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Abstract

This thesis contributes to the theory of wages and unemployment through an in-
depth theoretical analysis of firms’ wage setting and hiring decisions and workers’
perceptions of fairness and attitude in the production process.

Chapter 1 develops a microeconomic theory of wage setting behaviour based on
contractual incompleteness, fairness, reciprocity and reference dependence and loss
aversion in the evaluation of wage contracts by workers. The chapter makes the follow-
ing contributions: it provides a theoretical explanation for wage rigidity in a dynamic
environment; it offers a psychological foundation for asymmetric reciprocity, identi-
fying loss aversion as the driver of negative reciprocity being stronger than positive
reciprocity; and it analyses the implications of “asymmetric reference-dependent reci-
procity” and anticipated wage rigidity for optimal wage setting and hiring behaviour.

Chapter 2 incorporates the theory developed in Chapter 1 into a canonical search
and matching framework and analyses its macroeconomic implications. In so doing
the chapter contributes to the literature of labour market fluctuations from a novel
behavioural perspective. In contrast to existing theoretical results, in the presence
of reference-dependent reciprocity the cyclicality of the hiring wage is shown to be
irrelevant for the volatility of vacancies and unemployment. Moreover, the novel
behavioural aspects introduced turn out to be qualitatively and quantitatively important
in determining the size of the surplus from new employment relationships. Finally,
by considering the role of uncertainty, it is shown that the expectation by firms of
downward wage rigidity dampens hiring incentives and increases the volatility of both
job creation and unemployment.

Chapter 3 explores the concept of the reference “fair” wage in depth. Building on
a large body of research that has explored the concepts of fairness, reference depen-
dence, and social norms and identity, this chapter develops a general, and portable,
analytical framework to model reference wage formation. Several inherent properties
of the reference wage are formalised: the intrinsic tendency of workers to adapt their
reference wage over time; the role of readily available information, which can also be
“manipulated” by the firm and/or third parties; and asymmetries in fairness evaluations.
This framework is applied to study the implications of asymmetric partial adaptation of
the reference wage for wage and reciprocity dynamics; and the effect of relative wage
comparisons between newly hired and incumbent workers for the cyclical behaviour of
vacancies and unemployment.
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Introduction

A fundamental question in economics relates to the existence, and cyclical behaviour,
of unemployment. Research aimed at understanding these aspects has led to the devel-
opment of several complementary explanations: search frictions, implicit contracts, ef-
ficiency wages, insider-outsider relations, and matching frictions among others. These
theories have provided a range of possibilities for why the labour market does not clear,
and therefore why unemployment exists. However, they have been less successful in
explaining cyclical behaviour: the unemployment rate rises faster than it falls, is highly
counter-cyclical and also very persistent.

Throughout the history and development of macroeconomic theory, the most pop-
ular, and fervently debated, explanation to account for the cyclical behaviour of unem-
ployment has been based on nominal and real wage rigidities, in particular, downward
wage rigidity. This focus is justified by the logical appeal of the underlying theoretical
argument, as well as by the empirical evidence that has accumulated. In a situation
in which firms are facing a recession and need to reduce labour costs, if they cannot
adjust through “prices”, the adjustment will be implemented through “quantities”. The
empirical evidence appears to support this hypothesis: as opposed to unemployment
fluctuations, wages rise more rapidly than they fall; and virtually every distribution of
wage changes has a spike at zero, with wage cuts less frequent than wage increases.
Explanations based on wage rigidity are simple, intuitive and substantially improve
the explanatory power of the labour market theories mentioned above. Any mod-
ern macroeconomic model of the business cycle—be it based on efficiency wages,
search and matching frictions, other market imperfections, or a combination of these—
requires a degree of wage rigidity to be built-in to sufficiently explain unemployment
fluctuations.

However, this considerable reliance on the role of downward wage rigidity poses
an additional set of fundamental questions. Why do firms not adjust wages downwards
during recessions? What is the source of this constraint? Is it the product of institutional
impediments, or does it have roots in the very nature of employment relationships?
Moreover, does the anticipation of downward wage rigidity affect firms’ wage setting
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2 Introduction

and hiring decisions? If so, what are the implications of these considerations for the
cyclical behaviour of unemployment? The answers to these questions have important
consequences for the theory of wages and unemployment, not only from a purely
positive scientific stance, but also from a normative perspective. It is only through
a correct diagnosis of the causes and consequences of wage rigidity that appropriate
policy interventions to cure the unemployment problem can be designed. In this respect,
wage setting behaviour is at the core of macroeconomics.

This thesis aims to address such questions through an in-depth theoretical analysis of
the behaviour of workers and firms engaged in employment relationships. By drawing
insights from behavioural economics, psychology and sociology, this approach will
place a considerable emphasis on the behavioural aspects that influence firms’ wage
setting behaviour and workers’ attitudes in the production process, abstracting from
potential legislative and institutional constraints. The purpose of this is to understand
whether downward wage rigidity is an inherent feature of employment relationships, in
order to subsequently identify its sources and to analyse the consequences for labour
markets fluctuations.

The crucial importance of this approach lies in the identification of the behavioural
mechanisms underlying the functioning of employment contracts and wage setting
decisions. A labour market characterised by downward wage rigidity is essentially
a dynamic economic system exhibiting asymmetric fluctuations and a certain degree
of irreversibility. These features could be the result of institutions such as legally-
binding firing costs and labour unions. However, if asymmetry and irreversibility
are the outcome of workers and firms optimising behaviour, even absent institutional
constraints, existing economic policy may have to be revised to take account of this,
and new “behavioural” interventions may have to be designed. Nevertheless, before
one even engages with the development of such policies, the questions set out at
the beginning of this section will have to be addressed; and a rigourous theoretical
framework capturing the behavioural nature, and the macroeconomic consequences,
of the wage setting process must be developed. The methodological advantage of this
approach is that macroeconomicmodels equipped with more realistic microfoundations
will not only better fit stylised facts (without backward engineering), but will also
provide well-grounded and novel predictions.

The thesis begins this inquiry in Chapter 1 by formalising a theory of reciprocity
and wage setting behaviour within a worker-firm employment relationship. The worker
evaluates wage contracts with respect to a reference “fair” wage and is assumed to
be loss averse, that is, wage cuts below the reference wage that are perceived as
unfair have a disproportionate impact on utility compared to equivalent size wage
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gifts. This assumption, inspired by the work of Kahneman and Tversky (1979), is a
first-order departure from the literature and lies at the heart of many of the results
derived throughout the thesis. The theory characterises the worker’s optimal effort
response to wage changes as being reference dependent, where positive and negative
reciprocity are defined as relative deviations from an intrinsically motivated level of
effort, and loss aversion is identified as the psychological foundation for the stronger
intensity of negative reciprocity. This wage-effort relationship, labelled “asymmetric
reference-dependent reciprocity”, reconciles under a unique theory several stylised
facts documented by the empirical literature on reciprocity in employment relationships
(e.g. Campbell and Kamlani (1997), Mas (2006), Bewley (2007) and Fehr, Goette, and
Zehnder (2009)).

The implications of asymmetric reference-dependent reciprocity for wage setting
behaviour are further explored in a dynamic setting in which the worker adapts their
reference wage to the most recent wage contract. This analysis establishes that the
adaptation of the reference wage and the relatively large cost of negative reciprocity that
stems from loss aversion are the key fundamental drivers of downward wage rigidity;
and that the reference-dependent nature of reciprocity, combined with the adaptation
of the reference wage, leads to a “re-normalisation” of effort during the course of the
employment relationship: reciprocity is essentially a temporary phenomenon. This
latter prediction is consistent with the recent experimental study of Sliwka and Werner
(2017), and has important implications for the optimal employment contract offered by
a forward-looking firm anticipating these dynamics. A recurring theme in the models
developed throughout the thesis is in fact the characterisation of an inter-temporal
trade-off faced by a firm when choosing the wage: due to the worker’s adaptation of the
reference wage, the optimal wage contract will be set to balance the marginal benefits
of inducing more effort in the current employment period versus the expected marginal
cost of employing a worker with a relatively higher reference wage in the future.
The analysis of this inter-temporal trade-off sheds new light on the implications of the
asymmetry and dynamics of reciprocity for a firm’s wage compression incentive (Elsby,
2009); and for the expected value of the employment relationship which determines
hiring decisions.

The fundamental contribution made in Chapter 1 is the formal demonstration that
after accounting for intrinsic cognitive aspects that characterise the evaluation of wage
contracts by workers, asymmetry and irreversibility are inherent features of reciprocity
and wage setting behaviour in employment relationships. Hence it follows: what are
the implications of these behavioural mechanisms for unemployment fluctuations?

This question is addressed in Chapter 2, in which the macroeconomic implica-
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tions of the theory developed are analysed through the lens of a canonical search and
matching framework. This choice is motivated by the difficulties in reconciling wage
and unemployment fluctuations that have been identified in the recent theoretical and
empirical literature. Advances in the theory of labour market fluctuations have placed
particular emphasis on the role of new hires’ wage rigidity to explain the observed
volatility of job creation (Shimer, 2005), shifting away from the view that downward
wage rigidity in existing employment relationships is an important driver of large
and persistent unemployment fluctuations (e.g. Pissarides (2009); Elsby, Shin, and
Solon (2016)). However, recent empirical evidence has reported that wage offers to
newly hired workers are substantially pro-cyclical (Martins, Solon, and Thomas, 2012;
Carneiro, Guimarães, and Portugal, 2012; Haefke, Sonntag, and Rens, 2013; Stüber,
2017); and that the existing framework cannot simultaneously replicate the volatilities
of both the hiring wage and the vacancy-unemployment ratio (Kudlyak, 2014). Thus it
is not yet clear whether the emphasis on new hires’ wage cyclicality is well placed, or
what impact the wage rigidity of incumbent workers has on the cyclical behaviour of
unemployment and vacancies.

Chapter 2 contributes to understanding these issues from the novel behavioural
perspective that has been advanced in the theory developed in Chapter 1. The consid-
eration by firms of the workers’ asymmetric reference-dependent reciprocity affects the
expected value of new employment relationships at the time of hiring. Based on this
premise, this chapter establishes the existence of a range of path-dependent equilibrium
outcomes, the realisation of which crucially depends on the level of new hires’ wage
entitlements in the labour market. When applied to the analysis of the amplitude and
cyclical co-movement of vacancies and unemployment, this framework delivers the
perhaps surprising result that in the presence of reference-dependent reciprocity the
cyclicality of the hiring wage is irrelevant for the volatility of job creation. Essentially,
the cyclical changes in positive and negative reciprocity induced by firms’ optimal wage
setting behaviour contribute to amplify the impact of exogenous shocks, offsetting the
effect of changes in the hiring wage. The quantitative importance of this prediction is
further assessed through a simple calibration exercise, which shows that the model can
simultaneously accommodate plausible empirical estimates of the volatilities of both
the hiring wage and the vacancy-unemployment ratio. Nevertheless a question remains:
what is the role of expected downward rigidity in long-term employment relationships
for firms’ hiring decisions? By introducing uncertainty around the evolution of a job-
match productivity, it is shown that even if downward wage rigidity does not generate
endogenous, ex-post inefficient, layoffs (as suggested by Eliaz and Spiegler (2014)),
the expected relatively large cost of implementing wage cuts—that is, the anticipation
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of stronger negative reciprocity by incumbent workers—negatively influences firms’
expected surplus from new employment relationships, dampening hiring incentives and
increasing the volatility of both job creation and unemployment.

The micro- and macro-economic frameworks developed and discussed thus far
are based on the assumption that new hires’ reference wages are exogenous and that,
once employed, incumbent workers adapt their reference wage to their most recent
wage contract. Adaptation of entitlements, as it is defined, is the most corroborated
hypothesis in the empirical literature and it is grounded in theories of habit formation
and other studies in the psychology of decision making (Kahneman and Thaler, 1991;
Baucells, Weber, andWelfens, 2011). Nevertheless it is plausible to expect that a newly
hired worker’s reference wage is in part endogenously determined by the labour market
environment and that an incumbent worker’s reference wage might be influenced by
more than just the previouswage contract. These aspects are crucial for a comprehensive
account of reference-dependent reciprocity and wage setting behaviour. Moreover, they
could potentially shed light on the nature of the asymmetry and irreversibility features of
employment relationships, and whether and how they can be exogenously “corrected”.
As such, gaining an understanding of the process of workers’ reference wage formation
may be insightful, especially in the context of the theories developed throughout this
thesis.

Chapter 3 explores the concept of the reference “fair” wage in depth. The refer-
ence wage is an artefact of economic models that captures a broader set of feelings,
entitlements, information and norms about what is perceived to be a fair remuneration.
Despite its prominent and crucial role in the analysis of labour markets, the existing
literature does not yet offer a systematic approach that provides a comprehensive un-
derstanding of the workers’ reference wage formation process and determinants. This
chapter aims to fill this gap by providing a general, and portable, analytical frame-
work to model reference wage formation. This approach has been inspired by a large
body of research that has explored the concepts of fairness in labour relations (Fehr
et al., 2009); reference dependence in behavioural decision theory (Kahneman, 1992);
and social norms and identity from sociology (Akerlof and Kranton, 2000). Workers’
perceptions of fairness depend on a complex interaction of experience, history, social
norms and the institutional context. Moreover, shaped by these interactions, the refer-
ence wage formation process and the information set affecting its determinants evolve
over time and exhibit asymmetries: workers adapt more rapidly to experienced gains
(wage gifts) than to losses (unfair wages), and disadvantageous pay inequality has a
substantially larger effect on fairness judgements and morale. This state-contingent,
and context-dependent, nature of fairness perceptions does not easily lend itself to the
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development of a self-contained theory of reference wage formation. To overcome this
issue, the chapter proposes a general behavioural principle based on the social identity
approach in economics. This approach enhances the portability of the framework de-
veloped to a variety of economic settings, and leaves the theorist/analyst with the task
to design a stylised labour market—consisting of workers’ social categories and wage
norms—that should appropriately characterise the purpose of the inquiry.

The chapter concludes by analysing the implications of two salient features of ref-
erence wage formation: the partial and asymmetric adaptation of wage entitlements
to past contracts; and the spill-over effect that stems from relative wage comparisons
between new hires and incumbent workers. By incorporating these aspects into the
models developed in Chapters 1 and 2 these applications deliver insightful and transpar-
ent results in the analysis of long-term employment relationships and labour markets.
Asymmetric partial adaptation generates asymmetric endogenous persistence in wage
and reciprocity dynamics—also providing a coherent explanation for the observed
asymmetry in the intensity(loss aversion) and persistence(partial adaptation) of neg-
ative versus positive reciprocity; while relative wage comparisons generate hysteresis
in the cyclical behaviour of wages, vacancies and unemployment, that is, temporary
cyclical shocks have permanent equilibrium effects.

The theories developed in these chapters are therefore centered around the existence
of asymmetries and irreversibility in the cyclical behaviour of wages and unemploy-
ment. This thesis seeks to uncover the behavioural mechanisms underlying these in-
herent aspects of employment relationships, and to formally analyse their implications
for the macroeconomics of labour markets.



Chapter 1

A Theory of Reciprocity and Wage
Setting Behaviour

1.1 Introduction

Virtually every macroeconomic model of the business cycle—be it based on efficiency
wages, search frictions, New Keynesian imperfections, or a combination of these—
requires wage rigidity to be built-in to sufficiently explain unemployment fluctuations.
Whilst compelling reasonsmight be advanced to assumewage rigidity, a convincingmi-
croeconomic account of wage setting behaviour that captures the empirical regularities
of employment relationships is much more desirable.

The aim of this chapter is to provide a comprehensive and tractable microeconomic
model of wage setting behaviour that stands as a theoretical foundation for wage rigidity,
inspired by ideas advanced in the behavioural economics literature and a synthesis
of recent convergent insights from anthropological and experimental research. In
doing so, the chapter makes two further key contributions: i) it offers a psychological
foundation for asymmetric reciprocity, identifying loss aversion as the driver of negative
reciprocity being stronger than positive reciprocity; and ii) it analyses the implications
of “asymmetric reference-dependent reciprocity” and anticipated wage rigidity for a
firm’s wage setting behaviour and hiring decision in a two-period decision making
environment.

The basic premise of the theory is that there is contractual incompleteness over
effort in an employment relationship, which is at least in part discretionary (Williamson,
1985). A worker evaluates the fairness of the wage they are paid relative to a reference
“fair” wage. A wage that exceeds the reference wage is perceived as a gift, whilst
if it falls below the reference wage it is perceived as unfair. Central to the adopted
modelling approach is the inclusion of a “morale function” in the worker’s payoff,

7
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which measures their evaluation of the productive effort they undertake in light of the
fairness of the wage they are paid: if the worker is paid the fair wage they will exert
their intrinsically-motivated normal effort (independent of the absolute wage level); if
the worker perceives their wage as a gift they will receive an increase in utility from
increasing their effort (a gift to the firm); whilst if they perceive their wage to be unfair
the worker’s utility will increase by reducing their effort (reducing the firm’s payoff).
As such, a worker’s payoff exhibits both positive and negative reciprocity—defined
as relative deviations from normal effort—that stems from their reference-dependent
preferences. Moreover, since the worker is loss averse, which implies that unfair
wages generate a disproportionate decrease in payoff giving rise to an asymmetry in
reciprocity, negative reciprocity is stronger than positive reciprocity.

The inclusion of reciprocity establishes a wage-effort relationship in which the op-
timal effort of the worker is increasing in the wage paid, and the asymmetry between
negative and positive reciprocity implies there is a kink at the reference wage if the
worker is loss averse. This wage-effort relationship is defined as the worker’s “asym-
metric reference-dependent reciprocity”. If a firm is considering paying a loss averse
worker below their reference wage there will be a relatively large negative impact on
their effort and consequent reduction in the output produced, consideration of which
gives rise to wage rigidity.

The implications of the theory are further explored in a two-period employment
relationship in which the evolution of the match productivity is uncertain, and the
worker adapts their feelings of entitlement once they become employed: whilst the
worker’s reference wage at the start of the employment relationship is exogenously
given, in the subsequent period it is determined endogenously by the wage paid in
the initial employment contract. The analysis illustrates several inherent features of
the theory developed in this chapter for wage and effort dynamics. The worker’s
adaptation of the reference wage and the relatively large cost of negative reciprocity
that stems from loss aversion are identified as the key fundamental drivers of wage
rigidity in a dynamic environment. Moreover, the reference-dependent nature of the
worker’s reciprocity behaviour, combined with the adaptation of the reference wage,
leads to a “re-normalisation” of effort during the course of the employment relationship:
the same amount of reciprocity cannot be sustained by paying the same wage in two
consecutive employment periods.1 A forward-looking firmwill anticipate the effects of

1This prediction, which is a distinctive feature of the dynamic model developed in this chapter, is
consistent with the recent experimental study of Sliwka and Werner (2017). They conduct a laboratory
experiment in which individuals work on a real-effort task and are paid different wage profiles which
vary in the frequency and size of wage increases. They find that the positive effect on effort of a wage
increase only lasts one period; and that in the following periods, absent subsequent increases in the wage,
working performance converges back towards the level associated with a constant wage.
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these dynamics on the value of the employment relationship and will adjust the initial
employment contract accordingly.

An optimal employment contract is characterised by the initial wage paid to the
worker and by the firm’s reservation productivity determining hiring. Building on the
insight of Elsby (2009) this framework is used to analyse a forward-looking firm’s
incentive to compress the initial wage in anticipation of wage rigidity. In contrast with
Elsby’s prediction, the analysis suggests that even in the absence of expected wage
rigidity—that is, even if a worker is not loss averse and reciprocity is symmetric—the
firm still faces an incentive to compress wages in order to offset the dynamic re-
normalisation of effort that stems from the worker’s adaptation of the reference wage.2
Moreover, it is shown that the overall effect of wage rigidity on wage compression is
ambiguous: a firm contracting with a more loss averse worker faces an inter-temporal
tradeoffbetween stronger negative reciprocity at the start of the employment relationship
if the optimal wage is perceived as unfair, and a greater cost of cutting the wage in the
future if the match productivity decreases. As such, if the former incentive dominates,
a firm may optimally increase the initial wage to attenuate the current effect of negative
reciprocity. Finally, the analysis investigates how asymmetric reference-dependent
reciprocity influences the firm’s expected value of the employment relationship, from
which a reservation productivity determining hiring is derived. Independently of
whether wage rigidity reinforces or tempers the incentive to compress initial wages, the
anticipation of stronger negative reciprocity and expected wage rigidity unambiguously
reduce a firm’s incentive to hire.

Besides being based on a large and growing body of research documenting worker
and firm behaviour in employment relationships, the model developed in this chapter
can be thought of as a comprehensive descriptive theory of wage setting behaviour,
consistent with a number of ideas advanced in the theoretical literature that seem not
to have been considered in a common analytical framework. The asymmetric effort
function derived is closely related with the gift-exchange model of Akerlof (1982),
which captured what is defined here as positive reciprocity; and the fair wage-effort
hypothesis of Akerlof and Yellen (1990), which considered what is defined here as
negative reciprocity, the relative strength of which, in the theory exposed here, depends

2Elsby (2009) investigates wage compression in an infinite-horizon dynamicmodel under uncertainty,
featuring an ongoing employment relationship where downward wage rigidity binds. Elsby’s model
attributes the incentive to actively compress wages entirely to the firm’s anticipation of downward wage
rigidity in the expected continuation value of the employment relationship. As it is shown in Section
1.4, the theory developed here provides a framework that elucidates the actual behavioural forces behind
active wage compression. In particular, the reduced-form effort function assumed by Elsby (2009), while
insightful, does not capture the dynamic re-normalisation of effort, which is identified here as the main
driver of the wage compression incentive.
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on the degree loss aversion. Perhaps similar in spirit is the model of Danthine and
Kurmann (2007), who assume that workers’ preferences exhibit reciprocity à la Rabin
(1993) from whence gift exchange à la Akerlof (1982) can be derived.3 However they
do not capture negative reciprocity in the form of sub-normal effort, and their model
generates wage rigidity only under certain assumptions about the nature of shocks,
workers’ reference wages and the functional form of the workers’ gift. In a more recent
contribution Eliaz and Spiegler (2014) incorporate reference dependence, contractual
incompleteness and negative reciprocity, subsumed under a reduced-form reference-
dependent production function, in a search and matching framework à la Mortensen
and Pissarides (1994). However, Eliaz and Spiegler (2014) capture an extreme form of
negative reciprocity: a wage cut below the reference wage, no matter how large, will
induce a worker to exert zero discretionary effort, leaving the adverse effect on output
to be randomly determined by a parameter that represents the incompleteness of the
labour contract (which is independent of the size of the wage cut).4 In contrast, the
theory developed in this chapter identifies the severity of the adverse effect of a wage
cut on output with a worker’s degree of loss aversion, since this determines the strength
of negative reciprocity.5

This framework lends support to some aspects of thesemodels, but has the advantage
of being clear about the nature of the behavioural forces at play, their driving factors
and their implications. As it is shown in the analysis of the optimal employment
contract and its potential implications, this type of approach is particularly important
for a better understanding of the dynamics of workers’ reciprocity; and to identify the
sources of wage rigidity, wage compression and hiring incentives. In models in which

3In Danthine and Kurmann (2007) the firms’ gift is always positive in equilibrium, implying that
workers always exert supra-normal effort levels. Their analysis focuses on the static macroeconomic
implications of gift exchange when workers’ reference wages are also influenced by firms’ ability to
pay (“internal reference”), the relative importance of which determines the extent of wage flexibility
subject to demand and technology shocks. Danthine and Kurmann (2010) estimate the effects of this
gift-exchange mechanism in a DSGE model and conclude that past wage levels and firms’ ability to pay
are among the most important determinants of wage setting. These empirical results are consistent with
the predictions of the model developed in this chapter.

4As they show in an appendix, Eliaz and Spiegler (2014) can derive their reduced-form production
function from an optimisation problem for a worker that yields an expression for discretionary effort:
if a worker is paid a wage at least equal to their reference wage, the worker is assumed to exert effort
normalised to unity; if they are paid an unfair wage below their reference wage, effort is zero. Since the
relative importance of discretionary effort in a firm’s output is given by the extent to which the labour
contract is incomplete, this also determines the random fraction of output that is destroyed when a worker
is paid below their reference wage. As such, Eliaz and Spiegler’s (2014) model suggests that the more a
contract is incomplete, the greater is the adverse effect of wage cuts on output.

5The key assumptions and predictions of the models of Elsby (2009), Danthine and Kurmann (2007,
2010) and Eliaz and Spiegler (2014) are presented in Section A.1.1 of Appendix A. The objective of this
analysis is to elucidate the similarities as well as the most distinctive differences (in terms of theory and
modelling approach) between these models and the theory developed in this chapter.
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reciprocity is not explicitly derived and wage rigidity comes from ad hoc mechanisms
such predictions would either not be possible, or their interpretation could be more
difficult and potentially misleading. Moreover, the model developed in this chapter
stands as benchmark organising framework for a rigorous microeconomic analysis of
the behaviour of workers and firms, which can potentially deliver novel implications
for the macroeconomic behaviour of wages and unemployment. Section 1.5 provides
a discussion of these implications, as well as some extensions of the model that could
account for other aspects of workers’ behaviour and reference wage formation, some of
which are explored further in Chapters 2 and 3 of this thesis.

The next section exposes a synthesis of a theory of wage setting behaviour in
employment relationships. The model based on contractual incompleteness, fairness,
reciprocity, and reference dependence and loss aversion is set out in Section 1.3, where
the implications for the worker’s optimal effort decision and the firm’s wage-setting
rule are also derived. Section 1.4 explores the dynamic implications of the model
and the properties of the optimal employment contract. Section 1.5 discusses further
implications in relation to the worker’s reference wage and the literature on labour
market fluctuations, and Section 1.6 offers some concluding remarks.

1.2 Morale, Fairness and Reciprocity in Employment
Relationships

There is an emerging consensus in the literature that behavioural concerns such as
fairness, workers’ morale and reciprocity influence firms’ wage setting behaviour.
These intrinsic aspects of the employment relationship are also considered to be key
behavioural forces that underly the observation of downward wage rigidity. In this
section it is argued that these ideas have been considered in the literature at least since
the turn of the twentieth century, and that it is thanks to recent convergent findings in
anthropological and experimental research combined with theories from behavioural
economics that a unified consensus has emerged. Hence what follows proposes a
synthesis of the literature, which will provide the underlying conceptual framework for
the theory and the analysis developed in the remainder of the chapter.

1.2.1 Early Insights

That workers’ morale and productivity is linked with their perceptions of fairness, and
that employers are concerned about these issues when deciding upon wage policies,
has long been acknowledged by economists. Marshall (1890) often expressed the
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reasons why employers would pay workers high wages and discussed the negative
impacts on ‘efficiency’ and work ‘intensity’ of otherwise lower wages. Slichter (1920)
placed workers’ feelings of being treated unfairly as one of the most important causes
of low morale and the resulting non-cooperative behaviour of workers towards the
employer. Hicks (1963), Solow (1979) and Okun (1981) advanced similar arguments
when discussing the possible sources of the Keynesian wage floor (Keynes, 1936):
they argued that resistance to cut nominal wages comes from employers, concerned
about the effects of wage cuts on workers’ morale, ‘ability’ and ‘willingness to work’
(Hicks, 1963, p. 94-95). The gift-exchange model of Akerlof (1982) and the fair
wage-effort hypothesis of Akerlof and Yellen (1990) provide the first contributions
that formalise some of these insights, appealing to what has become known in the
behavioural economics literature as positive and negative reciprocity.

1.2.2 Anthropological Evidence

Within the last three decades, thanks to the ground-breaking work of several economists
including Blinder and Choi (1990), Campbell (1997), Bewley (1999) and more recently
Galuscak, Keeney, Nicolitsas, Smets, Strzelecki, and Vodopivec (2012), Druant, Fabi-
ani, Kezdi, Lamo, Martins, and Sabbatini (2012) and Du Caju, Kosma, Lawless,
Messina, and Rõõm (2015), the understanding of the employment relationship has
been greatly enhanced. By interviewing firms’ managers and labour leaders in several
countries these studies provide insight into the validity of the behavioural assumptions
advanced in the theoretical literature.6

A central finding is that firms’ managers are concerned about treating workers fairly.
Wage reductions that are perceived as unfair damagemorale, inducing grievance among
workers who negatively reciprocate the employer with lower effort and productivity
(Bewley, 2007). On the other hand wage increases could generate improvements in
effort and cooperation among workers. As such, these findings suggest the existence
of a relationship between wage changes and workers’ effort.

Such a relationship is not universally straightforward, however: for instance Camp-
bell (1997) find that effort responds more intensely to wage cuts than to increases in
wages, and that any positive effect of wage increases on effort is believed by managers
to be temporary, since workers rapidly get used to the wage received. On the other hand,
wage reductions without impacts on morale are also achievable by employers, though
only when workers understand their necessity in avoiding the firm shutting down or to

6Other anthropological studies include those by Kaufman (1984), Baker, Gibbs, and Holmstrom
(1994), Agell and Lundborg (1995, 2003) and Agell and Bennmarker (2007). Reviews of this literature
can be found in Howitt (2002) and Bewley (2007).
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prevent mass layoffs (Bewley, 2007).

1.2.3 Experimental Evidence

There is an additional stream of evidence that comes from laboratory and field experi-
ments. Overall the most important finding is confirmation of the existence of reciprocal
behaviour in the employment relationship: when people receive extra pay in excess of
their standards of fairness they reciprocate with higher effort (positive reciprocity);
when people perceive they have been treated unfairly they reciprocate by exerting min-
imum or lower effort (negative reciprocity). However, field experiments document
evidence that positive reciprocity is weaker than negative reciprocity (see, for instance,
Kube, Maréchal, and Puppe (2013) and Malmendier, Velde, and Weber (2014)). In a
combined laboratory and field experiment Cohn, Fehr, and Goette (2014) try to address
this inconsistency. They infer that positive reciprocity exists but may quickly disappear,
which is consistent with the previously discussed anthropological findings.

One interpretation attributes this result to the asymmetric nature of workers’ reci-
procity behaviour: negative reciprocity is stronger than positive reciprocity (Fehr et al.,
2009). Another interpretation suggests that the weak, or temporary, response of effort
to wage rises is the outcome of a shift of the workers’ standards of fairness to the
higher wage received (Gneezy and List, 2006). The latter conjectuer has been recently
corroborated by the laboratory experiment of Sliwka and Werner (2017).

Taken together, evidence from laboratory and field experiments offer complemen-
tary insights into understanding the impacts of wage changes on effort, by reinforcing
the existence of an asymmetric wage-effort relationship.

1.2.4 The Proposed Synthesis

This section proposes a synthesis of a theory of wage setting behaviour that captures
the essential features of wage setting and the employment relationship that emerge from
several ideas and perspectives. The theory is built around four core concepts: workers’
morale; their perceptions of fairness; reciprocity; and contractual incompleteness.

Workers’ Morale. Morale represents the workers’ state of mind when performing
a productive activity. As concluded by Bewley (2007), good morale is not related to
happiness or job satisfaction, but with the willingness of workers to cooperate and
work to achieve the firm’s goals; and when morale is low workers tend to hold back
cooperation and cease to identify themselves with the firm. This idea is captured by
assuming that workers’ willingness to exert effort is directly related to their morale:
when morale is good, cooperation is enhanced and performing the productive activity
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generates a psychological benefit; when morale is low, workers are less motivated and
the psychological cost of exerting effort increases.

Perceptions of Fairness. Changes in workers’ morale depend on whether workers
feel they are treated fairly by their employer. Following the standard approach in
the literature these perceptions are captured within a reference “fair” wage relative
to which the fairness of a wage contract is evaluated: a wage below the reference
wage is perceived as unfair, while a wage above is perceived as a gift.7 Moreover,
by incorporating the intrinsic psychological aspect of human decision making of loss
aversion (Kahneman and Tversky, 1979), enables to capture the idea that morale is most
affected when workers feel they are being treated unfairly. This implies that a wage cut
below the reference wage (perceived as a loss) has a greater impact on morale than an
increase in wage of the same amount (perceived as a gain).8

Reciprocity. The idea that is perhaps most prominent from the literature discussed
is that the employment relationship is based on a mutual understanding of reciprocal
behaviour. If a firm sets a wage contract that is considered unfair, workers start to
feel a grievance against the firm and morale will decrease. As a consequence effort
will become more psychologically costly and workers will negatively reciprocate the
treatment they perceive as unfair by exerting less effort. A similar response, but in the
opposite direction, would arise if the firm sets awage that is above theworkers’ reference
wage. Moreover, due to the assumption that unfair behaviour has a stronger impact on
workers’ morale (loss aversion), effort will be more responsive to wage changes that
are considered unfair as opposed to wage changes considered as gifts. Thus, workers
are characterised by intentions-based reciprocity (e.g. Rabin, 1993; Dufwenberg and
Kirchsteiger, 2004; Falk and Fischbacher, 2006), while firms, although self-interested,
are concerned about fairness because of the effect ofworkers’ responses towage changes
on profitability.9

Contractual Incompleteness. When thinking about firms’ wage setting behaviour,
and more generally about the employment contract, it is considered a negotiation in

7As it will be argued in Chapter 3, the reference “fair” wage is an artifact that simplifies the broader
concept of workers’ perceptions of fairness. The literature has captured the same concept with different
names such as “fair wage” in Marshall (1890) and Hicks (1963), “wage norm” in Lindbeck and Snower
(1986), “perceptions of entitlement” in Kahneman, Knetsch, and Thaler (1986), “feelings of entitlement”
in Hart and Moore (2008) and “the reference frame of fairness judgements” in Fehr et al. (2009).

8This assumption is consistent with the evidence reported by surveys and experiments as discussed
above. While wage increases have a weak impact on morale, unfair wage cuts damage workers’ morale
due to an “insult effect” and a “standard of living effect” (Bewley, 2007, p. 161). Fehr et al. (2009,
p. 377) argue that evidence of such behaviour suggests the existence of “reference-dependent fairness
concerns”.

9This type of reciprocity is conceptually different from the idea of inequity aversion (Fehr and
Schmidt, 1999; Bolton and Ockenfels, 2000) used in a model of wage setting by Benjamin (2015). For a
comparison of the various models of reciprocity advanced in the literature see Malmendier et al. (2014).



1.3. The Model 15

which an employer (the buyer) offers a wage in exchange for productive activity by
a worker (the seller). However, unlike in goods markets, the employer is not able to
contract upon the “quality” of workers’ productive activity: effort is discretionary and
therefore not contractible. This peculiarity of labour markets brought Okun (1981)
to the conclusion that the employment relationship is governed by an “invisible hand-
shake” and Williamson (1985) to define the employment contract as an “incomplete
agreement”. According to Williamson (1985, p. 262-63), only the minimum job
performance can be enforced by the contract (the “perfunctory cooperation”), while
workers “enjoy discretion” about the quality of their service, in terms of cooperation,
effort and efficiency (the “consummate cooperation”). This latter aspect is influenced
by the worker’s evaluation of the fairness of the wage they are offered.

The key intuition of the theory developed in this chapter is that there is a cost
associated with reducing wages. If workers perceive wage reductions to be unfair their
effort and willingness to work will drop, reducing productivity and influencing the
firm’s profitability. Thus the firm’s managers may refrain from cutting wages in light of
adverse economic conditions if, at the margin, the related cost in the form of negative
reciprocity is greater than the benefit of paying lower wages. This insight confirms the
predictions of early prominent hypotheses, and offers a psychological foundation for it.

1.3 The Model

To begin with, consider the wage setting behaviour of a firm for a single period of
employment with an established worker. It is assumed a setting of complete and
perfect information. At the start of the employment period the firm learns the match
productivity q and the worker’s exogenously-given reference wage r . It then decides
whether to continue the employment relationship and, if so, the wage w to offer to
the worker. The match productivity is a realisation of the random variable Q which is
distributed on [0,∞) with cumulative distribution function F and density function f ,
and captures the interaction between the firm’s technology, per-worker capital and the
idiosyncratic productivity of the worker. For simplicity, it is assumed that the worker
will accept any contract offered.10 After considering the wage in relation to their
reference wage, the worker decides on a (non-negative) level of effort e which generates
output for the firm. Payoffs are then realised, the form of which is described next. Since
this is a game of complete information in which choices are made sequentially and the
firm is assumed to be motivated only by profit, it can be solved by backward induction.

10As such, the reservation utility for the worker is not modelled here, the effect of which is to add an
additional threshold to the model. The implications of the worker’s reservation utility are nevertheless
explored in Appendix A.2, Section A.2.2 of Chapter 2 in the context of a search andmatching framework.
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1.3.1 Payoffs

The per-worker output in an employment relationship (the price of which is normalised
to one) is a function of both the match productivity and the effort chosen by the worker,
and is denoted y(q, e). The per-worker cost of production is s(w) where w is the wage
paid to the worker. The firm is materially motivated by profit:

π(w; q, e) = y(q, e) − s(w). (1.1)

The following assumptions are made:

F1. s′(w) > 0 and s′′(w) ≥ 0.

F2.
∂y(q, e)
∂e

,
∂y(q, e)
∂q

> 0,
∂2y(q, e)
∂e2 ,

∂2y(q, e)
∂q2 ≤ 0 and

∂2y(q, e)
∂q∂e

> 0.

Notice that assumption F2 implies the marginal product of effort is increasing in the
match productivity.

To capture behaviour consistent with the synthesis exposed in Section 1.2—namely:
reference dependence and loss aversion of the wage in relation to the reference wage;
and reciprocity in relation to the worker’s perception of the fairness of the wage—the
worker’s preferences are specified by an additively separable utility function composed
of a wage utility, ũ, and an effort utility, ṽ:

u(e;w, r) = ũ(w, r) + ṽ(e;w, r).

The wage utility ũ(w, r) represents the worker’s perceived utility from wage evalu-
ations which is supposed to be comprised of a standard utility function and a gain-loss
function n(w |r):

ũ(w, r) = m(w) + ξn(w |r).

The function m(w) captures the effect of absolute wage levels on the worker’s utility,
and n(w |r) captures the worker’s evaluation of the wage relative to the reference wage,
the functional form of which will be defined shortly. The parameter ξ ≥ 0 measures
the worker’s subjective weight of relative wage comparisons in the wage utility. It is
assumed that:

W1. m′(w) > 0 and m′′(w) < 0.

The effort utility ṽ(e;w, r) that the worker derives from engaging in productive
activity takes the form

ṽ(e;w, r) = b(e) − c(e) + M(e;w, r),
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where b(e) represents the worker’s intrinsic psychological benefit of being productive,
and c(e) their intrinsic psychological and physical cost of productive activity.11 It is
assumed that:

W2. b′(e) > 0 and b′′(e) ≤ 0; c′(e) > 0 and c′′(e) > 0; and b′(0) > c′(0).

The function M(e;w, r) is the “morale function”, a key component of the model
that lies at the heart of many of the results that follow. Consider a morale function of
the form

M(e;w, r) ≡ g(e)n(w |r) (1.2)

where:

W3. g′(e) > 0 and g′′(e) = 0.

Hence, define g′(e) ≡ ζ > 0, so that M(e;w, r) = ζen(w |r).
Morale depends on the worker’s evaluation of the wage in relation to the reference

wage, the functional form of which is defined next. It is assumed that n(w |r) ≡

µ(m(w)−m(r))where µ(·) is a gain-loss value function that exhibits loss aversion in the
spirit of Kahneman and Tversky (1979). As such, for a loss averse worker the evaluation
of utility differences between the wage and the reference wage will be steeper for wages
below the reference wage than for those above it. Consider the following assumption
about the functional form of the gain-loss utility.12

W4. µ(0) = 0 and, whilst µ(x) is non-differentiable at x = 0, it is continuous with
µ′(x) > 0 and µ′′(x) = 0 for all x , 0. Moreover, for any x > 0, µ′(−x)/µ′(x) ≡

λ ≥ 1.

Under this assumption, it follows that the gain-loss utility is piecewise-linear:

n(w |r) ≡ µ(m(w) − m(r)) =

{
η[m(w) − m(r)] if w ≥ r

λη[m(w) − m(r)] if w < r
(1.3)

where η > 0 is a scaling parameter that represents the importance of gain-loss utility
for the worker, and λ ≥ 1 represents the worker’s degree of loss aversion.13

11The model is developed as to capture the idea that “normal effort” (i.e. effort that a worker would
exert absent morale considerations) is not zero. This necessitates the inclusion of intrinsic benefits and
costs of productive activity. Whilst this approach contrasts with, for example, shirking models in the
efficiency wage literature (e.g. Shapiro and Stiglitz (1984)) it is consistent with the idea that workers
perceive positive satisfaction from engaging with productive activity (see, for example, the discussion in
Altmann, Falk, Grunewald, and Huffman (2014, Appendix)).

12AssumptionW4 closely resembles the assumptions of Kőszegi and Rabin (2006) over the properties
of their ‘universal gain-loss function’, except that is does not capture diminishing sensitivity.

13The gain-loss function enters the worker’s utility twice, crucially in the morale function but also in
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The morale function, being dependent on n(w |r), captures an additional psycholog-
ical cost/benefit of productive effort associated with the worker’s perception of fairness.
If the wage exceeds the reference wage (it is perceived as a ‘gift’) the worker gains some
additional benefit of productive effort and an increase in effort (a “gift” to the firm)
will increase utility. If the wage falls short of the reference wage (it is perceived as
“unfair”) there is an additional psychological cost of productive effort and a reduction
in effort increases utility. As such, the morale function implies the worker’s payoff
exhibits reciprocity, and since morale is linked to loss aversion, negative reciprocity is
stronger than positive reciprocity.

Since morale depends on effort, these same considerations apply to the margins of
the worker’s payoff function: for a loss averse worker the reduction in the marginal
utility of effort for an unfair wage will be larger than the increase in marginal utility
for a wage an equivalent amount above the reference wage. Consequently, the effect
on optimal effort, which is determined by these margins, will be asymmetric. The
remainder of the section will derive the relationship between effort and the wage.

1.3.2 The Worker’s Choice of Effort

A worker’s choice of effort, after the wage has been set, will depend on their evaluation
of the wage in relation to their reference wage. Given a reference wage r and a wage
offer w the worker will seek to

max
e≥0

u(e;w, r).

Recall that

u(e;w, r) = m(w) + ξµ(m(w) − m(r)) + b(e) − c(e) + ζeµ(m(w) − m(r)),

and from (1.3) that µ(m(w)−m(r)) is piecewise-linear; and denote the utility-maximising
effort by ẽ(w, r, λ). The worker’s optimal effort choice is therefore characterised by the
following first-order condition

Ω(e;w, r, λ) ≡ b′(e) − c′(e) + ζ µ(m(w) − m(r)) ≤ 0, (1.4)

in which the inequality is replaced with an equality if e > 0.14
The following theorem defines the properties of theworker’s optimal effort function,

the wage utility. Whilst the latter is not important for the theory developed in this chapter (indeed, it
is possible that ξ = 0), a realistic model of wage evaluation should allow loss aversion to influence the
utility received from a wage offer. This would become important if the analysis considered the worker’s
reservation utility.

14The second-order sufficient condition b′′(e) − c′′(e) < 0 is satisfied under assumption W2.
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which exhibits what it will be defined as “asymmetric reference-dependent reciprocity”.

Theorem 1. For any given wage offer w relative to their reference wage r , the worker’s
optimal effort function takes the form

ẽ(w, r, λ) =


ẽ(w, r)+ if w > r

ẽn if w = r

ẽ(w, r, λ)− if w < r

(1.5)

where ẽn is “normal” effort is implicitly defined by b′(e) = c′(e); ẽ(w, r)+ > ẽn is
implicitly defined by b′(e)+ ζη[m(w) −m(r)] = c′(e); and ẽ(w, r, λ)− < ẽn is implicitly
defined by b′(e) ≤ c′(e) + |ζλη[m(w) − m(r)]| (with equality if e > 0, which is true for
all w > w˜(r, λ), defined in the proof).

a) For a given r , ẽ(w, r, λ) is a continuous, increasing and concave function of w
for all w , r . Moreover,

lim
ε→0

∂ẽ(r − ε, r, λ)−

∂w
= λ · lim

ε→0

∂ẽ(r + ε, r)+

∂w
, 15

implying that the optimal effort function has a kink at w = r if λ > 1.

b) For a given w, ẽ(w, r, λ) is a continuous and decreasing function of r for all
w , r .

c) Finally, for all w < r , ẽ(w, r, λ) is a continuous and decreasing function of λ;
and ∂ẽ(w, r, λ)−/∂w is increasing in λ.

Proof. See Appendix B.1. �

Theorem 1 establishes that if a worker is paid their reference wage then they will
exert normal effort ẽn, which is independent of the absolute wage level;16 and it
identifies a positive relationship between effort and changes in the wage relative to the
reference wage. Moreover, if the worker is loss averse, the effect of these changes
will be asymmetric due to a kink in the effort function at the reference wage. This is
illustrated in Figure 1.1.

15Throughout the thesis, where sequences of ε are considered over which limits are taken, it is specified
that {εn}∞n=1 ⊂ R+, meaning that where the wage is specified to be r − ε and the limit is taken as ε → 0,
it is considered as the wage increasing to the reference wage, and likewise when the wage is specified to
be r + ε and the limit is taken as ε → 0, it is considered as the wage decreasing to the reference wage.

16Inspired by the findings reported in Bewley (2007), that it is not wage levels but changes in wages
that influence effort, normal effort should be a non-pecuniary concept and is therefore modelled as being
independent of the wage. This approach, and its dynamic implications that are analysed in Section 1.4,
are consistent with the recent laboratory experiment of Sliwka and Werner (2017).
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w0 r

ẽn
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Figure 1.1:
Asymmetric Reference-dependent Reciprocity

The positive relationship between effort and the wage is driven by the morale
function: an increase in the wage gives a higher marginal utility of effort which
consequently results in higher optimal effort. The asymmetric nature of effort responses
has the particular implication that for changes in the wage from an initial wage equal to
the reference wage, the effect of negative reciprocity that results from a reduction in the
wage will be greater than the effect of positive reciprocity resulting from an increase in
the wage. The extent of this “asymmetric reference-dependent reciprocity” depends on
the worker’s degree of loss aversion: whilst when the wage exceeds the reference wage
optimal effort is independent of λ, below the reference wage more loss averse workers
exert less effort, which decreases faster as the wage gets further from the reference
wage. Indeed, if a worker is not loss averse (λ = 1), reciprocity is symmetric.

The derived effort relationship establishes themodel as providing amicro-foundation
for effort functions that exhibit asymmetric reciprocity that are commonly assumed in
the literature, but that are not explicitly modelled. This micro-foundation is based on
perceptions of fairness coupled with loss aversion, and is consistent with the evidence
suggesting that workers are subject to such forces, as it was summarised in Section
1.2.17

17The idea that loss aversion gives rise to asymmetric reciprocity in the effort relationship is consistent
with the intuition presented in, for example, Campbell (1997), Mas (2006), Bewley (2007) and Fehr et al.
(2009).
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1.3.3 The Firm’s Wage Setting Rule

Next consider the firm’s problem in setting the wage given that it anticipates the
behaviour of the worker in response to the wage offer. Suppose a firm is facing
a worker who has an exogenously-given reference wage r and for whom the match
productivity is q. The firm will seek to maximise its payoff given in (1.1) where the
worker’s effort is determined as in (1.5). As such, the firm’s problem is to

max
w≥0

π(w; q, ẽ(w, r, λ))

where π(w; q, e) = y(q, e) − s(w). The firm will continue the employment relationship
with the worker at the optimal wage only if it is profitable; otherwise the employment
relationship will be terminated.

The firm’s output depends on the match productivity and on the effort of the
worker, and the firm seeks to balance the marginal product of labour with the per-
worker marginal cost. Consider two workers with differing match productivity that are
otherwise identical (and in particular have the same reference wage). Conventional
thinking implies that the worker with the lower productivity should be paid a lower
wage. The model outlined here captures the idea that if the firm paid the worker
its preferred wage for a given match productivity, and this falls below the worker’s
reference wage, the worker’s morale may be affected that will impact their effort and
therefore the output produced from the employment relationship. This implies a cost
of reducing the wage below the reference wage, borne from the effect of negative
reciprocity which may be large if the worker is loss averse, and must be considered
in relation to the benefit of paying the lower wage: asymmetric reference-dependent
reciprocity on the part of workers influences the marginal considerations of the firm.

As established by Theorem 1, the worker’s optimal effort function ẽ(w, r, λ) is
continuous in the wage, but that there is a kink at w = r for a loss averse worker. Hence
the firm’s payoff function, being otherwise smooth, will inherit this property. The fact
that the profit function is continuous but has a kink at w = r enables to derive the
optimal wage setting rule, which is explained intuitively below before its formalisation
in the statement of Theorem 2. For w , r define the marginal profit as

Ψ(w; q, r, λ) ≡
dπ(w; q; ẽ(w, r, λ))

dw
=
∂y(q, ẽ(w, r, λ))

∂e
∂ẽ(w, r, λ)

∂w
− s′(w),

and note that the profit function is concave.18 Subject to the optimal wage contract

18This is established by noting that profit is continuous, and Assumptions F1 and F2 and the results
of Theorem 1 imply ∂Ψ(w; q, r, λ)/∂w < 0 for all w , r .
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being profitable, the optimal wage setting rule is characterised by two productivity
thresholds, ql and qu. The upper threshold qu is derived such that, if q > qu then profit
is increasing in the wage at wages just above the reference wage so concavity implies
the optimal wage must exceed r and will be characterised byΨ(w; q, r, λ) = 0 (in which
ẽ(w, r, λ) = ẽ(w, r)+ since w > r). The lower threshold ql is derived such that, if q < ql

then profit is decreasing in the wage for wages just smaller than the reference wage,
which by concavity implies the optimal wage will be below r and will be characterised
by Ψ(w; q, r, λ) = 0 (in which ẽ(w, r, λ) = ẽ(w, r, λ)− since w < r). For ql ≤ q ≤ qu

it will be the case that for all wages below the reference wage Ψ(w; q, r, λ) > 0 and
for all wages above the reference wage Ψ(w; q, r, λ) < 0, and therefore profit will be
maximised with a wage equal to the reference wage: any worker whose reference wage
is r and whose productivity lies in this range will be paid the same wage, giving rise
to what is defined as a “range of rigidity”. If the optimal wage contract is unprofitable,
which will be the case if the match productivity falls below a threshold that is influenced
by the reference wage, the firm will end the employment relationship.

Theorem 2. For any given r , the firm’s optimal wage w̃(r, q, λ) is a continuous function
of q and r and is characterised by

w̃(r, q, λ) =


w̃(r, q)+ if q > qu(r)

r if ql(r, λ) ≤ q ≤ qu(r)

w̃(r, q, λ)− if q < ql(r, λ),

so long as q ≥ q(r, λ), the firm’s reservation productivity, where

ql(r, λ) = {q : lim
ε→0
Ψ(r − ε ; q, r, λ) = 0},

qu(r) = {q : lim
ε→0
Ψ(r + ε ; q, r, λ) = 0},

q(r, λ) = max{0, q : π(w̃(r, q, λ); q, ẽ(w̃(r, q, λ), r, λ)) = 0}

(all singletons), and where ql(r, 1) = qu(r) and ∂ql(r, λ)/∂λ < 0 implying ql(r, λ) <

qu(r) for all λ > 1. The optimal wage w̃(r, q)+ > r , is implicitly defined by
Ψ(w; q, r, λ) = 0 in which ẽ(w, r, λ) = ẽ(w, r)+; and w̃(r, q, λ)− < r , is implicitly de-
fined by Ψ(w; q, r, λ) ≤ 0, with equality if w > w˜(r, λ), in which ẽ(w, r, λ) = ẽ(w, r, λ)−.
Moreover,

a) for all q ∈ [q(r, λ),∞] \ [ql(r, λ), qu(r)], w̃(r, q, λ) is increasing in q;

b) for all q ∈ [q(r, λ),∞], w̃(r, q, λ) is increasing in r;

c) for all q ∈ [q(r, λ), ql(r, λ)) (if non-empty), w̃(r, q, λ) is increasing in λ.
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Finally, the productivity thresholds defining the wage setting rule satisfy: q′u(r) > 0
and ∂ql(r, λ)/∂r > 0; and the reservation productivity satisfies: ∂q(r, λ)/∂r > 0 and
∂q(r, λ)/∂λ ≥ 0, where the final inequality is strict if w̃(r, q(r, λ), λ) < r .

Proof. See Appendix B.1. �

q

w

w̃(r, q, λ)−

w̃(r, q)+

ql(r, λ) qu(r)

r

w̃(r, q, λ)

Figure 1.2:
The Wage Setting Rule.

Theorem 2 elucidates the features of the firm’s optimal wage setting rule when
facing a loss averse worker, which is illustrated in Figure 1.2. The optimal wage is
non-decreasing in the match productivity and if the worker is loss averse there is a
range of match productivity within which the wage is not adjusted. The lower and
upper thresholds of this range depend on the worker’s reference wage. If the match
productivity is qu(r) the worker will be paid their reference wage which is perceived to
be fair and so will exert normal effort. If the match productivity exceeds qu(r) then the
firm will find it profitable to pay above the reference wage since such a wage, seen as a
gift, will be positively reciprocated with supra-normal effort. If the match productivity
is slightly less than qu(r) the firm would look to reduce the wage, but understands that
paying a wage below the reference wage will be seen as unfair and generate a reduction
in effort, the value of which exceeds the wage cut despite the relatively low match
productivity. This is true for all q ∈ [ql(r, λ), qu(r)], identifying the range of rigidity,
which is non-empty if the worker is loss averse. If the match productivity is below
ql(r, λ) then the very low match productivity warrants a wage below the reference wage
despite inciting sub-normal effort as the worker perceives this wage as unfair.

If aworker has a greater degree of loss aversion then the effect of negative reciprocity
borne from paying a wage below the reference wage is stronger, resulting in a greater
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reduction in effort which is more costly to the firm. As such, for a more loss averse
worker, the lower threshold of the range of rigidity is lower since the firm is unwilling
to suffer the relatively high cost of negative reciprocity: ∂ql(r, λ)/∂λ < 0. However,
if the match productivity is low enough that the firm wishes to pay a wage below
the reference wage, that wage will be higher the more loss averse a worker is, as the
firm has an incentive to attenuate some of the effect on effort from stronger reciprocity:
∂w̃(r, q, λ)−/∂λ > 0.19 Negative reciprocity not only tempers the firm’s incentive to cut
thewage, it also reduces the extent towhich thewage is cut. Finally, themore loss averse
a worker is, the higher the match productivity the firm requires from the employment
relationship for it to be profitable: ∂q(r, λ)/∂λ > 0. This follows since the firm pays
a higher wage in an attempt to mitigate the effect of negative reciprocity on effort,
which is nevertheless lower due to negative reciprocity being stronger. Hence, profit
is reduced and the reservation productivity above which the firm becomes profitable
increases.

The effect of a worker feeling entitled to a higher wage (i.e. a higher reference wage)
increases the optimal wage offered by the firm and increases both the threshold above
which the wage is higher than the reference wage, and the threshold below which the
wage is less than the reference wage. In addition, since for any match productivity the
firm receives lower profit, the range of match productivity over which the employment
relationship is entered into will shrink.

The features of the wage setting rule highlighted in Theorem 2 imply that when a
worker is loss averse a range of rigidity exists and it is larger for individuals that are
more loss averse. For a worker that is not loss averse (λ = 1) there is no range of
rigidity and the wage responds smoothly to productivity.

1.4 Adaptation, Loss Aversion and the Employment
Contract

This section explores the implications of capturing reciprocity and reference-dependence
in the employment relationship in a dynamic environment that is subject to uncertainty
and in which the worker adapts their reference wage to the wage they have been paid in
the past.20

19This implication has been theoretically derived and empirically corroborated by Holden and Wulfs-
berg (2014), who show that “even if the wage is cut, the resulting wage will be higher than if the
wage-setting process had been completely flexible”. In contrast with their theoretical model, our theory
attributes this result to the worker’s extent of negative reciprocity.

20This latter assumption, which is going to be thoroughly discussed in Chapter 3 is inspired by the
literature that suggests reference points are influenced by previous contractual arrangements. According
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Consider the following assumption over the evolution of the worker’s reference
wage:

A1. rt = wt−1, r0 given.

A worker’s reference wage is therefore assumed to be (endogenously) determined by
the wage they were paid in the previous employment period. The worker is therefore
characterised by what can be defined as “symmetric perfect adaptation” of the reference
wage, which henceforth will be referred simply as adaptation.21

The timing of the model is as follows. At the beginning of period t = 0 the
productivity characterising the match, q0, is observed, as is the exogenously given
reference wage of the worker, r0. Knowing these, the firm then decides whether to offer
a wage contract to the worker and start the employment relationship, where again it is
assumed that any offer will be accepted by the worker. If an employment relationship
is established, then at the end of the first employment period the match productivity
for the subsequent period, q1 (which is independent of q0), is randomly drawn from
the same distribution F. In addition, the worker adapts their reference wage to the
wage paid in the initial period of employment. At the beginning of period t = 1, after
observing q1, and inferring the worker’s reference wage r1 = w̃0, the firm considers
whether it wants to continue the employment relationship and, if so, whether to adjust
the wage of the worker in light of the change in the match productivity. The timing of
the employment relationship is illustrated in Figure 1.3.

The firm therefore faces a two-period dynamic optimisation problem under uncer-
tainty, which consists of choosing a sequence of optimal wages {w̃0, w̃1} that maximises
the sum of its expected discounted profits from the employment relationship. Letting
δ represent the firm’s discount factor, this can be formalised by the following sequence

to Kahneman et al. (1986) when workers enter a firm there is a shift in their feelings of entitlement
and the most recent negotiated wage is adopted as the standard of fairness. This sort of adaptation
is believed to be an active behavioural feature of workers’ perceptions of fairness, supported by the
anthropological evidence surveyed by Bewley (2007) and by laboratory and field experiments of the
employment relationship (see, for instance, Chemin and Kurmann (2014) and Koch (2016)). In contract
theory the idea of “contracts as reference points” has been analysed by Hart andMoore (2008) and further
explored by Herweg and Schmidt (2015). The laboratory experiments of Fehr, Hart, and Zehnder (2011,
2014) and Bartling and Schmidt (2015) provide strong support for this hypothesis, which also reflects
the idea that past experience and adaptation play a significant role in the process of individuals’ reference
point formation (see Herz and Taubinsky (2016) and Smith (2015) for evidence of this hypothesis, and
Stommel (2013) for a review of the literature).

21As an anticipation to the framework analysed in Chapter 3, Section 1.5 will briefly discuss the
potential implications of other forms of reference wage adaptation in the context of the model developed
in this chapter.
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Figure 1.3:
Employment Relationship Time-line.

problem:

J0(r0, q0) = max
{w0,w1}

E0

[ 1∑
t=0

δtπ(wt ; qt, et)

]
s.t. r1 = w0,

et = ẽ(wt, rt, λ),

r0, q0 given

(1.6)

where J0(r0, q0) is the firm’s value function of the two-period employment relationship.
Note that whilst the firm is forward looking, since there is no link between the initial
and the subsequent employment period from the perspective of the worker, they will
choose productive effort as to maximise their per-period utility, in accordance with the
derivation of the optimal effort function established in Theorem 1.22

The remainder of the section is divided in two parts. First the analysis will illustrate
the wage and effort dynamics by considering a myopic firm (δ = 0), and highlight
that wage rigidity, both downward and upward, may occur as a result of the worker’s
reference wage adaptation combined with loss aversion. Then the case of a forward-
looking firm (δ > 0) will be considered, in which the analysis will characterise the
optimal employment contract that solves the firm’s problem in (1.6), and explore its
properties.

1.4.1 Wage and Effort Dynamics

Consider a myopic firm that ignores the worker’s adaptation of the reference wage from
the initial employment period into the next. As such, the firm will adopt the standard
wage setting rule as derived in Theorem 2. That is, in each period t = 0, 1 the optimal

22Forward-looking behaviour on the side of workers could be incorporated with expectations-based
reference points, for instance à la Kőszegi and Rabin (2006). However, the evidence previously cited
strongly suggests that workers’ reference wages are backward looking.
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wage takes the form

w̃t = w̃(rt, qt, λ) =


w̃(rt, qt)

+ if qt > qu(rt)

rt if ql(rt, λ) ≤ qt ≤ qu(rt)

w̃(rt, qt, λ)
− if qt < ql(rt, λ)

so long as qt ≥ q(rt, λ). Otherwise, the firm will not offer, or renegotiate, the employ-
ment contract and the employment relationship will be over.

To illustrate the dynamics of firm’s wage setting behaviour and worker’s reciprocity,
the analysis considers different scenarios that the firm may face during the employment
relationship, assuming that in both the initial and subsequent employment periods
the match productivity exceeds the firm’s reservation productivity q(r0, λ) and q(r1, λ)

respectively, reserving commentary on when this is not the case as a postscript.

q

w

r0

r1

ql(w̃0, λ) qu(w̃0) q0

w̃0

q1

w̃1

Figure 1.4:
Adaptation and Downward Wage Rigidity when w̃0 > r0.

