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Executive Summary

This report has been prepared in response to the research questions set out in the invitation
to tender for project 10/3, as part of the round of research projects commissioned by the
Low Pay Commission for its 2010 report to the Government.

Project 10/3 concerns the impact of the minimum wage regime on the labour market
behaviour of young workers aged 16¢24, taking into account educational choices as well as
employment outcomes, in the context of the current UK institutional arrangements (such as
the current UK minimum wage regime and education system).

The motivation for this report is a concern on the part of the authors that the traditional

‘quasi-S E LIS N afrBincal fechn@ues used to answer these questions may not lead to

valid inferences. As a result, this report has explored the suitability of a different empirical

F LILINBF OK o6FaSR 2y WadNUzOG dzNT f ReYylFIYAO Y2RSf &¢
widely considered before in the context of minimum wages for the UK.

In particular, this report sets out a particularclass2 ¥ & G NHzOG dzNJ f Y2 RSt 1y 26
4 S| NOK , whizghRaSe maigdly been implemented in the US and in mainland Europe. An

attractive feature of these models is that their theoretical foundations are suitable for an

analysis of minimum wages, and they have therefore been used for this purpose before.

However, in their current state, these models are generally too restrictive and simplistic to
facilitate an analysis of all the research questions featured in project 10/3. In particular, the
models in the literature that analyse minimum wages do not yet incorporate education
choices and age-related issues in a satisfactory way. Furthermore, only a couple of the
models in the literature are actually able to model the impact of minimum wages without
presupposing theoretically what the impact would be.

Consequently, this report provides a set of recommended developments and modifications
that these models require in order to be able to address the questions in tender 10/3. These
recommendations would then alleviate the concerns raised in the previous paragraph about
the ultimate suitability of equilibrium search models. Unfortunately, each recommendation
would require a considerable amount of theoretical, conceptual and computational work in
order to be achieved, and is therefore necessarily tentative.

Nevertheless, given the pace of development in this area of modelling, we remain optimistic
that the recommendations in this report will eventually become feasible, leading to an
advanced structural model of minimum wages and labour market outcomes for the UK.



1 Introduction

This report focuses on the research questions set out in the invitation to tenderm 1 K 0 Ogétihgy @S & G A

the impact of the minimum wage regime on the labour market behaviour of young workersé¢ 0 <

These questions concern:

e 1 2¢g GKS 'Y YAYAYdzy ¢ 3S NI 3 AsYoparticipatEih SO0 &

educate or training, or work full-time or part time;

e How the different minimum wage rates for different age groups affect the labour market
outcomes of these groups;

e Any possible implications for the UK minimum wage regime of the forthcoming rise in the
statutory education participation age.

Although tender 10/3 invited empirical work to address these questions, this report contains no
empirical analysis. Instead, we explore the potential for using a specific methodology ¢ structural
dynamic modelling ¢ to analyse the UK minimum wage regime.

Why the need for such an investigation? Most existing empirical work into the impact of minimum
wages has been non-structural, involving some sort of statistical comparison of labour market
outcomes for workers directly affected by the minimum wage with those for workers who are
unaffected. This approach has important limitations because it typically relies on assuming that
there are no equilibrium effects of minimum wages (namely, no spillovers to workers just above the
minimum wage, and no substitution between different types of workers). These assumptions cannot
reasonably be maintained given the research questions at the heart of tender 10/3.

Structural models of the labour market can in principle incorporate equilibrium effects, and may
therefore provide richer and more robust insights into the mechanisms concerned. However, there
have been relatively few attempts to address minimum wage issues within a structural framework,
and the dearth of such analysis is particularly acute in the UK. This report therefore represents a
necessary first step in understanding the potential of this approach for analysing the UK minimum
wage regime.

2 Structural models of labour markets and minimum wages

This section reviews the basic theoretical underpinnings of a structural labour market model, and
discusses the examples found in the literature that have analysed minimum wage issues, focusing
particularyonW22 0 &SI NODK Y2RStaQo

2.1 What are structural models and why are they useful?

First, it is important to explain what the structural models this report examines are. A structural
model is one that derives directly from an underlying economic theory of optimising behaviour and
can be related back to it. In a labour market context, a structural model contains some formulation
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of the objectives that firms and workers have, what decisions they make to achieve those objectives,
and how the economic environment translates those decisions into labour market outcomes. For
example, one formulation might be that workers aim to maximise their utility by choosing when to
accept and when to reject job offers. Firms aim to maximise their profits by choosing an optimal
wage to offer, taking into account the actions of workers and other firms. One possible formulation
of the environment might be that workers can continue to look for higher-paying jobs while in
employment, which means that firms who offer higher wages will have a larger workforce and lower
staff turnover.

The overwhelming majority of empirical research into minimum wage effects has been non

structural relying instead on statistical comparisons of labour market outcomes between workers

directly affected by a minimum wage policy 6 (0 K S Wi NB I WS yIi QW AMNRMILIOND 3 NP dz
whose employment prospects are presumed to be unaffected 6 (i KS WO 2 yitisN® thi©Q 3 NP dzLJ0
reasonthatthese 0 SOK Y A lj dz8 & | Nyfasi-éxfedn2ntalyp@odciles. I a W

An important feature of these approaches is that they rely on assuming the impact of minimum
wages is restricted to a well-defined treatment group. This rules out equilibrium effects, whereby
workers outside the treatment group are affected by changes to the minimum wage ¢ something
that could quite reasonably happen if, for example, workers change their schooling decisions or
firms substitute away from the least productive workers as a result of the policy. A suitably
formulated structural model may be able to capture key dimensions of such equilibrium responses.

A second limitation of non-structural methods is that they illustrate the policyQi&npact on labour
market outcomes, but onlyfor the specific policy that was implemented. The results cannot and
should not be extrapolated to answer other questions. Structural models, on the other hand, aim to
estimate the economic parameters that govern the processes taking place. These parameters fully
characterise the decisions that workers and firms make; consequently, once they are known, a
whole range of policies can be simulated without having ever been implemented ¢ this is known as
counterfactual policy evaluation.

Non-structural approaches also do not permit welfare and distributional analysis; that is, an
investigation of whether or not agents are better off under a certain policy (and if so, who is better
off and by how much). In a structural framework, this sort of exercise is feasible. It is useful in
informing decisions about the optimality ¢ or otherwise ¢ of the policy in question, and, when
combined with counterfactual policy evaluation, can enable researchers to pin down what an
optimal policy might be. This is particularly relevant for minimum wages, where the theoretical and
structural literatures have stressed the distinction between employment levels and overall social
welfare, arguing that the latter may rise after the introduction of a minimum wage even if the
former does not.

Structural models do, however, have their own limitations. In particular, they tend to be extremely
time consuming to implement, rely heavily on specific functional form assumptions, and be
somewhat opaque as to where estimates of policy impacts are coming from. Nevertheless, we feel
the advantages are sufficient to merit thorough investigation.



2.2 Search models

A common type of structural labour market model ¢ and the one that this report will focus on C is a

job search model. These have long been used in economics to study and explain certain features of

the labour market. These differ crucially from the standard perfectly competitive model of labour

supply and labour demand because they explicitly allow for the existencS 2 F W& S NOK FNX O
labour market, such as imperfect information about job offers, costs of changing jobs, or preferences

towards a specific employer (Manning, 2003). These frictions serve to create a certain amount of

market power for firms, enabling them to have some influence over the wages they pay to their

workers ¢ unlike in the competitive model. As a result, the labour market outcomes in search models

can differ markedly from the benchmark competitive case in two important ways: first, thS &€t I ¢ 2 F
2y S LdteR rOthald (workers with similar characteristics can earn different wages); and second,

both vacancies and unemployment can co-exist at the same point in time. These outcomes are more
consistent with the basic empirical features of modern labour markets.

Finally, because search frictions tend to bestow a degree of monopsony power upon firms, the
predicted consequences of minimum wage laws according to these models also differ from those
derived from the benchmark competitive case. With search frictions, a binding minimum wage need
not reduce employment, and might perhaps increase it (Albrecht and Axell, 1984; Van den Berg,
1999). Not only is it therefore more interesting to conduct empirical analysis of minimum wages
within a job search framework, where a wide range of employment responses are permissible, but
this WmbiguityCalso allows for greater consistency with the majority of findings from the non-
structural (quasi-experimental) research into the impacts of minimum wages ¢ which, for the UK,
suggest small and statistically insignificant employment effects.

