measures of family background and neighborhood, she finds that school

expenditures positively affect both earnings and returns to education. Fur-

thermore, Winter-Ebmer and Wirz (2002) estimate that raising educational

expenditures by 1% leads to an increase in the college enrollment rate by

1%. On the other hand, by using data from the Third International Math-

ematics and Science Study (TIMSS), Hanushek and Luque (2003) compare

the performance in different schooling systems and different countries. They

find evidence of inefficient input-based schooling policies, independent of the

income level of the country and the resource level of the school.

1.5.2 Class Size

In line with Greenwald, Hedges, and Laine (1996b), Krueger (2003) criticizes

the conclusions of Hanushek (1986) and proposes a different selection rule,

namely "equal weight to every study". With this method class size becomes

a significant determinant of student achievement. Also Tennessee’s Project

STAR, a random-assignment experiment, seems to provide a rationale for

18Hanushek (1996b) criticizes this "specialized meta-analytic approach" by pointing

out systematic distortions towards the desired results. Greenwald, Hedges, and Laine

(1996b) reject this reproach by explaining their different understanding of "statistical

independence".
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Input Empirical evidence

level of resources ambiguous

class size weak

private schools ambiguous

school competition weak

teacher quality strong

teacher incentives strong

early education strong

individual ability strong

parental education strong

family income weak

neighborhood weak

peer groups strong

segregation ambiguous

Table 1.3: Inputs in Educational Production

the performance-enhancing effect of class size reductions.19

Dustmann, Rajah, and Soest (2003) draw a similar conclusion in their

analysis of class size, education, and wages. They suggest that lowering

the pupil-teacher ratio (as measure for class size) causes an increase in the

wage rate. This effect is generated by two channels: a direct effect of re-

duced class size on wages and an indirect effect by increased probability of

staying in school at age 16. In an empirical study for Italy, Brunello and

Checchi (2005) analyze the dependency of educational attainment on school

quality (measured by the pupil-teacher ratio) and family background (mea-

19However, Hanushek (1999) argues that there are several experimental features biasing

upward the estimates of Project STAR. His objections are in detail: (1) design and im-

plementation issues, (2) the estimated effect is only valid if students are very young, (3)

the estimated effect is only valid for very large reductions in class size, (4) teacher quality

is much more important than class size reductions, and (5) the costs of such class size

reductions have to be considered.



30 CHAPTER 1. HUMAN CAPITAL: MICROECONOMICS

sured by parental education). They conclude that school quality and family

background both positively affect educational achievement and constitute

complements in the production of human capital.

Although Heckman, Layne-Farrar, and Todd (1996) find only little empir-

ical evidence for the connection between class size and earnings, Hanushek,

Leung, and Yilmaz (2003) agree that class size constitutes the most vali-

dated input factor of all school resources. Altogether, the empirical evidence

of class size reductions is weak but predominantly positive (cf. Table 1.3).

1.5.3 Private Schools and School Competition

Instead of additional school expenditures, Hanushek (1997) proposes to re-

organize the process of educational production by providing institutional in-

centive structures (i.e. output-based schooling policies). Hanushek, Leung,

and Yilmaz (2003) suggest two types of efficiency-enhancing institutional

features: acceptance of private schools and increased competition between

schools (whether public or private).20

However, in the empirical literature, it is controversial whether there is

a different impact of private and public education on student achievement.

For example, Evans and Schwab (1995) find that private schools outperform

public schools, but Goldhaber (1996) does not confirm this empirical result.

In their empirical analysis of undergraduate students at Ball State University,

Horowitz and Spector (2005) suggest that religious private schools perform

slightly better than other schools, but this influence is small and seems to

disappear in later years. By evaluating the effectiveness of private education

across countries with data from the PISA 2000 study, Vandenberghe and

20More extensively, Bishop and Woessmann (2002) refer to six institutional features in

the process of educational production: the degree of centralization of the examination sys-

tem, the degree of centralization of school organization, the distribution of responsibilities

between different administration levels, the degree of teacher unionization (as measure of

teacher influence), the degree of parental influence (for example in choosing which school

their children should attend), and the degree of competition between schools.
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Robin (2004) conclude that private education does not generate systematic

benefits.

Furthermore, the empirical evidence whether private school competition

improves the outcome of public schools is not without controversy. While

Hoxby (2002b) suggests that private school competition leads to a better

performance of public schools, Arum (1996) argues that this result may be

only due to increased funding for public schools rather than due to the compe-

tition itself. In this context, school vouchers may be an important instrument

to allocate monetary stipends so that parents can send their children to the

schools (either public or private) they assess to be the most suitable. With

respect to the Mikwaukee voucher experiment, Rouse (1998) finds substantial

benefits of school vouchers.

In a nutshell, while competition among schools seems to have a posi-

tive effect on educational production, the empirical evidence concerning the

promotion of private schools is mixed (cf. Table 1.3).

1.5.4 Teacher Quality and Teacher Incentives

According to Hanushek (1989), differences in school quality are generated by

"teacher skills" that are not strongly related to teacher education, teaching

experience, and class size.21 By using student-level data, Hanushek, Kain,

and Rivkin (1998) suggest that at least 7.5% of the total variation in student

achievement can be explained by teacher fixed effects. Hence, educational

reforms should focus on improving the quality of the teacher force (cf. Table

1.3). This requires a new set of incentives by introducing selective hiring,

retention, and pay (Hanushek (2006)).

Furthermore, teachers in public schools face weak performance incentives

because tenure is granted and the wage is generally independent of effort and

outcome. Ballou and Podgursky (1998) and Ballou (1999) investigate the

causes and consequences of weak incentives among public school teachers.

21These teacher skills "cannot be described correctly, but possibly can be observed

directly" (Hanushek (1986)).
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Relative to public schools, private schools adopt hiring and pay practices

which favor teachers with better overall academic ability. Hence, school

vouchers and competition between public and private schools may generate

changes in hiring and pay practices that attract more talented individuals

into the teaching profession (Hoxby (2002a)).

In a nutshell, it not only the teacher quality but also the teacher in-

centives that significantly affect the educational outcome. For this reason,

Hanushek (1997) and Hanushek, Leung, and Yilmaz (2003) propose merit

pay for teachers and schools in order to provide better institutional incen-

tive structures.22 Lazear (2000) analyzes existing compensation schemes that

are either input-based, output-based, or a combination of them and can be

summarized by the following pay structure:

wi = αqi + β {qi > qmin}+ γei + δ {ei > emin}

wi represents the wage of teacher i, qi is a measure of output, and ei

describes the teacher’s effort. β and δ are dummy variables equal to one if a

certain minimum output qmin or minimum effort emin are exceeded. In brief,

α and β are parameters related to an output-based compensation scheme,

while γ and δ are related to an input-oriented pay structure. Furthermore,

the dummies represent a compensation in discrete steps, while α and γ stand

for continuously paid wages.

If α is the only parameter different from zero, the pay structure is said to

produce "high-powered incentives". Concerning the merit pay for teachers,

the optimal compensation scheme depends on the observability of output

and the heterogeneity of teachers (Lazear (1986)). Compared to input-based

wages, output-based compensation schemes lead to strong sorting of teachers

according to their productivity (Lazear (2000)).

22The role of economic incentives at universities is empirically analyzed by Lach and

Schankerman (2003). They find that increasing the share of license royalties received by

academic inventors (i.e. the share not passed on the general university budget) enhances

research activity by two channels, namely by increasing the research effort and by sorting

(i.e. attraction of better researchers). This effect is much stronger for private universities.
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1.5.5 Early Education

Ritzen and Winkler (1977) and Psacharopoulos (1994) propose to promote

very young and high-ability children because their returns to education ex-

ceed those of older and less able students, respectively. According to Heck-

man and Masterov (2004), the main mechanisms through which early educa-

tion affects productivity is through its impact on cognitive and non-cognitive

skills. Furthermore, the impact of peer abilities appears to be large for the

skill development of very young children in preschool (Henry and Rickman

(2007)).

Early education may be more effective than offering costly training for

those experiencing difficulties graduating from high school (Heckman (2000)).

This result is empirically confirmed by Temple and Reynolds (2007) who show

that there are consistently positive returns of preschool programs that exceed

most other educational interventions, especially later programs such as class

size reductions and youth job training (cf. Table 1.3).23

1.5.6 Family Background and Neighborhood Effects

Haveman and Wolfe (1995) provide an overview of empirical estimates con-

cerning the influence of family and neighborhood variables. The strong effect

of parental education on the children’s educational success stands out in this

research. For example, by estimating the influence of maternal education on

their children’s achievement, Rosenzweig and Wolpin (1994) find that each

additional year of schooling increases the children’s test scores significantly

by 2.4%. Loury (2006) suggests that also older extended family members

(i.e. aunts, uncles, and grandparents) independently affect the schooling of

same-gender children. Furthermore, the economic status of the family (mea-

sured by total family income) also tends to be positively correlated with

educational attainment.

23However, the estimated effects on early human capital formation may be only short-

lived as suggested by DeCicca (2007) in his empirical analysis of full-day kindergarten.
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Concerning the students’ choice of alternative programs of study during

high school, Zietz and Joshi (2005) suggest that family background and peer

group effects constitute the most important determinants of the program

choice. Students from families with higher level of education and higher

income are more likely to pursue the college program. According to Astone

and McLanahan (1991), growing up in an intact family is associated with

substantially higher educational achievement. Hanushek (1992) finds that

family size negatively affects educational outcome. He attributes this effect

to the parental trade-off between the number of children and their schooling

performance.

As shown in Table 1.3, neighborhood effects tend to be small relative to

the influence of parental education. Nevertheless, the estimated effects are

often statistically significant, even when controlling for an extensive number

of family characteristics. For example, Brooks-Gunn, Duncan, Klebanov,

and Sealand (1993) estimate that the fraction of families with high and low

incomes affect the educational achievement of children. By using ZIP code-

level data, Corcoran, Gordon, Laren, and Solon (1992) find that living in

a neighborhood with more mother-only families and more people on pub-

lic assistance reduces educational attainment, but that the median income

and male unemployment do not have significant effects. In a similar setup,

Datcher (1982) concludes that the racial composition of the neighborhood is

not significantly correlated with educational outcome.

1.5.7 Peer Effects

The Coleman report concludes that peer effects, i.e. the external effects by

some students to others, in public schools contribute to differences in the

educational achievement of black and white students (Coleman (1966)). Ac-

cording to Epple and Romano (1998), peer effects are defined as the influence

of students’ mean ability on school quality. Hoxby (2000) concretizes this ex-

pression by specifying knowledge spillover, influence on classroom standard,

and individual behavior (i.e. self-discipline and disruption). Most empiri-
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cal studies focus on socioeconomic status indicators of peer quality, such as

average income or the percentage of people with college graduation. Some

studies also concentrate on the composition of peer groups, for example, the

proportion of different ethnic groups.

According to Manski (1993) and Rivkin (2001), there are three problems

in estimating peer effects: (1) endogeneity (i.e. self-selection due to family

income or educational preferences), (2) the simultaneous interaction of stu-

dents’ mutual influence, and (3) the difficulty to distinguish between peer

effects by individual background and peer effects by individual behavior. A

number of studies attempt to solve the endogeneity problem, but so far no

clear consensus exists concerning its severity.

Evans, Oates, and Schwab (1992) suggest that there are no peer effects

once endogeneity is controlled for by estimating simultaneous equations. Fur-

thermore, Arcidiacono and Nicholson (2005) investigate the effect of peer

groups with respect to a non-random category of students, namely medical

students who graduated from US medical schools between 1996 and 1998.

They find that peer effects disappear if school fixed effects are included in

order to control for endogeneity. By using fixed-effects models that rely on

peer variation between siblings and controlling for parental characteristics,

Aaronson (1998) find significant peer effects while Plotnick and Hoffman

(1999) do not.

In order to solve the problem of self-selection, Sacerdote (2001) uses a

sample of the Dartmouth College with random assignment of roommates.

He suggests that - at room level as well as at dormitory level - peers indeed

exert a significant influence on the Grade Point Average (GPA). Furthermore,

Hoxby (2000) uses some idiosyncratic variation of students and concludes

that augmenting the reading scores of the peer group by one point leads to

an increase in the individual test score by 0.15 to 0.4 points.

Another approach is pursued by Lefgren (2004) who compares the acad-

emic achievement of high-ability students in segregated and integrated schools.

He finds that peer effects are small but generally positive and significant. By
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taking data from the PISA 2000 study, Fertig (2003) analyzes the influence

of achievement heterogeneity in a peer group (measured by the variation co-

efficient) on the individual educational attainment. In order to circumvent

the endogeneity problem, he uses an IV approach to estimate the following

equation:24

yijs = α+ β′zi + γC
−i
j + δ′z̄−ij + λ′zs + εi

yijs describes the educational achievement of individual i in peer group

j and school s, zi is a vector of individual characteristics, z̄−ij is a vector

of the corresponding peer group characteristics, C−ij represents the variation

coefficient within the peer group j, zs is a vector of school characteristics, and

εi is an unobserved error term. In this context, γ measures the endogenous

part of the peer effect (i.e. the direct impact of the peer group achievement),

while δ describes the exogenous or contextual effects (i.e. the indirect impact

of other peer characteristics).

In a nutshell, Fertig (2003) obtains the following empirical result: the

higher the heterogeneity of the peer group, the lower is the individual ed-

ucational outcome. As a consequence, the aggregate educational output is

maximized if schools exhibit perfect homogeneity of students. However, Fer-

tig (2003) admits that the explanatory power of γ declines substantially when

exogenous effects are controlled for.

1.5.8 Models of Educational Production

After the extensive discussion of potential inputs in the previous subsections,

we briefly present three models of educational production that take into

24The variation coefficient is defined as the standard deviation devided by the mean.

PISA is the abbreviation for "Program for International Student Assessment". The

PISA 2000 data contain test scores in reading, mathematics, and science literacy of rep-

resentative samples of 15-year old students across OECD and non-OECD countries. Fur-

thermore, they provide a rich set of background information about students and schools.

For the empirical analysis on hand, Fertig (2003) focuses on the reading scores for US

students.
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account some of these inputs. By focusing on the level of resources and peer

effects, Nechyba (1996) develops the following education production function

that describes the educational achievement (yij) of individual i in peer group

j:

yij = (ȳj)
ρ (ej)

1−ρ (1.2)

In this production function (1.2), ej represents the expenditures per stu-

dent in peer group j, ȳj is the average educational outcome of peer group j,

and ρ measures the strength of the peer effect.

If the educational system allows for private schools in combination with

private school vouchers, there is endogenous ability-based segregation so that

each private school is completely homogenous in ability. This is shown by

Nechyba (1996) who undertakes general-equilibrium simulations within the

framework of his education production function (1.2). In a theoretical model

with public schools (financed by taxes and without tuition) and private

schools (completely financed by tuition), Epple and Romano (1998) draw

a similar conclusion. They demonstrate that there is a strict hierarchy of

school qualities and a two-dimensional student sorting according to ability

and income. Quite intuitively, the implementation of tuition vouchers bene-

fits high-ability students relative to students with low ability.

As explained in Section 1.5.7, the presence of peer effects gives rise to

the idea of an efficient sorting of students according to their innate abil-

ity (Epple and Romano (1998)). In general, there are two possibilities of

putting together students with different individual abilities: integration (i.e.

randomized mixing) and segregation (i.e. sorting according to the students’

abilities). Segregation implies that classes are homogenous and, theoretically,

the individual’s deviation from mean ability is zero.

Building on the empirical findings in Section 1.5.2, Lazear (2001) makes

an important attempt to analyze the effects of segregation in a model with

class size as the main determinant of educational production. In his "disrup-

tion model", mj represents class size (i.e. the number of students in class j)

and p is the probability that a student behaves so that lessons can be given
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without disruption. The total amount of learning (Lj) in class j is defined

according to the following education production function:

Lj (mj, p) = mjp
mj

If there are different ability types of students with different disruption

probabilities, the aggregate educational output is generally larger with seg-

regation than with integration. Hence, in line with the empirical findings

by Fertig (2003), the aggregate educational output is maximized if schools

exhibit perfect homogeneity of students. However, Lazear (2001) also refers

to one important exception from this conclusion: if students with low-ability

can be transformed into high-ability students by undergoing social contact

with these better behaving students, mixed classes may yield higher educa-

tional outcomes than segregation. Altogether, the effect of segregation on

the educational achievement of students is ambiguous (cf. Table 1.3).

Finally, Caucutt (2002) expands on Nechyba (1996) and Lazear (2001)

by considering different ability levels θk (with nkj as the fraction of ability

type k in peer group j):

yij = α (θi)
β1

(
∑

k

nkjθk

)β2

(ej)
β3 (1.3)

Based on this education production function (1.3), Caucutt (2001) and

Caucutt (2002) develop a general-equilibriummodel (with schools interpreted

as clubs) where the change from a public school system (with endogenous

number of private schools) to a completely private system of schools with

vouchers yields several mixed schools with sorting according to ability and

tuition fees.

As summarized in Table 1.3, Section 1.5 of this literature review pro-

vides an overview of various empirical studies that discuss the significance

of potential inputs into the process of educational production. While the

empirical evidence concerning the impact of school resources is mixed, there
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is an unambiguous effect of family background and peer groups as well as

institutional incentives within the educational system (Hanushek (1997)). As

shown in Section 1.5.8, the analytical models of educational production focus

on a few inputs such as the level of resources, peer groups, and the innate

ability of the individual.

1.6 Human Capital and the Life-Cycle of

Earnings

This section analyzes the life-cycle of earnings with endogenous formation of

human capital. We first refer to different models of human capital accumula-

tion over the life-cycle and then discuss their empirical evidence. Finally, we

investigate the implications of pension systems for human capital formation.

1.6.1 Human Capital over the Life-Cycle

An important stream of human capital literature deals with the life-cycle of

earnings. Mincer (1958) points out that the difference between normally dis-

tributed abilities and the positively skewed distribution of incomes must be

due to investments in human capital over the life-cycle.25 In a nutshell, Min-

cer (1970) and Mincer (1997) summarize the empirical evidence concerning

the age-earnings profile of individuals. Earnings (Et) positively depend on

the stock of human capital (Ht) at date t; the age-earnings profile is concave

and at least for a long time upward-sloping. If human capital investment in-

creases, the age-earnings profile becomes steeper and has its maximum later.

These empirical findings are illustrated in Figure 1.3.

Becker (1964) suggests that earnings increase with age but at a declining

rate because human capital investment decreases over the life-cycle. Intu-

itively, this is because younger workers receive the returns to education over

a longer period and the investment risk increases with age (which implies

25The normal distribution of abilities is also assumed by Becker (1964).



40 CHAPTER 1. HUMAN CAPITAL: MICROECONOMICS

tE

( )t tE H

t

( )'t tE H
'

t t tH H H 0∆ = − >

Figure 1.3: Human Capital and the Life-Cycle of Earnings

that older workers discount future earnings more heavily) (Zucker (1967)).

Altogether, decreasing marginal returns and increasing marginal costs lead to

an optimal amount of human capital investment that negatively depends on

age (Mincer (1970)). However, human capital investment may not monoton-

ically decline with age if the accumulated human capital is rather specific

than general. While the profitability of general skills depends on the length

of working life, the profitability of specific skills only depends on the expected

duration of the current job (Bartel and Borjas (1977)).

Models of (general) human capital accumulation over the life-cycle can be

attributed to two different branches: earnings maximizing models and utility

maximizing models. Earnings maximizing models abstract from the labor-

leisure choice problem and only analyze the trade-off between investment and

income. At the intensive margin, the individual faces a trade-off between

producing additional human capital and renting the existing stock of human

capital in the labor market. Utility maximizing models also incorporate the

labor-leisure choice so that labor supply becomes endogenous to the model.

The difference between these two types of models is illustrated by Snow and
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Warren (1990) who explain that the income effect of higher wages (due to

investments in human capital) on future labor supply may reduce realized

future earnings. However, there are efforts to integrate these two branches,

for example, by Blinder and Weiss (1976). Weiss (1986) provides a review of

the theoretical literature.

Ben-Porath (1967) develops an earnings maximizing model of human cap-

ital accumulation and gives a productivity-based explanation of earnings

growing with age. He emphasizes the process by which additions to the

individual stock of human capital are produced. The model is similar to

Becker (1964) in the sense that each individual is presumed to combine mar-

ket goods (Dt) with some portion (st) of his own stock of human capital (Ht)

to produce new human capital (Qt) in period t according to the following

production function:

Qt = f (st, Ht, Dt) = β0 (stHt)
β1 (Dt)

β2

The rate of change of the stock of human capital is equal to

Ḣt = Qt − σHt

where σ represents the depreciation rate of human capital. The individual

maximizes the sum of all future disposable earnings discounted over the life-

cycle. The decision problem consists in choosing that portion of the existing

stock of human capital to be used as input in the production of further

human capital. This choice is made by comparing the costs of producing

an additional unit of human capital to the marginal benefits. The whole

decision problem can be divided into two separate parts: first, the trade-

off between income and human capital formation, and second, the timing of

consumption.

Heckman (1976) designs a utility maximizing model with endogenous

labor supply, income, human capital accumulation, consumption, and non-

monetary utility of education, which contains the original model of Ben-

Porath (1967) as a special case. Human capital accumulation takes place
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according to the following equation:

Ḣt = f (ItHt, Dt)− σHt

Ht represents the stock of human capital at date t, It is the time devoted

to human capital production, Dt stands for the direct education costs, and

σ is the depreciation rate of human capital.

Even the basic model by Ben-Porath (1967) manages to replicate the

most important qualitative characteristics of the empirical life-cycle patterns.

According to Ben-Porath (1967), there are three different phases of human

capital accumulation: an initial phase with no earnings (i.e. full-time human

capital production, interpreted as "formal schooling"), a long phase with

part-time human capital production, and a last phase with no training.26

The second phase is characterized by earnings increasing at a declining rate

(and eventually decreasing). At any point in time, individuals with more

schooling or greater ability invest more in on-the-job training.

A serious problem of the empirical application of human capital theory

to life-cycle differences in earnings is that post-school investments are not

directly observable. As a consequence, measurement problems arise because

a wide range of activities might be viewed as on-the-job training (Hanushek

and Quigley (1985)). By using data from the NLLS, Haley (1976) empirically

estimates the model by Ben-Porath (1967) and concludes that it fits the data

quite well. In contrast, Brown (1976) finds only a poor performance of the

model. Finally, Heckman (1976) suggests that his life-cycle model fits the

data well and even better than Ben-Porath (1967).

The hypothesis that earnings profiles are driven by human capital invest-

ment is further analyzed by Mincer (1997). For the US, he confirms that

post-school investment in human capital is indeed the primary factor under-

lying the wage profiles. He also finds empirical support for the implications

26Wallace and Ihnen (1975) develop a model to describe endogenously the "formal

schooling" period and the end of this phase depending on the parameters of the model.

They suggest a longer "formal schooling" period than Ben-Porath (1967).
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by Ben-Porath (1967) concerning the positive relationship between ability,

schooling, and on-the-job training.

Besides this vast literature on human capital accumulation over the life-

cycle, there is a branch of literature concentrating on the extensive margin.

The extensive education decision divides the labor force into different skill

groups, such as low-skilled and high-skilled workers. For example, Willis

and Rosen (1979) as well as Heckman, Lochner, and Taber (1998a) derive a

theoretical model of the demand for higher education and empirically show

that the workers’ college attendance choice is determined by their expected

earnings over the life-cycle.

1.6.2 Pension Systems and Human Capital Formation

According to Echevarría (2003), the return to human capital investments is

affected by the pension system if finite horizon economies are considered.

With a tax-benefit link, the return to education is not restricted to increased

labor incomes, but also extends to pensions during retirement. Hence, if

workers decide on the optimal amount of human capital investments, they

take into account not only the effect on future labor incomes but also on

future retirement benefits (Echevarría and Iza (2005)).

Lau and Poutvaara (2001a) and Lau and Poutvaara (2001b) study the

impact of social security incentives on human capital formation, arguing that

actuarial fairness and a tight tax-benefit link increase human capital along

with an increase in the retirement age. This is a common result in most

theoretical analyses because postponed retirement lengthens the time period

at the extensive margin over which individuals can appropriate the bene-

fits from human capital investments, which translates into higher returns to

education. Hence, the return to education positively depends on the remain-

ing active years (Trostel (1993)). In a nutshell, postponed retirement raises

aggregate human capital because higher returns to education are associated

with increased human capital accumulation (Echevarría (2003)).

In their analysis of demographic transition and economic growth, Kalemli-
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Ozcan, Ryder, and Weil (2000) show in an overlapping generations frame-

work that augmented life expectancy gives rise to increased human capital

formation. In a similar setup, de la Croix and Licandro (1999a) investigate

an economy where the workers accumulate human capital as a function of

their optimal schooling period. The effect of lower mortality rates on human

capital formation is positive because the higher expected flow of future in-

comes increases human capital per capita. The same result is obtained by

Boucekkine, de la Croix, and Licandro (2002) under a setting with uncertain

lifetime horizon and endogenous retirement age. Echevarría (2003) argues

that an increase in life expectancy translates into higher growth rates by in-

creased human capital formation only if demographic change is accompanied

by simultaneous increments in the length of the working life. Hence, if there

is a positive correlation between life expectancy and retirement age, an in-

crease in life expectancy will foster the formation of human capital. For the

UK, this result is empirically confirmed by Kalemli-Ozcan, Ryder, and Weil

(2000).

Furthermore, the positive relationship between retirement age and human

capital accumulation also holds in the opposite direction. According to Her-

noes, Sollie, and Strom (2000), education is an important determinant of the

retirement age. A higher stock of human capital increases the retirement age

because the worker’s higher productivity implies an increased labor income

and makes labor supply more worthwhile compared to retirement. Hence,

while early retirement is low among high-skilled workers, low-skilled workers

may take the opportunity to retire at the lowest possible date.

As graphically illustrated in Figure 1.3, Section 1.6 of this literature re-

view summarizes the main results of human capital accumulation over the

life-cycle. The two most important approaches by Ben-Porath (1967) and

Heckman (1976) manage to replicate the empirical life-cycle patterns with

respect to the age-earnings profile of individuals. If there is a positive link

between contributions and retirement benefits, human capital formation is

affected by the pension system because the return to education extends to
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pensions during retirement.

1.7 Fiscal Policy and Human Capital

Weisbrod (1966) assigns to the government the role of using its limited re-

sources for the economic well-being of its people. This section analyzes the

effects of taxation and education subsidies on the accumulation of human cap-

ital. We first discuss the implications of taxation and different tax reforms

on the incentives to acquire skills by the impact on the costs and benefits of

investing in human capital. After this, we investigate the effects of educa-

tion subsidies because tax and expenditure issues constitute "Siamese twins"

concerning the maximization of aggregate welfare (Bovenberg and Jacobs

(2005)). Finally, we refer to fiscal policy in the context of globalization and

factor mobility.

1.7.1 The Effects of Taxation on Human Capital

An ideal income tax should define income uniformly as the sum of earnings

from all possible sources. Hence, human capital should be taxed like physical

or financial assets (Kaplow (1994)). However, the design of tax and educa-

tion policies must also consider the special characteristics of human capital

(Anderberg and Andersson (2003)). Theoretically, this implies that human

capital should be taxed in three ways: at birth (i.e. the present value of

expected future earnings net of costs should be taxed immediately), over

time (reflecting the difference between earnings and depreciation of human

capital), and at all moments when uncertainty is resolved (Kaplow (1996)).

Because the ideal income tax is not feasible in reality, we analyze the

effects of taxing labor and capital income within a prevalent fiscal system.

Due to the special characteristics of human capital there are large differences

in the taxation of human and physical capital, which leads to radically differ-

ent tax burdens (Ill (1984)). In the context of his life-cycle model, Heckman

(1976) shows that differences in the tax treatment of human and physical
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capital may induce the substitution of human capital for physical capital

investment.

The effects of taxation on human capital formation can be divided into a

substitution effect, an income effect, and a direct effect. While the substitu-

tion effect and the income effect exert an indirect influence on human capital

investment via their impact on labor supply and the return to education

(cf. the argumentation by Lindsay (1971) in Section 1.4.3), the direct effect

accrues due to changes in the marginal costs and returns of investments in

human capital. The aggregate indirect effect on human capital accumulation

(i.e. the sum of substitution and income effect) is ambiguous because the

substitution effect (negative) and the income effect (positive) have opposite

signs with respect to the taxation of labor income (Heckman, Lochner, and

Cossa (2002)). In the context of the life-cycle of earnings as discussed in Sec-

tion 1.6, the direct effect is the only one operating in earnings maximizing

models with exogenous labor supply.

In the absence of direct education costs, there is no direct effect of a

proportional income tax on the accumulation of human capital because both

marginal returns and marginal costs are scaled down in the same propor-

tion. With direct costs of education, an increase in the tax rate decreases

human capital investment if the net financial benefit before taxes is posi-

tive (Heckman, Lochner, and Taber (1999a)). In a nutshell, the marginal

effects of proportional income taxation on human capital formation may be

significantly negative for three reasons. First, some direct inputs into the

process of human capital production are not tax-deductible (in contrast to

foregone earnings). Second, the negative effect of taxation on labor supply

reduces the return to education. And finally, the negative effect of taxation

on savings reduces the amount of physical capital and thus - by general-

equilibrium effects on interest rates and wages - human capital investments

(Trostel (1993)). However, Eaton and Rosen (1980) suggest that the welfare-

maximizing tax rate may be greater than zero in order to provide insurance

against the riskiness of human capital investments.
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A progressive income tax strengthens the negative effects of taxation on

human capital formation by workers because marginal returns on future earn-

ings are reduced more than marginal costs of schooling by foregone earnings

(Heckman, Lochner, and Taber (1999a)). However, higher tax progression

may increase the firms’ investments in human capital if the degree of tax pro-

gression changes the distribution of the surplus between workers and firms

and thus increases the compression of the wage structure (cf. Section 1.3.1).

Hence, if labor markets are imperfect and both workers and firms can invest

in human capital, higher tax progression increases human capital formation

if the positive effect on the firms outweighs the negative effect on the work-

ers (Hungerbühler (2007)). Furthermore, the progressivity of the tax system

affects the job mobility of workers. On-the-job search (i.e. the probability of

turnover) decreases both with the level of tax rates and with the convexity of

the tax system (as measure of progressivity) (Gentry and Hubbard (2002)).

If there is only unskilled labor and physical capital, a "comprehensive in-

come tax" (i.e. the identical taxation of labor and capital income) generates

two distortionary effects on resource allocation, namely on the intratempo-

ral leisure-consumption trade-off (due to the taxation of labor) and on the

intertemporal saving-consumption trade-off (due to the taxation of capital).

However, in the presence of skilled labor and human capital formation, the

"comprehensive income tax" generates two additional distortions. On the

one hand, it discriminates against physical capital because the capital in-

come tax does not apply to investments in human capital. On the other

hand, it discriminates against human capital because the labor income tax

reduces the return to education. While the net effect of these two distor-

tions is ambiguous in general, the "comprehensive income tax" discriminates

against human capital if there are only direct costs of education and the

government does not use the tax revenues to foster human capital formation

by education subsidies (Nerlove, Razin, Sadka, and Weizsäcker (1993)).

In contrast, if the only costs of education are foregone earnings, Nielsen

and Sorensen (1997) conclude that the "comprehensive income tax" leads to
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a discrimination against investments in physical capital. Hence, they propose

a "dual income tax"27 (i.e. the combination of a proportional tax on capital

income with a progressive tax on labor income) on pure efficiency grounds

(and not on the basis of redistribution or insurance arguments) because the

progressivity of the labor income tax reduces the return to education.

1.7.2 The Effects of Tax Reforms on Human Capital

The first attempt to quantify the importance of human capital formation for

the comparative efficiency costs of alternative tax bases is due to Driffill and

Rosen (1983). In a partial-equilibrium life-cycle model, they conclude that

income taxation according to the "comprehensive income tax" can be dra-

matically more distortionary than the taxation of consumption. As suggested

by Perroni (1995), switching from income to revenue-neutral consumption

taxation provides large welfare gains. In these models, endogenous human

capital has only little effects because the substitutability between labor sup-

ply and human capital is limited by downward rigidities in the stock of human

capital (i.e. the stock of human capital can decrease at most with its rate

of depreciation). However, Judd (1998) shows that consumption taxation is

generally biased against human capital investment.

There are several approaches to analyze the welfare consequences of al-

ternative tax policies in a general-equilibrium framework with endogenous

human capital formation. Starting point of various numerical simulations is

the current US tax system that is approximated by a proportional tax on

capital income and a progressive tax on labor income (Heckman, Lochner,

and Taber (1999b)). In a general-equilibrium growth model with overlapping

generations and perfect foresight, Perroni (1995) shows that the welfare gains

from switching to a revenue-neutral consumption tax are much lower than in

a partial-equilibrium setting because prices adjust in response to quantities.

Furthermore, in an overlapping generations dynamic general-equilibrium

27Nielsen and Sorensen (1997) refer to it as the "Nordic system of dual income taxation"

because it was implemented in all four Nordic countries.
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model with endogenous human capital formation and heterogenous agents,

Heckman, Lochner, and Taber (1998b) investigate the consequences of two

revenue-neutral tax reforms, namely a flat income tax (i.e. a proportional tax

on both labor and capital income) and a flat consumption tax. Analytically,

each individual solves a two-step decision problem: first, he determines the

optimal paths of consumption and post-school human capital investment

conditional on the level of schooling, and second, he chooses that level of

schooling which maximizes his aggregate welfare over the life-cycle (Heckman,

Lochner, and Taber (1998b)). In a nutshell, switching to a flat income tax

fosters the accumulation of human capital at the cost of reduced investment

in physical capital, while a flat consumption tax is more pro-capital and less

favorable to human capital. Similar to Perroni (1995), general-equilibrium

effects of these tax reforms are much weaker than partial-equilibrium effects

(Heckman, Lochner, and Taber (1999b)).