Suppose that, in the initial employment period, q0 > qu(r0) so that the firm optimally
offers a wage that exceeds the worker’s reference wage w̃0 = w̃(r0, q0)

+, and the
worker will therefore exert supra-normal effort ẽ(w0, r0)

+ > ẽn. As the employment
relationship passes from the initial period into the next, the worker adjusts their feelings
of entitlement, adapting their referencewage to their initial wage: r1 = w̃0. This “shifts”
the wage-setting rule, as illustrated in Figure 1.4: the reference wage increases, the
lower threshold increases, and the upper threshold increases to somewhere between its
previous value and the initial match productivity.23

23If the production function exhibits constant returns to effort, qu(w̃0) increases to exactly q0. To see
this, consider the following. It has been established by Theorem 2 that ∂ql/∂r > 0 and q′u > 0. Recall
that qu(r) is the value of q where limε→0 Ψ(r + ε ; q, r, λ) = 0. If w̃0 = w̃+0 then the first-order condition is
satisfied with equality at the optimal wage in the initial contract: Ψ(w̃0; q0, r0, λ) = 0. Next, recall (from
the preliminaries in the proof of Theorem 2) that ∂Ψ/∂r ≥ 0. Then, in t = 1, since the worker’s reference
wage increases to w̃0, it implies that limε→0 Ψ(w̃0 + ε ; q0, w̃0, λ) ≥ 0, and therefore, since ∂Ψ/∂q > 0,



28 Chapter 1. A Theory of Reciprocity and Wage Setting Behaviour

If q1 > q0(≥ qu(w̃0)) then the match productivity in the subsequent employment
period exceeds the upper threshold of the wage setting rule, implying that the firm
will optimally increase the worker’s wage to benefit from the gift being reciprocated
with supra-normal effort. If q1 = q0 then w̃1 ≥ w̃0. However, whilst a wage of
w̃0 was positively reciprocated by the worker when compared to a reference wage of
r0, after adaptation the worker has an updated sense of entitlement meaning effort
with this wage is merely normal, and so the firm optimally pays at least this wage in
the subsequent contract. Hence, the analysis formally establishes that, due to reference
wage adaptation, reciprocity is essentially a temporary phenomenon.24 This adjustment
of effort over time induced by the worker’s adaptation of the reference wage is defined as
dynamic “re-normalisation” of effort, which will play an important role in the analysis
of the next section.

In the event of q1 < q0, whether the wage is renegotiated depends on by how much
the match productivity reduces. Only if q1 < ql(w̃0, λ) the firm will then optimally
implement a wage cut, which is nevertheless more muted, in order to partially mitigate
the resulting negative reciprocity response of the worker. As such, a fall in match
productivity over time (q1 < q0) is not necessarily followed by a wage cut: the worker’s
adaptation to a wage consistent with a match productivity of q0 implies that, if the
match productivity only moderately decreases (i.e. q1 ∈ [ql(w̃0, λ), qu(w̃0)], the firm
will optimally keep thewage equal to the worker’s referencewage.25 The negative effect
of what would now be perceived as an unfair wage, borne through negative reciprocity,
will be larger than the benefit of paying the lower wage and hence the firm will avoid
inciting such negative reciprocity, by freezing the wage. The theory developed in
this chapter therefore formally demonstrates that downward wage rigidity is an inherent
feature of the employment contract in a dynamic environment, and establishes as its key
drivers are the worker’s adaptation of the reference wage (r1 = w̃0), and the relatively
large cost to the firm of negative reciprocity that stems from loss aversion (λ > 1).

In the case where the initial match productivity is such that q0 < ql(r0, λ) the
firm will pay an initial wage below the worker’s reference wage w̃0 = w̃(r0, q0, λ)

−,

the value of q that regains equality of this expression with 0, which is precisely qu(r1) = qu(w̃0), will
not exceed q0. In fact, if ∂2y/∂e2 = 0, then ∂Ψ/∂r = 0 and limε→0 Ψ(w̃0 + ε ; q0, w̃0, λ) = 0, so it must
be that qu(w̃0) = q0.

24This implication of the model is consistent with the evidence reported by field research (experiments
and surveys) that the positive effects of a wage gift on morale and effort are believed to be weak and only
temporary by firms’ managers. It also supports the interpretation of this evidence according to which
positive reciprocity quickly disappears as workers get used to the wage they receive (see, for instance,
Campbell (1997), Bewley (1999), Gneezy and List (2006) and Cohn et al. (2014)). Evidence of this type
of reciprocity dynamics has recently been provided by the laboratory experiment of Sliwka and Werner
(2017).

25Indeed, reductions in the match productivity may be associated with an increase in the wage (if they
are small and in the range [qu(w̃0), q0], which is non-empty only with decreasing returns to effort).
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despite the implied negative reciprocity ẽ(w0, r0, λ)
− < ẽn. In the following period,

the worker’s reference wage reduces to the initial wage level, and the firm’s wage
setting rule adjusts accordingly. In this case, the lower threshold of the range of
rigidity reduces to somewhere between q0 and ql(w̃0, λ) with the implication that the
employment relationship will exhibit upward wage rigidity if the subsequent match
productivity only moderately increases (i.e. q1 ∈ [q0, qu(w̃0, λ)]), since within this
range the firm will not raise the wage above the initial w̃0. This particular case is
illustrated in Figure 1.5 The intuition is that in the initial employment period the firm
essentially “over-paid” the worker in the optimal trade-off of wage versus negative
reciprocity; hence in the subsequent period the firm will increase the wage only if the
match becomes substantially more productive (i.e. only if q1 > qu(w̃0, λ)) and the
benefits of positive reciprocity warrant a wage rise.

q

w
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r1
w̃0

q0 qu(w̃0)
ql(w̃0, λ)

q1

w̃1

Figure 1.5:
Adaptation and Upward Wage Rigidity when w̃0 < r0.

Finally, if, in the initial employment period the match productivity is such that
ql(r0, λ) ≤ q0 ≤ qu(r0) then the worker will be paid their reference wage, which
consequently does not change between periods. As such, the wage setting rule in the
subsequent employment period is exactly the same, implying that there may be both
downward and upward wage rigidity if the subsequent productivity draw is such that
ql(r0, λ) ≤ q1 ≤ qu(r0).

Next consider the evolution of the firm’s reservation productivity between periods;
the initial determining hiring behaviour, and the subsequent capturing the firm’s layoff
decision. If q0 < q(r0, λ) then no contract is offered. Otherwise a contract is offered
and, due to the adaptation of the reference wage, when the firm comes to renegotiate
the contract the lay-off reservation productivity will depend on the initial wage. It
has been established in Theorem 2 that ∂q(r, λ)/∂r > 0. This implies, in particular,
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that if the firm has initially paid a wage that exceeds the worker’s reference wage,
then, because of adaptation, in the subsequent period the reservation productivity will
increase, implying the firm will re-contract only over a reduced subset of the support of
the match productivity distribution. As such, it is not inconceivable for an employment
relationship to be characterised by the same match productivity in both periods but,
whilst the worker is hired and paid a wage above their reference wage in the initial
period, the firm doesn’t renegotiate the contract in the subsequent period. Due to
workers’ re-normalisation of effort induced by adaptation of the reference wage, the
value of the subsequent period employment contract is lower if a worker was initially
paid a wage in excess of their reference wage. Hence, there is a higher probability
that the subsequent period match productivity will not be high enough to make the
relationship profitable, increasing the likelihood of the worker being laid off. The
implications of these results for layoff decisions and unemployment are discussed in
Section 1.5.

1.4.2 The Optimal Employment Contract

If a firm is forward looking itwill consider the link between the initial and the subsequent
wage negotiation, that comes from the worker’s adaptation of their reference wage.
This influences the worker’s future effort response as it is relative to the reference wage
r1 = w̃0 that subsequent wage offers will be evaluated, therefore also influencing the
continuation value of employment relationship to the firm.

Consider the functional equation corresponding to the firm’s sequence problem
(1.6), which characterises the optimisation problem of a forward-looking firm setting
the initial wage:

J0(r0, q0) = max
w0
{π(w0; q0, ẽ(w0, r0, λ)) + δE0[J1(w0, q1)]} , (1.7)

where J1(r1, q1) = max
w1

π(w1; q1, ẽ(w1, r1, λ)). (1.8)

The expected continuation value of the employment relationship E0[J1(w0, q1)] =∫ ∞
q(w0,λ)

J1(w0, q1) dF(q1) now also depends on the initial wage contract. Recognising
that the reservation productivity for this contract, below which the firm would lay off
the worker, may fall anywhere in the support of the distribution of match productivity,
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this can be expressed as26

E0[J1(w0, q1)] =

∫ max{q(w0,λ),ql(w0,λ)}

q(w0,λ)
J1(w0, q1)

− dF(q1)

+

∫ max{q(w0,λ),qu(w0)}

max{q(w0,λ),ql(w0,λ)}
J1(w0, q1)

= dF(q1)

+

∫ ∞

max{q(w0,λ),qu(w0)}
J1(w0, q1)

+ dF(q1). (1.9)

This expression highlights that the firm faces different realisations of future profit
when setting the initial wage contract w0, depending on whether the subsequent match
productivity q1 is below, within or above the range of rigidity defined by ql(w0, λ)

and qu(w0). Attentive observation of equation (1.9) allows us to infer two important
insights. When setting the wage in the initial employment period the firm influences:
i) the level of the expected value of future profit J1(w0, q1); and ii) the range of the
distribution of the future match productivity within which the firm will subsequently
cut or freeze the wage at time 1, and lay off the worker by ceasing an unprofitable
match.

Let Φ(w0, λ) ≡
∂
∂w0

∫ ∞
q(w0,λ)

J1(w0, q1) dF(q1) be the marginal effect of a wage in-
crease in the initial wage contract on the expected future profit in period 1:27

Proposition 1. For all λ ≥ 1,

Φ(w0, λ) =

∫ ql(w0,λ)

q(w0,λ)

∂y(q1, ẽ1)

∂e
∂ẽ(w̃1,w0, λ)

−

∂r
dF

−

∫ qu(w0)

ql(w0,λ)
s′(w0) dF

+

∫ ∞

qu(w0)

∂y(q1, ẽ1)

∂e
∂ẽ(w̃1,w0)

+

∂r
dF < 0.

Proof. See Appendix B.1. �

When setting the initial wage contract in a dynamic environment a forward-looking
firm will account for an additional expected future cost: a higher initial wage influences

26J1(w0, q1)
−;=;+ represents the continuation value of the employment relationship when w1 <

w0;w1 = w0;w1 > w0, in which effort is given by ẽ(w1,w0, λ)
−; ẽn; ẽ(w1,w0)

+.
27From this point on two innocuous assumptions are imposed in order to ease notational burden. That

is, the parameter of the model are assumed to be such that: 1) any contract offered by a firm is not
constrained by the lower bound on effort, i.e. the wage always exceeds w˜(r, λ), which implies that unless
the optimal wage is equal to the reference wage the firm’s first-order condition is satisfied with equality;
and 2) in the second employment period the firm’s reservation productivity q(w0, λ), which determines
layoffs, is always less than the lower threshold of the range of rigidity ql(w0, λ).
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theworker’s feelings of entitlement in the subsequent renegotiation, which consequently
influences the worker’s effort and the value of the contract to the firm. A marginal
increase in the initial wage lowers the expected value of profit because if, relative to
the initial wage, the firm wants to lower the wage then the effect of negative reciprocity
is greater; if it wishes to freeze the wage then the wage paid is simply higher; and if it
wants to increase the wage then the effect of positive reciprocity is lower.

Denote by w̃0 the optimal wage contract of a forward-looking firm. So long as
w0 , r0 the necessary first-order condition that captures this inter-temporal tradeoff is

∂y(q0, ẽ0)

∂e
∂ẽ(w0, r0, λ)

∂w
− s′(w0) − δ |Φ(w0, λ)| = 0. (1.10)

The optimal wage contract will balance the net marginal value in the initial period of
an increase in the wage with the expected discounted marginal cost that stems from
adaptation to this wage in the subsequent period.

As it is noted in the proof of the following theorem that presents the properties of
the optimal employment contract, in order to proceed with the analysis it is required to
impose one additional condition. In particular, it is conjectured that����∂Ψ(w0, q0, r0, λ)

∂w

���� > δ

����∂Φ(w0, λ)

∂r

���� .
That is, the magnitude of the “current direct effect” of a change in the wage on marginal
profit in the initial contract, |∂Ψ/∂w |, is always larger than the “discounted expected
future indirect effect” on marginal profit that results from the initial wage becoming the
reference wage, captured by δ |∂Φ/∂r |.28

Theorem 3. Consider a forward-looking firm for whom δ > 0. For any given r0,
the firm’s optimal wage characterising the initial employment contract is a continuous

28Note that these effects could work in opposite directions as the sign of the second derivative of the
expected future profit function with respect to the initial wage, i.e. ∂Φ/∂r , remains undetermined. The
reason is because a higher wage in period 0 will raise the worker’s reference wage in period 1, increasing
the ex ante probability of terminating the employment relationship, and therefore decreasing the support
of the distribution over which the firm would optimally implement a wage cut and bear the negative
effect of sub-normal effort. As such, the conjecture simply imposes the condition that this latter effect
is sufficiently small, so that the current direct effect of wage changes will dominate the expected future
indirect effect through the influence of the initial wage on the reference wage. Nevertheless, note that
the concavity of profit established in Theorem 2 implies the assumed inequality will hold if the firm is
sufficiently impatient.
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function of q0 and r0 given by

w̃0 = ŵ(r0, q0, λ, δ) =


ŵ(r0, q0, λ, δ)

+ if q0 > q̂u(r0, λ, δ)

r0 if q̂l(r0, λ, δ) ≤ q0 ≤ q̂u(r0, λ, δ)

ŵ(r0, q0, λ, δ)
− if q0 < q̂l(r0, λ, δ),

so long as q0 ≥ q̂(r0, λ, δ), the forward-looking firm’s reservation productivity govern-
ing hiring, where

q̂l(r0, λ, δ) = {q0 : lim
ε→0
Ψ(r0 − ε ; q0, r0, λ) − δ |Φ(r0, λ)| = 0},

q̂u(r0, λ, δ) = {q0 : lim
ε→0
Ψ(r0 + ε ; q0, r0, λ) − δ |Φ(r0, λ)| = 0}

q̂(r0, λ, δ) = max{0, q0 : J0(r0, q0) = 0}.

The optimal wage ŵ(r0, q0, λ, δ)
+ > r0, is implicitly defined by Ψ(w0; q0, r0, λ) −

δ |Φ(w0, λ)| = 0, in which ẽ(w0, r0, λ) = ẽ(w0, r0)
+; and ŵ(r0, q0, λ, δ)

− < r0, is implic-
itly defined by Ψ(w0; q0, r0, λ) − δ |Φ(w0, λ)| = 0, in which ẽ(w0, r0, λ) = ẽ(w0, r0, λ)

−.
Moreover, for all q0 ∈ [q̂(r0, λ, δ),∞] \ [q̂l(r0, λ, δ), q̂u(r0, λ, δ)], ŵ(r0, q0, λ, δ) is a con-
tinuous and increasing function of q and r .

Proof. See Appendix B.1. �

Compare the optimal wage contract set by a myopic firm w̃(r0, q0, λ) with the one
set by a forward-looking firm ŵ(r0, q0, λ, δ), as respectively derived in Theorem 2 and
Theorem 3. Intuitively, since a forward-looking firm perceives an additional expected
future cost of raising the current wage due to the worker’s adaptation of the reference
wage, it will have an incentive to compress the initial wage for a newly hired worker,
relative to that of a myopic firm in an otherwise identical employment relationship.29
The following Proposition confirms this intuition.

Proposition 2. Consider a firm for whom δ > 0 facing a worker whose λ ≥ 1. Then,
for any given r0 and q0 ŵ(r0, q0, λ, δ) ≤ w̃(r0, q0, λ), with a strict inequality whenever
w0 , r0.30

29The insight behind this intuition was analysed by Elsby (2009), who attributes the incentive to
actively compress wages entirely to the firm’s anticipation of downward wage rigidity in the expected
continuation value of the employment relationship. As we will show next, our theory identifies the
worker’s adaptation and re-normalisation of effort as the main drivers of active wage compression.

30Indeed, implicit differentiation of the wage setting rule reveals

∂ŵ(r0, q0, λ, δ)

∂δ
= −

Φ

∂Ψ/∂w + δ∂Φ/∂r
< 0,

so the more a firm cares about the future the lower will be the initial wage offered.
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Proof. See Appendix B.1. �

Notice that for Proposition 2 to hold it is not necessary that a worker is loss
averse (λ > 1). Loss aversion is the behavioural force underlying the asymmetry in a
worker’s reference-dependent reciprocity, which combined with adaptation generates
downward/upward wage rigidity in the second employment period. But it is adaptation
per se, and not wage rigidity, that gives rise to wage compression. This is transparent in
the first-order condition characterising a forward-looking firm’s optimal wage contract
when λ = 1, which is

∂y(q0, ẽ0)

∂e
∂ẽ(w0, r0, λ)

∂w
− s′(w0) − δ

�����∫ ∞

q(w0,1)

∂y(q1, ẽ1)

∂e
∂ẽ(w1,w0, λ)

∂r
dF

����� = 0. (1.11)

Even if wage rigidity is not expected to be a feature of the employment relationship,
there is still an additional marginal cost |Φ(w0, 1)| > 0 that has to be borne by a
forward-looking firm setting the initial wage. This result is based on the adaptation
of the reference wage which leads to a “re-normalisation” of effort in the course of
the employment relationship: as shown in Section 1.4.1, reciprocity is a temporary
phenomenon, since a firm cannot obtain the same amount of reciprocity for two con-
secutive employment periods by paying a worker the same wage. Equation (1.11)
reveals a higher initial wage will result in a higher reference wage in the subsequent
employment period, which, in expectation, reduces the worker’s extent of reciprocity in
the future. As such, even in the absence of wage rigidity, a forward-looking firm has an
incentive to compress the initial wage, in order to offset the effect of the re-normalisation
of effort that stems from the worker’s adaptation of the reference wage.

The remainder of the analysis will investigate the effect of loss aversion on the nature
of the employment contract, by considering its effects on the initial wage ŵ(r0, q0, λ, δ),
and on the reservation productivity q̂(r0, λ, δ) determining the firm’s hiring decision.
Recall that loss aversion influences the strength of negative reciprocity whenever the
firmfinds itself in a positionwhere it optimally pays awage below theworker’s reference
wage; which could be the case in each of the two employment periods.

Consider first the effect of loss aversion on the optimal initial wage contract w̃0. For
a more loss averse worker the firm has a stronger incentive to reduce the gap between
the wage paid and the reference wage, to attenuate the stronger effects of negative
reciprocity whenever w̃t < rt . In the initial employment period where the reference
wage is given, this puts upward pressure on the initial wage (as established in Section
1.3). Define this as the current direct effect of loss aversion, denoted by ∂Ψ/∂λ > 0.
However, due to the worker’s adaptation in the subsequent employment period, a greater
extent of loss aversion puts downward pressure on the initial wage, since a lower initial
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wage will translate into a lower reference wage, reducing the magnitude of the expected
negative reciprocity. Define this effect as the expected indirect effect of loss aversion,
denoted by ∂Φ/∂λ < 0.31 The relative importance of these two effects determines the
overall incidence of loss aversion on the initial wage contract.

Proposition 3. Consider a firm for whom δ > 0. For any given r0,q0 and λ′ > λ

a) if q0 ≥ q̂l , then ŵ(r0, q0, λ
′, δ) < ŵ(r0, q0, λ, δ);

b) if q0 < q̂l , then ŵ(r0, q0, λ
′, δ) ≷ ŵ(r0, q0, λ, δ) ⇔ ∂Ψ/∂λ + δ∂Φ/∂λ ≷ 0

Proof. See Appendix B.1. �

Proposition 3 states that if an employment contract is characterised by a sufficiently
high initial match productivity (i.e. q0 ≥ q̂l), then the firm will pay a lower initial
wage to a worker with a higher degree of loss aversion. Since a worker will be paid at
least their reference wage, there is no current direct effect of loss aversion, and the firm
optimally sets a lower wage to reduce themagnitude of the expected negative reciprocity
in the following employment period. The incentive for wage compression is therefore
reinforced by the anticipation of stronger negative reciprocity in the event of a future
wage cut. On the other hand, if the firm is facing an employment relationship such that
the optimal contract in the initial period calls for a wage below the reference wage (i.e.
if q0 < q̂l), the overall effect of a higher degree of loss aversion depends on the relative
magnitudes of the two aforementioned counteracting effects, and how much the firm
cares about the future. If the current direct effect dominates the expected indirect effect,
then a firm hiring a more loss averse worker will set a higher initial wage; otherwise,
and if the firm is also not too impatient, the initial wage will be lower.32 Thus, more
wage rigidity is not necessarily associated with greater wage compression, because a
firm facing a more loss averse worker may find it optimal to increase the initial wage
to attenuate the effect of negative reciprocity. The incentive for wage compression is
driven by adaptation; wage rigidity may either strengthen or dampen this incentive.

Finally, consider the effect of loss aversion on the determination of the firm’s
reservation productivity governing hiring q̂(r0, λ, δ). There are two channels through

31The conclusion that ∂Φ/∂λ < 0 is subject to the qualification that the firm’s lay-off reservation
productivity q̃(w0, λ) doesn’t increase too much with the degree of loss aversion: as it has been shown
in Theorem 2 the firm’s reservation productivity in the second period of employment is increasing in
λ, implying that a more loss averse worker faces a greater ex ante probability of being laid off, which
reduces the probability of the firm having to enact a wage cut, partially offsetting the greater expected
cost of doing so.

32In Theorem 1 it has been established that ∂2ẽ−/∂w∂λ > 0, that is, the negative effect of loss aversion
on effort is stronger for wages just below the reference wage than when substantial reductions below
the reference wage are considered. As such, the current effect will be larger the closer is the match
productivity to the lower threshold q̂l .
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which loss aversion could influence the value of the employment relationship to the
firm. First, there is the usual direct negative effect on effort, which exacerbates an
employed worker’s negative reciprocity response, and is present in both the initial and
subsequent employment period. Second, there is an indirect effect that comes from the
optimal initial contract becoming the worker’s reference wage: if the initial wage is
increasing in λ this provides a compounding negative effect on expected effort which
lowers profit; whilst if the initial wage is decreasing in λ there is a partially offsetting
positive effect on expected effort which increases profit. The following proposition
establishes that if a firm is considering contracting with a more loss averse worker, the
reservation productivity determining hiring unambiguously increases, independently
of how the initial wage contract adjusts.

Proposition 4. Consider a firm for whom δ > 0, with the initial reservation productivity
characterised by q̂(r0, λ, δ) = max{0, q0 : J0(r0, q0) = 0}. Then for any given r0, q0 and
λ′ > λ, q̂(r0, λ

′, δ) > q̂(r0, λ, δ).

Proof. See Appendix B.1. �

The firm’s hiring reservation productivity is based on the calculation of the expected
value of the two-period employment relationship. Since the initial wage contract is set
to satisfy the optimality condition in (1.10), a higher degree of loss aversion influences
profit only through its negative impact on the worker’s effort whenever w̃t < rt .

Therefore, the analysis formally suggests that independently of whether wage rigid-
ity reinforces or tempers the incentive to compress initial wages, the anticipation of
stronger negative reciprocity and wage rigidity unambiguously reduces a firm’s incen-
tive to hire.

1.5 Further Implications

The Role of the Reference Wage. One of the key features of the dynamic analysis
developed in this chapter is the assumption defining the worker’s adaptation of the
reference wage (Assumption A1: r1 = w̃0). Although being consistent with a large
body of evidence, this assumption abstracts from several other aspects of workers’
reference wage formation: i) adaptation can be slow and may not be symmetric; and
ii) workers’ perceptions of fairness at each negotiation date, namely r0 and r1, may be
influenced by more than just past wages.

This chapter has considered what can be defined as complete symmetric adaptation
of the reference wage. That is, it takes only one employment period for the worker
to adapt to the wage they are paid (complete); and this adaptation process is the
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same independently of whether the worker received a wage gift or an unfair wage in
their first employment period (symmetric). The implication of this assumption is that
both positive and negative reciprocity are only temporary phenomena, lasting for one
employment period only absent further changes in the wage. However, consider the
following, more general, adaptation rule:

rt =

{
α+w̃t−1 + (1 − α+)rt−1 if w̃t−1 > rt−1

α−w̃t−1 + (1 − α−)rt−1 if w̃t−1 ≤ rt−1,

where r0 is given, and α = {α−, α+} ∈ [0, 1] denotes the worker’s speed of adaptation.
If α = α− = α+ and α ∈ (0, 1), then adaptation would be partial, as it will take more
than one employment period to the worker to completely adapt their reference wage
to the previous wage (but it will still be symmetric). On the other hand, if α− < α+

adaptation would be asymmetric, that is, the worker will adapt more rapidly to wage
gifts than to unfair wages over time.33 Indeed, this chapter considered the case in
which α = α− = α+ = 1. Exploring the implications of asymmetries in reference
wage adaptation may help explain evidence that suggests negative reciprocity is not
only stronger, but also more persistent than positive reciprocity. Moreover, asymmetric
adaptation may exacerbate the firm’s cost of negative reciprocity when facing a loss
averse worker, neutralising its ability to reduce the likelihood and extent of the expected
negative reciprocity through wage compression.

Alternative formulations of the worker’s reference wage that may differ depending
on whether the worker is a new hire (at time 0) or an incumbent (at time 1) could
also be considered in this framework. For instance a newly hired worker’s reference
wage r0 could be influenced by the state of the labour market (as in Akerlof (1982) and
Summers (1988)); by the most recent wage contract paid in the previous employment
relationship (as considered in Koenig, Manning, and Petrongolo (2016)); or by the wage
of incumbent workers employed by the same firm (as the “equal treatment” hypothesis
of Snell and Thomas (2010) would suggest). On the other hand an existing/incumbent
worker’s reference wage r1 might be influenced by the wage of his peers outside the firm
(as in Keynes (1936), Bhaskar (1990) or Driscoll and Holden (2004)); by expectations
(as in Eliaz and Spiegler (2014)); or by the firm’s ability to pay (as in Danthine and
Kurmann (2007)). For example, if a worker considers the firm’s ability to pay, they
may revise their perceptions of fairness accordingly and accept a lower wage in periods
in which their firm is experiencing adverse economic conditions, without inducing a

33This latter consideration is supported by the experimental evidence on reference point adaptation
provided by, for instance, Arkes, Hirshleifer, Jiang, and Lim (2008, 2010): individuals (in this case
workers) adapt more rapidly to gains (gifts) than to losses (unfair wages).
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loss of morale and negative reciprocity. Investigating this insight could shed new light
on the importance of employers’ information disclosure for wage dynamics, through its
influence on workers’ perceptions of fairness as discussed by Kahneman et al. (1986)
and Bewley (1999) among others.

The model developed in this chapter provides a tractable framework within which
to consider these issues and understand their relative importance in employment rela-
tionships. These and several other aspects concerning reference wage formation will
be thoroughly discussed and analysed in Chapter 3 of the thesis.

History Dependence, Wage Dynamics, Hiring and Lay Offs. The dynamic analysis
of Section 1.4 highlights two additional important insights of the theory developed
in this chapter that can be informative to ongoing theoretical and empirical research
concerned with labour market fluctuations. Both insights are driven by the worker’s
adaptation of the reference wage—which carries the information contained in the wage
contract ŵ(r0, q0, λ, δ) from the initial employment period into the next—and by the
worker’s asymmetric reference-dependent reciprocity.

First, it has been shown that the anticipation of the costs related to negative reci-
procity and wage rigidity influence a forward-looking firm’s behaviour at the time of
hiring. This analysis has implications for understanding the effects of wage rigidity
for job creation and wage dynamics. In the literature concerned with labour market
fluctuations, much attention has been devoted to the effect of wage rigidity of newly
hired workers on firms’ job creation incentives (see for instance the discussion in Elsby,
Michaels, and Ratner (2015) and references therein). In contrast, the analysis has shown
that independently of what happens to the wage of newly hired workers, it is the antic-
ipated negative reciprocity and the expected wage rigidity in the second employment
period that reduce a firm’s incentive to hire. This result suggests that incorporating
the behavioural mechanisms into a richer macroeconomic framework could potentially
enhance the understanding of the effects of wage rigidities of existing/incumbent work-
ers on job creation and unemployment. In particular, wage rigidity could matter for
job creation to the extent that it negatively influences the continuation value of an
employment relationship once workers become incumbent and adapt their perception
of the fair wage to their initial wage contract. This analysis and its related implications
are the subject of Chapter 2

Second, the model reveals that the initial conditions which characterise the state of
the economy when a new employment contract is offered (captured by the information
contained in the two state variables r0 and q0) persist into the employment relationship
and influence the subsequent wage setting and layoff decisions made by the firm.
For instance, a worker who receives a higher initial wage contract due to favourable
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economic conditions (high q0) is more likely to be paid a higher wage in the subsequent
period than an otherwise identicalworker hired at a lowermatch productivity. Moreover,
all else equal, the worker employed at a higher wage also faces a greater ex-ante
probability of being laid off. This insight has implications for labour market models
that endogenise the job destruction rate through the derivation of a layoff reservation
productivity similar to q(r1, λ) (e.g. à la Mortensen and Pissarides (1994)). It also has
implications for empirical research that attempts to capture persistent effects of labour
market conditions at the time of hiring for the subsequent path of workers’ wages during
the employment relationship, and on their probability of being laid off (e.g. Beaudry
and DiNardo (1991); Schmieder and vonWachter (2010)). In the model presented here
this persistence depends on whether information about the state of the labour market is
incorporated in the reference wage by the worker at the time of hiring.

1.6 Conclusion

Inspired by evidence from anthropological and experimental research on labour mar-
kets, this chapter has advanced a microeconomic theory of wage setting behaviour
based on contractual incompleteness, fairness, reciprocity, and reference dependence
and loss aversion in the evaluation of wage contracts by workers. This approach has
permitted rigorous formalisation of several aspects of wage setting and the employment
relationship within a realistic and tractable model. By establishing a clear link between
assumptions and conclusions, the theory developed in this chapter provides novel in-
sights that explain the observed asymmetry and dynamics of workers’ reciprocity, and
identify the sources of wage rigidity, wage compression and hiring incentives.

A worker’s effort response to wage changes is formally characterised as being
reference dependent, where positive and negative reciprocity are defined as relative
deviations from normal effort, and loss aversion is identified as the psychological
foundation for the stronger intensity of negative reciprocity. Although this feature
has been the subject of conjectures by others (e.g. Campbell and Kamlani (1997),
Mas (2006), Bewley (2007) and Fehr et al. (2009)), the model developed here is the
first that formally derives a link between reference dependence, loss aversion and the
asymmetric nature of reciprocity from a worker’s optimal behaviour. Moreover, by
analysing the implications of this theory in a two-period employment relationship,
it has been established that the worker’s adaptation of the reference wage and the
relatively large cost of negative reciprocity are the key drivers of wage rigidity; and
that the reference-dependent nature of reciprocity, combined with adaptation, leads to a
dynamic “re-normalisation” of effort, consistent with the recent experimental findings



40 Chapter 1. A Theory of Reciprocity and Wage Setting Behaviour

of Sliwka and Werner (2017). As such the model stands as a general and realistic
micro-foundation for wage rigidity.

By analysing the consequences of these wage and effort dynamics, the chapter
draws new conclusions about their implications for a forward-looking firm’s incentive to
compress the initial wage (Elsby, 2009); and for the expected value of the employment
relationship, which in turn influences hiring decisions. It has been shown that the
primary behavioural mechanism that generates wage compression is the worker’s re-
normalisation of effort due to adaptation, even absent downward wage rigidity. In
fact, the presence of wage rigidity may strengthen or dampen the wage compression
incentive. Nevertheless, independently of how the initial wage adjusts, the anticipation
of stronger negative reciprocity and the expectation of wage rigidity unambiguously
reduces the expected value of the employment relationship, raising the reservation
productivity above which the firm will hire a worker.

The framework developed in this chapter lends itself as a tractable benchmark
model for the analysis of reference-dependent reciprocity, adaptation and wage rigidity,
and their effect on wage setting and hiring behaviour. As discussed in Section 1.5,
two main extensions have been identified. First, exploring the insights of the model
within a richer macroeconomic framework can potentially shed new light on the effects
of expected wage rigidity in long-term employment relationships for job creation and
wage dynamics. As discussed in Elsby et al. (2015) this aspect is not yet settled in
the theory of labour market fluctuations, and has drawn particular attention in light of
recent cross-country experiences following the Great Recession (Elsby et al., 2016).
Second, it will be interesting to analyse the predictions of the model under different
specifications of a worker’s reference wage. The choice of the initial wage as the
only determinant of an incumbent worker’s reference wage is motivated by the fact
that this hypothesis is the most corroborated in the empirical literature. However, like
every model based on reference dependence, predictions are sensitive to the choice of
reference point. Investigating if, and how, the conclusions derived might change is the
natural next step.

Therefore, a promising line of research lies in developing and combining these two
extensions. The remainder of the thesis unfolds around this route, providing a first step
towards a richer unified framework.



Chapter 2

Asymmetric Reference-dependent
Reciprocity and the Theory of
Equilibrium Unemployment

2.1 Introduction

Workers’ and firms’ attitudes toward wage setting have fundamental implications for
the cyclical behaviour of the labour market and for the determination of unemployment
in equilibrium. Grounded in the job flows approach and following the seminal work
of Shimer (2005), advances in the theory of labour market fluctuations have placed
particular emphasis on the role of rigidities in the wage determination of newly hired
workers to explain the observed volatility of vacancies and unemployment. This
literature has also shifted away from the view that downward wage rigidity in existing
jobs may be an important driver of large and persistent unemployment fluctuations.
Although undoubtedly present, this latter rigidity is irrelevant for the volatility of
job creation (Pissarides, 2009), and it appears unlikely to be the main driver of the
extraordinary long duration of unemployment (Elsby et al., 2016).

However, more recent evidence has shown that wage offers made to newly hired
workers are substantially pro-cyclical (e.g. Haefke et al. (2013)); and that the existing
theoretical framework cannot simultaneously accommodate the empirical volatilities of
both thewage component of the user cost of labour and the vacancy-unemployment ratio
(Kudlyak, 2014). Hence, although the existing literature on the subject is particularly
dense (see Mortensen and Nagypál (2007), Rogerson and Shimer (2011) and Elsby
et al. (2015) for surveys), it is not yet clear whether the emphasis on new hires’ wage
cyclicality is well placed, or what impact the wage rigidity of incumbent workers has
on the cyclical volatility of job creation.

41
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This chapter aims to shed light on these aspects by adopting a different, more
in-depth approach. Given the evident connection between microeconomic behaviour
within employment relationships and the resulting macroeconomic implications for
wage dynamics, job creation and unemployment, contemporary macroeconomic theory
would greatly benefit from the development of more micro-founded frameworks that
can describe in detail the actual behavioural incentives governing these outcomes.
Inspired by recent prominent attempts to bridge this gap (e.g. Snell and Thomas
(2010), Danthine and Kurmann (2010), Eliaz and Spiegler (2014) and Kuang and
Wang (2017)), the present chapter incorporates the microeconomic theory of wage
setting behaviour developed in Chapter 1 into a canonical search and matching model
à la Pissarides (1985, 2000).

This approach yields the following main contributions. First the macroeconomic
implications of asymmetric reference-dependent reciprocity, reference wage adaptation
and optimal wage setting behaviour for the determination of equilibrium unemployment
are explored. Here, it is established the existence of a unique, but distinct, steady-state
equilibrium outcome for each initial value of new hires’ wage entitlements in the labour
market.

Then, the chapter focuses on how asymmetric reciprocity and reference wage adap-
tation can influence firms’ wage setting and job creation decisions, in ways that enhance
the understanding of the amplitude and co-movement of vacancies and unemployment
over the business cycle. First, by appealing to the reciprocity effects of wage changes on
firms’ output, the analysis demonstrates that the cyclicality of the hiring wage is irrel-
evant for the volatility of the vacancy-unemployment ratio. Moreover, by considering
the impact of workers’ wage entitlements, their intrinsic motivation and their negative
reciprocity on the present value of a new match, the analysis offers a qualitative and
quantitative assessment of how these novel behavioural aspects can result in increased
volatility of job creation. Finally, when uncertainty around the evolution of a job match
productivity is introduced, it is shown that the expected downward rigidity in the wage
of incumbent workers—that is, the anticipation of stronger negative reciprocity in the
event of a wage cut—negatively influences the expected present value of new employ-
ment relationships, dampening hiring incentives and increasing the volatility of both
job creation and unemployment.

Building on the theory developed in Chapter 1, wage setting behaviour is formalised
as a two-stage game where firms (the first movers) make take-it-or-leave-it wage offers
to workers (the second movers). Workers evaluate wage contracts with respect to a
reference “fair”wage and are loss averse. Heterogeneity amongworkers is imposed only
on the basis of their employment status and reference wage. Newly hired workers arrive
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at firms with an exogenously-given reference wage. Incumbent workers are instead
characterised by adaptation: their reference wage is endogenously determined by the
wage they were paid in the previous employment period. Employed workers’ optimal
choice of effort, in light of the wage paid by firms, yields a wage-effort relationship
where loss aversion implies a kink at the referencewage, characterising their asymmetric
reference-dependent reciprocity (see Chapter 1). Asymmetric reciprocity combined
with adaptation of the reference wage influence firms’ optimal wage policy. A firm
that is setting the optimal wage faces an inter-temporal trade-off at the margin between
the benefit of a higher wage today, i.e. higher effort, versus the cost associated with
employing a worker with a higher reference wage in the future due to adaptation. In
addition, the discontinuity at themargins induced by the kinkedwage-effort relationship
is such that for a range of possible initial conditions at the start of an employment
relationship, a firm is better off by paying a new hire their reference wage. Within this
framework optimal wage setting yields a range of wage solutions, the realisation of
which is shown to depend upon new hires’ (exogenous) wage entitlements at the start
of the job.

By embedding these theoretical results into an otherwise standard search andmatch-
ing framework, the model generates a unique, but distinct, path-dependent steady-state
equilibrium, which can be ranked in terms of wage levels, new hires’ morale and reci-
procity, and vacancy and unemployment rates. This result hinges crucially on workers’
asymmetric reference-dependent reciprocity and it is a natural implication of firms’
optimal wage setting behaviour. The discontinuity that affects firms’ marginal trade-off
in their maximisation problem translates into three possible combinations of wages and
effort in the steady state. This in turn affects the anticipated present value of profit from
a new employment relationship, and ultimately determines the firms’ optimal job cre-
ation decisions. Importantly, the determination of which steady state will characterise
the labour market depends crucially on the level of the new hires’ reference wage at the
time of hiring, and not on their reservation wage. In fact, as long as there exists a wedge
between a workers’ reservation wage and their reference wage, the results derived in
this chapter will hold.1

1It can be useful to clarify the conceptual distinction between a worker’s reservation wage and a
worker’s reference wage. The reservation wage is the wage below which a worker would optimally turn
down a job offer, stay unemployed and continue to search for jobs. The reference wage instead is a
concept that captures a worker’s perception of what is a fair wage, that is, the wage level relative to
which the worker evaluates the fairness of a wage contract. While the possibility that the two might
coincide should not be ruled out, this chapter considers the case where they do not; thus, for simplicity,
the worker’s reservation wage is set to be zero. In fact, so long as the worker’s reservation wage is not
binding—i.e. so long as a wage offer exceeds the reservation wage—firms’ anticipation of how workers
evaluate wage contracts relative to a reference “fair” wage generates additional “behavioural” constraints
to their wage setting and hiring decisions.
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This framework is used to contribute to an important, yet unsettled, debate in
the theory of labour market fluctuations. In a highly influential work Shimer (2005)
pointed out the quantitative failure of the canonical search and matching model to
replicate the observed volatility of vacancies and unemployment over the business cycle.
Despite providing a theoretical puzzle to solve, the understanding of the determinants of
fluctuations in vacancies and unemployment has become particularly important in the
recent years, in light of the different cross-country labour market experiences observed
in the aftermath of the Great Recession (see Elsby et al. (2016)). To date, the literature
has developed two main streams of thought.

On one hand, following the insight of Shimer, a large body of theoretical work has
emphasised the role of wage rigidity, or wage stickiness, as a potential resolution to
the puzzle (see Mortensen and Nagypál (2007) and Rogerson and Shimer (2011) for
surveys).2 Essentially, by making the hiring wage less responsive to shocks, changes
in aggregate productivity will generate larger fluctuations in firms’ present value of
profit from a new match, and hence in vacancies and unemployment. However this
theoretical position has not received much support from recent empirical evidence,
which has shown that wage offers to newly hired workers are instead substantially pro-
cyclical.3 Moreover, by applying the notion of the user cost of labour, and showing
that this can be even more cyclical than the hiring wage, Kudlyak (2014) draws the
conclusion that wage rigidity and wage formation cannot contribute to solving the
puzzle. On the other hand, in response to Shimer’s argument, several authors (e.g.
Mortensen and Nagypál (2007), Pissarides (2009), Kennan (2010)) have pointed out
that it is the actual size of the match surplus gained by firms that is relevant for the
volatility of job creation: only if this surplus is sufficiently small will slight changes
in productivity generate large fluctuations in the present value of profit, and therefore
in vacancy creation (see, for instance, Elsby et al. (2015) and Ljungqvist and Sargent
(2016) for a complete exposition of this argument).

Building on these perspectives, the contribution of this chapter rests on three main
results. First, in contrast to the existing theoretical literature, it is shown that in the
presence of reference-dependent reciprocity the cyclicality of the hiring wage is irrele-
vant for the volatility of vacancies and unemployment. Essentially, as a consequence of

2Wage rigidity is defined as the acyclical behaviour of wages, i.e. when wages do not adjust to shocks
(downward/upward or both); while wage stickiness is defined as a less than proportional cyclicality of
wages with respect to aggregate productivity, i.e. when the wage-productivity elasticity is less than one
(Pissarides, 2009). In the search and matching literature these terms have been used interchangeably,
sometimes referring to the latter and sometimes to the former (e.g. Hall (2005b), Mortensen and Nagypál
(2007), Michaillat (2012)).

3See the survey in Pissarides (2009) and the recent evidence from Martins et al. (2012), Carneiro
et al. (2012), Haefke et al. (2013) and Stüber (2017).
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optimal wage setting behaviour, any wage change triggered by a change in productivity
will also generate a counteracting change in workers’ effort at the margins, which in
turn positively (or negatively) affects output and leaves a room for the productivity
shock to be fully absorbed by firms’ anticipated present value of profit. As such the
present framework produces theoretical results that are consistent with the empirical
estimates of the volatilities of both the hiring wage and the vacancy-unemployment
ratio.

Second, the analysis investigates how the novel behavioural aspects introduced in
the present framework can affect firms’ anticipated present value of a new employment
relationship and, therefore, the elasticity of labour market tightness. The results are:
i) higher wage entitlements in the market increase the volatility of vacancies and
unemployment, either by dampening workers’ reciprocity, or by making labour more
costly; ii) higher workers’ intrinsic motivation, subsumed by the notion of normal effort,
decreases volatility by increasing firms’ profit margins; and iii) whenever firms expect
to hire workers with relatively high reference wages, the anticipation of a greater extent
of negative reciprocity, that is, the anticipation of a greater cost of hiring “de-moralised”
workers, acts to reduce firms’ expected value of a new match, increasing volatility. To
assess the quantitative relevance of these behavioural mechanisms, a simple calibration
exercise is undertaken inwhich new hires are assumed to be heterogenous on the basis of
their initial reference wage. Here it is shown that there exists a variety of combinations
of the behavioural parameters that could achieve the observed elasticity of market
tightness; and that, for plausible parameter values, the framework developed in this
chapter can simultaneously deliver plausible elasticities of both the hiring wage and
labour market tightness, overcoming one of the issues mentioned by Kudlyak (2014).4

Third, in contrast with Pissarides (2009) and in support of the qualitative insight
of Eliaz and Spiegler (2014), by introducing uncertainty around the evolution of a
job match productivity at the time of hiring, it is shown that the expected downward
rigidity in the wage of incumbent workers does matter for job creation. Eliaz and
Spiegler (2014) emphasise the effect of future downward wage rigidity—due to a
random degree of contractual incompleteness—on the firms’ expected duration of a
new match. On the other hand, in this chapter it is shown that even if incumbent
workers’ wage rigidity does not generate endogenous layoffs, it is the relatively large
expected cost of implementing wage cuts—that is, the anticipation of stronger negative
reciprocity by incumbent workers—which negatively influences firms’ expected present
value of new employment relationships, dampening hiring incentives and increasing
the volatility of both job creation and unemployment.

4See Section A.2.4 of Appendix A.2 for a close comparison with the analysis of Kudlyak (2014).
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The remainder of the chapter is organised as follows. Section 2.2 extends the
theory in Chapter 1 to an infinite horizon environment, and derives workers’ optimal
effort decision and firms’ optimal wage setting policy. Section 2.3 embeds this model
into a canonical search and matching framework without uncertainty; and Section 2.4
characterises the resulting steady-state equilibria and analyses their comparative statics
and transitional dynamics properties. Section 2.5 studies the qualitative and quantitative
implications of this framework for the theory of labour market fluctuations and Section
2.6 introduces uncertainty. Section 2.7 provides some concluding remarks. Additional
material referred to throughout the chapter is included in Appendix A.2.

2.2 The Employment Relationship and Wage Setting
Behaviour

This section describes the key features of a representative infinite-horizon employment
relationship between a worker and a firm in a deterministic environment. The worker’s
optimal effort function and the firm’s optimal wage setting policy are characterised and
discussed.

Consider a worker-firm employment relationship that starts in some initial period
denoted by τ. The firm’s instantaneous profit function πt in each t ≥ τ is given by the
difference between the per-worker value of output yt (the price of which is normalised
to 1) and the wage paid wt . The value of output yt is assumed to be a function of a
match productivity q, an aggregate productivity p and the level of effort et chosen by
the worker. Both q and p are parametric and time-invariant.

At the beginning of each employment period t ≥ τ the firm learns the worker’s
reference wage, denoted by rt , and decides on the wage to offer to the worker. Sub-
sequently the worker evaluates the wage offer received relative to their reference wage
and decides on a level of effort et . Wage setting behaviour is therefore formalised as
a two-stage game where firms have complete and perfect information and make take-
it-or-leave-it wage offers to workers: the worker (the second mover) chooses optimal
effort for any given wage offer by the firm relative to their reference wage; the firm (the
first mover), infers this optimal effort response and chooses the optimal wage, taking
the worker’s reference wage as given (the only state variable of the firm’s problem).

Following the logic of backward induction, the reminder of this section considers
first the maximisation problem of the worker, which will characterise their optimal
effort response, and then the maximisation problem of the firm, which will characterise
the optimal wage setting policy.
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2.2.1 Workers

At the beginning of each period t a worker can be in one of three states: unemployed,
if t < τ; employed as a new hire, if t = τ; or employed as an incumbent, if t > τ. This
can be formalised by assuming that at the beginning of each t a worker is characterised
by one of three employment status Ct = {U, N, E} where

Ct =


U ∀t < τ

N ∀t = τ

E ∀t > τ,

and in which U stands for unemployed, N stands for newly hired, and E stands for
existing worker or incumbent. A worker is assumed to evaluate wage contracts with
respect to a reference “fair” wage. The worker’s reference wage at the beginning of
each t depends on their employment status Ct , that is

rt = rt(Ct) ≡ rC,t ∀t ≥ τ.5

Hence:

A1. ∀t ≥ τ, and Ct = {N, E},

rC,t =

{
rN,t ≥ 0 given if t = τ

rE,t = wt−1 if t > τ.
(2.1)

Assumption A1 imposes a crucial distinction between newly hired and incumbent
workers, entirely captured by their reference wage: a newly hired worker is assumed to
have a non-negative exogenously-given reference wage, while an incumbent’s reference
wage is assumed to be determined (endogenously) by the wage they were paid in
the previous employment period. Incumbent workers are therefore characterised by
reference wage adaptation (as in Chapter 1). The evolution of a typical worker’s
employment status and reference wage over time is illustrated in Figure 2.1.

The workers’ problem

Following the theory developed in Chapter 1, the instantaneous utility function for all
t ≥ τ of employed workers with employment status Ct = {N, E} takes the following

5Indeed this assumption holds only for employed workers. Unemployed workers are not engaged yet
in employment relationships and do not have to evaluate wage offers until they are matched.
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t t + 1 t + 2

τ − 1 τ τ + 1

Search 1st Employment Period 2nd Employment Period

Unemployed
Ct = U

New Hire
Ct = N

Incumbent
Ct = E

rN,t given rE,t = wt−1

Figure 2.1:
The Evolution of Workers’ Employment Status and Reference Wages

form:

u(et ;wt, rC,t) = m(wt) + ξn(wt |rC,t) + b(et) − c(et) + M(et ;wt, rC,t),

where m(·) captures the effect of absolute wage levels on the worker’s utility; b(e)

represents the worker’s intrinsic psychological benefit of being productive, and c(e)

their intrinsic psychological and physical cost of productive activity; M(et ;wt, rC,t) ≡

g(et)n(wt |rC,t) is the morale function, and n(wt |rC,t) ≡ µ(·), where µ(·) is a piece-wise
linear gain-loss utility:

µ(m(wt) − m(rC,t)) =

{
η[m(wt) − m(rC,t)] if wt ≥ rC,t
λη[m(wt) − m(rC,t)] if wt < rC,t

(2.2)

in which η > 0 is a scaling parameter and λ ≥ 1 is the worker’s degree of loss aversion.
Since the this chapter aims to derive closed-form analytical solutions, to proceed with
the analysis consider the following set of assumptions:

W1. m(x) = ln x.

W2. b(e) = be, c(e) = e2/2.

W3. g(e) = e.

W4. η = 1, λ ≥ 1.

These functional forms are consistent with assumptions W1-W4 of Chapter 1. Note
that a worker’s psychological and physical cost of effort is assumed to be quadratic.

Definition 1. For any given sequence of optimal wage offers {wt}
∞
t=τ set by the firm,

in each t ≥ τ a worker with employment status Ct = {N, E} chooses a sequence of
levels of effort {et}

∞
t=τ that maximises their utility, given their evaluation of the wage in

relation to their reference wage rC,t .
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In an employment relationship starting in period t = τ, the employed worker’s
problem can be written as a discrete-time infinite-horizon sequence problem:

Wτ(wτ, rτ, Cτ) = max
{et }∞t=τ

∞∑
t=τ

ψt−τu(et ;wt, rC,t)

s.t. wt given ∀t ≥ τ

rC,t =

{
rN,t ≥ 0 given if t = τ

rE,t = wt−1 if t > τ.

(WP)

where Wτ(wτ, rτ, Cτ) is the value function of the employment relationship of a newly
hired worker with employment status Cτ = N; the factor ψ ∈ (0, 1) is given by
ψ ≡ δ(1 − ρ), where δ ∈ (0, 1) is the discount factor and ρ ∈ (0, 1) is an exogenous
job destruction probability; wt and rC,t are the two state variables and et is the control
variable. Notice that the worker’s choice of effort in each employment period does not
affect the evolution of the state variables.

The optimal effort choice

Denote the solution to the worker’s problem (WP) by ẽt = ẽ(wt, rC,t, λ), which deter-
mines the optimal level of effort at each t ≥ τ for given values of the state variables
wt and rC,t . The employed worker’s optimal effort is therefore characterised by the
following first-order condition, which is both necessary and sufficient for an optimum:

Ω(et ;wt, rC,t, λ) ≡
∂u(et,wt, rC,t)

∂e
= b − et + µ(lnwt − ln rC,t) = 0. (2.3)

The following proposition is the infinite-horizon analog of Theorem 1, Chapter
1, characterising the optimal effort policy of a worker with employment status Ct =

{N, E}.

Proposition 5. For all t ≥ τ, and for any given wage offer wt relative to their reference
wage rC,t , workers with employment status Ct = {N, E} are characterised by the
following optimal effort function:

ẽt = ẽ(wt, rC,t, λ) =


ẽn + lnwt − ln rC,t ≡ ẽ+

C,t if wt > rC,t
ẽn ≡ ẽn if wt = rC,t
ẽn − λ[ln rC,t − lnwt] ≡ ẽC,t(λ)− if wt < rC,t

(2.4)

where ẽn = b denotes “normal” effort; and ẽ+
C,t > ẽn > ẽC,t(λ)−.

Proof. See Appendix B.2. �
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The optimal effort function defined by (2.4) captures an employed worker’s asym-
metric reference-dependent reciprocity, and retains the same qualitative properties of
the optimal effort function derived in Chapter 1.6

2.2.2 Firms

At the beginning of each t a firm can be in one of the following three stages: the
vacancy posting stage, if t < τ, searching for unemployed workers with employment
status Ct = U; the first operating period of production, if t = τ, employing a newly
hired worker with employment status Ct = N; or the second (or subsequent) operating
period of production, if t > τ, employing an incumbent worker with employment status
Ct = E .

The firms’ problem

For all t ≥ τ the instantaneous profit function of an operating firm takes the following
form:

π(wt ; yt) = y(ẽt) − s(wt),

where s(wt) is the per-worker labour cost, y(ẽt) is the per-worker value of output, and
ẽt = ẽ(wt, rC,t, λ) is the worker’s optimal effort choice given by (2.4), inferred by the
firm at the beginning of each employment period. Consistent with assumptions F1-F2
of Chapter 1, it is assumed that:

F1. y(e) = pqe.

F2. s(w) = w.

Note that output is linear in the worker’s effort.

Definition 2. The firm’s wage setting problem in each t ≥ τ consists of choosing
a sequence of wages {wt}

∞
t=τ that maximises its profit, taking as given the employed

worker’s reference wage rC,t and their optimal effort responses, defined by the sequence
{ẽt}

∞
t=τ.

Before stating the problem formally, two observations are worth noting. First, the
operating firm’s instantaneous profit can be rewritten as a function of wt and rC,t only,
after substituting the worker’s optimal effort function:

π(wt ; rC,t) = y(ẽ(wt, rC,t, λ)) − wt .

6The linearity of ẽt with respect to the gain-loss function µ(lnwt − ln rt ) is due to the quadratic form
assumed for c(e) (Assumption W2).
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Second, the firm’s problem is essentially a stationary dynamic optimisation problem:
in each t ≥ τ the problem reduces to the choice of the optimal wage wt = rC,t+1, given
a worker’s reference wage rC,t . All other variables are parametric and time invariant by
definition.

Hence, for a given initial period τ, which defines the beginning of the employ-
ment relationship, an operating firm’s wage setting problem can be formalised by the
following stationary sequence problem:

J(rτ, Cτ) = max
{wt }

∞
t=τ

∞∑
t=τ

ψt−τπ(wt ; rC,t)

s.t. rC,t =

{
rN,t ≥ 0 given if t = τ

rE,t = wt−1 if t > τ.

(FP)

where J(rτ, Cτ) is the firm’s value function of the employment relationship with a newly
hired worker of employment status Cτ = N; the factor ψ ∈ (0, 1) is a combination of
δ ∈ (0, 1) and ρ ∈ (0, 1) as previously defined; rC,t is the state variable and rC,t+1 = wt

is the control variable. For any initial condition given by the newly hired worker’s
reference wage rN ≥ 0 in τ, at the beginning of each t ≥ τ the firm’s problem consists
of setting the optimal wage wt , and hence the next period incumbent worker’s reference
wage rC,t+1, for a given reference wage rC,t . As such, both the objective function and
the firm’s instantaneous profit function do not explicitly depend on time.

The optimal wage setting policy

The relevant functional equation corresponding to the firm’s problem in (FP) can
therefore be written in the following recursive form:

J(rC) = max
w≥0
{π(rC,w) + ψJ(w)}, (2.5)

where rC corresponds to the current period worker’s reference wage and w corresponds
to the current periodwage and the following periodworker’s referencewage. According
to this formulation the operating firm’s problem consists of choosing not a sequence
{wt}

∞
t=τ, but a time-invariant policy function w̃ = w̃(rC, λ), which determines what the

next period worker’s reference wage rC,t+1 (the control) will be for a given worker’s
reference wage rC,t (the state) in the current employment period.

The operating firm’s optimal wage policy is characterised by the following first-
order condition (Euler equation), which is both necessary and sufficient to characterise
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an optimum:7
∂π(rC,w)

∂w
+ ψJ′(w) = 0,

so long as w , rC . This condition is sufficient to solve for the optimal policy w̃ if
the form of the J(·) function were known. However, since this function is determined
recursively as part of the optimisation problem, an additional condition is needed,
that is obtained by applying the equivalent of the Envelope Theorem for dynamic
programming. Thus, differentiating (2.5) with respect of the worker’s reference wage
rC yields

J′(rC) =
∂π(rC,w)

∂r
.

Combining the two latter conditions, and using the fact that π(rC,w) = y(ẽ(w, rC, λ))−w,
the condition that characterises the optimal wage policy is given by

Υ(w; rC, λ) ≡
∂y(ẽ)
∂e

∂ẽ(w, rC, λ)
∂w

− 1 + ψ
∂y(ẽ′)
∂e

∂ẽ(w′, r′
C
, λ)

∂r
= 0 (2.6)

for all w , rC . The intuition behind condition (2.6) is the following. Since the worker’s
effort is increasing in the wage w and decreasing in the reference wage rC , the firm will
choose the optimal wage such that themarginal benefit in terms of positive reciprocity—
or less negative reciprocity—is equalised to the marginal cost of paying a higher wage
in the current employment period, net of the additional expected discounted marginal
cost of employing a worker with a higher reference wage in the subsequent employment
period.8

Suppose that a worker is characterised by a “relatively low” reference wage rC = r′

such that, for some values of q, p and other parameters determining profit, the firm
optimally pays a wage gift above the worker’s reference wage, denoted by w̃+L > r′. Now
consider instead a worker with a “relatively high” reference wage rC = r′′ > r′ such
that the firm optimally pays a wage below their reference wage, perceived as unfair,
denoted by w̃−H < r′′. Due to workers’ asymmetric reference-dependent reciprocity
(when λ > 1), the wage paid to a worker with r′′ > r′ will be greater than the wage paid
to a worker with r′, all other parameters being equal: w̃−H > w̃+L if λ > 1. The intuition
behind this preliminary conjecture is that the firm employing the worker characterised
by r′′ will have to compensate for their stronger negative reciprocity, which is triggered
by the wage w̃−H < r′′ being perceived as unfair. Finally, consider a worker with a

7The technical details which ensure that this condition is sufficient, as well as others relevant for the
characterisation of the firm’s optimal wage policy are discussed in the proof of Proposition 6.

8This condition is the infinite-horizon analog of the first-order condition (1.10), Chapter 1, and
extends the insight discussed therein in relation to a firm’s wage compression incentive to a more general
set up without uncertainty.
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“moderate” reference wage rC = r′′′ ∈ (r′, r′′), such that it is optimal for the firm to pay
them the fair wage w̃=M = r′′′. If there exist a range of reference wages r′′′, say, between
rL and rH , under which this is the optimal wage policy, then there also exists a range of
optimal wages w̃=M = r′′′ ∈ [rL, rH].

As formally established by the following proposition, this range exists in the pres-
ence of asymmetric reference-dependent reciprocity (λ > 1).

Proposition 6. For all t ≥ τ and for any given worker’s reference wage rC , the
time-invariant optimal wage policy of operating firms employing a worker of employ-
ment status Ct = {N, E}, characterised by asymmetric reference-dependent reciprocity
ẽ(wt, rC,t, λ) with λ > 1 and adaptation rC,t+1 = wt , is given by

w̃t = w̃(rC,t, λ) =


pq(1 − ψ) ≡ w̃+L if rC,t < rL

rC,t ≡ w̃=M if rC,t ∈ [rL, rH]

λpq(1 − ψ) ≡ w̃H(λ)
− if rC,t > rH(λ)

(2.7)

where

rL ≡

{
rC,t : lim

ε→0
Υ(rC,t + ε ; rC,t, λ) = 0

}
rH(λ) ≡

{
rC,t : lim

ε→0
Υ(rC,t − ε ; rC,t, λ) = 0

}
.

Moreover, rH(λ) = λrL , which implies that if λ = 1 then rH(1) = rL and w̃H(1)− = w̃L .

Proof. See Appendix B.2. �

In support of the preceding discussion, Proposition 6 shows that the firm’s wage
setting policy crucially depends on the level of a worker’s reference wage. If a worker’s
reference wage is relatively low, the firm will pay them a relatively low wage, which
will then be perceived as a gift w̃+L > rC,t ; if a worker’s reference wage is relatively
high, the firm will pay them a relatively high wage, which will however be perceived
as unfair w̃H(λ)

− < rC,t ; while if a worker has a relatively moderate reference wage
rC,t ∈ [rL, rH], then the firm will pay them their fair wage w̃=M = rC,t . These results are
illustrated in Figure 2.2 below.