As stated above, an important feature of any structural model used to analyse minimum wages is
that of labour market equilibrium, i.e. modelling the behaviour of both sides of the market. In the
early search model literature, firm behaviour ¢ in terms of the distribution of wage offers ¢ was
taken as given, so these were effectively models of labour supply decisions rather than the full
workings of the labour market. Such HartialCearch models cannot be used to answer questions
about minimum wage policy because an important part of the impact of minimum wages is the way
that firms respond. Instead, a structural model that incorporates some mechanism of labour
demand is necessary. This requires allowing the optimal behaviour of firms to be determined within
the model rather than taken as given. In addition, by focussing on scenarios where both sides of the

¢
(7))
ax

market have been allowed to adjust in response to policy changes, these Wquilibriumd S NOK Y 2
can be thought of as illustrating the long-run implications of minimum wage policy.

There are two broad kinds of equilibrium search model, which, although based on the same search-
frictions framework, differ in the precise formulation of the behaviour of firms.” These are

(i) Wl 3S L a i AwheteQirmYdriSvihat wages to pay their employees
(ii) Wiatching and bargainingOnodels, where firms choose whether or not to create a vacancy,
and then wages are determined by bargaining after the position is filled.

! See Metcalf (2007) for a survey of the UK non-structural evidence.
> A more detailed survey of this field can be found in Van den Berg (1999) and Eckstein and Van den Berg
(2007).
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The key features of these models are set out in Table 1 below.

Table 1. Basic taxonomy of equilibrium search models

Type of model Wage posting Matching and bargaining
What do firms do? Advertise a wage offer chosen Advertise a vacancy if it is
to maximise profits profitable to do so
What do workers do? Receive wage offers randomly Form a match with firms and
observe output as a random draw
How are jobs formed? Workers accept a wage offer if | Worker and firm agree to fill the
it exceeds their reservation vacancy only if the total match
wage, and reject it otherwise surplus is positive
How are wages determined? | Firms choose wagesinadvance |2 | 3S A& &2 NJ S NJI|
output
How are jobs lost? Exogenous lay-off rate Exogenous lay-off rate
Examples (theoretical) Albrecht and Axell (1984) Mortensen and Pissarides (1994)
Burdett and Mortensen (1998) | Pissarides (2000)
Examples (empirical) Van den Berg and Ridder (1998) | Eckstein and Wolpin (1999a)
Bontemps et al. (1999) Flinn (2006)

2.2.1 Wage posting models

The theoretical set-up of wage posting models is as follows.? There is a labour market consisting of
firms and workers in which firms choose how much to pay to their workforce, and workers decide
which wage offers to accept and which to reject.

Firms choose how much to pay their workforceby & LJ2 & G A Y 3 € whin thé labduS mazkdt: T S NJ

this is the wage they will pay to any worker they employ. Each firm faces a labour supply curve given
by L(w), which indicates how many workers they can expect to hire at each wage level they choose
to pay. Thus L(w) workers are hired at a wage w. The labour supply curve clearly slopes upward to
indicate that a firm offering a higher wage will attract more workers: forany w’ > w, L(w') >

Lw).9F OK 2F GKSaS 62NJ] SNE Kdirfothér wordy, WokkBrshosbdude  LINE R dzO (i

some output for the firm which has a market value of p. For now, all workers are identical with
respect to p; this assumption is relaxed below.

Firms maximise their profits 7z, which are equal to the profit per worker, (p — w), multiplied by the
number of workers, L(w). Given that firms decide which wages to offer, they therefore choose w to
maximise T(w) = (p — w)L(w). The optimal wage is one that maximises this subject to the wage
policies of all the other firms in the market and the search behaviour of workers.

On the other side of the market ¢ the supply side ¢ employed and unemployed individuals search
for jobs. Specifically, in each time period there is a probability 1, that an unemployed worker
receives a wage offer, and a probability 1; that an employed worker receives a wage offer.” If an
offer is received, it is drawn completely at random from the perspective of workers and therefore

* Mortensen (1990) and Burdett and Mortensen (1998) provide the seminal analyses of these models under
various configurations, but the wage posting model has its theoretical antecedents in the early work of
Diamond (1971).

‘¢KS48S LINPOIOAEfAGASAE INB 1y26y Ay GKS A0 SING digNB
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comes from a probability distribution denoted by F(w). Workers may then choose to accept or
reject this wage offer, depending on whether the offer is high enough to make taking the new job
worthwhile. An unemployed worker who rejects an offer (or does not receive one) continues to
receive their out-of-work payoff, denoted by b.> An employed worker who rejects a (new) wage
offer, or does not receive one in this period, continues to receive their existing wage. Finally,
employment spells can also come to end involuntarily: in each time period, there is a (fixed)
probability S0 K & | g2NJ] SNRa 2206 A& RSAGNRE@SRXI AY
again.®

Under this setup, it is possible to show that workers adopt a reservation wageatrategy, that is,
workers select some threshold wage level w* that depends on all the parameters mentioned above.
Wage offers above w* are accepted; offers below it are rejected. The sense in which this is an
equilibriummodel is that firm behaviour ¢ the wages offered to workers ¢ do not need to be taken
as fixed. Instead, the distribution of wage offers, F (w), is determined within the model and depends
explicitly upon the above parameters. Thus any policies which affect these parameters will also
affect the distributions of both offered and accepted wages.

This benchmark model is quite restrictive in terms of its assumptions that all workers are
homogenous in terms of their ability or their value of unemployment and that all firms are
homogenous in terms of their productivity (i.e. p and b are fixed constants). Not only does this lead
to poor model performance (in terms of fitting real-world data), but it also makes any exploration of
the minimum wage uninteresting: in this basic version of the model, imposing a minimum wage w,,
either has no effect upon employment (if w,,, < p) or it eliminates all employment (if w,,, > p). Itis
therefore important to relax homogeneity and consider variants where workers or firms are not
identical. (Section 2.4 below considers in more detail what impact minimum wages have in various
job search models).

Introducing heterogeneity can be done in three ways: hetereogeneity in worker productivity (if p is a
worker characteristic), hetereogeneity in firm productivity (if p is a firm characteristic) and
heterogeneity in the value of unemployment (b). Heterogeneity in worker productivity is also known
as Wetween-marketQ K S (i S NP 3 Sy Sfteriirdolves plfitlog theziatur taiket up into
separate segments for different types of worker, with a separate productivity level in each segment.’
¢ KSAaS Wa dzo Y HeMArcStéd dyvorkad characbeSstics, such as age, occupation
class/industry, or education level, and within each submarket workers are assumed to be identical.
Firm heterogeneity, on the other hand, is within the market: there is no market segmentation (so
workers are identical), but firms differ in their technology or capital stock and thus have different

> This value of unemployment could depend on (or be equal to) the value of leisure, the value of homemaking,
or the level of unemployment benefits, etc.

® While & is generally a fixed parameter, it is sometimes allowed to depend on the number of firms operating
in the market; see Eckstein and Wolpin (1990) and Bontemps et al. (1999). The consequence of this
modification is that policies affecting the cost of employing a worker (such as a minimum wage) will have a
feedback effect on the number of the job offers.

’ The other parameters of the model, such as job offer and destruction probabilities, can also vary between
market segments.

8
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productivities. Firms with a high value of p can produce more output from a given number of

workers than firms with a lower value, and can therefore earn greater profits.8

Table 2. Heterogeneity in the empirical literature on wage posting models

Heterogeneity in b?

Heterogeneity
inp?

Yes No
Firm Eckstein and Wolpin (1990) Bontemps et al. (2000)
Bontemps et al. (1999) Bowlus et al. (1995)
Bowlus et al. (2001)
Bunzel et al. (2001)
Worker | Van Vuuren et al. (2000) Koning et al. (1995)

Van den Berg and Ridder (1998)

Table 2 indicates examples of empirical work where equilibrium wage posting models have been

estimated with these extensions. The different sorts of heterogeneity have generally been employed

for different purposes: heterogeneity in firm productivity and heterogeneity in the value of
dzy SYLX 28 YSyi
of how well the predicted distribution of wages matches the empirical wage distributions ¢ as well as

KFI @3S 3ISYy SNt f

& 0SSy dzaSRintedns o1 &3

exploring issues around unemployment benefits. Heterogeneity in worker productivity, via the

segmented markets approach, has generally been used to better understand the search

environment that different groups face, and how the consequences of policy reforms might vary

across these groups.

2.2.2 Matching and bargaining models
An alternative assumption about wage determination is that it is the outcome of a bargaining

process that happens when an employer and a worker form a match together. Before a specific

match is formed, the output from it is a random variable that may take a range of values. After

worker i and firm j make contact with each other, the output of the match p;; is realised as a draw

from some distribution G (p;;). Consequently, different workers within the same firm can have

different levels of productivity associated with their match. In this framework, the distribution of

gl 3Sa Aa

y 2 i

27

RS G SNX A Y S Rderived autbriatitMafom tRe$ekbiediolsP Y Y I 1 Ay
distribution of match output at the heart of the model.