1.7.3 The Effects of Education Subsidies on Human

Capital

As in the case of labor income taxation (cf. Section 1.7.1), the effects of

education subsidies on human capital accumulation can be divided into a

substitution effect (positive), an income effect (negative), and a direct effect.

While the aggregate indirect effect through the impact on labor supply is

ambiguous, the direct effect is unambiguously positive because the marginal

costs of human capital investments are reduced. Hence, education subsidies

can improve the efficiency in human capital investment by offsetting tax-

induced distortions, i.e. by lowering the negative effect of taxation on human

capital formation (Bovenberg and Jacobs (2005)). Furthermore, education

subsidies can correct for the hold-up problem in imperfect labor markets as

discussed in Section 1.3.1 (Boone and de Mooij (2003)).

Collins and Davies (2003) conclude that the incentives for human capital

accumulation depend on the net effective tax rate (NETR), i.e. the difference
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between the effective tax rate (ETR) and the effective subsidy rate (ESR).

This concept is based on the internal rate of return that is determined by

comparing the sum of discounted earnings with and without taxation and

subsidies, respectively:

NETR = ETR−ESR

ETR =
rg − rn
rg

ESR =
rg − rp
rg

ETR, ESR, and NETR are calculated by considering the relationship

between the gross rate of return (rg), the net rate of return (rn), and the

public rate of return (rp). In their empirical analysis for Canada, Collins and

Davies (2003) find that the net effective tax rate is smaller than zero.

In a nutshell, Dur and Teulings (2003) favor the implementation of educa-

tion subsidies for three reasons: (1) redistribution, (2) positive externalities

of education, and (3) credit constraints due to capital market imperfections.28

However, positive external effects of higher education are difficult to establish

empirically (for example Krueger and Lindahl (2001)) and also the empirical

findings with respect to capital market imperfections are controversial in the

literature (for example Shea (2000)).

As a further argument for education subsidies, Bénabou (2002) points

out the insurance effect because subsidies to higher education make college

attendance more attractive by reducing both the direct costs and the risk,

particularly for students with low wealth endowment. If investments in hu-

man capital are risky and uninsurable, even small initial changes in college

investment may generate large changes in college attendance (Ljungqvist

(1995)). In a theoretical model, Akyol and Athreya (2005) suggest large

welfare gains of education subsidies relative to the fully decentralized out-

come because subsidies lead to nearly mean preserving reductions in college

28Capital market imperfections imply that workers may be prevented from investing

efficiently in their stock of (general) human capital (cf. Section 1.3.1).
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failure risk. Furthermore, if the variance of wages decreases with the level

of education, education per se produces an insurance effect (Anderberg and

Andersson (2003)). In this context, Bénabou (2002) develops a risk-adjusted,

distribution-free measure of general efficiency. By simulating this model with

empirical parameter estimates, he shows that the optimal education subsidy

should be combined with a consumption tax.

Concerning the optimal level of education subsidies, the aggregate wel-

fare is maximized subject to the public budget constraint (Steuerle (1996)).

However, education subsidies also lead to adverse selection (i.e. more low-

ability students attend college) and may generate a deadweight loss if they

are financed by distortionary taxation. Hence, the optimal level of education

subsidies has to maximize the aggregate welfare subject to this trade-off (Dur

and Teulings (2003)).

1.7.4 Fiscal Policy in the Context of Factor Mobility

According to Boadway, Marceau, and Marchand (1996), mandatory educa-

tion and the public provision of education can be explained as second-best

policies in order to circumvent the hold-up problem of time-consistent opti-

mal taxation by governments with redistributional objectives, i.e. the prob-

lem of underinvestment in human capital because workers anticipate the

excessive taxation of labor income in the future. However, globalization and

increased mobility of high-skilled workers reduce this time-consistency prob-

lem because the government’s ex post incentives to tax human capital are

decreased.

With respect to different policy regimes, the effects of globalization on

taxation and education policy are analyzed by Andersson and Konrad (2001)

and Andersson and Konrad (2003). As suggested by Boadway, Marceau, and

Marchand (1996), closed economies suffer from a hold-up problem of exces-

sive redistribution and governments use education policy as a second-best

instrument. If labor mobility is increased by opening the economy, global-

ization reduces the governments’ incentives to provide subsidized education
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and increases the workers’ incentives for human capital formation. Com-

pared to the closed-economy benchmark case, globalization may increase the

aggregate welfare if education subsidies are completely directed to immobile

low-skilled workers (Andersson and Konrad (2001)).

However, in the presence of "Leviathan governments", the full mobility of

high-skilled workers generates a welfare loss because the tax competing gov-

ernments have incentives to prevent individuals from mobility-increasing in-

vestments in human capital. The governments raise taxes on education in or-

der to broaden their tax base, which only comprises the immobile low-skilled

workers (Andersson and Konrad (2003)). With respect to time-consistent

optimal taxation, Konrad (2001) suggests another solution to the problem

of underinvestment in human capital. If the government has only limited

information about the effort of workers, then this may work as a commit-

ment mechanism to time-consistent taxation and thus increases the aggregate

welfare by reducing the hold-up problem.

In a similar model with education subsidies financed by labor income

taxation and possible migration of high-skilled workers, Poutvaara (2001)

analyzes the effects of tax competition between countries in a federation. He

concludes that this tax competition may lead to inefficiently low taxes and

subsidies. In a nutshell, the problem of underinvestment in human capital

can be solved by a fiscal system such that taxes are paid to the country of

education and not to the country of residence.

Finally, in Section 1.7 of this literature review, we analyze the effects of

taxation and education subsidies on human capital formation. The marginal

effects of proportional and progressive income taxation on human capital

formation are generally negative (Heckman, Lochner, and Taber (1999a)).

Depending on whether the costs of human capital are direct expenditures

or foregone earnings, a "comprehensive income tax" may discriminate either

against investments in human or physical capital. In a nutshell, the incen-

tives for human capital formation depend on the net effective tax rate, which

implies that education subsidies can improve the efficiency in human capi-
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tal investment by offsetting tax-induced distortions (Bovenberg and Jacobs

(2005)).

1.8 Outlook

The contribution of Chapter 1 of my PhD thesis is to provide a better under-

standing of the process of human capital formation and educational attain-

ment. Furthermore, this literature review points out some important issues

of human capital formation that may shape future research and policy dis-

cussions, but it does not focus explicitly on those topics of human capital

formation presented in the following Chapters 2 to 4 of my PhD thesis.

Starting from this review in Chapter 1, we will analyze three different

policy issues and their implications for human capital formation. In Chapters

2 and 3, we refer to the German system of apprenticeship training and its

interactions with the labor market prospects of low-skilled workers. In these

two chapters, we use a rather similar model framework but analyze different

policy instruments by focusing on the demand side of the labor market in

Chapter 2 and on the supply side of the labor market in Chapter 3. In

Chapter 4, we discuss the system of old-age provision and its effects on labor

force participation.

In Chapter 2, we find that the number of apprenticeship training positions

may be inefficiently low compared to the first-best optimum. Many firms de-

cide not to offer training places because trained workers can freely choose to

change their employer upon completion of their apprenticeship. Hence, the

firms perceive the danger of bearing the costs of training without getting any

return. As a consequence, the German apprenticeship system is challenged

by an increasing number of unskilled workers. For this reason, we analyze

penalty charges to firms that do not offer apprenticeship training positions

to school graduates. In our model, the implementation of penalty charges

faces a trade-off with respect to overall welfare. While penalty charges in-

crease the number of apprenticeship training positions and thus the fraction
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of trained workers in the workforce, some firms will leave the market to avoid

the financial burden, which implies unemployment among workers with low

ability. If the productivity-enhancement of apprenticeship training is low, it

is optimal to reject the implementation of penalty charges. However, penalty

charges increase the overall welfare if the productivity-enhancement exceeds

some lower bound.

In Chapter 3 of my PhD thesis, we refer to the German system of appren-

ticeship training and social security and show that employment of low-skilled

workers is crowded out by the welfare state. Low-skilled workers decide to

remain unemployed if their potential labor income falls below the level of

social assistance (Sinn, Holzner, Meister, Ochel, and Werding (2006)). Tax

credits are a possible policy instrument to reintegrate these low-skilled work-

ers into the labor market by granting an individual subsidy only if the worker

decides to enter the labor market. However, it is important to incorporate

human capital formation into the analysis of tax credits because subsidies to

low-skilled workers increase the opportunity costs of apprenticeship training

and thus reduce the workers’ incentives to acquire skills (Heckman (2002)).

While tax credits reduce the number of unemployed workers, they lower at the

same time the number of apprentices, which implies the waiving of increased

productivities in the future. Hence, the reintegration of those workers at the

bottom of the ability-distribution may not be optimal because the costs in

terms of decreased human capital formation would be too high.

Finally, in Chapter 4 of my PhD thesis, we analyze the traditional pay-as-

you-go pension system and its implications for retirement and human capital

formation. Human Capital is an important factor in the context of pension

reforms because the workers’ incentives to acquire skills and the desired re-

tirement age are positively related (Trostel (1993)). Unfortunately, there is

a trend of declining labor force participation because pension systems pro-

vide economic incentives to retire early (Samwick (1998)) and the employ-

ment prospects of older workers are significantly reduced (Bingley and Lanot

(2004)). For this reason, we analyze two different proposals for pension re-
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form (implementation of individual retirement accounts, increase in the min-

imum retirement age) and show that the benefits of these reforms strongly

depend on the labor market prospects of older workers near retirement age.

The firms’ employment decision can significantly affect the implications of

pension reforms because workers and firms separate as soon as one party

decides to leave the market. While high-ability workers may indeed post-

pone retirement and increase human capital formation as suggested by the

incentives of the pension system, low-skilled workers will not be affected by

pension reforms if firms refuse to employ them any longer.
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Chapter 2

Penalty Charges to

Non-Training Firms

There is an ongoing discussion in Germany about the implementation of

penalty charges if firms refuse to offer apprenticeship training positions to

school graduates. Chapter 2 of my PhD thesis aims at analyzing penalty

charges to non-training firms in a theoretical model that systematically com-

pares the costs and benefits of this policy instrument. Building on recent

training literature, a two-period partial-equilibrium model is developed that

allows for worker heterogeneity in ability and covers special features of the

German apprenticeship system.

In our model, the implementation of penalty charges faces a trade-off

with respect to overall welfare. While penalty charges increase the number of

apprenticeship training positions and thus the fraction of trained workers in

the workforce, some firms will leave the market to avoid the financial burden,

which implies unemployment among workers with low ability. Furthermore,

the model suggests that optimal penalty charges increase the overall welfare

compared to the laissez-faire equilibrium only if the productivity-enhancement

of apprenticeship training exceeds some lower bound.

57
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2.1 Introduction

There is an ongoing discussion in Germany about the implementation of

penalty charges if firms refuse to offer apprenticeship training positions to

school graduates. The German apprenticeship system provides basic skills to

a large share of the workforce and is thus considered an exemplary model for

vocational education (Harhoff and Kane (1997)).29 But in the last several

years, there are more and more youths unable to find apprenticeship training

positions, who therefore remain unskilled after graduation.30 In 2002, only

31.3% of all firms were providing apprenticeship training positions (BMBF

(2004)). Many firms decide not to offer training places because trained work-

ers can freely choose to change their employer upon completion of their ap-

prenticeship. Hence, the firms perceive the danger of bearing the costs of

training without getting any return. As a consequence, the famous German

apprenticeship system is challenged by unemployment among young workers

and an increasing number of unskilled workers.

In order to approach the problem of missing apprenticeship training po-

sitions, a compulsory training quota for each firm is proposed depending on

the number of full-time workers. If a firm does not satisfy this quota, it has

to pay a previously defined penalty for each training place missing to meet

the quota. Unfortunately, a theoretical analysis of penalty charges is still

lacking. This chapter aims at closing this gap by presenting a two-period

partial-equilibrium model that systematically compares the costs and ben-

efits of this policy instrument. In the literature, there are two theoretical

explanations for firms providing general training. First, the basic approach

of Becker (1964) concentrates on the firms’ current incentives during the

training period. If the training wage is low enough - i.e. the gap between

29In Germany, two thirds of the age-group from 15 to 24 are provided with vocational

training through the apprenticeship system (BMBF (2004)).
30From 1991 to 2003, the number of new apprenticeship contracts has decreased from

571,206 to 564,493. The number of registered apprenticeship training positions has de-

creased from 1,629,312 to 1,581,629 (BMBF (2004)).
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apprentice output and training wage is large enough - to compensate for

the costs of training activities, firms decide to provide general training to

their workers. Second, Acemoglu and Pischke (1999b) point out the firms’

incentives with respect to future returns because training firms manage to

skim a rent from the increased output if labor markets are imperfect and the

trained workers stay with the training firm after the apprenticeship has been

completed.31

According to Acemoglu and Pischke (1998a), the training decision of firms

bears two different kinds of inefficiencies. First, firms take into account only

their own gains from higher productivity and neglect the gains for the workers

through higher wages in the future. Second, firms further underinvest in the

human capital of their workers if there is a positive probability of separation

after the training period because firms do not take into account higher profits

of potential employers in the future. One policy measure to reduce these

inefficiencies in the provision of general training are firing costs. Because

the probability of separation is reduced, employment protection increases

the incentives to invest in human capital for both workers and firms (Fella

(2005)).32 The total effect of firing costs on unemployment is ambiguous

because fewer separations lead to lower unemployment but some firms decide

to leave the market and thus it becomes harder for unemployed workers to

find a job (Belot, Boone, and Ours (2002)).

The contribution of Chapter 2 of my PhD thesis is twofold because the

formal analysis of penalty charges, which is based on recent training literature

with oligopolistic labor markets, is extended in two important ways. First,

our model allows for worker heterogeneity in ability and manages to explain

31Cf. also Acemoglu (1997), Acemoglu and Pischke (1998a), Acemoglu and Pischke

(1998b), and Acemoglu and Pischke (1999a).
32The empirical evidence shows a positive relationship between training and job tenure

(Lynch (1991) and Loewenstein and Spletzer (1999)). According to Stähler (2006), em-

ployment protection increases the fraction of skilled workers if workers decide ex-ante on

their human capital investment and if they receive a sufficiently large fraction of the return

to this investment.



60 CHAPTER 2. PENALTY CHARGES TO NON-TRAINING FIRMS

the extensive training decision of firms depending on the individual ability

of workers. Only those workers above some critical level of individual ability

are offered an apprenticeship training position while workers with low ability

remain unskilled. Second, we bring together the two theoretical explanations

of firm-sponsored general training in the context of the institutional setting

of the German apprenticeship system. We show that firms may provide

general training both because they are looking forward to future returns (as

in Acemoglu and Pischke (1999b)) and because they currently benefit from

doing so (as in Becker (1964)). Beyond Acemoglu and Pischke (1998a), our

analysis indicates a third kind of inefficiency, which is generated by the fixed

training wage during the apprenticeship.

In a nutshell, there are three key questions considered in this chapter:

First, what is the impact of penalty charges on the number of apprentice-

ship training positions? Second, what are the effects of penalty charges on

the number of unemployed workers? And third, what is the optimal level

of penalty charges subject to the employment decision of the firms? In our

model, the implementation of penalty charges faces a trade-off with respect to

overall welfare. While penalty charges increase the number of apprenticeship

training positions and thus the fraction of trained workers in the workforce,

some firms will leave the market to avoid the financial burden, which im-

plies unemployment among workers with low ability. By also considering

administration costs of implementation, our formal analysis suggests that

the optimal policy depends on the productivity-enhancement of training. If

the productivity-enhancement of apprenticeship training is low, it is optimal

to reject the implementation of penalty charges and the economy will attain

the laissez-faire equilibrium. However, penalty charges increase the overall

welfare if the productivity-enhancement exceeds some lower bound.

Chapter 2 of my PhD thesis proceeds as follows: the next section dis-

cusses human capital theory and its two approaches to firm-sponsored human

capital formation. After this, the institutional setting of the German appren-

ticeship system is illustrated. In Section 2.4, our partial-equilibrium model
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is developed and the equilibrium without penalty charges is presented. In

Section 2.5, the implementation of penalty charges is analyzed and optimal

penalty charges are derived. Section 2.6 concludes.

2.2 The German Apprenticeship System

2.2.1 Historical Relevance

Historically, there have been several characteristics of apprenticeship train-

ing. First, the length of the apprenticeship was specified contractually in

advance and independent of individual ability. For example, this applied

to the métier in France, arte in Italy, craft guild in England, and Zunft or

Innung in Germany. Furthermore, apprenticeships were characterized by a

low starting wage and the acquired skills were largely general to a particular

trade or industry (Booth and Satchell (1994)).

Finally, apprenticeship training has been intensely regulated, for example

by guilds in medieval times. This regulation typically implied a minimum

length of the apprenticeship and the monitoring of training. The craft guilds

of the middle ages had supervisory functions that included the right of search

to insure that good materials and appropriate processes of manufacture were

employed. In Germany, a range of institutions funded collectively by firms

controlled the working of the apprenticeship system (Pirenne (1936)).

2.2.2 The Institutional Setting

The educational system of Germany is one of the most segregated among

industrialized countries. There are four types of German secondary schools:

lower (Hauptschule), middle (Realschule), upper (Gymnasium), and mixed

(Gesamtschule). Upon their conclusion, all of these school tracks require the

successful completion of exams which indicate whether students are qualified

to enter into an apprenticeship, other vocational training, or the university

(Cooke (2003)).
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Apprenticeship training can be undertaken in a variety of skilled blue or

white collar positions. It combines part-time schooling with a work-based

component (the so-called "dual system") and is largely general. Training

firms have to follow a prescribed curriculum and apprentices take a rigorous

exam at the end of the apprenticeship. Industry or craft chambers certify

whether firms fulfill the requirements to train apprentices adequately, while

worker councils in the firms monitor the training. During the apprenticeship,

workers receive a low training wage, which is set for each industrial sector

by negotiation of the collective bargaining parties.33 After having passed the

exam, apprentices receive a formal skill certificate that is accepted nationwide

(Bougheas and Georgellis (2004)). An overview of the German system of

apprenticeship training is given by Soskice (1994) and Harhoff and Kane

(1995).

In our formal analysis, we impose two simplifications on the German ap-

prenticeship system. First, we assume that the training wage is identical

for all apprentices and thus independent of the worker’s individual produc-

tivity. This assumption is empirically justified because the bargained wage

works as a lower bound for the training wage in each industrial sector and

is binding for about 80% of the training firms (Krekel (2005)). Note that

the training wage does not constitute a decision variable of the government

unless we allow to restrict the level of tariff autonomy in the economy. Sec-

ond, we assume that the length of the apprenticeship is fixed and identical

for each apprentice. Although those school graduates with upper secondary

education (Abitur) can shorten the apprenticeship period, our assumption is

warranted because the extent to which the apprenticeship can be shortened

is rather small and does not vary continuously with the worker’s individual

productivity.34

33In 2004, the average training wage per month was 617 Euros in West Germany and

526 Euros in East Germany (Krekel (2005)). Note that even those firms that are not

covered by collective bargaining are not allowed to pay less than 80% of the bargained

wage of their industrial sector.
34In their analysis of the regulation of apprenticeship contracts, Malcomson, Maw, and
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Following from the second assumption, firms (and workers) decide at

the extensive margin (i.e. participation) whether to provide apprenticeship

training or to employ workers regularly, i.e. to provide full-time work without

formal qualification. At the intensive margin (i.e. hours of training), the ac-

cumulation of human capital by apprenticeship training is determined by the

fixed length of the apprenticeship and the specified curriculum rather than

by investment decisions of the training firms. Hence, we focus on the exten-

sive margin in order to analyze inefficiencies in the number of apprenticeship

training positions.

2.2.3 The Costs of Apprenticeship Training

In 1991, the Bundesanstalt für Berufsbildung investigated training firms with

respect to accounting costs and apprentice productivity in order to assess

the net costs of training, which are defined as the difference between gross

costs and apprentice output. The results of this study are described in Von-

Bardeleben, Beicht, and Fehér (1995). The first step is to calculate gross

costs as the sum of payroll costs, training personnel, material, and equip-

ment used in the training process as well as direct costs of any external

training. However, in many firms trainers are not engaged in training full-

time but also work in productive activities. The study takes two different

approaches to this problem. The first is to prorate time spent on training

by part-time personnel (A), the second is to exclude the costs of part-time

McCormick (2003) assume that the training wage and the length of the apprenticeship

are endogenously determined. Because workers earn wages equal to their marginal prod-

uct upon completion of the apprenticeship, the training wage must be sufficiently low

in order to induce firms to provide apprenticeship training. The optimal length of the

apprenticeship solves a trade-off between current returns for the training firm during the

apprenticeship and future returns for all potential employers after the apprenticeship. Mal-

comson, Maw, and McCormick (2003) show that regulation to increase the length of the

apprenticeship, combined with a subsidy for each completed apprenticeship if the efficiency

loss from distortionary taxation to finance the subsidy is sufficiently low, can increase the

number of apprentices and the amount of training per apprentice.
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trainers completely from the calculation of gross costs (B). Hence, the latter

approach serves as a lower bound for the training costs borne by the firms.

In a second step, the output of apprentices is estimated. A measure of

output is designed by multiplying time spent in productive activities by the

payroll costs of a skilled worker and the relative efficiency of apprentices (C).

However, this calculation implicitly assumes that the wages of skilled workers

are set competitively and thus reflect the marginal product. If labor markets

are imperfect, the output of apprentices is underestimated because the wage

falls below the marginal product. For this reason, an alternative measure of

apprentice output is designed by assuming imperfect labor markets with a

markdown of 50% (2C).35 Table 2.1 illustrates the role of these assumptions

by using data from VonBardeleben, Beicht, and Fehér (1995) for Germany

in 1991 (in German Marks per apprentice per year).36

From Table 2.1, it is evident that at least large firms bear significant costs

in providing general training to their apprentices. As a consequence, many

firms do not offer apprenticeship training positions in order to avoid this

financial burden. However, depending on the method of measuring training

costs and apprentice output, there may be net benefits from apprenticeship

training for small and middle-sized firms.

2.3 The Model

We consider a discrete-time model with two types of agents, namely workers

and firms. In line with Acemoglu and Pischke (1998a), there are two periods,

a training period (period 1) and a working period (period 2). The length of

both periods is normalized to unity. Production takes place in worker-firm

pairs and no capital is needed. According to Eissa, Kleven, and Kreiner

35Otherwise, if the wage exceeded the marginal product, the output of apprentices is

overestimated and the measure of apprentice output should be designed with a markup.
36Krekel (2005) provides an overview of how the costs of apprenticeship training in

Germany depend on the industrial sector, the region, and the year of training. The

training wage slightly increases with the year of training.
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All firms Number of employees

1 - 9 10 - 49 50 - 499 500 +

1) Gross costs (A) 29,573 27,473 28,176 30,344 35,692

2) Gross costs (B) 18,051 13,867 15,074 20,283 28,197

Perfect markets

Appr. output (C) 11,711 12,221 11,465 12,099 10,311

1) Net costs (A− C) 17,862 15,252 16,711 18,245 25,381

2) Net costs (B − C) 6,340 1,646 3,609 8,184 17,886

Imperfect markets

Appr. output (2C) 23,422 24,442 22,930 24,198 20,622

1) Net costs (A− 2C) 6,151 3,031 5,246 6,146 15,070

2) Net costs (B − 2C) -5,371 -10,575 -7,856 -3,915 7,575

Table 2.1: The Costs of Apprenticeship Training in Germany (Source: von

Bardeleben, Beicht, and Fehér (1995), Chart 27 and Table 12)

(2006), a model of extensive labor supply requires some type of heterogeneity,

either in preferences or in ability. In our approach, workers have identical

preferences but are heterogeneous in their initial ability, which is exogenously

given.

At the beginning of period 1, each firmmeets one worker whose individual

ability is drawn randomly from a distribution that is common knowledge. At

the extensive margin, firms and workers decide whether to engage in appren-

ticeship training, to produce with regular work, or not to produce at all. An

apprenticeship takes place only if both parties agree on apprenticeship train-

ing. In the second period, all workers can be employed regularly, but only

those workers who were trained in period 1 have an increased productivity.

In line with Malcomson, Maw, and McCormick (2003), the two periods are

connected by an exogenous separating probability. Altogether, the economy

evolves over time as illustrated in Figure 2.1.

In our model, firms may provide general training both because they are

looking forward to future returns in period 2 (as in Acemoglu and Pischke
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Figure 2.1: The Evolution over Time

(1999b)) and because they currently benefit from doing so in period 1 (as in

Becker (1964)). Especially the latter argument has to be considered because

the implementation of penalty charges affects the current training decision

by altering the opportunity costs of not offering apprenticeship training posi-

tions. The model assumptions and the training decisions of firms and workers

are described in the following subsections.

2.3.1 The Workers

At the beginning of period 1, workers differ in their individual ability, which

is assumed to be uniformly distributed on the interval [θL, θH ].37 After the

match has taken place, firms can unambiguously observe the worker’s abil-

ity.38 In conformity with Malcomson, Maw, and McCormick (2003) and

37This heterogeneity of workers is an important extension compared to the model by

Malcomson, Maw, and McCormick (2003). The continuous distribution of abilities allows

obtaining a smooth participation decision at the individual level (Mirrlees (1971)). In order

to keep the following calculations as simple as possible, we assume a uniform distribution

of abilities.
38This assumption is in line with Boone and Bovenberg (2006). Furthermore, it is

implicitly included in the whole literature on human capital and the life-cycle of earnings.

Each worker offers his individual stock of human capital to the firms and is rewarded by a

rental price per unit of human capital. Hence, we rule out asymmetric information (hidden

knowledge) as a source of wage compression as described in Section 1.3.1. If the worker’s

productivity were not observed by the firm, there would be adverse selection as modeled

e.g. by DeMeza and Webb (2001).
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Hanushek, Leung, and Yilmaz (2003), the mass of workers is normalized to

unity by defining θL ≡ 0 and θH ≡ 1. By assumption, the mass of firms

is also one, which implies that each firm is matched with one worker whose

ability is uniformly distributed on [0, 1].

In line with Malcomson, Maw, and McCormick (2003), workers are risk-

neutral and maximize the sum of their discounted incomes over both peri-

ods:39

V (θ) = w + δw′ (2.1)

The discount factor δ ≡ 1
1+r

with r as the market interest rate expresses

the preference for current and future wealth. The higher δ, the higher is the

weighting of period 2 and the lower is the preference for period 1. In the first

period, the worker’s wage w is equal to

w =






wA if apprenticeship in t = 1

w (θ) = βθ if regular work in t = 1

0 if unemployment in t = 1

(2.2)

In the case of apprenticeship training, the worker receives the training

wage wA ≥ 0, which is independent of his ability and identical for all ap-

prentices. This assumption is motivated by the institutional setting of the

German apprenticeship system as discussed in Section 2.2.2. With regular

work, the wage corresponds to the Nash bargaining solution of oligopolistic

labor markets. By defining the output good as numéraire and assuming an

identical, linear one-to-one production function for the connection of output

and labor (which is the only factor of production), the marginal product

of each worker corresponds to his productivity θ.40 According to Acemoglu

(1997), the parameter 0 ≤ β ≤ 1 indicates the (identical) bargaining power

39The wage corresponds to the worker’s income because labor supply is implicitly nor-

malized to unity. In line with Ben-Porath (1967), we do not analyze a more general utility

function of workers. Note that there is no uncertainty for workers because they receive a

predetermined wage in period 2, either from their current or from another employer.
40The production function exhibits constant returns to scale. From the firm’s point of

view, the worker’s ability can be interpreted as individual productivity.
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of workers concerning the division of output. Because the worker receives

zero income in the case of unemployment, his wage is equal to w (θ) = βθ,

which implies that there are labor market frictions because the worker’s wage

falls below his marginal product for β < 1.41

In period 2, the worker’s wage w′ is given by42

w′ =

{
w(θ′) = βθ′ if regular work in t = 2

0 if unemployment in t = 2
(2.3)

θ′ =






(1 + α) θ if apprenticeship in t = 1

θ if regular work in t = 1

(1− σ) θ if unemployment in t = 1

(2.4)

Like in the first period, the worker receives zero income in the case of

unemployment. With regular work, the wage corresponds to the Nash bar-

gaining solution.43 Hence, it depends on the worker’s productivity θ′, which

is determined by the status of employment in period 1 according to equation

41Wages in both periods are determined by Nash-bargaining, which implies that the

worker’s wage is a fraction of his marginal product θ. The reason is that the firm and

the worker maximize the Nash-product (θ −w)(1−β)wβ . While w is the bargained wage

of the worker, the firm is the residual claimant of output so that its profits are equal to

the residuum (θ −w) (cf. Section 2.3.2). Because there is only one chance for a worker-

firm match in period 1 (cf. Figure 2.1) and workers become unemployed in the case of

no agreement, the failure to agree on a wage yields an income and profit level of zero.

Hence, because the fall-back payoffs are zero, the bargained wage is equal to w (θ) = βθ

(Ortigueira (2006)). This result also holds when there is no unemployment in equilibrium

because the fall-back payoffs would only be affected if there were more than one chance

for a match. Hence, zero unemployment is not assumed but may be the result of the

matching process. Note that our analytical results will not change qualitatively if the

worker receives the full marginal product, which implies β = 1 and w (θ) = θ.
42Our model does not consider search frictions which implies identical matching proba-

bilities equal to one for all workers. Alternatively, the probability of a match in period 2

may explicitly depend on the worker’s status of employment in period 1. Different match-

ing probabilities can be justified by different frictions in searching for employment (Mincer

(1989)).
43Similar to period 1, the bargained wage is equal to w

(
θ′
)
= βθ′ in the second period.

The reason is that the fall-back payoffs are zero because the bargaining takes place in
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(2.4). In the second period, the productivity of all workers employed regu-

larly in period 1 is unchanged (i.e. θ′ = θ). The productivity of previously

unemployed workers declines to θ′ = (1− σ) θ because the fraction σ > 0 of

skills not employed in period 1 is lost and thus no longer available in period

2 (Pissarides (1992)).

For all trained workers, the productivity increases to θ′ = (1 + α) θ,

whereas the parameter α ≥ 0 represents the productivity-enhancement of

apprenticeship training. While the relative productivity gain from appren-

ticeship training is equal to α and thus identical for all trained workers, the

absolute productivity gain θ′ − θ = αθ is proportional to the worker’s in-

nate productivity θ.44 This assumption is motivated by the literature on

human capital formation at the intensive margin (cf. Ben-Porath (1967) and

Heckman (1976)). Because the productivity-enhancement unambiguously

depends on the amount of training, the assumption that α is identical for

each worker and independent of θ implies that the amount of training is the

same for all apprentices. This implication is in conformity with the German

system of apprenticeship training, where the amount of training per appren-

tice is defined by the prescribed curriculum rather than by the training firm

(cf. Section 2.2.2).45 Furthermore, the identical productivity-enhancement

simplifies the formal analysis because the fraction of trained workers can be

aggregated more easily.

worker-firm pairs (either with the same contractual partner as in period 1 or with a new

partner in the case of separation) and this is the only chance for an agreement in period 2

(cf. Figure 2.1). The failure to agree on a wage yields an income and profit level of zero.
44Formally, this means ∂(θ′−θ)

∂θ
= α ≥ 0. Intuitively, the accumulation of new skills is

easier when more skills are already available. This relationship is also suggested by Ben-

Porath (1967) and Mincer (1997). Because the parameter α determines the productivity

and thus the wage in period 2, it constitutes the key determinant of the return to education

as analyzed in the theory of human capital (c.f. Section 1.4).
45If the firms could decide on their human capital investment not only at the exten-

sive but also at the intensive margin and if the optimal amount of training depended on

the workers’ innate ability, the productivity-enhancement would not be the same for all

workers.
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Altogether, the total income of a worker with initial ability θ and regular

employment in period 2 is obtained by substituting equations (2.2) to (2.4)

into equation (2.1):

V (θ) =






wA + δβ (1 + α) θ if apprenticeship in t = 1

(1 + δ)βθ if regular work in t = 1

δβ (1− σ) θ if unemployment in t = 1

(2.5)

2.3.2 The Firms

As modeled by Malcomson, Maw, and McCormick (2003), firms are risk-

neutral and maximize the discounted sum of their expected profits over both

periods:

π (θ) = π + δE [π′] (2.6)

In period 1, the firm can invest in the worker’s human capital by offering

an apprenticeship training position. Due to the prescribed curriculum of

the apprenticeship, the firm only has this discrete choice at the extensive

margin but cannot decide on the amount of training at the intensive margin.

However, the firm can reject to provide firm-sponsored general training by

employing the worker regularly or leaving the market. Hence, the firm’s

profits in period 1 are equal to46

π =






χθ − wA if apprenticeship in t = 1

(1− β) θ if regular work in t = 1

0 if no production in t = 1

In both periods, the firm’s profits are equal to the difference between

revenue and costs per worker. In the case of apprenticeship training, the

relative efficiency of the apprentice is reduced compared to a regular full-

time worker, i.e. 0 < χ < 1. As discussed in Section 2.2.3 with respect to

46To hold calculations simple, we assume the fixed costs of production to be zero. Ana-

lytically, the fixed training wage works like fixed costs of apprenticeship training. There is

only one difference: with direct costs of apprenticeship training it would never be optimal

to train all workers in the first-best optimum (cf. Section 2.3.3).
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the German apprenticeship system, the efficiency parameter χ refers to the

allocation of time between training and work in the first period and represents

the fraction of time spent in productive activities.47 The profit of a firm that

regularly produces with a worker of productivity θ corresponds to the Nash

bargaining solution and is equal to (1− β) θ.48

At the end of period 1, three situations can arise: the match continues,

firm and worker are separated for an exogenous reason, or firm and worker

definitively separate because the firm decides to fire the worker. As shown

in Figure 2.1, at the beginning of period 2 there is a stochastic matching of

those firms and workers separated after the first period. After the match has

taken place, firms can unambiguously observe the worker’s ability and thus

each firm faces a worker of a well defined productivity. If the worker’s pro-

47The reduced efficiency of apprentices is due to external schooling and internal seminars.