Hence Proposition 6 establishes the existence of a range of worker’s reference wages
within which it is optimal for the firm to pay them their reference wage. This result
hinges crucially on the worker’s asymmetric reference dependent reciprocity that stems
from their extent of loss aversion λ > 1. Whenever a firm is facing a worker with a
moderate reference wage rC,t ∈ [rL, rH], the marginal benefit of setting a lower, but
unfair, wage wt < rC,t will not be sufficient to offset the marginal cost generated by the
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Figure 2.2:
Optimal Wage Setting Policy

worker’s negative reciprocity; similarly, the marginal benefit derived from the worker’s
positive reciprocity, generated by the wage wt > rC,t being perceived as a gift, will not
be enough to offset the marginal cost of paying a higher wage and having to employ
a worker with a higher reference wage. In fact, if reciprocity were symmetric, i.e. if
λ = 1, these trade-offs at the margins would disappear and the optimal wage set by the
firm would be unique for any given rC,t .

Note that the optimal wage setting policy (2.7) established by Proposition 6 also
implies that, for any given rC,t = rN at the start of an employment relationship in period
t = τ, the solution to the firm’s first-order condition (2.6) automatically characterises
the steady-state equilibrium wage of the worker-firm employment relationship. This
conclusion relies on three main assumptions of the environment modelled in this
section: i) the firm’s output is linear in effort, i.e. the production function exhibits
constant returns to effort (Assumption F1); ii) the worker’s psychological/physical cost
of effort are quadratic (AssumptionW2)—i.e. the optimal effort function is linear in its
gain-loss component µ(·); and iii) an employed worker is characterised by a complete
symmetric adaptation of the reference wage (Assumption A1). Assumption i) and ii)
imply that the first-order condition characterising the optimal wage is a function of wt

and the model’s parameters only, i.e. the optimal wage policy w̃ does not explicitly
depend on the current level of rC,t , but only on its initial level in period t = τ; while
assumption iii) is such that for any given optimal wage w̃t at t = τ, from t > τ onwards
it will be the case that rC,t = w̃t , implying that rC,t = rE ∈ [w̃

+
L, w̃H(λ)

−] for all t > τ,
which characterises a steady-state. This latter argument is summarised by the following
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Corollary to Proposition 6.9

Corollary 1. In worker-firm employment relationships that start in t = τ, where firms’
output is linear in workers’ effort (Assumption F1); workers’ cost of effort is quadratic
(Assumption W2); and in which employed workers in t > τ are characterised by
complete symmetric adaptation of their reference wage: rC,t = rE = wt−1 (Assumption
A1); a firm’s optimal wage setting policy also characterises the steady-state equilibrium
wage, which is entirely determined by a worker’s initial reference wage at the start of
the employment relationship rC,t = rN . Hence w̃t = w̃ ∈ [w̃+L, w̃H(λ)

−] for all t ≥ τ.

The implications of Corollary 1 are discussed more in detail in Section 2.4.

2.3 A Search and Matching Framework

This section develops a canonical search and matching framework where worker-firm
employment relationships and wage setting behaviour are modelled following the set
up developed in Section 2.2.

2.3.1 Search Frictions and Unemployment Dynamics

Consider a labour market with a continuum of infinitely lived identical firms and a
continuum of measure one of infinitely lived workers who differ only with respect to
their employment status Ct = {U, N, E}. Firms maximise the present discounted value
of per-worker profit and workers maximise the present discounted value of utility as
expressed by problems (FP) and (WP) respectively in Section 2.2.

The unemployment rate is ut , the employment rate is nt and the vacancy rate is
vt .10 The number of job matches taking place per unit time is mt , where mt = m(ut, vt)

is a standard matching function assumed to be increasing in both arguments, concave,
and linearly homogeneous. Since the purpose of this chapter is to derive explicit
form/analytical solutions of the relevant equilibrium outcomes, the matching function
is assumed to be a standard Cobb-Douglas:

M1. m̄(u, v) = m̄uσv1−σ.

9Notice that by relaxing either F1 or A1 the model can potentially generate endogenous persistence in
reciprocity and wage dynamics. Since this chapter is mainly concerned with the steady-state properties
of the model, the analysis of a richer out-of-steady-state dynamics implied by considering more general
assumptions is not pursued. Nevertheless, the dynamic implications that result from relaxingAssumption
A1 are thoroughly analysed in Section 3.5.1, Chapter 3. Relaxing assumption F1, i.e. considering
decreasing returns to effort, will also generate similar results.

10Since workers are assumed to be a continuum of measure one, the labour force is constant and fixed
normalised to Lt = 1. Hence ut , nt and vt can also be interpreted as the number of unemployed workers,
employed workers or vacancies in the market in period t respectively.
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The parameter m̄ captures the efficiency of matching and σ ∈ (0, 1) is the match
elasticity. Let the tightness of the labour market be defined by θt = vt/ut . The
probability that a vacant job is matched with a worker is m̄(ut, vt)/vt = m̄θ−σ ≡

h(θt), h′(θt) < 0, whilst the probability of an unemployed worker making contact with
a vacancy is m̄(ut, vt)/ut = m̄θ1−σ ≡ f (θt), f ′(θt) > 0.When the labour market is tight,
i.e. θt is large, from the perspective of firms it is harder to find workers and hence the
probability of matching with an unemployed worker is lower; on the other hand, from
the workers’ perspective the probability of matching with an open vacancy is greater if
θt is large, since the number of vacancies relative to the number of unemployed workers
is greater. These aspects synthesise the main assumptions that generate the search, or
congestion, externality which underlies the theory of equilibrium unemployment based
on search frictions (see for instance Pissarides (2000)).

The parameters of the model (and in particular, the employed workers’ normal effort
ẽn) are assumed to be such that every worker-firm match is mutually advantageous: all
the unemployed workers of employment status Ct = U that are matched with firms are
hired.11 As such, f (θt) represents the job-finding rate. On the other hand, employed
workers of employment status Ct = {N, E}move into unemployment at a rate ρ ∈ (0, 1),
which has been defined as the exogenous job-destruction rate.

Hence, ρ(1 − ut) captures the number of workers that enter unemployment in each
t and m̄(ut, vt) = f (θt)ut captures the number of workers that are matched and hired,
leaving unemployment in each t. The evolution of mean unemployment can therefore
be expressed by the difference between these flows, in and out of unemployment:

∆ut+1 = ρ(1 − ut) − f (θt)ut, u0 given. (2.8)

11By this it is implicitly assumed that firms’ zero-profit condition at the time of hiring is always
satisfied, and that any wage offer is such that the value to workers of being employed is greater or equal
to the value of being unemployed. The former assumption has been widely used in the literature (see
for instance Pissarides (1987, 2000)), whilst the latter is a simplification which implies that unemployed
workers matched with firms will accept any wage offer (as for instance in Michaillat (2012)). In the
present framework this assumption is useful to maintain the focus on firms’ job creation decisions, and
to ensure that the condition determining unemployed workers’ reservation wage is always satisfied. Note
that in this context, a worker could accept an employment contract that pays a wage they perceive to be
unfair. In fact it is not inconceivable that a worker might prefer to be employed at a wage perceived as
unfair, rather than remaining unemployed. Being unemployed is a social status that bears many negative
aspects beyond those that can be offset by accounting for the benefits of some unemployment insurance
or leisure (e.g. scarring). Moreover, as long as there realistically exists a wedge between a worker’s
return from being unemployed and the value of being employed, the results derived hereafter will hold.
The conditions that need to be satisfied by the parameters of the model in order for this assumption
to hold are derived in Appendix A.2 (see the Subsection A.2.1 for the effort condition, and A.2.2 for
the reservation wage condition). Finally note that a numerical simulation of the model reveals that if
the firms’ zero profit condition is satisfied, i.e. if workers’ normal effort is sufficiently high, then the
workers’ reservation wage condition is also always satisfied.
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The difference equation (2.8) represents what is known in the literature as the unem-
ployment dynamics equation (Pissarides, 2000).

2.3.2 Value Functions and Job Creation

The environment described so far is consistent with a labour market in which each
period t is characterised by a number of firms searching for unemployed workers
Ct = U; a number of firms employing newly hired workers Cτ = N; and a number of
firms employing incumbent workers Ct = E .

The value of a vacancy to the firm is denoted by Vt ; the value of a job filled by a
newly hired worker by J(rN,t); and the value of a job filled by an incumbent worker by
J(rE,t). The value of a job filled by a newly hired worker, in any t = τ, satisfies

J(rN,t) = y(ẽt) − w̃t + δ
[
(1 − ρ)J(rE,t+1) + ρVt+1

]
, ∀t = τ, (2.9)

while the value of a job filled by an incumbent worker, in any t > τ, satisfies

J(rE,t) = y(ẽt) − w̃t + δ
[
(1 − ρ)J(rE,t+1) + ρVt+1

]
, ∀t > τ. (2.10)

Finally, let κ be a time-invariant cost of posting a vacancy. The value of a vacancy for
a firm, that is facing the probability of matching and hiring an unemployed worker in
t < τ to start an employment relationship in t + 1 = τ, can be expressed as

Vt = −κ + δ
[
h(θt)J(rN,t+1) + (1 − h(θt))Vt+1

]
, ∀t < τ. (2.11)

That is, the value of a vacancy in each t is given by the difference between the current
cost of posting a vacancy κ and the expected discounted profit gained by the firm in
the following period δJ(rN,t+1) given the probability h(θt) of matching and hiring a
newly hired worker with reference wage rN,t+1, plus the value of posting a vacancy in
the following period if matching does not occur.

To derive a condition governing firms’ job creation decisions, following the standard
approach in the literature, it is assumed that there is free entry, so that firms will enter in
the market and exploit all profit opportunities from hiring unemployed workers, driving
the value of vacancies to zero, i.e. Vt = 0 ∀t.12 Hence, rearranging equation (2.11)
and making use of the free-entry condition yields the job creation condition, which
characterises the optimal vacancy posting decision of firms, subsumed in the value of

12This condition holds both in and out of steady state (Pissarides, 2000, p.29).
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θt that satisfies the following equation:

κ

h(θt)
= δJ(rN,t+1). (2.12)

This condition requires that firms will hire workers until the cost κ of posting a vacancy,
multiplied by the expected duration of the vacancy 1/h(θt), equals the expected present
discounted value of a new employment relationship δJ(rN,t+1)with a newly hiredworker
with reference wage rN . The left-hand side captures the effective cost of creating a
vacancy while the right-hand side captures the expected benefit.

2.4 Equilibrium Analysis

The main purpose of this section is to characterise the steady-state equilibrium of
the model and to analyse its properties. Before providing a formal characterisation
however, let us define the equilibrium path of the labour market, and recap the key
aspects concerning workers’ and firms’ optimal decisions as well as the evolution of
the two state variables of the model, namely rC,t and ut .

The control variables of the system are: 1) the employed workers’ optimal effort
choice ẽt , which maximises utility given their matched firm’s optimal wage offer w̃
evaluated relative to their reference wage rC,t ; 2) the optimal time-invariant wage policy
set by firms w̃, which maximises their present discounted value of profit taking as given
their employed workers’ reference wage rC,t for all t ≥ τ; and 3) the equilibrium level
of vacancies, subsumed by labour market tightness θt , that satisfies the job creation
condition, taking as given the expected present discounted value of an employment
relationship for any given rN , where the optimal wage paid and the employed workers’
reciprocity are endogenously determined by their respective optimisation problems.

The state variables of the system are the employed workers’ reference wage rC,t
and the unemployment rate ut . The laws of motion describing their evolution are
reproduced here for clarity of exposition:

rC,t+1 = w(rC,t, λ), r0 given,

ut+1 = ut + ρ(1 − ut) − f (θt)ut, u0 given.

The equilibrium path of the labour market can therefore be defined as follows.

Definition 3. Given initial unemployment u0 and employed workers’ reference wage
r0, an equilibrium path is a sequence of wages, reference wages, effort levels, market
tightness and unemployment rates {wt, rC,t, eC,t, θt, ut} such that firms maximise the
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present discounted value of profits as formalised by (FP); workers of employment
status Ct = {N, E} maximise the present discounted value of utility as formalised by
(WP); employed workers’ reference wages are given by (2.1); labour market tightness
satisfies (2.12); and unemployment is given by (2.8).

2.4.1 Characterisation of the Steady-State Equilibria

The steady-state equilibrium of the labour market can be defined as follows.

Definition 4. A steady-state equilibrium is an equilibrium path E ≡ {wt, rC,t, eC,t, θt, ut}

in which wt = w̃∗, rC,t = r∗
C
, eC,t = ẽ∗

C
, θt = θ̃

∗ and ut = u∗ for all t.

To fully characterise the steady-state equilibrium of the model this section derives
first the steady-state levels of wages, reference wages and effort, and subsequently uses
these results to derive the steady-state levels of market tightness and unemployment.

Proposition 7. In a labour market where employment relationships are formed with
workers of employment status Ct = {N, E} characterised by asymmetric reference-
dependent reciprocity given by (2.4); firms’ set wages according to (2.7); and em-
ployed workers reference wages are given by (2.1); there exists a range of steady-state
equilibrium wages

w̃∗ = w̃∗C = w̃∗(r0, λ) ∈ [w̃
+
L, w̃H(λ)

−]

paid to newly hired and incumbent workers. Employedworkers steady-state equilibrium
levels of reference wages and effort are given by:

r∗N = rN = r0, r0 given ẽ∗N = ẽ∗(w̃∗, r∗N, λ) = {ẽ
+
N, ẽn, ẽN (λ)

−}

r∗E ∈ [rL, rH(λ)] ẽ∗E = ẽ∗(w̃∗, r∗E, λ) = ẽn.

Proof. See Appendix B.2. �

Proposition 7 establishes that if employed workers are characterised by asymmetric
reference-dependent reciprocity (λ > 1), there exists a range of steady-state equilib-
rium wages paid to workers for the whole duration of the employment relationship.
Depending on the equilibrium level of newly hired workers’ reference wage, which is
given by the initial state r0, their steady-state equilibrium level of effort exerted will
either be in the form of positive reciprocity ẽ∗N = ẽ+N , negative reciprocity ẽ∗N = ẽN (λ)

−,
or normal effort ẽ∗N = ẽn. On the other hand, independently of the absolute level of
the steady-state wage, incumbent workers perceive their wage as fair due to adaptation
r∗E = w̃∗, and therefore exert normal effort ẽ∗E = ẽn in the steady-state (i.e. the dy-
namic re-normalisation of effort discussed in Chapter 1). Hence, there exists a range
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of steady-state equilibrium incumbent workers’ reference wages, and a corresponding
unique steady-state level of effort, which is independent of the absolute level of the
optimal wage paid, and therefore it cannot be influenced by the firms’ wage policy.

Proposition 7 fully characterises the steady-state equilibrium levels of wages, ref-
erence wages and effort of a representative employment relationship. As such, from
equation (2.9), the steady-state value of a job filled by a newly hired worker can be
written as

J(rN ) = y(ẽ∗N ) − w̃
∗ + ψJ(rE ) (2.13)

for all w̃∗ ∈ [w̃+L, w̃H(λ)
−] and ẽ∗N = {ẽ

+
N, ẽn, ẽN (λ)

−}; while from equation (2.10), the
steady-state value of a job filled by an incumbent worker can be written as

J(rE ) = y(ẽn) − w̃
∗ + ψJ(rE ). (2.14)

To distinguish between the three equilibrium outcomes established in Proposition 7,
denote the steady-state values of jobs to firms as J(rC)+, J(rC)− and J(rC)= for all
C = {N, E}, where the super-scripts are indicative of new hires’ positive reciprocity,
negative reciprocity or normal effort respectively.13

Lemma 1. Due to incumbent workers’ adaptation r∗E = w̃∗, depending on the level of
newly hired workers’ reference wage rN , the following holds:

J(rN ) =


J(rN )

+ > J(rE )
+ if rN < rL

J(rN )
= = J(rE )

= if rN ∈ [rL, rH]

J(rN )
− < J(rE )

− if rN > rH(λ).

(2.15)

Moreover, it follows that J(rN )
− < J(rN )

= < J(rN )
+.

Proof. See Appendix B.2. �

Lemma 1 implies that the value of a job filled by a newly hired worker does not
always necessarily equal the value of a job filled by an incumbent.14 In fact, even though
an employment relationship starts with some degree of positive or negative reciprocity,
the value of the job to the firm once a worker becomes incumbent will either shrink or
increase due to the dynamic re-normalisation of effort, which is a direct consequence
of reference wage adaptation (see Chapter 1). In addition, the steady-state value of

13Thus, for instance, J(rN )− is the value of a jobwith a newly hiredworker exerting negative reciprocity
in the first employment period and J(rE )− is the corresponding value of a job with that worker once they
have become incumbent. Also note that since all workers are identical, only one of these three possible
situations will characterise the steady-state equilibrium.

14In the canonical model there is no such distinction, since wages are re-negotiated at each period and
there is no link between one employment period and the next.
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jobs in which new hires exert negative reciprocity is lower than it would be if workers
were exerting normal effort or positive reciprocity. As such, the present framework
endogenously generates a systematic difference between the output produced by newly
formed and existing matches.

It is useful at this stage to introduce some additional notation, that will ease the
notational burden in the remainder of the analysis. Denote by w∗ = {w+L,w

=
M,wH(λ)

−}

the steady-state equilibrium present discounted value of the wage from a new match:

w∗ ≡ w̃∗N +

∞∑
t=τ+1

ψt−τw̃∗E, ∀w̃∗C = w̃∗ ∈ [w̃+L, w̃
∗
H(λ)

−] (2.16)

≡
w̃∗

1 − ψ
;

and denote by y∗(ẽ∗N ) = {y(ẽ
+
N ), y(ẽn), y(ẽN (λ)

−)} the corresponding steady-state equi-
librium present discounted value of output from a new match:

y∗(ẽ∗N ) ≡ y(ẽ∗N ) +
∞∑

t=τ+1
ψt−τy(ẽ∗E ), ∀ẽ∗N = {ẽ

+
N, ẽn, ẽN (λ)

−} (2.17)

≡ y(ẽ∗N ) +
ψ

1 − ψ
y(ẽn).

By rearranging equations (2.13) and (2.14) and using the present values of wages
and output just defined, the steady-state equilibrium job creation condition is obtained:

κ

h(θ)
= δ

[
y∗(ẽ∗N ) − w

∗
]
. (JC)

Note that the right-hand side of (JC), that is, the expected benefit of opening a va-
cancy, could be different depending on whether a new match is characterised by posi-
tive/negative reciprocity or normal effort in the first employment period (as established
by Lemma 1). Hence, the number of vacancies posted in the steady state crucially
depends on the level of newly hired workers’ reference wages rN = r0. The solution
to (JC), which characterises the steady-state equilibrium level of market tightness, is
denoted by θ̃∗ = θ̃∗(r0, λ) and can be written explicitly as

θ̃∗ =

(
m̄δ
κ

[
y∗(ẽ∗N ) − w

∗
] ) 1

σ

.

The condition for the steady-state equilibrium unemployment can be obtained by
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rearranging equation (2.8) for ∆ut+1 = 0:

ρ(1 − u) = f (θ)u, (BC)

implying that, in the steady state, the flows into and out of unemployment are equalised.
Denote the solution to this equation by u∗ = u∗(r0, λ), which takes the following familiar
form:

u∗ =
ρ

ρ + m̄θ̃∗1−σ
.

The equilibrium solutions are expressed as functions of the newly hired workers’
referencewage r0 and their extent of loss aversion λ in order to emphasise the importance
of these two parameters for the steady-state determination.

Proposition 8. In a labour market where employment relationships are formed with
workers of employment status Ct = {N, E} characterised by asymmetric reference-
dependent reciprocity given by (2.4); firms’ set wages according to (2.7); and employed
workers reference wages are given by (2.1); there exists a unique steady-state equilib-
rium labour market tightness θ̃∗ that satisfy the job creation condition (JC), which can
take a unique distinct value θ̃∗ = {θ̃∗l (λ), θ̃

∗
m, θ̃
∗
h} depending on the level of newly hired

workers’ reference wage rN = r0:

θ̃∗ = θ̃∗(r0, λ) =



[
m̄δ
κ

(
y(ẽ+N ) − w

+
L
) ] 1

σ

≡ θ̃∗h if r0 < rL[
m̄δ
κ

(
y(ẽn) − w

=
M
) ] 1

σ

≡ θ̃∗m if r0 ∈ [rL, rH][
m̄δ
κ
(y(ẽN (λ)

−) − wH(λ)
−)

] 1
σ

≡ θ̃∗l (λ) if r0 > rH(λ),

(2.18)

where θ̃∗l (λ) < θ̃∗m < θ̃∗h and if λ = 1 then θ̃∗l (1) = θ̃
∗
m = θ̃

∗
h. Therefore for each possible

θ̃∗ there exists a unique steady-state equilibrium unemployment rate u∗ that satisfies
condition (BC), which can take a unique distinct value u∗ = {u∗L, u

∗
M, u

∗
H(λ)} as follows:

u∗ = u∗(r0, λ) ≡


u∗L if r0 < rL

u∗M if r0 ∈ [rL, rH]

u∗H(λ) if r0 > rH(λ),

(2.19)

where u∗H(λ) > u∗M > u∗L and if λ = 1 then u∗H(1) = u∗M = u∗L .

Proof. See Appendix B.2. �

Proposition 8 formally establishes the existence of a unique, but distinct, steady-
state equilibrium of labour market tightness and unemployment depending on the value
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of the reference wage rN = r0 characterising newly hired workers’ wage entitlements in
the labour market. In fact, r0 determines the optimal steady-state equilibrium wage w̃∗

for the entire duration of any employment relationship, as well as new hires’ reciprocity
response ẽ∗N in the first employment period. Since these two elements influence the
present discounted values of output y∗(ẽ∗N ) = {y(ẽ

+
N ), y(ẽn), y(ẽN (λ)

−)} and the wage
w∗ = {w+L,w

=
M,wH(λ)

−} characterising a new employment relationship, it is natural
that job creation, vacancies and unemployment will depend on which of these three
outcomes firms are expecting to experience in the steady state. Note that this result is
also a natural implication of the optimal wage setting policy implemented by firms that
anticipate to hire workers characterised by asymmetric reference-dependent reciprocity
(λ > 1). As stated in the proposition, if reciprocity were symmetric (λ = 1) the steady-
state equilibrium would be uniquely characterised, independently of the new hires’
reference wage level.

These equilibria can be ranked in terms of their macroeconomic outcomes as well
as on the basis of the microeconomic behaviour characterising workers and firms.
Consider first the steady-state equilibrium for all r0 < rL , and define the corresponding
tuple as

L∗ ≡ {w̃+L, r
∗
N, rL, ẽ+N, ẽn, θ̃

∗
h, u
∗
L},

which is labelled as the “low” equilibrium, where the adjective refers to the unemploy-
ment rate. A labour market that is stationed at this equilibrium is characterised by a
relatively high labour market tightness and a relatively low unemployment rate, and all
employed workers are paid the same relatively low wage w̃+L . However, while incum-
bents perceive this wage as fair r∗E = rL = w̃+L and exert normal effort ẽ∗E = ẽn, newly
hired workers perceive this wage as a gift, since r∗N < w̃+L , their morale is relatively
high and therefore exert supra-normal effort ẽ∗N = ẽ+N > ẽn.

On the other hand, consider the equilibrium characterising the steady-state for all
r0 > rH(λ), and define the corresponding tuple as

H ∗(λ) ≡ {w̃H(λ)
−, r∗N, rH(λ), ẽN (λ)

−, ẽn, θ̃
∗
l (λ), u

∗
H(λ)},

which is labelled as the “high” equilibrium. If the labour market is stationed at this
equilibrium, labour market tightness will be relatively low, unemployment relatively
high and employed workers will be paid the same relatively high wage w̃H(λ)

−. In
contrast with L∗, newly hired workers perceive the wage as unfair, since r∗N > w̃H(λ)

−,
their morale is relatively low and therefore exert sub-normal effort ẽ∗N = ẽN (λ)

− < ẽn

in the form of negative reciprocity.
Finally, if the labour market is stationed at the “moderate” equilibrium, defined over
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the tuple
M∗ ≡ {w̃=M, r

∗
N, ẽn, u∗M},

depending on the level of the steady-state wage w̃=M = r∗N , the equilibrium labour market
tightness and unemployment can be anywhere between the two previously considered
equilibria. All workers will perceive the wage they are paid as fair, independently
of their employment status C = {N, E}, implying that in this equilibrium there is no
distinction between new hires and incumbents, whom will therefore exert normal effort
ẽ∗N = ẽ∗E = ẽn.

The steady-state labour market equilibria characterised in this section can therefore
be ranked in terms of wage levels, new hires’ morale and reciprocity, and vacancy and
unemployment rates. If E = L∗, the equilibrium wage is relatively low, new hires
exert positive reciprocity (high morale), the vacancy rate is high and the unemployment
rate is low; if E = H ∗(λ) the equilibrium wage is relatively high, new hires exert
negative reciprocity (low morale), the vacancy rate is high and unemployment is low;
while if E =M∗, new hires exert their intrinsically motivated normal effort while the
equilibrium wage and the unemployment rate are positively correlated and lie between
the two previously described equilibria. Nevertheless, due to referencewage adaptation,
in any of the three identified steady states incumbent workers always perceive the wage
they are paid as fair and exert normal effort. These equilibria are illustrated in Figure
2.3, which follows the literature by plotting the solution for the equilibrium labour
market tightness in the (w, θ) space (Figure 2.3a), and the corresponding equilibrium
unemployment in the (v, u) space (Figure 2.3b).
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Figure 2.3:
The Steady-state Equilibria

By looking at Figure 2.3a it is also possible to visually identify the main differences
between the present framework and a canonical search and matching model. In the
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canonical model there is a unique and upward-sloping wage setting curve and a unique
and downward-sloping job creation curve, the intersection ofwhich uniquely determines
the steady-state equilibrium level of labour market tightness. On the other hand, the
present framework generates a range of wage setting curves w̃∗ ∈ [w̃+L, w̃H(λ)

−] as
established by Proposition 7, which are independent of labour market tightness and are
therefore plotted as horizontal lines in the (w, θ) diagram.15 In addition, for the reasons
discussed in this section, there also exist three distinct job creation curves associated
with each of the possible equilibrium wage characterising the steady state. Importantly,
none of these job creation curves depend on the absolute equilibrium wage level, with
the exception of the one determining the moderate equilibrium JC=, for which the
steady-state wage equals new hires’ reference wage. For these reasons, the job creation
curves JC− and JC+ determining the high and low equilibria are plotted as vertical lines
in the (w, θ) diagram, while JC= is downward-sloping within the range [w̃+L, w̃H(λ)

−].
The behavioural mechanisms underlying these results and their strictly related

implications will be formally analysed in the remainder of the chapter.

2.4.2 Comparative Statics

The following exercise investigates the comparative statics properties of the derived
steady-state equilibrium. The results of this section are useful in assessing the qualita-
tive importance of the mechanisms that underlie how the model responds to exogenous
shocks.

The analysis is divided in two main parts. Following a standard approach in
the literature (see Shimer (2005), Elsby et al. (2015)), Subsection 2.4.2 analyses the
model’s comparative statics with respect to changes in aggregate productivity p and
in the job-destruction rate ρ. This is to draw attention to the similarities as well
as the most distinctive differences of the current framework as against the standard
predictions of the canonical model. Subsection 2.4.2 analyses how changes in the two

15The result that wage setting is independent of labour market tightness is due to the fact that the
workers’ reservation wage condition is always satisfied, hence it is not binding for optimal wage setting
(see also footnote 11, Section 2.3, and Section A.2.2, Appendix A.2), and that newly hired workers’
reference wage is exogenous. In fact, for these reasons the vacancy rate and the unemployment rate do
not affect the optimal effort choice of workers, neither the wage setting behaviour of firms. Given the
existing evidence of the impact of labourmarket conditions for employedworkerswages (e.g. Bils (1985),
Beaudry and DiNardo (1991) and Schmieder and von Wachter (2010)), one way to make unemployment
realistically relevant for wage setting behaviour in this model would be to assume that newly hired
workers’ reference wages are negatively correlated with the unemployment rate, or some equivalent
measure of the state of the labour market. The investigation of the consequences of this hypothesis for
the theoretical predictions of the model is beyond the purpose of this chapter. Nevertheless it can be
inferred that even in the presence of a negative relationship between the optimal wage and labour market
tightness, due to workers’ asymmetric reference-dependent reciprocity, the key results derived in this
section will still hold.
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additional (exogenous) behavioural parameters introduced by the wage setting model,
i.e. newly hired workers’ reference wages rN and their extent of loss aversion λ, affect
the steady-state equilibrium outcomes.

Aggregate productivity and job-destruction rate

The following proposition establishes how equilibrium wages, reference wages, effort,
market tightness and unemployment are affected by changes in aggregate productivity
p and job-destruction rate ρ.

Proposition 9. For all E = {L∗,M∗,H ∗(λ)}, labour market tightness θ̃∗(p, ρ) is
increasing in p and decreasing in ρ, while unemployment u∗(p, ρ) is decreasing in p

and increasing in ρ. Moreover:

a) if E = {L∗,H ∗(λ)}, the wage w̃∗
C
(p, ρ) = {w+L,wH(λ)

−} is increasing in both p

and ρ, implying that new hires’ effort ẽ∗N (p, ρ) = {ẽ
+
N, ẽN (λ)

−} and incumbents’
reference wage r∗E (p, ρ) = {rL, rH(λ)} are also increasing in p and ρ.

b) if E = M∗, then w̃∗
C
= w̃=M , ẽ∗N = ẽn and r∗E = rN , which are unaffected by

changes in p and ρ.

Proof. See Appendix B.2. �

For what concerns the macroeconomic outcomes of the model, higher productivity
p increases job creation and reduces unemployment.16 However, the second part of
Proposition 9 highlights differences in the microeconomic behaviour of workers and
firms respectively, depending on whether a) the labour market is stationed at a low
or high equilibrium, or b) at a moderate equilibrium. In case a) higher productivity
p implies higher wages in equilibrium: newly hired workers’ effort increases and
incumbent workers’ reference wages are also higher due to adaptation. On the other
hand in case b) changes in aggregate productivity p have no effect on wages, reference
wages and effort. In fact, in this equilibrium both new hires and incumbents are paid
their reference wage w̃=M = r∗N , which is independent of productivity, implying that
new hires’ effort is normal ẽ∗N = ẽn, and the reference wage of incumbents also does
not change. This result has implications for the steady-state elasticity of labour market
tightness with respect to productivity (see Section 2.5).

16As explained by Pissarides (2000), this is not a desirable property of a model in long-run equilib-
rium, where wages should fully absorb productivity changes and there should exist a balanced-growth
equilibrium with constant unemployment. In the canonical model, one way to make the unemployment
rate independent of aggregate productivity is to assume that workers’ “unemployment income” depends
on their “permanent income” (see Pissarides, 1987). However since the comparative statics results in
this section should be considered as approximations of the short-run dynamic adjustment of the model
following a shock this issue shall not be addressed here.
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A higher job-destruction rate ρ reduces job creation and, by definition, increases the
number of employedworkers that are exogenously laid off. This leads to lower vacancies
and higher unemployment. As such, in the current framework exogenous changes to
the job-destruction rate generate negatively correlated movements in vacancies and
unemployment, which is in line with stylised facts of business cycles, and overcomes
one of the shortcomings of the canonical search and matching model as pointed out
by Shimer (2005). To see this, first note that, as in the canonical model, in addition to
shifting the Beveridge curve (BC) outwards a higher ρ also increases the probability
that employment relationships will be exogenously terminated, i.e. it decreases their
expected duration: the expected value from a new match will therefore be lower,
reducing job creation incentives. However, the aforementioned distinctive result with
respect to job creation relies on themicroeconomic properties of the wage settingmodel
implemented here.

The standard approach in the literature is to assume that workers and firms bargain
over wages to split the surplus generated by a match according to the generalised
Nash bargaining solution, where the threat points are the value of unemployment to a
worker and the value of a vacancy to a firm. In this context, a higher job-destruction
rate increases the flow of workers into unemployment, which in turn negatively affect
workers’ threat point and bargaining position. As a consequence, firms expect to pay
lower wages in equilibrium and therefore have an incentive to post more vacancies,
increasing job creation. For plausible parameterisations of the model, it has been
shown that this latter incentive dominates over the one induced by the decrease in
the expected duration of a new match, resulting in positively correlated movements in
vacancies and unemployment (Elsby et al., 2015).

In contrast to these predictions, the second part of Proposition 9 establishes that:
a) if the labour market is stationed at the low or high equilibrium, a higher ρ increases
equilibrium wages, new hires’ effort and incumbents reference wages; while b) if the
labour market is stationed at the moderate equilibrium, changes in ρ have no effect
on these variables. Since in case b) employed workers are paid their reference wage
w̃=M = r∗N , which is exogenous and independent of the job-destruction rate, changes in ρ
do not affect the equilibriumwage. The greater flow of workers into unemployment and
the decrease in the expected duration of newmatches unambiguously reduce job creation
incentives and raise unemployment. In case a) the result that wages are increasing in ρ
may seem surprising. The intuition behind this conclusion follows directly from firms’
wage compression incentive discussed in Chapter 1. In fact, in the intertemporal trade-
off faced by firms, as highlighted by (2.6), a higher ρ reduces the weight placed on the
expected discounted marginal cost of employing an incumbent worker who will have a
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higher reference wage in the future. As such the wage compression incentive is eased,
and firms will optimally pay newly hired workers a higher wage to elicit additional
positive reciprocity or to dampen negative reciprocity. This effect, combined with
the reduced expected duration of new matches and the increase in the inflow rate of
workers into unemployment (outward shift in the Beveridge curve (BC)), decreases the
expected present value of a new employment relationship: there are fewer vacancies
in the market; the job-finding rate is lower; the job-destruction rate is higher; and
unemployment is higher.

New hires’ reference wages and loss aversion

Consider first the effect of the new hires’ reference wage rN = r0 on the steady-state
equilibrium outcomes of interest.

Proposition 10. For all E = {L∗,M∗,H ∗(λ)}, labour market tightness θ̃∗(rN ) is
decreasing in rN , implying that unemployment u∗(rN ) is increasing in rN . Moreover:

a) if E = {L∗,H ∗(λ)}, the wage w̃∗
C
= {w+L,wH(λ)

−} and incumbents’ reference
wage r∗E = {rL, rH(λ)} are unaffected by changes in rN , implying that new hires’
effort ẽ∗N (rN ) = {ẽ+N, ẽN (λ)

−} is decreasing in rN .

b) if E = M∗, the wage w̃∗
C
= w̃=M = rN and incumbents’ reference wage r∗E = rN

are increasing in rN , implying that new hires’ effort ẽ∗N = ẽn is unaffected by
changes in rN .

Proof. See Appendix B.2. �

Recall that rN = r∗N captures the reference wage that characterises newly hired
workers at the start of an employment relationship, and that, in the present context, is
taken as parametric and determined exogenously. With respect to the macroeconomic
outcomes of the model, a higher wage entitlement of newly hired workers decreases job
creation and increases unemployment, as it was anticipated in Section 2.4.1. Although
this result is valid for all the steady-state, the underlying microeconomic mechanisms
are different.

If the economy is stationed at the low or high equilibrium, hence as long as rN < rL

and rN > rH(λ), no matter how high are newly hired workers’ wage entitlements, the
equilibrium level of wages and reference wages of incumbent workers are unaffected.
However, higher rN negatively influence newly hired workers’ effort for any given
optimal wage w̃∗ = {w+L,wH(λ)

−}: either by reducing the perceived gain from a
wage gift, hence resulting in lower positive reciprocity; or by increasing the perceived
loss from an unfair wage, therefore resulting in greater negative reciprocity. These
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effects act to reduce the expected value of a new employment relationship to firms.
Hence, consistent with a unique equilibrium wage, there exist a range of labour market
tightness and unemployment which monotonically depend on the level of new hires’
wage entitlements.

On the other hand, if the economy is stationed at the moderate equilibrium, higher
newly hired workers’ reference wages rN imply higher wages and reference wages in
equilibrium since r∗E = w̃=M = rN ; but the equilibrium level of effort ẽ∗N = ẽn remains
unaffected, since any equilibrium wage is perceived as fair by both incumbents and
new hires. As such, the higher equilibrium wage coupled with a higher reference
wage increase the cost of employing a worker, leading to fewer vacancies and higher
unemployment in equilibrium.

To conclude, consider the effect of changes in workers’ strength of negative reci-
procity, captured by λ, on the steady-state outcomes of a labour market that is stationed
at the high equilibrium (since this is the only equilibrium that depends on λ).

Proposition 11. If E = H ∗(λ), labour market tightness θ̃∗ = θ̃∗l (λ) is decreasing in
λ, implying that unemployment u∗ = u∗H(λ) is increasing in λ. Moreover, the wage
w̃∗ = wH(λ)

− and incumbents’ reference wage r∗E = rH(λ) are increasing in λ, while
new hires effort ẽ∗N = ẽN (λ)

− is decreasing in λ.

Proof. See Appendix B.2. �

A greater λ implies that a worker paid a wage below their reference wage places a
larger weight on the perceived loss in utility, triggering stronger negative reciprocity in
the first employment period. Anticipating this behaviour firms will set higher wages
for any given new hires’ reference wage rN > rH(λ) for which they optimally pay the
unfair steady-state wage w̃∗H(λ) < rN . This, in turn, implies a higher reference wage
of incumbent workers. The resulting equilibrium outcome involves lower new hires’
effort, as a consequence of greater negative reciprocity. The combination of higher
equilibrium wages and lower effort contribute to reduce firms’ expected value of new
employment relationships, resulting in fewer vacancies and even higher unemployment
in equilibrium. Hence, if the labourmarket is populated by newly hiredworkers who are
characterised by asymmetric reference-dependent reciprocity, and with relatively high
reference wages, a greater extent of loss aversion leads to a steady-state equilibrium
where both wages and unemployment are higher.17

17By introducing uncertainty over the evolution of the match productivity q, Section 2.6 shows that
the result established in Proposition 11 holds independently of newly hired workers’ reference wage level
in the labour market.
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2.4.3 Transitional Dynamics

The question of interest of this section is the following: starting from arbitrary initial
conditions, u0 and r0, towhich steady-state equilibriumwill the labourmarket converge?

First note that the model maintains the fundamental transitional dynamic properties
of a canonical search and matching model: the wage and labour market tightness are
jump variables, whilst unemployment is a backward-looking, predetermined variable.
As established in the preceding sections, for any given initial condition r0 = rN the opti-
mal wage set by firms w̃ instantaneously characterises the steady-state equilibriumwage
for both newly hired and incumbent workers. As such firms have all the information
that is needed to calculate the expected steady-state value of a new employment rela-
tionship, which also serves to make their vacancy posting decision θ̃ a forward-looking
jump variable.

The two novel variables introduced by the framework developed in this chapter are
the employed workers’ reference wage and their effort decisions for all Ct = {N, E}.
Their corresponding laws of motion can be expressed as follows:

rC,t+1 = w̃(rC,t, λ), r0 given (2.20)

ẽ(wt+1, rC,t+1, λ) = ẽ(wt, rC,t, λ) − µ(ln rC,t+1 − ln rC,t), r0 given (2.21)

where, by exploiting the dynamic properties of the model, equation (2.21) is a conve-
nient way of expressing the employed workers’ optimal effort as a first-order difference
equation (in which ẽ(wt+1, rC,t+1, λ) = ẽn for any given rC,t). Consider newly hired
workers first. From their perspective, the reference wage and effort are jump variables:
for any given arbitrary initial condition r0 and u0, they instantaneously jump to their
steady-state levels: r∗N = r0 and ẽ∗N = {ẽ

+
N, ẽn, ẽN (λ)

−}, as established by Proposition
7. Now consider incumbent workers: from their perspective, the reference wage and
effort are backward-looking predetermined variables that need one employment period
to reach their steady-state levels, unless the optimal wage setting policy is w̃∗ = w̃=M ,
for which r∗E = w̃=M and ẽ∗E = ẽn. Given these premises, the following proposition
establishes the transitional dynamics of the model.

Proposition 12. In a labour market in which employment relationships are formed with
workers of employment status Ct = {N, E} characterised by asymmetric reference-
dependent reciprocity given by (2.4); firms’ set wages according to (2.7); and post
vacancies according to (2.12): employed workers reference wages and effort adjust
according to (2.20) and (2.21), and unemployment adjusts according to (2.8). Hence,
starting from any initial u0:
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a) if r0 < rL , then w̃∗ = w̃+L , θ̃
∗ = θ̃∗h, r∗N = r0, ẽ∗N = ẽ+N , rE,t ↗ rL , ẽE,t ↘ ẽn, and

ut → u∗L;

b) if r0 ∈ [rL, rH], then w̃∗ = w̃=M = r∗E , θ̃
∗ = θ̃∗m, ẽC,t = ẽn, and ut → u∗M;

c) if r0 > rH(λ), then w̃∗ = w̃H(λ)
−, θ̃∗ = θ̃∗l (λ), r∗N = r0, ẽ∗N = ẽN (λ)

− rE,t ↘ rH(λ),
ẽE,t ↗ ẽn, and ut → u∗H(λ).

Proof. See Appendix B.2. �

As established by Proposition 12, starting from a given and fixed u0, there exist a
unique, but distinct, steady-state equilibrium path for each initial value of new hires’
reference wage. Which equilibrium path will characterise the transitional dynamics
crucially depends on the initial reference wage r0. The results of Proposition 12, in
particular a) and c), are illustrated in Figure 2.4.18 Note that the initial condition for
unemployment has been purposely placed between the low and high equilibria to show
that its dynamic paths can be entirely different. The conclusions of Proposition 12 are
valid for any given and fixed u0.

Consider case a) and suppose that the initial condition are such that the labour
market is populated by workers with relatively low initial reference wages r′0 < rL .
The optimal wage paid w̃+L > r0 will be perceived as a gift by workers, whom will
exert positive reciprocity ẽ+

C,0 > ẽn. This makes the expected present value of a new
employment relationship relatively high, giving firms an incentive to post relatively
more vacancies and hire more workers: labour market tightness will jump to its high
equilibrium level θ̃0 = θ̃∗h as shown in Figure 2.4b. In the following period, this
triggers the adjustment dynamics of vacancies and unemployment typical of search and
matching models, and as shown in Figure 2.4d unemployment monotonically decreases
towards the low steady state u∗L . Moreover, due to adaptation, the reference wage of
incumbent workers increases towards its steady state level rL , as shown in Figure 2.4a,
and therefore their effort decreases to normal as shown in Figure 2.4c.

A rather different dynamic path exists if the labour market is populated by workers
that have a relatively high initial referencewage r′′0 > rH(λ), i.e. case c). In this situation
optimal wage setting implies a relatively high equilibriumwage w̃H(λ)

− < r0—required
to partially offset employed workers’ negative reciprocity ẽC,0(λ)− < ẽn. The expected
present value of a new employment relationship is now relatively low, dampening
firms’ incentives to hire: labour market tightness jumps to its low steady-state level
θ̃0 = θ̃

∗
l (λ) as shown in Figure 2.4b. In the following period unemployment monotoni-

cally increases towards the high steady-state u∗H(λ), whilst incumbents’ reference wage
decreases towards rH(λ) and their effort increases to ẽn.

18See Appendix A.2, Section A.2.3, for details on the construction of the effort phase diagram.
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Figure 2.4:
Transitional Dynamics

If the labour market were populated by workers with relatively moderate initial
reference wages r0 ∈ [rL, rH], as in case b), there would be no transitional dynamics for
reference wages and effort levels: all employment relationships start with the optimal
wage w̃=M = r0 being perceived as fair and workers exerting normal effort in production.

This simple transitional dynamics analysis has shown that, depending on workers’
wage entitlements at the time of hiring, the labour market can be characterised by
two very different, and even opposite, dynamic paths: one in which workers are paid
relatively higher wages and unemployment converges (increases in Figure 2.4d) towards
a relatively high equilibrium; and another in which workers are paid relatively lower
wages and unemployment converges (decreases in Figure 2.4d) towards a relatively low
equilibrium.



2.5. The Volatility of Vacancies and Unemployment 73

2.5 The Volatility of Vacancies and Unemployment

This section implements the framework developed in this chapter to derive and anal-
yse the steady-state elasticities of labour market tightness with respect to aggregate
productivity. The section is structured as follows. First, Section 2.5.1 engages in a
concise discussion of the relevant literature on labour market fluctuations. Then Sec-
tions 2.5.2 and 2.5.3 provide both qualitative and quantitative analyses of how the novel
behavioural mechanisms considered in this chapter can potentially affect the volatility
of the vacancy-unemployment ratio. In so doing, this section contributes to the labour
market literature that aims to explain the amplitude and co-movement of vacancies and
unemployment fluctuations.

2.5.1 A Concise Discussion of the Relevant Literature

The analysis of the steady-state elasticity of labour market tightness with respect to
productivity (referred to as the elasticity of market tightness henceforth) is commonly
used as a good approximation of the volatility of vacancies and unemployment when
the labour market is hit by exogenous shocks to aggregate productivity (Mortensen
and Nagypál, 2007; Elsby et al., 2015). Moreover, as shown by Shimer (2005), this
elasticity is particularly important for the assessment of the quantitative implications of
the model dynamics: a greater elasticity of market tightness implies that job creation
is more responsive to exogenous shocks in productivity.19

In a highly influential paper Shimer (2005) calibrates a canonical search and match-
ing model and shows that the model cannot quantitatively account for the high volatility
of the vacancy-unemployment ratio observed in U.S. data over the period 1951–2003
(see Amaral and Tasci (2016) for a comparable exercise on a set of OECD countries).
This quantitative failure has been labelled as “the unemployment volatility puzzle”
(Pissarides, 2009). Shimer’s insight is that the wage response to shocks in productivity
predicted by the model is too large, i.e. the elasticity of the wage with respect to pro-
ductivity is close to unity, offsetting almost all the effect of the productivity shock on
job creation. Hence, introducing a degree of wage stickiness will improve the model’s
explanatory power. Subsequent to Shimer (2005) the literature attempting to solve the
puzzle has flourished, and two main streams of thought have been developed.

On one hand, following the suggestion of Shimer (2005) and starting with the
contribution ofHall (2005b), a large body of literature has placed considerable emphasis

19A greater elasticity of market tightness increases the magnitude of the rotation of the JC curves in
Figure 2.3b whenever any of the possible equilibria is perturbed by a change in p. In fact the greater this
elasticity the larger will be the amplitude (volatility) and co-movement of unemployment and vacancies
in the (u, v) space for any given change in p.
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on the role of the cyclicality of wages by proposing alternative, and often ad hoc,
wage determination mechanisms that can generate some form of wage rigidity, i.e.
acyclicality, or wage stickiness, i.e. less than proportional cyclicality. For surveys
of this literature see, for instance, Mortensen and Nagypál (2007) and Rogerson and
Shimer (2011). Given the emphasis on the cyclical behaviour of job creation, these
models have stressed the importance of rigidities in newly hired workers’ wages, which,
as shown by Pissarides (2009), is the relevant wage affecting hiring decisions in the
canonical model. However, the more recent empirical literature has challenged the
theory underlying these models by providing evidence that wages offered to newly
hired workers are instead substantially pro-cyclical (Martins et al., 2012; Carneiro
et al., 2012; Haefke et al., 2013; Stüber, 2017). Building on these findings, Kudlyak
(2014) has shown that it is not the hiring wage that is the relevant price of labour for
firms, but rather, it is the user cost of labour, i.e. the opportunity cost of delaying hiring
decisions. By providing estimates of this measure, and showing that it can be even
more pro-cyclical than the hiring wage, Kudlyak (2014) concludes that wage rigidity is
not relevant to address the unemployment volatility puzzle.

On the other hand, a different perspective in response to Shimer’s critique has been
pursued by Mortensen and Nagypál (2007) and Pissarides (2009) among others. These
authors have argued that the literature has put too much emphasis on the role of newly
hired workers’ wage cyclicality. Even if hiring wages were more sticky, for this to
have a substantive effect on the size of the elasticity of market tightness, the present
value of the wage would also need to be sufficiently high relative to the firm’s present
value of output from a new match (Elsby et al., 2015). As such, what matters for job
creation is the size of the present value of the profit margin from a new employment
relationship (Kennan, 2010), i.e. the difference between the present values of output
and the wage: only if this margin is small enough will slight changes in productivity
generate large fluctuations in the anticipated profits from new matches, and hence in
vacancy creation and unemployment. This perspective, which Ljungqvist and Sargent
(2016) summarised under the concept of the “fundamental surplus”, downplays the role
of new hires’ wage rigidity and shifts the focus to the size of the surplus generated by
new employment relationships. Nevertheless, a question remains: what are the aspects
that make firms’ profitmargins from new employment relationships sufficiently small as
to generate a realistically large amplitude in vacancies and unemployment fluctuations?

To understand the key insights of these arguments more clearly, denote the elasticity
of any variable x with respect to productivity p as εx =

p
x

dx
dp, and consider the elasticity

of market tightness in the context of the framework developed in this chapter, for all
possible steady-state equilibria that have been established in Section 2.4:
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Lemma 2. For all E = {L∗,M∗,H ∗(λ)}, the elasticity of labour market tightness θ̃∗

with respect to productivity p takes the form:

εθ̃∗ =
1
σ

y∗(ẽ∗N ) − εw̃∗w
∗
· Θ

y∗(ẽ∗N ) − w
∗ , (2.22)

where y∗(ẽ∗N ) andw
∗ are the present discounted values of output and the wage as defined

by (2.17) and (2.16) respectively, εw̃∗ is the elasticity of the wage w̃∗ ∈ [w̃+L, w̃H(λ)
−]

with respect to productivity p and Θ is a function of the parameters of the model (to be
defined shortly).

Proof. See Appendix B.2. �

Lemma 2 derives an equation for the elasticity of market tightness that is directly
comparablewith the literature (see for instance Pissarides (2009), equation (20), p.1352;
or Elsby et al. (2015), equation (11), p.590).20 In the canonical model Θ = 1, which
implies that the size of the elasticity of market tightness hinges crucially on the size
of the elasticity of wages εw̃∗ . Indeed if εw̃∗ = 1 wages are perfectly proportional
to changes in productivity and the elasticity equation (2.22) collapses to εθ̃∗ = 1/σ,
implying that its size depends crucially on the match elasticity σ ∈ (0, 1). As it has
been shown in the literature cited above, for values of σ ∈ [0.235, 0.72] the model fails
to generate the target elasticity of εθ̃∗ = 7.5621 (see Mortensen and Nagypál (2007),
Pissarides (2009) andKudlyak (2014)). This numerical exercise reproduces, in essence,
the analysis underlying the insight of Shimer (2005): by implementing a wage setting
mechanism that yields an elasticity of wages with respect to productivity lower than
unity εw̃∗ < 1, i.e. by introducing some sort of wage rigidity/stickiness, the size of εθ̃∗
will increase, improving the explanatory power of the model.

Ignoring the empirical estimates of εw̃∗ for the time being, consider the extreme
solution proposed by Hall (2005b), in which wages are entirely acyclical, i.e. εw̃∗ = 0.
In such a case equation (2.22) can be re-expressed as follows:

εθ̃∗ =
1
σ

1
1 − (w∗/y∗(ẽ∗N ))

, (2.23)

where in the canonical model w∗/y∗(ẽ∗N ) = w̃∗/p. It is clear from this expression
that, even if wages are entirely rigid, the size of the elasticity of market tightness
depends crucially on the wage-output ratio determining the firms’ profit margin—the
fundamental surplus—from new employment relationships. As pointed out in the

20The discussion that follows draws on Pissarides (2009) and Elsby et al. (2015).
21This figure corresponds to the regression coefficient in a simple regression with labour market

tightness as the dependent variable and productivity as the independent variable.
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previous discussion of the literature, the higher the wage relative to the value of output
from a new match, i.e. the closer the w̃∗/p ratio is to one, the lower the profit margin
and therefore the greater the size of the elasticity of market tightness (Elsby et al.,
2015).

To conclude this brief excursus around the determinants of the size of εθ̃∗ , notice
that the empirical literature has estimated the cyclicality of hiring wages to be around
1.22 This finding supports the aforementioned conclusions reached by Kudlyak (2014),
that the volatility of the hiring wage is not useful to explain the high volatility of
vacancies and unemployment observed in the data; and that the free entry condition
cannot simultaneously accommodate the empirical volatilities of the wage component
of the user cost of labour and of the vacancy-unemployment ratio.

How does the framework developed in this chapter contribute to the arguments
highlighted above? Building on the literature just discussed, the following section will
analyse the qualitative properties of themodel andwhether the behavioural mechanisms
considered can provide a novel perspective on the channels throughwhich vacancies and
unemployment fluctuations can be amplified. Subsequently, Section 2.5.3 will provide
a quantitative assessment of these mechanisms, by performing a simple calibration
exercise in which the empirical estimate of the elasticity of market tightness is used as
one of the main targets.

2.5.2 Qualitative Implications

This section analyses the qualitative properties of the steady-state elasticities of market
tightness for all the equilibria characterised in Section 2.4. First, the analysis will
consider the role of new hires’ wage cyclicality; and subsequently, it will consider the
role of the novel behavioural aspects introduced in this chapter, in particular new hires’
wage entitlements and asymmetric reciprocity.

The role of the cyclicality of wages

Consider the implications of the cyclicality of wages for the size of the elasticities of
market tightness implied by the model.

Proposition 13. Consider the elasticity of labour market tightness with respect to
productivity εθ̃∗ as established in Lemma 2:

22For instance, Carneiro et al. (2012) provide an estimate of εw̃∗ = 1.07 and Haefke et al. (2013) an
estimate of εw̃∗ = 0.8; while using the estimates provided in Pissarides (2009), Kudlyak (2014) computes
a combined elasticity (of the user cost of labour) of εw̃∗ = 1.5.
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a) if E =M∗,
εw̃∗ = 0,

which implies that wages are acyclical;

b) if E = {L∗,H ∗(λ)},
Θ = 0 ∀εw̃∗,

which implies that the cyclicality of wages εw̃∗ is irrelevant for the size of εθ̃∗ .

Proof. See Appendix B.2. �

Proposition 13 highlights some noteworthy features of the steady-state elasticities
derivedwithin the framework developed in this chapter. First consider case a): E =M∗.
In a labour market that is populated by workers with moderate reference wages, due
to the reasons outlined in Section 2.4.2, the wage of newly hired workers does not
respond to changes in productivity. This case reproduces the result generated by the
modification based on “norms” proposed, and analysed, by Hall (2005b). Although the
wage setting model implemented in this chapter provides a micro-founded rationale—
based on fairness and loss aversion—that endogenously generates rigidity in the wage
of newly hired workers, its conclusions remain nevertheless vulnerable to the same
critique put forward by the empirical evidence discussed.

Next consider case b): E = {L∗,H ∗(λ)}. If the labour market is populated
by workers with relatively low, or relatively high, reference wages at the start of
an employment relationship, the cyclicality of wages with respect to productivity is
irrelevant for the determination of the size of the elasticity of market tightness. Note
that this conclusion holds for any value of εw̃∗ , hence irrespectively of the specific value
implied by its empirical estimate. To understand the intuition behind this statement,
consider the function Θ, which takes the following form:

Θ ≡ −

[
∂y(ẽ∗N )

∂e

∂ẽ∗N
∂w
− ψ

∂y(ẽ∗E )
∂e

∂ẽ∗E
∂w
− 1

]
= 0. (2.24)

Notice that the expression inside the square brackets is equivalent to the first-order
condition Υ(w; rC, λ) = 0 given by (2.6), which characterises the firms’ optimal wage
policy for all w , r . Hence, Θ = 0.

The interpretation of this result is as follows. For any given change in aggregate
productivity, firms anticipate setting a wage that will optimally balance the inter-
temporal trade-off between the marginal cost of a higher wage, and the marginal
benefit, on output y, generated by the workers’ reciprocity (to satisfy the first-order
condition (2.6)). As such, it does not matter how responsive new hires’ wages are to
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productivity, since firms optimally exploit this response by inducing a counteracting
response in workers’ effort, which positively (or negatively) affects output and leaves
room for the impact of the change in productivity to be reflected in firms’ present value
of output. Using a terminology more familiar with the literature discussed above (e.g.
Haefke et al. (2013)), when aggregate productivity increases, firms are able to turn the
additional surplus received by workers, in the form of a higher wage, into an additional
surplus that they receive, in the form of higher effort exerted by newly hired workers.
This is the reason why, in the framework set out here, the elasticity of the wage of
new hires’ with respect to productivity is irrelevant for job creation; and changes in
aggregate productivity are fully absorbed by firms’ present value of profit. Note that this
conclusion remains valid even if reciprocity were symmetric (λ = 1) with the labour
market being characterised by a unique steady-state equilibrium E∗ = L∗ = H ∗(1).
Moreover, at this stage, it is also clear why in the canonical modelΘ = 1: by neglecting
the impact of wage changes on workers’ effort, the term in the square brackets of
equation (2.24) equals −1, capturing only the marginal cost of a higher wage on firms’
profits.

This qualitative result is particularly important for two reasons. First it reinforces the
argument summarised in Elsby et al. (2015), that besides the extent of cyclicality of new
hires’ wages, it is the anticipated present value of the firms’ profit margin that matters
for the size of the elasticity of labour market tightness. Second, it shows that, in the
presence of reference-dependent reciprocity, the extent of new hires’ wage cyclicality
is in fact irrelevant for the volatility of vacancies and unemployment, unless the wage
paid to new hires is entirely rigid, i.e. when E = M∗. In addition notice that the
framework developed here falls into the class of models in which the wage component
of the user cost of labour, as defined by Kudlyak (2014), is equal to the wage.23 As
such, this framework is consistent with any empirical estimate of the cyclicality of the
relevant price for labour at the time of hiring, be it the hiring wage, the average wage,
or the wage component of the user cost of labour.

Investigating whether the statements of Proposition 13 hold under more general
assumptions around the workers’ cost of effort and the firms’ production function (i.e.
relaxing assumptions W2 and F1) is left to further research.

Reference wages, effort, loss aversion and the size of the profit margin

Motivated by the conclusion of the preceding section, and by the arguments put forward
in the literature discussed, this section considers how the novel behavioural aspects
introduced in this chapter affect firms’ anticipated present value of the profit margin

23See Section A.2.4 in Appendix A.2 for a closer comparison with Kudlyak’s argument.
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from a new match, subsumed by the wage-output ratio w∗/y∗(ẽ∗N ) < 1. In fact, as
previously highlighted in the discussion of equation (2.23), anything that makes this
ratio closer to 1 will naturally increase the size of the elasticity of market tightness.
These novel behavioural aspects are: the reference wage characterising newly hired
workers rN ; the employed workers’ optimal effort in equilibrium ẽ∗

C
; and their extent of

loss aversion λ > 1 (which is only relevant in the high equilibrium E = H ∗(λ)).
The wage-output ratio for each of the three distinct steady-state equilibria can be

expressed analytically as:

w∗

y∗(ẽ∗N )
=



1
ẽ+N +

ψ
1−ψ ẽn

if E = L∗

rN

pqẽn
if E =M∗

λ

ẽN (λ)− +
ψ

1−ψ ẽn
if E = H ∗(λ).

(2.25)

Consider first the moderate equilibrium E = M∗, in which newly hired workers are
paid their fair wage and as a consequence exert normal effort for the entire duration of
the employment relationship. Since wages are fully rigid, the size of the elasticity of
market tightness depends crucially on two elements: the intrinsically motivated level
of effort ẽn; and the reference wage of new hires rN . Higher normal effort raises firms’
profit margin since it implies a higher value of output for a given rN ; while a higher
initial reference wage decreases the profit margin since it implies a higher equilibrium
wage for a given ẽn.

Next consider the low and high equilibria E = {L∗,H ∗(λ)}. In the low steady state
newly hired workers perceive the wage they are paid as a gift, and therefore exert supra-
normal effort in production. In contrast, in the high steady-state newly hired workers
perceive that they are paid an unfair wage and therefore exert sub-normal effort. The
effect of ẽn on the wage-output ratio is the same as for the moderate equilibrium: higher
normal effort increases the optimal effort response of workers, which in turn increases
the profit margin of firms by raising the anticipated value of output from a new match.
Also the initial reference wage rN has the same negative effect as in the moderate
equilibrium, but the underlying behavioural mechanism is qualitatively different. If the
labour market is at the low equilibrium, a higher rN decreases the amount of positive
reciprocity exerted by newly hiredworkers for any given w̃+L : i.e. the gap µ(ln w̃

+
L−ln rN )

which determines the gains in workers’ utility shrinks. While if the labour market is at
the high equilibrium, a higher rN increases the amount of newly hired workers’ negative
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reciprocity for any given w̃H(λ)
−: i.e. the gap µ(ln w̃H(λ)

− − ln rN ) which determines
the losses in the workers’ utility widens. Both these effects act to reduce the anticipated
value of output from a new match, decreasing the firms’ profit margin and therefore
increasing the size of the respective steady-state elasticities.