The first key difference compared to wage posting models is that firms post a vacancywhich may

involve incurring a cost, and does not feature any mention of a wage. Workers still search for

vacancies and have some probability A of receiving a job offer, while workers who are currently in a

job face some probability § that their match is destroyed.’ The second key difference is that instead

of a reservation wage, workersQ 2 alJirdtegies involve a reservation productivity level p*.

8 They can also afford to pay higher wages, and will therefore have a larger workforce in equilibrium.

? On-the-job search, while a staple of wage posting models, has traditionally not featured in the matching and
bargaining literature. Only very recently, in the work of Cahuc et al. (2006) and Flinn and Mabli (2008), has this
trend changed.

9



Matches that generate exactly this level of output leave both the worker and firm indifferent

between going forward with the match, or remaining apart (and continuing to search for a match).™

Matches where p;; < p* are not consummated as both parties would prefer to continue searching

than to match with each other, whereas higher-value matches with p;; = p” do go ahead. In this

case, the output is shared between the worker and firm according to a bargaining process: the

worker receives a share a of the productivity surplus, p;; — p*, as their wage, while the firm receives

the remaining share (1 — ) as their profit. Herea NS LINB a Sy ia GKS 62NJ SNR& o6 N
which is an exogenous parameter.

As firms do not choose wages, the sense in which this is an equilibrium model of the labour market is

through the number of vacancies firms choose to create. Rather than assuming that job offer arrival

rates are fixed, as in the case of wage posting models, here the arrival rate depends on the relative

number of vacancies and jobseekers® ¢ KA & NBf | GA2yaKALI Aa F2NXIfAaSR
given by m = m(U, V), where m is the number of matches made, U is the number of unemployed

individuals and V is the total number of vacancies. The job offer arrival rate d 2 NJ WO 2 yfrink OG NI G S
the perspective of an individual worker is then the number of matches per jobseeker: A = m/U.

Incorporating a match function adds another stage to the estimation process (see below), but it has

been recently accomplished in the literature; see Flinn (2006) and Ahn et al. (forthcoming)."*

Wage posting models have traditionally been more common in the literature, particularly micro-
level labour market analysis, while matching and matching bargaining models have historically been
used to answer macroeconomic questions. Within the equilibrium search literature, these models
have also been applied to different research questions: while wage posting models have generally
been used to account for observed features of the labour market, such as the wage distribution or
patterns of unemployment spells, models based on bargaining have focussed more on issues such as
racial and gender employment differentials. Hence there is no clear preference in academic work for
one type of model over the other unless a specific research question is adopted. However, wage
posting ¢ where firms advertise the wage up-front with a job offer ¢ may be perceived as a more
realistic process of wage determination (Manning, 2003). This could be because firms pursue a
YO2YLI ye gl 3IS LRtAOCRQ 2NJ 0SSOI dizén Girndsstconftrsnlisk £ & G A LIdzt
(Manning, 1994). It could also be argued that in low-paying sectors (where a minimum wage is more
likely to be relevant), the assumption of wage posting is closer to the truth, whereas pay
negotiations between individuals and their employers are more likely to be found in higher-status
jobs. These models also differ in their predictions regarding the response of the labour market to the
imposition of a minimum wage. These implications are set out in Section 2.4 below.

P Thus p* = B(V* + V4), where f is the discount factor, V*A & G KS FANNQa @I tdzS 2F &St NX
VirAa GKS 62N] SNDa GFftdzS 2F aSHENOKAYy3I F2NI I YIFGOKo®

' A match function, however, is not the only the way to allow the contact rate to be determined endogenously

within the model. The contact rate can be allowed to depend on search effort, which individuals choose

depending on the relative value of working and the disutility of searching (Eckstein and Wolpin, 1995;

Christensen et al., 2005). The optimal search effort may also change in response to policy.

10



2.3 Estimation

Both wage posting and matching and bargaining models can be implemented usingdata2 y 6 2 NJ SN& Q
unemployment and employment durations, and wages conditional on employment. This information

can be found in labour force surveys such as the UK Labour Force Survey (LFS) and the Dutch

Organisatie voor Strategisch ArbeidsmarktonderZ@s) Labor Supply Panel Survey, but also in

the US Current Population Survey (CPS) and National Longitudinal Survey of Youth (NLSY).

Estimation itself is almost always carried out by maximum likelihood (ML); we describe heuristically

how this works. The structural model predicts that unemployment and employment durations follow

a particular joint distribution that depends on the parameters of the model (such as the job offer

arrival rate and the job destruction rate). As a result, it is possible to write down an equation (the

Wi A1SEAK22RQ0 GKFG RSAONAROSaE K2g fA1Sfte& 4SS | NB
parameter values. Maximum likelihood chooses the set of parameter values to maximise this

likelihood. What this means is that the job offer arrival rate is identified from data on transitions

from unemployment into work, while the job destruction rate is identified from transitions in the

opposite direction.

In wage posting models, the joint likelihood of durations and wages can be written down explicitly in
terms of the model parameters (14, A, 8, p), enabling them to be estimated jointly." The value of
unemployment, b, can be estimated directly from information on unemployment benefits that
individuals receive (Van den Berg and Ridder, 1998; Van Vuuren et al., 2000). Alternatively, it may be
left as an unknown parameter, in which case the reservation wage w* must be estimated. This can
be done based on lowest observed wage in the sample (Bowlus et al., 1995, 2001; Bunzel et al.,
2001), or possibly by using information collected directly in a survey."

Estimating more sophisticated versions of wage posting models with heterogeneity adds an
additional layer of complexity, but is nevertheless common in the literature. Heterogeneity in firm
productivity has been modelled both in a discrete sense, where there are assumed to be Q different
types of firm, with productivities p; < p, < -+ < pg, in which case the number of firm types and
associated productivity levels are also estimated within the model. This is the approach adopted in
Bowlus et al. (1995, 2001) and Bunzel et al. (2001)." Alternatively, firm productivity can be modelled
as coming from continuous distribution G (p), and this distribution can either be assumed to have a
specific shape (such as log-normal, as is assumed in Eckstein and Wolpin, 1990), or it can be
estimated within the model from wage data (Bontemps et al., 1999, 2000).*°

2 1n models that allow for on-the-job search, the job offer arrival rate for an employed worker is identified
from data on job-to-job transitions. As workers are presumed to change jobs only because they will get a
higher wage, any such transitions where the new wage is observed to be lower than the previous wage will
cause a problem for the likelihood. Retaining these data points for estimation requires discarding the
information on the new wage level, allowing for measurement error in the likelihood or specifying a model of
non-wage job characteristics; see Van den Berg and Ridder (1998).

3 See Ridder and Van den Berg (1997) and Eckstein and Van den Berg (2007) for more details.

" The British Household Panel Survey (BHPS), for example, asks unemployed respondents about the lowest
take-home pay they would consider accepting for a job offer.

> Bowlus et al. (2001) provide a brief discussion of the relative merits of discrete vis-a-vis continuous
productivity heterogeneity.

®such nonparametric estimates of the productivity distribution enable a potentially much better fit to the
observed wage data.

11



Between-market heterogeneity, that is, heterogeneity in worker productivity (assuming that firms
are identical) can also be modelled in a variety of ways. The simplest way of allowing different
groups of workers to constitute different labour markets is to estimate the model separately for
different types of worker (Bunzel et al., 2001); however, this can lead to very small sample sizes for
each submarket when there are many submarkets (such as a three-way interaction between age,
education, and gender or occupation). An alternative, used by Van den Berg and Ridder (1998), is to
pool the groups into one sample but allow the fundamental parameters (13, 44,6, p) tovaryin a
simple way according to the characteristics of workers along which markets are segmented. In other
work, particularly Koning et al. (1995) and Van Vuuren et al. (2000), worker productivity is assumed
to follow a continuous distribution H(p) ¢ in which case there is an infinite number of submarkets ¢
and a shape is assumed for this distribution (typically log-normal).

Finally, heterogeneityinb 6 1 KS 62 NJ SNEQ @I f dzS 2eled o & diskdite2 @ YS Y (G 0
and continuous ways. In the early theoretical work (Albrecht and Axell, 1984, implemented by

Eckstein and Wolpin, 1990), it is assumed that there are J different types of workers, each with an

associated value of unemployment by < b, < -+ < by, in which case the proportion of workers of

each type is estimated within the model. Bontemps et al. (1999) assume instead that there is a

continuous (normal) distribution in the population of the value of unemployment. On the other

hand, if data on out-of-work benefits that workers receive are available, then these can be used as

an observable proxy for b.