The fraction (1− χ) of time spent in training activities is determined by the prescribed

curriculum of the German apprenticeship system. Note that our anayltical results would

be strengthened (without changing qualitatively) if we assumed an inverse relationship

between the productivity-enhancement α and χ. However, we neglect this relationship in

the following analysis because both parameters do not constitute decision variables of the

firm.

For technical reasons, we restrict the training wage to satisfy wA ≤ χ − (1− β). This

assumption can also be justified by economic intuition: the training wage should not exceed

the difference between the output of the most productive apprentice and the firm’s profit

by regularly employing the most productive worker. Because of wA ≥ 0 this asumption

implies χ ≥ 1 − β. Note that the restriction wA ≤ χ − (1− β) constitutes a sufficient

condition for the pivotal productivity θLF to be non-negative (cf. Section 2.3.4). If

this restriction were not imposed, we would have to extend our formal analysis to the

additional case θLF < 0 without apprenticeship training. However, this case is empirically

less important.
48Because the firm’s profits are equal to (θ −w) and wages are determined by w (θ) = βθ

(cf. Section 2.3.1), the Nash bargaining solution implies profits equal to π = (1− β) θ.

Note that the firm’s fall-back payoff in period 1 is zero because there is only one chance

for a worker-firm match (cf. Figure 2.1). The same holds in period 2, which implies that

profits are equal to π′ = (1− β) θ′ in the case of regular work. Altogether, the results

of the bargaining process concerning the division of output allow comparing the firm’s

different employment opportunities at the extensive margin.
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ductivity is high and the firm wants to keep the worker, there is an exogenous

separating probability ρ, which implies that the employment relationship of

period 1 is maintained in period 2 with probability (1− ρ).49 However, if the

worker’s productivity falls below the critical level θ̄, the firm decides to fire

the worker (i.e. there is separation with probability one). Because the work-

ers can be employed regularly, the expected profits of all firms correspond

to the Nash bargaining solution and thus depend on the worker’s expected

productivity in period 2:50

E [π′] =

{
(1− β) [(1− ρ) θ′ + ρE[θ′]] if θ ≥ θ̄

(1− β)E[θ′] if θ < θ̄

The expected productivity E[θ′] of a separated worker corresponds to the

average productivity in the pool of all separated workers. Hence, it depends

on the fraction of firms that fire their worker after period 1 and the fraction

(1 − θ̄) of firms that decide to keep their worker as well as on the fraction

(1 − θA) of trained workers, the fraction (θA − θU) of regular workers, and

the fraction θU of those workers unemployed in period 1. In the following,

we assume that all firms providing apprenticeship training in period 1 want

to keep their worker (i.e. θA > θ̄) while all firms leaving the market in period

1 want to meet another worker (i.e. θU < θ̄).51 Hence, there must be one

firm with regular work in period 1 that is just indifferent between keeping its

worker and firing him after the first period. This implies that the expected

49Note that the magnitude of ρ is not crucial for the following analysis. On the one

hand, in the extreme case ρ = 1, firms and workers definitively separate after period 1,

which maximizes the second kind of inefficiency as discussed in Section 2.3.4. On the other

hand, in the case ρ = 0, there is no exogenous separation so that this kind of inefficiency

cancels out. However, our qualitative conclusions remain unaffected in both cases.
50Like in the first period, the firm’s profits in period 2 are zero if no production takes

place.
51The first assumption is empirically confirmed by Booth and Satchell (1994) who show

that completed apprenticeships significantly increase the probability of job tenure for both

workers and firms.
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productivity of a separated worker is generally composed of four parts:52

E[θ′] = ρ

1∫

θA

(1 + α) θdθ + ρ

θA∫

θ̄

θdθ +

θ̄∫

θU

θdθ +

θU∫

0

(1− σ) θdθ

Taken together both periods, firms can choose four different actions: (1)

train the worker and try to keep him, (2) employ the worker regularly and

try to keep him, (3) employ the worker regularly, fire him after the first

period, and meet a new worker with the expected productivity E[θ′], and (4)

leave the market in period 1 and meet a new worker with E[θ′] in period 2.

Altogether, depending on the worker’s productivity in the first period, total

profits of a firm are equal to

π (θ) =






(1) χθ − wA + δ (1− β) [(1− ρ) (1 + α) θ + ρE[θ
′]] if θ ≥ θA

(2) (1− β) θ + δ (1− β) [(1− ρ) θ + ρE[θ′]] if θ̄ ≤ θ < θA

(3) (1− β) θ + δ (1− β)E[θ′] if θU ≤ θ < θ̄

(4) δ (1− β)E[θ′] if θ < θU
(2.7)

In the following analysis, it is not necessary to explicitly determine E[θ′]

and its components. The firm decides at the extensive margin whether to

provide apprenticeship training, to employ the worker regularly, or to leave

the market (cf. Sections 2.3.4 and 2.4.1). Concerning the discrete choice

between apprenticeship training and regular work, the firm compares total

profits (1) and (2) in equation (2.7), which implies that the expected pro-

ductivity cancels out. The same holds with respect to the choice between

regular work and market exit because the firm compares total profits (3) and

(4).

Furthermore, the expected productivity E[θ′] does not show up in the

welfare analysis of Sections 2.3.4 and 2.4.2 because uncertainty is resolved

52As it is the case with laissez-faire (cf. Section 2.3.4), the fraction of unemployed

workers might be zero (i.e. θU = 0), which implies that there are only the cases (1) to

(3) in equilibrium. Furthermore, if there is only exogenous separation, E[θ′] equals the

average productivity of all workers in the economy.
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Figure 2.2: The First-Best Optimum

after the match has taken place and each firm faces a worker of a well defined

productivity. This worker may be either the same as in the first period if

the firm wants to keep the worker (with probability (1− ρ)) or this worker

may be hired randomly from the pool of all separated workers. However,

the average productivity of all workers in this pool is important only for the

ex ante expected profits of a specific firm, but it does not enter into the ex

post welfare equations. In aggregate, all firms and workers are matched in

the second period (either randomly from the pool of all separated workers or

because the firm wants to keep the worker) and it is not relevant which firm

and which worker are matched.

2.3.3 The First-Best Optimum

In the first-best optimum (FB), the overall welfare (i.e. the common surplus

of workers and firms) is maximized. Obviously, there is no unemployment

in the first-best optimum (i.e. uFB = 0) because each unemployed worker

would be equivalent to lost productivity.

In the following, we assume that θFB describes the welfare maximizing

pivotal productivity between apprenticeship training and regular work.53

Hence, the optimal number of apprentices in the first period is nFB =

1 − θFB.54 This situation is illustrated in Figure 2.2. The overall welfare

53Note that there are two possibilities for θFB: first, it can be an interior solution within

the interval [0, 1], and second, it can be a corner solution, which implies that it is either

equal to zero or one.
54More accurately, nFB describes the mass of apprentices in the first-best optimum. In

the following, we will neglect this inaccuracy.
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in the first-best optimum unambiguously depends on θFB:55

WFB =

1∫

θFB

(χ+ δ (1 + α)) θdθ

︸ ︷︷ ︸
apprenticeship training

+

θFB∫

0

(1 + δ) θdθ

︸ ︷︷ ︸
regular work

(2.8)

The first integral in (2.8) describes the aggregate output of those workers

who receive apprenticeship training in the first period. The productivity

of these workers is reduced by the efficiency parameter χ in period 1, but

it is increased by the factor (1 + α) in period 2. The second integral is

equal to the aggregate output of regular workers without an apprenticeship

training position. These unskilled workers with θ < θFB have an identical

productivity θ in both periods, which adds up to a present value of (1 + δ) θ.

Maximizing (2.8) with respect to θFB yields the optimal pivotal produc-

tivity between apprenticeship training and regular work. The partial deriv-

ative of WFB with respect to θFB is given by

∂WFB

∂θFB
= − (χ− 1 + δα) θFB

{
> 0 if α < 1−χ

δ

≤ 0 if α ≥ 1−χ
δ

(2.9)

Because, the first derivative in (2.9) is either larger or smaller than zero

for all productivities θ ∈ [0, 1], the pivotal productivity θFB represents a

corner solution, which is either equal to zero or one. For α < 1−χ
δ
, the overall

welfare strictly increases with θFB and thus decreases with the number of

apprenticeship training positions. Hence, the overall welfare is maximal for

θFB = 1, i.e. no workers should be trained (nFB = 0). For α ≥ 1−χ
δ
, the

overall welfare decreases with θFB. Therefore, the overall welfare is maximal

for θFB = 0, i.e. all workers should be trained (nFB = 1). Both cases are

summarized in the following proposition.

55The density function of individual abilities is f (θ) = 1. Note that the labeling at the

bottom in (2.8) refers to the workers’ status of employment in period 1.
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Proposition 2.1 Depending on the productivity-enhancement α, the number

of apprenticeship training positions in the first-best optimum is equal to

nFB =

{
0 if α < 1−χ

δ

1 if α ≥ 1−χ
δ

(2.10)

Therefore, the overall welfare in the first-best optimum is equal to

WFB =

{
1
2
(1 + δ) if α < 1−χ

δ
1
2
(χ+ δ(1 + α)) if α ≥ 1−χ

δ

(2.11)

2.3.4 The Benchmark without Penalty Charges

The Training Decision of Firms

At the extensive margin, each firm decides whether to offer an apprenticeship

training position, to employ the worker regularly, or to leave the market.

Without penalty charges, no firm will leave the market because it is always

possible to make positive profits by employing the worker regularly.56 In the

following, we characterize the training decision of firms depending on the

individual productivities of the workers.

Definition 2.1 The pivotal productivity θLF is defined to be the lowest pro-

ductivity of those workers to whom firms decide to offer an apprenticeship

training position. A firm prefers apprenticeship training to regular work if

its profits over both periods solve

χθ − wA + δ (1− β) [(1− ρ) (1 + α) θ + ρE[θ
′]]

≥ (1− β) θ + δ (1− β) [(1− ρ) θ + ρE[θ′]]

θ ≥ θLF ≡
wA

χ− (1− β) + δ (1− ρ) (1− β)α
(2.12)

56Note that regular employment does not generate positive profits for θL = 0 so that the

firm ist just indifferent between employing the worker and leaving the market. Because

this borderline case has no consequences for the overall welfare, we simply assume that

this worker with the lowest productivity is also employed regularly.
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Concerning the decision between apprenticeship training and regular work,

the firm compares total profits in the first and the second row of equation

(2.7), which implies that the expected productivity E[θ′] cancels out (cf. Sec-

tion 2.3.2). The pivotal productivity θLF increases with the training wage

(wA) and the separating probability (ρ) and decreases with the relative effi-

ciency of apprentices (χ) and the productivity-enhancement of apprenticeship

training (α).57

The Training Decision of Workers

Additionally, we have to analyze the training decision of workers. Workers

never prefer to remain unemployed because they receive zero income in this

case.58 Workers prefer apprenticeship training in period 1 if the discounted

sum of their expected earnings over both periods is larger with training than

with regular work. Hence, the following participation constraint must be

satisfied:

wA + δβ (1 + α) θ ≥ (1 + δ)βθ (2.13)

Proposition 2.2 For α ≥ 1
δ
, the participation constraint (2.13) is satisfied

for all productivities θ ∈ [0, 1]. However, if the productivity-enhancement

of apprenticeship training is low, workers with high ability prefer to remain

unskilled. For α < 1
δ
, a worker prefers apprenticeship training to regular

work if

θ ≤ θW ≡
wA

β (1− δα)
(2.14)

The pivotal productivity θW is defined to be the highest productivity of those

workers who decide to accept an apprenticeship training position if the

productivity-enhancement of training is low.

57Booth and Satchell (1994) empirically confirm that firms offer apprenticeship training

positions to those workers with higher individual ability. Note that 0 ≤ θLF ≤ 1 is implied

by 0 ≤ wA ≤ χ− (1− β).
58We assume that there are no unemployment benefits. If there were unemployment

benefits greater than zero, workers with very low ability may prefer to remain unemployed.
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Figure 2.3: The Laissez-Faire Equilibrium 1

If the productivity-enhancement of apprenticeship training exceeds the

lower bound 1
δ
, all workers prefer apprenticeship training to regular work

because their wages in period 2 increase by more than they have to forgo in

the first period. However, for α < 1
δ
, only low-ability workers will adopt an

apprenticeship training position. Workers with individual ability above θW

prefer to work regularly because the productivity-enhancement in period 2

is too low to compensate for the low training wage in period 1.

The Laissez-Faire Equilibrium

In a first step, we concentrate on the case α ≥ 1
δ
, i.e. we assume that all

workers prefer apprenticeship training to regular work. According to the

training decision of the firms, nLF = 1− θLF workers receive apprenticeship

training while all other workers are employed regularly. Like in the first-best

optimum, there is no unemployment because firms and workers always prefer

regular work to market exit. This laissez-faire equilibrium (LF) is illustrated

in Figure 2.3.

The aggregate welfare of workers over both periods is equal to the dis-

counted sum of aggregate incomes. Hence, in the laissez-faire equilibrium,

the aggregate welfare of workers (W) is equal to

WLF
W =

1∫

θLF

[wA + δβ (1 + α) θ] dθ

︸ ︷︷ ︸
apprenticeship training

+

θLF∫

0

(1 + δ)βθdθ

︸ ︷︷ ︸
regular work

(2.15)

The first integral in (2.15) is equal to the discounted aggregate wage sum

of trained workers who earn wA in the first period and w (θ) = β (1 + α) θ in
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period 2. The second integral describes the discounted aggregate wage sum

of those workers who are employed regularly in both periods and earn wages

equal to the Nash bargaining solution, i.e. w (θ) = βθ.

In almost the same manner, the aggregate welfare of firms (F) over both

periods is equal to the discounted sum of aggregate profits:

WLF
F =

1∫

θLF

[(χ+ δ (1− β) (1 + α)) θ − wA] dθ

︸ ︷︷ ︸
apprenticeship training

+

θLF∫

0

(1 + δ) (1− β) θdθ

︸ ︷︷ ︸
regular work

(2.16)

The first integral is equal to the discounted aggregate profits of training

firms (period 1) and those firms producing with a trained worker (period 2).

In the first period, the profits of the training firms are determined by the ef-

ficiency parameter χ and the training wage wA. In period 2, the productivity

of trained workers is augmented by the factor (1 + α), which increases the

firms’ profits by the output share (1− β) according to the Nash bargaining

solution. The second integral is equal to the discounted aggregate profits of

firms employing unskilled workers regularly in both periods. As suggested in

Section 2.3.2, the pool of all separated workers and the expected productivity

of a separated worker do not show up in the welfare analysis. The reason is

that all firms and workers are matched in the second period (either randomly

or because the firm wants to keep the worker) and, concerning the overall

welfare, it is not relevant which firm and which worker are matched.

Altogether, the overall welfare for α ≥ 1
δ
is determined by the aggregate

welfare of workers and firms as described by equations (2.15) and (2.16):

WLF =

1∫

θLF

(χ+ δ (1 + α)) θdθ

︸ ︷︷ ︸
apprenticeship training

+

θLF∫

0

(1 + δ) θdθ

︸ ︷︷ ︸
regular work

(2.17)

Note that the parameter β cancels out because the bargaining power

only determines how the output is divided between workers and firms. In a
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Figure 2.4: The Laissez-Faire Equilibrium 2

second step, we have to analyze the laissez-faire equilibrium for α < 1
δ
. In

this case, all workers with individual ability θ > θW prefer regular work to

apprenticeship training. In brief, there are two different subcases that have

to be considered. On the one hand, if the productivity-enhancement α is very

small (i.e. α < α0 ≡
1−χ

δ(1−ρ(1−β))
), the pivotal productivity θW falls below θLF .

Hence, there are no workers that both prefer apprenticeship training and are

offered a training place (i.e. nLF = 0). All workers are employed regularly,

which implies that the overall welfare for α < α0 is equal to

WLF =

1∫

0

(1 + δ) θdθ

︸ ︷︷ ︸
regular work

(2.18)

On the other hand, for α0 ≤ α < 1
δ
, the pivotal productivity θW is larger

than θLF (cf. Figure 2.4).59 Hence, nLF = θW − θLF workers are trained and

the overall welfare is equal to

WLF =

1∫

θW

(1 + δ) θdθ

︸ ︷︷ ︸
regular work

+

θW∫

θLF

(χ+ δ (1 + α)) θdθ

︸ ︷︷ ︸
apprenticeship training

+

θLF∫

0

(1 + δ) θdθ

︸ ︷︷ ︸
regular work

(2.19)

By summarizing (2.17), (2.18), and (2.19), the different cases of laissez-

faire are presented in the following proposition.

59Note that 1−χ
δ(1−ρ(1−β)) <

1
δ
is implied by χ > ρ (1− β).
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Proposition 2.3 Depending on the productivity-enhancement α, the number

of apprenticeship training positions in the laissez-faire equilibrium is equal to

nLF =






0 if α < α0 ≡
1−χ

δ(1−ρ(1−β))

θW − θLF if α0 ≤ α < 1
δ

1− θLF if α ≥ 1
δ

(2.20)

Therefore, the overall welfare in the laissez-faire equilibrium is equal to

WLF =






1
2
(1 + δ) if α < α0

1
2
(1 + δ) + 1

2
(χ− 1 + δα) [(θW )2 − (θLF )2] if α0 ≤ α < 1

δ
1
2
(χ+ δ (1 + α))− 1

2
(χ− 1 + δα) (θLF )2 if α ≥ 1

δ

(2.21)

In the following subsection, the laissez-faire equilibrium is compared to

the first-best optimum in order to evaluate the possibilities of welfare-

enhancing government interventions.

Inefficiencies in the Number of Apprenticeship Training Positions

By comparing the number of apprenticeship training positions in the first

best optimum (2.10) and in the laissez-faire equilibrium (2.20), we conclude

that it is efficient only for small values of α. With laissez-faire, it is always

less or equal to the first-best number of apprenticeship training positions.

Proposition 2.4 Depending on α, the deviation from the number of appren-

ticeship training positions in the first-best optimum is equal to

△n = nLF − nFB =






0 if α < 1−χ
δ

− 1 if 1−χ
δ
≤ α < α0

θW − θLF − 1 if α0 ≤ α < 1
δ

−θLF if α ≥ 1
δ

(2.22)

For α ≥ 1−χ
δ
, the number of apprenticeship training positions is ineffi-

ciently low because the first-best optimum requires θFB = 0. Unfortunately,
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the training decision of firms bears three different kinds of inefficiencies, which

are in line with the results of Acemoglu and Pischke (1999b). In the following,

we focus on the case α ≥ α0 where the deviation from the first-best optimum

is driven by the pivotal productivity θLF . The higher θLF , the lower is the

number of apprenticeship training positions and the larger are the inefficien-

cies in the training decision of the firms.60 In order to distinguish between

the three kinds of inefficiencies, we label the workers’ bargaining power by

an index for period 1 and period 2, respectively:

θLF =
wA

χ− (1− β1) + δ (1− ρ) (1− β2)α

The first kind of inefficiency stems from the fact that firms take into ac-

count only their own gains from higher productivity and neglect the gains for

the workers by higher wages in the second period. Hence, firms underinvest

in the workers’ human capital by offering an insufficient number of appren-

ticeship training positions. This inefficiency could be eliminated only if the

firms were the sole beneficiaries of apprenticeship training (i.e. β2 = 0). The

higher the workers’ bargaining power in period 2, the higher is the pivotal

productivity θLF and the larger is the difference compared to the number of

apprenticeship training positions in the first-best optimum.

Second, there is a probability of exogenous separation after the training

period. The pivotal productivity θLF increases with ρ because the training

firms bear the risk of not participating in the workers’ higher productivity

after the apprenticeship has been completed. Hence, firms do not take into

account higher profits of potential future employers in period 2. The higher

the exogenous separating probability, the larger is the inefficiency in the

provision of apprenticeship training. This is in line with the empirical results

of Lynch (1991) and Loewenstein and Spletzer (1999) who find a positive

relationship between training and job tenure. This kind of inefficiency could

be eliminated only if there were no exogenous separation after the first period

60Note that the inefficiencies are reduced if the productivity-enhancement of apprentice-

ship training becomes larger: ∂θLF

∂α
< 0.
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(ρ = 0) or if future employers could be identified in advance and included

into the apprenticeship contract at the beginning of period 1.

Beyond the approach of Acemoglu and Pischke (1999b), our model covers

a third source of inefficiency that is generated by the fixed training wage

during the apprenticeship.61 This kind of inefficiency can be completely

different depending on the productivity-enhancement α. For α < α0, the

distortion △n is not affected by the magnitude of the training wage. For

α0 ≤ α < 1
δ
, the deviation from the first-best number of apprenticeship

training positions is reduced if wA increases. The reason is that an increase

in the training wage raises the number of workers who prefer apprenticeship

training by more than it decreases the number of training firms (i.e. △θW >

△θLF ). This effect is directly opposed for α ≥ 1
δ
because all workers prefer

apprenticeship training to regular work. However, the firms consider wA as

training costs but do not take into account that it also determines the income

of apprentices in period 1. In this case, θLF increases with wA, which implies

that the training wage is inefficiently high:

∂θLF

∂wA
> 0 ⇔

∂nLF

∂wA
< 0 ⇔

∂△n

∂wA
< 0

Hence, for α ≥ 1
δ
and thus θFB = 0, the government could lower θLF

and thus reduce the third kind of inefficiency by regulating the training wage

towards zero. Without generating unemployment, even the first-best level

61For α ≥ 1−χ
δ

, the first-best number of apprenticeship training positions could be

achieved if the training wage were proportional to the worker’s innate ability. For w̃A = sθ

with β1 ≤ s ≤ χ− (1− β1) + δα, all workers and firms prefer apprenticeship training to

regular work so that the number of trained workers is equal to nFB = 1. This condition

is obtained by excluding the other two kinds of inefficiencies, i.e. by assuming β2 = 0 and

ρ = 0. Therefore, the fixed training wage wA is inefficient for those workers whose innate

ability does not lie within the following range:

β1θ ≤ wA ≤ [χ− (1− β1) + δα] θ

If the training wage is too high relative to the output of an apprentice, the firm is deterred

from training the worker.
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of apprenticeship training could be achieved by wA = 0. Because all work-

ers should be trained and the productivity of the apprentice with the lowest

ability is equal to χθL = 0, the training wage has to satisfy wA = 0 in or-

der to guarantee the first-best number of apprenticeship training positions.

However, as discussed in Section 2.2.2, the training wage is set by the col-

lective bargaining parties and does not constitute a decision variable of the

government. Because regulating wA would require to restrict the level of tar-

iff autonomy in the economy, we assume that this policy instrument is not

available and the government takes the training wage as given when deciding

on the optimal level of penalty charges.

In a nutshell, all three kinds of inefficiencies are generated by the "hold-

up" problem of incomplete contracts, which means that one party (i.e. the

current employer) bears the costs of apprenticeship training while another

party (i.e. the worker and the future employer) shares in the return. These

inefficiencies would be solved if firms and workers could write a complete

contract in which the external effects (i.e. both the costs and benefits) of

apprenticeship training are internalized. Unfortunately, the positive prob-

ability of exogenous separation after period 1 makes it necessary to take

into account the profits of the new employer in period 2. Obviously, this is

not possible because the future employer is unknown in advance. Further-

more, the third kind of inefficiency would require to bargain on wA, which

is made unfeasible by the downward rigidities in the training wage as dis-

cussed in the context of the German apprenticeship system. Hence, Coasian

bargaining on the training wage and writing a complete contract covering

all beneficiaries of apprenticeship training are not feasible. Taken together,

these inefficiencies constitute the necessary condition for welfare-enhancing

government interventions. Penalty charges are a possible policy instrument

to move the economy towards its first-best optimum by increasing the number

of apprenticeship training positions.

Compared to the implementation of penalty charges, there are other pol-

icy instruments which may be even superior concerning the maximization
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of overall welfare. For example, the government could reverse the statutory

incidence by imposing penalty charges on those workers who do not adopt

an apprenticeship training position. However, because workers indeed prefer

apprenticeship training to regular work (at least for α ≥ 1
δ
, cf. Section 2.3.4)

and firms are not allowed to pay a training wage below wA, this measure has

no effect on the number of trained workers but may induce some workers to

leave the market in the worst case. Furthermore, the government could de-

cide to pay firm-subsidies for each completed apprenticeship as suggested by

Malcomson, Maw, and McCormick (2003). With these subsidies, the welfare

gain of more apprenticeship training positions has to be weighted against the

efficiency loss from distortionary taxation to finance the subsidy. However,

we restrict the range of available policy instruments and do not refer to this

policy instrument in the following analysis because we exclusively focus on

the effects of penalty charges and their implications for overall welfare.

2.4 The Welfare Analysis of Penalty Charges

2.4.1 The Pivotal Productivities with Penalty Charges

If identical penalty charges T ≥ 0 are imposed on the firms in the case of

regular work, the opportunity costs of not offering apprenticeship training

positions are increased.62 Hence, the pivotal productivity between appren-

ticeship training and regular work is decreased.

Definition 2.2 The pivotal productivity θPCA is defined to be the lowest pro-

ductivity of those workers to whom firms decide to offer an apprenticeship

training position if they are exposed to penalty charges. With penalty charges

(PC), a firm prefers apprenticeship training to regular work if its profits over

62The training quota for the identical firms is one, i.e. every firm is assigned to train

the worker it meets. Consequently, the penalty charges are identical for each untrained

worker. Note that penalty charges are analytically the same as fixed costs of production

that only accrue in the case of regular work.
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both periods solve

χθ − wA + δ (1− β) [(1− ρ) (1 + α) θ + ρE[θ
′]]

≥ (1− β) θ − T + δ (1− β) [(1− ρ) θ + ρE[θ′]]

θ ≥ θPCA ≡
wA − T

χ− (1− β) + δ (1− ρ) (1− β)α
(2.23)

As in Section 2.3.4, E[θ′] cancels out because the firm wants to keep the

worker both in the case of apprenticeship training and in the case of regular

work. Concerning the pivotal productivity between apprenticeship training

and regular work, penalty charges work like a reduction in the training wage.

Like θLF , the pivotal productivity θPCA increases with ρ because the expected

return to apprenticeship training is reduced for the training firm if separation

becomes more likely.

However, some firms decide to leave the market in period 1 (with zero

profits) and to reenter in period 2 in order to avoid the financial burden of

penalty charges. Hence, workers with very low ability remain unemployed in

period 1 because firms do no longer make profits by employing them regularly.

Definition 2.3 The pivotal productivity θPCU is defined to be the lowest pro-

ductivity of those workers to whom firms decide to offer regular work com-

pared to zero profits in the case of market exit. With penalty charges, a firm

prefers regular work to market exit if its profits over both periods solve

(1− β) θ − T + δ (1− β)E [θ′] ≥ δ (1− β)E [θ′]

θ ≥ θPCU ≡
T

1− β
(2.24)

Again, E[θ′] cancels out because the firm decides to meet a new worker

both in the case of regular work and in the case of no production. Because

separation is sure after the first period, the pivotal productivity θPCU is inde-

pendent of ρ.63

63Note that the right hand side in Definition 2.2 and the left hand side in Definition 2.3

are not identical because the first one refers to those firms with regular work that want
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Figure 2.5: The Equilibrium with Penalty Charges

Before analyzing the equilibrium with penalty charges, we have to deter-

mine the relationship of the three pivotal productivities θLF , θPCA and θPCU .

Proposition 2.5 If penalty charges do not exceed some upper bound

T ≤ T̄ ≡
(1− β)wA

χ+ δ (1− ρ) (1− β)α

the relationship of the pivotal productivities is the following (cf. Appendix

A):

θLF ≥ θPCA ≥ θPCU

2.4.2 The Equilibrium with Penalty Charges

With penalty charges, nPC = 1−θPCA workers are trained in period 1. Hence,

there are nPC−nLF = θLF−θPCA additional apprenticeship training positions

compared to the laissez-faire equilibrium. All workers with individual ability

between θPCA and θPCU are employed regularly while the low-ability workers

with θ < θPCU remain unemployed.64 This situation is illustrated in Figure

2.5.

to keep their worker while the second one refers to those firms that decide to meet a new

worker in period 2.
64Note that high penalty charges T = T̄ imply θPCA = θPCU so that the number of

apprenticeship training positions is maximized at the cost of suppressed regular work. In

this case, also the number of unemployed workers is maximal.
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Altogether, the aggregate welfare of workers with penalty charges is equal

to

WPC
W =

1∫

θPCA

[wA + δβ (1 + α) θ] dθ

︸ ︷︷ ︸
apprenticeship training

+

θPCA∫

θPCU

(1 + δ)βθdθ

︸ ︷︷ ︸
regular work

+

θPCU∫

0

δβ (1− σ) θdθ

︸ ︷︷ ︸
unemployment

(2.25)

The first integral in (2.25) is equal to the discounted aggregate wage sum

of trained workers while the second one describes the discounted aggregate

wage sum of workers who are employed regularly in both periods. The third

integral is equal to the discounted aggregate wage sum of low-ability workers

who are employed regularly in period 2 but remain unemployed in the first

period. These workers with θ < θPCU earn nothing in period 1. In the second

period, there is no unemployment. All workers are employed regularly and

compensated according to the Nash bargaining solution.

Concerning the aggregate welfare of firms, we must also consider the

penalty charges imposed on all (θPCA − θPCU ) firms that employ workers reg-

ularly in period 1. Compared to the laissez-faire equilibrium, the profits of

these firms are reduced by T in the first period. Hence, the aggregate welfare

of firms with penalty charges is equal to

WPC
F =

1∫

θPCA

[(χ+ δ (1− β) (1 + α)) θ − wA] dθ

︸ ︷︷ ︸
apprenticeship training

(2.26)

+

θPCA∫

θPCU

[(1 + δ) (1− β) θ − T ] dθ

︸ ︷︷ ︸
regular work

+

θPCU∫

0

δ (1− β) (1− σ) θdθ

︸ ︷︷ ︸
unemployment

The first integral is equal to the discounted aggregate profits of training

firms (period 1) and firms producing with a trained worker (period 2). While

the second integral describes the discounted aggregate profits of firms that
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decide to employ workers regularly in both periods, the third one is equal

to the discounted aggregate profits of those firms producing with low-ability

workers in period 2. As in Section 2.3.4, the expected productivity E[θ′] does

not show up in equation (2.26).

In order to determine the overall welfare with penalty charges, we have

to consider the total amount of penalty charges which is not lost but may

be spent by the government. Penalty charges exert an indirect influence on

the overall welfare in (2.27) by changing the pivotal productivities compared

to the laissez-faire equilibrium, but they cancel out as a direct determinant

because they represent pure lump-sum transfer from the firms to the gov-

ernment. Additionally, the implementation of penalty charges generates ad-

ministration costs, which are assumed to increase with the level of penalty

charges:65

C (T ) =
c

2
T 2

Altogether, the overall welfare with penalty charges is equal to

WPC(T ) =

1∫

θPCA

(χ+ δ (1 + α)) θdθ

︸ ︷︷ ︸
apprenticeship training

(2.27)

+

θPCA∫

θPCU

(1 + δ) θdθ

︸ ︷︷ ︸
regular work

+

θPCU∫

0

δ (1− σ) θdθ

︸ ︷︷ ︸
unemployment

− C (T )

65Our analytical results will be strengthened if C (T ) has to be financed by distortionary

taxation and thus generates an efficiency loss of λ per unit of money. However, we neglect

these additional efficiency costs, which implies that our results are not directly comparable

to the policy instrument of firm-subsidies for each completed apprenticeship as mentioned

at the end of Section 2.3.4. Note that our analytical results concerning the optimal penalty

charges were qualitatively the same if we excluded any costs of administration and com-

pletely focused on the efficiency costs of unemployment among low-ability workers. In this

case, the advantages of penalty charges would be even larger.
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In order to determine the optimal penalty charges, we have to maximize

(2.27) with respect to T :

(χ− 1 + δα) θPCA

(
−
∂θPCA
∂T

)

︸ ︷︷ ︸
more apprenticeship training positions

= (1 + δσ) θPCU
∂θPCU
∂T︸ ︷︷ ︸

more unemployment

+ cT︸︷︷︸
administration costs

(2.28)

The first-order condition (2.28) compares the marginal benefits (on the

left hand side) and the marginal costs (on the right hand side) of an in-

crease in T . On the one hand, the welfare gains arise because the number

of apprenticeship training positions is increased by (−∂θPCA
∂T
), which gener-

ates additional productivity of (χ− 1 + δα) per unit of initial ability. On

the other hand, there are two negative welfare effects which are shown on

the right hand side of (2.28). First, the number of unemployed workers is

increased by ∂θPCU
∂T

, which implies a reduction in productivity of (1 + δσ) per

unit of initial ability. Second, there is an additional welfare loss of cT due to

the administration costs.