Finally, consider the high equilibrium only, and recall that workers’ degree of loss
aversion λ > 1 determines the strength of their negative reciprocity response when
they feel they have been treated unfairly in the first employment period. As such a
higher λ reduces the present value of effort exerted by newly hired workers. However,
in exploiting the optimal trade-off between the wage and negative reciprocity, firms
matched with more loss averse workers anticipate the reduction in effort that will occur,
and will therefore pay a higher steady-state wage to partially offset the higher negative
reciprocity, therefore mitigating the losses in utility perceived by workers for any given
rN .

Proposition 14. If E = H ∗(λ), then w∗N/y(ẽ
∗
N ) is increasing in λ, which implies that

the elasticity of labour market tightness εθ̃∗ = εθ̃∗
l
is increasing in λ.

Proof. See Appendix B.2. �

Proposition 14 states that a higher anticipated negative reciprocity of newly hired
workers unambiguously acts to reduce the expected profit margin of firms, therefore
raising the volatility of vacancies and unemployment. This result implies that in labour
markets where the wage entitlements of newly hired workers are relatively high, and
firms anticipate a greater cost of setting an optimal wage that is perceived to be unfair—
in terms of low morale and effort—the volatility of vacancy and unemployment will be
higher.

By exploiting the richer microeconomic foundations of the present model, this
analysis suggests the existence of additional behavioural channels that might affect the
fundamental surplus relevant to firms’ hiring decisions. The initial level and subsequent
evolution of employed workers’ wage entitlements, their intrinsic motivation captured
by normal effort, and their extent of asymmetric reference-dependent reciprocity, are
all qualitatively relevant aspects influencing the firms’ anticipated present value of new
employment relationships, and hence the cyclical behaviour of job creation, vacancies
and unemployment. However, are these aspects also quantitatively relevant?

2.5.3 Quantitative Assessment

This section performs a calibration exercise in order to evaluate the quantitative rele-
vance of the novel behavioural aspects introduced in this chapter.
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The standard calibration approach in the literature is to assign values to struc-
tural/exogenous parameters, based on labour market data and/or empirical estimates,
in order to assess the quantitative performance of the model, in particular in terms of
whether its key endogenous outcomes can match their empirical counterparts. In the
literature of labour market fluctuations, in which the search and matching framework
has become the workhorse of economic analysis, several models have been evaluated
on the basis of their potential to quantitatively account for the observed volatility of
vacancies and unemployment fluctuations, i.e. for the size of the elasticity of labour
market tightness.

Given the relatively high number of unobservable exogenous parameters (degrees
of freedom) introduced by the theoretical framework developed in this chapter, the
following calibration strategy and subsequent quantitative analysis will be slightly
different to what performed in other studies. That is, instead of using debatable
proxy measures to assign values to the unobservable parameters of the model—such
as normal effort ẽn and new hires’ reference wages rN—and to subsequently calculate
the steady-state elasticity of market tightness, the following approach will use the
empirical estimate of this volatility measure as a calibration target. Hence, the analysis
will study a combination of the behavioural parameters that can potentially deliver a
target elasticity of εθ̃∗ = 7.56; then, it will evaluate their quantitative plausibility and
relevance by appealing to the resulting relationships generated by these values with
respect to other endogenous outcomes of the model.

A model for calibration

Before proceeding with the analysis, this section provides a version of the model in
which new hires are assumed to be heterogenous with respect to their reference wage
at the start of an employment relationship. The advantage of this assumption is that the
path-dependence of the model’s steady state will crucially depend on the distribution
of reference wages among new hires. This enables to perform a unique calibration
and subsequent model evaluation which exhibits all the properties of the three distinct
steady states analysed in the preceding section.

Hence, consider the following assumption with respect to the distribution of wage
entitlements rN in the labour market:

C1. rN = {rN1, rN2, rN3} is distributed according to ϕ ≡ (ϕ1, ϕ2, ϕ3), where

rN1 < rL

rN2 ∈ [rL, rH]

rN3 > rH(λ)

and
3∑

i=1
ϕi = 1.



82
Chapter 2. Asymmetric Reference-dependent Reciprocity and the Theory of

Equilibrium Unemployment

Assumption C1 imposes heterogeneity among new hires with respect to their wage
entitlements: the labour market is populated by a fraction ϕ1 of workers with relatively
low reference wages rN1 < rL; a fraction ϕ2 of workers with relatively moderate
reference wages rN2 ∈ [rL, rH]; and a fraction ϕ3 of workers with relatively high
reference wages rN3 > rH(λ).24 Moreover notice that

∑3
i=1 ϕirNi represents both the

average and the expected referencewage characterising potential new hires in the labour
market.

Without the need of any additional formal proof, it is possible to express the steady-
state job creation condition of the model with free entry as

κ

m̄θ−σ
= δ

3∑
i=1

ϕi J(rNi ),

where indeed: J(rN1) > J(rN2) > J(rN3) and

J(rN1) = J(rN )
+ > J(rE )

+

J(rN2) = J(rN )
= = J(rE )

=

J(rN3) = J(rN )
− < J(rE )

−

for all t ≥ τ, as established by Lemma 1. Similarly, the expected present discounted
values of output and wages from a new employment relationship can be analytically
expressed as

3∑
i=1

ϕiy
∗
(ẽ∗Ni
) = pq

[ 3∑
i=1

ϕi ẽ
∗
Ni
+

ψ

1 − ψ
ẽn

]
and

3∑
i=1

ϕiw
∗
i =

3∑
i=1

ϕi
w̃∗i

1 − ψ

respectively. As such, the steady-state elasticity of labour market tightness with respect
to productivity characterising this set up is given by:

εθ̃∗ =
1
σ

∑3
i=1 ϕiy

∗
(ẽ∗Ni
)∑3

i=1 ϕi

[
y∗(ẽ∗Ni

) − w∗i

] ,
which gives one of the key expressions to be used in the following calibration exercise.

24Note that Assumption C1 concerns all workers that can potentially become new hires in the period
in which firms post vacancies, and not only those new hires that are successfully matched in their first
period of production.
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Calibration strategy

The calibration strategy implemented in this quantitative analysis aims to evaluate the
combination of the exogenous behavioural parameters which is required to replicate
the observed volatility of vacancies and unemployment fluctuations. To enhance com-
parability with the literature, where possible, the conventional parameters and targets
are chosen following the calibration performed by Pissarides (2009). The calibration
proceeds as follows: first the conventional parameters of the model are chosen in ac-
cordance with the standard approach in the literature; then, the remaining behavioural
parameters are calibrated so as to achieve the desired target elasticity of market tight-
ness.

Conventional parameters. The time period is given by a quarter. The elasticity
of the matching function with respect to unemployment σ is set equal to 0.5 as in
Pissarides (2009). This value is at the lower bound of the range of estimates provided
by Petrongolo and Pissarides (2001), i.e. σ ∈ [0.5, 0.7], and it is in the middle of the
range of values used in the literature, i.e. σ ∈ [0.235, 0.72] (see Kudlyak (2014)). The
discount factor δ = 0.996 is set to match a quarterly interest rate of 0.004, and the
exogenous job destruction rate ρ is set equal to 0.036 (see Pissarides (2009) and Shimer
(2012)). The aggregate productivity parameter p is normalised to unity (standard);
while the idiosyncratic match productivity parameter q is normalised to 100 in order
to ensure a non-negative wage utility, i.e. so that m(w̃i) = ln w̃i ≥ 0. The remaining
conventional parameters—namely, the efficiency of matching m̄ and the cost of posting
a vacancy κ—are calibrated to match an average job finding probability of 0.594, and
an average vacancy-unemployment ratio of 0.72 (as in Pissarides (2009)).25 Notice
that this calibration yields a steady-state probability that a vacant job is matched with
a worker of h(θ) = 0.7 · (0.72)−0.5 = 0.825.

Behavioural parameters. The behavioural parameters of the model are: the em-
ployed workers’ normal effort ẽn; their degree of loss aversion λ, which also affects their
extent of negative reciprocity in the event of an unfair wage; their wage entitlements at
the start of the employment relationship rNi ; and the relative frequencies ϕi with which
these entitlements are distributed among workers. The loss aversion parameter λ is set
to be equal to 2, which implies that the negative effect of an unfair wage is two times
bigger than the positive effect of a wage gift on workers’ morale and reciprocity. This
parameter value is based on the experimental analysis of Abdellaoui, Bleichrodt, and
Paraschiv (2007) and lies below the median of the range of loss aversion parameters

25The relatively high number which results from the calibration of the vacancy cost κ is essentially a
product of the non-conventional normalisation of the idiosyncratic match productivity q. However note
that none of these two parameters are crucial for the determination of the elasticity of market tightness.
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λ ∈ [1.43, 4.8] estimated in the literature (see Abdellaoui et al. (2007) for a review).

Table 2.1: Parameter Values, Quarterly Calibration

Parameter Value Description Source/Reason

Conventional
σ 0.500 Elasticity of matching Literature
ρ 0.036 Exogenous job destruction Rate Literature
δ 0.996 Discount factor Interest rate = 0.004
m̄ 0.700 Efficiency of matching Job finding probability
κ 44.40 Vacancy cost v/u ratio

Behavioural
λ 2.000 Loss aversion parameter Abdellaoui et al. (2007)
ẽn 0.082 Normal effort 1% above en

|w̃i−rNi
|

rNi
1.34% % deviation ∀i = {1, 3} Calibrated

Normalisations
p 1.000 Aggregate productivity Standard
q 100.0 Idiosyncratic match productivity ln w̃i ≥ 0
ϕi 0.333 Fraction of rNi , ∀i = {1, 2, 3} Uniform

Targets
θ 0.720 Average v/u (tightness) Pissarides (2009)

m̄θ1−σ 0.594 Average job finding probability Pissarides (2009)
εθ̃∗ 7.560 Average elasticity of θ w.r.t. p Literature

At this stage notice that it is possible to find several combinations of the remaining
behavioural parameters that could deliver the desired target elasticity of 7.56. Hence,
the framework developed in this chapter shows that there exists a richer set of potential
channels through which the volatility of vacancies and unemployment could be am-
plified. Nevertheless, the calibration strategy proceeds as follows. Workers’ normal
effort ẽn is set to be 1% above the minimum effort required to ensure that firms’ zero-
profit condition when hiring a worker with a relatively high reference wage, i.e. when
rN3 > rH(λ), is always satisfied (see Section A.2.1 of Appendix A.2 for the analytical
derivation of this condition). That is, ẽn = en(rNi, λ) · [1 + 1%] where

en(rNi, λ) ≡ max{ẽn : J(rNi ) = 0, ∀rN3 > rH(λ)}.

This yields a value for normal effort of ẽn ≈ 0.081 + 0.001 ≈ 0.082. Next, the
distribution of reference wages among workers is arbitrarily set to be uniform:

ϕ1 = ϕ2 = ϕ3 = 1/3.

Since it might be extremely hard to find an empirical counterpart of these frequencies,



2.5. The Volatility of Vacancies and Unemployment 85

this parameterisation takes a neutral and agnostic stand by giving an equal weight to
each possible scenario.

Finally, new hires’ reference wages are calibrated to match an elasticity of labour
market tightness of εθ̃∗ ≈ 7.56. This is performed by simultaneously setting the
following conditions: i) the percentage deviations of the relatively low rN1 and relatively
high rN3 reference wages from their respective steady-state equilibrium wages are
assumed to be the same in absolute magnitude:

|w̃1 − rN1 |

rN1

=
|w̃3 − rN3 |

rN3

;

and ii) the moderate reference wage is assumed to be the average of the high and low
reference wage:

rN2 =
rN1 + rN3

2
.

This calibration yields |w̃i − rNi |/rNi ≈ 1.34% and a moderate reference wage of
rN2 = 6.004 = w̃=M . Hence, firms face the same probability h(θ) · ϕi = 0.825 · 0.3 of
being matched with a worker for which it is optimal to either pay a wage 1.34% above
their reference wage; to pay a wage 1.34% below their reference wage; or to pay them
their reference wage. All parameter values are summarised in Table 2.1.

Calibration results and discussion

The calibration results concerning the main steady-state outcomes of interest are re-
ported in Tables 2.2 and 2.3. The first three rows of each table display the results for a
representative worker-firm employment relationship in which the employed worker is
characterised by a relatively low, moderate or high reference wage respectively. The
last row displays the expected labour market values of the endogenous outcomes in
the steady state. This numerical exercise also enables to see more clearly some of the
qualitative properties of the model that have been discussed throughout the chapter.

As shown in Table 2.2, the fraction of workers with the relatively low reference
wage rN1 ≈ 3.9 are paid a steady-state equilibrium wage w̃1 ≈ 4.0 and exert supra-
normal effort ẽN1 ≈ 0.095 > ẽn in their first employment period. This corresponds
to a (calibrated) wage gift of 1.34% which triggers an endogenous positive reciprocity
response of +16.3%, calculated as the percentage deviation of new hires’ optimal effort
from their normal level ẽn in the first employment period. In this case the value of output
produced is y(ẽN1) ≈ 9.5, implying that the wage paid to these workers corresponds
to 42% of the output produced in the first employment period. On the contrary, the
fraction of workers with the relatively high reference wage rN3 ≈ 8.1 are paid a steady-
state equilibrium wage w̃3 ≈ 8.0 and exert sub-normal effort ẽN3 ≈ 0.055 < ẽn in their
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first employment period. This corresponds to a (calibrated) unfair wage 1.34% below
their wage entitlement, which triggers an endogenous negative reciprocity response of
−33.1%. Moreover notice that in this case the value of output is y(ẽN3) ≈ 5.5, implying
that the wage paid to these workers corresponds to 146% of the output produced in
the first employment period. These results imply that firms expect to pay new hires a

Table 2.2: Newly Hired Workers Statistics

Steady State Outcomes

w̃i as % of y(ẽNi ) rNi w-r gap ẽNi % deviation from ẽn

Low 4.0 42.0% 3.9 +1.34% 0.095 +16.3%
Moderate 6.0 73.6% 6.0 - 0.082 -
High 8.0 146.0% 8.1 −1.34% 0.055 −33.1%

Expected 5.99 77.7% 6.00 -0.31% 0.077 −5.6%

steady-state wage that is just 0.31% below the expected reference wage in the labour
market. However, this generates an expected sub-normal effort response in the first
employment period, corresponding to 5.6% less of normal effort.

Table 2.3 displays the present discounted values of output and wages in the market,
the resulting value of a new employment relationship to firms, and related elasticities of
new hires’ wages and market tightness. From these results it is clear that the value of a
job filled by a newly hired worker with a high reference wage is very low relative to the
one filled by a worker with either a low or a moderate reference wage. The main drivers
of this outcome are: the relatively low normal effort (which is 1% above the minimum
required for the job to be profitable), combined with optimal wage setting, according
to which firms pay a relatively higher (here twice as high) steady-state wage in order
to offset the greater cost of new hires’ negative reciprocity. However, in expectation,

Table 2.3: Present Values and Elasticities

Steady State Outcomes

y(ẽNi ) wi J(rNi ) εw̃∗ εθ̃∗

Low 206.1 100.0 106.1 1.0 3.886
Moderate 204.7 150.7 54.03 0.0 7.578
High 202.0 200.0 2.027 1.0 199.3

Expected 204.3 150.2 54.04 0.67 7.560

the value of a new employment relationship is “reasonably” large, consistent with a
steady-state elasticity of labour market tightness of 7.56 as required by the calibration.

Finally notice that for the frequencies of the distribution of wage entitlements in
the market considered, the calibration performed in this section delivers an elasticity
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of the wage paid to newly hired workers of εw̃∗ ≡
∑3

i=1 ϕiεw̃∗Ni
= 0.67. While this

measure does not match its empirical estimate (which is in a range of [0.8, 1.07], see
footnote 22), two important points are worth noting. First, as the qualitative analysis
has demonstrated, for those employment relationships in which new hires have either
low or high reference wages, the elasticity of the wage with respect to productivity
is entirely irrelevant for the size of εθ̃∗ . Secondly, an alternative calibration could be
performed, in which the relative frequencies ϕi are calibrated to achieve a measure of
εw̃∗ consistent with evidence.26

For instance, consider an alternative calibration in which the frequencies ϕi are set
to deliver an elasticity of new hires’ wages of 0.9. That is: ϕ1 = 44.96%, ϕ2 = 10%
and ϕ3 = 45.04%.27 The steady-state outcomes of this exercise are shown in Table
2.4 (since the outcomes for each single equilibrium are obviously unaffected). Indeed,

Table 2.4: Alternative Calibration

Expected Outcomes

w̃i as % of y(ẽNi )

Wages 5.98 79.7%

rNi w-r gap
Reference Wages 6.01 −0.42%

ẽNi % deviation from ẽn

Effort 0.075 −7.6%

y(ẽNi ) wi

Present Values 204.1 150.1

εw̃∗ εθ̃∗

Elasticities 0.9 7.560

given a larger fraction of workers with relatively high reference wages, the expected

26Notice first that the maximum value of εw̃∗ that can be achieved in the framework considered in
this section is bounded above by 1; and that this can be delivered by any reference wage distribution
ϕ ≡ (ϕ1, ϕ2, ϕ3) in which ϕ2 = 0. However, this is a direct implication of logarithmic utility, i.e.
m(w) = lnw, imposed by assumption W1. For instance, if m(w) = wς/ς, with ς ∈ (0, 1), it can be
shown that the steady-state wage takes the form

w̃∗ =


[pq(1 − ψ)]

1
1−ς if rN = rN1

rN2 if rN = rN2

[λpq(1 − ψ)]
1

1−ς if rN = rN3 .

As such, in this case the maximum value of εw̃∗ that can by achieved is bounded above by the factor 1
1−ς ,

which is greater than 1 for any ς ∈ (0, 1).
27These have been found by combining the following conditions: i)

∑3
i=1 ϕiεw̃∗Ni

= 0.9; ii)
∑3

i=1 ϕi = 1;
and iii) ϕ1 is such that εθ̃∗ ≈ 7.560. All other parameters kept the same as in the benchmark calibration.



88
Chapter 2. Asymmetric Reference-dependent Reciprocity and the Theory of

Equilibrium Unemployment

wage-reference wage gap in the labour market is now larger in absolute magnitude,
implying a lower expected effort in the first employment period (−7.6% of normal
effort), but a larger share of output received by workers (79.7% of output). On the
other hand, the expected present discounted values of output and wages are essentially
robust to the change in the relative frequencies ϕi. This alternative calibration delivers
a (targeted) elasticity of new hires’ wages with respect to productivity of εw̃∗ = 0.9
and a (targeted) elasticity of labour market tightness of εθ̃∗ = 7.56. Hence, the present
framework can simultaneously accommodate the empirical volatilities of both the hiring
wage and of the vacancy-unemployment ratio, overcoming one of the issues mentioned
by Kudlyak (2014) (see Section A.2.4, Appendix A.2, for the analog theoretical analysis
in support of this result).

To conclude, though tackling the unemployment volatility puzzle from an alterna-
tive, un-conventional, perspective, the analysis of this section has demonstrated that for
plausible values of the behavioural parameters introduced by the wage setting model
of Chapter 1, the framework developed in this chapter can replicate some of the key
empirical estimates discussed in the literature. This finding enhances the quantitative
relevance of the behavioural aspects considered, and suggests a promising route for a
richer dynamic stochastic simulation of the model developed here.

2.6 Uncertainty, NegativeReciprocity and JobCreation

The analysis of Section 2.5 has established that the cyclicality of newly hired workers’
wages is irrelevant for the volatility of job creation. However, if for the reasons exposed
in Chapter 1 the wage of incumbent workers is expected to be rigid, what is the role of
expected downward wage rigidity for firms’ hiring decisions?

In his influential paper Pissarides (2009) has answered this question by showing
that it is irrelevant. Essentially, his argument is that even if the wage of incumbent
workers were entirely rigid, firms will be able to internalise these future rigidities
in the equilibrium wage negotiated with their newly hired workers at the start of
the employment relationship, leaving the volatility of job creation unaffected by the
expected rigidity of wages in subsequent employment periods. This theoretical result
is general and holds true also under various modifications of the canonical model
put forward to address the unemployment volatility puzzle (which, as discussed, have
focused on the cyclicality of newly hired workers’ wages).

Within a framework based on reference dependence, incomplete contracts and fair-
ness, Eliaz and Spiegler (2014) challenge Pissarides’ conclusion with the following
qualitative insight. In a model where there is uncertainty about the evolution of aggre-
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gate productivity and wage rigidity of incumbent workers generates ex-post inefficient
layoffs, the latter can negatively affect the expected present value of a new employment
relationship by reducing its expected duration (essentially working as an additional dis-
count factor). As such, Eliaz and Spiegler (2014) conclude that expected wage rigidity
of incumbent workers can increase the volatility of job creation.

Despite its logical appeal, the prediction that expected wage rigidity dampens
hiring incentives by reducing the expected duration of a match is not supported by the
available evidence (e.g. Hall (2005a) and Shimer (2012)). The observed stability of
the unemployment inflow rate during the more recent recessions downplays the role
of job duration in determining hiring decisions (see Hall’s comments to Eliaz and
Spiegler (2014) in the same volume). In addition, Eliaz and Spiegler (2014) are unable
to determine whether the extent to which the labour contract is incomplete—which is
their relevant measure of the disproportionate drop in output in the event of future wage
cuts—unambiguously increases the volatility of vacancies and unemployment. And
finally, as shown by Moscarini, the volatility of the vacancy-unemployment ratio in
the model of Eliaz and Spiegler (2014) is maximised when reference-dependence and
wage rigidity do not play any role (see comments fromMoscarini in the same volume).

The contribution made in what follows is to provide an alternative and comple-
mentary perspective to the qualitative insight advanced by Eliaz and Spiegler (2014).
To do so the framework developed in this chapter is extended by introducing uncer-
tainty around the evolution of an employed worker’s match productivity throughout the
employment relationship. In this context it is shown that even if incumbent workers’
wage rigidity does not generate endogenous layoffs, firms’ expectations of the relatively
large cost of implementing wage cuts in the event of a low realisation of future match
productivity—that is, the anticipation of stronger negative reciprocity by incumbent
workers—negatively influence the expected present value of new employment relation-
ships, dampening hiring incentives and increasing the volatility of job creation and
unemployment.

2.6.1 Additional Assumptions

For the purpose of this analysis, employed workers are assumed to be characterised by
a time-variant match productivity

qt = qt(Ct) ≡ qC,t,

which evolves stochastically from the start of a job following a first-order Markov
process, the characteristic of whichwill be defined below. As such, firms’ instantaneous
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profit function is modified accordingly as

π(wt ; rC,t, qC,t) = y(qC,t, ẽt(wt, rC,t, λ)) − s(wt).

Firms’ wage setting problem in each t ≥ τ consists of choosing a sequence of wages
{wt}

∞
t=τ that maximises their present value of profit, taking as given their employed

worker’s reference wage rC,t , their match productivity qC,t , and their optimal effort
responses, defined by the sequence {ẽt}

∞
t=τ. This is formalised by the following sequence

problem

J(rτ, qτ, Cτ) = max
{wt }

∞
t=τ

Eτ

[
∞∑

t=τ

ψt−τπ(wt ; rC,t, qC,t)

]
s.t. rC,t+1 = wt ∀t ≥ τ,

rC,τ, qC,τ given,

(U-FP)

where the only difference with respect to (FP) of Section 2.2 is that firms are uncertain
about the evolution of their employed workers match productivity from t > τ onwards.
The relevant functional equation corresponding to the firms’ problem (U-FP) can be
written as:

J(rC, qC) = max
w

{
π(rC,w, qC) + ψE

[
J(w, q′C)|qC

]}
(2.26)

where rC and qC correspond to the current period workers’ reference wage and match
productivity, and w = r′

C
and q′

C
correspond to the following period workers’ reference

wage and match productivity. Denote the firms’ optimal policy function as w̃ = w̃C =

w̃(rC, qC, λ), for all C = {N, E}, which determines the next period workers’ reference
wage rC,t+1 (the control variable) for a given reference wage rC,t and match productivity
qC,t (the state variables). The first-order condition corresponding to problem (2.26)
takes the following form:

Υ(w; rC, qC, λ) ≡
∂π(rC,w, qC)

∂w
+ ψΦ(w, λ) = 0, ∀w , rC, (2.27)

where Φ(w, λ) ≡ ∂
∂rE

[
J(w, q′

C
)|qC

]
captures the marginal effect of a higher wage in

the current period on the expected continuation value of the employment relationship.
This condition represents the key inter-temporal trade-off faced by firms when setting
the wage, and it is the stochastic infinite-horizon analogous of the previously analysed
first-order conditions (1.10), Chapter 1, and (2.6), Section 2.2.

Before proceeding with the formal characterisation of firms’ optimal wage setting
policy and steady-state job creation condition, consider the following set of assump-
tions:
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U1. rC,τ = 0.

U2. qC,t is a martingale with the following characteristics:

qC,t =

{
qN given if t = τ

qN + ε if t > τ,
ε ∼ N(0, ν2).

U3. en ≥ en(rC,t, qC,t, λ), where

en(rC,t, qC,t, λ) ≡ max{en : J(rC,t, qC,t) = 0, ∀rC,t, qC,t and ∀t ≥ τ}.

Assumption U1 implies that newly hired workers’ reference wage rC,τ = rN is nor-
malised to zero. There are two main reasons for imposing this assumption: i) as it
can be deduced from the analysis of Section 2.4, in this case the labour market is
characterised by procyclical wages of newly hired workers; and ii) new hires always
exert positive reciprocity, which enables to isolate the potential impact of negative
reciprocity on the expected continuation value of a new employment relationship with
a prospective incumbent worker. This assumption can also be interpreted as capturing
the idea that new hires arrive at firms with the lowest possible wage entitlement.28

AssumptionU2 implies that employedworkers’match productivity changes stochas-
tically once they become incumbent, but then remains constant for the entire duration
of the employment relationship. This makes incumbents’ match productivity qE a
random variable with expected value E[qE ] = qN and cumulative distribution function
F(qE ) = Pr[qN + ε ≤ qE ], which is henceforth denoted by FqE |qN

. The main purpose
of this assumption is to keep the model tractable enough to analytically characterise its
equilibrium outcomes. Another way to achieve this would be to impose a two-period
employment relationship (as, for instance, in Chapter 1 or in Eliaz and Spiegler (2014)).
This assumption introduces a form of uncertainty faced by firms at the time of hiring,
whom might have to re-adjust their labour cost in the future, in the event of exogenous
unanticipated changes in per-worker profits. Another interpretation is that it takes time
for firms to learn the quality of a new match, which is revealed as workers’ tenure
increases (à la Jovanovic (1979)).

Finally, assumption U3 ensures that employed workers’ normal effort, which is
parametric, is such that the value to the firm of an employment relationship is always
non-negative, independently of the realisation of the match productivity, for all t ≥ τ.
Hence incumbent workers are never endogenously laid off and additions into unemploy-
ment remain determined by the time-invariant exogenous job-destruction rate ρ ∈ (0, 1).

28This also resembles the assumption of “modest aspirations” considered by Eliaz and Spiegler (2014).
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This assumption is useful to isolate the effect of anticipated negative reciprocity and
expected wage rigidity on firms’ job creation incentives only. The motivation for
this choice also comes from a strand of empirical evidence (e.g. Hall (2005a) and
Shimer (2012)) according to which unemployment fluctuations are largely explained
by fluctuations in the job-finding rate.29

2.6.2 Wage Setting Behaviour Under Uncertainty

The introduction of a stochastic variation into employed workers’ match productivity
does not directly affect their optimal choice of effort. For any given sequence of optimal
wage offers {wt}

∞
t=τ set by firms, the employed workers’ problem consists of choosing

a sequence of levels of effort {et}
∞
t=τ that maximises their present discounted value

of utility, given their evaluation of the wage wt in relation to their reference wage
rC,t . Hence employed workers do not directly observe the change in qC,t , and their
optimal choice of effort remains characterised by the asymmetric reference-dependent
reciprocity as given by (2.4). On the other hand the stochastic change in qC,t has
implications for the optimal wage setting policy of firms. In fact, as explored in
Chapter 1, they now have to consider how the optimal wage in t = τ, which becomes the
reference wage in t > τ, will influence workers’ reciprocity responses, and therefore the
expected continuation value of the employment relationship, for any possible realisation
of the match productivity in the future.

Given the structure imposed by assumption U2 it is useful to think about firms’ wage
setting problem as essentially being divided into two separated optimisation problems.
Since an incumbent worker’s match productivity remains constant after it is revealed,
a firm can: i) derive the optimal wage policy for any possible realisation of qC = qE ,
taking as given rC = rE for all t > τ; then ii) use the obtained “state-contingent”
optimal wage policy to calculate the continuation value of an employment relationship
with an incumbent worker J(w, q′

C
) = J(rE, qE ) for any possible realisation of qE , the

expectation of which is crucial for the characterisation of the optimal wage policy in

29The analysis of Elsby, Michaels, and Solon (2009) confirms this empirical finding. However, in
contrast with the sharp conclusions of Hall (2005a) and Shimer (2012) who argue that the job-separation
rate is quantitatively irrelevant, Elsby et al. (2009) emphasize a minor, yet significant, role of the
unemployment inflow rate in explaining the cyclical behaviour of unemployment.
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t = τ. This two-step structure can be expressed recursively as:

J(rN, qN ) =max
w

{
π(rN,w, qN ) + ψ

∫
J(w, qE ) dFqE |qN

}
, ∀t = τ, (2.28)

where J(rE, qE ) = max
w
{π(rE,w, qE ) + ψJ(w, qE )} , ∀t > τ, (2.29)

r′E = w and rN = 0 given. The following proposition establishes the solution to this
two-step recursive problem.

Proposition 15. For any given worker’s reference wage rC and match productivity
qC , the optimal wage policy of a firm employing a worker with employment status
C = {N, E}, characterised by asymmetric reference-dependent reciprocity ẽ(wt, rC,t, λ)

with λ > 1 and adaptation rC,t+1 = wt , is characterised as follows:

a) for all t > τ and C = E , the optimal wage w̃E = w̃(rE, qE, λ) is given by:

w̃E =


pqE (1 − ψ) ≡ w̃+E if qE > qu(rE )

rE ≡ w̃=E if qE ∈ [ql, qu]

λpqE (1 − ψ) ≡ w̃E (λ)
− if qE < ql(rE, λ)

(2.30)

where

qu(rE ) ≡ {qE : Υ(rE + ε ; rE, qE, λ) = 0}

ql(rE, λ) ≡ {qE : Υ(rE − ε ; rE, qE, λ) = 0};

b) for all t = τ and C = N , the optimal wage w̃N = w̃(rN, qN, λ) is (implicitly) given
by:

w̃N =
p
[
qN − ψ

(∫ ql(w̃N ,λ)
λqE dFqE |qN

+
∫

qu(w̃N )
qE dFqE |qN

)]
(1 − ψ)

1 − ψ
[
1 −

(
F(qu(w̃N )) − F(ql(w̃N, λ))

) ] (2.31)

≡ w̃N (λ)
+ ≥ rN = 0 ∀rN, qN .

Proof. See Appendix B.2. �

Part a) of Proposition 15 implies that depending on the realisation of qE , and for any
given reference wage rE = w̃N , firms’ may optimally implement a wage raise w̃+E > w̃N

if qE is sufficiently high (> qu), a wage cut w̃E (λ)
− < w̃N if qE is too low (< ql), or

a wage freeze w̃=E = w̃N for intermediate values of qE (∈ [ql, qu]). This characterises
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the solution to the first step (2.29). In contrast with the deterministic environment
analysed in Section 2.2, the stochastic change in match productivity and the resulting
(potential) wage re-negotiation are such that incumbent workers may exert positive,
negative reciprocity or normal effort in t = τ + 1. These considerations influence the
expected continuation value of an employment relationship in t = τ, and therefore also
affect the optimal wage paid to newly hired workers. Although an explicit solution
is not provided, as established in part b) of Proposition 15 (and as anticipated in the
discussion of assumption U1), it can be deduced that the optimal wage paid to newly
hired workers is always perceived as a gift, independently of the initial conditions in
t = τ. This characterises the solution to the second step (2.28).

The qualitative properties of a wage setting policy of this sort, as established by
Proposition 15, have been extensively discussed in Chapter 1 in a two-period setting
and are therefore not repeated.

2.6.3 Characterisation of the Steady-state Job Creation Condition

This section provides the characterisation of the model’s steady-state equilibrium job
creation condition.

Expected equilibrium wages, effort and output

To begin with, consider incumbent workers. For any given rE = w̃N incumbent workers
are paid the optimal wage w̃E ∈ [w̃E (λ)

−, w̃+E ] as given by (2.30), depending on the
realisation of qE . Since from t > τ the environment is deterministic, for the same
reasons outlined in Corollary 1, w̃E will also characterise the incumbent workers’
steady-state wage w̃∗E . Hence, the expected present discounted value in period t = τ of
the equilibrium wage paid to incumbent workers, from any t > τ onwards and for any
possible realisation of qE , can be expressed as:

Eτ

[
∞∑

t=τ+1
ψt−τw̃∗(rE, qE, λ)

]
=

ψ

1 − ψ

∫
w̃∗(rE, qE, λ) dFqE |qN

.

Moreover it can be deduced that in any t = τ + 1 incumbent workers will exert either
negative reciprocity ẽ∗E,t = ẽE,t(λ)

− (if w̃∗E < rE,t since qE < ql(rE, λ) ), either positive
reciprocity ẽ∗E,t = ẽ+E,t (if w̃

∗
E > rE,t since qE > qu(rE ) ), or normal effort ẽ∗E,t = ẽn (if

w̃∗E = rE,t since qE ∈ [ql, qu] ). While in any t > τ + 1, incumbent workers’ effort will
converge to normal ẽ∗E,t = ẽn due to reference wage adaptation rE,t = w̃∗E . As such, the
expected present discounted value in period t = τ of the equilibrium output produced
by firms employing incumbent workers from any t > τ onwards and for any possible
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realisation of qE , can be expressed as:

Eτ

[
∞∑

t=τ+1
ψt−τy(qE, ẽ∗E )

]
= ψ

∫
y(qE, ẽ∗E ) +

ψ

1 − ψ
y(qE, ẽn) dFqE |qN

.

Next consider newly hired workers. For any qN and rN = 0, which are known to
firms, the expected steady-state equilibrium wage paid to them is w̃∗N = w̃N (λ)

+ as
given by (2.31), and the expected steady-state value of output produced is y(qN, ẽ∗N ) =

y(qN, ẽ+N ).

Steady-state value functions

The steady-state equilibrium value of a job filled by a newly hired worker can therefore
be expressed as:

J(rN, qN ) = y(qN, ẽ+N ) − w̃N (λ)
+ + δ

[
(1 − ρ)

∫
J(rE, qE ) dFqE |qN

+ ρV
]

(2.32)

where rE = w̃N (λ)
+ and

∫
J(rE, qE ) dFqE |qN

is the expected continuation value of the
employment relationship with a worker becoming incumbent in the following period,
for any possible realisation of qE :∫

J(rE, qE ) dFqE |qN
=

∫ ql(rE,λ)
J(rE, qE )

− dFqE |qN

+

∫ qu(rE )

ql(rE,λ)
J(rE, qE )

= dFqE |qN
+

∫
qu(rE )

J(rE, qE )
+ dFqE |qN

.

The superscripts −,= and + denote as usual the case of a wage cut accompanied by
negative reciprocity; the case of a wage freeze accompanied by normal effort; and
the case of a wage rise accompanied by positive reciprocity respectively. In fact,
depending on the realisation of qE , the value of a job filled by an incumbent worker
takes the following form:

J(rE, qE ) =



y(qE, ẽ+E ) +
ψ

1 − ψ
y(qE, ẽn) −

w̃+E
1 − ψ

if qE > qu(rE )

y(qE, ẽn)

1 − ψ
−

w̃=E
1 − ψ

if qE ∈ [ql, qu]

y(qE, ẽE (λ)
−) +

ψ

1 − ψ
y(qE, ẽn) −

w̃E (λ)
−

1 − ψ
if qE < ql(rE, λ).

(2.33)
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Finally, the steady-state value of a vacancy can be expressed as

V = −κ + δ [h(θ)J(rN, qN ) + (1 − h(θ))V] . (2.34)

Steady-state job creation condition under uncertainty

Following the same approach of Section 2.4 and the expressions just derived above,
denote by w∗C(λ) the steady-state equilibrium expected present discounted value of the
wage from a new employment relationship:

w∗C(λ) ≡ w̃∗N + Eτ

[
∞∑

t=τ+1
ψt−τw̃∗E

]
(2.35)

≡ w̃N (λ)
+ +

ψ

1 − ψ

∫
w̃∗E dFqE |qN

;

and by y∗C(ẽ
∗
C
(λ)) the corresponding steady-state equilibrium expected present dis-

counted value of output:

y∗C(ẽ
∗
C(λ)) ≡ y(qN, ẽ∗N ) + Eτ

[
∞∑

t=τ+1
ψt−τy(qE, ẽ∗E )

]
(2.36)

≡ y(qN, ẽ+N ) + ψ
∫

y(qE, ẽ∗E ) +
ψ

1 − ψ
y(qE, ẽn) dFqE |qN

.

Next, by imposing the free-entry condition V = 0, and rearranging equations (2.34)
and (2.32) using the expected present value of the equilibrium wage (2.35) and output
(2.36) just defined, the steady-state equilibrium job creation condition determining
firms’ vacancy posting decision can be expressed as follows:

κ

h(θ)
= δ

[
y∗C(ẽ

∗
C(λ)) − w

∗
C(λ)

]
. (U-JC)

Firms will hire workers until the cost of posting a vacancy, multiplied by the expected
duration of the vacancy, equals the expected present discounted value of a new em-
ployment relationship, expressed as the difference between the expected present value
of output produced and the expected present value of the wage paid to workers.

The job creation condition (U-JC) differs from the deterministic version (JC),
Section 2.4.1, in two fundamental ways. First, for any given rN = 0, qN and FqE |qN

,
the right-hand side of (U-JC) is unique, implying that there exists a unique steady-state
equilibrium labour market tightness. As previously anticipated this result is a natural
implication of Assumption U1. Second, even though new hires always exert positive
reciprocity in equilibrium, the job creation condition explicitly depends on λ. Note that
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in this context λ captures the expected cost of wage cuts in the future continuation value
of a new employment relationship, i.e. the relative strength of the expected negative
reciprocity response of incumbent workers in the event of a future wage cut; and not
the anticipated relative large cost of employing newly hired workers at a wage below
their reference wage (as it was the case in the analyses of Sections 2.4 and 2.5).

The solution to (U-JC) is denoted by θ̃∗(λ) and takes the following explicit form:

θ̃∗(λ) =

(
m̄δ
κ

[
y∗C(ẽ

∗
C(λ)) − w

∗
C(λ)

] ) 1
σ

. (2.37)

The remainder of the analysis uses the results derived in this section to qualitatively
address the following questions:

A) what is the effect of expected wage rigidity and anticipated negative reciprocity
of incumbent workers on the steady-state equilibrium level of wages and labour
market tightness?

B) What is the effect of expectedwage rigidity and anticipated negative reciprocity of
incumbent workers on the cyclical behaviour of job creation and on the volatility
of vacancies and unemployment?

2.6.4 The Steady-state Effects of Expected Negative Reciprocity

This section investigates the effect of expected wage rigidity and anticipated negative
reciprocity on the steady-state equilibrium levels of wages and labour market tightness
(therefore addressing Question A)).

Consider first the steady-state wages that firms expect to pay in equilibrium. The
expected wage of new hires is E[w̃∗N ] ≡ w̃N (λ)

+,while the expected wage of incumbents
is E[w̃∗E ] ≡

∫
w̃∗E dFqE |qN

. The following proposition establishes how an increase in
the relative strength of expected negative reciprocity of incumbent workers, that is, an
increase in the expected cost of wage cuts, affects these values.

Proposition 16. For any given rN = 0, qN and FqE |qN
, a higher λ decreases the

expected equilibrium wage paid to newly hired workers E[w̃∗N ]; while it increases the
expected equilibrium wage paid to incumbents E[w̃∗E ].

Proof. See Appendix B.2. �

A higher λ implies that it is optimal for firms to set a lower wage in t = τ for newly
hired workers to reduce the magnitude of the expected negative reciprocity response in
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the event of a wage cut. Hence, expected wage rigidity reinforces firms’ incentive to
compress wages at the start of the employment relationship.

For what concerns the expected wage to be paid to incumbent workers, the antici-
pation in t = τ of stronger negative reciprocity in t > τ, involves two opposing effects:
a higher λ puts upward pressure on the wage in the event of a future wage cut, since
firms will have an incentive to set a higher wage in order to partially offset workers’
negative reciprocity; however, as noted above, a higher λ also implies a lower wage in
t = τ, which puts downward pressure on the reference wage in t > τ, and hence on the
wage paid to incumbents in the event of a wage freeze. As established by Proposition
16, the former effect dominates, implying that the expectations of stronger negative
reciprocity increase the expected equilibrium wage of incumbent workers.

Next, consider the effect of the expected relative strength of negative reciprocity λ
on the equilibrium labour market tightness θ̃∗(λ). Total differentiation of (2.37) with
respect to λ yields:

dθ̃∗(λ)
dλ

=
θ̃∗(λ)

σ
[
y∗C(ẽ

∗
C
(λ)) − w∗C(λ)

] · [dy∗C(ẽ
∗
C
(λ))

dλ
−

dw∗C(λ)
dλ

]
The sign of this derivative depends crucially on the effect of λ on the present values of
both output and wages from a new employment relationship ( i.e. the term in square
brackets).

Lemma 3. The expected present value of the steady-state equilibrium wage w∗C(λ)

characterising new employment relationships is unaffected by changes in λ.

Proof. See Appendix B.2. �

Lemma 3 implies that firms’ anticipation of stronger negative reciprocity does not
affect the expected present value of the optimal wage they will pay to employedworkers.
Essentially, the expected marginal decrease in the wage of newly hired workers, and
hence in the reference wage of those workers from t > τ onwards in the event of a wage
freeze, is entirely offset by firms’ optimal wage policy accounting for the expectations
of a marginal increase in the wage they will have to pay to incumbents in the event of
a wage cut in t = τ + 1 (which also implies a higher reference wage from t > τ + 1
onwards).30

Lemma 4. The expected present value of the steady-state equilibrium output y∗C(ẽ∗C(λ))
characterising new employment relationships is decreasing in λ.

30This result echoes the theoretical point of Pissarides (2009), according to which forward-looking
firms are able to internalise any potential future negative effect of wage rigidity into the initial wage
contract.
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Proof. See Appendix B.2. �

Lemma 4 implies that a higher λ reduces the expected present value of output that
firms will expect to produce from new employment relationships. That is, a higher λ
implies a lower expected effort in the event of a wage cut in t = τ + 1, and a greater
probability of having to enact a costly wage freeze. This insight is the main driver of
the results derived in this section and it stands as an additional channel through which
expected wage rigidity can affect firms’ present value of an employment relationship.31
Based on these results, the following proposition formally establishes the effect of λ on
the steady-state equilibrium labour market tightness.

Proposition 17. For any given rN = 0, qN and FqE |qN
, the steady-state equilibrium

labour market tightness θ̃∗(λ) is decreasing in λ.

Proof. See Appendix B.2. �

Proposition 17 uses the results derived by Lemma 3 and 4 to establish that the antici-
pation by firms of stronger negative reciprocity by employed (incumbent) workers in the
event of future wage cuts will reduce job creation. Hence, Proposition 17 generalises
the result established by Proposition 11, Section 2.4, and shows that expected down-
ward wage rigidity does have detrimental effects for job creation and unemployment.
Even in a labour market populated by newly hired workers with relatively low wage en-
titlements (in this section normalised to zero), the expectation of incurring a relatively
large cost of implementing wage cuts in the future reduces the expected present value
of new employment relationships, resulting in fewer vacancies and therefore in higher
unemployment in the steady state.

2.6.5 Expected Negative Reciprocity and the Volatility of Job Cre-
ation

The purpose of this section is to investigate the effect of expected wage rigidity and
anticipated negative reciprocity on the volatility of vacancies and unemployment (there-
fore addressing Question B)). In order to proceed, the following proposition derives an
expression for the elasticity of labour market tightness with respect to productivity that
characterises this version of the model with uncertainty.

31Note that this channel is absent in Pissarides (2009) and in virtually any other search and matching
model developed to date, with the exception of Eliaz and Spiegler (2014). However, by considering
endogenous layoffs, Eliaz and Spiegler (2014) are unable to derive an unambiguous prediction as the
one established by Lemma 4.
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Proposition 18. The elasticity of labour market tightness θ̃∗(λ) with respect to produc-
tivity p takes the following form

εθ̃∗(λ) =
1
σ

y∗C(ẽ
∗
C
(λ)) + Λ(εw∗C,w

∗
C(λ))

y∗C(ẽ
∗
C
(λ)) − w∗C(λ)

. (2.38)

where y∗C(ẽ∗C(λ)) and w∗C(λ) are the expected present values of output and the wage as
defined by (2.36) and (2.35), and Λ(εw∗C,w

∗
C(λ)), to be defined shortly, is a function of

w∗C(λ) and its elasticity εw∗C with respect to productivity p.

Proof. See Appendix B.2. �

Proposition 18 derives an equation for the elasticity of market tightness when there
is uncertainty about the evolution of qC,t . This expression is directly comparable with
the one derived for the deterministic version of the model, given by (2.22), and with
the literature (see Section 2.5.1). The impact of the cyclicality of wages on the size of
this elasticity is captured by the function Λ(εw∗C,w

∗
C(λ)).

Corollary 2. The function Λ(εw∗C,w
∗
C(λ)) takes the form

Λ(εw∗C,w
∗
C(λ)) ≡ −εw̃+N w̃N (λ)

+ · ΘN

−
ψ

1 − ψ

∫ ql(w̃N (λ)
+,λ)

εw̃−E w̃E (λ)
− · Θ−E dFqE |qN

−
ψ

1 − ψ

∫
qu(w̃N (λ)+)

εw̃+E w̃
+
E · Θ

+
E dFqE |qN

(2.39)

where:

ΘN ≡ −

[
∂y(ẽN )

∂e

∂ẽ+N
∂w
− 1 + ψΦ(w̃N, λ)

]
= − Υ(w̃N ; rN, qN, λ) =0;

Θ
−
E ≡ −

[
(1 − ψ)

∂y(ẽE )

∂e
∂ẽE (λ)

−

∂w
− 1

]
= − Υ(w̃E (λ)

−; rE, qE, λ) =0; and

Θ
+
E ≡ −

[
(1 − ψ)

∂y(ẽE )

∂e
∂ẽ+E
∂w
− 1

]
= − Υ(w̃+E ; rE, qE, λ) =0.

Hence,
Λ(εw∗C,w

∗
C(λ)) = 0, ∀εw∗C ;

which implies that εw∗C is irrelevant for the size of εθ̃∗(λ).

Proof. See Appendix B.2. �

Corollary 2 generalises the irrelevance result established by Proposition 13, Section
2.5, to an environment in which there is uncertainty around the evolution of a job



2.6. Uncertainty, Negative Reciprocity and Job Creation 101

match productivity. That is, the cyclicality of the expected present value of the wage
characterising new employment relationships is irrelevant for the size of the volatility
of the vacancy-unemployment ratio. Essentially, for any given increase in aggregate
productivity, firms’ wage setting policy is such that the inter-temporal trade-off between
the marginal cost of a higher wage—and a higher reference wage in the future—and
the marginal benefit on output achieved as a result of an increase in workers’ effort, is
optimally balanced. Note that this is achieved by firms’ optimal wage setting for both
newly hired and incumbent workers, i.e. for any given qN and qE .32 As such, changes
in aggregate productivity p are fully absorbed by firms’ expected present discounted
value of profit J(rN, qN ).

The elasticity of labour market tightness with respect to aggregate productivity can
therefore be expressed as a function of the wage-output ratio:

εθ̃∗(λ) =
1
σ

1
1 − [w∗C(λ)/y

∗
C(ẽ
∗
C
(λ))]

. (2.40)

Proposition 19. For any given rN = 0, qN and FqE |qN
, the elasticity of labour market

tightness εθ̃∗(λ) is increasing in λ.

Proof. See Appendix B.2. �

The statement of Proposition 19 establishes that the anticipation by firms of stronger
negative reciprocity from incumbent workers, that is, the anticipation of a greater
cost of implementing wage cuts in the future due to employed (incumbent) workers’
asymmetric reference-dependent reciprocity, unambiguously increases the size of the
elasticity of labour market tightness with respect to aggregate productivity. This result
generalises the statement of Proposition 14, Section 2.5, to a labour market in which
newly hired workers are characterised by a relatively low (here normalised to zero)
reference wage.

The key insight stemming from Proposition 19 is that the expectations of downward
wage rigidity reduce the firms’ expected present value of the surplus they obtain from
new employment relationships. This result complements and extends the insight of
Eliaz and Spiegler (2014) by showing that, even if the anticipation of wage rigidity does
not reduce the expected duration of amatch, it can unambiguously increase the volatility
of job creation. Moreover, while Eliaz and Spiegler (2014) attribute the relatively large
cost of implementing wage cuts to a random realisation of a parameter capturing the

32In fact, as it is demonstrated in the proof of Corollary 2, the functions ΘN , Θ−E and Θ+E are
equivalent to the negative of the first-order conditions characterising w̃N (λ)

+ for all qN , w̃E (λ)
− for all

qE < ql(rE, λ), and w̃+E for all qE > qu(rE ) respectively. The underlying logic is equivalent to the one
explained in Section 2.5.2.
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incompleteness of the employment contract, the present framework has shown that it is
the asymmetric and reference-dependent nature of workers’ reciprocity—in particular,
the greater strength of negative reciprocity in the event of awage cut—that is the relevant
concern affecting firms’ hiring decisions. In fact, if reciprocity were symmetric, i.e.
λ = 1, the range of rigidity [ql, qu] would disappear, the wage of incumbent workers
would be expected to be pro-cyclical for all realisations of qE and the size of the
elasticity of market tightness εθ̃∗(λ) would be smaller. In addition note that, due to
the irrelevance result established in Corollary 2, the statement of Proposition 19 holds
independently of how much pro-cyclical the wage paid to newly hired workers is, and
is therefore fully consistent with the empirical evidence on its cyclicality.

To conclude, it has been qualitatively demonstrated that new hires’ wage cyclicality
is irrelevant for the size of the elasticity of market tightness, and that when there
is uncertainty around the evolution of a job match productivity, the expectations of
downward wage rigidity in long-term employment relationship can dampen hiring
incentives and increase the volatility of vacancies and unemployment fluctuations.

2.7 Conclusions

Inspired by recent prominent attempts to provide more realistic micro-foundations
for the macroeconomic analysis of wage and unemployment fluctuations (e.g. Snell
and Thomas (2010), Danthine and Kurmann (2010), Eliaz and Spiegler (2014) and
Kuang and Wang (2017)) this chapter has incorporated the theory of wage setting
behaviour developed in Chapter 1 into a canonical search and matching model à la
Pissarides (1985, 2000). This approach has allowed a novel and more in-depth analysis
of the underlying behavioural incentives that determine wage setting behaviour and job
creation, also in light of the current debate around the role of expected wage rigidity
for the volatility of the vacancy-unemployment ratio.

It has been shown that employed workers’ asymmetric reference-dependent reci-
procity, coupled with their reference wage adaptation, generates a unique, but distinct,
steady-state equilibrium outcome for each initial value of new hires’ wage entitlements
in the labour market. These outcomes are characterised by different comparative statics
properties and can be ranked in terms of wage levels, new hires’ morale and reciprocity,
and unemployment rates.

This framework was then used to contribute to the theory of labour markets con-
cerned with the amplitude and co-movement of vacancies and unemployment fluctu-
ations over the business cycle (see, for instance, Shimer (2005); Pissarides (2009);
Kudlyak (2014)). The contribution of this analysis rests on three main results. First,
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in contrast to existing theoretical models, in the presence of reference-dependent reci-
procity the cyclicality of the price of labour at the time of hiring is shown to be
irrelevant for the size of the volatility of vacancies and unemployment. Then, it is
shown how workers’ wage entitlements, their intrinsic motivation and their degree of
loss aversion can influence firms’ expected present value of the surplus from a new
employment relationship, which has been identified by the literature as the crucial de-
terminant of the amplitude of cyclical fluctuations in job creation and unemployment.
A calibration exercise, aimed at evaluating the quantitative relevance of these novel
behavioural mechanisms, has shown that the framework developed in this chapter can
simultaneously accommodate plausible estimates of the volatilities of both the hiring
wage and the vacancy-unemployment ratio. Finally, it has been shown that if there is
uncertainty around the evolution of a job match productivity throughout the employ-
ment relationship, the expectation of downward wage rigidity and of the relatively large
cost of implementing wage cuts—due to employed (incumbent) workers’ asymmetric
reference-dependent reciprocity—increases unemployment in the steady state, and re-
duces the firms’ expected present value of new employment relationships. This result
complements and extends the insight of Eliaz and Spiegler (2014) by showing that,
even if the anticipation of wage rigidity does not generate ex-post inefficient lay-offs, it
can unambiguously increase the volatility of job creation.

The framework developed in this chapter highlights additional theoretical aspects
that will benefit from further research. For instance, The path-dependent nature of the
steady-state equilibrium of the model, and the crucial importance of new hires’ wage
entitlements for its determination, points toward two research routes in particular. First,
gaining insight on how wage entitlements are formed, and whether firms’ information
about these is complete, can potentially enhance the understanding of the determinants
of equilibrium unemployment. For instance, it will be interesting to explore alternative,
endogenous or exogenous, reference wage formation processes, and to analyse their
related implications in the context of the framework developed here. Second, it could
be relevant to systematically study whether and how workers’ wage entitlements can be
“manipulated” downwards (for instance, during recessions), either byfirms, government
policies or both. Doing so will not only allow firms to produce more output at the same
cost—due to an increase in morale and effort among workers—but will also allow
governments to achieve a more desirable equilibrium rate of unemployment.

In conclusion, the approach in this chapter has highlighted the existence of be-
havioural aspects characterising employment relationships that can influence firms’
expected surplus from a new match, and has provided a benchmark model to analyse
their implications that is transparent and directly comparable with the existing literature.
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These behavioural aspects can be exogenous to the specific economic environment, or
can be influenced by the labour market institutional and social context. Gaining further
insights in this direction can potentially contribute to enhance the understanding of the
cyclical behaviour of labour markets.



Chapter 3

Reference Wage Formation: A General
Framework and Two Applications

3.1 Introduction

From the development of reference-dependent preferences and their application in the
analysis of the employment contract and wage negotiations, the concept of a worker’s
reference wage has become an essential ingredient of micro- and macro-economic
theories of the labourmarket. The referencewage however does not necessarily indicate
a single monetary wage level relative to which a worker compares a wage offer. This
chapter advances the idea that the reference wage is an artefact of economic models
that captures a broader set of feelings, entitlements, information and norms about what
should be a fair remuneration. It is a useful representation of a worker’s perception
of what is a “fair” wage. Before tacitly converging towards this broader concept,
the labour market literature has adopted a variety of terms such as: the “fair wage”
(Marshall, 1890; Hicks, 1963; Akerlof and Yellen, 1990); “perceptions of entitlement”
(Kahneman et al., 1986); the “wage norm” (Okun, 1981; Lindbeck and Snower, 1986);
the “frame of reference” (Bewley, 1999); or, more recently, the “reference frame for
fairness judgements” (Fehr et al., 2009).

Strictly related with the notion of the reference “fair” wage are the concepts of
fairness and norms, nowubiquitous in every economicmodel that aims to provide amore
realistic account of employed workers’ reciprocity and firms’ wage setting behaviour.
However, the theoretical literature on labourmarkets andwage determination has largely
focused on the consequences of deviations of wage offers from a specific, exogenous
or endogenous, reference “fair” wage. That is, on the effects of wage gifts and unfair
wages on workers’ effort. Assumptions regarding the relevant reference wage vary
extensively among models, which consequently provide a range of predictions that
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depend crucially on the choice of the reference wage and its determinants. These
assumptions are either grounded on some selected strand of evidence, also stemming
from other behavioural disciplines, or are alternatively formulated by appealing to the
theorist’s intuition. Despite this prominent and crucial role, the existing literature does
not yet offer a systematic approach aimed at a comprehensive understanding of the
workers’ reference wage formation process and determinants in the context of labour
markets.

The aim of this chapter is to fill this gap by providing a rigorous and portable theo-
retical framework to think about reference wage formation; and to show its advantages
for the analysis of reciprocity and wage dynamics in employment relationships, and
for the cyclical behaviour of job creation and unemployment. In doing so, the chapter
makes several contributions.

The first part of the chapter, Section 3.3, is dedicated to a survey of the labour
market literature on reference wage formation, which is complemented by a concise
discussion of other behavioural sub-disciplines concerned with reference point for-
mation. Workers’ perceptions of fairness with respect to wage contracts depend on
complex interactions between someone’s own experience, existing social norms and
the surrounding institutional context. These perceptions can therefore be determined
by previously received wage contracts, the wage paid to other peers, the type of em-
ployment contract, and/or the state of the labour market. Importantly, perceptions of
fairness can change over time and their evolution and shape does not necessarily have to
be “symmetric”. These features can be grouped into three main properties of reference
wage formation: i) there is an intrinsic tendency of workers to adapt their reference
wage over time; ii) this process is strictly dependent on the readily available infor-
mation, which can be influenced/manipulated by intentional disclosure practices (e.g.
firm internal communication), exogenous public events (e.g. news), and institutional
and social devices (e.g. labour unions); and iii) there appears to be asymmetries in
reference wage formation: workers adapt more rapidly to experienced gains than to
experienced losses, and disadvantageous pay inequality has a larger effect on fairness
judgements and morale than equity or advantageous inequality.

The second part of the chapter, Section 3.4, analytically formalises these principles
into a general and portable framework. This formulation deals with several aspects of
reference wage formation. The relevant information affecting a worker’s reference wage
is categorised into two types of determinants: “entitlement” determinants—which can
constitute a reference wage by themselves—and “shift” determinants—which, instead,
influence/shift the reference wage. The framework also considers howworkers evaluate
wage contracts in the presence of multiple references/determinants, and what can be
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inferred from studying the dynamics of a generalised reference wage rule. On the basis
of this set up, the key element that completes the theory is the postulate of a general
behavioural principle that captures the unconscious cognitive process through which
workers form their perception of what is a fair wage. By appealing to the social identity
approach introduced in economics by Akerlof and Kranton (2000, 2005, 2008, 2010) it
is assumed that the relevant set of determinants for fairness evaluations depend on how
a wage contract is framed; and that framing is influenced by a worker’s social identity:
a concept that ties together the worker’s social categories with their related fair wage
norms. This approach generates a unique conceptual framework that can be applied
in a variety of economic and social contexts, where the most important task left to
the theorist/analyst is to identify the relevant set of social categories that characterise
the environment of analysis, and to specify the sets of reference wage determinants
corresponding to each category.

The final part of the chapter, Section 3.5, illustrates how this approach can be used
to extend the theory of reciprocity and wage setting behaviour developed throughout
the thesis. The focus is on two main applications. The first is concerned with the
microeconomic implications of a general asymmetric adaptation rule for wage and
reciprocity dynamics (using the model of Chapter 1). Among other results, the analysis
provides a behavioural explanation for the observed persistence of wage dynamics, and
a rationale for why negative shocks generate a more persistent response. As such,
the theory gives a unified and coherent explanation for the conjectured asymmetry
in the intensity (loss aversion) and persistence (asymmetric adaptation) of negative
versus positive reciprocity. The second application analyses the implications of relative
wage comparisons between newly hired and incumbent workers for the cyclicality of
wages, job creation and unemployment (using the search and matching framework
developed in Chapter 2). Here it is shown that the endogenous downward rigidity (or
the “muted” adjustment) of the wage of existing workers generates entitlement effects
in the reference wage of new hires due to social comparison. This spill-over effect,
in turn, influences firms’ optimal wage setting and hiring behaviour and generates
hysteresis in wages, vacancies and unemployment. That is, temporary cyclical shocks
have permanent effects on the steady state equilibrium. This result leads to two further
insights. On one hand, in the case of large economic cycles, themodel is consistent with
procyclical wages and high and persistent unemployment, a cyclical pattern that fits well
the puzzling experience of the U.S. labour market during the Great Recession (see Elsby
et al. (2016)). On the other hand, the existence of hysteresis highlights the failure of a
labour market—comprised of rational payoff-optimising agents—to fully return, after
a temporary shock, to the original steady-state equilibrium. Therefore, this theoretical
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result suggests that exogenous market interventions—also aimed at “manipulating”
workers wage entitlements—might be effective to achieve more desirable labour market
outcomes, and appoints the approach developed here as a tractable framework to analyse
these issues from a novel behavioural perspective.

The interpretation of the literature and the theory of reference wage formation
developed here are grounded on the concepts of reference dependence and loss aversion
in the evaluation of wage contracts by workers. As such, before diving into the main
themes of this chapter, the next section will provide a concise summary of these
behavioral aspects, drawing from the theoretical framework developed in Chapter 1.
Finally, a summary of the key contributions made is given in Section 3.6; while
additional material referred to throughout the chapter is included in Appendix A.3.