In matching and bargaining models, the wage distribution derives directly from the distribution of
matchoutput G(p; )= | & (0 K'S gedsdtdlyd sidpedr ofdihle net match surplus. As a result,
an assumption must be made about the shape of G(p;;), and it is typically assumed to be log-normal
in order to generate a log-normal distribution of wages. While it is clearly desirable that the shape of
the equilibrium wage distribution be comparable to empirical wage data, it is not desirable that this
similarity arises purely because of an arbitrary distributional assumption. Another assumption may
be necessary to estimate the bargaining parameter « ¢ this is generally not recoverable from data
on workers only. It is sometimes assumed to be 0.5 so that the surplus of any match is split equally
between worker and firm (Eckstein and Wolpin, 1995). In very recent work, the parameter has been
identified from additional information on firms, such as corporate financial statements and accounts
(Flinn, 2006; Cahuc et al., 2006). Ahn et al. (forthcoming) are able to recover the bargaining
parameter by imposing restrictions R S NA @S R BrofiPméxinsihghbdhavitur.

Finally, another issue in the estimation of matching and bargaining models concerns the

specification of the match functionm(U,V) G KI & RSGSNXAYSa |y AYRADARdzZ f ¢
firm. As stated above, adding this aspect of the model is important to the extent that it enables a

transition from partial analysis to equilibrium analysis, wherein policy changes affect the number of

vacancies that firms create, which in turn may affect the search behaviour of jobseekers. A

functional form must be assumed for the match function, with the Cobb-Douglas form being the

most common (Coles and Smith, 1996; Flinn, 2006; Ahn et al., forthcoming). With a functional form

assumed, Flinn (2006) and Ahn et al. (forthcoming) are able to estimate the matching function using

American CPS (Current Population Survey) data spanning different minimum wage regimes.
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2.4 Minimum wages

So far our discussion of equilibrium search models has made little mention of minimum wages. In
this section, we describe how they have been implemented in these models and the range of effects
they can have.

2.4.1 Minimum wages in a wage posting model

In a wage posting model, the consequences of a minimum wage depend crucially on the precise sort

of heterogeneity (in terms of both b or p) that has been included in the model. Recall from above

that if all workers and firms are identical, then a minimum wage has a very uninteresting impact. If

w,, < p then employment is unaffected: firms continue to operate because they can still make

profits (or break even), but they fully absorb the higher labour costs by making less profit on each

worker." If, on the other hand, w,, > p, then no firm can continue to operate without making a

loss, so all workers become unemployed. ¢ KS YAYAYdzyY 46 ISREAK@A AKILE Oi ®Yy
employment.

When firms are differentiated in terms of p, a minimum wage can only reduce employment.
Consider a distribution of firms indexed by a productivity level ranging between a minimum value of
p and a maximum value of p. In the absence of a minimum wage, firms with lower productivities pay

lower wages and have fewer workers. When a minimum wage w,,, > p is imposed, then
employment losses occur: all firms with productivity between p and w,,, become unprofitable and

shut down. Similarly, when productivity is modelled as a worker characteristic (as in the segmented
markets approach), a minimum wage can only reduce employment. If there are N different
submarkets for a particular type of worker, and within each submarket the workers have
productivity p;, i = 1, ..., N, then a minimum wage necessarily leads to permanent unemployment
for all workers of type i if p; < w;,,."® A minimum wage effectively has a knife-edge impact on
employment within each submarket.

Finally, when workers are differentiated in terms of their value of unemployment (b), then the
imposition of a minimum wage can actually increaseemployment so long as w,,, < p; above this
level, employment falls to zero . If b varies across workers then so does the reservation wage w*,
and those with higher values of b will also have higher reservation wages. As a result, some workers
with high values of w* may remain unemployed for long periods because they receive many wage
offers below w*, which they do not accept.' This holds true even if their value of w* is less than p,
in which case firms could profitably employ these workers by offering an increased wage w such that

p<w<w

7 At the new equilibrium it must still be the case that all firms earn equal profits, so all firms must experience

the same fall in profit after the minimum wage is introduced, in which case the wage distribution must shift to

the right.

® This type of unemploymentisl £ 82 1y 26y I & WaAGNHzZOGdzNI £t Q 6O dZASR o6& 63
low for them to remain employable) rather than frictional (caused by the presence of search frictions).

n the benchmark model, with no heterogeneity at all, this does not arise because all wage offers in

equilibrium are acceptable to job searchers.

LG A& AY (GKAaa asSyasS GKFG GKSaS g2NJ SNE NB WAYSTFTFAOA
offer would be economically beneficial as it would be accepted, leading to higher output, while still allowing

firms to make a profit ¢ but because wage offers are random, this opportunity cannot be exploited.
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In this set-up, a minimum wage can increase employment (so long as the minimum wage is not

above p). By shifting the wage offer distribution up, the minimum wage increases the average wage

offer that an unemployed person can expect to receive. As w,, is now the lowest possible wage

offer, all workers with w* < w,,, will now accept any offer they receive, leading to shorter

unemployment durations.” Workers with higher values of w* also become less likely to reject job

offers, as the whole distribution of wage offers is affected. A minimum wage can thus reduce the

degree of frictional unemployment in the labour market by making it easier for workers to receive a

sufficiently high wage offer.

Table 3 summarises the relevance of heterogeneity for any analysis of minimum wage effects.

Table 3. Consequences of heterogeneity when a minimum wage is imposed in a wage
posting model

Type of

heterogeneity wage on employment

Impact of a binding minimum

Reason

Either no effect or makes all
workers unemployed

None (identical
workers and
firms)

If w,,, < p, all firms can continue to hire
workers and be profitable; if w,, > p, then
no firm can continue to hire workers

Firm p Reduction in employment

Firms with p < w,,, become unprofitable
and exit the market, reducing the number of
jobs available

Worker p Reduction in employment

Workers with p < w,,, become
permanently/structurally unemployed
because it is not profitable to employ them

b Potential increase in
employment, or makes all
workers unemployed

Minimum wage increases the average wage
offer, which makes workers more likely to
accept an offer. Workers with w* < w,,, now
accept any wage offer they receive.
However, if w,,, > p then all workers become
unemployed as firms cannot afford to hire
them

In wage posting models that allow for more than one type of heterogeneity (such as both in b and

p), a minimum wage can in principle have ambiguous effects on employment.”” Bontemps et al.

(1999) estimate a wage posting model with continuous heterogeneity in both firm productivity and

52N] SND A
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in employment as more wage offers get accepted, but for larger increases in the minimum wage,

employment starts to fall as the effect of firms exiting the market dominates. Thus, with structural

models that allow for different kinds of heterogeneity, performing counterfactual simulations over a

“¢KAA A& I atAIKG
increase in the minimum wage.

AAYLE ATAOLIGAZY | az

2 Technically, a wage posting model with heterogeneity in b only could also lead to an ambiguous impact of
the minimum wage. For small rises in w,,,, employment could rise (by the arguments above), but once w,,

exceeds p, all workers would become unemployed.
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wide range of scenarios would enable the employment-maximising minimum wage to be
identified.”

2.4.2 Minimum wages in a matching and bargaining model

In a matching and bargaining model, the consequences of a minimum wage are less elaborate as

they do not depend on as much on the particular intricacies of the theoretical model. However, the

impact on employment (and wages) does depend on the match output, i.e. the potential

productivity p;; of a worker-firm match if that match were to go ahead. Let p;, > p” denote the

new reservation match productivity level under a minimum wage regime, below which matches

result in a loss for firms given that they must now pay at least the minimum wage.** This threshold

FOGa Fa | aaARS O2yaidNI Aydé A yhickirktSictsghk miSberd | NH I A Y A
of matches that are still feasible under a minimum wage.

There are three mutually exclusive regions in the distribution of p;; that are relevant for any analysis

of the minimum wage in a matching and bargaining model. These are the regions given by:

(i) " <pij <Pm,
(i) Pm <Dpij <DPms
(i) Pm < pij/

where p,, is the productivity level that would yield a bargaining wage exactly equal to w,, in the
absence of a minimum wage policy.” The minimum wage has a different effect on wages and
employment in each region, as set out in more detail in Table 4 below.

Table 4. Employment and wage implications of a minimum wage in a matching and
bargaining model

Value of match | Impact of a minimum wage Impact of a minimum wage on wages
output p;; on employment
P <pij <pm | Negative: matches within this | Wages in this range of the distribution are
range are no longer feasible, | no longer observed as these matches no
and are now rejected longer take place
Pm < Pij < Pm | None: these matches remain | Workers are paid exactly w;,. They cannot
feasible for both parties, so be paid the pre-policy bargaining wage as

the firm will still choose to that would be below w,,, (and hence illegal).
hire the worker Thus there is a spike in the wage distribution
over this range of productivities
Pm < Dij None: matches with this None: the bargaining wage is above w,,, and

productivity remain feasible is therefore unaffected

In a matching and bargaining model, therefore, the imposition of a binding minimum seems to have
an unambiguous effect on employment by reducing the probability that a match leads to a job. The

% To some extent, however, allowances for heterogeneity can be constrained by the data used. Estimating
models featuring heterogeneity in both worker and firm productivity requires the use of matched worker-firm
panels, which are available in Europe (notably France and Denmark) but not the UK.