Altogether, the implementation of penalty charges faces a trade-off with

respect to overall welfare. On the one hand, penalty charges are welfare-

enhancing because they increase the number of apprenticeship training po-

sitions and thus the fraction of skilled workers in the second period. Hence,

there are higher wages and higher profits after the apprenticeship because

the output is shared between workers and firms. On the other hand, penalty

charges are costly because some firms will leave the market (which implies

unemployment among workers with low ability) and administration costs are

raised.

Given the inefficiencies of the laissez-faire equilibrium as discussed in

Section 2.3.4, small penalty charges generate a first-order welfare gain by

stimulating apprenticeship training, while a small deviation of unemploy-

ment from its first-best level only creates a second-order welfare loss. Hence,

by taking into account both welfare effects, small penalty charges give rise

to an overall welfare gain. However, as the penalty charges are raised fur-

ther, the welfare loss from increasing unemployment becomes larger while
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the efficiency gain from additional apprenticeship training positions becomes

smaller as the economy is moved towards the first-best level of training. In-

cluding the administration costs of penalty charges, there must be a well

determined optimal level of penalty charges that maximizes the overall wel-

fare by equating the welfare gain on the left hand side and the welfare loss

on the right hand side in (2.28).

The optimal penalty charges T ∗ are obtained by substituting the pivotal

productivities θPCA and θPCU into equation (2.28) and solving for T :66

T ∗ =
(1− β)2 (χ− 1 + δα)

(1− β)2 (χ− 1 + δα) + (v1)
2
v2
wA (2.29)

with v1 ≡ χ−(1− β)+δ (1− ρ) (1− β)α and v2 ≡ 1+(1− β)
2
c+δσ. In

order to guarantee T ∗ ≥ 0, the productivity-enhancement of apprenticeship

training has to exceed some lower bound: α ≥ 1−χ
δ
. If this condition is satis-

fied, apprenticeship training raises the overall welfare as it is already shown

in equation (2.9). Hence, the implementation of penalty charges increases the

overall welfare only if all workers should be trained in the first-best optimum

(cf. equation (2.10)).67

Finally, in order to describe the optimal penalty charges depending on the

level of the productivity-enhancement, we have to consider the participation

constraint of workers as illustrated in Section 2.3.4. Although the number

of apprenticeship training positions in the laissez-faire equilibrium deviates

from the first-best optimum for α ≥ 1−χ
δ

(cf. equation (2.22) in Section 2.3.4),

the optimal penalty charges are greater than zero not until the productivity-

enhancement exceeds the lower bound α0 ≡
1−χ

δ(1−ρ(1−β))
, which lies above 1−χ

δ
.

The reason is that the implementation of penalty charges increases the overall

welfare only if the participation constraint is satisfied for a sufficient number

66The calculation of T ∗ is shown in Appendix B.1. Note that T ∗ describes a maximum

because α > 0 guarantees that the second derivative is negative, i.e. ∂2WPC(T )
∂T 2

< 0.
67Note that T ∗ never reaches the upper limit T̄ if the administration costs of penalty

charges do not fall below some critical level. These considerations for 0 ≤ T ∗ ≤ T̄ are

explained in Appendix B.2.
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α0

optT 0=
�����������

0α

opt *T T=
���������������

Figure 2.6: The Optimal Penalty Charges

of workers (cf. Appendix B.3). These conclusions are summarized in the

following proposition and illustrated in Figure 2.6.

Proposition 2.6 Depending on the level of the productivity-enhancement,

the optimal penalty charges are equal to

T opt =

{
0 if α < α0

T ∗ if α ≥ α0
(2.30)

The optimal level of penalty charges explicitly depends on the productivity-

enhancement of apprenticeship training. If α is low, it is optimal to reject

the implementation of penalty charges, i.e. it is optimal to choose T opt = 0

because an additional number of apprenticeship training positions cannot

compensate for the costs of administration and the welfare loss of unemploy-

ment among low-skilled workers. However, if α exceeds the critical level α0,

it is optimal to implement penalty charges according to T opt = T ∗. The crit-

ical level α0 decreases with the relative efficiency of apprentices, the discount

factor, and the bargaining power of workers. However, it increases with the

probability of exogenous separation after the first period.

2.4.3 Interpretation

It is important to analyze in which way the optimal penalty charges are

affected by changes in the key parameters of the model.
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Proposition 2.7 For α ≥ α0, the comparative statics of the optimal penalty

charges are as follows:68

∂T ∗

∂α
> 0 if α < ᾱ

∂T ∗

∂σ
< 0

∂T ∗

∂ρ
> 0

∂T ∗

∂c
< 0

∂T ∗

∂wA
> 0

In general, the optimal penalty charges are high if the benefits of appren-

ticeship training are large and if the costs of unemployment are low. Hence,

T ∗ primarily increases with α because a greater productivity-enhancement

raises the benefits of additional apprenticeship training positions. However,

this conclusion is only true up to some upper limit of α because the pivotal

productivity θLF decreases with α (cf. Section 2.3.4). For α ≥ ᾱ (the critical

value ᾱ is defined in Appendix B.4), the number of apprenticeship training

positions in the laissez-faire equilibrium is already close to the first-best opti-

mum and the inefficiencies are rather small. Therefore, the welfare gain from

stimulating apprenticeship training is rather low compared to the welfare loss

from increased unemployment among low-ability workers, which implies that

the optimal penalty charges become lower for high values of α.

Technically, this relationship between T ∗ and α is illustrated by the left

hand side of the first-order condition (2.28) because the marginal benefits

of penalty charges depend on the productivity-enhancement in three ways.

While the discounted relative productivity gain δα proportionally increases

with α, both the number of additional apprenticeship training positions

68The calculations of the comparative statics are presented in Appendix B.4. Note that

the comparative statics with respect to α will be even more positive if we assume an inverse

relationship between χ and α.
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(
−

∂θPCA
∂T

)
and the innate ability θPCA of the additional apprentices are re-

duced. Taken together, the effect of an increase in α on the marginal benefits

of penalty charges is ambiguous. For α < ᾱ, the marginal benefits increase

with α because the first effect outweighs the latter, which is initially small.

However, for high values of α, the negative effect becomes larger while the

relative productivity gain remains constant. Hence, there must be a critical

level ᾱ where the two opposite effects are just equal.

Furthermore, the optimal penalty charges decrease with σ and c because

the marginal costs on the right hand side of (2.28) become larger. While an

increase in σ and thus a greater depreciation of skills during unemployment

increases the welfare loss of unemployed workers, the parameter c directly

raises the costs of administration and makes the implementation of penalty

charges more costly.

Altogether, the optimal penalty charges are higher, the larger the ineffi-

ciencies in the training decision of the firms and thus the larger the welfare

gain by moving the number of apprenticeship training positions towards its

first-best optimum. As discussed in Section 2.3.4, the degree of distortion

increases with the probability of exogenous separation because the firms con-

sider less the workers’ higher productivity in period 2. Hence, the marginal

benefits of penalty charges increase with ρ, which can be seen on the left

hand side of equation (2.28).

For the same reason, the comparative statics of T ∗ with respect to the

training wage are positive because penalty charges reduce the inefficiencies

in the number of apprenticeship training positions by affecting θPCA and(
−

∂θPCA
∂T

)
like a reduction in wA.69 Note that the optimal penalty charges

would be smaller if the government could reduce ρ and wA, for example, by

institutionally weakening the bargaining power of unions with respect to the

training wage.

69This effect is also true for α0 ≤ α < 1
δ
because the implementation of penalty charges

increases the opportunity costs of regular work for the firms without reducing the workers’

incentives to receive apprenticeship training.
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Worker type Welfare difference

Workers with high ability (θLF ≤ θ ≤ 1) ±0

Workers with middle ability (θPCA ≤ θ < θLF ) wA + β (δα− 1) θ > 0

Workers with middle ability (θPCU ≤ θ < θPCA ) ±0

Workers with low ability (0 ≤ θ < θPCU ) −β (1 + δσ) θ < 0

Table 2.2: Welfare Effects for Workers Depending on Individual Ability

By substituting the optimal penalty charges (2.30) into equation (2.27),

we obtain the overall welfare with optimal penalty charges.

Proposition 2.8 With optimal penalty charges, the overall welfare is equal

to70

(WPC)∗ =

{
WLF if α < α0
1
2
(χ+ δ (1 + α))− 1

2
(χ−1+δα)v2

(1−β)2(χ−1+δα)+(v1)
2v2
(wA)

2 if α ≥ α0

Therefore, the overall welfare is increased by the implementation of penalty

charges if the productivity-enhancement exceeds the lower bound α0, which

makes the optimal penalty charges (2.30) greater than zero.

Finally, while the previous analysis focuses on the welfare consequences

of penalty charges in aggregate, it is also important to investigate the impli-

cations for different groups of workers. High-ability workers are not affected

by the implementation of penalty charges because they are trained anyway.

While workers with middle ability above average benefit from penalty charges

because firms now offer them apprenticeship training positions, low-ability

workers suffer from unemployment in period 1 and reduced wages in period

2. These different implications are summarized in Table 2.2. In a nutshell,

the increased number of apprenticeship training positions is achieved at the

cost of unemployment among workers with low ability.

70The calculation of the overall welfare with optimal penalty charges is presented in

Appendix B.5. The comparative statics of (WPC)∗ are shown in Appendix B.6.
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2.5 Conclusion

Chapter 2 of my PhD thesis presents a two-period partial-equilibrium model

that systematically compares the costs and benefits of penalty charges. As

discussed in Section 2.2, there are two theoretical explanations in the liter-

ature for firms providing general training. Our formal analysis is based on

recent training literature with oligopolistic labor markets but the model is

adapted to the German system of apprenticeship training with a fixed length

of the apprenticeship and an identical training wage. Furthermore, the model

incorporates worker heterogeneity in ability which allows to analyze the wel-

fare implications of penalty charges for different groups of workers.

In the laissez-faire equilibrium, the training decision of firms bears three

different kinds of inefficiencies. As a consequence, the number of apprentice-

ship training positions may be too low compared to the first-best optimum.

In line with the results of Acemoglu and Pischke (1999b), firms do not take

into account the benefits from increased productivity accruing both for work-

ers and other employers in the future. These two inefficiencies increase with

the workers’ bargaining power and the exogenous separating probability after

the training period. In our model, there is a third kind of inefficiency, which

is generated by the fixed training wage during the apprenticeship. How-

ever, penalty charges can reduce this inefficiency and increase the number of

apprenticeship training positions towards the first-best optimum.

In our model, the implementation of penalty charges faces a trade-off

with respect to overall welfare. While penalty charges increase the number

of apprenticeship training positions and thus the fraction of trained workers in

the workforce, some firms will leave the market to avoid the financial burden,

which implies unemployment among workers with low ability. Additionally,

the implementation of penalty charges generates administration costs. The

formal analysis suggests that the optimal policy depends on the productivity-

enhancement of apprenticeship training. If the increase in productivity due

to an apprenticeship is low, it is optimal to reject the implementation of

penalty charges. In this case, the laissez-faire equilibrium corresponds to
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the first-best optimum. However, the implementation of penalty charges

increases the overall welfare if the productivity-enhancement exceeds some

lower bound.

As mentioned in Section 2.3.4, there may be better policy instruments

than penalty charges to induce apprenticeship training without generating

detrimental effects on the number of unemployed workers. For example, the

government could regulate the training wage towards zero (at zero overall wel-

fare costs but with political restrictions by the tariff autonomy) or subsidize

firms for each completed apprenticeship (at welfare costs from distortionary

taxation to finance the subsidy). However, in our analysis we restrict the

range of policy instruments in order to focus on the welfare effects of penalty

charges. Hence, our results only suggest that penalty charges may increase

the overall welfare compared to the laissez-faire equilibrium. Future research

should take into account other policy instruments and compare their welfare

implications with those of penalty charges.

In this model, the number of apprenticeship training positions and the

number of unemployed workers are endogenously determined and depend

on the individual ability of workers. This extension advances the analysis

of Malcomson, Maw, and McCormick (2003), where the number of trained

workers is determined by some fixed costs of training. Nevertheless, our

model has been kept simple for expositional and calculational reasons. For

example, we assume a uniform distribution of abilities and do not explicitly

refer to the process of collective wage setting for apprentices. The theoretical

results of our stylized model only allow for qualitative conclusions concerning

the implementation of penalty charges in the context of the German system

of apprenticeship training. In order to assess the quantitative magnitude of

these effects, we would have to estimate the elasticities of the firms’ labor

demand and training responses at the extensive margin. However, the un-

derlying insights into the model presented here are robust to various types

of generalization. Hence, they constitute a promising basis for policy recom-

mendations and future research.
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Chapter 3

Tax Credits for Low-Skilled

Workers

There is an ongoing discussion in Germany about the implementation of tax

credits in order to reintegrate low-skilled workers into the labor market. Chap-

ter 3 of my PhD thesis aims at analyzing the policy instrument of tax credits

in a theoretical model that systematically compares the costs and benefits in

the context of the German system of apprenticeship training and social secu-

rity. Building on recent training literature, a two-period partial-equilibrium

model is developed that allows for worker heterogeneity in ability.

In our model, the implementation of tax credits in terms of a negative

income tax faces a trade-off with respect to overall welfare. While tax cred-

its reduce the number of unemployed workers at the extensive margin, they

increase at the same time the opportunity costs of apprenticeship training,

which implies that human capital formation is decreased. Furthermore, the

model suggests that it may not be optimal to reintegrate those workers at the

bottom of the ability distribution into the labor market.

99
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3.1 Introduction

There is an ongoing discussion in Germany about the implementation of tax

credits in order to reintegrate those low-skilled workers into the labor market

who would remain unemployed otherwise. Since the seventies, Germany has

experienced a dramatic increase in structural unemployment.71 The German

labor markets are particularly challenged by increasing unemployment among

workers with low qualification.72 Compared to other OECD countries, the

unemployment of low-skilled workers is very high and is largely made up of

individuals suffering long spells (OECD (2004)).

According to recent analyses of the IMF that concentrate on the sup-

ply side of the labor market, one major reason lies in the compressed wage

structure, i.e. in the downward rigidity in wages across skill categories (IMF

(2005)).73 This wage compression accrues because labor markets are heavily

regulated and the level of social assistance is high. The German labor mar-

kets are especially characterized by high levels of employment protection and

strong unions in the process of collective wage setting as well as downward

rigidities in wages of unskilled workers. In brief, low-skilled workers decide

to remain unemployed because their potential labor income falls below the

level of social assistance as defined by the German system of social security

(Sinn, Holzner, Meister, Ochel, and Werding (2006)).

In order to approach the problem of rising unemployment among low-

skilled workers, tax credits are proposed depending on the level of individual

labor income. With tax credits, a worker receives an individual subsidy if

he decides to enter the labor market. This policy instrument is part of the

so-called welfare-to-work strategy, which should reduce poverty by raising

71Cf. e.g. Bertola (2001) and Nickell (1997).
72In 2000, the rate of unemployment among workers without formal education was 19.4%

in West Germany and 50.3% in East Germany (Reinberg and Hummel (2002)).
73Note that wage compression in imperfect labor markets is considered to be the major

source of firm-sponsored general training (cf. Section 1.3.1). However, this aspect is

neglected in our analysis because we focus on the labor supply and training decision of

workers.
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employment of low-skilled workers rather than by increasing welfare bene-

fits for the unemployed. One subsidy scheme, which has been extensively

discussed in the literature, is the Earned Income Tax Credit (EITC) in the

US. Unfortunately, the theoretical analysis of tax credits in the context of

both labor supply and human capital formation has been fragmentary so far.

While previous research on tax credits has mainly focused on the effects on

labor supply and employment (for example Meyer and Rosenbaum (2001)),

the impact on skill formation has been widely neglected. There are only

few contributions that also consider the accumulation of human capital (for

example Heckman, Lochner, and Cossa (2002)).

Chapter 3 of my PhD thesis aims at closing this gap by developing a

two-period partial-equilibrium model that systematically compares the costs

and benefits of tax credits. It is important to incorporate the training deci-

sion into the analysis of tax credits because subsidies to low-skilled workers

increase the opportunity costs of training and thus reduce the workers’ in-

centives to acquire skills (Heckman (2002)). In a nutshell, there are three key

questions considered in this chapter: First, what is the impact of tax credits

on labor supply at the extensive margin? Second, what are the effects of tax

credits on human capital formation? And third, what is the optimal level of

tax credits subject to the training decision of workers?

The contribution of this chapter is twofold because the formal analysis

of tax credits, which is based on recent training literature with oligopolistic

labor markets, is extended in two important ways. First, we bring together

the theoretical explanations of labor supply and human capital formation

in the context of the German system of apprenticeship training and social

security. Second, our model allows for worker heterogeneity in ability and

manages to explain endogenously the labor supply and training decision of

workers at the extensive margin.

In our model, the implementation of tax credits in terms of a negative

income tax faces a trade-off with respect to overall welfare. While tax credits

reduce the number of unemployed workers at the extensive margin, they
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increase at the same time the opportunity costs of apprenticeship training,

which implies that human capital formation is decreased. Furthermore, the

model suggests that it may not be optimal to reintegrate those workers at the

bottom of the ability distribution into the labor market. Because the costs

in terms of decreased human capital formation would be too high, it may be

more efficient to leave aside those workers with the lowest productivities.

Chapter 3 of my PhD thesis proceeds as follows: the next section dis-

cusses the concept of tax credits and its implications for labor supply and

human capital formation. In Section 3.3, the institutional setting of the Ger-

man system of apprenticeship training and social security is illustrated. In

Section 3.4, our partial-equilibrium model is developed and the laissez-faire

equilibrium without tax credits is presented. We show that the system of

social security generates unemployment among low-skilled workers because

private employment is crowded out by the welfare state. In Section 3.5, the

implementation of tax credits is analyzed and the welfare effects are derived.

Section 3.6 concludes.

3.2 Tax Credits, Labor Supply, and Human

Capital

3.2.1 The Concept of Tax Credits

As a consequence of social assistance and downward rigidities in wages across

skill categories, workers with low qualification have become less employable

(Phelps (1997)).74 Hence, economic policy should promote wage flexibility

in order to reduce unemployment among low-skilled workers. For example,

incentives for unemployment could be reduced by lowering the level of social

assistance. However, the implementation of these policy instruments is dif-

ficult due to political restrictions or because taxes and social assistance are

set by distinct political institutions based on rather different interests (Boone

74This result is formally derived in Section 3.4.5.
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and Bovenberg (2004)).75

In order to approach the problem of rising unemployment among low-

skilled workers, tax credits are proposed depending on the level of individual

labor income. This implies that the government pays a subsidy to those

workers who are in employment and whose income does not exceed some

critical level. By granting additional income only in the case of employment,

some formerly unemployed workers will thus be motivated to enter the labor

market because the combination of their own labor income plus the subsidy

makes them better off than in the case of unemployment (Phelps (1997)).

To some extent tax credits can be classified within the general set of wage

subsidies. According to Phelps (1997), wage subsidies are individually based,

not means-tested, and with limited duration. Eligibility usually depends on

a certain duration of receipt for the unemployment insurance. In contrast,

tax credits are typically means-tested and do not show a time limitation

(Blundell (2005)).76

Compared to reductions in the level of social assistance, tax credits are a

policy instrument to increase employment without lowering the standard of

living because regular wages of unskilled workers are very low (the so-called

"working poor") (Snower (1994)). However, compared to traditional social

assistance, tax credits are less targeted at those individuals who suffer from

involuntary unemployment (Boone and Bovenberg (2006)). In a nutshell,

Immervoll, Kleven, Kreiner, and Saez (2005) conclude that unemployment

due to labor market imperfections increases the attractiveness of tax credits

and reduces the desirability of traditional social assistance.

In recent years, several countries have introduced tax credits in various

forms. In Europe, the most important examples are the Working Families

Tax Credit (WFTC) in the UK, the In-Work Tax Credit in Belgium, the Fam-

75For example, in some federal countries local governments determine social benefits

while the central government decides on the tax system (Boone and Bovenberg (2004)).
76Orszag and Snower (2003) distinguish between wage subsidies, which are paid to all

workers with low income and not limited in time, and hiring subsidies, which are targeted

exclusively at unemployed workers and limited in time.
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ily Income Support Programme in Ireland, and the Employment Tax Credit

in the Netherlands (OECD (2005)). However, theoretical and empirical re-

search has mainly focused on the Earned Income Tax Credits (EITC) in the

US. This transfer scheme works as a tax credit for workers with low labor in-

comes up to some critical level beyond which the subsidy is phased out. The

EITC aims at reducing working poverty as well as generating greater labor

supply incentives for unemployed workers (Steuerle (1990)). In the context

of the institutional setting in Germany, we refer to the concept of "combined

wages" (cf. Section 3.3.3), which represents the German approach to the

implementation of tax credits.

In a general equilibrium model with continuous distribution of abilities,

Hanushek, Leung, and Yilmaz (2003) investigate different redistribution poli-

cies and their implications for labor supply and human capital formation

concerning the trade-off between equity and efficiency. They conclude that

wage subsidies, which are directed to uneducated workers, dominate the im-

plementation of education subsidies and the traditional negative income tax

(NIT).77 By incorporating both margins of labor supply into the original ap-

proach of Mirrlees (1971), Saez (2002) analyzes the welfare consequences of

the traditional NIT and the EITC. He shows that subsidizing low-income

77Based on Mirrlees (1971), optimal income tax theory shows that redistribution should

take the form of a NIT in order to reduce the high marginal tax rates on traditional social

assistance (Immervoll, Kleven, Kreiner, and Saez (2005)). In general, the traditional NIT

implies the following tax scheme, which depends on the level of individual labor income:

T (I) = tI − y

{
≤ 0 if I ≤ Ī ≡ y

t

> 0 if I > Ī

The NIT implies that all individuals (independent of their status of employment) re-

ceive a basic lump-sum transfer y, which corresponds to the guaranteed income of each

individual. Hence, individuals with low income I below the critical level Ī face a neg-

ative amount of tax liability, i.e. they receive an income subsidy from the government.

With increasing individual labor income, the subsidy is phased out according to the tax

rate t. Note that the NIT is not restricted to workers in employment but also applies to

unemployed workers. This is the main difference compared to the concept of tax credits.
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workers by tax credits is welfare-enhancing if the labor supply response is

concentrated along the extensive margin.

3.2.2 Implications of Tax Credits for Labor Supply

A central finding of recent empirical literature in public finance and labor eco-

nomics is that labor supply responses are concentrated more at the extensive

margin (participation) than at the intensive margin (hours of work) (Blun-

dell and MaCurdy (1999)). Eissa, Kleven, and Kreiner (2004) point out that

the extensive margin is particularly important for labor supply incentives at

the bottom of the income distribution.

The reason for the dominance of the extensive margin could be that hours

worked are fixed, which implies that workers face quantity restrictions when

they decide to enter the labor market (Hausman (1985)). Simplifying, work-

ers have the discrete choice between work and unemployment but can hardly

decide on hours worked at the intensive margin (Zabalza, Pissarides, and

Barton (1980)). Indeed, empirical evidence shows that workers decide either

to remain unemployed or to work at least some minimum number of hours

(Eissa, Kleven, and Kreiner (2006)).78

Theoretically, tax credits give rise to a trade-off between low-skilled em-

ployment at the extensive margin and work effort of high-skilled workers at

the intensive margin (Boone and Bovenberg (2004)). However, evidence from

the EITC in the US (Eissa and Liebman (1996)) and the WFTC in the UK

(Blundell and Hoynes (2001)) shows substantial positive effects at the exten-

sive margin, but only small negative effects on hours of work for those workers

who are in employment. With respect to the EITC, the empirical analysis by

Meyer and Rosenbaum (2001) shows that the annual employment of single

mothers has increased by 9% between 1984 and 1996.79 Because hours worked

78This discrete labor supply behavior is theoretically explained by non-convexities due

to fixed costs of working (Cogan (1981)). Eissa and Hoynes (2005) summarize further

possible reasons why the extensive margin is more responsive than the intensive margin.
79Single mothers represent over three-quarters of all EITC recipients (Eissa and Hoynes
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have only slightly fallen at the intensive margin, Meyer (2002) suggests that

labor supply adjustments mainly take place at the extensive margin. In

almost the same manner, Heckman (1993) concludes that the extensive mar-

gin is empirically much more important than the intensive margin. With

respect to European countries, Immervoll, Kleven, Kreiner, and Saez (2005)

use the EUROMOD micro-simulation model to demonstrate that tax credits

generate positive labor supply responses at the extensive margin.

Concerning the evaluation of tax reforms, Eissa and Hoynes (2005) sug-

gest that ignoring the participation margin may lead to even the wrong sign

of the welfare effect. Unfortunately, the theoretical public finance literature

has largely ignored the participation decision and instead has focused on la-

bor supply at the intensive margin. For this reason, our model explicitly

allows for labor supply responses at the extensive margin if the income of

low-skilled workers is raised by the implementation of tax credits.

3.2.3 Implications of Tax Credits for Human Capital

The implications of tax credits for human capital formation can be very

different and crucially depend on the design of the transfer scheme. With

respect to the EITC, the consequences for human capital accumulation are

neglected by many contributions. For example, Orszag and Snower (2003)

admit that implications for human capital formation lie beyond the scope of

their paper.

According to the analysis of Heckman, Lochner, and Cossa (2002), tax

credits place important disincentives on human capital accumulation. They

suggest that the average skill-level declines because current workers reduce

(2005)). Meyer and Rosenbaum (2001) estimate that 60% of this increase in extensive

labor supply is due to the EITC. For single mothers, this labor supply response at the

extensive margin is confirmed by Eissa and Hoynes (2004). However, this result may be

changed if an integrated model of family labor supply is considered (Hausman (1985)).

Indeed, Eissa and Hoynes (2004) argue that their results are different for married couples.

While labor force participation of the head of families is increased, it declines for secondary

earners.
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their investment in human capital at the intensive margin.80 As a conse-

quence, Blundell (2005) stresses the importance of these interactions between

labor supply and human capital formation for the evaluation of tax credits.

He suggests that a dynamic analysis of optimal income transfer programs

has to take into account the incentive effects on human capital investment.

3.3 The Institutional Setting in Germany

3.3.1 The Apprenticeship System

Because the institutional setting of the German apprenticeship system has

already been discussed in Section 2.2, we only refer to the main assumption

we impose in the context of our formal analysis in this chapter. We assume

that the length of the apprenticeship is fixed and identical for each apprentice.

Although those school graduates with upper secondary education (Abitur)

can shorten the apprenticeship period, our assumption is warranted because

the extent to which the apprenticeship can be shortened is rather small and

does not vary continuously with the worker’s individual productivity.

Following from this assumption, workers (and firms) decide at the exten-

sive margin (i.e. participation) whether to receive apprenticeship training

or to be employed regularly, i.e. to work full-time without formal qualifica-

tion. At the intensive margin (i.e. hours of training), the accumulation of

human capital by apprenticeship training is determined by the fixed length

of the apprenticeship and the specified curriculum rather than by investment

decisions of the apprentices.

80The effects on human capital investment are divided into a substitution effect, an

income effect, and a direct effect (which accrues due to changes in marginal costs and

returns) (Heckman, Lochner, and Cossa (2002)).
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3.3.2 Labor Market Regulation and Social Security

In Germany, the degree of labor market regulation is high compared to other

OECD countries (OECD (2005)). Employment protection and firing costs

make it difficult for firms to respond flexibly to changing market conditions.

With firing costs, job growth in response to GDP growth is diminished be-

cause firms account for the possibility of worsening business prospects in the

future. Hence, they hire fewer workers or even decide to leave the market in

order to avoid the costs of possibly having to fire them. As a consequence,

it becomes harder for unemployed workers to find a job (Heckman (2002)).

However, the total effect of firing costs on unemployment is ambiguous be-

cause fewer separations lead to lower unemployment (Belot, Boone, and Ours

(2002)).81 Furthermore, employment protection increases the incentives to

invest in human capital for both workers and firms because the probability

of separation is decreased (Fella (2005)).

Wage bargaining is conducted by the collective bargaining parties. Al-

though Germany does not have a legally mandated minimum wage, union

wage floors effectively operate as wage minimums for certain groups of work-

ers. Furthermore, replacement rates by social insurance are substantial. In

the sixties, two kinds of social assistance, the Arbeitslosenhilfe and the Sozial-

hilfe, were implemented in order to insure workers against the risk of unem-

ployment. According to Immervoll, Kleven, Kreiner, and Saez (2005), total

social benefits constituted 72.6% of the disposable income for the lowest

decile group in Germany in 1998.

This system of traditional social assistance is criticized for keeping persons

on welfare and out of the labor market.82 The poverty trap accrues because

81The empirical evidence concerning the relationship between firing costs and unem-

ployment is mixed. While Scarpetta (1996) and Elmeskov, Marint, and Scarpetta (1998)

find a negative correlation, Nickell (1998) does not. Concerning workers with different

skill levels, Stähler (2006) finds that high-skilled workers benefit more from the same level

of employment protection than low-skilled workers.
82In 1999, 2,790,000 people draw benefits from the Sozialhilfe and 1,300,000 from the

Arbeitslosenhilfe. Subject to health condition, family obligation and training measures,
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the level of social assistance works as de facto minimumwage. This downward

rigidity in wages across skill-categories leads to a compressed wage structure

(Schöb and Weimann (2003)). As a consequence, unemployment is generated

especially among low-skilled workers because private employment is crowded

out by the welfare state as long as the replacement rate exceeds the market

wage rate for unskilled workers (Sinn (2003)). Because social benefits are

generously granted only in the case of no work, the labor supply incentives of

low-skilled workers are reduced by the welfare state (Sinn (2002)). According

to Reinberg and Hummel (2002), the rate of unemployment in 2000 among

workers without formal education was 19.4% in West Germany and 50.3%

in East Germany. Empirical evidence is also shown by Layard and Nickell

(1999). These negative effects become even stronger in a dynamic context,

for the longer workers are unemployed and the more their skills depreciate

(Snower (1994)).

In the context of the German labor market reforms in 2005, both kinds

of social benefits were merged to the uniform social assistance Arbeitslosen-

geld II, which falls below the previous replacement rates and is independent

of earnings in the past.83 Furthermore, the requirements of eligibility and

sanctions in the case of misuse were aggravated. However, the negative im-

pact on employment of low-skilled workers is reduced but still existent (Ochel

(2005)).

3.3.3 The German Concept of "Combined Wages"

In Germany, two different concepts of tax credits are discussed which both

aim at reintegrating low-skilled workers into the labor market. The policy

instrument of tax credits is referred to as "combined wages" because the

income of low-skilled workers in employment is augmented by combining

the labor force potential was 2,200,000 or about 58% of all beneficiaries (Raffelhüschen

(2001)).
83According to Peter Hartz, the chairman of the committee working on these labor

market reforms, this part of the reform proposals is also referred to as Hartz IV.
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their wage with an individual subsidy.

The first concept of "combined wages" concentrates on the demand side

of the labor market and proposes to pay employment subsidies to those firms

that hire a formerly unemployed worker. In this context, some part of the

unemployment benefits could be used as vouchers for the firms in order to

reduce the net labor costs (Snower (1994)). With respect to the institutional

setting in Germany, Schöb and Weimann (2003) suggest to exempt firms

from paying social security contributions for low-skilled workers in order to

decrease the labor costs of firms by 34% (this proposition is referred to as

the Magdeburger Alternative).

However, in our formal analysis we will focus on the second concept of

"combined wages" that refers to the supply side of the labor market and

corresponds to the initial explanations in Section 3.2.1. This approach aims

at increasing the labor supply incentives of low-skilled workers by paying

them a subsidy if they decide to enter the labor market.

In recent years, there have been various approaches in Germany to im-

plement tax credits according to the second concept of "combined wages".

The focus of most approaches has been on long-time unemployed, welfare re-

cipients, or generally workers with low qualification. Besides some regionally

defined projects84, two approaches have been applied nationwide. First, the

Arbeitnehmerhilfe determines wage subsidies for unemployed workers of at

most 13 Euro per day if the working time exceeds 15 hours per week. Second,

the Mainzer Modell was regionally designed in 2000, extended nationwide in

2002, and terminated by the end of 2003.85 It was composed of subsidies to

84An overview is given by Kaltenborn (2001). For example, nine local authorities in

the federal state Baden-Württemberg applied the Einstiegsgeld between 1999 and 2002

(Dann, Kirchmann, Spermann, and Volkert (2002)). In Hessen, "combined wages" were

introduced by seven local authorities in 2000. It was hardly engaged and replaced by

the Kasseler Modell Kombilohn (KAMOKO) in 2001. Like the Mainzer Modell, it was

terminated in 2003.
85At the beginning, the Mainzer Modell was only designed for the federal states

Rheinland-Pfalz and Brandenburg.
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social security contributions and child benefits for a minimum working time

of 15 hours per week and a gross income of at least 325 Euro per month. For

example, for a family with two children, the two components add up to a

maximum subsidy of 283 Euro per month.86 However, the main problem of

both approaches has been their limited time horizon. The maximum duration

of advancement has been three years in the Mainzer Modell and only three

months in the Arbeitnehmerhilfe (Kaltenborn (2003)). As a consequence, the

demand of workers for these wage subsidies has been very low considering

the enormous amount of more than two millions of unemployed workers with

low qualification.87

The limited time horizon of these tax credit programs is the main crit-

icism brought forward by the ifo institute, an economic research institute

in Germany. Low-skilled workers should be subsidized permanently because

their income permanently falls below the reservation wage as defined by the

level of social assistance (Sinn, Holzner, Meister, Ochel, andWerding (2006)).