3.2 Conceptual Framework

As formalised in Chapter 1, workers are assumed to be reference dependent and loss
averse, which implies that they evaluate wage contracts with respect to a reference
“fair” wage and that unfair wages below the reference wage generate a disproportional
decrease in payoff. These behavioural aspects have been formalised by assuming the
following worker’s instantaneous utility function (or payoff):

u(et ;wt, rt) = m(wt) + ξn(wt |rt) + b(et) − c(et) + M(et ;wt, rt), (3.1)

where m(·) captures the effect of absolute wage levels on utility; b(e) and c(e) represent
the worker’s intrinsic psychological and physical benefits and costs of productive ac-
tivity. The function M(et ;wt, rt) ≡ ζen(wt |rt) is the morale function, which measures
the worker’s evaluation of the productive effort they undertake in light of the fairness
of the wage they are paid; and n(wt |rt) ≡ µ(m(wt) − m(rt)) captures the worker’s gain-
loss utility in the spirit of Kahneman and Tversky (1979) and Tversky and Kahneman
(1991), where µ(·) is a piece-wise linear gain-loss function:

µ(m(wt) − m(rt)) =

{
η[m(wt) − m(rt)] if wt ≥ rt

λη[m(wt) − m(rt)] if wt < rt
(3.2)

in which η > 0 is a scaling parameter that represents the importance of gain-loss utility
for the worker and λ ≥ 1 is the worker’s degree of loss aversion. In the context of
this chapter, the function (3.2) will be referred to as the worker’s experienced gain-loss
utility. This is to emphasise the fact that gains and losses in utility are the result of
“contemporaneous” fairness evaluations of the wage contract set by the firm, and not
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of “prospective” evaluations of potential wage offers. Assumptions W1-W4, Chapter
1, hold throughout unless otherwise specified.

The theory developed in Chapter 1 aimed at understanding workers’ and firms’
optimal behaviour in a wage setting context. That is, the worker’s optimal choice of
effort ẽt for any given wage offer wt relative to a unique, exogenous or endogenous,
reference wage rt ; and the firm’s optimal wage setting policy w̃t given the worker’s
optimal effort response and their referencewage. In contrast, the first part of this chapter
will focus solely on the determination of the reference wage rt , and on how a worker’s
payoff u(et ;wt, rt)will be influenced by the experienced gain-loss utility µ(m(wt)−m(rt))

subject to several properties characterising the reference wage formation process.

3.3 The Reference Wage in the Existing Literature

This section surveys the existing labour market literature on reference wage formation
(Section 3.3.1) and discusses some key insights that stem from other behavioural
science sub-disciplines concerned with reference point formation (Section 3.3.2). The
aim of this wide-ranging survey is to identify more clearly which are the most likely
determinants of a worker’s reference wage, and how they affect the reference wage
formation process.

3.3.1 Labour Market Literature

The following survey is divided into two main sections. First, theoretical models of
the labour market with an element of reference dependence are discussed. As it will
become clearer from the discussion, although the reference wage is a concept widely
used in the theoretical literature, there is no complete general treatment of the reference
wage formation process. Then, the survey is complemented by discussing the existing
empirical evidence on reference wages in labour markets, drawing from a wide range
of empirical approaches.

Theoretical models and reference wage assumptions

In this section theoretical models of the labour market are classified on the basis of
their most distinctive assumptions about the determinants of a worker’s reference wage.
These models may differ in many ways depending on the modelling approach, the
economic perspective (micro, macro or both) and the questions they aim to investigate.
The following survey pulls them together around the concept of the reference wage.
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External labourmarket conditions. Thefirst formalmodels to incorporate the notion
of a reference “fair”wage are those belonging to the efficiencywage tradition in the spirit
of Akerlof (1982), Summers (1988) and Akerlof and Yellen (1990). These models have
predated the dissemination of reference-dependent preferences in economics, and have
postulated a wage-effort relationship around the assumption of a “fair” wage. Despite
assuming various determinants of the referencewage, the key distinctive feature of these
models is the assumption that contemporaneous labour market conditions external to
the firm—such as the unemployment rate, or the market clearing wage—negatively
influence workers’ wage entitlements, easing the efficiency wage constraint. This
approach, and in particular the partial gift-exchange model of Akerlof (1982), has also
been incorporated into dynamic general equilibrium macroeconomic models, in which
external labour market conditions influencing the reference wage have been assumed to
be given by: the income from self-employment and the unemployment rate in the Real
Business Cycle model of Danthine and Donaldson (1990); the value of unemployment
benefits in a Search and Matching framework analysed by Wesselbaum (2013).

The purpose of this assumption has been to highlight the role of aggregate labour
market conditions on workers’ wage entitlements and fairness considerations.

Most recent wage contract. Adifferent stream of theoretical models has investigated
the consequences of assuming the reference wage being determined by the value of
workers’ most recent wage contract or their past wage. As it will be discussed in the
next section, the main reference cited in support of this assumption is the seminal
work of Kahneman et al. (1986) and Bewley (1999) whom provide experimental and
anthropological evidence of the importance of pastmarket transactions for the formation
of wage entitlements and fairness judgements by workers. Collard and de la Croix
(2000) are the first to consider the worker’s past wage as the reference wage in a general
equilibrium Real Business Cycle model; Danthine and Kurmann (2004) incorporate
this assumption into a New Keynesian DSGE model; while Ball and Moffitt (2002)
explore the impact of past wages on “wage aspirations” in a standard model of the
Phillips curve (e.g. à la Blanchard and Katz (1997)). More descriptive approaches
that considered the implications of the past wage as the reference wage, along with
other prominent insights from behavioural economics, are the microeconomic models
of wage setting proposed by Holden andWulfsberg (2009), Elsby (2009) and Benjamin
(2015).1 The theory developed in Chapter 1 can also be placed under this class of

1Although in a conceptually different manner the past wage, couched with the notion of a reference
point, has been implemented in the Search and Matching literature by Boitier (2015) and Koenig et al.
(2016) as an alternative to the workers’ outside option in the generalised Nash bargaining solution; and in
the job search literature by DellaVigna, Lindner, Reizer, and Schmieder (2016) as the reference income
level, in order to explain cyclical variations in search effort.
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models.
This assumption has proven to be extremely useful in enhancing the explanatory

power of these models, in particular by generating various sorts of rigidity, stickiness,
or “sluggishness” in the adjustment of wages to exogenous shocks.

Wage of other workers. Following on from the insight of Keynes (1936), among
the most popular candidates for a worker’s reference wage is the wage paid to other
workers. Within this broad definition, the theoretical literature can be classified in
three main strands. As initially proposed by Keynes, some papers have assumed that
workers compare their wage relative to those of other workers—the relevant reference
group—employed in other firms (e.g. Bhaskar (1990), Akerlof and Yellen (1990),
Akerlof, Dickens, and Perry (2000) and Driscoll and Holden (2004)). In the context
of the chapter, this type of relative comparison will be referred to as external social
comparison. On the other hand, building on the early insights ofHamermesh (1975) and
Frank (1984), the paper of Cabrales, Calvó-Armengol, and Pavoni (2008) analyses the
implications of a firm’s internal pay structure for wage dynamics and skill segregation,
by assuming that workers compare wage offers relative to the wage of other peers
with similar productivity employed in the same firm. This relative comparison will be
referred to as internal social comparison. As the evidence presented in the following
section will confirm, both forms of social comparison are found to be important for
workers’ referencewage formation. Finally the original contributions of Thomas (2005)
and Snell and Thomas (2010) analyse the implications for wage and unemployment
fluctuations of the “equal treatment” hypothesis, according to which firms cannot pay
discriminate between new hires and incumbents. Despite being imposed as an ad hoc
constraint, this assumption aims to capture the idea that social comparison may also
exists between unemployed workers being hired and existing workers already employed
in the same hiring firm.

The implications of these assumptions varywithin the literature. For instance, exter-
nal social comparison generates coordination failures andmultiple rational-expectations
equilibria in Bhaskar (1990); internal social comparison provides an explanation for
productivity-unrelated wage increases in the model of Cabrales et al. (2008); while the
“equal treatment” hypothesis generates downward rigidity in the wage of newly hired
workers (Snell and Thomas, 2010).

Firm’s ability to pay. Motivated by the inability of the aforementioned efficiency
wage approach to generate wage rigidity in general equilibrium models, Danthine and
Kurmann (2006, 2007) have advanced the hypothesis that workers’ reference wage is
influenced by their firms’ ability to pay, captured by a measure of the firm’s output
per employee. This “internal reference” perspective also resembles the notion of rent
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sharing: a worker employed in a firm that is making relatively more profit will expect
to be paid a relatively higher wage, that is, in the model of Danthine and Kurmann
(2007), a higher per-worker output implies a higher worker’s reference wage.2

In addition to generating wage stickiness to aggregate demand shocks and being
consistent with evidence that finds firm performance being a quantitatively significant
predictor of wages, this assumption enables to consider the role of firm-specific in-
formation about profitability on workers’ reference wage formation, and the related
consequences for wage dynamics and unemployment.

Lagged expectations. In a recent contribution Eliaz and Spiegler (2014) analyse a
search and matching model à la Mortensen and Pissarides (1994) where workers have
reference-dependent preferences and employed workers’ reference wage is given by the
expected equilibrium wage paid to existing workers. More specifically, following the
lagged expectations approach of Kőszegi and Rabin (2006), an employed worker’s ref-
erence wage is determined by their rational expectations conditional on the information
acquired in the previous employment period.

This lagged structure generates wage rigidity in the model of Eliaz and Spiegler
(2014). Another advantage of this assumption is that it can potentially capture realistic
situations in which even a wage raise may be perceived as unfair, if the resulting wage
level is below what was expected by the worker.

Multiple references. Indeed all the elements outlined above might be relevant
for a worker’s reference wage formation process. The following set of theoretical
models have used a multiple reference approach to characterise the reference wage, by
considering various combinations of the aforementioned determinants. For instance,
among other factors related to external labour conditions, Skott (2005) assumes that the
reference wage is determined by workers’ current real wage and by the external relative
comparison with the wage of other workers. Danthine and Kurmann (2010) analyse a
reference wage equation which depends on three determinants: external labor market
conditions, captured by the aggregate wage and the employment level; a measure of
firm-internal labour productivity representing rent-sharing considerations; and past
wages capturing the notion of wage entitlement on the part of workers. Chouliarakis
and Correa-Lopez (2012) consider a combination of the market clearing wage with
the wage of other workers and introduce a backward-looking element by assuming
that only a random fraction of workers update their entitlements on current market
conditions. On the other hand Knell and Stiglbauer (2012) consider four distinct cases:
workers’ past wage; the wage of workers employed in another sector; a price indexation

2See Section A.1.1, Appendix A.1, for an overview of Danthine and Kurmann’s (2007) model and
assumptions.
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mechanism; and a “wage leadership” framework according to which the leading sector
reference wage is unaffected by past and current market conditions while the follower
take the wage set by the leader as the reference wage. Finally Kuang and Wang (2017)
consider a combination of a worker’s past wage; their outside option, i.e. the average
wage paid in the market; and the wage level in the steady-state.

The advantage of a multiple reference approach is to enable a better understanding
of the relative importance of each reference wage determinant for the outcomes of the
model. In addition, some of those models generate structural wage equations where
the relevance of each reference wage determinant can be estimated and quantified with
labour market data (e.g. as in Danthine and Kurmann (2010)).

Evidence on reference wage determinants

This section surveys the empirical literature concerned with the investigation of what
determines workers’ reference wage entitlements in the labour market. This literature
consists of several research approaches that span from survey interviews, panel data
analysis and laboratory and field experiments.

Past wages and adaptation. The first piece of evidence supporting the idea that past
wage contracts serve as a reference for fairness judgements in the labour market comes
from the seminal telephone survey experiment of Kahneman et al. (1986). This finding
has been rapidly coupled with the psychological notion of adaptation, or habituation,
popular in social psychology (see discussion in the next section; and Kahneman and
Thaler (1991) and Baucells and Sarin (2010) for a review of this early literature).

Adaptation to past wage contracts is also supported by several anthropological
studies (see the survey of Bewley (2007) and other references cited in this section). In
every firm interviewed, regardless of the country or industry of origin, compensation
managers believe that past wage contracts are important determinants of workers’ wage
entitlements, and that workers rapidly adapt to what they are paid: “Even generous
pay raises do not increase morale or productivity, because workers quickly get used
to increases and grow to believe they have a right to them.”(Bewley, 2007, p.162).
Nevertheless, this entitlement adaptation might not be as quick in the event of wage
cuts. As reported in these studies, managers fear a more intense and persistent drop in
their workers’ effort following wage cuts, suggesting that it takes more time for workers
to adapt to wages that are perceived to be unfair.

Another strand of evidence comes from panel data analysis of the wage-job sat-
isfaction relationship using British (Clark, 1999; Smith, 2015) and German (Grund
and Sliwka, 2007) panels. All these studies report evidence of a significant positive
relationship between job satisfaction and wage changes between waves (rather than
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absolute wage levels). Hence, this evidence stands in support of the hypothesis of
adaptation of wage entitlements.

In the context of experimental studies, indirect evidence in support of this hypoth-
esis comes from the field experiment of Gneezy and List (2006), and the laboratory
experiments of Clark, Masclet, and Villeval (2010), Gächter and Thöni (2010) and
Koch (2016) among others. In particular, based on the results of their experiment,
Gneezy and List (2006) are the first to conjecture that the observed temporary effect
of a wage-gift on workers’ effort could be explained by an adaptation of the reference
point. This conjecture, and the hypothesis of reference wage adaptation, has been
directly tested in the field experiment of Chemin and Kurmann (2014), and in the lab-
oratory experiment of Sliwka and Werner (2017). The distinctive feature of both these
studies is that the authors purposely investigate the effects of increasing and decreasing
wage profiles on workers’ effort in a dynamic environment. Chemin and Kurmann
(2014) find that a wage rise of 45% did not have a significant effect on field-workers’
un-monitored effort; while a subsequent wage reduction back to the initial wage level
has lead to a significant drop in effort of about about 30% less relative to the rate before
the wage rise was implemented. On the other hand, analysing several wage profiles
offered to individuals working on a real-effort task, Sliwka and Werner (2017) find
that the positive effect on effort of a wage increase are only temporary and that, absent
subsequent increases in the wage, working performance converges back towards the
level associated with a constant wage.

Taken together this evidence identifies past wage contracts as one of the most
plausible candidate as a determinant of the reference wage, and points toward the
existence of a dynamic adaptation in workers’ wage entitlements over time.3

Relative wage comparisons. Evidence in support of the role of social comparison
for workers formation of wage entitlements in the labour market comes from a variety
of empirical approaches.

The first strand of evidence comes from field surveys to compensation managers
from a set of firms and industries in the U.S. (e.g. Bewley (1999)), the U.K. (e.g. Kauf-
man (1984)) and other European countries (e.g. Du Caju et al. (2015)). These studies
provide anthropological evidence in support of all the three types of social comparison
hypotheses previously discussed. For instance Blinder and Choi (1990), Campbell and
Kamlani (1997), Bewley (1999) and Galuscak et al. (2012) find that firm’s internal pay
structure is particularly relevant to workers fairness considerations and relative wage
comparisons.4 While Agell and Lundborg (1995, 2003) and Agell and Bennmarker

3This evidence also justifies the extensive use of the assumption of reference wage adaptation
implemented in Chapters 1 and 2.

4“This structure is created in large part to achieve internal equity, which is both uniformity in
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(2007) for Sweden and Du Caju et al. (2015) for a group of 14 European countries find
evidence in support of the hypothesis that it is the wage of other workers employed
in other firms that forms the relevant entitlement for wage comparisons. Moreover,
Kaufman (1984), Bewley (1998, 1999) and more recently Galuscak et al. (2012) report
that the internal pay structure is also relevant for social comparisons between new hires
and incumbent workers; a finding that supports the “equal treatment” hypothesis of
Snell and Thomas (2010) that was previously discussed. Taken together this evidence
does not seem to give a clear cut conclusion on what type of social comparison is pre-
dominant for workers’ reference wage formation. Nevertheless, several of these studies
documented that external social comparison—be it between new hires and incumbents
or only between incumbents—is more prevalent in markets and industries characterised
by a higher degree of unionisation or coverage of collective agreements (see Bewley
(1998), Agell and Lundborg (2003), Agell and Bennmarker (2007), Galuscak et al.
(2012) and Du Caju et al. (2015)). These findings are consistent with Bewley’s (1998)
conjecture, that the presence of unions, as well as more centralised forms of bargaining,
facilitates the dissemination of information about wages and working conditions across
firms and industries, therefore making relative wage comparisons, with peers employed
in other firms, more likely to take place.

Another strand of evidence comes from more recent laboratory and field exper-
iments, the majority of which have been designed to test the hypothesis of internal
social comparison. These are: the real-effort gift-exchange experiment of Charness
and Kuhn (2007), the three-person gift-exchange experiment of Gächter and Thöni
(2010), the team production experiment of Bartling and von Siemens (2011) and the
labour supply experiment of Bracha, Gneezy, and Loewenstein (2015). While Gächter
and Thöni (2010) and Bracha et al. (2015) find evidence in support of the role of social
comparison for workers’ effort and labour supply decisions, this relationship is less
significant in the studies of Charness and Kuhn (2007) and Bartling and von Siemens
(2011). However, as the authors point out, this result might be caused by the chosen
experimental design. As such, evidence from the laboratory appears to be inconclu-
sive. Instead, the field experiments of Card, Mas, Moretti, and Saez (2012), Cohn,
Fehr, Herrmann, and Schneider (2014) and Breza, Kaur, and Shamdasani (2016) find
supportive evidence of internal social comparison for workers’ job satisfaction, effort
and morale respectively. Interestingly, in virtually every laboratory or field experiment
workers’ social comparisons have been found to be asymmetric: independently of the
choice variable analysed by the experimenters, individuals were more responsive to dis-

the application of the rules setting pay and a set of beliefs about fair relations between pay and its
determinants.”(Bewley, 1998, p.477).
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advantageous pay inequality, while they were almost never responsive to advantageous
inequality. Hence experimental evidence suggests that workers consider the wage of
their peers as a relevant determinant of their reference wage mostly when they feel they
are relatively underpaid.

Experimental evidence in support of external social comparison is reported in Clark
et al. (2010). They perform a standard gift-exchange experiment between an employer
and an employee where information about relative wages (those of other employees in
other firms participating in the same experiment) was given. Indeed they find that wage
comparison has a significant effect on employees performance relative to a benchmark
in which information about relative wages was not given.

Finally, another piece of evidence in support of relative wage comparisons is re-
ported in Smith (2015). By using data from the British Household Panel Survey from
1991 to 2007, Smith investigates the relationship between workers’ job satisfaction
and pay growth and finds that the median wage growth is important in explaining this
relationship: any reduction in earnings growth below the median reduces satisfaction,
relative to those with above-median earnings growth. This evidence is interpreted by
Smith as supportive of the social comparison hypothesis.

Labour market conditions and firm’s performance. Most of the evidence discussed
thus far has been capable of testing directly, or at least gaining an explicit insight on,
the role of two main determinants of workers’ reference wage: their own past wage
contract and the wage contract paid to their peers. This was facilitated by the fact that
the reference wage and its determinants were expressed in the same unit measure, i.e.
a monetary value (or a substitute for it in laboratory experiments). However it is more
troublesome to empirically identify a referencewage determinant when this is expressed
in a different unit measure. Evidence on the role of external market conditions—such
as the unemployment rate—or firm’s performance—such as output per worker—must
therefore be interpreted within a clear conceptual framework.

For instance, consider the popular assumption in the efficiency wage tradition ac-
cording towhich the reference “fair” wage is a decreasing function of the unemployment
rate: r = r(·, u), ∂r(·, u)/∂u < 0. Here the role of the unemployment rate is not to form
an entitlement by itself, but rather to influence the formation of the entitlement, gener-
ating a shift in the reference wage. In fact, an increase in the unemployment rate will
generate a downward shift in the reference wage, with the strictly related consequence
that a firm will be able to pay a lower wage without this being perceived as unfair
(obviously so long as w ≥ r).5 As such, the evidence presented here will be interpreted
around the following conjecture: whenever a piece of information makes a wage cut

5This conceptual framework is implicit in most of the theoretical models cited above.
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more acceptable, or equivalently a wage rise less perceived as a gift, this information
is considered to be an influential determinant of a worker’s reference wage.

In light of this premise, the remainder will discuss evidence on the role of firms’
performance and external labour market conditions. First consider firms’ performance.
The field surveys to compensation managers of Kaufman (1984), Blinder and Choi
(1990) and others discussed in Bewley (2007) have found that when workers are aware
of a period of economic crisis, and in particular, when they are informed about a decline
in their employer’s firm performance and profitability, wage cuts are not seen as unfair
and they become more acceptable.

This finding, and in particular the role of the firm’s performance during a reces-
sionary episode, is also corroborated by the telephone survey experiment of Kahneman
et al. (1986). Simulating a scenario characterised by high unemployment and in which
a firm could replace existing workers with other equally productive workers at a lower
wage, 68% (N=195) of the respondents thought that it was acceptable to receive a
5% wage cut when information about poor firm performance was given, while only
23% (N=195) of the respondents found that option acceptable when knowing that firm
performance was good.

There are other two empirical exercises that report some indirect evidence in support
of the role of firm performance for wage entitlements. Danthine and Kurmann (2010)
estimate a DSGE model in which the reference wage is assumed to be determined
by the worker’s past wage, the firm’s ability to pay (per-worker output), and external
market conditions (wage paid by other firms and employment rate). The result of their
estimation attributes substantial importance to past wages (consistent with evidence on
adaptation) and, by a lesser extent, to firms’ performance; while external labour market
conditions do not appear to matter much (see also Section A.1.1, Appendix A.1). By
implementing a different methodology, the aforementioned empirical investigation of
Smith (2015) also highlights a significant interaction between firm performance and
the wage-job satisfaction relationship estimated. Her findings suggest that if firm
performance declines wage cuts are more acceptable.

For what concerns external market conditions the available evidence on their role
for reference wage formation is scant and even less direct. First of all, as it appears in
the studies of Kahneman et al. (1986) and Danthine and Kurmann (2010) just discussed,
the state of the labour market does not seem to be important for workers’ fair wage
considerations, as was instead postulated in the efficiency wage literature. However,
external labour market conditions seem to matter more when the internal pay structure
linking new hires’ reference wage with the wage of incumbents is less binding, i.e. in
firms characterised by a high workforce turnover and offering short-term/temporary
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contracts (see the seminal work of Bewley (1999), as well as more recent field surveys
by Galuscak et al. (2012) and Du Caju et al. (2015)). The intuition that justifies this
finding is that temporary workers have less chances to know each other and do not think
of their jobs as careers (Bewley, 1999). As such, internal pay equity matters less and
workers are more willing to accept lower wages in times of high unemployment. This
insight is also indirectly supported by the observation that newly hired workers’ wages
are more flexible in the secondary than in the primary sector (Bewley, 1999, 2007).

To sum up, the labour market evidence discussed here lends support to the as-
sumption that past wage contracts and social comparison are two key determinants of
the reference wage, and it also provides insights on the relative importance of internal
versus external social comparison. In addition the discussion of this evidence has high-
lighted the social and institutional contexts within which firm performance and labour
market conditions might be relevant for workers’ reference wage formation process.

3.3.2 The Reference Point: Insights from Behavioural Sciences

This section discusses some theoretical and empirical insights on individual’s reference
point formation which stem from other behavioural sub-disciplines such as social psy-
chology, organisational psychology, organisational behaviour, decision-making, man-
agement science and behavioural economics. This discussion should not be considered
a thorough review of the literature. Rather, it is an overview of some key aspects of
reference point formation that will be useful as guidelines to organise the labour market
literature discussed above. An excellent review of this wide-ranging literature can be
found in Stommel (2013).

Behavioural research on reference-dependent preferences has focused on three main
aspects of reference point formation: i) how reference points are determined; ii) how
reference points can be manipulated or influenced by exogenous stimuli; and iii) how
do individuals evaluate outcomes when there are multiple reference points available.
The remainder of the section will unfold around these three main themes.

Determinants and entitlements

Psychological studies of decision making identify three main candidates that determine
an individual’s reference point in experienced utility: adaptation, social comparison
and expectations.

Adaptation. In its most general definition, adaptation—or habit formation—is
a dynamic mechanism according to which individuals update their reference point
over time to past information. As acknowledged by Baucells and Sarin (2013) habit
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formation has a long-standing tradition in economic modelling of consumption theory,
spanning from Duesenberry (1952) to Rozen (2010). Adaptation in the reference point
has been usually formalised following the models of Constantinides (1990) (continuous
time) and Wathieu (1997) (discrete time), where an individual’s reference point r in
period t is given by a convex combination of the experienced outcome x and reference
point r in period t − 1. That is, for instance:

rt = (1 − α)rt−1 + αxt−1 r0 given,

where α ∈ [0, 1] represents the “speed of adaptation” to the last outcome; and (1 −
α) measures the “constancy of tastes” (Wathieu, 1997, p.1554). Evidence of this
dynamic mechanism is pervasive in virtually every decision-making or experienced
utility context (surveys can be found in Kahneman and Thaler (1991) and Baucells
and Sarin (2010)). In addition there appears to be an asymmetric adjustment of the
reference point to past experienced outcomes, depending on whether those outcomes
have been coded as gains or losses. This asymmetry, defined by Frijda (1988) as “the
law of hedonic asymmetry”, implies that: “Pleasure is always contingent upon change
and disappears with continuous satisfaction. Pain may persist under persisting adverse
conditions.”(p.353). Hence the law of hedonic asymmetry suggests the existence of an
intrinsic tendency to adapt more rapidly to those experienced outcomes that generated
gains than to those that generated losses. This conjecture is supported by the recent
laboratory experiments of Arkes et al. (2008, 2010) and Baucells et al. (2011), whom
provide evidence in support to asymmetric adaptation of reference points in a financial
context.

Contracts as reference points. In relation to reference point adaptation, behavioural
contract theory has recently advanced the hypothesis that ex-ante contracts serve as
entitlements for future renegotiations (Hart and Moore, 2008; Herweg and Schmidt,
2015). This hypothesis is particularly relevant in the presence of incomplete contracts,
where one of the contracting parties have discretion with respect to their performance,
and can potentially withdraw part of it—the “consummate performance”—if the out-
come of renegotiation falls short of what they were entitled to, i.e. the previously signed
contract (Hart and Moore, 2008). Building on the theoretical framework put forward
by Hart and Moore (2008), this hypothesis has been corroborated in the laboratory
experiments of Fehr et al. (2011, 2014), Bartling and Schmidt (2015) and Herz and
Taubinsky (2016).

Social comparison. Following Goodman (1974), behavioural studies of pay evalua-
tion have found experimental evidence in support to the hypothesis that individuals use
the pay of others as a relevant reference for both fairness judgements and satisfaction
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(e.g. Loewenstein and Bazerman (1989), Blau (1994), Ordóñez, Connoly, and Cough-
lan (2000) and McDonald, Nikiforakis, Olekalns, and Sibly (2013)). Interestingly,
as reported by the experimental evidence on labour markets previously discussed, all
these investigations find evidence in support of asymmetric social comparison, that is,
disadvantageous pay inequality have a stronger negative effect on satisfaction and it is
perceived as unfair relative to pay equality and advantageous inequality.

Expectations. A class of theories of reference-dependent preferences advanced
the idea that reference points are determined by individuals’ expectations (see for in-
stance Loomes and Sugden (1986), Gul (1991), Shalev (2000), and Kőszegi and Rabin
(2006)). Among these models, which differ in the relevant notion of expectations, the
most popular and widely implemented has been the portable framework developed by
Kőszegi and Rabin (2006), in which the reference point is endogenously determined
by the rational “expectations a person held in the recent past”. While this formulation
has been successful in explaining empirical regularities, for instance, in consumption-
savings decisions (Kőszegi and Rabin, 2009) and life-cycle consumption (Pagel, 2017),
its empirical validity in other contexts, such as labour markets and employment rela-
tionships, has been harder to assess (see Hack and Lammers (2015) for a review of this
hypothesis in the behavioural science literature). Expectations-based reference points
have been found to play a role in the real-effort experiment of Abeler, Falk, Goette, and
Huffman (2011) and in the exchange experiment of Marzilli Ericson and Fuster (2011).
However, while reference points are easier to identify and manipulate in controlled
laboratory experiments, it is not possible in these settings to fully understand how
expectations and reference points would actually be influenced in the field: “Though
we show that expectations are an important determinant of reference points, we cannot
rule out that other factors, such as social norms, aspirations, salience, and history, may
also influence the reference point.”(Marzilli Ericson and Fuster, 2011, p.1901). In
addition, evidence from the field, such as in the context of flexible labour supply (e.g.
taxi drivers), appears to be mixed (e.g. Crawford and Meng (2011) (supportive) and
Farber (2015) (not supportive)).

Summing up, the literature discussed in this section highlights three fundamental
determinants of individuals’ reference point formation: past experience/transactions,
social comparisons and expectations. However, while expectations might in theory be
relevant, as Kőszegi and Rabin (2006) suggest psychological and economic judgement
is needed in choosing the appropriate notion of expectations, which can indeed be
influenced by the history of transactions and social comparisons. In addition, none
of the evidence discussed in the present and preceding sections support the idea that
workers’ reference “fair” wage in the context of worker-firm employment relationships
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is determined solely by expectations. If so, all the aforementioned determinants should
nevertheless be considered as elements of the relevant information set influencing these
expectations. Finally, several theoretical and empirical studies suggest that there exist
asymmetries in the way in which past experience and social comparisons influence
reference points: entitlement effects that generate gains disappear relatively quickly,
whilst entitlement effects that lead to losses are more pronounced as well as more
persistent.

Information, anchors and norms

The aforementioned determinants appear to be the main source of entitlement in indi-
viduals’ reference point formation. However, behavioural decision theory concerned
with bilateral negotiation also acknowledged that the way in which individuals frame
negotiation outcomes heavily depends on the readily available information (Neale and
Bazerman, 1992); and that by manipulating this information, the negotiating parties
can influence the other side’s reference point: either by inducing norms or by providing
anchors (Kahneman, 1992).

According to Kahneman and Miller’s (1986) Norm Theory, a norm is a mental
representation of the relative frequency distribution with which a potential reference
point will dominate the experienced utility from an outcome. To clarify this concept
consider the following example. A wage offer of £6 per hour to work as a waitress
may initially be perceived as unfair—i.e. coded as a loss—if the only readily available
information to the job applicant is a salary of £8 per hour, e.g. the one perceived by a
friend employed in another restaurant (hence forming a reference entitlement induced
by social comparison). However, if the employer reveals that £6 per hour is the wage
paid to the majority of waiters in the market—i.e. the relative frequency distribution
of the £6 wage offer has increased in the mental accounting of the job applicant—the
£6 salary may now be viewed as the norm, forming a reference salary and making the
transaction fair, or at least more acceptable. In this situation the information revealed by
the employer influenced the reference point of the job applicant by making an outcome
being perceived as the norm.

The recent laboratory experiment of Herz and Taubinsky (2016) provide some
direct evidence that observed market outcomes generate an entitlement norm which
affects individuals’ perceptions of fairness (alongside their personal transaction payoff
experienced in the past). In particular they find that in a two-phase experiment,
the market experiences of responders from the first part of the experiment had a
significant and persistent impact on what offers were considered acceptable in the
second part: “[. . .] a key implication of our results on observational experience is that
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informing buyers (workers) about other prices (wages) should change the prices (wages)
that are perceived as acceptable, even when such information is payoff irrelevant.
Consequently, increased information dispersion should have the effect of homogenizing
fairness norms.”(p.36). This finding echoes the previous discussion on the role of labour
unions and collective bargaining as two institutions that facilitate the dissemination of
information about wage rates and other working conditions, making relative wage
comparisons more likely and inducing homogeneous fair-wage norms and entitlements
in the labour market.

Strictly related with norms are the concepts of anchors and anchoring effects. An
anchor can be defined as a stimulus, or a piece of information, that increases the
normality of a possible outcome (Kahneman, 1992). Building on the previous example
suppose that the job applicant was aware that the minimum legal wage for waiters is £4
per hour. Even though this information does not induce any specific mental accounting
of the frequency distribution of wage offers in the market, it provides an anchor which
makes the £6 per hour more acceptable (e.g. the wage offer may be perceived as less
unfair, fair, or even as a gift). As such, even if an anchor does not form a reference
point by itself, nevertheless it can influence the way in which outcomes are framed.
Importantly, the efficacy of anchoring effects depends on the implicit categorisation of
the given anchor as a member of the set of relevant stimuli (Kahneman, 1992). The
minimum wage of a bartender—or of a waiter in another country—might not produce
any anchoring effect on the job applicant’s evaluation of the £6 wage offer.

The laboratory experiment conducted by Falk, Fehr, and Zehnder (2006) provide
an interesting perspective of the anchoring effects of minimum wage policies. In an
experimental labour market game, they find that after the introduction of a minimum
wage law, workers’ reservation wages significantly increased, with the majority of
workers feeling entitled to wages even higher than the legal minimum. In addition, this
entitlement effect was persistent even after the minimum wage policy was removed, as
workers’ reservation wages remained higher than before its introduction.

These insights and their related empirical findings can be couched together under
Baucells and Sarin’s (2013) conceptualisation of reframing. Information disclosure
in the form of norms and anchors can be thought as exogenous stimuli “that make us
see reality in a different way, reset our expectations, or create new comparisons.” The
present section has shown that norms and anchors can be induced by firms, economic
policy as well as by information dispersion and the observational experience of workers
in the market.
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Multiple reference points

In situations in which there are multiple relevant reference points available, an indi-
vidual’s evaluation of an outcome is different depending on which reference point is
adopted. For instance, a wage offer of £6 per hour might be coded as a gain compared
to the worker’s most recent wage contract of £4 per hour; or it might be coded as a loss
compared to the wage paid to their peers of £8 per hour. How do individuals evaluate
outcomes in the presence of multiple reference points?

Behavioural decision theory has usually couched the adoption of one reference
point or another with framing effects (Kahneman, 1992), and has developed two main
models of retrospective evaluation of outcomes under multiple reference points: the
“integrated” mechanism and the “segregated” mechanism (see for instance Ordóñez
et al. (2000); Baucells et al. (2011)).

The integrated mechanism is the simplest model and postulates that individuals
use a single reference point which is a weighted combination of two or more other
salient reference points. That is, under the integrated mechanism the single reference
point r can take the form of a weighted average of a series of multiple reference points
(r1, r2, . . . , rN ). Hence, an individual’s experienced gain-loss utility can be expressed
as

µ(w − r), with r =
N∑

n=1
β̄nrn,

where µ(w − r) is the gain-loss value function and β̄n is a weighting function. Drawing
from the existing empirical evidence on multiple reference points, Ordóñez et al.
(2000) conjecture that the presence of several reference points makes the integration
mechanism more likely.

On the other hand, according to the segregated mechanism, an individual compares
each relevant reference point to their outcome separately. Hence there are multiple
comparisons that have different relative prevalence in the individual’s experience, and
the final judgement of fairness or satisfaction is determined by which gain-loss ex-
perience ultimately prevails. Under the segregated mechanism, in the presence of
multiple reference points (r1, r2, . . . , rN ) an individual’s experienced gain-loss utility
can be expressed as:

N∑
n=1

γ̄nµ(w − rn), with
N∑

n=1
γ̄n = 1

where µ(w − rn) is a gain-loss value function and γ̄n is the relative prevalence of the
experienced gains and/or losses on the individual’s utility. In the frequency model
of Kahneman (1992), the final experienced utility is the result of the frequencies—the
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relative values of γ̄n—withwhich gains and losses are perceived. According toOrdóñez
et al. (2000), whom find evidence in support to this, the segregated mechanism is more
likely to be relevant when the number of available reference points is small.

While behavioural research has converged toward a dual view based on the inte-
grated versus segregated mechanisms in theory, the empirical literature concerned with
how multiple reference points compete and combine is yet in its infancy. Hence it is
hard to draw solid and evidence-based conclusions regarding the relative importance
of the two mechanisms described in this section.

3.3.3 Summarising Discussion

Drawing from this wide-ranging literature discussion it is now possible to outline
several noteworthy features of reference wage formation. Workers’ perceptions of
fairness over wage contracts depend on a complex interaction of several factors and
determinants. Theoreticalmodels of the labourmarket have been insightful in exploring
the implications of assuming various reference wage determinants, but it is hard to
argue on the sole basis of intuition and anecdotal evidence which specification is more
plausible. Thanks to a variety of empirical approaches adopted by economists, and to
developments in behavioural decision research, the understanding of themain principles
underlying the determination of workers’ reference wages has substantially improved.

The prima facie candidates to form a fair wage entitlement are an individual’s
experienced transactions in the past and relative social comparisons with others. Trans-
lating this into the context of employment relationships and labour markets, wage
entitlements appear to be primarily formed by a worker’s most recent wage contract
and the wage contract paid to their peers, either employed in the same firm—internal
social comparison—or elsewhere—external social comparison. As such, if expecta-
tions are to play any role in reference wage formation, they are likely to be influenced
mainly by these two determinants.

In addition to these entitlements there are other factors that could potentially affect
the way in which a wage contract is perceived by workers. These factors are typically
indicators capturing information of market conditions, such as the state of the labour
market or the employer’s ability to pay and firm performance. Importantly, while
these indicators do not form an entitlement by their own, as they are expressed in a
different unit measure than wages, they have been shown to influence a worker’s wage
entitlement and subsequent evaluation of their employer’s wage policy.

Other important aspects of reference wage formation are the fact that perceptions
of fairness can change over time, they are strictly dependent on readily available
information, and they can be shaped by the relevant social/institutional context in
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place. These dynamic and context-dependent features can be grouped into three main
properties of reference wage formation: i) there is an intrinsic tendency of workers
to adapt their wage entitlements over time—i.e. reference wage adaptation; ii) the
reference wage formation process can be influenced by information disclosure and
reframing—due to the acknowledgement/revelation of wage norms or relevant anchors;
and iii) institutional and social devices—such as labour unions, collective agreements
and temporary (short-term) versus permanent (long-term) contracts—can potentially
shape the information set that is relevant for workers’ fairness evaluations.

Finally, a large variety of empirical approaches have shown that there appears to
be asymmetries in individuals’ (workers’) reference point (wage) formation process.
In particular, wage entitlements adapt more rapidly following experienced gains than
following experienced losses; and disadvantageous pay inequality in social comparisons
has a substantially larger effect on fairness judgements and morale than equity or
advantageous pay inequality.

The challenge of economic theory would be to formalise all these aspects into a
unified general framework that can be tractable enough to analytically study reference
wage formation and its implications for firms’ wage setting and employment decisions.
The remainder of the chapter provides a first step into this direction.

3.4 A General Framework

Drawing from the key principles highlighted in Section 3.3.3, this section develops a
general framework to think about, and formally model, workers’ reference wage for-
mation. To begin with, Section 3.4.1 will formulate a general reference wage rule for
any possible reference wage determinant and will subsequently analyse its main static
and dynamic properties. Then, by drawing from the social identity approach in eco-
nomics, Section 3.4.3 will provide an organising framework to analytically characterise
a worker’s reference wage and its determinants.

3.4.1 Type of Determinants and General Rules

In the theoretical framework that follows, what are referred to as the determinants
of a reference wage should be considered as an abstract representation of all the
possible and potentially relevant information that could influence a worker’s reference
wage formation process. More specifically, it is assumed that there exist two types
of determinants: “entitlement determinants” and “shift determinants”. An entitlement
determinant is typically expressed in the same unit measure of awage offer and therefore
it can potentially constitute a referencewage, a fair-wage normor a feeling of entitlement
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by itself. Examples are past wage contracts or the minimum legal wage in the market. A
shift determinant instead is a piece of information that could potentially influence—i.e.
shift—a worker’s reference wage. However, since it is not typically expressed in the
same unit measure of wages, it cannot form an entitlement by itself. Examples are the
unemployment rate or a measure of firm performance.

Denote by X the set of all possible entitlement determinants, where x in X denotes
one of its typical elements: X ≡ {x : x is an entitlement determinant}; and denote byS
the set of all possible shift determinants, where s inS denotes one of its typical elements:
S ≡ {s : s is a shift determinant}. Then the universal set of determinants of a worker’s
reference wage r is defined byΩ = X∪S. As such, the universal set of determinantsΩ
represents the set of all possible and potentially relevant information that could influence
a worker’s reference wage formation process. On top of this fundamental distinction, it
is assumed that in economic situations characterised bymultiple determinants available,
workers tend to segregate over entitlement determinants while they tend to integrate
over shift determinants. In addition, consistent with the behavioural literature on
adaptation, it is assumed that the the reference wage is subject to a dynamic adaptation
of its entitlement component. These aspects are going to be formalised in what follows.

Segregation of entitlement determinants

Consider a worker i’s payoff and experienced gain-loss utility as given by (3.1) and (3.2)
respectively, and assume as a general case that for a given set of entitlement determinants
X the worker is facing a situation characterised by multiple reference wages ri,t = ri(xt)

for all x in X. The worker i’s experienced gain-loss utility corresponding to a wage
contract wi,t under segregation of entitlement determinants is assumed to be given by∑

x∈X

γi,xµi(m(wi,t) − m(ri(xt))), with
∑
x∈X

γi,x = 1, (3.3)

where γi,x is the subjective relative prevalence of µi(m(wi,t) − m(ri(xt))) in worker i’s
utility ui(ei,t ;wi,t, ri(xt)). This assumption implies that the wage wi,t will be perceived
as fair, unfair or as a gift depending on the extent and relative prevalence of each ex-
perienced gain-loss utility generated by each of the multiple reference points available,
in this general case, for all x in X.

Example 1. Consider a worker i that has just been hired into a firm at an hourly wage
contract wi,t = £6. The current minimum legal wage is ω = £4, and the worker’s peers
already employed in the firm are paid the wage w−i

t = £8. If this information is readily
available, worker i’s experienced gain-loss utility (assuming m(w) = w for simplicity)
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is given by

γi,ω[£6 − £4] + γi,w−iλ[£6 − £8], with γi,ω + γi,w−i = 1.

It is straightforward to notice that whether the worker perceives a gain or a loss in
utility, in this particular example, will strictly depend on the following conditions: if
γi,ω/γi,w−i > λ, then wi,t will be perceived as a gift; if γi,ω/γi,w−i = λ, then wi,t will be
perceived as fair; while if γi,ω/γi,w−i < λ, then wi,t will be perceived as a unfair. Since
loss aversion implies that λ > 1, it can be noticed that if the worker assigns equal
weights to these comparisons, i.e. if γi,ω = γi,w−i , then the wage contract wi,t = £6 will
be perceived as a unfair, i.e. “losses loom larger than gains”.

Integration of shift determinants

Consider a general case in which a worker i’s reference wage at time t is a function of
one entitlement determinant x in X and several shift determinants s in S. The worker
i’s reference wage under integration of shift determinants is assumed to be given by the
following expression:

ri,t = xt ·

[
1 +

∑
s∈S

βi,s

(
st − st−1

st−1

) ]
, (3.4)

where βi,s ∈ [−1, 1] is a scaling parameter capturing the sign and relative importance
of the shift determinant s in worker’s i reference wage formation process.

This assumption implies that for a given entitlement xt , the reference wage in period
t will either be higher or lower—or equivalently, increase or decrease—depending on
the sign, magnitude and relative importance of the observed percentage change in the
relevant shift determinants s in S, between periods t and t − 1.

Example 2. Consider a worker i that at the end of period t − 1 feels entitled to the
wage he is currently paid: wi,t−1 = £6. Then suppose that at the beginning of t the
economy falls into a recession. The worker observes a 4% increase in unemployment,
i.e. ∆ut/ut−1 = 4% and comes to know from their managers that the firm performance
has decreased by 10% due to, for instance, a decrease in the idiosyncratic match
productivity, i.e. ∆qt/qt−1 = −10%. Logical reasoning suggests that: βi,u ∈ [−1, 0]
and βi,q ∈ [0, 1]. As such, worker i’s reference wage at the beginning of period t is
given by

ri,t = £6 ·

[
1 − |βi,u |4% − βi,q10%

]
.
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If the wage paid to worker i remains unchanged at the beginning of period t, they
will perceive a gain in utility, since wi,t = wi,t−1 > ri,t will now be perceived as a
gift. Moreover notice that in this situation the firm might well be able to set a lower
wage wi,t < wi,t−1 without incurring the adverse effects of low morale and negative
reciprocity—as discussed in Chapter 1—indeed, so long as wi,t ≥ ri,t .

Adaptation of entitlements

Consider a worker i’s reference wage in period t that is given by the entitlement
determinant x in X only. If the worker adapts equivalently to perceived gains and
losses over time, i.e. if dynamic adaptation is symmetric over gains and losses, then
the process of reference wage adaptation with respect to the entitlement determinant xt

is assumed to be given by the following convex combination:

ri,t = (1 − αi)ri,t−1 + αi xt, ri,0, given, (3.5)

where αi ∈ [0, 1] is worker i’s subjective, and time-invariant, speed of adaptation.
Indeed, the higher αi the more weight is given on the entitlement determinant xt , over
the past reference wage ri,t−1, in the worker’s reference wage ri,t . More loosely, a higher
speed of adaptation implies a “faster” adaptation of the worker’s reference wage ri,t

to the entitlement determinant xt . Moreover, if αi = 0 there is no adaptation and
ri,t = ri,t−1, while if αi = 1 adaptation to xt is defined as complete, i.e. ri,t = xt at the
beginning of period t.

Social comparison: forming or shifting wage entitlements?

Denote the wage paid to other workers from a worker i’s perspective as w−i
t . One of the

main insights stemming from the literature on social comparison previously discussed
is that w−i

t , if known, should be considered as an entitlement determinant, i.e. w−i
t is

an element of X. The simplest form of relative wage comparison can be expressed as:

ri,t = w−i
t ; (3.6)

which implies that worker i’s reference wage in period t is entirely determined by the
wage paid to their reference group of workers in period t. Specification (3.6) has been
commonly assumed in the theoretical literature based on social preferences, and it has
been extensively investigated by the empirical research on relative wage comparisons
discussed in Section 3.3. This specification can be defined as an entitlement to pay
equality: a worker feels entitled to be paid the same wage paid to their peers (their
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relevant reference group).
However, there might be situations in which even if worker i does not feel entitled

to be paid the same wage as their reference group of workers—due to, for instance,
differences in seniority or job category within the same firm—a change in the wage of
their peers will still influence their current feelings of entitlement.

Drawing from the framework developed thus far, this situation corresponds to the
case in which w−i

t is a shift determinant, i.e. w−i
t is an element ofS. In this case relative

wage comparison can be expressed as:

ri,t = xt ·

[
1 + βi,w−i

(
w−i

t − w
−i
t−1

w−i
t−1

) ]
; (3.7)

where xt , w−i
t is an arbitrary reference wage entitlement of worker i in period t; and

βi,w−i ∈ [0, 1] is the scaling parameter capturing the importance of social comparison
on ri,t . Hence, even if worker i does not feel to be paid the same wage of their peers,
the observed percentage increase (decrease) in w−i

t from period t − 1 to t will generate
an upward (downward) shift in worker i’s reference wage in period t.6

Specification (3.7) also nests two additional special cases. First, if worker i was
feeling entitled to be paid the same wage of their peers in period t − 1, that is if
xt = w−i

t−1—note that this could be plausible if i and their peers were paid the same
wage in t − 1—then the reference wage rule (3.7) collapses to:

ri,t = (1 − βi,w−i )xt + βi,w−iw
−i
t ; (3.8)

that is, i’s reference wage is a weighted average of their entitlement and the wage paid to
their peers in period t. For instance, if i’s entitlement was given by their past wage, i.e.
xt = wi,t−1(= w−i

t−1), then the reference wage (3.8) captures another common assumption
in the theoretical literature (e.g. equation (6-7), p.271, in Akerlof and Yellen (1990)).
Second, notice that if βi,w−i = 1 in (3.8), that is if worker i only cares about the wage
of their peers, the reference wage rule in which w−i

t is considered a shift determinant,
collapses to (3.3), in which w−i

t is an entitlement determinant.

6The social comparison rule (3.7) could potentially capture the spill-over effects of minimum/living
wage policies towards those workers that were not initially part of the workforce for which the policy
was initially designed. Embedding this specification into a richer framework, such as those developed
in Chapters 1 and 2, is an interesting venue for future research.
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3.4.2 Properties of the Reference Wage Rule

By combining together the reference wage formation rules formalised by (3.3), (3.4)
and (3.5) it is possible to express a worker i’s experienced gain-loss utility subject to a
general reference wage rule, for any possible combination of entitlement determinant
x in X and shift determinant s in S, as follows:∑

x∈X

γi,xµi(m(wi,t) − m(ri,t(xt))), with
∑
x∈X

γi,x = 1,

where ri,t = ri,t(xt) =

[
αi xt + (1 − αi)ri,t−1

]
·

[
1 +

∑
s∈S

βi,s

(
st − st−1

st−1

) ]
,

ri,0, given;

(3.9)

and where, as previously defined, γi,x captures the subjective relative prevalence of
µi(m(wi,t) − m(ri(xt))) for any x in X on worker i’s utility; βi,s ∈ [−1, 1] is a scaling
parameter capturing the sign and relative importance of the shift determinant s in S in
worker’s i reference wage formation process; and αi ∈ [0, 1] is worker i’s subjective
speed of adaptation. The remainder of this sectionwill study some distinctive properties
of this formulation.

Preliminary dynamic analysis

The general reference wage rule (3.9) is a non-autonomous, non-homogenous first-
order linear difference equation. This dynamical system represents the most general
description of a worker’s reference wage over time.

Consider the general solution of (3.9) (the i subscript is dropped to ease notation).
From the theory of dynamical systems, this is given by

rt =

[
t−1∏
l=0

Al

]
· r0 +

t−1∑
h=0
·

[
t−1∏

l=h+1
Al

]
· Bh, r0 given; (3.10)

where:

Al ≡ (1 − α)

[
1 +

∑
s∈S

βi,s

(
sl − sl−1

sl−1

) ]
and Bh ≡ α

[
1 +

∑
s∈S

βi,s

(
sh − sh−1

sh−1

) ]
· xh.

Without any further assumption regarding the dynamic behaviour of entitlement and
shift determinants, the dynamic path of rt is highly unpredictable. At this level of
generality it is in fact complicated to study whether a worker’s reference wage tends to
an equilibrium state (steady state), and to characterise its related stability properties.
In particular, it can be induced from (3.10) that the dynamic behaviour of the shift
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determinants (subsumed in the time-variant coefficient Al) is crucial in determining the
time path of rt , i.e. whether it is asymptotically stable, while the dynamic behaviour
of any entitlement determinant (subsumed in the time-variant coefficient Bh) will be
crucial in determining the existence of a steady state.

Nevertheless, suppose that any entitlement or shift determinant (which are con-
sidered as exogenous) that enter the reference wage will tend to some steady-state
equilibrium. That is, assume that the sequences {st}

∞
t=0 and {xt}

∞
t=0 are monotone and

bounded. This property is common in many economic analyses or models involving
a dynamical system. By imposing this simple structure, the following proposition
highlights one important dynamic property of a worker’s reference wage.

Proposition 20. If the sequences {st}
∞
t=0 and {xt}

∞
t=0 are monotone and bounded for

all s in S and x in X, they will converge to their steady states s̄ and x̄; therefore, there
exists a unique steady-state equilibrium reference wage:

r∗ =

{
x̄ if α ∈ (0, 1]
r0 if α = 0.

Moreover, r∗ is globally asymptotically stable, and starting from any r0, the dynamical
system for rt described by (3.9) monotonically converges to r∗.

Proof. See Appendix B.3. �

The key equilibrium property established by Proposition 20 is the following: if
there is dynamic adaptation, the steady-state level of a worker’s reference wage is en-
tirely determined by the steady-state equilibrium value x̄ of the relevant entitlement
determinant x in X; while if there is no adaptation, the initial condition characterising
a worker’s reference wage r0 fully determines its steady-state equilibrium level. More-
over, it is straightforward to deduce that a higher speed of adaptation α implies a faster
speed of convergence.

The noteworthy aspect of the prediction established in Proposition 20 is that even if
changes in shift determinantsmay affect the short-run dynamic adjustment of aworker’s
reference wage (e.g. changes in the unemployment rate, firm performance or other
economic indicators), they do not matter for its long-run determination. Essentially,
workers’ perceptions of fairness in the long run are entirely determined by entitlements,
independently ofwhether they are pastwage contracts, relative pay comparisons or other
existing wage norms in the market. Indeed, while general, this prediction is based on
an incomplete partial model. In fact, there can be many interesting dynamic paths
characterising a worker’s reference wage which might not be necessarily stable and
monotonically convergent. Moreover, as it is most likely the case, both entitlement and
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shift determinants could be endogenous with respect to the reference wage, requiring
the study of a more complex dynamical system of difference equations.

The economic context of analysis appears to be crucial to provide a more complete
characterisation of a worker’s reference wage dynamic properties. This conclusion will
become more evident in the two applications developed in Section 3.5 of this chapter.

Asymmetries in adaptation and social comparison

Based on the main arguments developed throughout the discussion of the literature,
it is assumed that there exist two types of asymmetries in a worker’s reference wage
formation process: asymmetries in adaptation and asymmetries in social comparison.

Consider reference wage adaptation first. If a worker i adapts more rapidly to
experienced gains than to experienced losses, based on the adaptation rule (3.5) this
asymmetry can be captured by the following asymmetric adaptation rule:

ri,t =
[
(1 − α+i )A

+ + (1 − α−i )A
−
]

ri,t−1 +
[
α+i A

+ + α−i A
−
]

xt, ri,0, given, (3.11)

where α+i > α−i ; and A
+,− is an indicator variable such that: A+ = 1 if wi,t−1 ≥ ri,t−1,

and zero otherwise; and A− = 1 if wi,t−1 < ri,t−1, and zero otherwise. That is, if worker
i received a wage gift in period t − 1, their reference wage will adapt “more rapidly”
to their entitlement in period t, than if they had been paid an unfair wage. Hence, the
following reference wage adaptation rules can be defined:

symmetric partial adaptation : α+i = α
−
i = αi with αi ∈ (0, 1);

symmetric complete adaptation: α+i = α
−
i = αi with αi = 1;

asymmetric partial adaptation: α+i > α−i with α+i , α
−
i ∈ (0, 1);

asymmetric complete adaptation: α+i > α−i with α+i = 1 and α−i = 0;

where the adjective partial implies that it will take more than one employment period
to the worker to completely adapt their reference wage to the entitlement determinant
xt . The symmetric complete adaptation rule with respect to past wage contracts, i.e.
when xt = wi,t−1, is the most common assumption imposed in the literature and it is
also the one analysed in Chapters 1 and 2.

Next consider social comparison. If social comparison forms an entitlement in a
worker i’s reference wage, as formalised by (3.6), asymmetric social comparison can
be captured by:

ri,t = xtC
+ + w−i

t C
−, (3.12)

where C+,− is an indicator variable such that: C+ = 1 if wi,t ≥ w−i
t , and zero otherwise;

and C− = 1 if wi,t < w−i
t , and zero otherwise. Hence, a worker feels entitled to be
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paid the same wage paid to their peers only when this is higher than what the worker is
currently paid, that is, only when there is a disadvantageous pay inequality.

On the other hand, if social comparison enters the reference wage as a shift deter-
minant, as formalised by (3.7), asymmetric social comparison can be captured by:

ri,t = xt ·

[
1 + β+i,w−i

(
w−i

t − w
−i
t−1

w−i
t−1

)
B+ + β−i,w−i

(
w−i

t − w
−i
t−1

w−i
t−1

)
B−

]
; (3.13)

where β+i,w−i > β−i,w−i ; and B
+,− is an indicator variable such that: B+ = 1 if w−i

t ≥ w−i
t−1,

and zero otherwise; and B− = 1 if w−i
t < w−i

t−1, and zero otherwise. Essentially, a
worker i’s reference wage is more sensitive to observed wage raises perceived by their
reference group between period t and t − 1, than to observed wage cuts. Hence, the
following social comparison rules can be defined:

symmetric imperfect social comparison: β+i,w−i = β
−

i,w−i = βi,w−i with βi,w−i ∈ (0, 1);
symmetric perfect social comparison: β+i,w−i = β

−

i,w−i = βi,w−i with βi,w−i = 1;
asymmetric imperfect social comparison: β+i,w−i > β−i,w−i with β

+
i,w−i, β

−

i,w−i ∈ (0, 1);
asymmetric perfect social comparison: β+i,w−i > β−i,w−i with β

+
i,w−i = 1 and β−i,w−i = 0.

The case of asymmetric perfect social comparison whenever xt = wi,t−1 = w−1
t−1, that

is, whenever a worker is entitled to his past wage contract which was the same of their
reference peer group, collapses to an expression equivalent to (3.12).

To conclude, Sections 3.4.1 and 3.4.2 provided a formal characterisation and anal-
ysis of a worker’s experienced gain-loss utility subject to a general reference wage
rule for any possible and given determinant x, s in Ω. However, to become suitable
for a more complete analysis of employment relationships and labour markets, this
framework requires a theory of how, when and why different determinants affect the
reference wage formation process: how do workers form their reference wage? How
is the set of readily available information relevant for fairness evaluations determined?
This is the subject of the following section.

3.4.3 Framing: Social Categories, FairWage Norms and Identities

The framework developed in Section 3.4.1 has shown that the adoption of an entitlement
determinant over another, or the consideration of information about the state of the
economy, can radically change the way in which a wage contract is perceived by
workers. In addition, the analysis of Section 3.4.2 has established that the dynamics
of a worker’s reference wage formation process can be different depending on the
behaviour of the relevant entitlement and shift determinants.
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This inherent sensitivity of workers’ experienced gain-loss utility to the specific
form of reference wage used for fairness evaluations could lead to different predictions
with respect to reciprocity, wage setting behaviour and other related labour market
outcomes. This is also a common characteristic of every other economic theory based
on reference-dependent preferences.

The complex interactions of determinants that could influence a worker’s perception
of fairness in the dynamic and ever adjusting social and economic environment of labour
markets does not easily lend itself to the development of a rigorous and general theory
of reference wage formation. Nevertheless, it seems feasible to postulate an underlying
behavioural principle governing the process of reference wage formation, which can
then be applied in various, different economic and social contexts. The purpose of this
section is to conceptualise, and subsequently formalise, this underlying principle.

Conceptualising framing and identity

According to theories of reference-dependent preferences, the coding of an outcome as
a gain or a loss depends on how the outcome is framed by the individual (Kahneman,
1992). As such, framing is defined as the cognitive process through which an individual
codes an outcome. In the context of employment relationships and workers’ fairness
evaluations of the wage they are paid, it is the location of the reference wage that affects
the process of coding a wage offer as a gain or a loss: whether a wage is perceived as a
gift, fair, or unfair depends on how it is located relative to the reference wage.

However, how are reference wages formed? What are their relevant determinants?
The theory of reference wage formation put forward in this chapter is grounded around
two main behavioural principles:

I) the set of reference wage determinants relevant for fairness evaluations depends
on the way in which workers frame the wage contracts they are paid;

II) this process of framing is influenced by factors such as the social context, the
institutional settings and workers’ experiences, i.e. by workers’ social identity.

These two principles are inherently linked and are assumed to happen simultane-
ously and unconsciously whenever a worker is evaluating a wage contract. As such,
this chapter advances the idea that the process of reference wage formation crucially
depends on a worker’s social identity and self-categorisation. This formulation of the
process of framing applied in the context of reference wage formation is inspired by,
and draws from, the social identity approach introduced into economics by Akerlof and
Kranton (2000, 2005): “Economists have recently adapted from psychology the idea
that utility depends upon how a situation is framed (Kahneman and Tversky, 1979).
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Identity describes one special way in which people frame their situation.” (Akerlof and
Kranton, 2005, p.13).

The social identity approach in sociology refers to the joint contribution of social
identity theory and self-categorisation theory. In their conceptual framework, Akerlof
and Kranton define identity as a word that brings together the concepts of identity,
social categories and norms.7 Hence, identity refers to an individual’s self-image and
social categories. Associated with social categories are particular norms of behaviour.
Norms are social rules, standards of behaviour and beliefs about how people in these
categories should behave. A similar concept is defined by the ideal: the exemplary
characteristics and behaviour associated with a social category. Social categories
influence individuals’ decisions because different norms for behaviour are associated
with different social categories: “social categories and norms are automatically tied
together.” (Akerlof and Kranton, 2010, p.11).

According to this conceptual framework Akerlof and Kranton argue that the incor-
poration of identity and norms into economics generates a theory of decision making
where the social context matters: “identities and norms derive from the social setting.”
(Akerlof and Kranton, 2010, p.11). Utility functions can change as norms of behaviour
and social categories differ across space and time. This is indeed in contrast with the
tradition, where utility functions are not situation dependent but fixed (Akerlof and
Kranton, 2005).