* Thus D, solves the relationship py, = BVf” + W,,. The minimum wage binds if w,,, > BV,%, in which case

Pm > D"

* Thus Pm solves the relationship w,, = BV} + a(p, — p").
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only way to offset this negative impact is via increased job search activity, either through a labour

market participation decision or via endogenous search effort. Ahn et al. (forthcoming) estimate a

matching and bargaining model where search costs and reservation wages depend on young

LIS2 LX SQa RSY2 3 NI ThdkfindxhaQte Indiehséd iv &g dNdifedis dahs €l dyd

minimum wage induce a labour supply response as more young people search for jobs (particularly

those from highly-S RdzOF 6§ SR TIF YAf AS&a0d [/ 2yaSljdsSyidtes S@Sy i
of finding a job must decrease, the aggregate number of matches (and therefore jobs) can

potentially increase as a result of the higher number of jobseekers.

2.4.3 Summary

Overall, equilibrium searchmodelscand S Wl Ay 2aGA0Q | 62dzi GKS AYLI Ol 2
employment if individuals are allowed to differ in terms of their value of unemployment, or if the

decision to search for a job is determined within the model. The flexibility that arises from adding

these features is clearly important, as it allows the ultimate impact of the minimum wage to be

determined empirically rather than theoretically. Structural models that unambiguously presuppose

the impact of a minimum wage are of little use in addressing the policy questions of interest.

2.5 Equilibrium search models that have analysed minimum wages

This literature review has found eight pieces of work (five wage posting models, three matching and

bargaining models) where equilibrium search models have been implemented and then used to

analyse minimum wages; these are listed below inTable5.9 01 a4 SAY | YR 22f LAY Q& 0O
the first known empirical implementation of an equilibrium search model, taking the theoretical

model in Albrecht and Axell (1984) to American NLSY data. However, without on-the-job search or a

flexible specification of productivity heterogeneity, their model performed very poorly in terms of its

fit to the wage distribution, and as a result the authors placed little weight on the significance of

their minimum wage simulations. They did nevertheless find that above very low levels, a binding

minimum wage had a very strong adverse effect on job offer probabilities and the unemployment

rate. As a result, the optimal minimum wage in their model was a non-binding one.

The rest of the empirical work has varied in terms of the precise formulation of the labour market,
but crucially, only two of the papers (besides Eckstein and Wolpin, 1990) allow minimum wages to
have an a priori ambiguous impact on employment: Bontemps et al. (1999) and Ahn et al.
(forthcoming). All the other papers insist upon a negative or zero impact on employment. If
minimum wages in fact have a positive impact, all the models on which these papers are based are
misspecified, and it is not clear what impact you would expect these models to suggest minimum
wages have.

One might wonder why these papers bothered to model minimum wages, given that they
presuppose a hon-positive impact on employment. It is important to recognise, however, thatin a
number of cases minimum wages were a secondary application rather than the primary focus of the
paper. The main achievement was estimating the model itself, not in its application to address
minimum wages. This means, of course, that there is less we can learn from them. Nevertheless,
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there is still value in understanding the various theoretical setups and how minimum wages have
been incorporated into each.

Between-market heterogeneity, via a segmented markets approach, has been used most notably in
the work by Van den Berg and Ridder (1998). In their wage posting model, markets are
differentiated by age group (less than 22, 23¢29, 30¢38, 39 and above), education level (lower
secondary, intermediate, higher, graduate) and occupational type (low-skilled, skilled, semi-

. Segmenting the

specialised, specialised), with workers in each submarket considered identica
market by education and occupational type is a natural way of allowing for differences in p between
different types of workers, while the segmentation by age allows for an age-related minimum wage
to be taken into account (the Dutch policy regime featured a lower minimum wage for workers
under 22 at the time). Their policy experiments indicate that a 25% rise in the minimum leads to
permanent unemployment for 16% of workers, the effect being most pronounced among workers in
their twenties, for whom the estimated search frictions (and thus monopsony power) are the

smallest.

Table 5. Equilibrium search models that have analysed minimum wages

Author(s) Model set-up Data Basic findings
Eckstein and Wage posting NLSY (US) Above very low levels, MW has very
Wolpin (1990) 1979¢1983 strong impact on unemployment rate
Koning et al. Wage posting OSA +10% MW doubles the number of
(1995) with segmented | (Netherlands) people permanently unemployed
markets 1985¢1990
Van den Berg Wage posting OSA +10% MW E +3% unemployment
and Ridder with segmented | (Netherlands) +25% MW E +16% unemployment
(1998) markets 1985¢1990
Bontemps et Wage posting LFS (France) Low MW increases
al. (1999) 1990¢1993 wages/employment; higher MW
increases unemployment
Van Vuuren et | Wage posting LFS and NES MW increases structural
al. (2000) with Uland tax | (UK) unemployment among families and
credits 1992¢1996 benefit payments
Flinn (2006) Matching and CPS (US), aged Optimal MW is up to $9/hour but
bargaining 16G¢24 in 1996¢ | increases unemployment
1998
Flinn and Matching and SIPP (US), aged | Optimal MW varies from $S8¢15/hour
Mabli (2008) bargaining 16¢30in 1998¢ | but involves higher unemployment
2000
Ahn et al. Matching and CPS (US), aged MW has small impact overall but
(forthcoming) | bargaining 16¢19in 1989¢ | shifts employment from poor to rich
2000 teenagers’”’
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’ This interesting result stems from the presence of a job search decision in their model, and helps illustrate
why such a feature may be useful. The search decision is incorporated by estimating the value of
unemployment and the search costs, allowing both to vary by socioeconomic status (measured as parental
education). Teenagers with more educated parents are estimated to have higher reservation values; thus,

when the minimum wage increases, they enter the labour market and start searching for work. However, they

are also estimated to have lower search costs and therefore enjoy more success in finding a match than
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Between market heterogeneity has also been modelled in other ways, namely by treating worker
productivity as unobserved characteristic drawn from a continuous distribution H(p). Koning et al.
(1995) and Van Vuuren et al. (2000) both adopt this approach, treating the distribution of p across
workers as log-normal. The former examines the effect of the minimum wage across age and
education groups, while the latter examines the effect across different household types. Both papers
find that the minimum wage accounts for significant amount of structural (permanent)
unemployment.

Finally, Bontemps et al. (1999) estimate a wage posting model with unobserved heterogeneity in
firm productivity p (estimated from the wage data) and the value of unemployment b (assumed to
be normally distributed). As demonstrated above, allowing for both types of heterogeneity allows
for a more nuanced analysis of the minimum wage where the impact can be a prioriambiguous. In
numerical simulations, the authors find that increases in w,,, will lead to reductions in
unemployment durations if w,, is below P (the lowest productivity level in the market). This is

because individuals with w* < w,,, will now accept the first wage offer they receive. Once w,,
exceeds p, however, firms with productivity p < p < w,,, become unprofitable and exit the market,

leading to a reduction in the job offer arrival rate. This effect, which exerts an upward pressure on
unemployment durations, tends to dominate as w,,, reaches higher values, eventually leading to a
negative net effect on employment.

The matching and bargaining models where minimum wages have been analysed have all been more
NBOSYyild CftAyyQa O6HnncO Fylfeaia Y2RSEfSR YAYAYdzy
the Hartial(3cenario (where the job offer arrival rate was fixed) and the ¥quilibrium scenarioQ
(where the vacancy rate and job offer arrival rate are both allowed to fall after a minimum wage
increase). The model generates unambiguously negative effects of the minimum wage on
employment, but the impacts are much stronger in the second scenario. Nevertheless, Flinn finds
that a minimum wage is still optimal (because the impact on welfare is not the same as the impact
on employment), though its optimal value depends crucially on which of these scenarios is assumed.
Flinn and Mabli (2008) extend the model to allow for on-the-job-search and different forms of firm
competition for workers. They find that while a binding minimum wage inevitably reduces
employment, a higher minimum wage (between $8 and $15 per hour) would maximise welfare.
However, these amounts may be an upper bound as the analysis is conducted under the partial
equilibrium assumption of fixed job offer arrival rates.

Finally, Ahn et al. (forthcoming) estimate a matching and bargaining model with a search decision
embedded into the model, and this modification reduces the estimated negative effect of minimum
wage increases employment probabilities. Young people are allowed to differ both in terms of their
reservation wages and their costs of searching for a job (these differences are captured by
demographic characteristics such as parental education). The standard (negative) employment effect
still occurs when a minimum wage is increased, as it reduces the probability that a match is
successful and therefore reduces the number of vacancies. However, this is partially offset by a

teenagers from low-education families. As a result, poorer teenagers become crowded out of the labour
market following a minimum wage rise.
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strong labour supply response, particularly by teenagers from educated families (who are estimated
to have high reservation wages but low search costs). These workers enter the labour market after a
minimum wage rise and search for jobs, leading to more matches being formed, but this occurs at
the expense of teenagers from less-educated families. This group (who are estimated to have lower
reservation wages) searched for jobs before the minimum wage rise and eventually become
crowded out of the labour market.