Furthermore, the previous concepts still face high marginal tax rates on so-

cial welfare benefits so that working incentives for low-skilled workers are

reduced (Sinn (2002)). Hence, tax credits for workers in employment are

proposed according to the concept of a NIT in order to generate stronger

labor supply incentives. Note that this subsidy scheme is fundamentally dif-

ferent from the traditional concept of a NIT (cf. Section 3.2.1) because no

assistance is granted to unemployed workers. Only those workers who are in

employment are eligible for tax credits (Sinn, Holzner, Meister, Ochel, and

Werding (2006)).88

86Cf. Jülicher (2002) and Bittner, Hollederer, Kaltenborn, Rudolph, Vanselow, and

Weinkopf (2001).
87The Arbeitnehmerhilfe covers about 8.000 workers per year and there were 6.137 par-

ticipants in the Mainzer Modell (Dann, Kirchmann, Spermann, and Volkert (2002)).
88The ifo institute defines this concept as "Activating Social Assistance". This means

that social benefits are paid in order to activate formerly unemployed workers for the labor

market. The whole concept is explained in more detail in Sinn, Holzner, Meister, Ochel,

and Werding (2006).
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Starting from these considerations, our model analyzes labor supply and

training responses of workers at the extensive margin. We refer to the concept

of the ifo institute by designing tax credits in terms of a NIT for workers in

employment. Concerning the labor force participation of low-skilled workers,

it is crucial to consider all distortions that are generated by traditional social

assistance and move the equilibrium away from the first-best optimum. For

this reason, we first discuss the laissez-faire equilibrium (cf. Section 3.4.4)

and the equilibrium with social assistance (cf. Section 3.4.5) in order to point

out the analytical basis of comparison. Subsequently, the welfare analysis of

tax credits is presented in Section 3.5.

3.4 The Model

We consider a discrete-time model with two types of agents, namely workers

and firms. In line with Acemoglu and Pischke (1998a), there are two periods,

a training period (period 1) and a working period (period 2). The length of

both periods is normalized to unity. Production takes place in worker-firm

pairs and no capital is needed. According to Eissa, Kleven, and Kreiner

(2006), a model of extensive labor supply requires some type of heterogeneity,

either in preferences or in ability. In our approach, workers have identical

preferences but are heterogeneous in their initial ability which is exogenously

given.

At the beginning of period 1, each firmmeets one worker whose individual

ability is drawn randomly from a distribution that is common knowledge. At

the extensive margin, workers and firms decide whether to engage in appren-

ticeship training, to produce with regular work, or not to produce at all. An

apprenticeship takes place only if both parties agree on apprenticeship train-

ing.89 In the second period, all workers can be employed regularly, but only

89In line with Acemoglu and Pischke (1999b), there is no exogenous separation after the

first period. The implementation of an exogenous separating probability as in Malcomson,

Maw, and McCormick (2003) does not change our analytical results because we concentrate
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Figure 3.1: The Evolution over Time

those workers who were trained in period 1 have an increased productivity.

Altogether, the economy evolves over time as illustrated in Figure 3.1. The

model assumptions and the labor market decisions of firms and workers are

described in the following subsections.

3.4.1 The Workers

At the beginning of period 1, workers differ in their individual ability, which

is assumed to be uniformly distributed on the interval [θL, θH ].90 After the

match has taken place, firms can unambiguously observe the worker’s abil-

ity.91 In conformity with Hanushek, Leung, and Yilmaz (2003) and Malcom-

son, Maw, and McCormick (2003), the mass of workers is normalized to unity

by defining θL ≡ 0 and θH ≡ 1. By assumption, the mass of firms is also

on the supply side of the labor market. For the workers who face the training decision in

period 1, it is irrelevant whether their higher wages in period 2 are paid by their current

or by another employer.
90The continuous distribution of abilities allows obtaining a smooth participation deci-

sion at the individual level (Mirrlees (1971)). In order to keep the following calculations

as simple as possible, we assume a uniform distribution of abilities.
91This assumption is in line with Boone and Bovenberg (2006). Furthermore, it is

implicitly included in the whole literature on human capital and the life-cycle of earnings.

Each worker offers his individual stock of human capital to the firms and is rewarded by a

rental price per unit of human capital. Hence, we rule out asymmetric information (hidden

knowledge). If the worker’s productivity were not observed by the firm, there would be

adverse selection as modeled e.g. by DeMeza and Webb (2001).
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one, which implies that each firm is matched with one worker whose ability

is uniformly distributed on [0, 1].

In line with Malcomson, Maw, and McCormick (2003), workers are risk-

neutral and maximize the sum of their discounted utilities over both peri-

ods:92

V (θ) = v + δv′ (3.1)

The discount factor δ ≡ 1
1+r

with r as the market interest rate expresses

the preference for current and future wealth. The higher δ, the higher is the

weighting of period 2 and the lower is the preference for period 1. In the first

period, the worker’s utility v is equal to the difference between his wage w

and potential training costs e:

v = w − κe (3.2)

w = w (θ) = θ (3.3)

By defining the output good as numéraire and assuming an identical,

linear one-to-one production function for the connection of output and labor

(which is the only factor of production), the marginal product of each worker

corresponds to his productivity θ.93 To simplify matters, we assume that the

worker’s productivity is the same both in the case of apprenticeship training

and in the case of regular work and that there is no unemployment in period

1. Furthermore, in line with Becker (1964), we assume that the worker is the

full claimant of his marginal product, which implies that the worker’s wage

is equal to w (θ) = θ.94

92In line with Ben-Porath (1967), we do not analyze a more general utility function

of workers. Note that the wage corresponds to the worker’s labor income because labor

supply is implicitly normalized to unity.
93The production function exhibits constant returns to scale. From the firm’s point of

view, the worker’s ability can be interpreted as individual productivity.
94Note that most of our analytical results will not change qualitatively if the worker does

not receive the full marginal product, but a fraction β of his marginal product θ. In this

case, wages will be determined by Nash-bargaining. If the parameter 0 ≤ β ≤ 1 indicates

the (identical) bargaining power of workers concerning the division of output and the fall-
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κ is a dummy variable which is one in the case of apprenticeship training

and zero otherwise. In line with the literature on human capital accumulation

over the life-cycle, there are training costs e that have to be borne by the

worker if apprenticeship training takes place (cf. equation (3.2)).95 The

training costs are identical for each worker because the fixed length of the

apprenticeship is defined by the German system of apprenticeship training

(cf. Section 2.2). We do not consider Coasian bargaining on the distribution

of e between workers and firms because we want to focus on the supply side

of the labor market. This simplification is justified because an apprenticeship

is assumed to have no negative effect on the worker’s wage in the first period.

Hence, the worker receives the full wage and does not have to bear additional

education costs in terms of a reduced training wage during the apprenticeship.

In period 2, the worker’s utility v′ is equal to his wage w′:

v′ = w′ (3.4)

w′ =

{
w(θ′) = θ′ if regular work in t = 2

0 if unemployment in t = 2
(3.5)

θ′ = (1 + κα) θ (3.6)

In the case of unemployment, the worker receives zero income because

there is no social assistance (this assumption is modified in Section 3.4.5).

back payoffs are zero, the bargained wage will be equal to w (θ) = βθ. For β < 1, there

will be labor market frictions because the worker’s wage falls below his marginal product.

As a consequence, the pivotal ability between apprenticeship training and regular work

will exceed its first-best level, which implies that the number of trained workers will be

too small in the laissez-faire equilibrium (cf. Section 3.4.4).
95Most models that analyze the accumulation of human capital over the life-cycle com-

pletely concentrate on the investment decision of workers (for example Ben-Porath (1967)

and Heckman (1976)). Although there are two major components of education costs,

namely foregone earnings and direct expenditures (Parsons (1974)), we omit the former

and focus on the latter by assuming direct costs of education equal to e (cf. equation

(4.2)). This assumption is in line with Sheshinski (1971), Atkinson (1973), and Nerlove,

Razin, Sadka, and Weizsäcker (1993) who consider only direct costs of education in their

analyses of income taxation.
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With regular work, the worker’s wage corresponds to his marginal product θ′,

which depends on the status of employment in period 1 according to equation

(3.6). In the second period, the productivity of all workers employed regularly

in period 1 is unchanged (i.e. θ′ = θ).

For all trained workers, the productivity increases to θ′ = (1 + α) θ,

whereas the parameter α ≥ 0 represents the productivity-enhancement of

apprenticeship training. While the relative productivity gain from appren-

ticeship training is equal to α and thus identical for all trained workers, the

absolute productivity gain θ′− θ = αθ is proportional to the worker’s innate

ability θ.96 This assumption is motivated by the literature on human capi-

tal formation at the intensive margin (cf. Ben-Porath (1967) and Heckman

(1976)). Because the productivity-enhancement unambiguously depends on

the amount of training, the assumption that α is identical for each worker

and independent of θ implies that the amount of training is the same for

all apprentices. This implication is in conformity with the German system

of apprenticeship training, where the amount of training per apprentice is

defined by the prescribed curriculum rather than by the worker (cf. Section

3.3.1).97 Furthermore, the identical productivity-enhancement simplifies the

formal analysis because the fraction of trained workers can be aggregated

more easily.

Altogether, the total utility of a worker with ability θ (who is in employ-

ment in both periods) is obtained by substituting equations (3.2) to (3.6)

96Formally, this means ∂(θ′−θ)
∂θ

= α ≥ 0. Intuitively, the accumulation of new skills is

easier when more skills are already available. This relationship is also suggested by Ben-

Porath (1967) and Mincer (1997). Because the parameter α determines the productivity

and thus the wage in period 2, it constitutes the key determinant of the return to education

as analyzed in the theory of human capital (c.f. Section 1.4).
97If the firms could decide on their human capital investment not only at the exten-

sive but also at the intensive margin and if the optimal amount of training depended on

the workers’ innate ability, the productivity-enhancement would not be the same for all

workers.
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into equation (3.1):

V (θ) = (1 + δ (1 + κα)) θ − κe (3.7)

3.4.2 The Firms

Firms are risk-neutral and maximize the sum of their discounted profits over

both periods.98 In both periods, the firm’s profits are equal to the difference

between revenue and costs per worker. Because the worker always receives

a wage equal to his full marginal product, the firm’s profits are zero in each

possible case, i.e. with apprenticeship training, with regular work as well as

without any production.99 This implies π = 0 in period 1 and π′ = 0 in

period 2 so that total profits are always equal to

π (θ) = π + δπ′ = 0

Because the firms never make positive profits by training the worker or

employing him regularly, they are just indifferent between production and

leaving the market. However, in order to focus on the supply side of the

labor market, we simply assume that the firms always agree with the work-

ers’ decision. For example, if the worker decides to receive apprenticeship

training, the firm accepts this decision and offers an apprenticeship training

position. As a consequence, we can neglect the demand side of the labor

market in the following analysis because only the workers determine their

status of employment in both periods.

98The production side is modeled similar to Malcomson, Maw, and McCormick (2003).

Note that there is no uncertainty because the probability of exogenous separation is zero.
99If the worker’s wage is determined by Nash bargaining, the firm will be the residual

claimant of output so that its profits will be equal to the residuum (θ −w). If the fallback

payoffs are zero, the Nash bargaining solution implies profits equal to π = (1− β) θ in

period 1. The same holds in period 2, which implies that profits are equal to π′ = (1− β) θ′

in the case of regular work.
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Figure 3.2: The First-Best Optimum

3.4.3 The First-Best Optimum

In the first-best optimum (FB), the overall welfare (i.e. the common surplus

of workers and firms) is maximized. Obviously, there is no unemployment

in the first-best optimum (i.e. uFB = 0) because each unemployed worker

would be equivalent to lost productivity. However, only those workers should

receive apprenticeship training whose increase in discounted productivity in

period 2 exceeds the training costs in period 1.

In the following, we assume that θFB describes the welfare maximizing

pivotal ability between apprenticeship training and regular work.100 Hence,

the optimal number of apprentices in the first period is nFB = 1 − θFB.101

This situation is illustrated in Figure 3.2. The overall welfare in the first-best

optimum unambiguously depends on θFB:102

WFB =

θFB∫

0

(1 + δ) θdθ

︸ ︷︷ ︸
unskilled workers

+

1∫

θFB

[(1 + δ (1 + α)) θ − e] dθ

︸ ︷︷ ︸
trained workers

(3.8)

The first integral in (3.8) describes the aggregate output of regular workers

100Hanushek, Leung, and Yilmaz (2003) refer to it as "ability cutoff". Note that there

are two possibilities for θFB: first, it can be an interior solution within the interval [0, 1],

and second, it can be a corner solution, which implies that it is either equal to zero or

one. In order to guarantee an interior solution for both θFB and θLF (cf. Section 3.4.4),

we assume that the training costs do not exceed some upper bound: e ≤ δα.
101More accurately, nFB describes the mass of apprentices in the first-best optimum. In

the following, we will neglect this inaccuracy.
102The density function of individual abilities is f (θ) = 1. Note that the labeling at the

bottom in (3.8) refers to the workers’ qualification in period 2.
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without an apprenticeship training position. These unskilled workers have

an identical productivity θ in both periods, which adds up to a present value

of (1 + δ) θ. The second integral is equal to the aggregate output of those

workers who receive apprenticeship training in the first period. These workers

with θ ≥ θFB generate training costs e in period 1. In the second period, their

productivity is increased by the factor (1 + α). Maximizing (3.8) with respect

to θFB yields the optimal pivotal ability between apprenticeship training and

regular work.

Proposition 3.1 In the first-best optimum, the lowest ability of those work-

ers who should receive apprenticeship training is equal to

θFB =
e

δα
(3.9)

In the first-best optimum, the pivotal ability between apprenticeship

training and regular work increases with e because higher training costs

make apprenticeship training less profitable. However, θFB decreases with

the productivity-enhancement α because the productivity of trained workers

becomes larger and thus the return to education is increased. Just as well,

θFB decreases with the discount factor because an increase in δ is equivalent

to a decrease in r. Hence, the welfare in period 2 is discounted less and thus

weighted to a greater extent. By substituting (3.9) into equation (3.8), we

obtain the first-best level of overall welfare.

Proposition 3.2 In the first-best optimum, the overall welfare is equal to

WFB =
1

2
(1 + δ (1 + α))− e+

1

2

e2

δα
(3.10)

3.4.4 The Laissez-Faire Equilibrium

In the laissez-faire equilibrium (LF) without government intervention, work-

ers never prefer to remain unemployed since this would be equivalent to
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receiving zero income.103 Workers prefer apprenticeship training in period 1

if their total utility in equation (3.7) is larger with apprenticeship training

(i.e. κ = 1) than with regular work (i.e. κ = 0).

Definition 3.1 The pivotal ability θLF is defined to be the lowest ability of

those workers who decide to receive apprenticeship training. A worker prefers

apprenticeship training to regular work if his total utility over both periods

solves

(1 + δ (1 + α)) θ − e ≥ (1 + δ) θ

θ ≥ θLF ≡
e

δα
= θFB (3.11)

By comparing this pivotal productivity with the first-best optimum in

Section 3.4.3, we conclude that the laissez-faire equilibrium is efficient (cf.

Figure 3.3). The reason is that the worker is the full claimant of his marginal

product, which implies that he takes into account all costs and benefits of

apprenticeship training. Hence, there is no "hold-up" problem such that one

party (i.e. the worker) pays the training costs, while another party (i.e. the

firm) shares in the return (Acemoglu and Shimer (1999)).104

103Note that regular work does not generate a positive income for θL = 0. Because this

borderline case has no consequences for the overall welfare, we simply assume that this

worker with the lowest ability also decides to work regularly.
104A "hold-up" problem would arise due to incomplete contracts. For example, if wages

are determined by Nash-bargaining and β indicates the worker’s bargaining power, the

pivotal ability between apprenticeship training and regular work would be inefficiently

high:

θLF =
e

δβα
≥ θFB

In this case, θLF decreases with the workers’ bargaining power β. The case β = 1 implies

zero rents for the firms and the absence of labor market frictions so that the number of

apprenticeship training positions achieves its first-best level, i.e. nLF = nFB. However,

for β < 1 the training decision of workers implies θLF > θFB and thus distortions com-

pared to the first-best optimum. In this case, the deviation from the first-best number of
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Figure 3.3: The Laissez-Faire Equilibrium

Proposition 3.3 In the laissez-faire equilibrium, the number of unemployed

workers and the number of trained workers correspond to the first-best opti-

mum:

uLF = uFB = 0

nLF = nFB = 1−
e

δα

Hence, the laissez-faire equilibrium is efficient and the overall welfare is max-

imal:

WLF =WFB (3.12)

3.4.5 The Equilibrium with Social Assistance

Unfortunately, the German labor markets are hardly characterized by the

laissez-faire equilibrium as described in the previous subsection. As discussed

in Section 3.3.2, labor markets are heavily regulated and the labor supply

of workers is distorted by the system of social security. For this reason, we

apprenticeship training positions is equal to

△n = nLF − nFB = −
(1− β) e

δβα
< 0 if β < 1

This inefficiency stems from the fact that workers only consider their higher wages in

period 2 but do not take into account increased profits of firms by the output share (1− β).

Hence, workers underinvest in the accumulation of human capital. The difference △n and

thus the degree of distortion become larger, the lower the worker’s bargaining power β.

The inefficiency would be solved if firms and workers could bargain on the distribution

of e and write a complete contract in which the external effects (i.e. both the costs and

benefits) of apprenticeship training are internalized.
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incorporate into our model social benefits z that are paid to all unemployed

workers in period 2.105

In accordance with the Arbeitslosengeld II of the German system of social

security, z is identical for all workers and thus independent of labor income

in period 1. We assume that the government cannot observe why workers

remain unemployed and thus also supports those workers who voluntarily

refuse to work in order to become eligible for social assistance. The public

expenditures for social benefits in the second period are financed by a lump-

sum tax T , which is imposed on all workers independent of their status

of employment. Hence, social benefits z describe the gross transfer while

unemployed workers receive net payments of z − T .

The Pivotal Abilities with Social Assistance

Obviously, the labor demand of firms is not affected by the system of social

security. Also, the pivotal ability of workers between apprenticeship training

and regular work remains the same because θLF is independent of z. Hence,

there are no distortions in the number of apprenticeship training positions.

However, there are some low-ability workers who now decide to remain

unemployed in the second period because their utility is higher by receiving

social assistance than by working regularly. These distortions arise because z

defines the reservation wage and thus affects the labor force participation of

workers. In other words, social assistance (SA) generates an individual par-

ticipation tax rate τSA, which is higher the lower the individual productivity

θ′ in the second period:106

τSA =
z

θ′

105In order to keep the following calculations as simple as possible, we concentrate on

period 2 and do not consider social assistance in period 1.
106The participation tax rate is defined as the average tax rate on labor market partici-

pation (Keuschnigg (2005)). In line with Eissa, Kleven, and Kreiner (2006), labor supply

at the extensive margin is linked to the participation tax rate. Note that the participation

tax rate is zero in the laissez-faire equilibrium, i.e. τLF = 0.
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In line with Boone and Bovenberg (2004), the participation constraint

is binding at the bottom of the ability distribution.107 In this context, the

pivotal ability between regular work and unemployment is described by the

following definition.

Definition 3.2 With social assistance, the pivotal ability θSA is defined to

be the lowest ability of those workers who decide to work regularly. A worker

prefers regular work to unemployment if his total utility over both periods

solves

(1 + δ) θ − δT ≥ θ + δ (z − T )

θ ≥ θSA ≡ z (3.13)

The pivotal ability between regular work and unemployment increases

with z because higher social benefits make it less attractive to enter the

labor market. The relationship of the pivotal abilities is clarified by the

following proposition.

Proposition 3.4 If the level of social assistance does not exceed some upper

bound

z ≤ θFB

the relationship of the pivotal abilities is the following (cf. Appendix C):

θLF ≥ θSA

Overall Welfare with Social Assistance

The number of trained workers is the same as in the laissez-faire equilibrium,

i.e. nSA = nLF = 1− θLF . However, the system of social security generates

(voluntary) unemployment in the second period among those workers with

107In Immervoll, Kleven, Kreiner, and Saez (2005), labor supply at the extensive margin

is driven by fixed costs of work effort. In our approach, each worker decides on his labor

market participation depending on his labor income and the level of social assistance.
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Figure 3.4: The Equilibrium with Social Assistance

individual ability below θSA, i.e. uSA = θSA. Hence, labor market partici-

pation is too low and unemployment is too high compared to the first-best

optimum. This situation is illustrated in Figure 3.4.

Because, the aggregate profits of firms are zero (cf. Section 3.4.2), the

overall welfare with social assistance corresponds to the sum of the total

utilities of all workers over both periods:108

WSA =

θSA∫

0

[θ + δ (z − T )] dθ

︸ ︷︷ ︸
unemployed workers

(3.14)

+

θLF∫

θSA

[(1 + δ) θ − δT ] dθ

︸ ︷︷ ︸
unskilled workers

+

1∫

θLF

[(1 + δ (1 + α))θ − e− δT ] dθ

︸ ︷︷ ︸
trained workers

The first integral in (3.14) is equal to the aggregate utility of those workers

who remain unemployed in period 2, the second one describes the aggregate

utility of workers employed regularly in both periods, and the third integral is

equal to the aggregate utility of trained workers. The public expenditures for

social assistance are financed by lump-sum taxation of all workers indepen-

dent of their status of employment, which implies that each worker has to pay

the lump-sum tax T . Hence, we omit further labor market distortions that

would be generated by taxing only those workers who are in employment.

108As before, the labeling at the bottom refers to the workers’ qualification or status of

employment in period 2.
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In order to determine the overall welfare with social assistance, we have

to consider the total amount of social benefits and taxes. Although z and T

affect the aggregate welfare of workers in (3.14), they cancel out in the over-

all welfare equation (3.15) because they represent pure lump-sum transfers

between the workers and the government. Hence, WSA simplifies to

W SA =

θSA∫

0

θdθ

︸ ︷︷ ︸
unemployed workers

+

θLF∫

θSA

(1 + δ) θdθ

︸ ︷︷ ︸
unskilled workers

+

1∫

θLF

[(1 + δ (1 + α))θ − e] dθ

︸ ︷︷ ︸
trained workers

(3.15)

The overall welfare with social assistance is obtained by substituting the

pivotal abilities θLF and θSA into equation (3.15).

Proposition 3.5 With social assistance, the overall welfare is equal to

WSA =WLF −
1

2
δz2 (3.16)

Comparing equations (3.12) and (3.16) shows that the system of social

security decreases the overall welfare compared to the laissez-faire equilibrium

(i.e. W SA < WLF ). This gap increases with z because the labor supply

incentives of low-ability workers are reduced. For all workers with individual

ability below θSA, the wage that could be earned by working regularly falls

below the level of social assistance. Hence, these workers can increase their

utility by remaining unemployed. This inefficiency in the labor supply of

workers constitutes the necessary condition for welfare-enhancing government

interventions.

Obviously, labor market distortions could be reduced by lowering the

level of social assistance. However, if social benefits cannot be reduced by

the government as suggested by Boone and Bovenberg (2004), tax credits

are a possible policy instrument to move the economy towards the first-best

optimum by decreasing the number of unemployed workers. Based on the

equilibrium with social assistance, the welfare implications of tax credits are

analyzed in the following section.
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3.5 The Welfare Analysis of Tax Credits

As discussed in Section 3.2.1, tax credits imply that the government pays a

subsidy to each worker who is employed regularly in the second period and

whose labor income I does not exceed the critical income level Ī. By paying

low-skilled workers a subsidy S in addition to their individual labor income,

formerly unemployed workers are motivated to enter the labor market be-

cause this "combined wage" makes them better off than the level of social

assistance.

Following the propositions of Sinn, Holzner, Meister, Ochel, and Werding

(2006), tax credits are designed in terms of a NIT for those workers who

are employed regularly in period 2. This design implies that all workers

in employment receive a basic lump-sum transfer y, which corresponds to

the guaranteed income of each worker. The individual subsidy S decreases

continuously with labor income, i.e. it phases out at rate s up to the critical

income level Ī. This smooth reduction of the subsidy avoids undesirable

jumps in the distribution of net incomes.109 In contrast to the traditional

NIT, tax credits are only directed to net beneficiaries, while workers with

labor income above Ī are not affected.

Formally, the subsidy S in period 2 depends on the individual labor in-

come I in the following manner:

S(θ′) =

{
y − sθ′ if I(θ′) = θ′ ≤ Ī ≡ y

s

0 if I(θ′) > Ī
(3.17)

with y as the basic transfer and s as the phase-out rate of the tax credits.

As can be seen in (3.17), individuals with low income I below the critical

109If abilities are continuously distributed and not observable by the government, this

transfer scheme is analytically equivalent to a lump-sum subsidy which is constant up to

some critical level of labor income. Each worker with labor income above this critical

level can imitate a lower ability in order to become eligible for the subsidy. Hence, the

additional income due to the subsidy becomes smaller the higher the true ability of the

worker and thus the higher the income loss necessary to fall below the critical level of

income.
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Figure 3.5: Tax Credits Depending on Labor Income

level Ī receive a wage subsidy from the government. According to Hausman

(1985), the phase-out rate s mainly determines labor supply at the intensive

margin while y affects the participation decision of workers. Hence, the basic

transfer is much more important for the labor supply response of low-income

workers because labor supply adjustments take place at the extensive margin

(cf. Section 3.2.2). Depending on I, this subsidy scheme is graphically

illustrated in Figure 3.5.

There is a critical ability θ̄ that indicates the worker just receiving zero

subsidy, i.e. all workers with higher ability than θ̄ receive no subsidy. The

critical income level Ī is equal to y

s
so that the critical ability is defined

by θ̄ ≡ y

s
. In line with Hanushek, Leung, and Yilmaz (2003), we assume

that each unskilled worker is subsidized. This assumption implies the re-

lationship θ̄ ≥ θLF , which allows focusing on those workers who receive a

positive amount of subsidy without formal qualification but no subsidy in

the case of apprenticeship training (cf. the pivotal ability between appren-

ticeship training and regular work in Definition 3.3). This case is empirically
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relevant because many trained workers with medium ability would receive a

much lower wage and would thus be eligible for tax credits if they had re-

mained untrained. Furthermore, our assumption is justified because we want

to concentrate on the most interesting case with a significant reduction in

unemployment.110

The relationship between individual labor income (I) and total income

including the tax credits (I + S) is graphically illustrated in Figure 3.6.

Depending on θ̄, the worker’s total income in period 2 is equal to

110Obviously, this is a crucial assumption for our analytical results in Section 3.5.2. There

are two other possible cases that are neglected in the following analysis. First, we could

concentrate on those workers who always receive a positive amount of subsidy irrespective

of whether they train or not. In this case, the basic transfer cancels out in their training

decision according to Definition 3.3. And second, we could focus on those workers who are

never eligible for tax credits because their income exceeds the critical level even without

apprenticeship training. In this case, the pivotal ability between apprenticeship training

and regular work is independent of both y and s.
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I (θ′) + S(θ′) =

{
y + (1− s) θ′ if θ′ ≤ θ̄

θ′ if θ′ > θ̄

3.5.1 The Pivotal Abilities with Tax Credits

As in Section 3.4.5, public expenditures for social assistance and tax credits

are financed by lump-sum taxation of all workers independent of their sta-

tus of employment. In line with Boone and Bovenberg (2004) and Boone

and Bovenberg (2006), the level of social assistance is taken as given by the

government. Hence, workers still receive social benefits z in the case of unem-

ployment. In consequence of the tax credits, the workers’ decisions between

apprenticeship training, regular work, and unemployment are modified.

Definition 3.3 With tax credits (TC), a worker prefers apprenticeship train-

ing to regular work if

θ − e+ δ [(1 + α) θ − T ] ≥ θ + δ [(1− s) θ + y − T ]

θ ≥ θTCA ≡
e+ δy

δ (α+ s)
(3.18)

With tax credits, a worker prefers regular work to unemployment if

θ + δ [(1− s) θ + y − T ] ≥ θ + δ [z − T ]

θ ≥ θTCU ≡
z − y

1− s
(3.19)

Before analyzing the equilibrium with tax credits, we have to determine

the relationship of the four pivotal abilities θLF , θSA, θTCA , and θTCU .

Proposition 3.6 The relationship of the pivotal abilities is the following (cf.

Appendix C):

θTCA ≥ θLF ≥ θSA ≥ θTCU
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Figure 3.7: The Equilibrium with Tax Credits

3.5.2 The Equilibrium with Tax Credits

Tax credits aim at reducing unemployment among low-skilled workers. In-

deed, the pivotal ability between regular work and unemployment is de-

creased (i.e. θTCU ≤ θSA), which implies that labor market distortions are

reduced and the equilibrium approaches the first-best optimum with zero

unemployment. The reason is that the subsidy S lowers the participation

tax rate for all beneficiaries of the tax credits:

τTC =
z − S(θ′)

θ′
< τSA

This reduction in the participation tax rate is equivalent to an increase

in the opportunity costs of unemployment. Hence, some low-ability workers

who were unemployed in the equilibrium without tax credits now decide to

enter the labor market.

However, there is also an adverse effect of tax credits on the behavior

of high-ability workers because the pivotal ability between apprenticeship

training and regular work is increased (i.e. θTCA ≥ θLF ). Hence, there are

less workers that prefer apprenticeship training to regular work because the

opportunity costs of training are increased. Compared to the equilibria with

laissez-faire and with social assistance, the number of trained workers is dis-

torted, i.e. nTC = 1 − θTCA < nLF = nSA. This situation is is illustrated in

Figure 3.7.

As in Section 3.4.5, the overall welfare with tax credits corresponds to
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the sum of the total utilities of all workers over both periods:

W TC =

θTCU∫

0

[θ + δ (z − T )] dθ

︸ ︷︷ ︸
unemployed workers

(3.20)

+

θTCA∫

θTCU

[(1 + δ (1− s)) θ + δ (y − T )] dθ

︸ ︷︷ ︸
unskilled workers with tax credits

+

1∫

θTCA

[(1 + δ (1 + α))θ − e− δT ] dθ

︸ ︷︷ ︸
trained workers without tax credits

The first integral in (3.20) is equal to the aggregate utility of low-ability

workers who remain unemployed in period 2 and the second one describes

the aggregate utility of workers employed regularly in both periods. While

these unskilled workers are eligible for tax credits because their labor income

falls below the critical income level, the third integral refers to the aggregate

utility of trained workers who receive no subsidy. Similar to Section 3.4.5,

the public expenditures for tax credits and social assistance are financed by

lump-sum taxation of all workers, which implies that each worker has to pay

the lump-sum tax T . Again, we omit further labor market distortions that

would be generated by taxing only those workers in employment.

In order to determine the overall welfare with tax credits, we have to

consider the total amount of expenditures and taxes. Tax credits affect the

aggregate welfare of workers in (3.20) and exert an indirect influence on the

overall welfare in (3.21) by changing the pivotal abilities compared to the

equilibriumwith social assistance, but they cancel out as a direct determinant

because they represent pure lump-sum transfer between the workers and the
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government. Altogether, the overall welfare with tax credits is equal to

W TC(y, s) =

θTCU∫

0

θdθ

︸ ︷︷ ︸
unemployed workers

+

θTCA∫

θTCU

(1 + δ) θdθ

︸ ︷︷ ︸
unskilled workers

(3.21)

+

1∫

θTCA

[(1 + δ (1 + α))θ − e] dθ

︸ ︷︷ ︸
trained workers

In order to determine the optimal tax credits, we have to maximize (3.21)

with respect to y and s:

δθTCU

(
−
∂θTCU
∂y

)

︸ ︷︷ ︸
less unemployed workers

= δαθTCA
∂θTCA
∂y︸ ︷︷ ︸

less trained workers

−
∂θTCA
∂y

e

︸ ︷︷ ︸
reduced training costs

(3.22)

δαθTCA

(
−
∂θTCA
∂s

)

︸ ︷︷ ︸
more trained workers

−

(
−
∂θTCA
∂s

)
e

︸ ︷︷ ︸
increased training costs

= δθTCU
∂θTCU
∂s︸ ︷︷ ︸

more unemployed workers

(3.23)

The first-order conditions (3.22) and (3.23) compare the marginal benefits

and the marginal costs of an increase in y and s. Raising the basic transfer

y increases the number of regular workers at the lower end by (−∂θTCU
∂y
),

which generates additional productivity δ per unit of initial ability. The

(net) marginal costs of an increase in y are shown on the right hand side of

(3.22). These costs are composed of two effects that both accrue because the

number of regular workers is increased at the upper end by ∂θTCA
∂y

. According

to the first summand, there is a productivity loss of δα per unit of initial

ability due to those workers who now reject apprenticeship training and thus

no longer have an increased productivity in the second period. However,

this decline in the number of trained workers also implies that the aggregate

training costs are reduced by e per former apprentice.

As shown in the first-order condition (3.23), the opposite welfare effects

hold for an increase in s. Raising the phase-out rate s decreases the number
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of regular workers and thus raises the number of unemployed workers at the

lower end by ∂θTCU
∂s

. At the same time, the number of trained workers is

increased by
(
−

∂θTCA
∂s

)
.

Altogether, the implementation of tax credits faces a trade-off with re-

spect to overall welfare. On the one hand, tax credits are welfare-enhancing

because they manage to decrease the number of unemployed workers in pe-

riod 2 (either by an increase in y or by a reduction in s). On the other hand,

tax credits increase the opportunity costs of training, which implies that less

workers are willing to receive apprenticeship training.

3.5.3 Interpretation

The implementation of tax credits aims at increasing the labor supply of

low-skilled workers at the extensive margin by raising the opportunity costs

of unemployment and thus fostering the workers’ incentives to enter the la-

bor market. However, in line with Heckman, Lochner, and Cossa (2002), a

significant increase in labor force participation is achieved only at the cost

of reduced human capital formation by workers in employment because the

opportunity costs of apprenticeship training are raised at the same time.