This section builds on Akerlof and Kranton’s framework and incorporates the
social identity approach into the study of employment relationships and reference wage
formation. A worker’s experienced utility depends on how the wage contract they are
paid is evaluated relative to a reference “fair” wage. The reference wage is an abstract
representation of what should be a fair remuneration, and can be influenced by a various
set of entitlement and shift determinants. The theory proposed here advances the idea
that the process through which the relevant set of information, entitlements and norms
contribute to the formation of the reference wage corresponds to the process of framing;
and that this is strictly dependent on the social and economic context in which workers’
relative wage comparisons and fairness considerations are undertaken. Hence, it is
assumed that a worker’s reference wage depends on their identity.

Whether a wage contract is considered fair or unfair depends on the worker’s social
categories and self-categorisation, on the specific social and institutional context, and

7In their first publication Akerlof and Kranton (2000) use the word “prescription” instead of “norms”
or “social norms” to not create confusion with their previous usage in economics. However in their more
recent publications (Akerlof and Kranton, 2005, 2008, 2010) the word norms is instead used extensively.
This chapter will adopt the more recent convention, which also facilitates the connection with the broader
notion of perceptions of fairness and its determinants, defined in this context as fair wage norms.
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on the related fair wage norms associated with these. For instance, a newly hired worker
(social category) who has just started their job will have a different set of fair wage
norms (determinants) influencing framing and the formation of their reference wage
relative to an incumbent worker (social category) who has an established long-term
relationship with their employer. Likewise, a worker applying for a job in a highly
centralised and unionised market (institutional/social context) will be influenced by
a different set of fair wage norms (determinants) than a worker applying in a very
decentralised labour market.8

Formalising framing and identity with set theory

This section develops a formal framework that aims to capture a worker’s framing
and reference wage formation process. In the spirit of Akerlof and Kranton’s identity
framework, the following concepts are defined:

Social categories: a worker i can belong to one or more social categories c in C, where
C is the set of all possible social categories that can be assigned to a worker.
Hence, Ci,t ⊆ C denotes the set of social categories that has for elements the
social categories ci,t in Ci,t assigned to worker i in period t.

Fair wage norms: for each social category c in C, there exists a set denoted by Pc

which has for elements the reference wage determinants x, s in Ω, i.e. the fair
wage norms, that influence the reference wage of the typical worker belonging
to the social category c. Hence, Pci,t denotes the set of fair wage norms corre-
sponding to the social category ci,t in Ci,t assigned to worker i in period t; and
the indexed family of sets Pi,t = {Pci,t }ci,t∈Ci,t corresponds to the family of fair
wage norms that characterise worker i in period t.9

Identities: identity is a concept that brings together social categories and fair wage
norms. It refers to the worker i’s self-image and assigned social categories ci,t

in Ci,t in period t, tied together with the corresponding set of fair wage norms
Pci,t . Formally, the identity Ii,t of a worker i in period t is defined as the union
of the indexed family of fair wage norms Pi,t corresponding to worker i’s set of
assigned social categories Ci,t in period t:

Ii,t =
⋃

ci,t∈Ci,t
Pci,t . (3.14)

8Note that workers can also belong to more than just one social category.
9Note that the indexed family of sets P = {Pc}c∈C , which has for elements all the possible sets of fair

wage norms Pc for each possible social category c in C that can be assigned to a worker, is equivalent
to the universal set of determinants Ω.
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Hence, Ii,t is the set consisting of all x in X and s in S that belong to Pci,t for
at least one ci,t in Ci,t : Ii,t = {x, s : x ∈ (X ∩ Pi,t), s ∈ (S ∩ Pi,t)}. A worker i’s
identity can therefore be written as a function of social categories and fair wage
norms: Ii,t = I(Ci,t,Pi,t).

Reference wage: the reference wage is an artefact that captures the relevant set of
information, perceptions and norms of what should be a fair wage. Given the
premises postulated in this section, the reference wage ri,t of a worker i in period
t is assumed to be a function of their identity: ri,t = ri,t(Ii,t).

The formation of the identity set, as captured by (3.14), which groups together
different sets of fair wage norms depending on a worker’s social categories, stands as
a formal representation of the process of framing and reference wage formation: the
unconscious cognitive process through which a worker forms their perception of what
is a “fair” wage. Through self-categorisation worker i acknowledges their assigned
social categories ci,t in Ci,t and therefore their identity Ii,t . In this process they also
acquire the corresponding sets of fair wage norms Pci,t in Pi,t which are going to form
the relevant set of determinants of their reference wage ri,t .

Based on this formulation, for a given set of social categories and corresponding
fair wage norms, experienced gain-loss utility in period t of a worker of identity Ii,t
subject to a general reference wage rule can be expressed as follows:∑

x∈(X∩Ii)

γi,xµi(m(wi,t) − m(ri,t(Ii,t))), with
∑

x∈(X∩Ii)

γi,x = 1,

where ri,t(Ii,t) =

[
αi xt + (1 − αi)ri,t−1(Ii,t−1)

]
·

[
1 +

∑
s∈(S∩Ii)

βi,s

(
st − st−1

st−1

) ]
,

ri,0, given;
(3.15)

where the parameters γi,x , αi ∈ [0, 1] and βi,s ∈ [−1, 1] are defined as in Section
3.4. The set of equations in (3.15) captures in a compact and rigorous form the most
general representation of a worker’s reference wage and gain-loss utility, and provides
a formulation that is readily portable in a variety of economic settings. Within this
framework, the most important task left to the theorist/analyst is to identify, based on
observation, the particular set of social categories that characterises workers in the
labour market under consideration, and then to specify the corresponding sets of fair
wage norms (as also suggested by Akerlof and Kranton (2005, 2010)). Indeed, this
procedure requires a certain amount of judgement and could involve various degrees of
abstraction, which, nevertheless, are not germane to the usual “art” of theorymodelling.
As such, the framework developed in this chapter lends itself as a portable model to
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analyse these aspects in a systematic and standardised manner once they have been
appropriately identified. The remainder of the chapter illustrates how this procedure
can be used to extend the theory of reciprocity and wage setting behaviour developed
in this thesis.

3.5 Two Applications

This section implements the theoretical framework developed in Section 3.4 to analyse
the implications of the two most relevant features of reference wage formation dis-
cussed: adaptation and social comparison. More precisely, Section 3.5.1 will study the
microeconomic implications of a more general adaptation rule for wage and reciprocity
dynamics, in a worker-firm employment relationship where wage setting behaviour
is modelled based on the theory developed in Chapter 1. Then Section 3.5.2 will
consider the wage entitlement effects of social comparison between newly hired and
incumbent workers and will analyse, through the framework developed in Chapter 2,
its implications for the cyclical behaviour of wages, job creation and unemployment.

3.5.1 Asymmetric Partial Adaptation and Persistence

The purpose of the following analysis is to study the dynamics of reciprocity and wage
setting behaviour when a worker-firm employment relationship is hit by an exogenous
shock and the worker’s reference wage evolves over time according to an asymmetric
partial adaptation rule. Before doing so, the remainder of the section will first derive
the optimal wage setting policy of the firm, and then will characterise the steady-state
and transitional dynamics properties of the model.

Consider a representative employment relationship between a worker and a firm
which starts at some initial period τ. The firm’s and worker’s payoffs and the structure
of the wage setting environment are identical to those formalised in Chapter 1, extended
to an infinite horizon without uncertainty as in Section 2.2, Chapter 2. Assumptions
W1-W4 and F1-F2 of Chapter 2 hold throughout.

Asymmetric partial adaptation

To study the implications of asymmetric adaptation on wage and reciprocity dynamics
it is assumed that:

A1. ∀t ≥ τ,

rt = A
+

[
(1 − α+)rt−1 + α

+wt−1
]
+ A− [(1 − α−)rt−1 + α

−wt−1] , (3.16)
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rτ given, where α+ > α−; α+,− ∈ (0, 1); and

A+ =

{
1 if wt−1 ≥ rt−1

0 otherwise,
A− =

{
1 if wt−1 < rt−1

0 otherwise.

Assumption A1 implies that for any given initial reference wage rτ at the start of
the employment relationship, reference wage formation follows an asymmetric partial
adaptation rule: the worker will adapt their reference wage more rapidly to wage gifts
than to unfair wages over the course of the employment relationship. Note that the
asymmetric adaptation rule given by (3.16) is a special case of the more general rule
(3.11) formalised in Section 3.4.2, where in this analysis the entitlement determinant
xt is given by the worker’s most recent wage contract, i.e. xt = wt−1.

Before proceeding, it is worth clarifying some terminology that it will be used
henceforth. Recall that a higher speed of adaptation α implies that the worker places
more weight on the most recent wage contract wt−1 over the most recent reference wage
rt−1 in their reference wage formation process. In addition, it has been established by
Proposition 20, Section 3.4.2, that if the relevant entitlement determinant wt eventually
converges to a steady statew∗ (as it will be shown in this section), the speed of adaptation
α also determines the speed of convergence of the reference wage rt to w∗. As such
it is possible to deduce that in a worker-firm employment relationship converging to a
steady state, a higher (lower) speed of adaptation is equivalent to a “faster” (“slower”)
dynamic adaptation of the reference wage throughout the course of the employment
relationship.

Optimal wage setting under asymmetric partial adaptation

This section characterises the firm’s optimal wage setting policy when the worker’s
reference wage adapts over time according to (3.16). Since in each employment period
t ≥ τ the worker maximises their utility for any given sequence of wage offers relative
to their reference wage, Assumption A1 does not influence the characterisation of the
worker’s optimal choice of effort:

ẽt = ẽ(wt, rt, λ) = ẽn + µ(lnwt − ln rt). (3.17)

As such, let rt+1 = g(rt,wt, α) be given by (3.16), the functional equation corresponding
to the firm’s maximisation problem can be written as

J(r) = max
w≥0
{pqẽ(w, r, λ) − w + ψJ(g(r,w, α))} . (3.18)
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The first-order necessary and sufficient condition characterising the optimalwage policy
w̃t = w̃(rt, α, λ) for all α = {α−, α+} and w , r is given by

Υ(w; r, α, λ) ≡ pq
∂ẽ(w, r, λ)

∂w
− 1 + ψpq

∂ẽ(w′, r′, λ)
∂r

∂g(w, r, α)
∂w

= 0, (3.19)

which captures the (familiar) inter-temporal trade-off between the marginal benefit of
inducing higher effort today versus the marginal cost of paying a higher wage today
and employing a worker with a higher reference wage in the future.10

Proposition 21. For all t ≥ τ and for any given worker’s reference wage rt , the optimal
wage policy of a firm employing a worker characterised by asymmetric reference-
dependent reciprocity (3.17) with λ > 1 and asymmetric partial adaptation (3.16), is
given by

w̃t = w̃(rt, α, λ) =


w̃(rt, α

+)+ if rt < rL(α
+)

rt if rt ∈ [rL, rH]

w̃(rt, α
−, λ)− if rt > rH(α

−, λ)

(3.20)

where

rL(α
+) ≡

{
r : lim

ε→0
Υ(r + ε ; r, α+, λ) = 0

}
rH(α

−, λ) ≡

{
r : lim

ε→0
Υ(r − ε ; r, α−, λ) = 0

}
.

The optimal wage policy w̃(rt, α
+)+ > rt is implicitly defined by Υ(w; r, α, λ) = 0 in

which ẽ(w, r, λ) = ẽ(w, r)+ and α = α+; and w̃(rt, α
−, λ)− < rt is implicitly defined by

Υ(w; r, α, λ) = 0 in which ẽ(w, r, λ) = ẽ(w, r, λ)− and α = α−. Moreover,

a) for all rt ∈ [rL, rH], w̃(rt, α, λ) is increasing and linear in r; and for all other
rt < [rL, rH], w̃(rt, α, λ) is increasing and concave in r;

b) for all rt < rL(α
+) and rt > rH(α

−, λ), w̃(rt, α, λ) is decreasing in α+ and α−

respectively;

c) for all rt > rH(α
−, λ), w̃(rt, α, λ) is increasing in λ.

Proof. See Appendix B.3. �

The firm’s optimal wage policy under asymmetric partial adaptation maintains the
same trigger-policy structure and main properties of the dynamic wage setting policies
analysed in Chapters 1 and 2. However it also displays two additional features. First, in

10This condition is the infinite-horizon analog of the first-order conditions (1.10), Chapter 1, and (2.6),
Chapter 2, subject to asymmetric partial adaptation of the reference wage.
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part a), it is established that even if the firm’s output is linear in effort (Assumption F1,
Chapter 2), whenever the worker is paid a wage above or below their reference wage,
the optimal wage policy is increasing in the reference wage, but at a decreasing rate.
This non-linear relationship is due to the inter-temporal trade-off captured by (3.19),
coupled with the partial adaptation mechanism of the reference wage.

Second, in part b), it is established that if the worker’s speed of adaptation is higher,
the firm will set a lower wage, independently of whether this is perceived by the worker
as a gift or as unfair. The intuition behind this result is the following. A higher speed
of adaptation implies that the weight on the entitlement effect of any wage set in period
t will be larger in the worker’s reference wage in t + 1. Hence, part of the positive
reciprocity induced by a wage gift in the current period will disappear in the future,
all else equal, due to the worker feeling entitled to be paid a relatively higher wage;
similarly, part of the negative reciprocity triggered by the current wage being perceived
as unfair will disappear, since the worker will feel entitled to a relatively lower wage in
the future than the one in the current period. In the optimal inter-temporal trade-off in
period t between the current marginal benefit of inducing higher positive reciprocity—
or, of partially offsetting negative reciprocity—and the expected future marginal cost
of employing a worker with a higher reference wage, a higher speed of adaptation
increases the weight of the latter/future effect, giving to the firm an incentive to set a
lower wage in period t. As such, this result stands as a generalised explanation for the
firm’s wage compression incentive analysed and discussed in Chapter 1. The optimal
wage setting policy (3.20) is illustrated in Figure 3.1.

0 rt

w̃t

rL(1) rH (1, λ)

w̃(rt, α, λ)

rL(α+) rH (α−, λ)

Figure 3.1:
Optimal Wage Setting Policy
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Moreover notice that since adaptation is asymmetric, the incentive to compress
the wage will be lower whenever the optimal policy requires to set a wage below the
worker’s reference wage. In fact in this situation a lower speed of adaptation implies
that the negative reciprocity induced by an unfair wage will be more persistent than the
positive reciprocity induced by a wage gift, as the weight on the entitlement effect of
an unfair wage is smaller and the worker’s adaptation to it will be slower. Hence, the
expected indirect marginal cost of employing a worker with a relatively higher reference
wage in the future due to adaptation is less important in the firm’s inter-temporal trade-
off, augmenting the incentive to set a higher wage to partially offset the current direct
effect of negative reciprocity.

Equilibrium analysis: steady state and transitional dynamics

The following analysis will characterise the steady-state equilibrium and the transitional
dynamic properties of the model. These will in turn be useful to discuss the main
dynamic implications of reciprocity andwage setting behaviour in the following section.

To begin with, consider the equilibrium laws of motion of the worker’s reference
wage (the state variable) and optimal effort:

rt+1 = (1 − α)rt + αw̃t(rt), rτ given, (3.21)

ẽt+1 = ẽt + µ(ln w̃t+1(rt+1) − ln rt+1) − µ(ln w̃t(rt) − ln rt), rτ given; (3.22)

where equation (3.22) is a convenient way of expressing employed workers’ optimal
effort as a first-order difference equation (some of the functions’ arguments have been
omitted to ease notation). The equilibrium path of the worker-firm employment rela-
tionship can be defined as follows.

Definition 5. Given an initial worker’s reference wage rτ, an equilibrium path for a
worker-firm employment relationship starting at t = τ is a sequence of wages, reference
wages and effort levels {wt, rt, et}

∞
t=τ such that the firmmaximizes the present discounted

value of profit as formalised by the functional equation (3.18); the employed worker’s
reference wage evolves according to (3.16); and the worker’s effort is given by (3.17).

First, consider the steady states of the model.

Definition 6. A steady-state equilibrium is an equilibrium path E ≡ {wt, rt, et} in which
wt = w̃∗, rt = r∗, et = ẽ∗ for all t.

Proposition 22. In a worker-firm employment relationship where the worker is char-
acterised by asymmetric reference-dependent reciprocity (3.17) with λ > 1 and asym-
metric partial adaptation (3.16); and the firm sets the wage according to (3.20); there
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exists a range of steady-state equilibrium wages and reference wages

w̃∗ = w̃∗(r∗, α, λ) = r∗

given by

w̃∗ = w̃∗(r∗, α, λ) =


pq(1 − ψα+) ≡ w̃L(α

+)+ if rτ < rL(α
+)

r∗ ≡ w̃=M if rτ ∈ [rL, rH]

λpq(1 − ψα−) ≡ w̃H(α
−, λ)− if rτ > rH(α

−, λ)

(3.23)

in which w̃L(α
+)+ = rL(α

+), w̃=M = rτ, w̃H(α
−, λ)− = rH(α

−, λ); and a unique steady-
state level of effort

ẽ∗(w̃∗, r∗, λ) = ẽn ∀rτ .

Proof. See Appendix B.3. �

Proposition 22 establishes the existence of a range of steady-state equilibrium levels
ofwages and referencewages, and a unique steady-state level of effort. Themain reasons
behind this result are the same as those described in the steady-state characterisation
of Section 2.4, Chapter 2. However there is one important difference generated by the
presence of asymmetric partial adaptation.

First notice that the equilibrium levels of the wage and reference wage, defining
the boundaries of the range of equilibria, depend explicitly on the speed of adaptation
α = {α−, α+}. That is, the higher the speed of adaptation, the lower the wage paid to the
employed worker in the steady state. The intuition behind this prediction relies on the
wage compression incentive described above, which is driven by the worker dynamic
re-normalisation of effort. A lower speed of adaptation gives more time to the firm to
exploit the worker’s reciprocity by setting relatively higher wages in every period (at
a decreasing rate). However, since effort will eventually reach its normal level in the
steady state, a firm that has exploited this slower adaptation, by setting relatively higher
wages, will also end up paying a higher steady-state wage.

By comparing this result with the one established in Proposition 7, Chapter 2, in
which adaptation is both symmetric and complete, i.e. α− = α+ = α = 1, it is possible
to deduce without any additional proof that partial adaptation raises the equilibrium
wage level in the market for any given initial reference wage rτ. In addition, since
adaptation is also asymmetric, the asymmetry in the worker’s reciprocity due to loss
aversion (i.e. λ > 1) is no longer a necessary condition for the existence of a range
of steady-state equilibria in which w̃∗ = rτ. In fact, even if λ = 1, from the results
established in Propositions 21 and 22 it can be deduced that a range of equilibria will
exist so long as α+ > α−, since rL(α

+) < rH(α
−, 1). It is therefore possible to conclude
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that asymmetric partial adaptation has implications for the steady-state equilibrium
levels of the wage and reference wage in worker-firm employment relationships.

Next consider the equilibrium transitional dynamics of the model.

Proposition 23. In a worker-firm employment relationship where the worker is char-
acterised by asymmetric reference-dependent reciprocity (3.17) with λ > 1 and asym-
metric partial adaptation (3.16); and the firm sets the wage according to (3.20); the
range of steady-state equilibria established by Proposition 22 are locally asymptotically
stable, and starting from any

a) rτ < rL(α
+), then rt ↗ r∗ = rL(α), w̃t ↗ w̃∗ = w̃L(α

+)+ = r∗, and ẽt ↘ ẽn;

b) rτ ∈ [rL, rH], then w̃t = w̃∗ = w̃=M = r∗ = rτ, and ẽt = ẽn;

c) rτ > rH(α
−, λ), then rt ↘ r∗ = rH(α, λ), w̃t ↘ w̃∗ = w̃L(α

−, λ)− = r∗, and
ẽt ↗ ẽn.

Proof. See Appendix B.3. �

Proposition 23 establishes the existence ofmultiple equilibriumpaths for the optimal
wage, effort and reference wage in a worker-firm employment relationship. In line
with the main prediction of Proposition 12, Chapter 2, which equilibrium path will
characterise the transitional dynamics and the resulting steady-state level of the wage
and reference wage crucially depends on the initial value of rτ. The following figure
illustrates the transitional dynamics of a worker’s reference wage for the two possible
equilibrium paths a) and c).

0 rt

rt+1
45◦

rL(α+) rH (α−, λ)

λ α+ − α−

w̃L(α
+)+

w̃H (α
−, λ)−

λ

α+ − α−

α+

r ′τ r ′′τ

Figure 3.2:
Range of Equilibria and Transitional Dynamics of the Reference Wage
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However, in contrast with the results established in Chapter 2, asymmetric partial
adaptation implies that the convergence to the steady state will take longer than one
employment period only; and that the speed of this convergence, determined by α =
{α−, α+}, will be different depending on whether the worker is paid a wage gift or an
unfair wage in their initial employment period t = τ.

If the worker starts the job with a relatively low reference wage (e.g. r′τ < rL(α
+)),

hence perceiving the wage contract as a gift, they will adapt more rapidly to it in the
following employment period. As noted before, this higher speed of adaptation implies
that the firm’s optimal wage policy will be more compressed, and that the steady-state
wage will be relatively lower. This result is reinforced by the prediction that due to the
higher speed of adaptation, the worker’s effort will converge to its normal equilibrium
level more rapidly. Hence, the firm will be able to exploit the benefits of positive
reciprocity, by implementing a series of wage rises over time, but only over a relatively
shorter time span. On the other hand, if the worker feels entitled to a relatively high
wage at the start of the employment relationship (e.g. r′′τ > rH(α

−, λ)), hence they
perceive the initial wage contract as unfair, the dynamic adaptation will be slower; the
firm’s optimal wage policy less compressed; and the steady-state wage relatively higher.
In fact, due to the lower speed of adaptation it will take longer for the worker’s effort to
converge to its normal level, implying that negative reciprocity will be more persistent
throughout the employment relationship. In this case, the firm will optimally reduce
the worker’s wage entitlement and their negative reciprocity over time by implementing
a series of wage cuts, but this process will take longer.

Asymmetric endogenous persistence in reciprocity and wage dynamics

This section builds on the results established in the preceding analysis to illustrate
the out-of-steady-state dynamics of the model in response to unanticipated parametric
shifts in productivity p. The focus of the analysis will be on the different equilibrium
adjustment paths of the wage, reference wage and effort when a firm optimally changes
thewage in response to positive and negative productivity shocks of the samemagnitude.

Consider a worker-firm employment relationship in which rτ < rL(α
+), charac-

terised by the steady state:

Ẽ ≡ {w̃∗, r∗, ẽ∗}, in which w̃∗ = w̃L(α
+)+, r∗ = rL(α

+), and ẽ∗ = ẽn;

where as previously established w̃∗ = r∗ = pq(1 − ψα+). Then suppose that in some
period t0 there is an unanticipated permanent shock εt0 to productivity p, which shifts
toward a new level denoted by p̂ = p ± εt0 (i.e. the shock is symmetric).
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The following analysis will consider both a positive and a negative shock. More-
over, for illustrative purposes, it will be assumed that εt0 is large enough so that the
model does not generate endogenous downward wage rigidity in response to negative
shocks. Imposing this assumption enables the reference wage and effort dynamics to
be compared when a firm optimally changes the wage in response to both positive
and negative shocks, which obviously will not be possible if there is downward wage
rigidity.11

To begin with, consider the new steady-state equilibria towards which the employ-
ment relationship will converge. If the shock is positive, that is if p̂ = p + εt0 , the
employment relationship will be characterised by the steady state:

Ê+ ≡ {ŵ∗, r̂∗, ê∗}, in which ŵ∗ = ŵL(α
+)+, r̂∗,= r̂L(α

+) and ê∗ = ẽn;

where ŵ∗ = r̂∗ = p̂q(1 − ψα+). On the other hand, if the shock is negative, that is if
p̂ = p − εt0 , the steady-state equilibrium will be:

Ê− ≡ {ŵ∗, r̂∗, ê∗}, in which ŵ∗ = ŵH(α
−, λ)−, r̂∗ = r̂H(α

−, λ), and ê∗ = ẽn;

where ŵ∗ = r̂∗ = λp̂q(1 − ψα−). What are the implications of asymmetric partial
adaptation for the adjustment dynamics of the wage, reference wage and effort?

In the case of a positive shock, at impact the firm implements a wage raise which
is perceived as a gift by the worker, whom positively reciprocates by exerting supra-
normal effort:

t0 : ŵt0(r
∗, α+)+ > r∗, and ê+t0 > ẽn, if p̂ = p + εt0 .

In the subsequent employment periods the worker will feel entitled to be paid a higher
wage due to the dynamic adaptation of the reference wage, while the firm will continue
to implement a series of wage raises that are perceived as gifts, optimally exploiting
the worker’s positive reciprocity over time. However, following the dynamic properties
of the wage and reference wage established in the preceding section, this combined
dynamics of wage gifts and adaptation will eventually terminate at the new steady-state
equilibrium Ê+, which is reached in some period t′. Hence, in the employment periods
after t0 the worker’s perceived gain in utility generated by the series of wage rises will
gradually decrease over time due to the dynamic adaptation of the reference wage, until
it will eventually disappear in the steady state. As a consequence, the worker’s positive

11The dynamic implications of reciprocity and wage setting behaviour when there is downward wage
rigidity have been largely analysed in Chapter 1. For details of the condition that the magnitude of the
shock needs to satisfy for this assumption to hold, see Section A.3.1, Appendix A.3.
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reciprocity will also decrease over time, until effort eventually converges to its normal
level when the new steady state is reached in period t′. The speed of convergence to
Ê+ is determined by the worker’s speed of adaptation α+.

t

rt, w̃t

ŵt

rt

w̃∗ = r∗

ŵ∗ = r̂L(α+)

ŵ∗ = r̂H (α−, λ)

t0 t ′ t ′′

λ > 1
α+ − α−

α+ > α−

ŵ+t0 > r∗

ŵt0 (λ)
− < r∗

Figure 3.3:
Asymmetric Intensity and Persistence in Wage and Reference Wage Dynamics

In the case of a negative shock, at impact the firm implements a wage cut which is
perceived as unfair by the worker, whom negatively reciprocates by exerting sub-normal
effort:

t0 : ŵt0(r
∗, α−, λ)− < r∗, and êt0(λ)

− < ẽn, if p̂ = p − εt0 .

In the subsequent employment periods the worker will gradually adapt their entitlement
to a lower wage while the firm will continue to implement a series of unfair wage cuts
in order to optimally balance the inter-temporal trade-off between reducing current
negative reciprocity and employing a worker with a lower reference wage in the future.
Hence, in this case, optimal wage setting in response to a negative shock triggers
the combined dynamics of unfair wage cuts and adaptation, which will eventually
terminate at the new steady-state equilibrium Ê−, reached in some period t′′. In fact, in
the employment periods after t0 the worker’s perceived loss in utility, generated by the
series of unfair wage cuts, will decrease over time due to reference wage adaptation, and
will disappear in the steady state. The worker’s negative reciprocity will also decrease
over time, with effort converging back to its normal level when the new steady state
is reached in period t′′. In this case, the speed of convergence to Ê− is determined
by the worker’s speed of adaptation α−. The adjustment dynamics of the wage and
the reference wage just described are illustrated in Figure 3.3; while the corresponding
effort dynamics are illustrated in Figure 3.4.
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Figure 3.4:
Asymmetric Intensity and Persistence in Reciprocity Dynamics

Based on this analysis, the model developed in this section enables to highlight
several noteworthy features of optimal wage setting behaviour and reciprocity dynamics
in the presence of asymmetric partial adaptation of the reference wage.

First note that even though the shock is characterised by a one-off permanent change
in productivity (i.e. no persistence of the shock εt0), the model endogenously generates
persistence in wage and effort dynamics. This is driven by the assumption that reference
wage adaptation is partial, i.e. α+, α− ∈ (0, 1). Second, note that even if the shock
is symmetric, this persistence is asymmetric: the wage and effort dynamics generated
by a negative shock persists longer than the one generated by a positive shock of the
same magnitude, that is t′′ > t′. This is driven by the assumption that reference wage
adaptation is asymmetric, i.e. α+ > α−. As such, the theoretical analysis presented
in this section provides a rationale for why negative reciprocity is more persistent
than positive reciprocity. Finally, in addition to asymmetric persistence, the model
also generates an asymmetry in the intensity of wage and effort adjustments at impact
in period t0. As illustrated in Figure 3.3, the optimal wage adjustment to a negative
productivity shock is relativelymoremuted, in absolute terms, than thewage adjustment
to a positive productivity shock of the same magnitude. This result is driven by two
main behavioural factors: i) the firm has an incentive to set a relatively higher wage
than otherwise, in order to partially offset the worker’s stronger negative reciprocity
response to an unfair wage cut (since λ > 1, see Chapter 1); ii) such incentive is
reinforced by the slower reference wage adaptation to this relatively higher wage by the
worker (since α− < α+, see discussion above).

Moreover note that the intensity of the worker’s effort response could also be
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asymmetric at impact. However, this will depend on the following condition:

|êt0(λ)
− − ẽn |

|ê+t0 − ẽn |
> 1 only if

| lnwt0(λ)
− − ln r∗ |

| lnw+t0 − ln r∗ |
>

1
λ
.

Hence, negative reciprocity will be stronger than positive reciprocity following a sym-
metric productivity shock only if the unfair wage cut in period t0 is sufficiently large.
This particular case corresponds to the one illustrated in Figure 3.4. It is worth noting,
however, that for wage raises and wage cuts of the same absolute magnitude in t0, this
condition is always satisfied (since λ > 1). As such the model predicts stronger in-
tensity (loss aversion) and persistence (asymmetric adaptation) of negative reciprocity
relative to positive reciprocity.

Summarising discussion

This section analysed the implications of asymmetric partial adaptation of the refer-
ence wage for wage and effort dynamics, in a microeconomic model of wage setting
behaviour formalised on the basis of the theory developed in Chapter 1. Asymmetric
partial adaptation has implications for both the steady-state equilibrium of the model
and the out-of-steady-state dynamic adjustment to exogenous shocks.

In terms of steady states, it has been shown that if adaptation is partial, the equi-
librium wage paid to the worker will be higher, relative to the case in which it takes
just one employment period for workers to adapt their wage entitlements (e.g. as in
Chapter 2). In fact, a slower speed of adaptation implies a higher steady-state equilib-
rium wage. This conclusion relies on the firm’s optimal wage setting behaviour facing
an inter-temporal trade-off between triggering higher effort today versus employing a
worker with a higher reference wage in the future. Since a slower speed of adaptation
eases the future entitlement effect, the firm has an incentive to set a relatively higher
wage in each employment period to induce higher effort from the worker.

In terms of out-of-steady-state dynamics, the theory developed in this section
presents several important predictions. First, the model provides a behavioural explana-
tion for the observed persistence of wage dynamics, as well as providing a rationale for
why the response of wages and reciprocity to negative shocks might be more persistent.
This rationale is based on the principle of hedonic asymmetry applied to perceptions of
fairness in the context of wage setting behaviour and employment relationships. Since
it takes longer for workers to adapt to wage cuts that are perceived as unfair—which in
addition have a stronger effect on workers’ morale and effort—firms that need to adjust
their labour costs in the face of negative shocks will optimally implement a series of
small wage cuts over a prolonged time span, rather than impose a large and unique wage
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reduction. This result is based on the assumption of firms having complete and perfect
information—i.e. the firm knows that λ > 1 and that α+ > α−. However, since in some
employment relationships this assumption may be unrealistic, nevertheless the above
prediction has a normative interpretation. If asymmetric partial adaptation is a good
description of the way in which workers adapt their wage entitlements over time, then
firms will be better off by implementing a series of small wage cuts over a longer time
period when they face the incentive to do so, rather then imposing a one-off large cut.
The model of this section lends itself as a useful, tractable, framework for the analysis
of these issues.

Another set of key predictions concern the dynamics of a worker’s reciprocity
facing a series of wage changes over time. First of all it has been shown that even in
the presence of a more general adaptation rule, a worker’s reciprocity response to wage
changes is only a temporary phenomenon: any increase (decrease) in effort triggered
by a wage raise (cut) that is perceived as a gift (unfair) will eventually disappear over
time, due to the worker feeling entitled to the wage they are paid. Hence, the model
preserves the key distinctive property of the theory set out in Chapter 1, namely the
dynamic re-normalisation of effort. This prediction is consistent with evidence on the
wage-effort relationship coming from a variety of empirical approaches, which have
been extensively discussed throughout the thesis; and is in stark contrast with theories
of reciprocity in labour markets in which workers’ effort in the steady state is a function
of absolute wage levels. Moreover, the present analysis has enabled the exploration
of two additional features of the dynamics of reciprocity. If adaptation is partial, the
dynamic re-normalisation of effort will not be immediate: the persistence of any extent
of positive or negative reciprocity strictly depends on the worker’s speed of adaptation
α = {α−, α+} ∈ (0, 1). Moreover, if adaptation is asymmetric, the theory predicts
that negative reciprocity will be more persistent than positive reciprocity. As such,
the analysis developed in this section combined with the key insights of the theory
developed in Chapter 1 provide a unified and coherent explanation for the conjectured
asymmetry in intensity and persistence of negative versus positive reciprocity: negative
reciprocity is stronger than positive reciprocity due to workers’ loss aversion; while it is
more persistent due to the slower adaptation to wage cuts that are perceived as unfair.12

12This conjecture stems from the evidence reported by a variety of empirical approaches, including
surveys to compensation mangers (e.g. Bewley (1999)) and laboratory and field experiments (e.g. Cohn
et al. (2014)). See also the discussion of Section 1.2, Chapter 1, and the references provided therein.
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3.5.2 Social Comparison and Wage and Unemployment Hysteresis

This section illustrates how the general framework developed in Section 3.4 can be
incorporated into the theoretical framework set out in Chapter 2. In so doing, the
following analysis will consider the effects of relative wage comparisons between newly
hired and incumbent workers on the cyclical behaviour of the model, and will show
that this form of social comparison generates asymmetric fluctuations and hysteresis in
wages, job creation and unemployment.

The section is organised as follows. First, the concept of hysteresis is defined.
Then, the relevant social categories and fair wage norms characterising a stylised labour
market are designed and subsequently the steady-state equilibrium of the labour market
is derived. Finally, the cyclical behaviour of the model is analysed, by considering
the impact of two unanticipated permanent shocks to productivity of opposite sign
representing an economic cycle.

Hysteresis defined

In the context of this analysis a dynamic system is said to be hysteretic whenever tem-
porary disturbances have permanent equilibrium effects. Based on this loose definition,
hysteresis can be defined more formally following the general theory of systems with
hysteresis (see, for instance, Cross, Grinfeld, and Lamba (2009)).

Consider an input-output system that is in a steady-state equilibrium in period t∗.
The system has scalar input p∗ = pt∗ and scalar output n∗ = nt∗ . Then suppose that
the input pt changes from pt∗ to some value p′ = pt ′ and then back to pt∗ (hence,
in an economic context, suppose that pt∗ undergoes a symmetric cycle characterised
by an expansion and a recession phase of the same magnitude). The system can be
defined hysteretic if for each pt∗ there are values pt ′, such that, after the excursion (i.e.
the cycle), the output nt does not return to nt∗ , but to some different value nt ′′. This
phenomenon is known as remanence. To return the output to its original value n∗ = nt∗ ,
the input needs to be changed by an additional amount called coercive force. These
concepts are illustrated in Figure 3.5 below.

Notice that this definition is different from the one most commonly used in eco-
nomics, according to which hysteresis refers to the substantial persistence of deviations
from equilibrium after the impact of a shock, i.e. the presence of a unit root in a linear
dynamic system (as, for instance, in the models of unemployment hysteresis developed
by Blanchard and Summers (1986) and Skott (2005)). Reviews of the concept of hys-
teresis and its application in economics can be found in Røed (1997), Göcke (2002),
Cross et al. (2009) and Cross (2014).
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Figure 3.5:
A Hysteresis Loop

Labour market environment: social categories and norms

Consider the benchmark search and matching framework developed in Chapter 2, in
which wage setting behaviour is modelled following the theory developed in Chapter
1. Assumptions W1-W4, F1-F2 and M1 of Chapter 2 hold throughout.

Building on the general framework developed and formalised in Section 3.4, it is
assumed that in each period t workers can be characterised by the following social
categories and related fair wage norms:

S1. Social Categories:

C = {unemployed, new hire, incumbent, social comparison}.

S2. Fair Wage Norms:

unemployed ≡ U, PU = ∅;
new hire ≡ N, PN = {ω};

incumbent ≡ E, PE = {w−1};
social comparison ≡ S, PS = {w

−i};

where
Ω = {ω,w−1,w

−i} with ω,w−1,w
−i ∈ X.

According to Assumption S1, this environment can be considered as a stylised labour
market in which workers differ on the basis of their employment status, (as in Chapter 2)
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and inwhich the social category S is representative of any social or institutional category
that fosters relative wage comparison between workers.13 In addition, Assumption S2
specifies the corresponding sets of fair wage norms influencing the reference wage of
a typical worker belonging to each c in C where: ω is the minimum legal wage in the
market, and it is assumed to form an entitlement determinant in the reference wage of
a typical new hire c = N; w−1 is the wage contract paid in the previous employment
period and it is assumed to form an entitlement determinant in the reference wage
formation of a typical incumbent c = E; while w−i is the wage paid to other workers in
the market, which forms an entitlement determinant in the reference wage of a typical
worker belonging to the social category c = S.

In line with this set up, consider the following assumption about the evolution of
a representative worker’s identity and related fair wage norms over time (recall that τ
denotes the starting period of an employment relationship):

S3. Identities:
if t < τ Ct = {U} It = ∅;
if t = τ Ct = {N, S} It = {ω,w−i

t };
if t > τ Ct = {E} It = {wt−1}.

Assumption S3 formalises the premise which motivated the analysis of this section.
That is, relative wage comparisons affect the reference wage formation process of
newly hired workers only—along with the minimum legal wage in the market—while
incumbent workers use the most recent wage contract as their unique entitlement
determinant. Hence, reference wages evolve over time according to the following rule:

S4. Reference Wage Formation:

rt(It) =

{
ωC+ + w−i

t C
− if t = τ

wt−1 if t > τ
(3.24)

where

C+ =

{
1 if ω > w−i

t

0 otherwise,
C− =

{
1 if ω ≤ w−i

t

0 otherwise.

Note that the reference wage equation (3.24) also implies an asymmetric social com-
parison rule, that is, newly hired workers’ reference wage in period t = τ will be
determined by the wage paid to other employed workers w−i

t only if this wage exceeds

13For instance the social category S could be representative of workers applying for jobs in a unionised
industry which discloses information about wages across firms; or equivalently S could represent the
social category assigned to workers employed in firms featuring standardised internal pay structure
procedures.
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the current minimum legal wage in the market ω.14

t t + 1 t + 2

τ − 1 τ τ + 1

Search 1st Employment Period 2nd Employment Period

Unemployed
Ct = U

New Hire
Ct = {N, S}

Incumbent
Ct = E

rt (It ) = ωC+ + w−it C
− rt (It ) = wt−1

Figure 3.6:
The Evolution of Identity and Reference Wages

Assumptions S1-S4 entirely characterise the the social and institutional context,
and the resulting reference wage formation process, of the stylised labour market that
is analysed next. The dynamics of a typical worker’s identity and their reference wage
is illustrated in Figure 3.6. Finally, consider the following notation, which is adopted
in order to ease the notational burden:

if t = τ It ≡ i

if t > τ It ≡ j .
(3.25)

Hence, i denotes newly hired workers with identity It = {ω,w−i
t } and j denotes

incumbent workers with identity It = {wt−1}.

Steady-state characterisation

This section derives the steady-state equilibrium of the labour market in the presence
of social comparison. The results established here will form the basis for the analysis
of cyclical behaviour of the model.

Referring to the framework developed in Chapter 2, the key equation characterising

14This particular assumption (asymmetric social comparison) is not crucial for any of the results
derived in this section.
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the model with free entry (i.e. Vt = 0 for all t) are:

J(rt) = max
wt≥0

{y(ẽt) − wt + ψJ(rt+1)} ∀t ≥ τ (3.26)

s.t. ẽt = ẽn + µ(lnwt − ln rt) (3.27)

rt =

{
ri,t = ωC

+ + w j,tC
− ∀t = τ

r j,t = w j,t−1 ∀t > τ
(3.28)

κ

m̄θ−σt
= J(ri,t) (3.29)

∆ut+1 = ρ(1 − ut) − m̄θ1−σ
t ut (3.30)

r0, u0 given,

where (3.26) is the firms’ value of an employment relationship with a newly hired
worker for all t = τ, and with an incumbent worker for all t > τ; the effort function
(3.27) captures the employedworkers’ asymmetric reference-dependent reciprocity; the
reference wage rule (3.28) is equivalent to (3.24) but it is expressed using the simplified
notation (3.25) set out above; equation (3.29) is the job creation condition of the model
under the additional assumption of instantaneous production at the time of hiring;15
and (3.30) captures the standard law of motion of unemployment.

The equilibrium path of the labour market and the corresponding steady state can
therefore be defined as follows.

Definition 7. Given initial unemployment u0 and employed workers’ reference wage
r0, an equilibrium path is a sequence of wages, reference wages, effort levels, market
tightness and unemployment rates {wt, rt, et, θt, ut} such that firms maximise the present
discounted value of profits as formalised by the functional equation (3.26); employed
workers’ effort is given by (3.27); employed workers’ reference wage evolves according
to (3.28); labour market tightness satisfies (3.29); and unemployment is given by (3.30).

Definition 8. A steady-state equilibrium is an equilibrium path E ≡ {wt, rt, et, θt, ut}

in which wt = w̃∗, rt = r∗, et = ẽ∗, θt = θ̃
∗ and ut = u∗ for all t.

The following proposition characterises the unique steady-state equilibrium of the
model when the initial reference wage in the market r0 is given by the current minimum
legal wage ω, under the mild (and arguably realistic) condition that this is weakly lower
than the optimal steady-state wage.

Proposition 24. If r0 = ω ≤ pq(1 − ψ) there exists a unique steady-state equilibrium
characterised by the following outcomes.

15Note that while this assumption enables a more intuitive discussion of the cyclical behaviour of the
labour market in the next section, it does not affect the main qualitative predictions of the model.
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a) Wages:
w̃∗ = w̃∗i = w̃∗j = pq(1 − ψ).

b) Reference wages and effort levels:

r∗ = r∗i = r∗j = rL;

r∗i = w̃∗jC
−, ẽ∗i = ẽn;

r∗j = w̃∗j, ẽ∗j = ẽn.

c) Labour market tightness and unemployment rate:

θ̃∗ =

(
m̄
κ

[
y∗(ẽ∗) − w∗

] ) 1
σ

, u∗ =
ρ

ρ + m̄θ̃∗1−σ
;

where
y∗(ẽ∗) =

pqẽn

1 − ψ
and w∗ =

w̃∗

1 − ψ
.

Proof. See Appendix B.3. �

Proposition 24 highlights a distinctive result with respect to the steady-state proper-
ties of the model under reference wage adaptation as established in Propositions 7 and
8, Chapter 2. That is, independently of the initial reference wage level that characterises
the labour market, due to relative wage comparisons newly hired workers will always
feel entitled to be paid the same wage paid to incumbent workers. As such, since the
firms’ optimal wage setting policy implies that new hires and incumbents are paid the
same steady-state equilibrium wage, new hires perceive this as fair and therefore always
exert their normal effort in production. Hence, in the presence of social comparison
there is no distinction between new hires and incumbent workers in terms of reference
wages and effort levels in the steady state; and as such, the value of an employment
relationship with a new hire is the same as the one with an incumbent: J(ri) = J(r j).

Cyclical behaviour: asymmetric fluctuations and hysteresis

This section analyses the cyclical properties of the model developed thus far and shows
that social comparison can generate asymmetric fluctuations and hysteresis in wages,
job creation and unemployment.

In any economic model of the labour market which does not feature hysteresis, a
symmetric economic cycle—i.e. an expansion and a subsequent recession of the same
magnitude—should not affect the steady-state equilibrium at which the labour market



3.5. Two Applications 157

will eventually converge after the resolution of the cycle.16 Otherwise, according to
the definition provided above, the labour market will be hysteretic. Based on this
premise, what follows will evaluate the effects of two unanticipated permanent changes
in aggregate productivity p, which are opposite in sign but of the same absolute
magnitude.17

Formally, consider a symmetric economic cycle characterised by an expansionary
episode in some period t′, in which aggregate productivity increases from p to pt ′; and
a subsequent recessionary episode at t′′ in which aggregate productivity decreases from
pt ′ back to pt ′′ = p. The following analysis will focus on two types of symmetric cycles
of differing magnitudes:

Definition 9. A moderate symmetric economic cycle between t′ and t′′ is an economic
cycle in which pt ′−p

p ∈ (0, λ−1] and pt ′′ = p. A large symmetric economic cycle between
t′ and t′′ is an economic cycle in which pt ′−p

p ≥ (λ − 1) and pt ′′ = p.

This a priori distinction is important in order to identify the main forces that drive
hysteresis in the model. To understand this, notice that for the reasons explained in
Chapter 1, depending on the magnitude of the exogenous decrease in productivity,
employed workers might experience either downward wage rigidity or “muted” wage
cuts, which, in the context of the richer model developed here, will have different
implications for other related labour market outcomes. The technical details on which
the following analysis is based can be found in Section A.3.2, Appendix A.3.

Moderate cycles. Consider an increase in aggregate productivity in period t′ so
that pt ′ ∈ (p, λp]. Existing firms will find it optimal to raise their employed workers’
(incumbents in period t′) wages from w̃∗ to w̃ j,t ′ = w̃′j , where:

w̃′j = pt ′q(1 − ψ)

> pq(1 − ψ)

= w̃∗.

As a consequence, due to social comparison, newly hired workers in period t′ will
now feel entitled to receive the equilibrium wage paid to incumbents: i.e. new hires
are characterised by the reference wage ri,t ′ = w̃ j,t ′. Therefore, while the increase

16This is in fact an inherent feature of the canonical search and matching framework, and of any other
model of the labour market based on the natural rate of unemployment hypothesis (see, for instance,
Cross (2014)).

17This qualitative approach in the study of temporary cyclical shocks is in the spirit of Pissarides (1985,
2000), whom evaluate the model cyclical behaviour by studying the effects of a series of unanticipated
permanent shocks to aggregate productivity. This also facilitates the comparison of the cyclical properties
of the present framework with those of the canonical search and matching model.
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in aggregate productivity implies that more workers are hired at a higher optimal
equilibriumwage w̃i,t ′ = w̃′j > w̃∗, social comparison implies that this wage is perceived
as fair (and not as a gift) by the new hires, whomwill exert their normal effort ẽi,t ′ = ẽn.18

These responses are illustrated in Figure 3.7 by an upward shift of the wage curve
and a rightward shift of the job creation curve (reaching the equilibrium B). As a result,
wages and labour market tightness immediately jump to their new steady-state levels:
w̃i,t ′ = w̃ j,t ′ = w̃′ and θ̃t ′ = θ̃′; while unemployment gradually converges towards a
lower steady state u′ following the law of motion given by (3.30).

0 θ̃

w̃

w̃∗ pq(1 − ψ)

JC

θ̃∗

A

λpq(1 − ψ)

w̃′′ = w̃′ pt′q(1 − ψ)

JC ′

θ̃ ′

B

θ̃ ′′

C

Figure 3.7:
Moderate Cycle: Downward Wage Rigidity and Hysteresis

Next consider a recessionary episode in some period t′′ in which aggregate produc-
tivity decreases back to its initial level p. Optimal wage setting implies that existing
firms employing incumbent workers in period t′′ will implement wage freezes in or-
der to avoid the costs of negative reciprocity. Hence, incumbent workers experience
downward wage rigidity, i.e. they are paid the same wage as in the previous steady
state: w̃ j,t ′′ = w̃′′j = w̃′j . Moreover, as a consequence of social comparison, new hires
in period t′′ will now feel entitled to be paid that wage. That is, incumbents’ downward
wage rigidity generates a spill-over effect on new hires’ wage entitlements, whom will
now have a higher reference wage with respect to the one characterising the initial
steady state: ri,t ′′ = w̃ j,t ′′ = w̃′j > r∗i . As such, optimal wage setting implies that
firms hiring workers in period t′′ will pay them their reference wage w̃i,t ′′ = ri,t ′′, and
will experience normal effort in production ẽi,t ′′ = ẽn. The logic behind this result
is explained by the theory developed in Chapters 1 and 2: in the trade-off between
a lower equilibrium wage and negative reciprocity, firms find it optimal to pay newly

18Hence, if there is social comparison, firms do not benefit from new hires’ positive reciprocity in the
first employment period, as it would have been the case if the reference wage of new hires was given by
the minim legal wage in the market ω only (e.g. as in Chapter 2 for the case of rN < rL).
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hired workers their reference wage as to avoid low morale and sub-normal effort in the
first employment period. Therefore, while the present discounted value of output from
new employment relationships starting in period t′′ is the same as the one in the initial
steady state: y′′(ẽ′′) = y∗(ẽ∗) = pqẽn/(1 − ψ); the present discounted value of the
wage is now higher due to the wage entitlement effect generated by social comparisons
between new hires and incumbents: w′′ = w̃′/(1 − ψ) > w∗ = w̃∗/(1 − ψ). Essentially,
this is due to the combination of downward rigidty in the wage of incumbent workers
and relative wage comparisons of new hires.

The spill-over effect from downwardwage rigidity of incumbents to reference wages
of new hires implies that after a decrease in aggregate productivity back to its initial
level p, firms will post fewer vacancies and pay higher wages than in the initial steady
state prior to the beginning of the cycle. These responses are illustrated in Figure 3.7
by a wage curve that does not shift and by a leftward shift of the job creation curve to
its initial position (reaching the equilibrium C). As a result, while the steady-state wage
paid to workers in the market does not change w̃i,t ′′ = w̃ j,t ′′ = w̃′′ = w̃′, labour market
tightness immediately jumps to a new (relatively lower) steady-state θ̃t ′′ = θ̃′′ < θ̃∗

and unemployment gradually converges towards a new (relatively higher) steady state
u′′ > u∗.

Hence, during moderate economic cycles in which incumbent workers experience
downward wage rigidity—due to firms’ fairness concerns in the presence of asym-
metric reference-dependent reciprocity—social comparison between new hires and
incumbents generates spill-over effects to perceived wage entitlements, which in turn
generate hysteresis in wages, vacancies and unemployment.

Large cycles. Consider a large increase in productivity in period t′′ so that pt ′ > λp.
The qualitative properties of the model adjusting to this positive shock are the same as
those described in the expansionary phase of the moderate cycle. That is, incumbent
workers receive a wage raise from w̃∗ to w̃ j,t ′ = w̃′j , where:

w̃′j = pt ′q(1 − ψ)

> pq(1 − ψ)

= w̃∗;

newly hired workers are paid the wage w̃i,t ′ = w̃ j,t ′ = ri,t ′ which is perceived as fair
so that ẽi,t ′ = ẽn; and firms post more vacancies in the market due to the increase in
aggregate productivity, so that θ̃t ′ = θ̃′ > θ̃∗. The only difference is that wages and
market tightness now jump to an even higher steady-state levels than in the moderate
cycle (as it is illustrated in Figure 3.8), while unemployment gradually converges to an
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even lower steady state.
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Figure 3.8:
Large Cycle: Muted Wage Cuts and Hysteresis

Then, consider a recessionary episode in some period t′′ in which aggregate pro-
ductivity decreases back to its initial level p. Since this recession is now larger in
magnitude than in the moderate cycle, optimal wage setting implies that existing firms
employing incumbent workers in period t′′ will implement optimal wage cuts from w̃′

to w̃ j,t ′′ = w̃′′j , incurring the cost of negative reciprocity. Hence:

w̃′′j = λpt ′′q(1 − ψ)

= λpq(1 − ψ)

< pt ′q(1 − ψ)

= w̃′j,

where the third line follows from the fact that pt ′ > λp. However, as thoroughly
explained in Chapter 1, these wage cuts are “muted”, that is, due to asymmetric
reference-dependent reciprocity, the resulting optimal wage below the reference wage
of incumbent workers is relatively higher than if they were not loss averse (i.e. if
λ = 1). In the optimal trade-off between the wage versus negative reciprocity, firms
have an incentive to partially offset the drop in workers’ effort by setting a relatively
higher wage. Therefore, although incumbent workers receive a wage cut, the optimal
equilibrium wage once the productivity shock reverses in period t′′ is yet higher than
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Figure 3.9:
Unemployment Dynamics and Hysteresis

the one characterising the steady-state before the beginning of the cycle:

w̃′′j = λpt ′′q(1 − ψ)

= λpq(1 − ψ)

> pq(1 − ψ)

= w̃∗,

where the third line follows from the fact that λ > 1. Hence, as a consequence of social
comparison, new hires in period t′′ will feel entitled to be paid the same steady-state
wage paid to incumbents, which implies a relatively higher reference wage than the
one characterising the initial steady state: ri,t ′′ = w̃ j,t ′′ = w̃′j > r∗i . Moreover, as in the
moderate cycle case, optimal wage setting implies that firms hiring in period t′′ will
pay new hires their reference wage wi,t ′′ = ri,t ′′; and the new hires in turn will then exert
their normal effort ẽi,t ′′ = ẽn.

These outcomes imply that after a decrease in aggregate productivity back to its ini-
tial level p, the present discounted value of output from new employment relationships
is the same as the one in the initial steady state: y′′ = y∗; but the present discounted
value of the wage is still higher: w′′ = w̃′/(1−ψ) > w∗ = w̃∗/(1−ψ). This is due to the
muted downward adjustment of incumbent workers’ wages, combined with the wage
entitlement spill-over that they generate on new hires’ reference wage as a consequence
of social comparison. Hence, firms will post fewer vacancies and pay higher wages
than in the initial steady state prior to the beginning of the cycle: the steady-state
wage paid to employed workers in the market decreases from w̃′ to w̃′′ > w̃∗, labour
market tightness jumps to a new (relatively lower) steady-state level θ̃t ′′ = θ̃′′ < θ̃∗
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and unemployment gradually converges towards a new (relatively higher) steady state.
These responses are illustrated in Figure 3.8 by a wage curve that shifts downwards,
but that is still above the initial wage curve, and by a leftward shift of the job creation
curve to its initial position (reaching the equilibrium C). The adjustment dynamics of
unemployment, which is qualitatively similar for both moderate and large cycles, is
illustrated in Figure 3.9.

Hence, even during large economic cycles in which the wage of both new hires and
incumbents is endogenously pro-cyclical, social comparison, coupled with firms’ fair-
ness concerns in the presence of asymmetric reference-dependent reciprocity, generate
hysteresis in wages, vacancies and unemployment. This result is particularly important
as it could potentially explain, at least in part, the cyclical patterns in wage and unem-
ployment fluctuations observed during the Great Recession, which, as documented by
Elsby et al. (2016) for the U.S., has been characterised by more procyclical wages and
an extraordinary longer duration of unemployment spells (e.g. due to less hiring).

Summarising Discussion

This section has analysed the implications of relative wage comparisons between newly
hired and incumbentworkers for the cyclical behaviour ofwages, job creation and unem-
ployment by incorporating the framework developed in Section 3.4 into the benchmark
search and matching model developed in Chapter 2. This approach enabled a tractable
and transparent analysis, which delivered several noteworthy results.

First, it has been shown that relative wage comparisons between newly hired and
incumbent workers generate hysteresis in wage and unemployment dynamics. This
result contributes to the theory of labour market fluctuations and provides a rigorous
explanation for why temporary cyclical shocks may have permanent effects on the
steady-state equilibrium unemployment rate. It is also worth to emphasise that the
underlying mechanism generating hysteresis in unemployment is not a product of
assumptions that impose ad hoc wage rigidities. Rather, it is the product of firms’
and workers’ optimising behaviour under plausible, evidence-based, assumptions with
respect to fairness concerns, reciprocity andwage entitlements in the labourmarket. The
endogenous downward wage rigidity (or the “muted” wage cuts) in existing matches
generates entitlement effects into the reference wage of newly hired workers due to
social comparison; this, in turn, influences firms’ expected present value of the optimal
wage that they will have to pay when hiring new workers, which ultimately affect their
vacancy posting decisions.

This spill-over effect also provides an additional channel through which wage
rigidity featuring existing employment relationships can influence the job creation
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decisions of other firms, responding to the call put forward by Elsby et al. (2016):
“[. . .] future theoretical research needs to analyze the nature of implicit contracts
in long-term employment relationships and consider how contracts for new workers
interact with ongoing contracts for incumbent workers.”(p.S275) (recall the analysis
and discussion of this issue, in the context of the literature, developed in Section 2.6,
Chapter 2). While a similar spill-over mechanism has been already analysed through
the “equal treatment” hypothesis in a series of papers by Thomas (2005), Snell and
Thomas (2010) and Martins, Snell, and Thomas (2010), the model developed here is
different in many respects. In fact, even though motivated by a large body of empirical
evidence, the equal treatment hypothesis—which suggests that new hires should be
paid the same wage paid to incumbent workers—is an ad hoc constraint imposed on
firms in this class of models. On the other hand, in the model developed here, equal
treatment arises from firms’ optimal wage setting with reference-dependent and loss
averse workers whom care about relative wages. As such, the present framework can
be considered a microfoundation of the equal treatment hypothesis. Moreover, the
model developed in this section is consistent, in the case of large economic cycles, with
procyclical downward wage adjustments and large increases in unemployment due to
less hiring; a cyclical pattern that fits well the recent evidence concerning the U.S.
labour market during the Great Recession.

The analysis of this section also contributes to the long-standing tradition of mod-
elling hysteresis in labour markets (see, for instance, Røed (1997) and Cross (2014) for
surveys). The contribution to this literature is two-fold. First, the model set out here
provides a novel explanation for the existence of hysteresis in wage and unemployment
dynamics, in the context of a modern search and matching framework. The analysis
also shows that the negative, permanent effects of a temporary shock into equilibrium
unemployment do not necessarily arise from the “curses” left over by a recessionary
episode (Cross, 2014, p.137). In fact in the illustration considered above, the inherent
source of hysteresis is rooted in the wage and reference wage dynamics characterising
the initial expansionary episode preceding the recession. Following the expansion
incumbent workers receive wage rises; these in turn raise the reference “fair” wage of
incumbents (due to adaptation) and of new hires (due to social comparison), constrain-
ing the firms’ ability to adjust wages in the future. This contributes to further exacerbate
the negative impact of the recession on job creation and unemployment. The “ratchet
effect” on the wage of incumbent workers, generated endogenously in the form of
downward wage rigidity—or in the form of “muted” downward wage adjustments—is
transmitted through relative wage comparison to the wage entitlements of new hires,
and ultimately translates into an “over-shooting” of the unemployment rate above the
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initial steady-state level before the cycle had started. This prediction, according to
which “wage hysteresis” is beneficial for employed workers, but unfavourable for the
unemployed, echoes the tenets of the models of hysteresis based on the insider-outsider
approach to labour markets (see for instance Lindbeck and Snower (1987), and the
collection of papers in Lindbeck and Snower (1989)).19

The second contribution rests on a slightlymore technical ground. It has been shown
that the asymmetric reference-dependent nature of employed workers’ reciprocity—
which stems from utilitymaximisation—generates a trigger-policy structure which gov-
erns firms’ optimal wage setting behaviour—which stems from profit maximisation—
where the “triggers” take the form of productivity thresholds determining the so called
range of rigidity—which is non-empty if λ > 1 (see also Chapters 1 and 2). In addition,
the consideration of workers’ reference wage adaptation in the context of a dynamic
labour market is such that these thresholds are not static, but rather, evolve over time,
therefore being themselves history dependent. As such, if viewed under the general
theory of systems with hysteresis, the dynamic model analysed in this section can be
considered the analog of a Preisach system in economics, in which the Preisach weight
function is non-empty if workers are loss averse, and evolves endogenously over time
due to reference wage adaptation and social comparisons.20

In light of the illustration analysed in this section, the permanent effect on the
steady-state equilibrium unemployment rate (i.e. the remanence) generated by tempo-
rary cyclical shocks highlights the failure of the labour market—comprised of rational
and payoff-optimising agents—to fully return to the initial steady-state equilibrium.
This theoretical result poses questions on whether the labour market needs an addi-
tional exogenous change (i.e. a coercive force) in its key determinants (inputs), in order
to restore the steady-state unemployment back to its original rate. As such, the model
suggests that exogenous interventions, such as economic policy or firm-level manage-
rial practices, might be effective to achieve more desirable labour market outcomes.
While the model developed here is yet too abstract for the analysis of these issues, it
nevertheless lay down the foundations for a promising research agenda, which brings
together the modern microfoundations approach to macroeconomic theory with the

19However, notice that the theory developed in this section differs from the insider-outsider approach
with respect to several aspects, such as, the nature of workers’ effort decisions, the wage setting process,
the modelling approach to labour market fluctuations, and the underlying behavioural factors which
generate wages and unemployment hysteresis. These differences imply novel explanations, predictions
(as it has been illustrated) and potentially novel policy implications (the analysis of which is left to
further research).