2.6 Reconciling the structural and non-structural evidence on minimum
wages
A basic reading of the above literature on equilibrium search models would conclude that these
models tend to predict an adverse effect on employment if minimum wages are imposed in the
labour market beyond a nominal level, and that at higher levels, minimum wages can have a
potentially devastating impact on employment. For example, Koning et al. (1995) find that a 10%
increase in the minimum wage doubles the level of structural unemployment. While Van den Berg
and Ridder (1998) find that a 10% increase in the minimum wage has little impact on the labour
market, their simulations indicate that a 25% increase would lead to 15% of 16¢22 year olds and
more than half of 23¢29 year olds becoming unemployed.

The empirical evidence from non-structural work, such as in quasi-experimental studies, has tended
to be much more mixed. No consensus has yet been reached in academic circles on how to
summarise the many existing studies, though a recent survey by Neumark and Wascher (2008)
suggests that, on balance, minimum wages do curtail employment opportunities. However,
empirical work in the UK has generally failed to find a convincing, statistically significant negative
impact of minimum wages on employment outcomes.”® It is therefore worth asking whether these
findings are consistent with those that have emerged from the structural literature, and if not, why
such discrepancies may arise.

As we have seen in the previous section, however, only two of the structural minimum wage papers
both give a reasonable fit to the data and allow for an a prioriambiguous effect of minimum wages
on employment. Bontemps et al. (1999), who estimate an equilibrium search model for the French
labour market, achieve a good fit to the wage distribution by allowing for a nonparametric form of
(firm) productivity heterogeneity that is estimated from the observed wage data. The ambiguity of
the employment response to a minimum wage (over certain ranges) stems from presence of
continuous heterogeneity in b: as discussed above, this enables small increases in the minimum
wage to actually increase employment, while larger increases might result in firm exits and a
corresponding reduction in employment. The second paper is Ahn et al. (forthcoming), which, as
mentioned above (see footnote 27) features an additional margin in the form of a search decision.
As the minimum wage is increased, more people enter the labour market to search for work, leading
to additional matches being made between workers and firms. This (positive) labour supply effect
serves to offset the (negative) labour demand effect, with the resultant net employment effect small
or ambiguous.

*® See Stewart (2004a, 2004b), Dickens and Draca (2005) and the survey of findings in Metcalf (2007).
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Focusing on just these two papers, the disparity between structural and reduced form estimates
becomes less clear (and, moreover, neither of the structural estimates is for the UK).”> Were
subsequent structural work to suggest there is in fact a disparity, a number of explanations are
possible.

1. Equilibrium search models may be too restrictive:

Equilibrium search models have certain limitations regarding how the economic
environment is characterised, and these may be non-trivial. For example, the absence of a
goods market in these models means that firms are unable to pass on any increase in labour
costs to consumers via an increase in prices. In the real world, however, firms may be able to
do this, and the availability of this option might make employment losses following a
minimum wage increase less likely.** Additionally, the search models surveyed in this paper
do not feature an hours margin (that is, a choice of how many hours to work, in addition to
the decision of whether to work) nor do they allow for non-wage labour costs such as fringe
benefits, pension contributions, tips, and so forth.*" If any offsetting responses along these
margins do indeed take place in reality, then this would again lead to non-structural
estimates of the impact of minimum wages being smaller than the structural estimates.

2. Quasi-experimental estimates may rely on false assumptions:

Quasi-experimental approaches typically rely on the existence of a well defined control
group against which workers affected by the minimum wage can be compared. In reality,
such a group may not exist. As a result estimates of minimum wage effects may be biased. In
this case, we would also expect a difference between structural and quasi-experimental
estimates.

3. The two approaches may be measuring different things:

Non-structural approaches using comparisons across time tend only to look at the shortrun
impact of minimum wages on employment. These effects might be expected to be smaller
than the long-run impact of minimum wages commonly estimated by structural approaches.
First, firms might face labour adjustment costs (such as job advertising, training, redundancy
pay) and might therefore avoid wish to smooth employment levels over time in order to
minimise these costs. Second, adjusting the level of labour employed might also require
changes in the amount of capital used (such as buildings and machinery), which is a long-run
process. Structural models, particularly those analysed in this report, are equilibrium models

*® Furthermore, any apparent discrepancy would be confounded by a scale issue. While the policy simulations

in equilibrium search models tend to involve a 10% rise or greater in the minimum wage, actual increases in

minimum wages ¢ on which the non-structural evidence is based ¢ tend to be much smaller. Indeed, while the

UK minimum wage has been uprated annually since its introduction in 1999, the year-on-year increases have

almost always been less than 10%, and the real-terms increases generally less than 5%.

% Neumark and Wascher (2008) claim, as part of their meta-analysis of the non-structural literature on

YAYAYdzY 61 3Sas (GKFEG GKS 0ftAYAUGSRO SOARSYOS adzNNERdzy RAY
of a positive relationship.

* There is also no scope within these models for productivity to increase with the minimum wage, perhaps

NBEFt SOGAYT INBFGSNI STF2NI 0606& GKS WSFFAOASyOe ¢l 3SaqQ
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that allow both sides of the market to respond to policy changes. While they have not
generally incorporated adjustment costs or capital accumulation, they can nevertheless be
considered more robust to this criticism.

2.7 How have issues relevant to the youth labour market been addressed
in search models?

Thus far, only the impact of minimum wages on employment rates (and social welfare) has been
considered, yet the full spectrum of research questions set out in project 10/3, and reiterated in the
Introduction, was much wider. In this Section, we consider two issues particularly relevant to the
youth labour market: the choice between education and various types of employment, and the
interaction between age and experience among young workers in the context of the UK minimum
wage regime (where the national minimum wage increases with age).

2.7.1 The impact of the minimum wage on education choices

A key limitation of the equilibrium search literature is that it has only analysed post-education
outcomes. In other words, these models have not examined the impact of labour market conditions
and policies on the level of education that individuals acquire. Education is taken as given; at most, it
has been used to segment individuals into different markets and therefore allowing for
heterogeneity in p (such as in Van den Berg and Ridder, 1998). This segmented markets approach
enables an understanding of the how the environment that different types of workers may face
varies. It also allows one to understand how the employment of different types of workers may be
affected by policy changes (such as a minimum wage).

But what it does not do is give any insight into the interaction between the labour market and
education decisions. For this, we need to incorporate an explicit education choice. One relatively
simple way to do this involves adding a pre-labour market decision to an equilibrium search model.
Instead of starting with jobseekers looking for work, the model would start with young people who
are still in school. These individuals would make a choice about their final education level by
comparing the expected future wages associated with each possible education level against the
current costs that would be incurred to reach that education level. For example, an 18-year-old
individual in this environment might choose between (i) entering the labour marked immediately
and earning the wages associated with upper secondary education (such as A-Levels), and (ii) going
to university, incurring the costs of fees and maintenance and effort, and then earning a graduate
salary three years later.

This pre-labour market stage could in principle be combined with markets segmented by education
level, with each education level effectively becoming a route into a particular submarket (for
example, those who attend university would then go on to enter the graduate labour market, and so
forth). The implementation of a minimum wage within this framework might then act as follows: it
would be most likely to bind in low-education submarkets, driving up the average wage in these
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segments while having no directeffect on other submarkets.*? This might then reduce the incentive
to acquire additional education for two reasons. First, the opportunity cost of staying in education is
increased; second, the expected future return to additional education is reduced. Any ensuing
reduction in the supply of workers in high-education submarkets might then lead to higher wages
being paid as firms in these segments try to attract enough workers. Thus, while there is no direct
interaction between different market segments, the imposition of a minimum wage in the low-wage
submarket could theoretically have a spillover effect on jobs in high-wage submarket.

No equilibrium model exists in the literature that has this feature, but it seems the most
straightforward way to extend an equilibrium search model to allowtendermn Kk 0 Q& ljdzSa A2y a
YAYAYdzY 41 3SQa A Y LHaifngchdcys toberudafedsed. A 2y | YR

2.7.2 Age-related minimum wages and their relativities

Another issue highlighted by project 10/3 is the role of age in the UK labour market, and the
consequences of a minimum wage that varies across age bands (16¢18, 18¢21, 22+ for the UK). In
the literature, age has generally been incorporated in the same way as education, with different
submarkets for each age group. This allows the parameters of the model to be estimated separately
for each age group, and the impact of policies to be assessed for each age group; furthermore, it can
be used to allow workers of different ages to face different minimum wage rates (as is done in Van
den Berg and Ridder, 1998).