If the intended reduction in unemployment is rather small, it will be

possible to avoid any distortions in the training decision of workers (i.e.

θTCA = θFB) by choosing the basic transfer equal to ỹ = e
δα
s. In this case,

there is a constant relationship of the two variables of the subsidy scheme

so that they just balance the negative effects on the pivotal ability between

apprenticeship training and regular work. However, by considering the wel-

fare effects of both unemployment and apprenticeship training, it is welfare-

enhancing to further increase the basic transfer.

Given the distortions of the equilibrium with social assistance as discussed

in Section 3.4.5, small tax credits with a basic transfer slightly above ỹ gen-

erate a first-order welfare gain by the reduction in unemployment while a

small deviation of apprenticeship training from its first-best level only cre-

ates a second-order welfare loss. Hence, by taking into account both welfare
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effects, these small tax credits give rise to an overall welfare gain. However,

as the tax credits are raised further, the welfare loss from reduced training

becomes larger while the efficiency gain from additional labor force partici-

pation becomes smaller as the economy is moved towards the first-best level

of unemployment. Consequently, there must be a well determined optimal

level of tax credits (y∗, s∗) that maximizes the overall welfare by equating

the welfare gain on the left hand side and the welfare loss on the right hand

side in the first-order conditions (3.22) and (3.23).

Proposition 3.7 With optimal tax credits, unemployment is reduced to

(uTC)∗ =
z − y∗

1− s∗
< uSA

At the same time, the number of trained workers is reduced to

(nTC)∗ = 1−
e+ δy∗

δ (α+ s∗)
< nSA

By substituting the pivotal abilities θTCU and θTCA into (3.22) and solving

for y, we obtain the welfare maximizing basic transfer y∗ depending on the

optimal phase-out rate s∗:111

y∗ =
(α+ s∗)2

(1 + α) (α+ (s∗)2)
z +

(1− s∗)2 s∗

δ (1 + α) (α+ (s∗)2)
e (3.24)

Because the optimal basic transfer (3.24) is positive (cf. Appendix D.2),

the implementation of tax credits increases the overall welfare compared to

the equilibrium with social assistance. Furthermore, by choosing the basic

transfer as high as the level of social assistance (i.e. y = z), it is even

possible to achieve zero unemployment (i.e. uTC = 0). However, the optimal

basic transfer falls below z if the welfare gain of tax credits is too low to

compensate for the costs of less apprenticeship training. For a given level

of s∗, the optimal basic transfer falls below the level of social assistance if

111The calculation of y∗ is presented in Appendix D.1. Note that y∗ describes a welfare

maximum because the second derivative is negative, i.e. ∂2WTC(y,s)
∂y2

< 0.
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the productivity-enhancement of apprenticeship training exceeds some lower

bound (cf. Appendix D.2):

α >
e

δz
s∗

In this case, the reintegration of those workers at the bottom of the ability

distribution into the labor market is not optimal. Because the costs in terms

of decreased human capital formation would be too high, it is more efficient

to leave aside those workers with the lowest productivities.

Obviously, by lowering the level of social assistance, it would be possible to

reduce unemployment without generating distortions in the training decision

of workers. However, in line with Boone and Bovenberg (2004), we assume

that this policy instrument is not available and the government takes z as

given when deciding on the optimal level of tax credits. Note that, for a given

level of s∗, the optimal basic transfer y∗ increases with z. This result is in line

with Boone and Bovenberg (2006) who conclude that, at high levels of social

assistance, tax credits and traditional social benefits constitute complements

because tax credits aim at offsetting the negative impact of social assistance

on the labor supply of low-skilled workers. With respect to the UK, Blundell

and Hoynes (2001) empirically show that the positive impact of tax credits on

labor force participation is reduced by the existence of other social benefits.

For this reason, Sinn, Holzner, Meister, Ochel, and Werding (2006) propose

to combine the implementation of tax credits with a reduction in the level

of social assistance. This reduction in z would decrease the optimal basic

transfer and thus lower the negative effects of tax credits on human capital

formation.

3.6 Conclusion

Chapter 3 of my PhD thesis ranks among a new line of research that tran-

scends the boundaries of labor economics and public finance. With respect

to the German labor markets, Sinn (2002) and Schöb and Weimann (2003)

conclude that the only way to lower the poverty trap and to reactivate the
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low-skilled part of the labor force is to subsidize work instead of unemploy-

ment. This chapter presents a two-period partial-equilibrium model that

systematically compares the costs and benefits of tax credits. As proposed

by Sinn, Holzner, Meister, Ochel, and Werding (2006), tax credits are de-

signed in terms of a NIT for those low-skilled workers who decide to enter

the labor market.

Our formal analysis is based on recent training literature with oligopolistic

labor markets but the model is adapted to the German system of appren-

ticeship training and social security. In the laissez-faire equilibrium, there

is no unemployment and the number of trained workers corresponds to the

first-best optimum. As suggested by Sinn (2003), the system of social se-

curity generates unemployment among low-ability workers because private

employment is crowded out by the welfare state. The implementation of

tax credits faces a trade-off with respect to overall welfare. While tax cred-

its reduce the number of unemployed workers at the extensive margin, they

increase at the same time the opportunity costs of apprenticeship training,

which implies that the training decision of high-ability workers is distorted

and the number of trained workers is lowered. In conformity with Heckman,

Lochner, and Cossa (2002), a significant increase in labor force participation

is achieved only at the cost of reduced human capital formation by workers

in employment.

Nevertheless, the implementation of tax credits increases the overall wel-

fare compared to the equilibrium with social assistance because the positive

effect on labor force participation outweighs the negative effect on appren-

ticeship training, which implies that the optimal basic transfer is positive.

Hence, in line with the empirical results of Eissa, Kleven, and Kreiner (2004)

and Immervoll, Kleven, Kreiner, and Saez (2005), the introduction of tax

credits is justified on theoretical grounds. However, if the optimal basic

transfer falls below the level of social assistance, it is not optimal to reinte-

grate those workers at the bottom of the ability distribution into the labor

market. Because the costs in terms of decreased human capital formation
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would be too high, it is more efficient to leave aside those workers with the

lowest productivities.

In our model, the number of unemployed workers and the number of ap-

prentices are endogenously determined and depend on the individual ability

of workers. Nevertheless, the model has been kept simple for expositional and

calculational reasons. The theoretical results of our stylized model only allow

for qualitative conclusions concerning the implementation of tax credits in

the context of the German system of apprenticeship training and social secu-

rity. In order to assess the quantitative magnitude of these effects, we would

have to estimate the elasticities of the workers’ labor supply and training

responses at the extensive margin. However, the underlying insights into the

model presented here are robust to various types of generalization. Hence,

they constitute a promising basis for policy recommendations and future

research.
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Chapter 4

Pension Reform

The demographic transition in industrialized countries poses challenges to the

pension system, which is essentially organized according to the pay-as-you-go

principle in most countries. Chapter 4 of my PhD thesis aims at analyzing

two proposals for pension reform in a theoretical model that endogenously

explains the retirement and training decision of workers who are heteroge-

neous in ability. Because the economic benefits of motivating late retirement

strongly depend on the employment prospects of workers near retirement age,

the model includes the firms’ employment decision at the extensive margin.

The first reform proposal, the implementation of individual retirement

accounts, increases the workers’ incentives to acquire skills and to postpone

retirement. However, if the capital funded pillar of the pension system be-

comes strong, low-ability workers may not attain their optimal retirement

age because firms refuse to employ them any longer. In a similar manner,

the second reform proposal to increase the minimum retirement age may not

work for low-ability workers if their separation date is determined by the firms

before the minimum retirement age is achieved.

139
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4.1 Introduction

Starting from the "golden age of retirement" (Cremer and Pestieau (2000)),

the demographic transition in industrialized countries poses challenges to the

pension system and the economy as a whole (Bovenberg and Knaap (2005)).

Declining fertility and increasing life expectancy give rise to prolonged de-

mographic change that continuously changes the size and the composition of

the labor force.112 This topic has received much attention in recent years,

mainly due to the expected sharp increase in the ratio of retirees per active

worker. For example, in Switzerland, the ratio of people above 65 relative

to the active population of age 20-64 is expected to increase from 30.1% in

2000 to 50.5% in 2060 (KommissionfürKonjunkturfragen (2005)).

The economic impact of this demographic change mainly derives from

the reduction in aggregate labor supply and the impact on fiscal and so-

cial security budgets, necessitating either a significant reduction in old-age

benefits, an increase in social security contribution rates, an increase in the

minimum retirement age, or other measures to improve labor market partic-

ipation (Disney (2000)).113 Börsch-Supan (2003) and Martín (2003) argue

that in order to finance the current pension system, contributions and tax

rates would have to rise substantially, which reduces labor force participation

of younger cohorts and destabilizes the pension system even more. For ex-

ample, while the average contribution rate in the European Union was 16%

in 2000, it will increase to 27% in 2050 if the present benefit rules are kept

unchanged (EuropeanCommission (2001)).

112In the European Union, life expectancy at age 65 has increased by more than one year

per decade since 1950 (Cremer, Lozachmeur, and Pestieau (2004)).
113Acording to Hines and Taylor (2005), the US Social Security trust fund will be empty

in 2044. Martín (2003) uses a CGE model to analyze how pension reforms may alleviate

the expected financial difficulties of current PAYG systems. In the long-run, the financial

sustainability of pension systems may also be improved by immigration or family policy

(Kirchgässner (2005)). However, Börsch-Supan (2003) argues that the decrease in the

relative size of the economically active population cannot be balanced by higher capital

intensity.
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The trend of declining labor force participation is aggravated by the fact

that an increasing fraction of older workers decides to retire early (Conde-

Ruiz and Galasso (2004)). The reason is that existing pension systems impose

considerable negative accrual rates of pension wealth and thus provide eco-

nomic incentives to leave the active population at younger and younger ages

(Samwick (1998)). Gruber and Wise (2005) provide an extensive source on

retirement behavior in industrialized countries. However, there is a second

argument why labor force participation is low among older workers. In most

industrial countries, the number of older workers in unemployment is dispro-

portionately high, which implies that the employment prospects of workers

near retirement age are significantly reduced (Bingley and Lanot (2004)).

Hence, workers may be constrained by poor labor market conditions from

working until their desired retirement date (Coile and Levine (2006)).

Besides its adverse effects on the pension system, population aging may

induce individuals to invest more in their human capital if aging is accom-

panied with postponed retirement and longer working periods (Echevarría

(2003)). According to consistent findings in the literature, human capital ac-

cumulation and economic growth are increased via these channels, possibly

even without changes in the system of old-age provision.114 However, most

of the existing analysis of demographic change and pension reforms has been

cast in a framework of flexible labor markets with endogenous labor sup-

ply.115 Pension reform in the presence of labor market frictions (for example

Keuschnigg and Keuschnigg (2004)) or with endogenous human capital for-

mation (for example Jensen, Lau, and Poutvaara (2004)) is considered quite

rarely.

Chapter 4 of my PhD thesis aims at closing this gap by developing a

114Cf. de la Croix and Licandro (1999b), Kalemli-Ozcan, Ryder, and Weil (2000),

Kalemli-Ozcan (2002), Boucekkine, de la Croix, and Licandro (2002), Soares (2005), and

Echevarría (2004)
115Cf. Lindbeck and Persson (2003), Feldstein and Liebman (2002), Cutler, Poterba,

Sheiner, and Summers (1990), Feldstein and Samwick (1999), Fehr (2000), Kotlikoff (2002),

and Fehr, Jokisch, and Kotlikoff (2004).
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two-period partial-equilibrium model that analyzes the implications of two

proposals for pension reform with a particular focus on retirement age and

human capital formation. It is important to incorporate human capital for-

mation into the analysis of pension reforms because extending the working

life increases the return to education and thus fosters the workers’ incentives

to acquire skills (Trostel (1993)). However, the partial-equilibrium frame-

work of this chapter implies that the analysis does not take into account

the budget constraint of the pension system but focuses on the individual

incentives of workers subject to the system of old-age provision.

The contribution of this chapter is twofold because the formal analysis

of pension systems is extended in two important ways. First, we derive en-

dogenously the workers’ training intensity and the date of retirement, which

both depend on the individual ability of the workers. Second, our model

also refers to the demand side of the labor market by incorporating the em-

ployment decision of firms that decide how long to continue production with

the workers. The firms’ employment decision can significantly affect the im-

plications of pension reforms because workers and firms separate as soon as

one party decides to leave the market. Hence, the effects of pension reforms

strongly depend on the workers’ employment prospects near retirement age.

In a nutshell, there are two key questions considered in this chapter: First,

starting from the current pension system of traditional pay-as-you-go, what

is the impact of different pension reforms on the workers’ incentives with

respect to retirement age and human capital formation? And second, what

are the actual effects of these pension reforms subject to the employment

decision of the firms?

As a first proposal for pension reform, we analyze the introduction of indi-

vidual retirement accounts which imply to (partly) move the pension system

from a pay-as-you-go towards a capital funded system. In aggregate, there

is a double benefit from such a reform: reductions in labor market distor-

tions at the extensive margin (retirement age) as well as increased human

capital formation at the intensive margin (training intensity). Hence, indi-
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vidual retirement accounts increase the workers’ incentives to acquire skills

and to postpone retirement. However, if the capital funded pillar of the

pension system becomes strong and workers want to significantly postpone

retirement, low-ability workers may not attain their desired retirement age

because firms refuse to employ them any longer. In this case, the benefits

of pension reform mainly accrue for high-ability workers while the benefits

for low-ability workers are reduced once their employment prospects near

retirement age are controlled for. This conclusion will be even strengthened

and there will be no effect at all on the retirement date of low-skilled workers

if human capital formation is exogenous. Hence, the superiority of capital

funding as postulated by Feldstein (2005a) is lowered and may even vanish

in the presence of labor market imperfections.

As a second reform proposal, we analyze an increase in the minimum re-

tirement age without changing the fundamental nature of the pay-as-you-go

system. Again, only high-ability workers may be affected because they are

forced to stay inside the labor market until they have reached the minimum

retirement age. In contrast, there may be no impact on low-ability work-

ers if their retirement date is determined by the firms before the minimum

retirement age is achieved.

Chapter 4 of my PhD thesis proceeds as follows: the next section discusses

the theory of old-age provision, labor supply, and human capital formation.

In Section 4.3, our partial-equilibrium model is developed and the decision

problems of workers and firms are discussed. In Section 4.4, we describe the

current pension system with traditional pay-as-you-go and its implications

for the workers’ behavior with respect to retirement and training. In Sections

4.5 and 4.6, the two proposals for pension reforms are analyzed depending

on the individual ability of the workers. Section 4.7 concludes.
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4.2 Pension Systems and Labor Supply

4.2.1 Different Pension Systems

Two important arguments for the existence of pension systems are the myopia

of those individuals who do not save adequately for their old-age provision

(Feldstein (1985)) and the asymmetric information between government and

workers with respect to voluntarily chosen poverty (Kotlikoff, Spivak, and

Summers (1982)).116 According to Feldstein (1974), social security wealth is

equal to "the present actuarial value of the social security benefits to which

the current adult population will be entitled at age 65 minus the present

actuarial value of the social security taxes that they will pay before reaching

that age". Obviously, this term does not mean real wealth but corresponds

to a claim on current and future taxpayers (Feldstein (1996)).

In general, there are two different concepts of old-age provision, namely

capital funding and the pay-as-you-go system. Feldstein (2005a) and

Keuschnigg (2005) provide an overview.

Capital Funding and Pay-As-You-Go

With a capital funded pension system, the worker’s contributions are paid

into an individual account where they accumulate with interest until they are

paid out during retirement in the form of actuarially fair pensions. The in-

dividual rate of return on one’s own contributions corresponds to the market

rate of interest, reduced by an administrative fee. Hence, every generation

finances its old-age provision from its own savings accumulated during the

previous working life (Feldstein (1974)). The accumulated assets of pension

funds are a major source of aggregate savings and can easily run up to 100

percent of GDP and more, depending on the size of contributions allocated

to the system (Feldstein (1996)).

116According to the empirical analysis by Reimers and Honig (1996), at least men behave

myopically because they respond to current retirement benefits rather than to their social

security wealth.
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In theory, old-age provision according to the capital funding principle

constitutes a perfect substitute for private saving. Because the pension sys-

tem generates the same rate of return that workers could earn via private

investments on the capital markets, there is no distortive tax involved. The

contributions to the funded system simply replace private savings that would

otherwise have been necessary to provide for old-age income. Hence, a forced

increase in social security will reduce private savings by an equal amount so

that consumption, bequests, and aggregate savings will be unaffected (Barro

(1974)). However, this offset between private and pension wealth may be

less than one-for-one due to potential counter-effects such as bequest mo-

tives, myopia, liquidity constraints, and political risks (Bottazzi, Jappelli,

and Padula (2006)).117

In contrast to capital funding, the pay-as-you-go (PAYG) system is based

on a so-called inter-generational contract. In every period, the contributions

of the current active population finance the pension entitlements of the re-

tired population. No capital stock is accumulated because old-age provision

entirely rests on unfunded intergenerational transfers. Hence, private sav-

ings are crowded out because people save less if they need not to provide for

their own old-age income (Feldstein (1974)). In theory, the PAYG system

constitutes a perfect substitute for private bequests (Barro (1974)).

The PAYG principle has two advantages compared to the capital funded

pension system: protection against the risk of inflation and protection against

fluctuations of financial markets because the aggregate risk is diversified

over generations (Diamond and Orszag (2005)).118 With capital funding,

117Sheshinski and Weiss (1981) argue that the result of Barro (1974) strictly depends on

the absence of uncertainty. Otherwise, an increase in social security will be only partially

compensated by a decrease in private savings, which implies an increase in aggregate

savings. There has been substantial research on the effect of social security on private

savings. Although there is no agreement on the magnitude of this effect, most studies

suggest that social security reduces the amount of private savings. Cf. e.g. Blinder,

Gordon, and Wise (1981), Feldstein (1982), and Kotlikoff (1979).
118According to Sinn (2004), the PAYG pension system also works as insurance against

the risk of not having children and as an enforcement device for ungrateful children who
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the higher expected return on one’s own contributions has to be balanced

against the higher riskiness of these investments (Feldstein (1996)). The

risks of PAYG only refer to long-run political factors, future demographic

evolutions, and the future of productivity and wages to which contributions

and benefits are related (Miles, Timmermann, de Haan, and Pagano (1999)).

The main drawback of the PAYG system is its dependency on the rela-

tive size of the active population (Kotlikoff (1996)). For example, if demo-

graphic changes raise the dependency ratio (i.e. the ratio of retirees per active

worker), sustainability of the system demands either higher individual con-

tributions, lower old-age benefits, or an increase in the minimum retirement

age (Disney (2000)). The primary costs of the PAYG principle are lower pri-

vate savings and thus reduced capital accumulation (Feldstein (1985)). This

theoretical conclusion is empirically confirmed by Samwick (2000) who uses

a panel of countries over 25 years to analyze the effects of pension systems on

aggregate savings. Another important cost is the deadweight loss of implicit

taxation on labor supply at both the intensive and the extensive margins (cf.

Section 3.2.2).

Altogether, the optimal level of PAYG benefits solves a trade-of between

protection against the risk of elderly poverty and distortions concerning pri-

vate savings and labor supply (Feldstein (1985)). According to Feldstein

(2005a), the capital funded pension system provides a better solution to this

trade-off.

Transition from Pay-As-You-Go to Capital Funding

Nearly all developed countries have adopted a pension system of the PAYG

type. In general, pension systems are financed by a payroll tax imposed on

the labor income of the active population. The size of these unfunded pen-

sion systems has increased over the last decades. In 1995, old-age provision

absorbed 4.5% of GDP in the US, 13% in Italy, 16.5% in France, and over

20% in Sweden (Galasso and Profeta (2002)).

are unwilling to pay a pension to their parents.



4.2. PENSION SYSTEMS AND LABOR SUPPLY 147

Since the 1970s, various proposals for pension reform have suggested mov-

ing the prevalent PAYG system (at least partially) towards a capital funded

system of old-age provision.119 According to these reform proposals, real-

locating resources from the PAYG system to financial assets will eliminate

many shortcomings of the current system. First, demographic change will

no longer affect the financial viability of the pension system. Second, the

implementation of individual retirement accounts will reduce labor market

distortions. And third, private savings and economic growth will be fostered,

which implies an increase in the present value of expected future consumption

(Feldstein (2005b)).

However, it is widely accepted that shifting the current PAYG pension

systems towards capital funding will not generally be neutral (Cremer and

Pestieau (2000)). Feldstein (2005a) provides a list of four issues determining

whether a shift from unfunded to funded systems of old-age provision will

raise social welfare: (1) the costs of the transition process, (2) the level

of administrative costs, (3) the riskiness of financial markets, and (4) the

implications for those workers at the bottom of the income distribution.

The magnitude of the transition costs is controversial in the literature.

While Feldstein and Samwick (1999) and Lindbeck and Persson (2003) esti-

mate moderate costs of moving from PAYG to capital funding, Miles, Tim-

mermann, de Haan, and Pagano (1999) find rather high expenses. By sim-

ulating the effects of different pension reforms for Germany and Austria,

Fehr (2000) and Keuschnigg and Keuschnigg (2004) conclude that all re-

forms redistribute towards future generations at the cost of currently active

generations that have to "pay double".

Finally, instead of moving from PAYG towards capital funding, Diamond

and Orszag (2005) propose only slight changes within the current framework

of traditional PAYG, namely a mixture of increased contributions and re-

duced benefits in order to restore the financial sustainability of the pension

119Cf. Feldstein (1996), Feldstein and Samwick (1999), Feldstein and Samwick (2002),

Kotlikoff (1996), and Mitchell and Zeldes (1996).
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system. Imrohoroglu, Imrohoroglu, and Joines (1995) derive optimal social

security replacement rates and associated benefits by means of an applied

general equilibrium model. According to Boldrin, Dolado, Jimeno, Peracchi,

Breyer, and Fernandez (1999) and Lindbeck and Persson (2003), an efficient

pension system should be a mixture of PAYG and capital funded systems

in order to diversify both political risks and the volatility of financial mar-

kets. However, if the initial system of old-age provision distorts endogenous

labor supply and provides incentives to retire early, Bovenberg and Sorensen

(2004) show that the introduction of compulsory retirement accounts can be

Pareto-improving even in the presence of intragenerational heterogeneity.

4.2.2 Labor Market Effects of Pension Systems

Theoretical Implications

The PAYG system generates an implicit tax on labor supply at both the

intensive and the extensive margins (Keuschnigg (2005)). While labor supply

at the intensive margin means the continuous decision of how much to work

during the active life, the extensive margin reflects the discrete labor supply

choice by comparing costs and benefits of continuing work and postponing

retirement by another period.

From an individual perspective, the rate of return on the contributions

to the PAYG pension system is the internal rate of return equal to the sum

of population and productivity growth rates, which is below the real interest

rate in a dynamically efficient economy (Feldstein (2005b)).120 The demo-

graphic change with declining labor force participation further reduces the

rate of return to the PAYG system because it strictly depends on the relative

size of the active population. The foregone interest margin is considered as

an implicit tax on labor earnings which includes both the payroll marginal

tax and foregone benefits (Cremer, Lozachmeur, and Pestieau (2004)). The

120This must hold at least in the long run. Otherwise, intertemporal budget constraints

would no longer be defined (Keuschnigg (2005)).
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size of this implicit tax is proportional to the difference between the market

rate of interest on private savings and the rate of return on PAYG contri-

butions. The implicit tax generates distortionary effects on labor supply of

active workers, job search, and unemployment.121

Whether contributions to a PAYG system are perceived as an implicit

tax depends on whether pensions are linked to one’s own past contributions

or not. A PAYG system of the Beveridge type pays a flat pension that is

uncoupled from one’s own contributions. In this case, there is no tax-benefit

link at all so that individuals must perceive their contribution rates as a

100% tax because they receive the same pension anyway (Feldstein (2005a)).

In contrast, a PAYG system of the Bismarck type includes a tax-benefit link

that relates the size of the pension to the size of one’s own contributions in

the past.

Unfortunately, contributions tend to be actuarially unfair so that old-

age insurance yields a much lower return than private savings (Feldstein

(2005a)). According to calculations for Germany, about 50% of the contri-

bution is a tax on labor while the rest is a price for individually received

services (Fenge and Werding (2003)). Without changing the fundamental

nature of the PAYG system, the implicit tax can be reduced by strength-

ening the individual tax-benefit link, i.e. by relating pensions more closely

to one’s own past contributions (Lindbeck and Persson (2003)). However,

the capital funded system computes benefits in an actuarially fair way by

definition. Hence, it provides the fullest possible tax-benefit link and thus

avoids any type of implicit taxation. Moving to capital funding will not only

raise aggregate capital accumulation, but will also eliminate implicit taxes

on intensive and extensive labor supply (Feldstein (2005b)).

At the extensive margin, the implicit tax stems from the fact that most

PAYG systems do not adjust the size of retirement benefits in an actuarially

fair way (Crémer and Pestieau (2003)). According to Lau and Poutvaara

121Demmel and Keuschnigg (2000), Corneo and Marquardt (2000), and Keuschnigg

(2004) show that unemployment increases with the level of implicit taxes.
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(2001b), the unfair adjustment of benefits can be interpreted as a subsidiza-

tion of early retirement. Indeed, the empirical evidence suggests a negative

effect of pension contributions on employment and labor force participation

(Scarpetta (1996)).

Empirical Evidence

There is a considerable literature on the economics of old-age insurance ar-

guing that there is indeed a small but significant impact of pension systems

on the average age of retirement and the likelihood of going on pension.122

For example, Stock and Wise (1990) suggest that increasing the minimum

retirement age from 55 to 60 has reduced the probability of retirement before

age 60 by over a third.

Influential work of Börsch-Supan (2000) and Börsch-Supan (2003) shows

the importance of the extensive margin for Germany. Börsch-Supan (2000)

estimates that a decrease of retirement benefits by 12% would reduce the

retirement probability of the 60 year old from 39.3% to 28.1% for a given

labor income. According to Gruber and Wise (2005), each year of later

retirement should be rewarded by a 6% increase in future benefits for the

system to be actuarially fair. Empirical evidence concerning the sensitivity

of the extensive margin is summarized in Diamond and Gruber (1997) and

Gruber and Wise (2005).

4.2.3 Employment Prospects of Older Workers

In industrialized countries, an increasing number of older workers leave the

labor force at younger and younger ages. For example, from 1950 to 1989 the

labor force participation in the US declined from 46% to 17% for men over

122Cf. e.g. Blau (1994), Burtless and Moffitt (1985), Burtless (1986), Fields and Mitchell

(1984), Hurd and Boskin (1984), Hall and Johnson (1980), Mitchell and Fields (1984), Rust

and Phelan (1997), Samwick (1998), Mitchell and Phillips (2000), Crémer and Pestieau

(2003), and Stock and Wise (1990). According to Samwick (1998), weak empirical results

may be attributed to cross-sectional variation in retirement benefits.
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65 and from 87% to 67% for men between 55 and 64 (Lumsdaine and Wise

(1990)). In some European countries (for example France and Italy), male

labor force participation between 60 and 64 fell from above 70% in 1960 to

below 20% in 2002 (Conde-Ruiz and Galasso (2004)).

For older workers, rates of job loss have significantly increased in re-

cent years. In the US, the 3-year job loss rate for workers over age 55 rose

from 11% in 1981 to 16% in 1993 (Farber (1997)). According to Chan and

Stevens (2001), losing a job has significant negative effects on future employ-

ment probabilities. Only 61% of displaced men and 55% of displaced women

over age 50 are reemployed two years after a job loss. By using the National

Longitudinal Study of Older Men, Diamond and Hausman (1984) confirm

that older men face long periods of unemployment and increased retirement

probabilities after a job loss. Furthermore, an empirical study by Congres-

sionalBudgetOffice (1993) shows that about 50% of displaced workers over

age 60 leave the labor force by early retirement.

Due to these poor labor market conditions, workers may be constrained

from working until their desired retirement date (Coile and Levine (2006)).

The employment prospects of older workers strongly depend on the firms’

incentives to hire and to employ workers near retirement age (Chan and

Stevens (2001)). Unfortunately, firm behavior has received much less atten-

tion in the retirement literature than the worker’s decision to go on pension.

However, profit-maximizing firms play an active role because they decide

on the termination of production by comparing marginal benefits and mar-

ginal costs of employing workers for another time period (Hutchens (1999)).

Hence, Hakola and Uusitalo (2005) conclude that it is important to consider

retirement as a joint decision of workers and firms.

According to Bingley and Lanot (2004) and Heywood, Ho, and Wei

(1999), there are three possible explanations why the employment prospects

of older workers are reduced compared to those of younger workers: (1) a

decline in the worker’s productivity over time, (2) a steep age-earnings pro-

file due to delayed compensation schemes, and (3) an increase in the level of
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non-wage labor costs over time.

As suggested in the life-cycle model of human capital accumulation by

Heckman (1976), the worker’s productivity may decline because his human

capital depreciates over time. On the one hand, older workers have more work

experience, which generally increases their productivity. But on the other

hand, skills may decrease with age after a certain point so that productivity

is reduced (Johnson and Neumark (1997)). Furthermore, unexpected posi-

tive technology shocks may accelerate the skill depreciation of older workers,

which implies that firm-sponsored retraining is more costly for older workers

because the returns to this investment are recouped over a shorter period of

time (Bartel and Sicherman (1993)). Hence, firms may use early retirement

as a possible way to renew their workforce (Hakola and Uusitalo (2005)).

The empirical evidence concerning the relationship between age and pro-

ductivity is mixed (Haltiwanger, Lane, and Spletzer (1999)). In their empiri-

cal study for manufacturing firms in France between 1994 and 1997, Crépon,

Deniau, and Pérez-Duarte (2002) find that the productivity of older workers

declines by about 10% on average. By using wages as a proxy for individ-

ual productivity, Kotlikoff and Wise (1989) conclude that the productivity

of salesmen increases until age 52 and then declines by 16% until age 60.

In a similar study for workers of a trading concern, Kotlikoff and Gokhale

(1992) find that there is a productivity loss of nearly 20% compared to the

productivity maximum at age 47. An overview is provided by Börsch-Supan,

Duzgun, and Weiss (2005).

Concerning the second explanation for reduced employment prospects of

older workers, optimal long-term labor contracts according to Lazear (1981)

imply that low-tenure workers earn less than their productivity and high-

tenure workers earn more than their productivity in order to alleviate the

monitoring problems of firms. However, this upward-sloping wage profile of

delayed compensation schemes introduces a new source of inefficiency be-

cause workers have an incentive to stay on the job past the efficient age of

retirement (Lazear (1979)). Hence, firms need to limit the time period over
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which older workers receive wages above their productivity (for example by

"mandatory retirement") (Leigh (1984)).123 This theoretical result is empir-

ically confirmed by Daniel and Heywood (2007) who find that indicators of

delayed compensation are associated with a lower likelihood of firms hiring

older workers. In brief, delayed compensation schemes create incentives to re-

duce labor costs by terminating the employment of older workers (Heywood,

Ho, and Wei (1999)).

With respect to the third explanation, Hutchens (1988) finds that newly

hired older workers are clustered in a smaller set of occupations than newly

hired younger workers and older workers in general. He concludes that firms

may employ older workers but dislike to hire them, which implies that job

opportunities decline with age. This result is empirically confirmed by Chan

and Stevens (2001) and can be attributed to an increase in the level of non-

wage labor costs over time. According to Straka (1992), employer contribu-

tions to health insurance negatively affect the employment prospects of older

workers. Because the costs of health insurance raise with age, the employ-

ment prospects of older workers are reduced compared to those of younger

workers (Scott, Berger, and Garen (1995)).124

In our formal analysis, we refer to the third explanation. We assume

that the costs of production increase with the worker’s age over the life-

cycle, which implies that it is more costly for the firm to obtain the same

output with an older worker than with a younger worker of the same initial

productivity.

Besides the greater probability of job loss, the poor labor market condi-

tions of older workers may have another implication. Workers may experience

wage cuts, which increases the incentives to retire early. Although wage cuts

are a theoretical possibility, in practice it seems unlikely based on previous

123In this context, Lazear (1979) suggests that the firm’s age of mandatory retirement is

positively correlated with the worker’s education.
124Concerning the empirical analysis of Scott, Berger, and Garen (1995), Heywood, Ho,

and Wei (1999) argue that the third explanation (increasing non-wage labor costs) cannot

be easily disentangled from the second one (delayed compensation).
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research concerning the cyclicality of real wages. According to empirical esti-

mates by Devereaux (2001), the wage elasticity with respect to labor market

prospects is low. Hence, in line with Coile and Levine (2006), we do not

consider the possibility of wage cuts in our analysis.

Before analyzing two proposals for pension reform in Sections 4.5 and 4.6,

we discuss the assumptions of our model (cf. Section 4.3) and the current

pension system with traditional PAYG (cf. Section 4.4) in order to point out

the analytical basis of comparison.

4.3 The Model

We consider a discrete-time model with two types of agents, namely workers

and firms. In line with Feldstein (1985), there are two periods with fixed

length. As modeled by Lau and Poutvaara (2001b) and Crémer and Pestieau

(2003), the first period is fully active while the second period is endogenously

split into a working subperiod and a retirement subperiod. In conformity

with Lau and Poutvaara (2001a), our model allows for endogenous human

capital formation, which is limited to the first period. Production takes place

in worker-firm pairs and no capital is needed.