20A Preisach model is the mathematical generalisation of a system exhibiting hysteresis. The model
takes the name from Ferenc Preisach, a German physicist whom first proposed a model of magnetic
hysteresis in 1935 (Mayergoyz, 1986). See Cross et al. (2009) and the references therein for a discussion
of Preisach systems and their applications to economics.
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long-standing hypothesis of hysteresis in labour markets.

3.6 Conclusions

The understanding of workers’ perceptions of what is a “fair” wage has become in-
creasingly crucial for the analysis of employment relationships and labour markets.
However, there is no established systematic approach aimed at an in-depth theoretical
investigation of the reference wage formation process and its determinants. Building
on a large body of research that has explored the concepts of fairness in labour relations
(Fehr et al., 2009); reference dependence in behavioural decision theory (Kahneman,
1992); and social norms and identity from sociology (Akerlof and Kranton, 2000);
this chapter developed a general, and portable, analytical framework for the analysis
of reference wage formation in employment relationships. Within this formulation,
the reference wage is an artefact that captures a broad set of feelings, entitlements,
information and norms about what should be a fair remuneration, i.e. it is a useful
representation of the notion of a “fair” wage.

Worker’s perceptions of fairness depend on a complex interaction of experience,
history, social norms and the institutional context. Moreover, shaped by these in-
teractions, the reference wage formation process and the information set affecting its
determinants evolve over time and exhibit asymmetries: losses loom larger—and persist
longer—than gains; and disadvantageous pay inequalities are perceived as particularly
unfair.

This state-contingent, and context-dependent, nature of fairness perceptions does
not easily lend itself to the development of a self-contained theory of reference wage
formation. To overcome this issue, the present chapter has advanced a general be-
havioural principle, which captures the unconscious cognitive process through which
workers form their reference wage: the elements of the information set affecting fair-
ness evaluations are determined by how a wage contract is framed, which, in turn, is
influenced by the workers’ social identity—a concept that ties together social categories
with their corresponding fair wage norms. This approach has generated a unique con-
ceptual framework that is portable to a variety of economic, institutional and social
settings. The task left to the theorist/analyst is then to design a stylised labour market
consisting of social categories and fair wage norms that appropriately characterise the
environment of analysis.

By applying this framework into the benchmark models developed throughout the
thesis, this chapter analysed the implications of two particularly salient features of refer-
ence wage formation: the dynamic and asymmetric adaptation of wage entitlements to
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past wage contracts; and the spill-over effect stemming from relative wage comparisons
between new hires and existing incumbent workers. These applications have proven
to be insightful and transparent in their analysis of some inherent aspects of long-term
employment relationships and labour markets. More precisely, it has been shown that
asymmetric partial adaptation generates asymmetric endogenous persistence in wage
and reciprocity dynamics—also providing a coherent explanation for the observed
asymmetry in the intensity and persistence of negative versus positive reciprocity; and
that relative wage comparisons generate hysteresis in the cyclical behaviour of wages,
vacancies and unemployment.

This general approach to reference wage formation, along with its two selected
applications, could be implemented and extended in several ways. First, the analytical
framework of Section 3.4 could be used to construct partial equilibrium models of
workers’ optimal effort responses to wage changes from which to draw empirically
testable hypotheses. These will help to assess the importance of the reference wage
formation mechanisms put forward in this chapter (e.g. asymmetric adaptation/social
comparison; segregated versus integrated mechanisms), also on the basis of their
relationship with the choice of social categories and fair wage norms. For instance,
the framework can be used to model an existing labour market environment in order
to subsequently test its predictions in the field; or, alternatively, it can be used to
design an hypothetical labour market with a more distinct selection of social categories
and fair wage norms, which will be easier to analyse and test in controlled laboratory
experiments.

Another potential extension would be to incorporate the microeconomic model with
asymmetric partial adaptation analysed in Section 3.5.1 into a richer macroeconomic
framework such as the benchmark search and matching model developed in Chapter
2. Here the endogenous asymmetric persistence in wage and effort dynamics could
potentially provide a complementary channel—in addition to relaxing the free-entry
condition—throughwhich to explain the observed persistence in vacancy dynamics (see
Elsby et al. (2015) for a discussion of this issue). From a wider perspective, the general
framework developed here and the benchmark search and matching model set out in
Chapter 2 could be considered as two self-contained blocks which can be combined
together in a variety of ways. Doing so would allow a transparent theoretical analysis
of labour market environments characterised by different reference wage formation
processes—which will depend on the relevant social categories, fair wage norms, and
identity dynamics describing these markets—within a unique and rigorous analytical
framework. Based on the existing state of the literature this type of comparative
analysis may be difficult to perform, especially due to differences in the modelling of
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wage setting behaviour and reciprocity, which can obfuscate whether the main results
are driven exclusively by the choice of what determines the reference wage.

In conclusion, while it seems unfeasible to completely remove the degree of freedom
imposed by the choice of the reference wage, the theory advanced in this chapter
provides an organising framework to think about reference wage formation, fostering
richer and more context-dependent analyses of employment relationships and labour
markets.
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Conclusion

One of the most important objectives of macroeconomics concerns the understanding
of the amplitude and persistence of unemployment fluctuations in the business cycle. To
address this, advances in the theory of labour markets have placed particular emphasis
on the role of nominal and real wage rigidities. Virtually every modern macroeconomic
model of the business cycle—be it based on efficiency wages, search and matching fric-
tions, other market imperfections, or a combination of these—requires a degree of wage
rigidity to be built-in to sufficiently explain unemployment fluctuations. However the
recent theoretical and empirical literatures have identified some challenges in reconcil-
ing the cyclical co-movement of wages, vacancies and unemployment. It is not yet clear
whether the emphasis on new hires’ wage cyclicality is well placed, or what impact the
wage rigidity of incumbent workers has on the cyclical behaviour of unemployment
and vacancies. These challenges suggest that contemporary macroeconomic theory
would greatly benefit from an in-depth understanding of wage setting behaviour and of
its consequences for workers’ productivity and firms’ hiring decisions.

The main contribution of this thesis is in the development of such in-depth theo-
retical approach. By drawing insights from behavioural economics, psychology and
sociology, the theories developed throughout Chapters 1, 2 and 3 have placed a con-
siderable emphasis on the behavioural aspects that influence firms’ wage setting be-
haviour and workers’ attitudes in the production process, abstracting from potential
legislative and institutional constraints. This approach demonstrated that asymme-
try and irreversibility—stemming from asymmetric reciprocity and downward wage
rigidity—are inherent features of employment relationships; has enabled a transparent
identification of their sources; and provided a tractable analysis of their consequences
for labour markets fluctuations.

Chapter 1 formalised a theory of reciprocity and wage setting behaviour in a worker-
firm employment relationship, in which the worker evaluates wage contracts with
respect to a reference “fair” wage and is assumed to be loss averse. The chapter
provided a formal characterisation of a worker’s “asymmetric reference-dependent
reciprocity”, and analysed its implications for optimal wage setting and the employment
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contract. The analysis has established that the worker’s adaptation of their reference
wage and the relatively large cost of negative reciprocity that stems from loss aversion
are the key fundamental drivers of downward wage rigidity; and that the reference-
dependent nature of reciprocity, combined with the adaptation of the reference wage,
leads to a “re-normalisation” of effort during the course of the employment relationship;
formally demonstrating that reciprocity is essentially a temporary phenomenon. As
such, the theory developed in Chapter 1 provides a solid and realistic microfoundation
for downward wage rigidity and highlights several inherent features of reciprocity and
wage setting behaviour in employment relationships. Specifically: i) loss aversion
is identified as the main driver of negative reciprocity being stronger than positive
reciprocity; ii) a firmhas an incentive to compresswage contracts even absent downward
wage rigidity; and iii) the anticipation of stronger negative reciprocity reduces the
expected value of the employment relationship.

Building on these results, Chapter 2 analysed the macroeconomic implications of
the theory developed in Chapter 1 through the lens of a canonical search and matching
model. The novel theoretical predictions derived are the outcome of two fundamental
behavioural mechanisms: the inter-temporal marginal trade-off faced by firms when
choosing the optimal wage; and their consideration, at the time of hiring, of the workers’
asymmetric reference-dependent reciprocity response. The analysis has established the
existence of three distinct path-dependent equilibria, the realisation of which crucially
depends on the level of new hires’ wage entitlements in the labour market. Moreover, by
drawing a clear distinction between newly hired and incumbent workers, this framework
has been used to contribute to the theory of labour market fluctuations concerned with
the amplitude and co-movement of vacancies and unemployment. This contribution
rests on two main theoretical results. First, it has been shown that due to cyclical
changes in positive and negative reciprocity from new hires, the cyclicality of the hiring
wage is irrelevant to the volatility of job creation. Second, by introducing uncertainty
around the evolution of a job-match productivity, it has been shown that the expectation
of downward rigidity in the wage of incumbent workers negatively influences firms’
expected surplus from new employment relationships, dampening hiring incentives and
increasing the volatility of both job creation and unemployment.

These predictions, and their implications, were based on the assumption that new
hires’ reference wages are exogenously given, while incumbents adapt the reference
wage to their most recent wage contract. Whilst several other candidates for the relevant
reference wage might be considered, the existing literature lacks a systematic approach
to the reference wage formation process and determinants, from which other possible
assumptions could have been drawn.
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Motivated by this gap, Chapter 3 provided an in-depth investigation of the concept
of the reference “fair” wage, and developed a general and portable analytical framework
to think about reference wage formation. Recognising that perceptions of fairness and
fair wage norms are state contingent and context dependent, and inspired by the social
identity approach in economics, this chapter advanced a general behavioural principle
to model workers’ reference wage formation process. This approach has enabled the
formalisation, under a common theoretical framework, of several properties of the
reference wage, such as: the intrinsic tendency of workers to adapt their reference
wage over time; the role of the information set influencing this process, and how it
can be exogenously, or endogenously, influenced; and the presence of asymmetries:
workers adapt more rapidly to wage gifts than to unfair wages, and disadvantageous
pay inequality has a substantially larger effect on fairness judgements and morale.

This framework has been subsequently used to explore the implications of the two
most salient features of reference wage formation: the partial and asymmetric adap-
tation of wage entitlements to past contracts; and the spill-over effect that stems from
relative wage comparisons between newly hired and incumbent workers. Incorporating
these aspects into the models developed in Chapters 1 and 2, delivered insightful and
transparent predictions in the context of reciprocity and wage dynamics in long-term
employment relationships and labour market fluctuations. In particular it has been
shown that asymmetric partial adaptation of the reference wage by workers can gener-
ate asymmetric endogenous persistence in wage and reciprocity dynamics, providing
a coherent explanation for the observed asymmetry in the intensity(loss aversion) and
persistence(partial adaptation) of negative versus positive reciprocity. Moreover, it has
been shown that considerations by firms of relative wage comparisons between new
hires and existing workers can generate hysteresis in the cyclical behaviour of wages,
vacancies and unemployment.

In what follows, the thesis concludes with a discussion of some limitations and
potential extensions to this line of research. The theory of “asymmetric reference-
dependent reciprocity” formalised in Chapter 1, combined with workers’ reference
wage adaptation in a dynamic setting—as in Section 1.4.1, Chapter 1, and Section
3.5.1 Chapter 3—captures, within a unique framework, several features of reciprocity
that have been documented in anthropological and experimental research: i) the higher
strength of negative reciprocity responses, i.e. asymmetric intensity due to loss aver-
sion; ii) the temporary nature of reciprocity, i.e. the dynamic re-normalisation of effort
due to adaptation; and iii) the extended duration of negative reciprocity responses,
i.e. asymmetric persistence due to asymmetric partial adaptation. While the potential
sources of these features—in particular i) and ii)—have only been the subject of con-
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jectures by others (e.g. Campbell and Kamlani (1997), Mas (2006), Bewley (2007) and
Fehr et al. (2009)), the existing literature has provided direct experimental tests only
for i) (e.g. Chemin and Kurmann (2014)) and ii) (e.g. Sliwka and Werner (2017)). As
such, in future research it would be interesting to test these three hypotheses all together
in a laboratory or field experiment. An investigation of this kind would shed light on
the nature of reciprocity in employment relationships, the implications of which could
then be analysed using the models developed in the thesis.

The search and matching framework developed in Chapter 2 (also implemented in
the Section 3.5.2, Chapter 3) focused on analytical solutions and steady-state compar-
ative statics analyses. This approach yielded a transparent and tractable framework
which enabled several insightful results and predictions to be drawn. Nevertheless it
will be interesting to extend this framework to consider more general assumptions,
some of which, as discussed, are likely to generate a richer out-of-steady-state dynam-
ics. Developing a richer macroeconomic framework will enhance the generality of the
results that have been established, and will provide a solid benchmark to evaluate the
model performance against the data and to perform more standard quantitative analyses
such as stochastic dynamic simulations.

Finally, perhaps the most important limitation of the framework developed for
the analysis of reference wage formation in Chapter 3 is the presence of a certain
degree of freedom in the choice of the relevant workers’ identities. Unfortunately,
as discussed throughout the chapter, the very nature of fairness and norms does not
easily lend itself to the formalisation of a self-contained theory of reference wage
formation. This limitation can be overcome in two ways. First, by induction, the
relevant set of social categories and fair wage norms can be designed based on the
theorist’s observation, introspection, and analysis of the empirical evidence available.
Then, through a process of abstraction, the framework of Chapter 3 is instructive for
the way in which such evidence should be interpreted and incorporated into reference-
dependent preferences. The models developed in Chapters 1 and 2 can then be used
to draw the associated theoretical predictions. The second way would work in the
opposite direction by initially specifying a broader set of social categories and fair
wage norms and then, thorough a deductive process, draw theoretical predictions—in
terms of reciprocity, wage setting, or even job creation and unemployment—which can
be subsequently validated using standard hypothesis tests. As such, despite not being
the ultimate theory of reference wage formation, the theoretical investigation of Chapter
3 provides a tractable and portable analytical framework which can be considered as a
first step towards a more systematic approach to the analysis of the reference wage and
its determinants.
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The models developed in Chapters 2 and 3 can be considered as two distinct
analytical blocks which can be combined together in a variety of ways. The resulting
combinations can then be used to study the implications of alternative specifications
about workers’ wage entitlements for the cyclical behaviour of reciprocity, wages,
vacancies and unemployment. Moreover, by appealing to the concepts of framing and
anchoring discussed in Chapter 3, the resulting model can be used to design novel
“behavioural” policies aimed at “manipulating” workers’ perceptions of fairness in
order to achieve more efficient, and welfare improving, labour market outcomes.

To conclude, the central theme underlying the contribution of this thesis is that
asymmetry and irreversibility are inherent features of labour markets, generated by the
rational behaviour of payoff-optimising agents. The theoretical approach undertaken
to investigate these aspects has led to the development of a tractable and transparent
framework for the analysis of their implications in the theory of wages and unemploy-
ment fluctuations. This theoretical investigation has also uncovered the possibility that
economic policies aimed at shaping workers’ wage entitlements could deliver more
desirable labour market outcomes. As such, this thesis lays down the foundations for
a promising, more empirically- and quantitatively-oriented, research agenda aimed at
understanding the norms of fairness and reciprocity in employment relationships, and
their consequences for the macroeconomics of labour markets.
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A.1 Additional Material for Chapter 1

A.1.1 An Overview of Relevant Wage Setting Models

This section provides a concise overview of the wage setting models mentioned in the
introduction section of Chapter 1. The objective is to highlight the main conceptual
differences—in terms of assumptions and results—between thesemodels and the theory
developed in Chapter 1. When possible, to enhance comparability, notation will be set
consistent with that adopted throughout the thesis.

Elsby (2009)

Elsby (2009) develops an infinite-horizon dynamic model of wage setting behaviour
under uncertainty, featuring an ongoing employment relationship where downward
wage rigidity binds. This model is used to show that the firm’s anticipation of down-
ward wage rigidity in the expected continuation value of the employment relationship
generates an incentive to actively compress wage rises. This prediction is subsequently
tested using micro-data from the U.S. and Great Britain. Elsby (2009) finds evidence in
support of firms’ wage compression, formally demonstrating that the existing literature
has overstated the costs of downward wage rigidity to firms, in terms of higher levels
aggregate wage growth.

Consider the reduced-form effort function assumed by Elsby. For expositional
purposes, all variables are in real terms:

e = ln
(
w

z

)
+ c · ln

(w
r

)
1−, (E1)

where: w is the wage; r = w−1 is the wage paid in the previous employment period; 1−

is an indicator that takes a value of 1 if the worker receives a wage cut, i.e. if w < w−1

and 0 otherwise; z is a measure of real unemployment benefits (constant overtime); and
the parameter c > 0 varies the productivity cost to the firm of a wage cut. Hence this
effort function has a kink at w = w−1 if c > 0, reflecting the worker’s resistance to wage
cuts: the marginal productivity loss of a wage cut exceeds the marginal productivity
gain of a wage increase by a factor 1 + c > 1. The instantaneous per-worker profit of a
firm is given by π = qe − w.

The model of Elsby (2009) captures a discrete-time infinite-horizon ongoing em-
ployment relationship, abstracting from hiring or layoffs: the worker-firm match is
assumed to be already formed, and always profitable. As such, the functional equation
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corresponding to the firm’s wage setting problem is expressed as
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(E2)

where the prime ′ represents forward values; r′ = w and q is an idiosyncratic technology
shock with the purpose to add uncertainty to the model.

To enhance comparability (and without loss of generality for the conclusion to
follow) it is possible to express Elsby’s model in terms of a two-period employment
relationship in which r0 is exogenous, r1 = w0, and the idiosyncratic technology shocks
q0 and q1 are independent draws from the cumulative distribution function F, as it is
assumed in the analysis of Section 1.4.
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Notice that q0 and q1 are assumed to be always profitable, ruling out the possibility
of no employment contract in the first period or job destruction at the beginning of
the second period. It is now straightforward to compare Elsby’s model with the the
forward-looking firm’s optimisation problem formalised in (1.7-1.8), Section 1.4.1,
Chapter 1.

The first-order necessary and sufficient conditions for this problem for all wt , rt

are given by
(1 + c1−)q1

1
w1
− 1 = 0, (A.1)

which characterises the optimal wage in period t = 1, denoted by w̃1 = w̃(r1, q1, c) and

(1 + c1−)q0
1
w0
− 1 + δ ·

∂

∂w0

∫
J(w0, q1) dF(q1) = 0 (A.2)

which characterises the optimal initial wage contract in period t = 0, denoted by
w̃0 = ŵ(r0, q0, c, δ). As in Elsby, denote the marginal effect of the wage in period 0 on
the future profits of the firm in period 1 by D(w0, c) ≡ ∂

∂w0

∫
J(w0, q1) dF(q1). In this

simplified two-period version of the model, this takes the following analytical form:

D(w0, c) =
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∫ qu(w0)
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q1
w0
− 1 dF(q1),

which is then directly comparable with the analog (but different) expression derived in
Proposition 1 of Chapter 1. The first term on the right-hand side captures the expected
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marginal cost of enacting a wage cut in period 1, and the second term captures expected
marginal benefits of enacting a wage freeze in period 1. Notice that, in contrast to the
theory of Chapter 1, in Elsby’s model future wage freezes generate expected marginal
benefits—since effort is a function of absolute wage levels—and future wage raises do
not generate any expected marginal benefits—i.e. there is no positive reciprocity.

Based on this set up and analysis, one of the key theoretical predictions drawn
by Elsby (2009) is that the expectation of downward wage rigidity in period 1—that
is, if c > 0—generates an incentive for the firm to set a relatively lower initial wage
(wage compression) than if downward wage rigidity was absent—that is, if c = 0. This
prediction is illustrated by performing two simple comparative statics exercises with
respect to the parameter c, which captures the disproportional fall in the worker’s effort
generating downward wage rigidity, and the parameter δ, which captures the firm’s
discount factor.

In fact,

if c = 0, then D(w0, 0) = 0 and ŵ(r0, q0, 1, δ) = w̃(r0, q0, 1) = q0

That is, in the absence of expected downward wage rigidity, there will be no expected
marginal effects of the initial wage into the future profits of the firm in period 1. The
first-order condition characterising the initial wage contract will be given by (A.2) when
c = 0, which is simply

q0
1
w0
− 1 = 0.

By comparing this condition with the first-order condition 1.11 derived in Chapter 1
when λ = 1, i.e. in the absence of downward wage rigidity, it is possible to highlight
the main qualitative difference between Elsby’s model and the theory developed in the
first chapter of this thesis. In fact,

if λ = 1, then Φ(w0, 1) < 0 and ŵ(r0, q0, 0, δ) < w̃(r0, q0, 0).

That is, even if wage rigidity is not expected to be a feature of the employment
relationship, there is still an additional expected marginal cost |Φ(w0, 1)| > 0 that has
to be borne by a forward-looking firm setting the initial wage.

The key driver of these different predictions is the worker’s optimal effort response
characterising reciprocity in the twomodels. Recall that this has been assumed in Elsby
(2009), while it has been derived from the worker’s optimising behaviour in the theory
of Chapter 1. In the reduced-form effort function (E1) above, whenever the worker is
paid a fair wage, or a wage gift (i.e. whenever w0 ≥ r0 and 1− = 0), their optimal effort
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is a function of the absolute level of the wage. Despite being perhaps inconsistent with
the evidence discussed in this thesis, such effort function implies that:

i) a higher wage in period 0 increases the worker’s effort in period 1 in the event of
a wage freeze, since effort is a function of absolute wage levels; and

ii) absent any form of wage rigidity and expected negative reciprocity, there is no
additional expected marginal cost on the future profit of the firm when setting
the wage in period 0.

On the other hand, the effort function derived in Chapter 1, which captures a worker’s
dynamic re-normalisation of effort under the adaptation of the reference wage, implies
that:

i) a higher wage in period 0 increases the firm’s labour cost in period 1 in the event
of a wage freeze, since reciprocity is only temporary (effort will be normal in the
event of w̃1 = r1 = w̃0); and

ii) absent any form of wage rigidity and expected negative reciprocity, there is an
additional marginal cost in period 0, since any optimal wage in period 1 will now
be reciprocated by a relatively lower amount of effort than in period 0.

As such, a higher initial wage will result in a higher reference wage in the subsequent
employment period, which, in expectation, reduces the worker’s extent of reciprocity
in period 1, for any given r1 = w0 and q1. Hence, even in the absence of expected
downward wage rigidity, a forward-looking firm still has an incentive to compress the
initial wage. The implications that stem from this result are thoroughly analysed in
Chapter 1.

Danthine and Kurmann (2007)

Danthine and Kurmann (2007) develop a New Keynesian macroeconomic model in
which workers’ preferences exhibit reciprocity à la Rabin (1993) from whence gift ex-
change à laAkerlof (1982) can be derived. Their analysis focuses on themacroeconomic
implications of gift exchange when workers’ reference wages are also influenced by
firms’ ability to pay (“internal reference”), the relative importance of which determines
the extent of wage flexibility subject to demand and technology shocks.

Consider a typical worker’s utility as assumed by Danthine and Kurmann (2007):

u = u(c, e) + ζ s̃(e,w)
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where u(c, e) = log c + eθ; c is consumption; e is effort; w is the wage and θ > 1.
Their model closely resembles Rabin’s (1993) formulation of the utility of a worker in
a reciprocity game, in which s̃(e,w) is defined as the product of the respective gifts of
the worker and the firm:

ζ s̃(e,w) = ζd(e, ·)g(w, ·);

where d(e, ·) is the gift of the worker towards the firm, g(w, ·) is the gift of the firm
towards the worker, and ζ captures the relative importance of reciprocity considerations
into the worker’s utility. The first-order condition (equation (1), p.862) characterising
a worker’s optimal effort response ẽ is

−
∂u(c, e)
∂e

= ζ
∂d(e, ·)
∂e

g(w, ·), (DK1)

which gives the amount of effort a worker is willing to supply in response to a certain
wage offer. This expression can be considered the analog of the first-order condition
1.4, derived in Chapter 1.

The typical firm’s production function is assumed to be given by

y = y(en) = q(en)α, (DK2)

with α ∈ (0, 1), and where q is technology and n is the level of employment. Notice
that the firm’s production function exhibits decreasing returns to labour. This is a
fundamental assumption for the derivation of the results in Danthine and Kurmann
(2007), as they also note in footnote 10, p.863. As such, the typical (myopic) firm’s
problem takes the form of

max
w,n

%y(en) − wn. (DK7)

where the parameter % captures the inverse of the optimal markup (real marginal cost)
that the typical firm applies as a result of its monopolistic position in the product market.
In perfect competition % = 1, whilst in monopolistic competition % < 1.

In order to highlight the qualitative properties of the typical worker’s effort choice
and of the typical firm’s wage setting behaviour, and compare it with the theory
developed in Chapter 1, the analysis proceeds by deriving the model in accordance
with Danthine and Kurmann’s (2007) assumptions.

Hence, the gift of the worker is assumed to take two possible forms

d(e, ·) = qnα−1
[
eα − eαr

]
(DK3)

d(e, ·) = (e − er). (DK4)
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where er is a reference effort level, considered as a weighted average of a maximum
and minimum effort level. On the other hand, the gift of the firm towards the worker is

g(w, ·) = logw − log r,

where r is the worker’s reference wage. The main novelty introduced by the model
of Danthine and Kurmann (2007) is that the worker’s reference wage r is essentially
specified as a weighted average of the outside option wnz1−n (as it is standard in
efficiency wage models) and an “internal reference”, namely a measure of the firm’s
profitability (y/n)ν (which is the new element) with ν < 1 (this latter restriction is also
necessary for the working of the model, the absence of which will imply a degenerate
version in which the workers’ optimal effort is zero). Denote by ϕ and (1 − ϕ) the
relative weights of the reference wage determinants, and assume an income tax rate
given by (1 − τ), the gift to the firm is assumed to take the following form (equation
(5), p. 864):

g(w, ·) = log(tw) −
{
ϕ log [τ(y/n)ν] + (1 − ϕ) log

[
τwnz1−n

]}
. (DK5)

Notice that if ϕ = 0 the reference wage only depends on the outside option, and the
model essentially becomes a standard efficiency wage model, for instance, à la Akerlof
(1982).

By implementing the functional forms of the worker’s gifts as given by (DK3)
and (DK4) respectively into the first-order condition (DK1), the model of Danthine
and Kurmann (2007) yields the following two forms of optimal effort functions. If
d(e, ·) = (e − er), then

ẽ =

[
ζ

θ
(logw − log r)

] 1
θ−1

; (DK6a)

whilst if d(e, ·) = qnα−1[eα − eαr ], then

ẽ =

[
ζα

θ
qnα−1(logw − log r)

] 1
θ−α

; (DK6b)

where (logw − log r) is given by (DK5). These two equations are essentially the
analytical forms of the effort conditions expressed by their equation (6), p.864.

At this stage it is possible to identify a very important difference between these effort
functions and the worker’s optimal effort (1.5) derived in Chapter 1 (which captures
what has been defined as a worker’s asymmetric reference-dependent reciprocity). In
fact, in the model of Danthine and Kurmann (2007), whenever a worker is paid their
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reference wage w = r , their optimal effort is zero. This qualitative feature seems odd,
and it is in stark contrast with the empirical evidence discussed throughout this thesis.
Moreover, as such, Danthine and Kurmann’s (2007) model cannot possibly capture
negative reciprocity, since whenever a worker is paid a wage that is perceived as unfair
w < r , their optimal effort will be negative, implying negative levels of output. Since
this result does not have any sensible economic interpretation in the model, it has been
therefore ruled out a priori.

Danthine and Kurmann’s (2007) is a macroeconomic model. As such, they aggre-
gate workers and firms assuming homogeneity and then they solve for the steady-state
equilibrium. One of the key results is that firms find it optimal to pay a constant wage
gift to workers:

g∗ =
1 − ϕν
θ − 1

.

Moreover, if d(e, ·) is given by (DK4) workers will exert constant “positive reciprocity”;
while if d(e, ·) is given by the more complex (DK3), workers’ optimal effort varies with
y/n, i.e. in times of high productivity workers are willing to provide a higher gift to
the firm (all else equal). This result points to another fundamental difference between
the model of Danthine and Kurmann (2007) and the one developed in Chapter 1.
That is, since firms’ gifts are always constant and positive, the workers’ gifts will also
always be positive and above the “reference effort level” (i.e. normal effort). As
such Danthine and Kurmann’s (2007) model only captures positive reciprocity: any
variation in worker’s effort, which could result from changes in parameters or from
shocks, essentially corresponds to variations in positive reciprocity. The theory of
reciprocity developed in their model therefore rests within the gift-exchange paradigm
formalised by Akerlof (1982).

Another aspect in which the model can be compared concerns firms’ optimal wage
setting behaviour, and its ability to endogenously generate wage rigidity. First recall
that wage rigidity corresponds to the acyclicality of wages with respect to changes in
external market conditions, such as employment n (demand shock) or technology q

(technology shock). While wage stickiness corresponds to the less than proportional
adjustment of wages with respect to changes in these parameters. Hence, it is worth
noting that Danthine and Kurmann’s (2007) framework generates wage rigidity in
response to exogenous shocks (with no distinction with respect to their magnitudes),
only when the following three conditions hold simultaneously:

a) worker’s effort is constant, i.e. d(e, ·) = (e − er);

b) the reference wage is determined by firms’ performance only, i.e. if ϕ = 1;

c) the economy is hit by a technology shock, i.e. exogenous changes in q.
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In all the other possible cases analysed, Danthine and Kurmann’s (2007) model only
generates various forms of wage stickiness depending on the different combinations of
parameters and shocks considered. Also note that in some calibration exercise, wages
are found to be even counter-cyclical following demand shocks.

Danthine and Kurmann (2010)

In this paper Danthine and Kurmann (2010) incorporate the theory of reciprocity
formalised in Danthine andKurmann (2007) into a DSGEmodel, which is subsequently
estimated on U.S. data. In so doing, some ingredients of the model have been modified,
but the underlying modelling approach to workers’ effort has essentially remained
unchanged.

To see this, consider the utility of the typical “household”, which is a simpler version
of the worker’s utility assumed in Danthine and Kurmann (2007):

u = log(ct − ϑct−1) + log(1 − Lt) − Lt

[
e2

t

2
− s̃(wt, et)

]
; (DK1)

in which ϑ ≥ 0 is a habit parameter; Lt is the fraction of hours worked (the total amount
of which is normalised to 1); and et corresponds the effort level per hour worked. The
optimality condition characterising workers’ effort choice is

et =
∂ s̃(wt, et)

∂e
(DK2)

where s̃(wt, et) is the product of the respective gifts of a worker and the firm. As
Danthine and Kurmann (2010) note, unlike Rabin (1993), they only consider the case
in which s̃(wt, et) > 0 (see footnote 6, p.839). That is, they only consider workers
reciprocating the firms’ gift with higher than normal effort, and not the “perverse
equilibrium” in which workers’ punish unfair wage offers with lower than normal
effort. As such, like in their earlier paper, negative reciprocity is not considered.

The respective gifts are specified as deviations of effort and wages from some
reference or norm levels:

d(et, ·) = (eαt − eαn )

g(wt, ·) = (logwt − log rt).

Hence, d(·) and g(·) are both concave. Within this context, it is assumed that the normal
level of effort is en = 0 (which is the effort level that workers will exert when paid
the reference wage). This assumption is even stronger than the one in Danthine and
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Kurmann (2007), and again gives the odd prediction that when workers are fairly paid,
they optimally exert zero effort. As such, the gift of the worker is

d(et, ·) = eαt ; (DK7)

while the gift of the firm is assumed to be given by the difference between the con-
sumption utility attributed to the wage, log[(1 − τt)wt], and the reference wage rt .

In Danthine and Kurmann (2010) the worker’s reference wage is assumed to be
a function of three main components: the firm-internal labour productivity log[(1 −
τt)lt yt/nt]; the worker’s outside option log[(1 − τt)wtnt]; and past wages log[(1 −
τt)[swt−1 + (1 − s)wt−1]]. Here wt−1 is the aggregate past wage and τt is the state
contingent tax rate. Notice that if s = 1, the “social norm” case, the worker considers
the past aggregate wage as the relevant determinant; while if s = 0, the “personal
norm” case, the worker considers their own past wage within the firm as the relevant
determinant. As such, the gift of the firm is:

g(wt, ·) = log[(1 − τt)wt]

− ϕ1 log[(1 − τt)lt yt/nt] − ϕ2 log[(1 − τt)wtnt]

− ϕ3 log[(1 − τt)[swt−1 + (1 − s)wt−1]] (DK8)

The strategy of this encompassing specification is to let the data speak, therefore they
do not impose any conditions on the parameters ϕ1, ϕ2, ϕ3 and s.

Then the model is estimated and analysed under various shocks (the methodology
being consistent with the standard DSGE approach; details are omitted here). Some key
results are the following. First, the model does not generate wage rigidity. However, it
generates wage stickiness, the extent of which depends on the importance of past wages
and rent sharing, as opposed to the outside option, in the workers’ reference wage.
In fact, past wages and rent sharing contribute to reduce the flexibility of wages to
shocks (sometimes even inducing countercyclical behaviour), whilst the outside option
increases the flexibility of wages. Moreover, the estimation results suggest that, for an
estimate of s = 1, the most important determinants of the reference wage are past wages
(ϕ3 = 0.68), and firms’ performance (ϕ1 = 0.27), while external market conditions only
play a minor role (ϕ2 = 0.05). Given the implausibility of the estimate of s, Danthine
and Kurmann (2010) perform a robustness check by setting s = 0.25. In this exercise it
is found that the only important determinant of workers’ reference wages is their own
past wage (ϕ3 = 0.914), with the parameter on labour market conditions slightly higher
(ϕ2 = 0.086); while firms’ performance is found to be irrelevant (ϕ1 = 0). These
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results are entirely consistent with the assumptions and qualitative predictions of the
theory developed in Chapter 1.

Eliaz and Spiegler (2014)

In this paper Eliaz and Spiegler (2014) introduce a reduced-form reference-dependent
production function into a canonical search and matching framework à la Mortensen
and Pissarides (1994), in which workers do not have bargaining power and their non-
market payoff is proportional to productivity. Their objective is to qualitatively analyse
the role of reference-dependence, contractual incompleteness and fairness on firms’
layoff and hiring decisions and hence on the volatility of vacancies and unemployment.

Workers get the wage w if employed and the payoff zq if unemployed, where z

captures unemployment benefits and q is productivity. Moreover they are assumed to
be reference dependent. Newly hiredworkers are assumed to have “modest aspirations”,
i.e. they feel entitled to be paid the lowest admissible wage r0 = 0. Instead incumbent
workers’ reference wage is given by their lagged expectations of the wage they would
get in equilibrium (à la Kőszegi and Rabin (2006)), i.e. r1 = E0[w1].

The firm’s payoff is π = yt − wt, in which yt is a reference-dependent production
function:

yt =

{
qt if wt ≥ rt

γtqt if wt < rt ;
(ES2)

where γt ∈ [0, 1] is a random parameter representing the fraction of output loss due to
worker demoralisation when their wage falls below the reference wage. It captures the
effect of wage disappointment on workers’ output, or implicitly, as they say, the extent
to which the labour contract is incomplete. It is assumed that γt is i.i.d. according
to a cumulative distribution function G that has no mass point in [0, 1). Moreover,
G(γ) < 1 for every γ < 1 (see p. 165). Taken as such, Eliaz and Spiegler’s (2014)
model essentially imposes, ad hoc, a disproportional change into the representative
firm’s production function whenever the employed worker ends up being paid an unfair
wage. The firm’s production function displays a step change at w = r , the extent of
which is randomly determined by the parameter γt .

Nevertheless, in Appendix C, Eliaz and Spiegler (2014) provide a microfoundation
for their assumed reference-dependent output. Their assumptions and microeconomic
model can be presented as follows. A worker is assumed to be committed to a minimal
level of effort; then, on top of that, it is assumed that they choose a level of discretionary
effort et ∈ {0, 1}—not observable by the firm and where et = 1 is referred to “normal
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effort”. As such, the worker’s output is assumed to take the following form

yt = qt[γt + (1 − γt)et]

where γt is an indicator of the “completeness of the labour contract”, so that 1 − γt

captures the importance of discretionary effort in the output function (see p.195).
Employed workers maximise expected discounted payoffs, where the payoff is given

by
wt − et · 1[wt < rt]. (ES23)

“The interpretation is that when the worker’s wage is below his reference
point, he perceives this as unfair treatment; his intrinsic motivation is
damaged, and he strictly prefers not to exert his normal effort. Otherwise,
the worker is indifferent between et = 0 and et = 1, and we assume that he
chooses the latter.”(p.195; notations consistent with this thesis)

Hence by denoting Eliaz and Spiegler’s (2014) normal effort with ẽn = 1, it is possible
to write employed workers’ optimal effort choice in a form that is analogous to that
derived in Chapter 1:

ẽt =

{
ẽn if wt ≥ rt

0 if wt < rt .

It is worth noting that the fact that workers exert their normal effort whenever they
receive a wage gift or a fair wage, i.e. whenever wt ≥ rt , has been assumed a priori,
rather than being derived from the worker’s optimising behaviour (see quote above).

At this stage, despite being derived from different modelling approaches, it is now
straightforward to notice the key fundamental differences between Eliaz and Spiegler’s
(2014) effort function with the worker’s asymmetric reference-dependent reciprocity
derived in in Chapter 1. In fact Eliaz and Spiegler (2014) do not capture positive
reciprocity, i.e. supra-normal effort; moreover, they only capture an extreme form
of negative reciprocity: even a very small wage cut will induce the worker to exert
zero discretionary effort (but notice that they are still committed, by assumption, to a
“minimal level of effort”). Thus, the resulting effect of such (supposedly ephemeral)
wage cut on output will instead be determined randomly by the draw of γt , which is
independent of the actual extent of the wage cut. This leads to the following behavioural
interpretation: the more a contract is complete (the higher γt), the lower is the adverse
effect of wage cuts on output.
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A.2 Additional Material for Chapter 2

A.2.1 Condition on Normal Effort

This section derives an explicit expression for the level of normal effort ẽn that ensures a
firm zero-profit condition is always satisfied, i.e. J(rC) ≥ 0. Define the minimum level
of normal effort that ensures the value of a new employment relationship is non-negative
as

en(rN, λ) ≡ max{ẽn : J(rN ) = 0, ∀rN ≥ 0}.

Lemma 5. The minimum level of normal effort takes the following form

en(rN, λ) =


(1 − ψ)

[
1 −

(
ln(pq(1 − ψ)) − ln rN

) ] ∀rN < rL

rN/pq ∀rN ∈ [rL, rH]

(1 − ψ)λ
[
1 −

(
ln(λpq(1 − ψ)) − ln rN

) ] ∀rN > rH(λ).

Proof. The steady-state value of a new employment relationship for all y∗(ẽ∗N ) =

{y(ẽ+N ), y(ẽn), y(ẽN (λ)
−)} and w∗ ∈ [w+L,wH(λ)

−] can be written as

J(rN ) = y∗(ẽ∗N ) − w
∗

= y(ẽ∗N ) +
ψ

1 − ψ
y(ẽn) −

w̃∗

1 − ψ

where y(ẽ∗N ) = pqẽn + pqµ(lnw∗ − ln rN ) and y(ẽn) = pqẽn. Substituting these values
into the above equation, the zero-profit condition J(rN ) = 0 that needs to be satisfied
can be written as

pqẽn

1 − ψ
+ pqµ

(
ln w̃∗ − ln rN

)
−

w̃∗

1 − ψ
= 0,

where µ(·) = 0 for all w̃∗ ∈ (w+L,wH(λ)
−). Next, solving for normal effort yields

ẽn = (1 − ψ)
[

w̃∗

pq(1 − ψ)
− µ

(
ln w̃∗ − ln rN

) ]
and substituting w̃∗ for each case yields the expressions used in Lemma 5. �

Note that since J(rN )
− < J(rN )

= < J(rN )
+ and ∂J(rC)

∂ẽn
> 0, it is straightforward to

infer that if the condition for J(rN )
− is satisfied, then all the others will be automatically

satisfied.
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A.2.2 Workers’ Value Functions and Reservation Wage Condition

This section defines, and subsequently derives, an expression for the unemployed work-
ers’ reservation wage. Consider a steady-state equilibrium. An incumbent worker’s
steady-state value of being employed can be written as:

W(w̃∗, rE ) = u(ẽ∗E ; w̃∗, rE ) + δ [ρU + (1 − ρ)W(w̃∗, rE )] ; (A.3)

A newly hired worker’s steady-state value of being employed can e written as:

W(w̃∗, rN ) = u(ẽ∗N ; w̃∗, rN ) + δ [ρU + (1 − ρ)W(w̃∗, rE )] ; (A.4)

whilst an unemployed worker’s steady-state value of being unemployed can be written
as:

U = u(z) + δ [ f (θ)W(w̃∗, rN ) + (1 − f (θ))U] ; (A.5)

where

u(ẽ∗E ; w̃∗, rE ) = ln w̃∗ + bẽn − ẽ2
n/2;

u(ẽ∗N ; w̃∗, rN ) = ln w̃∗ + µ(ln w̃∗ − ln rN ) + bẽ∗N − (ẽ
∗
N )

2/2 + ẽ∗N · µ(ln w̃
∗ − ln rN );

u(z) = ln z;

and in which z captures the value of unemployment benefit and leisure. In addition
denote the present discounted value of an employed worker’s utility by

u∗(w̃∗) ≡ u(ẽ∗N ; w̃∗, rN ) +

∞∑
t=τ+1

ψt−τu(ẽ∗E ; w̃∗, rE )

≡ u(ẽ∗N ; w̃∗, rN ) +
ψ

1 − ψ
u(ẽ∗E ; w̃∗, rE ).

Rearranging the workers’ Bellman equations above using this notation yields:

W(w̃∗, rE ) =
u(ẽ∗E ; w̃∗, rE ) + δρU

1 − ψ
(A.6)

W(w̃∗, rN ) = u∗(w̃∗) +
δρ

1 − ψ
U (A.7)

U =
u(z) + δ f (θ)W(w̃∗, rN )

1 − δ(1 − f (θ))
(A.8)

In the canonical search and matching model it is assumed that an unemployed
worker accepts a job only if W(w̃∗, rN ) ≥ U. Hence, the reservation wage is defined as
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follows:
w = max {0,w : W(w, rN ) = U} .

To find an expression for the reservation wage w the analysis will proceed following
the standard approach in the literature. First, substitute this wage into (A.7) and use the
definition of w to write

u∗(w) = U ·
[
1 − ψ − δρ

1 − ψ

]
. (A.9)

where the left-hand side of this equation is given by

u∗(w) ≡ u(ẽ∗N ;w, rN ) +

∞∑
t=τ+1

ψt−τu(ẽ∗E ;w, rE ),

which captures the worker’s present discounted value of utility from a job that pays the
reservation wage w. Next substitute W(w, rN ) evaluated at w from (A.7) out of (A.8)
and rearrange it to obtain:

U = u(z) ·
[
(1 − ψ)
ψ̆(θ)

]
+ u∗(w) ·

[
(1 − ψ)δ f (θ)

ψ̆(θ)

]
(A.10)

where
ψ̆(θ) = (1 − ψ)(1 − δ) + δ f (θ)(1 − ψ − δρ)

Finally making use of (A.9) to substitute forU in (A.10), and rearranging, the following
expression is obtained:

u∗(w) = u(z) ·
[

1 − ψ − δρ
(1 − ψ)(1 − δ)

]
. (A.11)

This equation gives a condition that a worker’s reservation wage w needs to satisfy.
By either setting U = 0 in (A.9), or z = 0 in (A.11) (as for instance in Michaillat

(2012)), the condition that needs to be satisfied by the reservation wage will collapse to
u∗(w) = 0. This implies that the reservation wage is the wage such that the anticipated
present discounted value of utility from a new employment relationship, denoted here
by u∗(w), must be non-negative. This condition is satisfied in the present framework
by any non-negative m(w) = lnw. Numerical simulations of the model reveal that if
the firms’ zero profit condition is satisfied, i.e. if workers’ normal effort satisfies the
condition derived in Lemma 5, then the workers’ reservation wage condition (A.11)
will be always satisfied.
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A.2.3 Effort Phase Diagram: Details

To construct the transitional dynamics of employed workers’ effort consider (2.21)
(omitting functions’ arguments). Starting from any r0, employed workers’ effort for all
t ≥ 0 is given by

ẽt = ẽn + µ(lnwt − ln rt),

and it is known from the steady-state equilibrium results that rt+1 = w̃t = w̃∗ and that
ẽt+1 = ẽn for all t ≥ 0. Hence, the equation above can be rearranged as:

ẽt+1 = ẽt − µ(ln rt+1 − ln rt), ∀t ≥ 0.

Define∆et = ẽt+1− ẽt and∆rt = rt+1−rt . It is possible to deduce that∆et < 0 whenever
∆rt > 0 and that ∆et > 0 whenever ∆rt < 0. It follows that ∆et = −∆rt, which gives a
unique demarcation curve, and implies that ∆et = 0 only if ∆rt = 0.

A.2.4 Comparison with Kudlyak (2014)

Kudlyak’s analysis. In her influential paper Kudlyak argues that the relevant measure
of the price of labour is not the average wage or the hiring wage, but rather what she
defines as the user cost of labour: the difference between the expected present value
of wages paid to a worker hired in t and the expected present value of wages paid to a
worker hired in t + 1. Using notations consistent with Chapter 2, the wage component
of the user cost of labour as defined and derived by Kudlyak is:

UCW
τ = wτ,τ + Eτ

[
∞∑

t=τ+1
ψt−τ(wτ,t − wτ+1,t)

]
. (K2)

The user cost of labour in period τ is the sum of the hiring wage in τ and the expected
present value of the differences between wages paid from the next period onward in the
match that starts in τ and the match that starts in τ + 1. Two special cases in which the
user cost equals the wage are (i.e. for which UCW = w):

i) Nash bargaining period by period, for which wτ,t = wτ+1,t = wt ∀t ≥ τ + 1;

ii) complete rigid wages, so that wτ,t = wτ+1,t = w ∀t ≥ τ + 1.

The vacancy component of the user cost of labour is defined along the same logic as:

UCV
τ =

κ

h(θτ)
− ψEτ

[
κ

h(θτ+1)

]
, (K4)
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that is, the difference between the costs associated with vacancy opening to hire a
worker in τ and in τ + 1. The user cost of labour in a search and matching model can
then be defined as UCτ = UCW

τ +UCV
τ .

Given free entry (and instantaneous production in the same period of vacancy
posting), Proposition 1 (Kudlyak, 2014, p.59) establishes that firms create jobs in τ
as long as the marginal benefit of adding a worker equals the user cost of labour (see
Kudlyak (2014, Appendix) for the derivation of this expression):

yτ =

(
wτ,τ + Eτ

[
∞∑

t=τ+1
ψt−τ(wτ,t − wτ+1,t)

])
︸                                             ︷︷                                             ︸

UCW
τ

+

(
κ

h(θτ)
− ψEτ

[
κ

h(θτ+1)

] )
︸                           ︷︷                           ︸

UCV
τ

; (K6)

where in Kudlyak (2014), as it is in the canonical model, yt = pt . To quantitatively
analyse the role of the wage component of the user cost of labour for the volatility of
vacancies and unemployment, Kudlyak rewrites equation (K6) in terms of elasticities
with respect to productivity. Following her steps, consider the steady-state version of
(K6):

p = w + (1 − ψ)
κ

m̄θ−σ
,

which, after total differentiation with respect to p, yields:

1 = εUCW ,p
UCW

p
+ εUCV ,p

UCV

p
. (K7)

Algebraic manipulation of the expression above yields the key equation derived by
Kudlyak (Kudlyak, 2014, equation (9) p.60):

0 <
1 − εUCW ,p

σεθ,p − εUCW ,p
< 1, (K9)

where εθ,p is the elasticity of market tightness with respect to p and σ is the match
elasticity. At this stage, Kudlyak makes the following point: this equation holds if
εUCW ,p < 1 < σεθ,p or σεθ,p < 1 < εUCW ,p. Given that εθ,p = 7.56 and that
σ ∈ [0.232, 0.72] as estimated in the existing literature, for the above equation to hold
it should be the case that the elasticity of the wage component of the user cost of labour
is less than one, i.e. εUCW ,p < 1 (Essentially Shimer’s argument). However, by using
her combined estimate of εUCW ,p = 1.5, Kudlyak demonstrates that the unemployment
volatility puzzle cannot be explained by wage rigidity, since the free entry condition of
the model cannot simultaneously accommodate the empirical volatilities of the wage
component of the user cost of labour (1.5) and of the vacancy-unemployment ratio
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(7.56). Since this result does not depend on any particular wage setting mechanism,
Kudlyak concludes that the unemployment volatility puzzle cannot be explained by
wage formation:

“Importantly, the conclusion does not depend on a particular wage for-
mation. [. . .] Consequently, the solution for the unemployment volatility
puzzle cannot be explained by a wage formation. This is so because, even
if a particular wage formation delivers wage rigidity theoretically, it should
generate the empirical elasticity of the wage component of the user cost of
labor.”(p.60)

The framework of Chapter 2. Before providing a comparison with the conclusions
of Kudlyak, recall that the instantaneous value of output is a function of the worker’s
effort y = y(ẽ∗) = pqẽ∗; and that, due to the optimal wage policy given by (3.23), the
hiring wage also equals the average wage and the wage component of the user cost of
labour, UCW

τ = w̃∗t ∀t ≥ τ.
To derive a comparable expression with that of Kudlyak’s Proposition 1 (i.e. the

steady-state version of equation (K6)), let us follow her strategy by calculating the differ-
ence between hiring this period versus hiring the next period, for all E = {L∗,H ∗(λ)}
(since the predictions of the model when E = M∗, i.e. complete wage rigidity, are
not comparable with Kudlyak). Hence, the following expression characterises the
equivalent of the steady-state version of (K6) in the context of Chapter 2:

(1 − ψ)y(ẽ∗N ) + ψy(ẽn)︸                       ︷︷                       ︸
output

= w̃∗︸︷︷︸
UCW

+ (1 − ψ)
κ

δm̄θ̃∗−σ︸             ︷︷             ︸
UCV

.

Note that in the present framework the “benefit side” of the job creation condition now
accounts for a systematic difference in productivity between newly hired y(ẽ∗N ) and
incumbent workers y(ẽn): new hires can either exert positive or negative reciprocity
in their first employment period; while incumbents will always exert normal effort.
This systematic difference is absent in Kudlyak, but it has been recognised by her to be
important (see Kudlyak (2014, footnote 13, p.59)). Total differentiation of the equation
above with respect to p yields (after collecting ∂w̃∗

∂p as the common factor from both
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sides):

(1 − ψ)qẽ∗N + ψqẽn = εUCW ,p
UCW

p

(
1 − (1 − ψ)

∂y

∂e

∂ẽ∗N
∂w

)
︸                     ︷︷                     ︸

Θ≡−Υ(w,rC,λ)=0

+εUCV ,p
UCV

p

(1 − ψ)qẽ∗N + ψqẽn = εUCV ,p
UCV

p
.

Hence, for the same reasons highlighted in Section 2.5.2 of Chapter 2, since a change
in the wage also induces a change in the value of output due to a change in workers’
effort—i.e. in the “benefit side” of the job creation condition—the elasticity of the
wage component of the user cost of labour, i.e. the hiring and average wage in this
model, disappears from this expression. Following the steps of Kudlyak, the above
equation can be rearranged as

0 <
1

δσεθ,p
< 1.

However notice that, in contrast with Kudlyak, given the values for δ ≈ 0.996,
σ ∈ [0.232, 0.72] and εθ,p = 7.56, the expression above always holds. As such,
in the framework set out in Chapter 2, the elasticity of the wage component of the
user cost of labour is irrelevant for the determination of the size of the elasticity of
labour market tightness (as formally established by Proposition 13, Section 2.5.2; and
Corollary 2 of Proposition 18, Section 2.6.5). Moreover, as it is shown in the cal-
ibration exercise performed in Section 2.5.3, the model can simultaneously deliver
plausible elasticity measures of both the hiring wage and market tightness, by ap-
pealing to the behavioural mechanisms which affect the benefits side of job creation,
namely workers’ reference wage entitlements and their optimal effort decisions under
reference-dependent preferences.
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A.3 Additional Material for Chapter 3

A.3.1 Condition on the Productivity Shock

This section derives a condition for the magnitude of εt0 such that the model developed
in Section 3.5.1, Chapter 3 does not endogenously generate downward wage rigidity in
response to negative shocks. To begin with, as established in Proposition 21, consider
the firm’s optimal wage policy at impact in period t0:

ŵt0 = ŵ(rt0, α, λ) =


ŵ(rt0, α

+)+ if rt0 < r̂L(α
+)

rt0 if rt0 ∈ [r̂L, r̂H]

ŵ(rt0, α
−, λ)− if rt0 > r̂H(α

−, λ)

where rt0 = r∗ = rL(α
+) = pq(1 − ψα+) and

r̂L(α
+) ≡ p̂q(1 − ψα+)

r̂H(α
−, λ) ≡ λp̂q(1 − ψα−).

It is useful at this stage to re-express the wage setting policy just derived, making it
contingent on the level of p rather than the level of r . That is:

ŵt0 = ŵ(rt0, α, λ) =


ŵ(rt0, α

+)+ if p̂ > p̂u(rt0, α
+)

rt0 if p̂ ∈ [p̂l, p̂u]

ŵ(rt0, α
−, λ)− if p̂ < p̂l(rt0, α

−, λ)

where rt0 = r∗ = rL(α
+) = pq(1 − ψα+) and

p̂u(rt0, α
+) ≡

{
p : lim

ε→0
Υ(r + ε ; r, α+, λ) = 0

}
≡

rt0

q(1 − ψα+)
=

pq(1 − ψα+)
q(1 − ψα+)

= p (A.12)

p̂l(rt0, α
−, λ) ≡

{
p : lim

ε→0
Υ(r + ε ; r, α−, λ) = 0

}
≡

rt0

λq(1 − ψα−)
=

pq(1 − ψα+)
λq(1 − ψα−)

=
p(1 − ψα+)
λ(1 − ψα−)

. (A.13)

Hence, in order to ensure that the model does not generate downward wage rigidity—
i.e. the firm will not freeze the wage in response to negative shocks—it must be that
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after a negative shock:
p̂ < p̂l(rt0, α

−, λ).

In order to find the value of the shock εt0 such that this condition is satisfied, substitute
for both sides of the equation above using the fact that p̂ = p − εt0 and the expression
for p̂l(rt0, α

−, λ) as given by (A.13):

p − εt0 <
p(1 − ψα+)
λ(1 − ψα−)

,

and solve for εt0 . After some algebra, the necessary condition that needs to be satisfied
by the shock is therefore

εt0 >
p[(λ − 1) + ψ(α+ − λα−)]

λ(1 − ψα−)
.

A.3.2 Details on Section 3.5.2: Cyclical Analysis and Hysteresis

This section develops more formally the firms’ optimal wage setting policy on which
the analysis performed in Section 3.5.2 is based. To begin with, consider the firms’
functional equation for all t ≥ τ:

J(rt) = max
wt≥0

{ptqẽt(wt, rt, λ) − wt + ψJ(rt+1)} .

The first-order necessary and sufficient condition which characterises the optimal wage
setting policy is given by:

Υ(wt ; rt, pt, λ) ≡ ptq
∂ẽt

∂wt
− 1 + ψptq

∂ẽt

∂rt
= 0 ∀w , r .

At this stage, it is useful to express the firms’ optimal wage setting policy in terms of
aggregate productivity thresholds for what concerns incumbent workers j, i.e. for all
t > τ, and it terms of reference wage thresholds for what concerns newly hired workers
i, i.e. for all t = τ. Hence, the optimal wage setting policy for incumbent workers is
given by:

w̃ j,t =


ptq(1 − ψ) if pt > pu(r j,t)

r j,t if pt ∈ [pl, pu]

λptq(1 − ψ) if pt < pl(r j,t, λ),

(A.14)
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where

pu(r j,t) ≡

{
pt : lim

ε→0
Υ(r j,t + ε ; r j,t, pt, λ) = 0

}
≡

r j,t

q(1 − ψ)

pl(r j,t, λ) ≡

{
pt : lim

ε→0
Υ(r j,t − ε ; r j,t, pt, λ) = 0

}
≡

r j,t

λq(1 − ψ)
,

and the optimal wage setting policy for new hires’ is given by:

w̃i,t =


ptq(1 − ψ) if ri,t < rL(pt)

ri,t if ri,t ∈ [rL, rH]

λptq(1 − ψ) if ri,t > rH(pt, λ),

(A.15)

where

rL(pt) ≡

{
ri,t : lim

ε→0
Υ(ri,t + ε ; ri,t, pt, λ) = 0

}
≡ ptq(1 − ψ)

rH(pt, λ) ≡

{
ri,t : lim

ε→0
Υ(ri,t − ε ; ri,t, pt, λ) = 0

}
≡ λptq(1 − ψ).

Starting from the initial steady state as characterised in Proposition 24, an increase
in aggregate productivity in period t′ from p to pt ′ (of any magnitude) implies that:

pt ′ > p

= pq(1 − ψ)/q(1 − ψ)

= r∗j /q(1 − ψ)

= pu(r∗j )

where the third line follows from the fact that in the steady state r∗j = pq(1 − ψ).
Hence, pt ′ > pu(r∗j ) and according to (A.14), incumbent workers receive a wage raise
to w̃ j,t ′ = p′tq(1 − ψ). This wage raise generates a reference wage entitlement to newly
hired workers due to social comparison, since ri,t ′ = w̃ j,t ′. As such:

ri,t ′ = p′tq(1 − ψ)

= rL(pt ′),

which implies that, according to (A.15), newly hired workers are paid their reference
wage w̃i,t ′ = ri,t ′ and exert normal effort ẽi,t ′ = ẽn. As such, in the steady state:
w̃′i = r′i = w̃′j = r′j = pt ′q(1 − ψ) and ẽ′i = ẽ′j = ẽn.

Next consider a decrease in aggregate productivity in period t′′ from pt ′ back to
p of the same magnitude of the initial increase in period t′ from p to pt ′. Depending
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on this initial magnitude, optimal wage setting in the recessionary episode of the cycle
will differ.

Consider first the case of pt ′−p
p ∈ (0, λ − 1] and pt ′′ = p, i.e. the moderate cycle

scenario. Since pt ′ ≤ λp, this implies that

pt ′′ < pt ′

= pt ′q(1 − ψ)/q(1 − ψ)

= r′j/q(1 − ψ)

= pu(r′j),

where the third line follows from the fact that in the steady state, after the expansion,
r′j = pt ′q(1 − ψ). Moreover, note that

pt ′′ ≥ pt ′/λ

= pt ′q(1 − ψ)/λq(1 − ψ)

= r′j/λq(1 − ψ)

= pl(r′j, λ),

where the first line is a direct construct of the moderate cycle. Hence pt ′′ ∈ [pl, pu)

which implies that, according to (A.14), incumbent workers are paid their reference
wage w̃ j,t ′′ = r′j = w̃′j = pt ′q(1 − ψ), i.e. they experience downward wage rigidity
following a decrease in aggregate productivity. As a consequence, new hires’ reference
wage in period t′′ is given by ri,t ′′ = w̃ j,t ′′. As such:

ri,t ′′ = pt ′q(1 − ψ)

> pt ′′q(1 − ψ)

= rL(pt ′′),

and

ri,t ′′ = pt ′q(1 − ψ)

≤ λpt ′′q(1 − ψ)

= rH(pt ′′, λ),

since as stated above pt ′ ≤ λpt ′′. Hence ri,t ′′ ∈ (rL, rH] which implies that, according to
(A.15), newly hired workers are again paid their reference wage w̃i,t ′′ = ri,t ′′ and exert
normal effort ẽi,t ′′ = ẽn. As such, in the steady state: w̃′′i = r′′i = w̃′′j = r′′j = pt ′q(1−ψ)
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and ẽ′′i = ẽ′′j = ẽn. It is therefore straightforward to notice that despite aggregate
productivity is back at its original level pt ′′ = p, the steady-state equilibrium wage is
now higher w̃′′ > w̃∗.

Finally consider first the case of pt ′−p
p > (λ − 1) and pt ′′ = p, i.e. the large cycle

scenario. Since pt ′ > λp, this implies that

pt ′′ < pt ′

= r′j/q(1 − ψ)

= pu(r′j),

but also, and in contrast with the moderate cycle case, that

pt ′′ < pt ′/λ

= r′j/λq(1 − ψ)

= pl(r′j, λ),

Hence pt ′′ < pl(r′j, λ) which implies that, according to (A.14), incumbent workers
receive a wage cut to w̃ j,t ′′ = λpt ′′q(1−ψ). Again, due to social comparison new hires’
reference wage in period t′′ is given by ri,t ′′ = w̃ j,t ′′. As such:

ri,t ′′ = λpt ′′q(1 − ψ)

= rH(pt ′′, λ).