However, because the segmented markets approach effectively treats workers of different age as
working in different labour markets, the absence of any interaction between them ultimately rules
out directsubstitution effects (whereby firms switch between older and younger workers depending
on which are cheaper relative to their productivity). Ideally, we would want to model younger and
older workers in the same market, allowing directly for substitution across different age groups. As
above, such a model does not currently exist in the literature

It is easy to understand why: things rapidly get very complicated. Any structural model that
incorporates age-related minimum wages would also have to incorporate experience accumulation
on the job: if older workers are more costly to employ than younger workers, the former would have
to have a higher p to ensure that it is still optimal for firms to employ them alongside their younger
counterparts. Adding experience accumulation to equilibrium search models is not a trivial exercise
as it makes the model non-stationary, with wages growing over time. Worker strategies become
much more complicated, taking into account the effect of working now on future productivity, and
the resulting effect of that on their future wages. Consequently, issues of experience accumulation
on the job have generally not been considered in detail in the equilibrium search literature.®
Moreover, given that returns to experience seem to be limited for low-skilled workers** (the group
for which minimum wages are most likely to be relevant), it may be more important to concentrate
on incorporating an education choice rather than age and experience.

* However, it might also reduce the employment rate in low-education submarkets as well, and young
LIS 2 LI S éndmaRt&kxhedover employment probability into account as well.

3 Bagger et al. (2007) and Yamaguchi (2007) provide very recent exceptions (in wage posting and matching
and bargaining contexts, respectively) under frameworks that are heavily stylised but still computationally
burdensome.

** This is one of the conclusions reached by Bagger et al. (2007).
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3 Other structural models
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which search models are only one type. As part of this project, we have also considered the potential

of a different class of structural model known as dynamic discrete choice (DDC) models (W O I NE S NJ
OK2AO0S o Invtiede Bddels, workers make choices about how much education to acquire and

which career to work in over the course of their working life, taking into account the wages available

in each career and the expected wages available in future. Many of these models involve experience

accumulation. Furthermore, as these models are usually formulatedandad 2 f SR 2@JSNJ 'y AYR
entire working life, they are useful tools for long-term policy analysis, and have often been used to

simulate the long-term impact of education policies such as university tuition subsidies.

At first glance, these models seem quite relevant to the research questions in tender 10/3 that
equilibrium search models do not address: in each time period, individuals choose an activity from a
set of alternatives that typically involves education, employment (perhaps of different hours, or in
different sectors), or inactivity. The individuals choose this optimally, taking into account the costs
and benefits associated with each alternative and the impact of the current choice on their future
decision making. However, these models have never really been used to analyse minimum wages
because they are unsuitable for this purpose. Put simply, they do not feature a rich enough model of
firm behaviour to enable any meaningful analysis of the impact of a minimum wage. The models are
either partial equilibrium (Keane and Wolpin, 1997; Eckstein and Wolpin, 1999b) and have no
description of firm activities whatsoever, or they are general equilibrium (Lee, 2005; Lee and Wolpin,
2006; Gallipoli et al., 2008) but model the production side of the economy as an aggregate firm that
behaves competitively, with no search frictions present. To sum up DDC models, therefore, while
they often examine outcomes relevant to this project, their configuration does not allow a minimum
wage to be implemented in order to assess its impact on these outcomes.

4 Summary of literature on structural models

There are three main findings from the above review of equilibrium search models. First, such
models can in principle be used to analyse minimum wages, as has been done in the literature over
the last 20 years. Such models can be estimated from labour force panel data on durations and
wages. Second, however, most of the models in the literature are not sufficiently flexible to allow a
robust analysis of the impact of minimum wages: all but two of the models reviewed presuppose a
non-positive impact on employment rates. Third, all of the models are narrow in their focus for our
purpose, only addressing very basic questions about the minimum wage such as its effect on
employment or social welfare. The literature has provided no insights into the relationship between
minimum wages and participation in education and training, nor has it analysed the relationship
between minimum wage age bands and substitution effects across different age groups. Moreover,

** See Eckstein and Wolpin (1989) and Aguirregabiria and Mira (2007) for a general overview. Important DDC
models from a labour market perspective include Keane and Wolpin (1997) and Lee (2005).
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the equilibrium search framework has provided no explicit analysis of spillover and substitution
effects in general.*®

As a result, there is noready-made model available in the literature that can be taken off the shelf

and replicated for the UK to answer all the questions set out in project 10/3. The models that are

feasible can only shed light on a small fraction of these questions. Consequently, the

recommendations that will be made in the next section for a UK structural model are necessarily

tentative and aspirational: they indicate the features that a suitable model would need to have,

based on the above literature review. While many of these features are as yet unprecedented, we
believemostare ¥ S aA0f ST YR GKSNBTFTF2NB (KIFIG GKA&E WOKSO| f
future.

5 Recommendations and guidelines

In this Section, we give recommendations for the features a suitable minimum wage model should
include, the data required for estimating it, and what estimation techniques to use.

5.1 Desirable features for a UK structural model of minimum wages

Based on the literature review above, and a comparison of the state of the literature against the
aims and objectives of project 10/3, we have identified four broad features that a suitable structural
model would need to incorporate. These are now set out below.

1. Endogenous firm behaviour

Clearly, any equilibrium or long-run analysis of labour market policy must allow for adjustments to
take place on both sides of the labour market in order to be credible. This means that both firm and
worker behaviour must be determined within the model. By definition, equilibrium search models
possess this property, thus they provide a good starting point for minimum wage analysis.

This report concludes that, among equilibrium search models, the wage posting seem like a more

likely choice for a point of departure than the matching and bargaining models. First, wage posting

models have more of an equilibrium flavour too them, given that they contain an explicit statement

2F FANNYAEAQ 202S0GA0BSE OLINRPTAG YIEAYAAlLGAZ2YyOood { SO?
assumption about the process of wage determination, especially in low-wage firms and industries

where the minimum wage is more likely to be relevant.

*® Furthermore, as has been seen above, equilibrium search models are also limited by their lack of potential
responses to a minimum wage: they do not allow for an impact on prices, hours worked, fringe benefits or
productivity.
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Another essential feature is that the model must be flexible in terms of predictions about the impact
on employment (and, potentially, other outcomes). This is because there is little value in estimating
a model where the impact is forced to be negative (or positive) by assumption. As we have seen,
there are two main ways of ensuring an a prioriambiguous effect of minimum wages.

The first approach involves allowing for heterogeneity in the opportunity cost of employment, b (in
addition to heterogeneity in productivity, p). With heterogeneity in b, some workers are frictionally
unemployed, as they wait to receive an acceptable offer. A minimum wage increases the average
level of wage offers and therefore reduces the amount of time that is spent waiting until an
acceptable offer arrives, and can therefore reduce the amount of (frictional) unemployment.

The second approach would be to allow for a search decision, or search intensity, determined within
the model, and to allow for the offer arrival probabilities to depend on this variable. Under this
framework, a minimum wage increases the value of a job relative to unemployment, thus individuals
will choose to search (rather than be inactive) or, if already searching, will choose to invest more
effort into searching for a job. The increased search effort could then offset the standard
employment effect, and the estimation process would reveal which channel was more important.

An alternative channel involves extending equilibrium search models to include a goods market. This
extension might be helpful in terms of mitigating the negative employment effect, because firms
could pass on higher labour costs to consumers in the form of higher prices. However, this extension
is very complicated and currently lies beyond the scope of equilibrium search models in general, not
just the current project. While an important long-term aim, such an extension would constitute a
separate research agenda in its own right.

3. Agerelated minimum wage rates (and experience)

The literature review in this report has revealed that, where age has been incorporated into
equilibrium search models, this has been done by segmenting the labour market by age group, and
this remains a simple way of allowing for workers of different ages to face different minimum wage
rates. However, a key disadvantage of this approach is that it rules out any direct substitution effects
across different age groups because they are treated as separate labour markets. This represents a
clear problem given that project 10/3 is interested in substitution effects across age groups resulting
from the minimum wage age bands.

To circumvent this issue, workers of different ages would have to be brought back into the same
labour market, so that they compete with each other for jobs. But this would require experience
effects to be incorporated, otherwise there would be no justification for employing older workers if
they were more expensive. Adding experience accumulation is not a trivial exercise as it makes the
model non-stationary with wages growing over time, which in turn makes worker strategies much
more complicated. Given that returns to experience seem to be limited for low-skilled workers, it
may be more important to concentrate on incorporating an education choice.
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4. Education choices

As with age, where education has been incorporated in equilibrium search models, this has been
done by using segmented markets. As discussed above, the necessary extension to this framework
that would allow the minimum wage to have an impact on education participation choices, would be
a pre-labour market decision about which level of education to acquire, taking into account the costs
of acquiring each education level and the wages received by workers of each education level.
Furthermore, the addition of an education decision could provide a spillover effect between
different education submarkets despite there being no direct interaction between them. While
without precedent in the literature, we feel this would represent a relatively straightforward
extension that could lead to important new insights.