At the beginning of period 1, each firmmeets one worker whose individual

ability is drawn randomly from a distribution that is common knowledge.125

In the second period, all workers can be employed regularly until at least one

party decides to separate, either the worker or the firm. The remaining time

of period 2 defines the length of the retirement subperiod. Altogether, the

economy evolves over time as shown in Figure 4.1. The model assumptions

125In line with Acemoglu and Pischke (1999b), there is no exogenous separation after the

first period. Incorporating an exogenous separating probability as in Malcomson, Maw,

and McCormick (2003) does not change our analytical results because we focus on the

supply side of the labor market. For the workers who face the training decision in period

1, it is irrelevant whether their higher wages in period 2 are paid by their current or by

another employer.
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Figure 4.1: The Evolution over Time

and the labor market decisions of firms and workers are described in the

following subsections.

4.3.1 The Workers

By assumption, each worker is matched with one firm that can unambigu-

ously observe the worker’s ability.126 In line with Crémer and Pestieau (2003)

and Jensen, Lau, and Poutvaara (2004), there are two types of workers with

individual ability θi = {θL, θH} at the beginning of period 1 and identical

lifetime (1 + h). The length of period 1 is normalized to unity. The length

of period 2 is equal to h and covers both a working and a retirement subpe-

riod. In accordance with Malcomson, Maw, and McCormick (2003), workers

are risk-neutral and maximize the sum of their discounted utilities over both

periods:

U (θi) = u1i + δu2i (4.1)

The discount factor δ ≡ 1
1+r

with r as the market interest rate expresses

the preference for current and future welfare. The higher δ, the higher is the

126This assumption is in line with Boone and Bovenberg (2006). Furthermore, it is

implicitly included into the whole literature on human capital and the life-cycle of earnings.

Each worker offers his individual stock of human capital to the firms and is rewarded by a

rental price per unit of human capital. Hence, we rule out asymmetric information (hidden

knowledge). If the worker’s productivity were not observed by the firm, there would be

adverse selection as modeled e.g. by DeMeza and Webb (2001).
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weighting of the following periods and the lower is the preference for period

1.

In period 1, workers can invest in their stock of human capital.127 As in

the literature on human capital accumulation over the life-cycle, the train-

ing costs have to be borne by the worker.128 Although there are two major

components of education costs, namely foregone earnings and direct expen-

ditures (Parsons (1974)), we omit the former and focus on the latter by

assuming direct costs of education that increase with the training intensity

ei (cf. equation (4.2)). This assumption is in line with Lau and Poutvaara

(2001a), where the individual stock of human capital depends on the amount

of resources devoted to the process of educational production.129 Further-

more, the worker can transfer wealth from period 1 to period 2 by reducing

his consumption and saving an amount si. Altogether, the worker’s utility

127This is an advancement compared to Martín (2003) who excludes human capital for-

mation by assuming an exogenous distribution of education types.
128Most models that analyze the accumulation of human capital over the life-cycle com-

pletely concentrate on the investment decision of workers (for example Ben-Porath (1967)

and Heckman (1976)).
129In a similar manner, also Sheshinski (1971), Atkinson (1973), and Nerlove, Razin,

Sadka, and Weizsäcker (1993) consider only direct costs of education in their analyses of

income taxation. In contrast to other contributions in the human capital literature (for

example Trostel (1993)), this approach implies that the education costs are not deductible

from the tax (i.e. the contribution rate τ). Note that the tax-deductibility of training

costs would reduce but not reverse the positive effect of an increase in the tax-benefit link

on the desired retirement age and the level of training (cf. Appendix F). The effect would

be lower because a stronger link between contributions and benefits mitigates the positive

impact of the tax-deductibility on human capital formation. However, the qualitative

conclusions of our analysis in Sections 4.5 and 4.6 would remain unchanged.
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in the first period is equal to130

u1i = (1− τ)w1i − si −
1

2
(ei)

2 (4.2)

w1i = βθi (4.3)

In both periods, the worker’s wage corresponds to the Nash bargain-

ing solution of oligopolistic labor markets. By defining the output good as

numéraire and assuming an identical, linear one-to-one production function

for the connection of output and labor (which is the only factor of produc-

tion), the marginal product of each worker corresponds to his productivity

θi.131 According to Acemoglu (1997), the parameter 0 ≤ β ≤ 1 indicates the

(identical) bargaining power of workers concerning the division of output.

Because the worker receives zero income in the case of unemployment, the

wage of worker i in period 1 is equal to w1i = βθi, which implies that there

are labor market frictions because the worker’s wage falls below his marginal

product for β < 1.132 The contributions to the pension system are equal to

payroll taxes τ that are proportional to the worker’s labor income.

In period 2, the worker’s productivity increases to θ′i depending on the

training intensity in the first period. Hence, in conformity with Lau and

130In line with Ben-Porath (1967), we do not analyze a more general utility function

of workers. Note that the wage corresponds to the worker’s labor income because labor

supply is implicitly normalized to unity. By assumption, there are no effort costs of labor

in period 1.
131The production function exhibits constant returns to scale. From the firm’s point of

view, the worker’s ability can be interpreted as individual productivity.
132Wages in both periods are determined by Nash-bargaining, which implies that the

worker’s wage is a fraction of his marginal product θi. The reason is that the firm and the

worker maximize the Nash-product (θi −wi)
(1−β) (wi)

β. While wi is the bargained wage

of the worker, the firm is the residual claimant of output so that its profits are equal to the

residuum (θi −wi) (cf. Section 4.3.4). Because there is only one chance for a worker-firm

match in period 1 (cf. Figure 4.1) and workers become unemployed in the case of no

agreement, the failure to agree on a wage yields an income and profit level of zero. Hence,

because the fall-back payoffs are zero, the bargained wage is equal to wi = βθi (Ortigueira

(2006)).
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Poutvaara (2001a), there is no uncertainty about the return to education.133

Like in the first period, the bargained wage corresponds to the Nash bar-

gaining solution w2i = βθ′i.
134 The labor income in period 2 is equal to the

product of the worker’s wage and labor supply ti. The worker endogenously

determines ti, which defines the length of the working subperiod and thus the

date of retirement. In line with Crémer and Pestieau (2003), there are convex

effort costs of labor that increase with ti.135 Hence, the worker’s utility in

the second period is equal to

u2i = (1− τ) tiw2i +Rs1i −
γ

2
(ti)

2 + (h− ti) b (4.4)

w2i = βθ′i = (1 + ei) θi (4.5)

b = m (ti) k + n (ti) [(1 + p) τw1i + τtiw2i] (4.6)

The amount of private savings si from the first period is augmented by

the factor R = (1 + r). The retirement subperiod has the length (h − ti)

because it starts at date (1 + ti) and continues until the worker dies at date

(1 + h). According to Fisher and Keuschnigg (2007), retirement benefits are

determined by the benefit rule as specified in equation (4.6). In general,

pensions are composed of two parts. The first part refers to the pension

system of the Beveridge type, which pays a flat pension k uncoupled from

own contributions. The second part refers to the Bismarck type and includes

a tax-benefit link that relates the size of the pension b to the size of one’s

own contributions in periods 1 and 2. Note that the parameter p may be

smaller than the market interest rate r. Whether contributions are actu-

arially fair, depends on the design of m (ti) and n (ti) that define to which

133Because ei determines the amount of training in period 1 as well as the increased

productivity in period 2, it constitutes the key determinant of the return to education as

analyzed in the theory of human capital (c.f. Section 1.4).
134The reason is that the fall-back payoffs are zero because the bargaining takes place in

worker-firm pairs and this is the only chance for an agreement in period 2 (cf. Figure 4.1).
135Mitchell and Fields (1984) point out that, in addition to the income opportunities

as defined by the benefit rule of the pension system, the worker’s preferences for income

relative to leisure are the most important determinant of the retirement age.
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extent individual benefits are adjusted in response to the retirement decision

ti.

Altogether, the total utility of a worker with ability θi is obtained by

substituting (4.2) to (4.5) into equation (4.1):

U (θi) = (1− τ)βθi −
(ei)

2

2
(4.7)

+δ
[
(1− τ) tiβ (1 + ei) θi −

γ

2
(ti)

2 + (h− ti) b
]

b = m (ti) k + n (ti) [(1 + p) τw1i + τtiw2i]

Note that private savings cancel out because they are increased and dis-

counted by the same market interest rate r. Hence, they only represent

transfers from one period to another without influence on total utility. In

line with Lau and Poutvaara (2001a), total utility (4.7) is separable in lifetime

consumption and lifetime leisure.

4.3.2 Retirement and Training with Laissez-Faire

In the laissez-faire equilibrium (LF) without government intervention, there

are no social security contributions and no pension benefits. Hence, the pa-

rameters τ and b are equal to zero in equation (4.7). Each worker maximizes

the present value of his total utility with respect to the decision variables ti
and ei:

max
ti,ei

βθi −
(ei)

2

2
+ δ

[
tiβ (1 + ei) θi −

γ

2
(ti)

2
]

(4.8)

Maximizing (4.8) with respect to ti and ei yields

ti : δβ(1 + ei)θi = δγti (4.9)

ei : δtiβθi = ei (4.10)

The first-order conditions compare the marginal benefits (on the left hand

side) and the marginal costs (on the right hand side) of an increase in ti and

ei, respectively. Equation (4.9) represents the worker’s optimization problem

with respect to ti. While the additional effort costs of labor are shown on the
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right hand side, the increase in labor income is equal to β(1 + ei)θi, which

corresponds to the wage in the second period. In (4.10), each additional unit

of training generates costs equal to ei, but this investment makes the worker

more productive and thus increases the labor income in period 2 by tiβθi.

Furthermore, the first-order conditions (4.9) and (4.10) represent the op-

timal values ti = RLF (ei) and ei = RLF (ti) as a function of the other decision

variable:

ti = RLF (ei) =
βθi

γ
(1 + ei) (4.11)

ei = RLF (ti) = δβθiti (4.12)

These optimality functions (4.11) and (4.12) are upward sloping in a

(ei, ti)-diagram. Hence, as discussed in Section 1.6.2, retirement age and

training intensity constitute complements concerning the worker’s optimal

choice of labor supply and human capital formation. Additionally, both ti
and ei positively depend on the individual ability θi.136 This theoretical

result is in line with the empirical findings of Fields and Mitchell (1984) who

suggest that those workers gaining more by postponing retirement will retire

later. In Figure 4.2, the two optimality functions are graphically illustrated

for both ability types of workers.

In order to determine the worker’s optimal values for retirement age and

training, we have to combine (4.11) and (4.12).

136The complementarity of ability and human capital formation is in line with Blundell,

Dearden, Meghir, and Sianesi (1999).
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Proposition 4.1 With laissez-faire, the desired retirement age and the op-

timal training intensity of a worker with ability θi are equal to137

(ti)
LF =

βθi

γ − δ (βθi)
2 (4.13)

(ei)
LF =

δ (βθi)
2

γ − δ (βθi)
2 (4.14)

The worker’s optimal values for retirement age and training increase with

the bargaining power β and initial ability θi because these parameters deter-

mine the wage and thus the benefits of both training in period 1 and work

in period 2.138 This result is in line with Cremer, Lozachmeur, and Pestieau

(2004) and Martín (2003) who suggest that workers with high productivity

will retire later. Furthermore, both (ti)
LF and (ei)

LF increase with δ because

an increase in δ is equivalent to a decrease in r. Hence, the additional income

in period 2 is discounted less and thus weighted to a greater extent. Finally,

both values decrease with γ because higher effort costs of labor imply that

the net marginal benefits of work and education are reduced.

137In order to guarantee an interior solution for ti and ei, we assume that the total

length of period 2 is not too small, i.e. h ≥ βθH
γ−δ(βθH)

2 . Alternatively, we could include the

parameter h in the effort costs of labor. However, in line with Cremer and Pestieau (2000),

we abstain from this possibility in order to keep the calculations as simple as possible. The

calculation of the optimal values for retirement age and training intensity with laissez-

faire is presented in Appendix E. Concerning the following sections, the calculation of the

optimal values proceeds in the same manner.

Although the problem of reduced labor force participation is raised by demographic

change (cf. Section 4.1), the optimal values in (4.13) and (4.14) are independent of the

worker’s lifetime because utility in the second period considers the sum (h− ti) b of all

retirement benefits. (ti)
LF and (ei)

LF would depend on h if the worker’s utility were not

linearly affected by the income at different dates of the retirement subperiod. In this case,

the marginal utilities of income could differ between different dates and an increase in

h (by exogenous demographic change) would require to postpone retirement in order to

maximize total utility by equalizing the marginal utilities.
138Note that there are two opposite effects of the individual ability on the retirement age,

namely an income effect with negative correlation and a substitution effect with positive

correlation (Jensen, Lau, and Poutvaara (2004)).
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Figure 4.2: The Workers with Laissez-Faire

4.3.3 Retirement and Training with Pension Systems

With pension systems, each worker has to pay contributions during his work-

ing life and receives retirement benefits b that depend on the type of the

pension system. Note that the partial-equilibrium framework of this analysis

implies that the model does not take into account the budget constraint of

the pension system and the interactions between the contribution rate τ and

the level of benefits.

With a pension system, each worker maximizes his total utility (4.7)

subject to the benefit rule (4.6) as defined by the pension system:

max
ei,ti

(1− τ)βθi −
(ei)

2

2
+ δ

[
(1− τ) tiβ (1 + ei) θi −

γ

2
(ti)

2 + (h− ti) b
]

s.t. b = m (ti) k + n (ti) [(1 + p) τw1i + τtiw2i]



4.3. THE MODEL 163

The first-order conditions are the following:

ti : δ

[
(1− τ)β(1 + ei)θi + (h− ti)

∂b

∂ti

]
= δ [γti + b] (4.15)

ei : δ

[
ti (1− τ)βθi + (h− ti)

∂b

∂ei

]
= ei (4.16)

As in Section 4.3.2, the first-order conditions compare the marginal ben-

efits (on the left hand side) and the marginal costs (on the right hand side)

of an increase in ti and ei, respectively. According to equation (4.15), the

marginal benefits of an increase in ti are changed compared to (4.9) due to

the pension system. First, the wage for an additional unit of labor supply is

decreased by the contributions τ . Second, if the retirement benefits are ad-

justed in response to the length of the working subperiod, b increases with ti.

Furthermore, the marginal costs on the right hand side are increased because

the worker forgoes the retirement benefits b if he decides to postpone retire-

ment by another unit of time. In (4.16), the marginal benefits of an increase

in ei are modified compared to laissez-faire in (4.10). First, the additional

labor income in period 2 is reduced by the contributions. And second, if the

pension system contains a tax-benefit link, more training increases the level

of benefits during the retirement subperiod.

Compared to the situation with laissez-faire, the worker’s decision with

respect to retirement age and training is distorted by the pension system.

As discussed in Section 4.2.2, the degree of these distortions depends on the

type of the pension system and can be illustrated by the implicit tax rates on

labor supply and training intensity. According to Gruber and Wise (2005),

the implicit tax on labor supply at the extensive margin is equal to the ratio

of the change in the present value of retirement benefits and labor income.
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Definition 4.1 Depending on the type of the pension system, the implicit tax

rates τ∗t on labor supply at the extensive margin and τ
∗

e on training intensity

at the intensive margin are defined by

τ ∗t ≡ τ +
b− (h− ti)

∂b
∂ti

β(1 + ei)θi
(4.17)

τ ∗e ≡ τ −
(h− ti)

∂b
∂ei

tiβθi
(4.18)

4.3.4 The Firms

Firms are not affected by the system of old-age provision so that they solve

the same decision problem with laissez-faire and with a pension system. As

modeled by Malcomson, Maw, and McCormick (2003), firms are risk-neutral

and maximize the sum of their discounted profits over both periods:

π (θi) = π1i+ δπ2i = (1− β) θi+ δ

[
tF (1− β) (1 + ei) θi −

f

2θi
(tF )2

]
(4.19)

In period 1, the profits correspond to the Nash bargaining solution, i.e.

π1i = (1− β) θi. In the second period, each firm decides how long production

with the worker is continued. The firm leaves the market at the separation

date tF , which implies that production is terminated. As shown in (4.19),

firms have to bear some time-dependent costs of production, which increase

with tF because non-wage labor costs rise over time (cf. Section 4.2.3).

Hence, the firm’s incentives to terminate an employment contract increase

with the worker’s age because it is more costly for the firm to obtain the

same output with an older worker than with a younger worker of the same

initial ability.139

139As mentioned at the end of Section 4.2.3, we do not consider wage cuts of older workers

as a consequence of poor labor market conditions. Hence, in line with Coile and Levine

(2006), we rule out that older workers respond to their reduced employment prospects by

a reduction in their wage. This implies that Coasian bargaining on the time-dependent

costs of production and writing a complete contract covering all costs and benefits of
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Maximizing (4.19) with respect to tF yields the first-order condition

δ (1− β) (1 + ei) θi = δ
f

θi
tF (4.20)

Equation (4.20) compares the marginal revenue (on the left hand side)

and the marginal costs (on the right hand side) of an increase in tF . While

production in period 2 generates a marginal revenue equal to the Nash bar-

gaining solution (1− β) (1 + ei) θi, there are additional time-dependent costs

that have to be borne by the firm. By solving (4.20) for tF , we obtain the

optimal separation date of the firm as a function of the worker’s training

intensity ei (cf. Figure 4.3).

Proposition 4.2 The optimal separation date of the firm is equal to

tF (ei) =
1− β

f
(1 + ei) (θi)

2 (4.21)

The optimal separation date of the firm increases with ei and θi because

the worker’s productivity and thus the firm’s profits are raised. Hence, not

only the worker’s desired retirement age (cf. Section 4.3.2) but also the

firm’s optimal separation date positively depend on the worker’s productivity.

Furthermore, tF (ei) decreases with f because higher time-dependent costs of

production make it is less profitable to employ the worker. Obviously, tF (ei)

decreases with β because the firm’s output share is equal to (1− β).

4.4 The Traditional PAYG Pension System

With a PAYG system of old-age provision, contributions to the pension sys-

tem are not treated like private savings and benefits are not refunded from

the stock of own savings (cf. Section 4.2.1). In most countries, the current

postponed retirement are not feasible. However, even if workers could lower their wage

to finance some fraction of the time-dependent costs, the actual retirement date would

fall below (4.13) because the worker’s incentives for early retirement are increased by the

lower wage.
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Figure 4.3: The Separation Decision of the Firms

PAYG pension system represents a mixture of the Beveridge type and the

Bismarck type with actuarially fair adjustment of benefits. In the following,

this mixture is analyzed in detail because it constitutes the analytical basis

of comparison for evaluating the proposals for pension reform in Sections 4.5

and 4.6.

With the Beveridge type system, benefits are completely uncoupled from

own contributions and independent of the length of the working life:140

bBeveridge = k (4.22)

In contrast, retirement benefits according to the Bismarck type depend

on the worker’s contributions in the past and thus include a tax-benefit link:

bBismarck =
α

h− ti
[τβθi + tiτβ (1 + ei) θi] (4.23)

140These properties implies m (ti) = 1 and n (ti) = 0 in the benefit rule (4.6).
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The parameter α provides a measure of the tax-benefit link because it

determines to which extent the retirement benefits depend on one’s own con-

tributions. The benefits in (4.23) are actuarially adjusted because they are

divided by (h− ti), the length of the retirement subperiod. However, in con-

tradiction to capital funding, contributions of period 1 are not augmented

by the market interest rate, which implies p = 0 in equation (4.6). Alto-

gether, we assume that the traditional PAYG system of old-age provision

pays benefits equal to141

bPAY G = bBeveridge + bBismarck (4.24)

The two parts of this benefit rule (4.24) focus on different socioeconomic

goals. While the Beveridge part of the pension system provides a basic

pension in order to prevent poverty, the Bismarck part pays earnings-related

benefits in order to sustain the workers’ previous standard of living (Jensen,

Lau, and Poutvaara (2004)). In brief, the flat pension bBeveridge represents

the level of minimum pension, which is also granted to those workers who

have never stayed inside the labor market.

4.4.1 Retirement and Training with Traditional PAYG

Starting from the first-order conditions (4.15) and (4.16) of the general deci-

sion problem with a pension system in Section 4.3.3, the system of traditional

PAYG yields the following optimality functions:

ti = RPAY G (ei) = (1− (1− α) τ)
βθi

γ
(1 + ei)−

k

γ
(4.25)

ei = RPAY G (ti) = δ (1− (1− α) τ)βθiti (4.26)

Compared to the situation with laissez-faire in (4.11), the optimality func-

tion ti = RPAY G (ei) is affected twice. First, it is twisted downward because

141According to the propositions by Boskin, Kotlikoff, Puffert, and Shoven (1986), this

two-pillar structure may be referred to as the "Boskin Proposal" (Huggett and Ventura

(1999)).



168 CHAPTER 4. PENSION REFORM

it

ie

( )PAYG
H Ht R e=

( )PAYG
L Lt R e=

( )PAYG
H He R t=

( )PAYG
L Le R t=

( )
PAYG

Ht

( )
PAYG

Lt

( )
PAYG

He( )
PAYG

Le

Figure 4.4: The Workers with Traditional PAYG

the marginal benefits of labor supply in period 2 are reduced by the factor

(1− (1− α) τ), that part of the retirement benefits which is not adjusted

in an actuarially fair way. Obviously, the increase in the level of bene-

fits depends on α, the strength of the tax-benefit link. And second, ti is

shifted downward because the Beveridge part of the benefits is independent

of the worker’s past contributions. Furthermore, the optimality function

ei = RPAY G (ti) is twisted upward compared to (4.12) because the marginal

benefits of training are scaled down. These modifications of the optimality

functions are illustrated in Figure 4.4.

Proposition 4.3 With traditional PAYG, the desired retirement age and the

optimal training intensity of a worker with ability θi are equal to

(ti)
PAY G =

(1− (1− α) τ) βθi − k

γ − δ [(1− (1− α) τ)βθi]
2 (4.27)

(ei)
PAY G = δ (1− (1− α) τ) βθi (ti)

PAY G (4.28)
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As with laissez-faire, the worker’s optimal values for retirement age and

training increase with the bargaining power β, the ability θi, and the discount

factor δ while they decrease with γ, the effort costs of labor. Furthermore,

(ti)
PAY G and (ei)

PAY G decrease with τ and k because these parameters of the

pension system reduce the returns to labor supply and education. Hence, cut-

ting the payroll tax rate or the Beveridge type benefits will, ceteris paribus,

postpone retirement. This result is in line with Martín (2003) who concludes

that especially the retirement age of low-skilled workers is distorted by the

minimum pension as represented by the Beveridge part of the pension sys-

tem. As suggested by Jensen, Lau, and Poutvaara (2004), strengthening the

tax-benefit link implies an increase in the parameter α, which fosters human

capital formation and increases the worker’s retirement age.

With traditional PAYG, (ti)
PAY G and (ei)

PAY G are smaller than with

laissez-faire because there is an implicit tax on extensive labor supply of

older generations near retirement and on training intensity at the intensive

margin:

(τ ∗t )
PAY G = (1− α) τ +

k

β
(
1 + (ei)

PAY G
)
θi

(4.29)

(τ ∗e)
PAY G = (1− α) τ (4.30)

The implicit tax on labor supply in (4.29) is composed of two effects that

are both generated by the pension system if the tax-benefit link is imperfect

and the adjustment of benefits is actuarially unfair. First, for α < 1 the

tax-benefit link is imperfect because additional contributions do not fully

translate into higher retirement benefits. And second, the Beveridge type

component of the pension system implies that the individual labor income

is reduced without proportionally increasing the level of pensions. Hence,

each worker forgoes benefits k by postponing retirement for another unit of

time. In line with Crémer and Pestieau (2003), the implicit tax rate (τ ∗t )
PAY G

increases with k and decreases with θi.
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4.4.2 The Current Situation with Traditional PAYG

Both workers and firms decide how long they want to produce in the second

period. Depending on the worker’s training intensity, the optimal separation

date of the firm is described in equation (4.21). Altogether, the retirement

date (ti)
∗ for ability type θi is defined by the smaller of the two values in

(4.21) and (4.27) because then one party decides to leave the market and

production is terminated:

(ti)
∗ = min

{
(ti)

PAY G
, (ti)

F
}

(4.31)

In the following analysis, we assume that the two ability types θL and θH
satisfy the following condition:

(1− τ)
β

1− β

f

γ
< θL <

β

1− β

f

γ
< θH (4.32)

Proposition 4.4 The assumption (4.32) implies that the retirement date

(tH)
∗ of ability type H corresponds to the worker’s desired retirement age in

(4.27) (cf. Appendix G.1):

(tH)
∗ = (tH)

PAY G =
(1− (1− α) τ)βθH − k

γ − δ [(1− (1− α) τ)βθH ]
2 (4.33)

Whether the retirement date (tL)
∗ of ability type L is determined by the

worker or by the firm depends on the strength of the tax-benefit link.

Proposition 4.5 In order to focus on the most interesting case in the con-

text of pension reform (cf. Sections 4.5 and 4.6), we assume that α is suffi-

ciently small so that also (tL)
∗ corresponds to the worker’s desired retirement

age (cf. Appendix G.1):

(tL)
∗ = (tL)

PAY G =
(1− (1− α) τ)βθL − k

γ − δ [(1− (1− α) τ)βθL]
2 (4.34)

Subject to these assumptions, the traditional PAYG pension system is

graphically illustrated in figure 4.5. Because the retirement date is chosen
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Figure 4.5: The Traditional PAYG Pension System

by the workers, also the training intensity of both ability types corresponds

to the worker’s optimal value in (4.28):

(eH)
∗ = (eH)

PAY G = δ (1− (1− α) τ)βθH (tH)
PAY G (4.35)

(eL)
∗ = (eL)

PAY G = δ (1− (1− α) τ)βθL (tL)
PAY G (4.36)

4.5 Pension Reform I: Individual Retirement

Accounts

Policy discussions often propose to move from the traditional PAYG system

to capital funding or at least to a mixed system comprising both a PAYG

and a capital funded pillar. As discussed in Section 4.2, the capital funded

system provides the fullest possible tax-benefit link and computes benefits in
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an actuarially fair way by definition:

bCF =
1

h− ti
[Rτβθi + tiτβ (1 + ei) θi] (4.37)

Capital funding implies that the sum of all contributions during the working

life is refunded as annuities after the retirement. The contributions of period

1 are augmented by the factor R = (1 + r).

Starting from the traditional PAYG system of old-age provision in Section

4.4, we analyze the implementation of individual retirement accounts and the

impact on labor supply and human capital formation. Individual retirement

accounts represent the capital funded pillar of the pension system according

to (4.37). Suppose that ω is the proportion of benefits generated by individual

retirement accounts and thus a measure for the degree of capital funding of

the pension system. Hence, total benefits bIRA with individual retirement

accounts (IRA) are composed of two parts that correspond to the different

pillars of the pension system and are included by the weights ω and (1− ω):142

bIRA = ωbCF + (1− ω) bPAY G

bPAY G = k +
α

h− ti
τβθi [1 + ti (1 + ei)]

4.5.1 Retirement and Training with Individual Retire-

ment Accounts

Similar to (4.25) and (4.26) with the traditional PAYG pension system, the

worker’s decision problem with individual retirement accounts yields the op-

142In fact, most PAYG systems determine the division of contributions rather than the

division of benefits. In this case, ω is related to τ and the division of bIRA is endogenously

determined by the different returns to the capital funded pillar and the PAYG pillar of

the pension system. Because the return to capital funding corresponds to the market

rate of return and thus exceeds the return to PAYG, the fraction of benefits generated by

individual retirement accounts is larger than ω (Feldstein (2005a)).
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Figure 4.6: The Workers with Individual Retirement Accounts

timality functions

ti = RIRA (ei) = [1− (1− ω) (1− α) τ ]
βθi

γ
(1 + ei)− (1− ω)

k

γ
(4.38)

ei = RIRA (ti) = δ [1− (1− ω) (1− α) τ ]βθiti (4.39)

The optimality functions (4.38) and (4.39) are graphically illustrated in

Figure 4.6. Compared to the situation with traditional PAYG in (4.25), the

optimality function ti = RIRA (ei) is affected twice. It is twisted upward and

shifted upward because both the tax-benefit link and the actuarial fairness

are increased by the capital funded pillar of the pension system. Furthermore,

ei = RIRA (ti) is twisted downward because the marginal benefits of training

are raised.
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Proposition 4.6 With individual retirement accounts, the desired retire-

ment age and the optimal training intensity of a worker with ability θi are

equal to

(ti)
IRA =

ξ (ω)βθi − (1− ω) k

γ − δ [ξ (ω)βθi]
2 (4.40)

(ei)
IRA = δξ (ω)βθi (ti)

IRA (4.41)

with ξ (ω) ≡ 1− (1− ω) (1− α) τ .

In line with Feldstein (2005b), the worker’s desired retirement age (ti)
IRA

increases with ω because the incentives for early retirement are reduced by

raising the degree of capital funding of the pension system. The reason is

that the implicit tax rates are decreased by the introduction of individual

retirement accounts:

(τ ∗t )
IRA = (1− ω)



(1− α) τ +
k

β
(
1 + (ei)

IRA
)
θi



 (4.42)

(τ ∗e)
IRA = (1− ω) (1− α) τ (4.43)

If there are no individual retirement accounts (i.e. ω = 0), (ti)
IRA and

(ei)
IRA are equal to the optimal values of the pure PAYG system according

to (4.27) and (4.28). In contrast, if the pension system is completely capital

funded (i.e. ω = 1), there are no distortions compared to the situation with

laissez-faire because the implicit tax rates are equal to zero. In this case, the

pension system is referred to as neutral or actuarially fair (Cremer, Lozach-

meur, and Pestieau (2004)). The worker has the same incentives as with

laissez-faire and chooses his optimal values for retirement age and training

intensity according to (4.13) and (4.14).

Note that even the traditional PAYG system manages to mimic the cap-

ital funded system of old-age provision. As suggested by Lindbeck and Pers-

son (2003), the implicit tax on labor supply can be reduced by strengthening

the tax-benefit link. The implicit tax rates (4.29) and (4.30) are equal to
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zero if the pension system involves the parameters α = 1 and k = 0. This

result is in conformity with Lau and Poutvaara (2001b) who suggest that the

best PAYG pension system is of the Bismarck type with an actuarially fair

adjustment of benefits. Hence, instead of analyzing the implementation of

individual retirement accounts, we could investigate an increase in α. Indeed,

the qualitative conclusions are nearly the same. However, we focus on the

introduction of a capital funded pillar because this reform proposal is the

most prevalent in current policy debates (cf. Section 4.2).

4.5.2 The Effects of Individual Retirement Accounts

Similar to (4.31) for the traditional PAYG system, the termination of pro-

duction in period 2 for ability type θi is defined by

(ti)
∗ = min

{
(ti)

IRA
, (ti)

F
}

(4.44)

Proposition 4.7 With individual retirement accounts, the retirement date

(tH)
∗ of ability type H corresponds to the worker’s desired retirement age in

(4.40) (Appendix G.2):

(tH)
∗ = (tH)

IRA =
ξ (ω)βθH − (1− ω) k

γ − δ [ξ (ω) βθH ]
2 (4.45)

Concerning ability type L, the degree of capital funding (ω) determines

the retirement date in the second period. If the capital funded pillar is weak

(i.e. ω is small), the retirement date of ability type L also corresponds to the

worker’s desired retirement age in (4.40). However, if the capital funded pillar

is strong (i.e. ω is large), it is the firm that determines the termination of

production in period 2 because the optimality function tL = RIRA (eL) moves

upward. Hence, there must be a critical level ω̄ such that for ω > ω̄ the firm’s

optimal separation date (tL)
F falls below the worker’s desired retirement age

(tL)
IRA. In this case, (tL)

∗ = (tL)
F is obtained by substituting the optimality

function (4.39) into equation (4.21) and solving for t.
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Figure 4.7: The Effecs of Individual Retirement Accounts

Proposition 4.8 Depending on ω, the retirement date (tL)
∗ with individual

retirement accounts is equal to (cf. Appendix G.2)

(tL)
∗ =

{
(tL)

IRA = ξ(ω)βθL−(1−ω)k

γ−δ[ξ(ω)βθL]
2 if ω ≤ ω̄

(tL)
F = (1−β)(θL)

2

f−δξ(ω)β(1−β)(θL)
3 if ω > ω̄

(4.46)

For ω > ω̄, the implementation of individual retirement accounts is graph-

ically illustrated in Figure 4.7. Furthermore, the training intensity of both

ability types is determined by substituting the retirement dates (4.45) and

(4.46) into the optimality function (4.39), respectively. Hence, the level of

training with individual retirement accounts is equal to

(eH)
∗ = (eH)

IRA = δξ (ω)βθH (tH)
IRA (4.47)

(eL)
∗ =

{
(eL)

IRA = δξ (ω)βθL (tL)
IRA if ω ≤ ω̄

(eL)
F = δξ (ω)βθL (tL)

F if ω > ω̄
(4.48)
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4.5.3 Interpretation

The implementation of individual retirement accounts implies that the im-

plicit tax on labor supply and training is reduced. This can be seen by

comparing the implicit tax rates with traditional PAYG in (4.29) and (4.30)

and with individual retirement accounts in (4.42) and (4.43). As a conse-

quence, human capital formation is increased and retirement is postponed.

These results are in line with Lau and Poutvaara (2001a). However, concen-

trating on the worker’s retirement and training decision in (4.40) and (4.41)

and neglecting the demand side of the labor market may be misleading in

evaluating the welfare gains of individual retirement accounts.

The effects of pension reforms strongly depend on the employment

prospects of older workers near retirement age. These labor market prospects

positively depend on the worker’s ability. While high-ability workers indeed

react to the introduction of individual retirement accounts according to (4.45)

and (4.47), low-ability workers may be restricted by the firm’s decision to ter-

minate production. If the capital funded pillar of the pension system becomes

strong, low-ability workers may not attain their desired retirement age be-

cause firms refuse to employ them any longer. For ω > ω̄, the retirement date

of ability type L is determined by the optimal separation date of the firm.

This implies that the actual retirement date of low-ability workers increases

to a lower extent than suggested by the worker’s desired retirement age.

Proposition 4.9 Depending on the level of ω, the effects of strengthening

the capital funded pillar for low-ability workers are given by

∂ (tL)
∗

∂ω
=

{
∂(tL)

IRA

∂ω
if ω ≤ ω̄

∂(tL)
F

∂ω
if ω > ω̄

with (cf. Appendix H)

0 <
∂ (tL)

F

∂ω
<
∂ (tL)

IRA

∂ω
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The retirement date (tL)
∗ unambiguously increases with ω because also

the firm’s optimal separation date (tL)
F positively depends on ω. The reason

is that an increase in ω fosters human capital formation according to (4.39)

and so the firm can increase its profits by extending the time of production in

period 2. However, for ω > ω̄, there is a gap between the desired retirement

age of low-ability workers and the actual retirement date due to the firm’s

decision to terminate production. This gap increases with ω and has its

maximum for ω = 1. As a consequence, the ratio of retirees per active

worker is reduced by less than suggested by the worker’s incentives to go on

pension.

For ω = 1, the pension system is completely moved towards capital fund-

ing, which implies that the worker has the same incentives as in the case

of laissez-faire and chooses his optimal values for retirement age and train-

ing intensity according to (4.13) and (4.14). However, these values are not

feasible once the separation decision of the firms is controlled for.

Note that the extent to which the retirement date for ω > ω̄ responds

to the introduction of individual retirement accounts strongly depends on

the sensitivity of human capital formation. The less the worker’s training

intensity is affected by the implementation of individual retirement accounts,

the lower is the impact on the actual retirement date. This implies that

our conclusions will be even strengthened if training is exogenous and thus

excluded from the analysis. In this case, the firm’s optimal separation date in

(4.21) simplifies to (tL)
F
∣∣∣
e=0

= 1−β
f
(θL)

2. It is completely independent of the

degree of capital funding and only depends on constant parameters that are

independent of the pension system. Hence, the firm’s optimal separation date

for ability type L remains unchanged and the implementation of individual

retirement accounts has no effect at all on the retirement date of low-ability

workers:

∂ (tL)
∗|e=0

∂ω
=
∂ (tL)

F
∣∣∣
e=0

∂ω
= 0 if ω > ω̄

Therefore, moving to a capital funded system of old-age provision does not

necessarily have positive effects on labor force participation. The superiority
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of capital funding as postulated by Feldstein (2005a) is lowered and may even

vanish in the presence of labor market imperfections.

4.6 Pension Reform II: MinimumRetirement

Age

Postponed retirement is generally considered to be a key policy response to

population aging because the ratio of retirees per active worker is reduced

without changing the nature of the PAYG system (Lindbeck and Persson

(2003)). In this context, a study of the EuropeanCommission (2001) con-

cludes that increasing the effective retirement age to 65 will significantly

limit the necessary increase in the social security contributions in the period

between 2000 and 2050 (from 16% to 20.5% instead of 27%). For this reason,

a second proposal for pension reform refers to an increase in the minimum

retirement age (MRA) (for example Sayan and Kiraci (2001) and Gruber and

Wise (2005)).

4.6.1 The Situation with Minimum Retirement Age

In our model, the minimum retirement age represents the lowest age of eligi-

bility. Hence, workers are not allowed to choose a retirement age below the

minimum retirement age t̄. This lower bound t̄ is identical for all workers

and thus independent of their individual ability. In a nutshell, the workers’

decision problem remains the same as with traditional PAYG but the mini-

mum retirement age implies that the workers face an additional restriction.

While the worker’s retirement decision is not affected for low values of t̄, the

minimum retirement age is binding for t̄ ≥ (ti)
PAY G.
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Proposition 4.10 With a minimum retirement age, the retirement date for

both ability types depends on the level of t̄:

(ti)
∗ =






(ti)
PAY G if t̄ < (ti)

PAY G

t̄ if (ti)
PAY G ≤ t̄ < (ti)

F

(ti)
F if (ti)

F ≤ t̄

(4.49)

In the following, we focus on the most interesting case where the minimum

retirement age t̄ lies between the firm’s optimal separation dates for ability

type L and H, i.e. (tL)
F
< t̄ < (tH)

F . Hence, the situation for the two ability

types is characterized by:

(tL)
PAY G

< (tL)
F
< t̄

(tH)
PAY G

< t̄ < (tH)
F

In this case, the termination of production (tH)
∗ for ability type H is

defined by the minimum retirement age:

(tH)
∗ = t̄

For the low-ability workers, the retirement date (tL)
∗ is determined by

substituting the optimality function (4.39) into equation (4.21) and solving

for t:

(tL)
∗ = (tL)

F =
(1− β) (θL)

2

f − δ (1− (1− α) τ)β (1− β) (θL)
3

This situation with (tL)
F
< t̄ < (tH)

F is graphically illustrated in Figure 4.8.

According to (4.26), the worker’s training intensity is equal to

(eH)
∗ = δ (1− (1− α) τ) βθit̄

(eL)
∗ = δ (1− (1− α) τ) βθL (tL)

F

4.6.2 The Effects of Increasing the Minimum Retire-

ment Age

Increasing the minimum retirement age aims at augmenting the labor force

participation at the extensive margin. However, the effective implications of
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Figure 4.8: The Effects of Increasing the Minimum Retirement Age

an increase in t̄ are obtained by analyzing the comparative statics of (4.49):

∂ (ti)
∗

∂t̄
=






0 if t̄ < (ti)
PAY G

1 if (ti)
PAY G ≤ t̄ < (ti)

F

0 if t̄ ≥ (ti)
F

These comparative statics show that the retirement date (ti)
∗ is not af-

fected if the minimum retirement age exceeds the optimal separation date of

the firm. Hence, the effects of increasing the minimum retirement age are

limited by the employment prospects of older workers.

Proposition 4.11 As illustrated in Figure 4.8, the situation (tL)
F
< t̄ <

(tH)
F implies that only the retirement date of high-ability workers is increased

by raising t̄:

∂ (tH)
∗

∂t̄
= 1

∂ (tL)
∗

∂t̄
= 0
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In this case, high-ability workers are affected because they are forced to

stay inside the labor market until they have reached the minimum retirement

age. This is in line with the simulation results of Gruber and Wise (2002).

By contrast, there is no impact on the retirement age of low-ability workers

because it is the firm that decides to separate before the minimum retirement

age is achieved.

Compared to the results of pension reform in Section 4.5, the effect of

the firm’s employment decision is even stronger because the increase in the

actual retirement date due to the implementation of individual retirement

accounts is only reduced but still existent, at least if human capital forma-

tion is endogenous. However, concentrating on the worker’s retirement and

training decision and neglecting the demand side of the labor market may

again be misleading in evaluating the welfare gains of pension reforms.

4.7 Conclusion

The declining labor force participation in industrialized countries poses chal-

lenges to the pension system, which is essentially organized according to the

PAYG principle in most countries. Chapter 4 of my PhD thesis presents a

two-period partial-equilibriummodel that systematically compares the impli-

cations different pension reforms for the retirement behavior at the extensive

margin. Starting from the current system of traditional PAYG, two pro-

posals for pension reforms are analyzed, which both aim at compensating

the adverse effects of demographic change on the relative size of the active

population.

Our formal analysis is based on recent literature on old-age provision, but

the model manages to explain endogenously both the date of retirement and

the formation of human capital. It is important to incorporate the training

decision into the analysis of pension reforms because extending the working

life increases the return to education and thus fosters the workers’ incentives

to acquire skills. Furthermore, the model incorporates worker heterogeneity
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in ability, which allows analyzing the implications of the pension system for

different groups of workers. In line with Cremer, Lozachmeur, and Pestieau

(2004) and Martín (2003), the desired retirement age positively depends on

initial ability and the level of training.

Compared to the situation with laissez-faire, the traditional PAYG pen-

sion system with an imperfect tax-benefit link creates an implicit tax on

labor supply at the extensive margin and training intensity at the intensive

margin. The weaker the link between contributions and benefits, the larger

the implicit tax rates and the more harmful are labor market distortions. In

contrast, the capital funded system implies zero implicit tax rates because it

constitutes a perfect substitute for private savings.

The first reform proposal suggests to introduce individual retirement ac-

counts in order to (partly) move from the current PAYG towards a capital

funded system of old-age provision. Indeed, increasing the size of the capi-

tal funded pillar of the pension system reduces the implicit tax rates at both

margins. Hence, in conformity with Crémer and Pestieau (2003) and Lau and

Poutvaara (2001a), this pension reform provides incentives for older workers

to postpone retirement because capital funding rewards late retirement with

an actuarially fair increase in subsequent pension benefits. A second benefit

follows from the labor market and refers to human capital formation. In line

with Trostel (1993), postponed retirement lengthens the time period over

which individuals can appropriate the returns to education. In aggregate,

there is a double benefit from the implementation of individual retirement

accounts: reductions in labor market distortions at the extensive margin (re-

tirement age) as well as increased human capital formation at the intensive

margin (training intensity).

According to empirical estimates of Hernoes, Sollie, and Strom (2000),

education is an important determinant of the retirement age. While early

retirement is low among high-skilled workers, low-skilled workers tend to

leave the labor force much earlier. One explanation could be that the re-

tirement decision is essentially distorted for low-skilled workers (for example
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due to minimum pensions), which implies that the implementation of individ-

ual retirement accounts mainly affects the retirement decision of high-skilled

workers (Martín (2003)).

However, we refer to another explanation by pointing out that the reduced

impact of capital funding on low-ability workers stems from the demand side

of the labor market. It is important to include the employment decision of

the firms because the economic benefits of pension reforms strongly depend

on the employment prospects of older workers near retirement age. In line

with Lazear (1979), we find that the firm’s optimal separation date increases

with the worker’s educational achievement. Hence, if the capital funded pil-

lar of the pension system becomes strong and workers want to significantly

postpone retirement, low-skilled workers may not attain their desired retire-

ment age because firms refuse to employ them any longer. Depending on the

degree of capital funding, the benefits of this pension reform mainly accrue

for high-ability workers while the benefits for low-ability workers are reduced

once their employment prospects near retirement age are controlled for.

The extent to which the retirement date responds to the implementa-

tion of individual retirement accounts strongly depends on the sensitivity of

human capital formation. By completely focusing on retirement and taking

training as exogenous, there is indeed no effect at all on the actual retirement

date of low-ability workers. Therefore, moving to a capital funded system

of old-age provision does not necessarily have positive effects on labor force

participation. The superiority of capital funding as postulated by Feldstein

(2005a) is lowered and may even vanish in the presence of labor market im-

perfections. As suggested by Lindbeck and Persson (2003), these qualitative

conclusions also hold for a pension reform that aims at strengthening the

tax-benefit link.

The second reform proposal suggests to increase the relative size of the

active population by raising the minimum retirement age. Again, only high-

ability workers may be affected because they are forced to stay inside the

labor market until they have reached the minimum retirement age. In con-
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trast, there may be no impact on low-ability workers if their retirement date

is determined by the firms before the minimum retirement age is achieved.

This is in line with simulation results of Gruber and Wise (2002).

In this model, retirement and human capital formation are endogenously

determined and depend on the individual ability of workers. Nevertheless,

the model has been kept simple for expositional and calculational reasons.

The theoretical results of our stylized model only allow for qualitative con-

clusions concerning the evaluation of pension reforms. In order to assess the

quantitative magnitude of these effects, we would have to estimate the elas-

ticities of the labor market responses of both workers and firms. However,

the underlying insights into the model presented here are robust to various

types of generalization. Hence, they constitute a promising basis for policy

recommendations and future research.
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Appendix A

The Pivotal Productivities

With respect to the labor market decision of firms, the three pivotal produc-

tivities are the following (cf. Sections 2.3.4 and 2.4.1):

θLF =
wA

χ− (1− β) + δ (1− ρ) (1− β)α

θPCA =
wA − T

χ− (1− β) + δ (1− ρ) (1− β)α

θPCU =
T

1− β

Obviously, the implementation of penalty charges lowers the pivotal pro-

ductivity between apprenticeship training and regular work:

θPCA ≤ θLF

Concerning the two pivotal productivities with penalty charges, the fol-

lowing relationship holds:

θPCA ≥ θPCU if T ≤ T̄

θPCA < θPCU if T > T̄

with

T̄ ≡
(1− β)wA

χ+ δ (1− ρ) (1− β)α
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Altogether, the three pivotal productivities show the following relation-

ship:

θLF ≥ θPCA ≥ θPCU if 0 ≤ T ≤ T̄

θLF ≥ θPCU > θPCA or θPCU > θLF > θPCA if T > T̄



Appendix B

The Optimal Penalty Charges

B.1 Calculation

The optimization problem is described in Section 2.4.2. Substituting the

pivotal productivities θPCA and θPCU into the first-order condition (2.28) yields

∂WPC (T )

∂T
= 0

(χ− 1 + δα) θPCA

(
−
∂θPCA
∂T

)
= (1 + δσ) θPCU

∂θPCU
∂T

+ cT

(χ− 1 + δα)
wA − T

(v1)
2 = (1 + δσ)

T

(1− β)2
+ cT

with v1 ≡ χ− (1− β) + δ (1− ρ) (1− β)α. From this we obtain

(
χ− 1 + δα

(v1)
2 +

1 + δσ

(1− β)2
+ c

)
T =

χ− 1 + δα

(v1)
2 wA

(1− β)2 (χ− 1 + δα) + (1 + δσ) (v1)
2 + (1− β)2 (v1)

2
c

(1− β)2 (v1)
2 T =

χ− 1 + δα

(v1)
2 wA

189
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Solving for T yields the optimal penalty charges

T ∗ =
(1− β)2 (χ− 1 + δα)

(1− β)2 (χ− 1 + δα) + (1 + δσ) (v1)
2 + (1− β)2 (v1)

2
c
wA

T ∗ =
(1− β)2 (χ− 1 + δα)

(1− β)2 (χ− 1 + δα) + (v1)
2
v2
wA

with v2 ≡ 1 + (1− β)
2
c+ δσ.

B.2 The Productivity-Enhancement

For the case 0 ≤ T ≤ T̄ ≡
(1− β)wA

χ+ δ (1− ρ) (1− β)α
=
(1− β)wA
1− β + v1

, the optimal

penalty charges are given by T ∗ according to (2.29). Hence, T ∗ has to satisfy

the following two conditions in order to lie within the required interval:

T ∗ ≥ 0 ⇔ α ≥
1− χ

δ

and

T ∗ ≤
(1− β)wA
1− β + v1

(1− β) (χ− 1 + δα)

(1− β)2 (χ− 1 + δα) + (v1)
2
v2
≤

1

1− β + v1

(1− β) (χ− 1 + δα) ≤ v1v2

(1− β) (χ− 1 + δα) ≤ (χ− (1− β)) v2 + δ (1− ρ) (1− β)αv2

δ (1− β)α [1− (1− ρ) v2] ≤ (1− β) (1− x) + (χ− (1− β)) v2 (B.1)

We assume that the administration costs exceed some lower bound

c ≥ c̄ ≡
1− (1− ρ) (1 + δσ)

(1− β)2 (1− ρ)

which implies that the inequality (B.1) is satisfied because α ≥ 0.

Altogether, the necessary condition for 0 ≤ T ∗ ≤ T̄ is the following:

α ≥
1− χ

δ
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Note that the necessary condition for T ∗ > T̄ is

c < c̄ ∧ α >
(1− β) (1− x) + (χ− (1− β)) v2

δ (1− β) [1− (1− ρ) v2]

In this case, the optimal penalty charges would be equal to

T ∗ = T̄

B.3 Without the Participation Constraint

The participation constraint is not satisfied for high-ability workers if the

productivity-enhancement of apprenticeship training is too low, i.e. if α < 1
δ

(cf. Section 2.3.4). Concerning the optimal penalty charges, there are two

cases that have to be considered:

(a) θW ≥ θLF ⇔ α0 ≡
1−χ

δ(1−ρ(1−β))
≤ α < 1

δ

In case (a), the overall welfare is equal to

W (a) =
1

2
(χ+ δ (1 + α))−

1

2
(χ− 1 + δα) (θPCA )2

−
1

2
(χ− 1 + δα) [1− (θW )2]−

1

2
(1 + δσ) (θPCU )2 −

c

2
T 2

Because θW is independent of T , the optimal penalty charges are the same

as in (2.29):

T (a) = T ∗ =
(1− β)2 (χ− 1 + δα)

(1− β)2 (χ− 1 + δα) + (v1)
2
v2
wA

Although workers with high ability refuse apprenticeship training, the

overall welfare with T (a) is higher than in the laissez-faire equilibrium

(cf. equation (2.21) for α0 ≤ α < 1
δ
) because

(W (a))∗ =
1

2
(1 + δ) +

1

2
(χ− 1 + δα) (θW )2

−
1

8

β2χ2 (χ− 1 + δα) v2

(1− β)2 (χ− 1 + δα) + (v1)
2
v2

>
1

2
(1 + δ) +

1

2
(χ− 1 + δα)

[
(θW )2 − (θLF )2

]
=WLF
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if χ− 1 + δα > 0 ⇔ α > 1−χ
δ
, which is implied by α0 ≥

1−χ
δ
.

(b) θW < θLF ⇔ α < α0

In case (b), the overall welfare is equal to

W (b) =
1

2
(1 + δ)−

1

2
(1 + δσ) (θPCU )2 −

c

2
T 2

Because W (b) decreases with T , the optimal penalty charges are equal to

zero (i.e. T (b) = 0), which implies (cf. equation (2.21) for α < α0)

(W (b))∗ =
1

2
(1 + δ) =WLF

Altogether, the optimal penalty charges for α < 1
δ
are equal to

T opt =

{
0 if α < α0 ≡

1−χ
δ(1−ρ(1−β))

T ∗ if α0 ≤ α < 1
δ

B.4 Comparative Statics

The comparative statics of T ∗ with respect to productivity-enhancement,

depreciation rate, separation probability, administration costs, and training

wage are as follows:

∂T ∗

∂α
=
δ (1− β)2 v1v2 [v1 − 2 (1− β) (1− ρ) (χ− 1 + δα)]

[
(1− β)2 (χ− 1 + δα) + (v1)

2
v2

]2 wA > 0

→ if α < ᾱ ≡
2 (1− χ)

δ
+

χ− (1− β)

δ (1− ρ) (1− β)

∂T ∗

∂σ
=

−δ (1− β)2 (χ− 1 + δα) (v1)
2

[
(1− β)2 (χ− 1 + δα) + (v1)

2
v2

]2wA < 0

∂T ∗

∂ρ
=

2δ (1− β)3 α (χ− 1 + δα) v1v2
[
(1− β)2 (χ− 1 + δα) + (v1)

2
v2

]2wA > 0

∂T ∗

∂c
=

− (1− β)4 (χ− 1 + δα) (v1)
2

[
(1− β)2 (χ− 1 + δα) + (v1)

2
v2

]2wA < 0

∂T ∗

∂wA
=

(1− β)2 (χ− 1 + δα)

(1− β)2 (χ− 1 + δα) + (v1)
2
v2
> 0
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B.5 The Overall Welfare

For α ≥ α0, the overall welfare with optimal penalty charges is determined

by substituting the optimal penalty charges T ∗ into equation (2.27):

(WPC)∗ =
1

2
(χ+ δ (1 + α))−

1

2
(χ− 1 + δα) (θPCA )2

−
1

2
(1 + δσ) (θPCU )2 −

c

2
(T ∗)2

=
1

2
(χ+ δ (1 + α))−

1

2
(χ− 1 + δα)

(
wA − T

∗

v1

)2

−
1

2
(1 + δσ)

(
T ∗

1− β

)2

−
c

2
(T ∗)2

=
1

2
(χ+ δ (1 + α))−

1

2

(1− β)2 (χ− 1 + δα) + (v1)
2
v2

(1− β)2 (v1)
2 (T ∗)2

+
χ− 1 + δα

(v1)
2 wAT

∗ −
1

2

χ− 1 + δα

(v1)
2 (wA)

2

=
1

2
(χ+ δ (1 + α))−

1

2

(1− β)2 (χ− 1 + δα) + (v1)
2
v2

(1− β)2 (v1)
2

·

(
(1− β)2 (χ− 1 + δα)

(1− β)2 (χ− 1 + δα) + (v1)
2
v2
wA

)2

+
χ− 1 + δα

(v1)
2 wA

·

(
(1− β)2 (χ− 1 + δα)

(1− β)2 (χ− 1 + δα) + (v1)
2
v2
wA

)

−
1

2

χ− 1 + δα

(v1)
2 (wA)

2

=
1

2
(χ+ δ (1 + α))

+
1

2

(1− β)2 (χ− 1 + δα)2

(v1)
2 [(1− β)2 (χ− 1 + δα) + (v1)

2
v2]
(wA)

2

−
1

2

χ− 1 + δα

(v1)
2 (wA)

2

Simplifying yields

(WPC)∗ =
1

2
(χ+ δ (1 + α))−

1

2

(χ− 1 + δα) v2

(1− β)2 (χ− 1 + δα) + (v1)
2
v2
(wA)

2 (B.2)
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B.6 Comparative Statics of the Overall Wel-

fare

For α ≥ α0, the comparative statics of the optimal overall welfare with re-

spect to productivity-enhancement, depreciation rate, separating probability,

administration costs, and training wage are as follows:

∂(WPC)∗

∂α
=

1

2
δ
(1−β)4(χ−1+δα)2+2(1−β)(χ−1+δα)v1v2[(1−β)v1+(1−ρ)v2(wA)2]

[(1−β)2(χ−1+δα)+(v1)2v2]
2

+
1

2
δ

(v1)
2(v2)

2[(v1)2−(wA)2]
[(1−β)2(χ−1+δα)+(v1)2v2]

2 > 0

∂(WPC)∗

∂σ
= −

1

2

δ (1− β)2 (χ− 1 + δα)2

[
(1− β)2 (χ− 1 + δα) + (v1)

2
v2

]2 (wA)
2 < 0

∂(WPC)∗

∂ρ
= −

δ (1− β) (χ− 1 + δα)αv1 (v2)
2

[
(1− β)2 (χ− 1 + δα) + (v1)

2
v2

]2 (wA)
2 < 0

∂(WPC)∗

∂c
= −

1

2

(1− β)4 (χ− 1 + δα)2

[
(1− β)2 (χ− 1 + δα) + (v1)

2
v2

]2 (wA)
2 < 0

∂(WPC)∗

∂wA
= −

(χ− 1 + δα) v2

(1− β)2 (χ− 1 + δα) + (v1)
2
v2
wA < 0

The comparative statics operate via two channels. First, there is a direct

effect on the overall welfare which is identified by equation (2.27). Addition-

ally, there is an indirect effect because the optimal penalty charges are altered

according to Proposition 2.7. Altogether, the overall welfare with optimal

penalty charges increases with α because the productivity of trained workers

becomes larger. On the other hand, it decreases with σ because previously

unemployed workers have lower productivities in the second period. Further-

more, (WPC)∗ is negatively affected by the separating probability ρ and the

training wage wA because both higher fluctuation and higher wage costs of

apprentices lead to increased inefficiencies in the provision of apprenticeship

training positions (cf. Section 2.3.4). Finally, the overall welfare with opti-

mal penalty charges decreases with the parameter c, which determines the

administration costs of penalty charges.



Appendix C

The Pivotal Abilities

With respect to the labor market decision of workers, the four pivotal abilities

are the following (cf. Sections 3.4.4, 3.4.5, and 3.5.1):

θLF =
e

δα

θSA = z

θTCA =
e+ δy

δ (α+ s)

θTCU =
z − y

1− s

As discussed in Section 3.4.5, the assumption z ≤ θFB implies

e

δα
≥ z

θLF ≥ θSA (C.1)

Furthermore, the assumption θ̄ ≥ θLF implies

y

s
≥

e

δα
δαy ≥ se

α (e+ δy) ≥ (α+ s) e

e+ δy

α+ s
≥

e

α

θTCA ≥ θLF (C.2)
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and

y

s
≥

e

δα
≥ z

y ≥ sz

(1− s) z ≥ z − y

z ≥
z − y

1− s

θSA ≥ θTCU (C.3)

Taken together (C.1), (C.2), and (C.3), the four pivotal abilities show the

following relationship:

θTCA ≥ θLF ≥ θSA ≥ θTCU



Appendix D

The Optimal Basic Transfer

D.1 Calculation

Substituting the pivotal abilities θTCU and θTCA into the first-order condition

(3.22) implies

W TC(y, s) = 0

δθTCU

(
−
∂θTCU
∂y

)
= δαθTCA

∂θTCA
∂y

−
∂θTCA
∂y

e

δ
z − y

(1− s∗)2
= α

e+ δy

(α+ s∗)2
−

e

α+ s∗

δ (α+ s∗)2 (z − y) = (1− s∗)2 α (e+ δy)− (1− s∗)2 (α+ s∗) e

δ[(α+ s∗)2 + (1− s∗)2 α]y = δ (α+ s∗)2 z + (1− s∗)2 s∗e

Solving for y yields the optimal basic transfer

y∗ =
(α+ s∗)2

(1 + α) (α+ (s∗)2)
z +

(1− s∗)2 s∗

δ (1 + α) (α+ (s∗)2)
e
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D.2 Magnitude

The optimal basic transfer (3.24) is positive because

y∗ > 0

δ (α+ s∗)2 z + (1− s∗)2 s∗e > 0

Furthermore, the optimal basic transfer falls below the level of social

assistance if

y∗ < z

δ (α+ s∗)2 z + (1− s∗)2 s∗e

δ[(α+ s∗)2 + (1− s∗)2 α]
< z

(1− s∗)2 s∗e < δ (1− s∗)2 αz

s∗e < δαz

This inequality is satisfied if the following condition holds:

α >
e

δz
s∗



Appendix E

Retirement and Training with

LF

As shown in Section 4.3.2, the first-order conditions with laissez-faire are the

following:

δβ(1 + ei)θi = δγti (E.1)

δtiβθi = ei ⇔ ti =
ei

δβθi
(E.2)

Solving (E.2) for ti and substituting the result into (E.1) implies

δβ(1 + ei)θi =
γei

βθi

δ(1 + ei) (βθi)
2 = γei

δ (βθi)
2 =

[
γ − δ (βθi)

2]
ei

Solving for ei yields

(ei)
LF =

δ (βθi)
2

γ − δ (βθi)
2

By substituting (ei)
LF into equation (E.2) we obtain

(ti)
LF =

βθi

γ − δ (βθi)
2
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Appendix F

Tax-Deductibility of Training

Costs

On the one hand, the tax-deductibility of training costs implies that the

worker’s education costs in period 1 are reduced compared to equation (4.2):

u1i = (1− τ) βθi − si −
1

2
(1− τ) (ei)

2

On the other hand, the worker’s benefits during the retirement subperiod

are lowered because the level of benefits is linked to one’s own contributions

in the past:

b′ = k +
α

h− ti

[
τβθi + tiτβ (1 + ei) θi −

1

2
τ(ei)

2

]

By proceeding in the same way as in Section 4.4.2, we obtain the following

first-order conditions:

(1− (1− α) τ)βθi (1 + ei) = γti + k

δ (1− (1− α) τ)βθiti = (1− (1− δα) τ) ei

Combining the first-order conditions yields

(ti)
′ =

(1− (1− α) τ)βθi − k

(1− (1− δα) τ) γ − δ [(1− (1− α) τ)βθi]
2 (F.1)

(ei)
′ =

δ (1− (1− α) τ)

1− (1− δα) τ
βθi (ti)

′ (F.2)
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Hence, the implicit tax rates on labor supply at the extensive margin and

training intensity at the intensive margin are the following:

(τ ∗t )
′ = (1− α) τ +

k

β
(
1 + (ei)

′
)
θi

(F.3)

(τ ∗e)
′ = τ

[
1− α

(
1−

(ei)
′

(ti)
′
βθi

)]
(F.4)

Both values (ti)
′ and (ei)

′ increase with the strength of the tax-benefit

link if the implicit tax rates decrease with α. The negative relation between

(τ ∗t )
′, (τ ∗e)

′, and α is proved in the following:

δ ≤ 1

δ (1− (1− α) τ) ≤ 1− (1− δα) τ

δ (1− (1− α) τ)

1− (1− δα) τ
βθi (ti)

′ ≤ βθi (ti)
′

Substituting in the definition of (ei)
′ in (F.2) yields

(ei)
′ ≤ βθi (ti)

′

τ

[
−1 +

(ei)
′

βθi (ti)
′

]
≤ 0

∂ (τ ∗e)
′

∂α
≤ 0

Because the implicit tax (τ ∗e)
′ in (F.4) is reduced by an increase in α,

the desired training intensity (ei)
′ in (F.2) goes up. Hence, also the implicit

tax rate (τ ∗t )
′ in (F.3) is reduced because it negatively depends on the level

of training. As a consequence, the desired retirement age (ti)
′ in (F.1) is

increased.



Appendix G

The Retirement Date

G.1 Traditional PAYG

It is the worker (and not the firm) who defines the end of production in

period 2 if

(ti)
PAY G ≤ (ti)

F

(1− (1− α) τ)βθi − k

γ − δ [(1− (1− α) τ) βθi]
2 ≤

1− β

f
(1 + ei) (θi)

2

(1− (1− α) τ)−
1− β

β

γ

f
θi ≤

k

β (1 + ei) θi
(G.1)

Subject to the assumption

(1− τ)
β

1− β

f

γ
< θL <

β

1− β

f

γ
< θH (G.2)

the retirement date of ability type H is determined by the worker. This is
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proved by the following lines:

β

1− β

f

γ
< θH

(1− (1− α) τ)
β

1− β

f

γ
< θH

(1− (1− α) τ) <
1− β

β

γ

f
θH

(1− (1− α) τ)−
1− β

β

γ

f
θH < 0

(1− (1− α) τ)−
1− β

β

γ

f
θH <

k

β (1 + eH) θH

(tH)
PAY G

< (tH)
F

Whether the retirement date (tL)
∗ of ability type L is determined by the

worker or by the firm depends on the strength of the tax-benefit link. For

example, the condition (tL)
PAY G ≤ (tL)

F is satisfied if there is no tax-benefit

link (i.e. for α = 0):

(1− τ)
β

1− β

f

γ
< θL

(1− τ) <
1− β

β

γ

f
θL

(1− τ)−
1− β

β

γ

f
θL < 0

(1− τ)−
1− β

β

γ

f
θL <

k

β (1 + eL) θL

(tL)
PAY G

∣∣∣
α=0

< (tL)
F
∣∣∣
α=0

However, the retirement date is determined by the firm if there is a perfect

link between contributions and benefits (i.e. for α = 1), at least for small

values of k:
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θL <
β

1− β

f

γ

0 < 1−
1− β

β

γ

f
θL

(tL)
F
∣∣∣
α=1,k=0

< (tL)
PAY G

∣∣∣
α=1,k=0

Altogether, if the tax-benefit link is weak (i.e. α is small), condition

(G.1) is also satisfied for ability type L. However, if the tax-benefit link is

strong (i.e. α is large), it may be the firm that determines the termination

of production in period 2 because the optimality function tL = RPAY G (eL)

moves upward such that the firm’s optimal separation date (tL)
F falls below

the worker’s desired retirement age (tL)
PAY G.

G.2 Individual Retirement Accounts

It is the worker (and not the firm) who defines the end of production in

period 2 if

(ti)
IRA ≤ (ti)

F

ξ (ω)
βθi

γ
(1 + ei)− (1− ω)

k

γ
≤
1− β

f
(1 + ei) (θi)

2

ξ (ω)−
1− β

β

γ

f
θi ≤

(1− ω) k

β (1 + ei) θi
(G.3)

Subject to assumption (G.2), the retirement date of ability type H is

determined by the worker. The proof is the same as in Appendix G.1.

Whether the retirement date (tL)
∗ of ability type L is determined by the

worker or by the firm depends on the degree of capital funding. The case

ω = 0 corresponds to the situation with traditional PAYG and thus implies

(tL)
IRA

∣∣∣
ω=0

< (tL)
F
∣∣∣
ω=0

, at least for small values of α (cf. Appendix G.1).
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However, the opposite is true for ω = 1:

θL <
β

1− β

f

γ

0 < 1−
1− β

β

γ

f
θL

(tL)
F
∣∣∣
ω=1

< (tL)
IRA

∣∣∣
ω=1

Taken together, there must be a critical degree of capital funding ω̄ such

that for ω > ω̄ the firm’s optimal separation date (tL)
F falls below the

worker’s desired retirement age (tL)
IRA:

(tL)
∗ =

{
(tL)

IRA if ω ≤ ω̄

(tL)
F if ω > ω̄



Appendix H

Comparative Statics with IRA

For ω > ω̄, (tL)
IRA increases with ω more rapidly than (tL)

F :

∂ (tL)
F

∂ω
<
∂ (tL)

IRA

∂ω

δτ (1− α)β (1− β)2 (θL)
5

[
f − δξ (ω)β (1− β) (θL)

3]2 <
τ (1− µ)βθL

[
γ + δ (ξ (ω)βθL)

2]

[
γ − δ (ξ (ω)βθL)

2]2

By applying the definitions of (tL)
IRA and (tL)

F in (4.46), this inequality

simplifies to

δ
[
(tL)

F
]2
< δ

[
(tL)

IRA
]2
+

[
γ − δ (ξ (ω)βθL)

2]2
γ

This condition is unambiguously satisfied because (tL)
F
< (tL)

IRA for ω > ω̄.
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