A more complicated extension might still be desirable, however, as this framework does not allow
for realistic patterns of substitution between workers of different types ¢ particularly if a minimum
wage risks making all of the workers in the low-education submarket permanently unemployed
(which would happen if their productivity p was less than w,,). This shortcoming, inherent in models
with segmented markets, may make alternative specifications of the production side of the labour
market worth considering. Other structural models ¢ particularly dynamic general equilibrium
models, such as Lee (2005), Lee and Wolpin (2006) and Gallipoli et al. (2008) ¢ tend to assume that
workers with different skill levels constitute different inputs in a production function, and that there
is thus an imperfect degree of substitution between such workers (which ensures that some
proportion of each type will always be employed). Nesting this framework within an equilibrium
search model remains a speculative, long-term endeavour. It is not clear how difficult this would be
¢ nor whether the data requirements would be prohibitive ¢ but it does merit further investigation.

5.2 Datarequirements

With the basic desirable features of the model outlined, this report now turns to the issue of the

data sources necessary for a model such as this to be implemented in the UK. As has been seen

above, basic versions of equilibrium search models can be estimated from data on workers, and in

principle this would still be the case for any model suggested here. The general required information

would be complete unemployment spells, complete employment spells, transitions between

employment states, wages accepted conditional on employment, and demographic characteristics

(such as age, education, family composition, gender and so forth). The latter are necessary not only

for defining labour market segments, but may also provide information relevant for modelling the

G2N] SNEQ aSIFNOK STF2NI O6AF (GKAA Aa FRRSR (42 GKS

The main possible UK data sources for estimating an equilibrium search model would be the Labour
Force Survey (LFS) and British Household Panel Survey (BHPS).* The LFS has a large sample size

*’ The authors have also been informed of the existence of an administrative dataset known as JUVOS (Joint
Unemployment and Vacancies Operating System Cohort) which contains a 5% sample of claims for out-of-work
benefits going back to 1982. This dataset would provide an extremely large sample size and has the potential
to follow individuals over long time periods. However, the dataset itself contains no wage information, and a
prospective link with earnings information ¢ from the Annual Survey of Hours and Earnings (ASHE) ¢ remains
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(roughly 60,000) per wave, but only follows individuals for a short time period (five quarters),
making it difficult to observe a reasonable number of complete spells and transitions between
unemployment states.*® The BHPS, on the other hand, is a much smaller sample; however, 17 waves
of data are now available, allowing workers to be followed for a much longer time period, and
enabling longer spells and more transitions to be observed. While these datasets have different
strengths and weaknesses, in theory either could be used to estimate a suitable equilibrium search
model with all the features given in the checklist above (of course, the main task to negotiate would
formulating such a model). Nevertheless, the BHPS might be the preferable data source because of
its longer time span, while the problems of sample size can be considerably alleviated by pooling
multiple waves. Preliminary analysis of the BHPS reveals that combining the first 17 waves would
lead to approximately 31,000 interviews of individuals aged between 16 and 24, or about 3,500
interviews for each age. The total number of individualsfollowed is substantially lower ¢ precisely
because the dataset is a panel ¢ and stands at roughly 9,000 16¢24 year olds. However, because

[da’y
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represents a lower bound on the total number of observations that can be used for estimation: this
amount lies somewhere between 9,000 and 30,000, which is quite a healthy sample size that
compares favourably with those found in the literature.

It is worth considering briefly how the UK data compares to that available in other countries where
equilibrium search models have been more commonly estimated. In the US, the two leading
datasets for this purpose are the NLSY and the CPS. An attractive feature of the NLSY is its focus on
young people (the 1979 NLSY cohort is a sample of people who were 1421 in 1979), enabling it to
record information on transitions through school grades and other educational choices as those
choices are made. This sort of information would be helpful in a model that seeks to consider
educational choices as an outcome that might respond to policy changes. Furthermore, the
participants in this survey have been followed well into their thirties, enabling comprehensive labour
market histories to be observed, reducing the risk of truncated spells. The lengthy time span also
enables wage profiles to be constructed, and this sort of information may help in a model that seeks
to incorporate a role for age or experience in the determination of wages. The CPS, meanwhile,
offers the potential for a larger sample size, although it does not focus on young people in particular.
While information on educational qualifications is generally observed, the fact that it is not a
longitudinal study does give rise to some limitations compared to the NLSY.

In mainland Europe, where the rest of the equilibrium search literature appears to be concentrated,
studies that have explicitly considered minimum wages have tended to use labour force panel
surveys such as the French Institut National de la Statistique et des Etudes Economi(NeEE)
Labour Force Survey and the Dutch OSA Labor Supply Panel Survey, both of which are comparable to
the UK LFS (although the OSA panel has a far smaller size). The French LFS has a sample of roughly
60,000 workers, but follows them for three consecutive years (rather than five quarters), which may
improve the recording of complete employment and unemployment spells.

currently uncertain. Furthermore, the dataset has no information on educational qualifications attained, which
would be quite problematic for the analysis in question here.

*® There might also be a sample selection issue to the extent that only very short spells (which may not be
representative) can be observed in their entirety.
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Another kind of dataset ¢ which has not yet been used to analyse minimum wages ¢ is matched
employer-employee data, currently available in Denmark as the Integreret Database for
ArbejdsmarkedsforskningpPA) panel and in France as the INSEE Bénéfices Rels NormaufDéc-
larations Annuelles de Doées Social€BRN/DADS) database. While the usage of such combined
data sources is a very recent development in the equilibrium search literature, it holds a
considerable degree of potential for further exploration of the questions that project 10/3 (and
equilibrium search models more generally) may be interested in. For example, Bagger et al. (2007)
use the Danish IDA dataset to estimate an equilibrium search model with human capital investment,
and are able to decompose wage growth into job search and human capital components both within
and between employment spells. Meanwhile, Postel-Vinay and Robin (2002) and Cahuc et al. (2006)
use the latter INSEE database to estimate more sophisticated equilibrium search models whereby
both firms andworkers are allowed to differ in their productive abilities. This may then allow for
sorting to take place between workers and firms. While this sort of data is not immediately essential
to the project in question (having not yet been used to analyse minimum wages), it certainly has the
potential to be useful over the longer horizon in future.

5.3 Estimation

Once the data has been set up, the estimation process would (as above) involve maximum likelihood
(ML) estimation to exploit the restrictions imposed by the theory on the distributions of
unemployment spells, employment spells and accepted wages. This is in line with the estimation
strategies for basic versions of equilibrium search models, and it is difficult to say more about the
specifics of estimation T2 NJ | Y2 NB O02Y L)X SE OSNEA2Y 0 4adzOK
the theoretical modelling has been done to obtain a tractable model that can be solved and
estimated.

However, it is clear that heterogeneity in firm productivity p will need to be allowed for, and this can
be recovered non-parametrically from the estimated wage distribution (Bontemps et al., 1999).
Heterogeneity in the value of unemployment, b, if also incorporated, can be modelled on the basis
of observable characteristics that affect the choice between working and staying at home, or it may
be left as an unknown parameter that follows some parametric distribution. In principle, if both
heterogeneities are incorporated, they can be included within each age and education submarket, as
long as the samples sizes are high enough. This would provide a very rich specification of
heterogeneity without requiring a matched worker-firm panel (as the submarkets would provide
heterogeneity in worker productivity as well). This combination of heterogeneities would also allow

F2NJ Y2NBE NBTFTFAYSR SYLIX 28YSyid NBALRYASA-SRASVAYAYdz

impact (discussed above) that occurs within low-productivity submarkets as the minimum wage is
increased.

6 Conclusions

This project has been conducted in two parts:
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It has involved an in-depth review of the literature on structural equilibrium search models,

analysing the impact of minimum wages on employment in such a setup. The review concluded that

it is potentially feasible to analyse project M T K 0 Q& YA YA YdzY ¢ IS adnaka dzS a
based equilibrium search model and obtain valuable insights. Nevertheless, a substantial amount of
modelling work remains to be done to bring such models up to the level of sophistication required to
address these issues. This is for three reasons: firstly, this type of work has never been conducted in

the UK; secondly, the international literature on equilibrium search models has thus far been too
restrictive and simplistic to provide the required level of insight; thirdly, the conceptual and

theoretical considerations that would have to be taken into account (in order to incorporate age,
experience or education) have not yet been undertaken.

In spite of these considerable challenges (but also in response to them), this report has attempted to
lay the foundations for such future modelling work by outlining what the desirable features of a
sufficiently detailed equilibrium search model would be, and how they might be implemented.
Because of the amount of modelling work required, our recommendations are necessarily tentative.
But we remain optimistic that they are feasible, and can ultimately be implemented for the UK.
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