Hence ri,t ′′ = rH(pt ′′, λ) which implies that, according to (A.15), newly hired workers
are paid their reference wage w̃i,t ′′ = ri,t ′′ and exert normal effort ẽi,t ′′ = ẽn. As such, in
the steady state: w̃′′i = r′′i = w̃′′j = r′′j = λpt ′′q(1 − ψ) and ẽ′′i = ẽ′′j = ẽn. It is therefore
straightforward to notice that despite aggregate productivity is back at its original level
pt ′′ = p, the steady-state equilibrium wage is now higher w̃′′ > w̃∗.
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B.1 Proofs to Chapter 1

Proof of Theorem 1. Assumptions W1-W4 hold throughout. When w = r , m(w) =

m(r) and therefore Ω(e;w, r, λ) = b′(e) − c′(e). By assumption, Ω(0; r, r, λ) > 0
and ∂Ω(e,w, r, λ)/∂e < 0, which implies ẽ(r, r, λ) ≡ ẽn > 0. Recalling the defini-
tion of µ(·) in (1.3), when w > r , Ω(e;w, r, λ) = b′(e) − c′(e) + ζη[m(w) − m(r)]

with m(w) − m(r) > 0. As such Ω(ẽn;w, r, λ) > Ω(ẽn; r, r, λ) and then the fact that
∂Ω(e,w, r, λ)/∂e < 0 implies ẽ(w, r)+ > ẽn for all w > r . When w < r , Ω(e;w, r, λ) =
b′(e)− c′(e)+ ζλη[m(w)−m(r)]with m(w)−m(r) < 0, soΩ(ẽn;w, r, λ) < Ω(ẽn; r, r, λ)

so ∂Ω(e,w, r, λ)/∂e < 0 implies ẽ(w, r, λ)− < ẽn.
When w < r , the wage offered may be such that the worker would optimally choose

e < 0 but cannot due to the constraint that e ≥ 0. Define

w˜(r, λ) = max{0,w : Ω(0;w, r, λ) = 0}.

Since ∂Ω(e,w, r, λ)/∂w > 0 this identifies the threshold wage at which the worker
would choose e = 0 and below which they would like to choose e < 0 (since
Ω(e;w, r, λ) < 0 for all e ≥ 0) but cannot; hence define ẽ(w˜(r, λ), r, λ)− ≡ 0 for
all w ≤ w˜(r, λ).

Forw , r , continuity of ẽ(w, r, λ) is readily established asΩ(e;w, r, λ) is continuous
in all its arguments. Continuity at w = r is established by noting that in the expression
for Ω(e;w, r, λ), limε→0 m(r + ε) − m(r) = 0 which implies ẽ(w, r)+ → ẽn as w → r

from above, and limε→0 m(r − ε) −m(r) = 0 implying ẽ(w, r, λ)− → ẽn as w → r from
below.

When w , r and w > w˜(r, λ) implicit differentiation of the first-order condition
reveals

∂ẽ(w, r, λ)
∂w

= −
ζ µ′(m(w) − m(r))m′(w)

b′′(e) − c′′(e)
> 0.

Further differentiating this expression (and recalling that µ(·) is piecewise linear) yields:

∂2ẽ(w, r, λ)
∂w2 = −

ζ µ′(m(w) − m(r))m′′(w)
b′′(e) − c′′(e)

< 0.

Note from (1.3) that for w > r , µ′(·) = η and when w < r , µ′(·) = λη. To consider
the response of effort to the wage above and below the reference wage, the continuity
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of ẽ(w, r, λ) is used to establish that

lim
ε→0

∂ẽ(r − ε, r, λ)−

∂w
= − lim

ε→0

λ · ζηm′(r − ε)
b′′(ẽ(r − ε, r, λ)−) − c′′(ẽ(r − ε, r, λ)−)

= −
λ · ζηm′(r)

b′′(ẽn) − c′′(ẽn)

= − lim
ε→0

λ · ζηm′(r + ε)
b′′(ẽ(r + ε, r)+) − c′′(ẽ(r + ε, r)+)

= λ · lim
ε→0

∂ẽ(r + ε, r)+

∂w
.

Since this implies the effort function kinks to a flatter slope as the wage increases, this
result combined with the deduction that ∂2ẽ/∂w2 < 0 for all w , r , implies ∂ẽ/∂w is
everywhere decreasing in w, i.e. the effort function is concave.

The relationship between ẽ(w, r, λ) and r is established by implicit differentiation:

∂ẽ(w, r, λ)
∂r

= −
ζ µ′(m(w) − m(r))m′(r)

b′′(e) − c′′(e)
< 0.

Similarly, the effect of the degree of loss aversion on effort when w < r is

∂ẽ(w, r, λ)−

∂λ
= −

ζη[m(w) − m(r)]
b′′(e) − c′′(e)

< 0.

Moreover, the effect of the degree of loss aversion on the effort response to the wage
(for w < r) is

∂2ẽ(w, r, λ)−

∂w∂λ
= −

ζηm′(w)
b′′(e) − c′′(e)

> 0.

�

Proof of Theorem 2. Throughout the proof it is assumed the worker’s productivity and
reference wage are such that q ≥ q(r, λ) so the firm will be profitable if it hires the
worker, and consider the properties of the threshold productivity at the end. The
proof proceeds by first stating some preliminaries, then considering the productivity
thresholds, then demonstrating the nature of the optimal wage setting rule.

Preliminaries: First, note that under Assumption F2 and the results of Theorem 1,
for w , r:

∂Ψ(w; q, r, λ)
∂q

=
∂2y(q, e)
∂e∂q

∂ẽ(w, r, λ)
∂w

> 0;

∂Ψ(w; q, r, λ)
∂r

=
∂2y(q, e)
∂e2

∂ẽ(w, r, λ)
∂w

∂ẽ(w, r, λ)
∂r

+
∂y(q, e)
∂e

∂2ẽ(w, r, λ)
∂w∂r

≥ 0,
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after noticing that ∂2ẽ/∂w∂r = 0; and

∂Ψ(w; q, r, λ)
∂w

=
∂2y(q, e)
∂e2

[
∂ẽ(w, r, λ)

∂w

]2
+
∂y(q, e)
∂e

∂2ẽ(w, r, λ)
∂w2 − s′′(w) < 0.

In addition,

∂Ψ(w; q, r, λ)
∂λ

=
∂2y(q, e)
∂e2

∂ẽ(w, r, λ)
∂w

∂ẽ(w, r, λ)
∂λ

+
∂y(q, e)
∂e

∂2ẽ(w, r, λ)
∂w∂λ

which implies that ∂Ψ/∂λ > 0 if w < r and ∂Ψ/∂λ = 0 if w > r . These results also
enable to deduce that if λ > 1, Ψ(w; q, r, λ) jumps down at the reference wage, since

lim
ε→0
Ψ(r − ε ; q, r, λ) − lim

ε→0
Ψ(r + ε ; q, r, λ) =

∂y(q, limε→0 ẽ(r − ε, r, λ)−)
∂e

lim
ε→0

∂ẽ(r − ε, r, λ)−

∂w
− s′(r − ε)

−
∂y(q, limε→0 ẽ(r + ε, r)+)

∂e
lim
ε→0

∂ẽ(r + ε, r)+

∂w
− s′(r + ε)

=
∂y(q, ẽn)

∂e

[
lim
ε→0

∂ẽ(r − ε, r, λ)−

∂w
− lim
ε→0

∂ẽ(r + ε, r)+

∂w

]
=
∂y(q, ẽn)

∂e
lim
ε→0

∂ẽ(r + ε, r)+

∂w
[λ − 1] ≥ 0,

with a strict inequality if λ > 1. As such, Ψ(w; q, r, λ) is everywhere decreasing in w,
establishing concavity of the payoff function.

Productivity thresholds: As will be made clear in the remainder of the proof, the
threshold ql(r, λ) identifies the critical match productivity below which the firm would
want to set the wage below the reference wage, and qu(r) is the match productivity
above which the firm would want to compensate the worker more than the reference
wage. The former is the value of q below which profit is decreasing just below the
reference wage; the latter is the value of q above which profit is increasing just above
the reference wage. Since Ψ(w, 0, r, λ) < 0 when w > 0 and ∂Ψ/∂q > 0 there will be
a unique value of each productivity threshold.

Next the proof will establish some properties of the thresholds. Implicit differenti-
ation enables to deduce that

∂ql(r, λ)
∂r

= − lim
ε→0

dΨ(r − ε ; q, r, λ)/dr
∂Ψ(r − ε ; q, r, λ)/∂q

q′u(r) = − lim
ε→0

dΨ(r + ε ; q, r, λ)/dr
∂Ψ(r + ε ; q, r, λ)/∂q

,
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where the numerator in both expressions is given by

dΨ(r ± ε ; q, r, λ)
dr

=
∂Ψ(r ± ε ; q, r, λ)

∂w
+
∂Ψ(r ± ε ; q, r, λ)

∂r

=
∂2y

∂e2

[
∂ẽ±

∂w

]2
+
∂y

∂e
∂2ẽ±

∂w2 − s′′(w) +
∂2y

∂e2
∂ẽ±

∂w

∂ẽ±

∂r

=
∂2y

∂e2
∂ẽ±

∂w

[
∂ẽ±

∂w
+
∂ẽ±

∂r

]
+
∂y

∂e
∂2ẽ±

∂w2 − s′′(w).

As ε → 0 it is possible to infer that[
∂e(r ± ε, r, λ)±

∂w
+
∂e(r ± ε, r, λ)±

∂r

]
→ 0

(refer to the expressions of these objects in the proof of Theorem 1), implying
limε→0 dΨ(r ± ε ; q, r, λ)/dr < 0. Hence: ∂ql(r, λ)/∂r > 0 and q′u(r) > 0.

Turning next to investigate how the lower threshold depends on the degree of loss
aversion, implicit differentiation gives

∂ql(r, λ)
∂λ

= − lim
ε→0

∂Ψ(r − ε, q, r, λ)/∂λ
∂Ψ(r − ε, q, r, λ)/∂q

where the numerator is given by

∂2y

∂e2 lim
ε→0

∂ẽ(r − ε, r, λ)−

∂λ
lim
ε→0

∂ẽ(r − ε, r, λ)−

∂w
+
∂y

∂e
∂2ẽ(r − ε, r, λ)−

∂w∂λ
> 0,

since it has been established in Theorem 1 that ∂ẽ−/∂λ < 0 and ∂2ẽ−/∂w∂λ > 0.
Hence, ∂ql(r, λ)/∂λ > 0.

From the expression for limε→0 Ψ(r − ε ; q, rλ) − limε→0 Ψ(r + ε ; q, r, λ) in the
preliminaries it is possible to conclude that when λ = 1 these two objects are equal. This
result, combinedwith the observation that limε→0 ẽ(r−ε, r, λ)− = ẽn = limε→0 ẽ(r+ε, r)

(from Theorem 1) permits the conclusion that ql(r, 1) = qu(r). Which in turn, along
with the fact that qλl (r, λ) < 0 implies that ql(r, λ) < qu(r) for all λ > 1.

Optimal wage setting: The proof now turn to the optimal wage setting rule, which
depends on the match productivity in relation to the productivity thresholds.

If q ∈ [0, ql(r, λ)) then the definition of ql(r, λ) and fact that ∂Ψ/∂q > 0 can be used
to deduce that limε→0 Ψ(r − ε, q, r, λ) < 0; since Ψ(w; q, r, λ) is everywhere decreasing
in w, the same is true for all w ≥ r . As such, the optimising wage must satisfy w < r

and will therefore be the solution to

∂y(q, ẽ(w, r, λ)−)
∂e

∂ẽ(w, r, λ)−

∂w
− s′(w) ≤ 0,
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with equality if w > w˜(r, λ) (recall from the proof of Theorem 2 that this is either zero,
or the wage below which effort takes the boundary value of zero). To account for the
fact that the firm may pay the “lowest feasible wage” for a range of match productivity,
let q˜(r, λ) = max{0, q : Ψ(w˜(r, λ); q, r, λ) = 0} (at q˜(r, λ) the firm would want to pay
w˜(r, λ), and since ∂Ψ/∂q > 0 the same will be true for all 0 ≤ q < q˜(r, λ)). For all
q˜(r, λ) < q < ql(r, λ) the optimal wage is given by the displayed first-order condition
holding with equality, which is denoted by w̃(r, q, λ)−. Implicit differentiation and the
deductions in the preliminaries reveal

∂w̃(r, q, λ)−

∂q
= −

∂Ψ(w; q, r, λ)/∂q
∂Ψ(w; q, r, λ)/∂w

> 0,

∂w̃(r, q, λ)−

∂r
= −

∂Ψ(w; q, r, λ)/∂r
∂Ψ(w; q, r, λ)/∂w

≥ 0

∂w̃(r, q, λ)−

∂λ
= −

∂Ψ(w; q, r, λ)/∂λ
∂Ψ(w; q, r, λ)/∂w

> 0.

If q ∈ (qu(r),∞] then the definition of qu(r) and the fact that ∂Ψ/∂q > 0 can
be used to deduce that limε→0 Ψ(r + ε, q, r, λ) > 0; since Ψ(w; q, r, λ) is everywhere
decreasing in w the same is true for all w ≤ r and, as such, the optimising wage must
exceed r and will therefore satisfy

∂y(q, ẽ(w, r)+)
∂e

∂ẽ(w, r)+

∂w
− s′(w) ≤ 0,

Letting w̃(q, r)+ denote the solution (which is independent of λ), implicit differentiation
gives

∂w̃(r, q)+

∂q
= −

∂Ψ(w; q, r, λ)/∂q
∂Ψ(w; q, r, λ)/∂w

> 0,

∂w̃(r, q)+

∂r
= −

∂Ψ(w; q, r, λ)/∂r
∂Ψ(w; q, r, λ)/∂w

≥ 0.

If q ∈ [ql(r, λ), qu(r)] then the fact that ∂Ψ/∂q > 0 can be used to deduce that
limε→0 Ψ(r − ε, q, r, λ) ≥ 0 and limε→0 Ψ(r + ε, q, r, λ) ≤ 0. That ∂Ψ/∂w < 0 for all
w , r then implies Ψ(w; q, r, λ) > 0 for all w < r and Ψ(w; q, r, λ) < 0 for all w > r ,
implying profit is maximised if and only if w = r .

Finally, if q < q(r, λ) then then the employment relationship ends. Implicit differ-
entiation of the zero profit condition defining the reservation productivity allows us to
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deduce that (function arguments are omitted to ease notation):

∂q(r, λ)

∂r
= −

∂π

∂e

[
∂ẽ
∂r
+
∂ẽ
∂w

∂w̃

∂r

]
+
∂π

∂w

∂w̃

∂r
∂π

∂w

∂w̃

∂q
+
∂π

∂q
+
∂π

∂e
∂ẽ
∂w

∂w̃

∂q

= −

∂w̃

∂r

[
∂π

∂e
∂ẽ
∂w
+
∂π

∂w

]
+
∂π

∂e
∂ẽ
∂r

∂w̃

∂q

[
∂π

∂e
∂ẽ
∂w
+
∂π

∂w

]
+
∂π

∂q

> 0

since [
∂π

∂e
∂ẽ
∂w
+
∂π

∂w

]
=

[
∂y

∂e
∂ẽ
∂w
− s′(w̃)

]
= 0

from the first-order condition, ∂π/∂q, ∂π/∂e > 0 by Assumption F2, and ∂e/∂r < 0
as established in Theorem 1. In addition,

∂q(r, λ)

∂λ
= −

∂π

∂e

[
∂ẽ
∂λ
+
∂ẽ
∂w

∂w̃

∂λ

]
+
∂π

∂w

∂w̃

∂λ

∂π

∂w

∂w̃

∂q
+
∂π

∂q
+
∂π

∂e
∂ẽ
∂w

∂w̃

∂q

= −

∂w̃

∂λ

[
∂π

∂e
∂ẽ
∂w
+
∂π

∂w

]
+
∂π

∂e
∂ẽ
∂λ

∂w̃

∂q

[
∂π

∂e
∂ẽ
∂w
+
∂π

∂w

]
+
∂π

∂q

,

where again the term in square brackets is equal to zero from the first-order condition,
∂π/∂q, ∂π/∂e > 0 by Assumption F2; moreover as established in Theorem 1: when
w > r ẽ is independent of λ, but when w < r , ∂ẽ/∂λ < 0. As such, if w̃(r, q(r, λ)) > r

then ∂q(r, λ)/∂λ = 0, while if w̃(r, q(r, λ)) < r , ∂q(r, λ)/∂λ > 0. �

Proof of Proposition 1. If in the first period the match productivity falls short of the
reservation productivity with the updated reference wage, i.e. if q1 < q(w0, λ), then
contracting with the worker for the final period would be unprofitable and the contract
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will terminate; the employment relationship only has value for q1 ≥ q(w0, λ). As noted,

E0[J1(w0, q1)] =

∫ max{q(w0,λ),ql(w0,λ)}

q(w0,λ)
J1(w0, q1)

− dF

+

∫ max{q(w0,λ),qu(w0)}

max{q(w0,λ),ql(w0,λ)}
J1(w0, q1)

= dF

+

∫ ∞

max{q(w0,λ),qu(w0)}
J1(w0, q1)

+ dF

where J1(w0, q1)
−;=;+ represents the continuation value of the employment relationship

if w1 < w0;w1 = w0;w1 > w0, in which effort is given by ẽ(w1,w0, λ)
−; ẽn; ẽ(w1,w0)

+.
(In subsequent proofs it is assumed that q(w0, λ) < ql(w0, λ).)

Let I− be an indicator variable that takes the value 1 if q(w0, λ) < ql(w0, λ) and is
otherwise zero; I= an indicator variable that takes the value 1 if ql(w0, λ) ≤ q(w0, λ) ≤

qu(w0) and is otherwise zero; and I+ an indicator variable that takes the value 1 if
q(w0, λ) > qu(w0) and is otherwise zero. Note that one, and only one, of I−, I= and I+

is equal to 1. The marginal change in the value of the first-period employment contract
(dropping the arguments of the functions characterising the productivity thresholds) is
given by

Φ(w0, λ) =

∫ max{q,ql}

q

∂

∂r
J1(w0, q1)

− dF

+ I−

[
∂ql

∂r
lim
ε→0

J1(w0, ql − ε)
− f (ql) −

∂q

∂r
J1(w0, q) f (q)

]
+

∫ max{q,qu}

max{q,ql}

∂

∂r
J1(w0, q1)

= dF + I−
[
q′uJ1(w0, qu)

= f (qu) −
∂ql

∂r
J1(w0, ql)

= f (ql)

]
+ I=

[
q′uJ1(w0, qu)

= f (qu) −
∂q

∂r
J1(w0, q) f (q)

]
+

∫ ∞

max{q,qu}

∂

∂r
J1(w0, q1)

+ dF

+ I−
[
−q′u lim

ε→0
J1(w0, qu + ε)

+ f (qu)

]
+ I=

[
−q′u lim

ε→0
J1(w0, qu + ε)

+ f (qu)

]
+ I+

[
∂q

∂r
J1(w0, q) f (q)

]
By definition, J1(w0, q) = 0, and the continuity of the optimal effort function and wage
setting rule imply that limε→0 J1(w0, ql−ε)

− = J1(w0, ql)
= and limε→0 J1(w0, qu+ε)

+ =

J1(w0, qu)
=. It then follows for each of the three scenarios: I− = 1; I= = 1; I+ = 1, that
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the terms in square brackets cancel out, so that

Φ(w0, λ) =

∫ ∞

q

∂

∂r
J1(w0, q1) dF .

Next, note that for q1 ∈ [q(w0, λ),∞] \ [ql(w0, λ), qu(w0)] (i.e. where the wage is not
equal to the reference wage)

∂

∂r
J1(w0, q1) =

∂y

∂e
∂ẽ±

∂w

∂w̃

∂r
+
∂y

∂e
∂ẽ±

∂r
− s′(w1)

∂w̃

∂r

=
∂w̃

∂r

[
∂ẽ±

∂w

∂w̃

∂r
− s′(w1)

]
+
∂y

∂e
∂ẽ±

∂r
< 0

since from the first-order condition the term in square brackets is equal to zero (assuming
w̃1 > w˜(w0, λ) so the solution is interior); and as established in Theorem 1 that ∂ẽ/∂r <

0. For q1 ∈ [ql(w0, λ), qu(w0)] the wage is equal to the reference wage and effort is
constant and equal to ẽn, so it is straightforward to infer that ∂

∂r J1(r1, q1) = −s′(w0) < 0.
As such,

Φ(w0, λ) =

∫ ql

q

∂y

∂e
∂ẽ−

∂r
dF −

∫ qu

ql
s′(w0) dF +

∫ ∞

qu

∂y

∂e
∂ẽ+

∂r
dF < 0 (B.1)

as stated in the proposition. �

Proof of Theorem 3. The proof is qualitatively similar to the proof of Theorem 2, so
the details are largely omitted. However, a key step consists in establishing concavity
of the firm’s value function J(r0, q0) with respect to w0, which implies to establish that

∂Ψ(w0, q0, r0, λ)

∂w
+ δ

∂Φ(w0, λ)

∂r
< 0.

It has been established in the proof of Theorem 2 that Ψ(w0; q0, r0, λ) is decreasing in
w0 as ∂Ψ/∂w < 0 for w , r and at w = r there is a jump down. Next, recall the
expression for Φ(w0, λ) in (B.1) and note that that both the integrand and the limits of
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integration depend on w0. Hence:

∂Φ(w0, λ)

∂r
=

∫ ql

q

[
∂2y

∂e2

(
∂ẽ−

∂r

)2
+
∂y

∂e
∂2ẽ−

∂r2

]
dF −

∂q

∂r
∂y

∂e
∂ẽ−

∂r
f (q)

+
∂ql

∂r
∂y

∂e
lim
ε→0

∂ẽ(w0 − ε,w0, λ)

∂r
f (ql) +

∂ql

∂r
s′(w0) f (ql)

−

∫ qu

ql
s′′(w0) dF

− q′us′(w0) f (qu) − q′u
∂y

∂e
lim
ε→0

∂ẽ(w0 + ε,w0, λ) f (qu)

∂r

+

∫ ∞

qu

[
∂2y

∂e2

(
∂ẽ+

∂r

)2
+
∂y

∂e
∂2ẽ+

∂r2

]
dF . (B.2)

Then, notice that from the the expressions for ∂ẽ/∂w and ∂ẽ/∂r in the proof of Theorem
2 it follows that

lim
ε→0

∂ẽ(w0 ± ε,w0, λ)

∂r
= − lim

ε→0

∂ẽ(w0 ± ε,w0, λ)

∂w

Moreover, when w , r the first-order condition holds with equality, which implies that
∂y
∂e

∂ẽ
∂r − s′(w0) = 0. By using these two latter results, it is possible to check that

∂y

∂e
lim
ε→0

∂ẽ(w0 ± ε,w0, λ)

∂w
= s′(w0)

which allows several terms to cancel in (B.2). As such,

∂Φ(w0, λ)

∂r
=

∫ ql

q

[
∂2y

∂e2

(
∂ẽ−

∂r

)2
+
∂y

∂e
∂2ẽ−

∂r2

]
dF

−

∫ qu

ql
s′′(w0) dF +

∫ ∞

qu

[
∂2y

∂e2

(
∂ẽ+

∂r

)2
+
∂y

∂e
∂2ẽ+

∂r2

]
dF

−
∂q

∂r
∂y

∂e
∂ẽ−

∂r
f (q) (B.3)

It has been established by Theorem 1 that ∂ẽ/∂r < 0 and ∂2ẽ/∂r2 > 0, and by Theorem
2 that ∂q/∂r > 0. As such, while the first two lines of the expression above are negative,
the last line is positive, implying that the sign of the second derivative of the expected
future profit function with respect to the initial wage remains undetermined. To proceed
it is not necessary to assume ∂Φ/∂r < 0, but it is conjectured that ∂Ψ/∂w+ δ∂Φ/∂r <

0, which is reasonable given the expressions derived above. Since ∂Ψ/∂w0 < 0,the
inequality will be true for a sufficiently impatient firm. Nevertheless the conjecture
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essentially implies that |∂Ψ/∂w | > δ |∂Φ/∂r |, that is: the direct effect of a change in
the wage in the current period will be larger than the expected discounted future effect
that comes indirectly through the worker’s adaptation of the reference wage. Therefore,
even if ∂Φ/∂r , then ∂Ψ/∂w + δ∂Φ/∂r < 0.

Under this condition, the proof of the nature of the wage setting rule follows the
same steps as the proof of Theorem 2 where Ψ is replaced with Ψ + δΦ. �

Proof of Proposition 2. The proof relies on investigation of the first-order condition of
the two optimisation problems, noting from Proposition 1 that Φ(w0, λ) < 0. First it is
shown that q̂l(r, λ, δ) > q̃l(r, λ). Suppose, by contradiction, that q̂l ≤ q̃l , then the fact
that ∂Ψ/∂q > 0 (see the preliminaries in the proof of Theorem 2) implies

0 ≡ lim
ε→0
Ψ(r − ε ; q̃l, r, λ) ≥ lim

ε→0
Ψ(r − ε, q̂l, r, λ),

but then since Φ(w, λ) < 0 this yields

lim
ε→0
Ψ(r − ε, q̂l, r, λ) > lim

ε→0
Ψ(r − ε, q̂l, r, λ) + δΦ(w, λ) ≡ 0,

yielding a contradiction. That q̂u(r, λ, δ) > q̃u(r) is similarly proved.
Next, compare ŵ(r, q, λ, δ)−;+ with w̃(r, q, λ)−;+ where both functions are defined.

It will be shown that ŵ(r, q, λ, δ)− < w̃(r, q, λ)− for all q < q̃l(r, λ). Suppose, by
contradiction, that ŵ− ≥ w̃−. Then the fact that ∂Ψ/∂w < 0 (see the preliminaries in
the proof of Theorem 2) implies

0 ≡ Ψ(w̃−; q, r, λ) ≥ Ψ(ŵ−; q, r, λ),

but then Φ(w0, λ) < 0 implies

Ψ(ŵ−; q, r, λ) > Ψ(ŵ−; q, r, λ) + δΦ(r, λ) ≡ 0,

yielding a contradiction. The proof that ŵ(r, q, λ, δ)+ < w̃(r, q, λ)+ for all q > q̂u(r, λ, δ)

is similar and so omitted. �

Proof of Proposition 3. Consider how the optimal wage changes with the degree of
loss aversion. Implicit differentiation of the wage setting rule gives

∂ŵ(r0, q0, λ, δ)

∂λ
= −

∂Ψ/∂λ + δ∂Φ/∂λ

∂Ψ/∂w + δ∂Φ/∂r
.

It has been conjectured that the denominator is negative, and it has been established in
the preliminaries of the proof of Theorem 2 that ∂Ψ/∂λ = 0 if w ≥ r and ∂Ψ/∂λ > 0 if
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w < r . Hence the proof of the proposition crucially depends on the sign and magnitude
of ∂Φ/∂λ. Recalling the definition of Φ(w0, λ) given (B.1) and noting that s′(w0) and
qu are independent of λ, it can be deduced that

∂Φ(w0, λ)

∂λ
=

∫ ql

q

[
∂2y

∂e2
∂ẽ−

∂r
∂ẽ−

∂λ
+
∂y

∂e
∂2ẽ−

∂r∂λ

]
dF −

∂q

∂λ

∂y

∂e
∂ẽ−

∂r
f (q)

+
∂ql

∂λ

∂y

∂e
lim
ε→0

∂ẽ(w0 − ε,w0, λ)

∂r
f (ql) +

∂ql

∂λ
s′(w0) f (ql), (B.4)

in which the two terms in the second line cancel out, since, as previously deduced,
limε→0 ∂ẽ(w0 ± ε,w0, λ)/∂r = − limε→0 ∂ẽ(w0 ± ε,w0, λ)/∂w and ∂y

∂e
∂ẽ
∂w = s′(w0) by

the first order condition when w , r . Hence

∂Φ(w0, λ)

∂λ
=

∫ ql

q

[
∂2y

∂e2
∂ẽ−

∂r
∂ẽ−

∂λ
+
∂y

∂e
∂2ẽ−

∂r∂λ

]
dF −

∂q

∂λ

∂y

∂e
∂ẽ−

∂r
f (q).

From the results established in Theorem 2, i.e. ∂ẽ−/∂λ, ∂ẽ−/∂r, ∂2ẽ−/∂r∂λ < 0, it
can be deduced that the first term of the expression above is negative, whilst the second
term is positive since ∂q/∂λ > 0. As such, if the layoff reservation productivity doesn’t
increase too much, that is, if ∂q/∂λ > 0 is sufficiently small, then ∂Φ/∂λ is negative,
which enables to conclude the statements regarding the wage in the proposition. �

Proof of Proposition 4. The reservation productivity governing hiring behaviour in the
initial contract is characterised by

q̂(r0, λ, δ) = max{0, q0 : π(ŵ(r0, q0, λ, δ), r0, q0, λ) + δE[J1(ŵ(r0, q0, λ, δ), q1)] = 0}.

Implicit differentiation reveals

dq̂(r0, λ, δ)

dλ
= −

∂π

∂e

[
∂ẽ
∂λ
+
∂ẽ
∂w

∂ŵ

∂λ

]
+
∂π

∂w

∂ŵ

∂λ
+ δ

d
dλ
E0 [J1(ŵ(r0, q0, λ, δ), q1)]

∂π

∂w

∂ŵ

∂q0
+
∂π

∂q
+
∂π

∂e
∂ẽ
∂w

∂ŵ

∂q0
+ δ

d
dq0
E0 [J1(ŵ(r0, q0, λ, δ), q1)]

= −

∂ŵ

∂λ

[
∂π

∂e
∂ẽ
∂w
+
∂π

∂w

]
+
∂π

∂e
∂ẽ
∂λ
+ δ

d
dλ
E0 [J1(ŵ(r0, q0, λ, δ), q1)]

∂ŵ

∂q0

[
∂π

∂e
∂ẽ
∂w
+
∂π

∂w

]
+
∂π

∂q
+ δ

d
dq0
E0 [J1(ŵ(r0, q0, λ, δ), q1)]

.

(B.5)

Next, let π(q)−;=;+ be the profit function when w1 < w0;w1 = w0;w1 > w0, in which



B.1. Proofs to Chapter 1 211

effort is given by ẽ(w1,w0, λ)
−; ẽn; ẽ(w1,w0)

+, and note that

d
dλ
E0 [J1(ŵ(r0, q0, λ, δ), q1)] =

∫ ql

q

dπ(q)−

dλ
dF −

dq

dλ
π(q)− f (q) +

dql

dλ
π(ql)

− f (ql)

+

∫ qu

ql

dπ(q)=

dλ
dF +

dqu

dλ
π(qu)

= f (qu) −
dql

dλ
π(ql)

= f (ql)

+

∫ ∞

qu

dπ(q)+

dλ
dF −

dqu

dλ
π(qu)

+ f (qu).

Noting that π(q)− = 0 by definition of the layoff reservation productivity, and the
other effects on the limits of integration cancel out for the same reasons outlined in
throughout the preceding proofs, the expression above reduces to

d
dλ
E0 [J1(ŵ(r0, q0, λ, δ), q1)] =

∫ ql

q

dπ(q)−

dλ
dF +

∫ qu

ql

dπ(q)=

dλ
dF +

∫ ∞

qu

dπ(q)+

dλ
dF,

(B.6)
in which

dπ(q)−

dλ
=
∂y

∂e
∂ẽ−

∂λ
+
∂y

∂e
∂ẽ−

∂w

∂w̃1
∂λ
+
∂y

∂e
∂ẽ−

∂r
∂ŵ0
∂λ
− s′(w̃1)

∂w̃1
∂λ

=
∂y

∂e
∂ẽ−

∂λ
+
∂y

∂e
∂ẽ−

∂r
∂ŵ0
∂λ
+
∂w̃1
∂λ

[
∂y

∂e
∂ẽ−

∂w
− s′(w̃1)

]
=
∂y

∂e
∂ẽ−

∂λ
+
∂y

∂e
∂ẽ−

∂r
∂ŵ0
∂λ

dπ(q)=

dλ
= −s′(ŵ0)

∂ŵ0
∂λ

dπ(q)+

dλ
=
∂y

∂e
∂ẽ−

∂w

∂w̃1
∂λ
+
∂y

∂e
∂ẽ−

∂r
∂ŵ0
∂λ
− s′(w̃1)

∂w̃1
∂λ

=
∂y

∂e
∂ẽ−

∂r
∂ŵ0
∂λ
+
∂w̃1
∂λ

[
∂y

∂e
∂ẽ−

∂w
− s′(w̃1)

]
=
∂y

∂e
∂ẽ−

∂r
∂ŵ0
∂λ

since the term in square brackets equals zero due to the first-order condition determining
the wage in the second period of employment w̃1. Then note that ∂ŵ0/∂λ does not
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depend on q1, as such (B.6) can be expressed as

d
dλ
E0 [J1(ŵ(r0, q0, λ, δ), q1)] =

∫ ql

q

∂y

∂e
∂ẽ−

∂λ
dF +

∂ŵ0
∂λ

∫ ql

q

∂y

∂e
∂ẽ−

∂r
dF

−
∂ŵ0
∂λ

∫ qu

ql
s′(ŵ0) dF +

∂ŵ0
∂λ

∫ ∞

qu

∂y

∂e
∂ẽ−

∂r
dF .

Then, collecting ∂ŵ/∂λ as the common factor and recalling the expression forΦ(ŵ0, λ)

as given by equation (B.1), it yields

d
dλ
E0 [J1(ŵ(r0, q0, λ, δ), q1)] =

∂ŵ

∂λ
Φ(ŵ0, λ) +

∫ ql

q

∂y

∂e
∂ẽ−

∂λ
.

Hence the numerator in (B.5) can be expressed as

Numerator =
∂ŵ

∂λ

[
∂π

∂e
∂ẽ
∂w
+
∂π

∂w

]
+
∂π

∂e
∂ẽ
∂λ
+ δ

(
∂ŵ

∂λ
Φ(ŵ0, λ) +

∫ ql

q

∂y

∂e
∂ẽ−

∂λ
dF

)
=
∂ŵ

∂λ

[
∂y

∂e
∂ẽ
∂w
− s(ŵ0) + δΦ(ŵ0, λ)

]
+
∂y

∂e
∂ẽ
∂λ
+ δ

∫ ql

q

∂y

∂e
∂ẽ−

∂λ
dF

=
∂y

∂e
∂ẽ
∂λ
+ δ

∫ ql

q

∂y

∂e
∂ẽ−

∂λ
dF

since the term in square brackets equal to zero due to the first-order condition deter-
mining the initial wage w̃0. The same procedure can be used to show that

d
dq0
E0 [J1(ŵ(r0, q0, λ, δ), q1)] =

∂ŵ

∂q0
Φ(ŵ0, λ),

implying that the denominator in (B.5) can be expressed as

Denominator =
∂ŵ

∂q0

[
∂π

∂e
∂ẽ
∂w
+
∂π

∂w

]
+
∂π

∂q
+ δ

∂ŵ0
∂q0
Φ(w0, λ)

=
∂ŵ

∂q0

[
∂y

∂e
∂ẽ
∂w
− s(ŵ0) + δΦ(w0, λ)

]
+
∂y

∂q

=
∂y

∂q

As such,

dq̂(r0, λ, δ)

dλ
= −

∂y

∂e
∂ẽ
∂λ
+ δ

∫ ql

q

∂y

∂e
∂ẽ−

∂λ
dF

∂y

∂q

> 0,

since it has been established in Theorem 1 that ∂ẽ−/∂λ < 0 whenever w < r . �
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B.2 Proofs to Chapter 2

Proof of Proposition 5. Consider the first order condition given by (2.3):

Ω(et ;wt, rC,t, λ) ≡ b − et + µ(lnwt − ln rC,t) = 0.

It is straightforward to show that if wt = rC,t , then µ(·) = 0 and the explicit solution to
the above equation is ẽt = b, which corresponds to the definition of normal effort, and
is denoted by ẽn = b. If wt > rC,t , then µ(·) > 0 and the explicit solution to the above
equation is given by

ẽt = b + (lnwt − ln rC,t);

while if wt < rC,t , then µ(·) < 0 and the explicit solution is

ẽt = b − λ(ln rC,t − lnwt).

Substituting ẽn = b completes the proof. �

Proof of Proposition 6. This proof proceeds as follows. First it will be shown that under
assumptions W1-W4, F1-F2, A1 and one additional, though innocuous, restriction on
the state and control spaces there exists a unique solution to the functional equation
(2.5). Then, the proof will characterise the properties of the firm’s optimal wage policy,
following the steps used in the proof of Theorem 2, Chapter 1.

Preliminaries. Denote the state space by R and the control space byW. Naturally,
R andW are both convex subsets of R+. Throughout the proof it is assumed that
W = R = [0, r̄], where r̄ is sufficiently large, in the sense that all the solutions to the
firm’s maximisation problem are interior (in particular r̄ > rH(λ), to be defined below).
Notice that since π(w, rC) is strictly concave in w and decreasing in rC , it is possible to
characterise r̄ such that it never binds. Moreover notice that since the firm may want to
set the wage wt either above, equal, or below the worker’s reference wage rC,t in each
period t, the values of w that are allowed for any given rC is independent of the actual
level of rC . As such, the set of feasible controls in each t is given byW.

Given these premises, it is possible to establish that the instantaneous profit function
π(w, rC) is both bounded and continuous in its domain. This, together with the fact that
ψ ∈ (0, 1), implies that there exists a unique solution to the functional equation given
by (2.5); and that at least one optimal wage policy exists (see, for instance, Theorem
4.6, p.79 of Stokey and Lucas (1989)). Finally, since π is concave andW is convex,
to establish uniqueness of the optimal wage policy it remains to be shown that the
firm’s value function is concave. As such, note that given the optimal effort policy
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characterised by Proposition 5, it follows that

∂Υ(w; rC, λ)
∂w

=
∂y(ẽ)
∂e

∂2ẽ(w, rC, λ)
∂w2 + ψ

∂y(ẽ′)
∂e

∂2ẽ(w′, r′
C
, λ)

∂r2

= −pq
1
w2 (1 − ψ) < 0

which implies that Υ(w; rC, λ) is everywhere decreasing in w, establishing concavity of
the firm’s value function. In addition,

∂Υ(w; rC, λ)
∂λ

=
∂y(ẽ)
∂e

∂2ẽ(w, rC, λ)
∂λ∂w

+ ψ
∂y(ẽ)
∂e

∂2ẽ(w, rC, λ)
∂λ∂r

so that if w < rC then ∂Υ(w; rC, λ)/∂λ > 0, and if w > rC then ∂Υ(w; rC, λ)/∂λ = 0.
These results enable to deduce that if λ > 1, Υ(w; rC, λ) jumps down at the reference
wage. Hence it is now possible to proceed with the proof following the same approach
implemented in the proof of Theorem 2, Chapter 1.

Reference wage thresholds. The threshold rL is the level of a newly hired worker’s
reference wage below which a firm would optimally set a wage above their reference
wage, and rH(λ) is the level of a newly hired worker’s reference wage above which a firm
would optimally pay the worker a wage below their reference wage. The former, rL , is
the value of rC below which the value function is increasing just above the reference
wage; the latter, rH(λ), is the value of rC above which the value function is decreasing
just below the reference wage. These thresholds can be explicitly determined by solving
respectively for limε→0Υ(rC + ε ; rC, λ) = 0 and limε→0Υ(rC − ε ; rC, λ) = 0. Hence,

lim
ε→0

∂y(ẽ)
∂e

∂ẽ(rC + ε, rC, λ)
∂w

− 1 + ψ
∂y(ẽ)
∂e

∂ẽ(rC + ε, rC, λ)
∂r

= 0

lim
ε→0

pq
(

1
rC + ε

)
− 1 − ψpq

(
1

rC + ε

)
= 0

lim
ε→0

pq(1 − ψ)
(

1
rC + ε

)
− 1 = 0

which solving for rC yields rC = pq(1 − ψ) ≡ rL . Analogously,

lim
ε→0

∂y(ẽ)
∂e

∂ẽ(rC − ε, rC, λ)
∂w

− 1 + ψ
∂y(ẽ)
∂e

∂ẽ(rC − ε, rC, λ)
∂r

= 0

lim
ε→0

λpq
(

1
rC − ε

)
− 1 − ψλpq

(
1

rC − ε

)
= 0

lim
ε→0

λpq(1 − ψ)
(

1
rC − ε

)
− 1 = 0

which solving for rC yields rC = λpq(1 − ψ) ≡ rH(λ). Hence, it is straightforward to
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show that rL < rH(λ) and if λ = 1, rL = rH(1).
Optimal wage setting policy. Consider now the optimal time-invariant wage setting

policy, which depends on the level employed workers’ reference wages rC in relation to
the reference wage thresholds derived above.

If rC > rH(λ) then by the definition of rH(λ) and since ∂Υ/∂w < 0, the optimal
wage must satisfy w < rC and will therefore be the solution to

Υ(w; rC, λ) = λpq
(

1
w

)
− 1 − ψλpq

(
1
w

)
= 0,

given by w̃ = λpq(1 − ψ), and denoted by w̃H(λ)
−.

Analogously, if rC < rL then by the definition of rL and since ∂Υ/∂w < 0, the
optimal wage must satisfy w > rC and will therefore be the solution to

Υ(w; rC, λ) = pq
(

1
w

)
− 1 − ψpq

(
1
w

)
= 0,

given by w̃ = pq(1 − ψ), and denoted by w̃+L . Hence it is straightforward to show that
w̃+L < w̃H(λ)

−, and that if λ = 1 then w̃+L = w̃H(1)− = pq(1 − ψ).
Finally, if rC ∈ [rL, rH(λ)] the fact that ∂Υ/∂w < 0 for allw , rC , thenΥ(w; rC, λ) >

0 for all w < rC and Υ(w; rC, λ) < 0 for all w > rC , implying that J(rC) is maximised
if and only if w = rC , which characterises the solution denoted by w̃=M .

Transversality conditions. It is now also possible to verify whether the tranversality
condition

lim
t→∞

ψt ∂π(rC,t, w̃)
∂r

· w̃ = 0,

that makes the first-order condition sufficient is satisfied. Consider the optimal wage
w̃ = w̃+L = pq(1 − ψ), which is the solution to (2.6) for all rC < rL . The related
transversality condition is:

lim
t→∞

ψt ∂π(rC,t, w̃)
∂r

· w̃ = lim
t→∞

ψt(−1) · pq(1 − ψ)

= lim
t→∞

ψt(−pq + pqψ)

= lim
t→∞
− ψt pq + ψt+1pq

= 0

The same steps can be applied for all w̃ ∈ [w̃+L, w̃H(λ)
−] and are therefore omitted. �

Proof of Proposition 7. That a range of steady-state equilibrium wages exists follows
directly from Proposition 6, as also established by Corollary 1.
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The steady-state equilibrium reference wage of new hires is given by r∗N = rN = r0

by definition. Therefore it follows that depending on the level of r∗N in relation to the
defined thresholds rH(λ) and rL , which also determines the steady-state optimal wage
w̃∗ ∈ [w̃+L, w̃H(λ)

−], the steady-state equilibrium level of effort exerted by new hires
can take three distinct values: ẽ∗N = ẽ+N if r∗N < rL , since in that case w̃∗ = w̃+L > r∗N ;
ẽ∗N = ẽN (λ)

− if r∗N > rH(λ), since in that case w̃∗ = w̃H(λ)
− < r∗N ; or ẽ∗N = ẽn if

r∗N ∈ [rL, rH], since in that case w̃∗ = w̃=M = r∗N .
Consider then incumbent workers. The steady-state equilibrium reference wage

of incumbent workers is reached when r∗
C
= w̃(r∗

C
, λ). Since w̃(r∗

C
, λ) = w̃(r∗N, λ) ∈

[w̃+L, w̃H(λ)
−], it follows that there exists a range of incumbent workers’ reference

wages r∗E = w̃(r∗N, λ) where, as established by the proof of Proposition 6, the limits
of the range are given by w̃+L = rL and w̃H(λ)

− = rH(λ) respectively. Therefore it
follows that independently of the level of r∗E and w̃∗, there exists a unique steady-state
level of effort exerted by incumbent workers given by ẽ∗E = ẽn, since r∗E = w̃∗ for all
w̃∗ ∈ [w̃+L, w̃H(λ)

−] as just established. �

Proof of Lemma 1. The steady-state value of an employment relationship with a newly
hired worker exerting optimal effort ẽ∗N = {ẽ

+
N, ẽn, ẽN (λ)

−} and who is paid the corre-
sponding optimal wage w̃∗ ∈ [w̃+L, w̃H(λ)

−] can be written as:

J(rN )
+,=,− = y(ẽ∗N ) − w̃

∗ + ψJ(rE )
+,=,−

where
J(rE )

+,=,− =
y(ẽn) − w̃

∗

1 − ψ
.

Recall that y(ẽn) = pqẽn and that y(ẽ∗N ) = pqẽn + pqµ(ln w̃∗ − ln r∗N ), where µ(·) is the
gain-loss function given by (2.2) in the text. Now, using the definitions of the present
values of output and wages, y∗(ẽ∗N ) = {y(ẽ

+
N ), y(ẽn), y(ẽN (λ)

−)} and w∗ ∈ [w+L,wH(λ)
−]

given by (2.17) and (2.16), the value function J(rN )
+,=,− can be expressed as

J(rN )
+,=,− = y∗(ẽ∗N ) − w

∗

= y(ẽ∗N ) +
ψ

1 − ψ
y(ẽn) −

w̃∗

1 − ψ

=
pqẽn

1 − ψ
+ pqµ

(
ln w̃∗ − ln rN

)
−

w̃∗

1 − ψ

=
pqẽn − w̃

∗

1 − ψ
+ pqµ(ln w̃∗ − ln rN )

= J(rE )
+,=,− + pqµ(ln w̃∗ − ln rN ).

Hence, if rN < rL then w̃∗ = w̃+L , µ(ln w̃
+
L − ln r∗N ) > 0 which implies that J(rN )

+ >
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J(rE )
+; if rN > rH then w̃∗ = w̃H(λ)

−, µ(ln w̃H(λ)
− − ln r∗N ) < 0 which implies that

J(rN )
− < J(rE )

−; and if rN ∈ [rL, rH] then w̃∗ = w̃=M , µ(ln w̃=M−ln r∗N ) = 0which implies
that J(rN )

= = J(rE )
=, as stated in the proposition. Moreover, since µ(ln w̃+L − ln r∗N ) >

0 > µ(ln w̃H(λ)
− − ln r∗N ) and w̃+L < w̃=M < w̃H(λ)

−, it is straightforward to verify that
J(rN )

+ > J(rN )
= > J(rN )

−. �

Proof of Proposition 8. Consider the explicit solution to the job creation condition for
all rN :

θ̃∗ =

(
m̄δ
κ

[
y∗(ẽ∗N ) − w

∗
] ) 1

σ

.

It is straightforward to verify that if rN < rL then y∗(ẽ∗N ) = y(ẽ+N ) and w∗ = w+L which
determine θ̃∗h; if rN ∈ [rL, rH(λ)] then y∗(ẽ∗N ) = y(ẽn) and w∗ = w+M which determine
θ̃∗m; and if rN > rH(λ) then y∗(ẽ∗N ) = y(ẽN (λ)

−) and w∗ = wH(λ)
− which determine

θ̃∗l (λ). Moreover, since J(rN )
+,=,− = y∗(ẽ∗N ) − w∗ and θ̃∗ is increasing in J(rN , using

the results established by Lemma 1 it follows that θ̃∗l (λ) < θ̃∗m < θ̃∗h. Finally, since u∗ is
decreasing in θ̃∗, it follows that u∗H(λ) > u∗M > u∗L . �

Proof of Proposition 9. By appealing to the explicit characterisation of the wage w̃∗ =
r∗E when E = {L∗,H ∗(λ)} it is straightforward to verify that both the wage and
incumbents’ reference wage are increasing in p and ρ. As such, since new hires’ effort
ẽ∗N is increasing in the wage, it follows that it is also increasing in p and ρ. This
proves statement a). The proof of statement b) is trivial, since neither the wage, nor the
reference wage explicitly depend on p or ρ when E =M∗.

Aggregate productivity p. Now consider labour market tightness θ̃∗ for all E =
{L∗,M∗,H ∗(λ)}. Total differentiation with respect to p yields:

dθ̃∗

dp
=

θ̃∗

σ
[
y∗(ẽ∗N ) − w

∗
] · [dy∗(ẽ∗N )

dp
−

dw∗

dp

]
where the term in square brackets is given by

qẽn

1 − ψ
if E =M∗,

implying that θ̃∗ is increasing in p if E =M∗, and by

qẽ∗N +
ψ

1 − ψ
qẽn + pq

∂ẽ∗N
∂w

∂w̃∗

∂p
−

1
1 − ψ

∂w̃∗

∂p
if E = {L∗,H ∗(λ)}.
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By collecting 1
1−ψ

∂w̃∗

∂p as the common factor yields

qẽ∗N +
ψ

1 − ψ
qẽn +

1
1 − ψ

∂w̃∗

∂p

(
(1 − ψ)pq

∂ẽ∗N
∂w

∂w̃∗

∂p
− 1

)
if E = {L∗,H ∗(λ)},

where the term in round brackets i equivalent to the first-order conditionΥ(w; rC, λ) = 0
characterising the optimal wage for w , r , implying that θ̃∗ is increasing in p also if
E = {L∗,H ∗(λ)}.

Job-destruction rate ρ. First, note that ∂
∂ρ

{
1

1−ψ

}
= ∂

∂ρ

{
ψ

1−ψ

}
= − δ

(1−ψ)2 . Then, total
differentiation of θ̃∗ for all E = {L∗,M∗,H ∗(λ)} with respect to ρ yields:

dθ̃∗

dρ
=

θ̃∗

σ
[
y∗(ẽ∗N ) − w

∗
] · [dy∗(ẽ∗N )

dρ
−

dw∗

dρ

]
where the term in square brackets is given by

−
δ

(1 − ψ)2
[pqẽn − rN ] if E =M∗,

implying that θ̃∗ is decreasing in ρ if E =M∗, and by

−
δ

(1 − ψ)2
pqẽ∗N + pq

∂ẽ∗N
∂w

∂w̃∗

∂ρ
−

1
1 − ψ

∂w̃∗

∂ρ
−

δ

(1 − ψ)2
w̃∗ if E = {L∗,H ∗(λ)}.

After collecting 1
1−ψ

∂w̃∗

∂ρ as the common factor and noticing that the grouped terms are
equivalent to the first-order condition for w , r as above, it can be concluded that θ̃∗ is
decreasing in ρ also if E = {L∗,H ∗(λ)}. �

Proof of Proposition 10. By appealing to the explicit characterisation of the wage
w̃∗ = r∗E if E = {L∗,H ∗(λ)} it is straightforward to verify that neither the wage
nor incumbents’ reference wage depend on rN , as such they are unaffected. As such,
it is also straightforward to infer that ẽ∗N is decreasing in rN . This proves statement a).
The proof of statement b) is also straightforward, since if E =M∗, then w̃∗ and r∗E are
equal to rN , implying that they are both increasing in rN . This also implies that new
hires effort ẽ∗N remains unaffected since

dẽ∗N
dr
=
∂w̃=M
∂r
−
∂r∗N
∂r
= 0,

which prove statement b). Then, total differentiation of θ̃∗ for all E = {L∗,M∗,H ∗(λ)}
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with respect to rN yields:

dθ̃∗

dr
=

θ̃∗

σ
[
y∗(ẽ∗N ) − w

∗
] · [dy∗(ẽ∗N )

dr
−

dw∗

dr

]
where the term in square brackets is

−
1

1 − ψ
if E =M∗,

implying that θ̃∗ is decreasing in rN if E =M∗, and

pq
∂ẽ∗N
∂r

if E = {L∗,H ∗(λ)},

also implying that θ̃∗ is decreasing in rN if E = {L∗,H ∗(λ)}, since ∂ẽ∗N
∂r < 0 as noted

above. �

Proof of Proposition 11. By appealing to the explicit characterisation of the wage w̃∗ =
r∗E = λpq(1 − ψ) when E = H ∗(λ) it is straightforward to verify that w̃H(λ)

− and r∗E
are increasing in λ. Then consider new hires effort ẽ∗N = ẽN (λ)

−. Total differentiation
with respect to λ yields

dẽN (λ)
−

dλ
=
∂ẽN (λ)

−

∂λ
+
∂ẽN (λ)

−

∂w

∂w̃H(λ)
−

∂λ

= −(ln r∗N − ln w̃H(λ)
−) + 1

implying that ẽ∗N is decreasing in λ (note that due to the logarithmic expression, the term
in round brackets must be greater than 1). Finally, consider labour market tightness
θ̃∗ = θ̃∗l (λ). Total differentiation with respect to λ yields:

dθ̃∗l (λ)

dλ
=

θ̃∗l (λ)

σ
[
y∗(ẽN (λ)−) − w

∗
H(λ)

−
] · [dy∗(ẽN (λ)

−)

dλ
−

dw∗H(λ)
−

dλ

]
where the term in square brackets is given by

pq
∂ẽN (λ)

−

∂λ
+ pq

∂ẽN (λ)
−

∂w

∂w̃H(λ)
−

∂λ
−

1
1 − ψ

∂w̃H(λ)
−

∂λ
.

By collecting 1
1−ψ

∂w̃H (λ)
−

∂λ as the common factor yields

pq
∂ẽN (λ)

−

∂λ
+

1
1 − ψ

∂w̃H(λ)
−

∂λ

(
(1 − ψ)pq

∂ẽN (λ)
−

∂w

∂w̃H(λ)
−

∂λ
− 1

)
,
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where the term in round brackets is equivalent to the first-order conditionΥ(w; rC, λ) = 0
characterising the optimal wage for w < r . Hence, since ∂ẽN (λ)−

∂λ < 0 it follows that
θ̃∗l (λ) is decreasing in λ, implying that u∗H(λ) is increasing in λ. �

Proof of Proposition 12. Trivial. �

Proof of Lemma 2. From the definition of elasticity, for all θ̃∗ = {θ̃∗l (λ), θ̃
∗
m, θ̃
∗
h}

εθ̃∗ =
p
θ̃

dθ̃
dp

=
p
θ̃

1
σ

(
m̄δ
κ

[
y∗(ẽ∗N ) − w

∗
] ) 1

σ−1 m̄δ
κ

[
dy∗(ẽ∗N )

dp
−

dw∗

dp

]
=

p
θ̃

1
σ

(
m̄δ
κ

[
y∗(ẽ∗N ) − w

∗
] ) 1

σ
(
m̄δ
κ

[
y∗(ẽ∗N ) − w

∗
] )−1 m̄δ

κ

[
dy∗(ẽ∗N )

dp
−

dw∗

dp

]
=

p
θ̃

θ̃

σ

κ

m̄δ
1

y∗(ẽ∗N ) − w
∗

m̄δ
κ

[
dy∗(ẽ∗N )

dp
−

dw∗

dp

]
=

1
σ

1
y∗(ẽ∗N ) − w

∗ p
[
dy∗(ẽ∗N )

dp
−

dw∗

dp

]
, (B.7)

where for all y∗(ẽ∗N ) = {y(ẽ
+
N ), y(ẽn), y(ẽN (λ)

−)} and w∗ ∈ [w+L,wH(λ)
−]:

dy∗(ẽ∗N )

dp
=
∂y∗(ẽ∗N )

∂p
+
∂y(ẽ∗N )

∂e

∂ẽ∗N
∂w

∂w̃∗

∂p
dw∗

dp
=

1
1 − ψ

∂w̃∗

∂p
.

By collecting 1
1−ψ

∂w
∂p and rearranging, the last term in equation (B.7) can expressed as

p
[
dy∗(ẽ∗N )

dp
−

dw∗

dp

]
= p

∂y∗(ẽ∗N )

∂p
+ p

∂w̃∗

∂p
1

1 − ψ
·

[
(1 − ψ)

∂y(ẽ∗N )

∂e

∂ẽ∗N
∂w
− 1

]
.

Now, since y∗(ẽ∗N ) is linear in p, if follows that p
∂y∗(ẽ∗N )
∂p = y∗(ẽ∗N ). Moreover, by using

the definition of elasticity of the wage with respect to productivity, p ∂w̃
∗

∂p = εw̃∗w̃
∗, and

by using the definition of the present value of wages as given by (2.16) w∗ = w̃∗

1−ψ , it
follows that:

p
[
dy∗(ẽ∗N )

dp
−

dw∗

dp

]
= y∗(ẽ∗N ) + εw̃∗w

∗
·

[
(1 − ψ)

∂y(ẽ∗N )

∂e

∂ẽ∗N
∂w
− 1

]
Finally, define Θ ≡ −

[
(1 − ψ) ∂y(ẽ

∗
N )

∂e
∂ẽ∗N
∂w − 1

]
, and substitute the above equation into

(B.7), to obtain the expression stated in the lemma. �
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Proof of Proposition 13. The proof of this proposition is almost trivial. For case a)
notice that in the neighborhood of these equilibria

εw̃∗w
∗ = εw̃∗

w̃=M
1 − ψ

=
p

1 − ψ
∂w̃=M
∂p
= 0.

For case b) notice that

Θ ≡ −

[
∂y(ẽ∗N )

∂e

∂ẽ∗N
∂w
− ψ

∂y(ẽ∗E )
∂e

∂ẽ∗E
∂w
− 1

]
= −

[
∂y(ẽ∗N )

∂e

∂ẽ∗N
∂w
(1 − ψ) − 1

]
.

where the expression in square brackets is equivalent to Υ(w; rC, λ) = 0 for all w , r .
Hence Θ = 0. �

Proof of Proposition 14. When the labour market is stationed at the high equilibrium,
the w/y ratio is given by

w∗N
y(ẽ∗N )

=
λ

ẽN (λ)− +
ψ

1−ψ ẽn

=
λ

λ [ln w̃H(λ)− − ln rN ] +
ẽn

1−ψ
.

Total differentiation with respect to λ yields

d
dλ

{
w∗N
y(ẽ∗N )

}
=

[
λ [ln w̃H(λ)

− − ln rN ] +
ẽn

1−ψ

]
− λ

[
[ln w̃H(λ)

− − ln rN ] + λ
1

w̃H (λ)−
∂w̃H (λ)

−

∂λ

]
[
λ [ln w̃H(λ)− − ln rN ] +

ẽn
1−ψ

]2

Since λ
wH (λ)−

∂wH (λ)
−

∂λ = 1, rearranging the expression above gives

d
dλ

{
w∗N
y(ẽ∗N )

}
=

ẽn − λ(1 − ψ)

(1 − ψ)
[
λ [ln w̃H(λ)− − ln rN ] +

ẽn
1−ψ

]2 > 0,

where the numerator is always positive since ẽn > en(rN, λ) > λ(1−ψ) by theminimum-
normal effort condition derived in Lemma 5, Appendix A.2, Section A.2.1. �

Throughout the next proofs: dF ≡ dFqE |qN
.

Proof of Proposition 15. Consider the first-order condition (2.27) characterising the
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solution to the general recursive problem (2.26). Due to assumption U2 it follows that

Φ(w, λ) ≡


∂

∂r

∫
J(w, qE ) dF if t = τ

∂J(w, qE )

∂r
if t > τ.

(B.8)

In the remainder of the proof this result is used to characterise the solution to the
two-step recursive problem (2.28-2.29), by first finding the solution to step i), i.e. the
optimal wage setting policy for all t > τ, and then the solution to step ii), i.e. the
optimal wage setting policy for all t = τ. The reader is referred to the preliminaries of
the Proof of Proposition 6 for technical details regarding existence and uniqueness of
solutions to the functional equation characterising the first step (2.29).

Step i).
Incumbent workers: preliminaries. Making use of (B.8), the first-order condition

for incumbent workers is given by

Υ(w; rE, qE, λ) ≡
∂y(qE, ẽE )

∂e
∂ẽ(w, rE, λ)

∂w
− 1 + ψ

∂J(w, qE )

∂r
= 0 (B.9)

so long as w , rE . And the corresponding envelope condition is given by

∂J(rE, qE )

∂r
=
∂y(qE, ẽE )

∂e
∂ẽ(w, rE, λ)

∂r
.

Combining the two latter conditions gives:

Υ(w; rE, qE, λ) ≡
∂y(qE, ẽE )

∂e
∂ẽ(w, rE, λ)

∂w
−1+ψ

∂y(qE, ẽE )

∂e
∂ẽ(w′, r′E, λ)

∂r
= 0. (B.10)

Note that ∂Υ(w; rE, qE, λ)/∂w < 0 and that if w < rE , ∂Υ(w; rE, qE, λ)/∂λ > 0,
and if w > rE , ∂Υ(w; rE, qE, λ)/∂λ = 0, allowing to conclude that Υ(w; rE, qE, λ)

is everywhere decreasing in w and jumps down at the reference wage. In addition,
∂Υ(w; rE, qE, λ)/∂q > 0.

Incumbent workers: productivity thresholds. The threshold ql(rE, λ) identifies the
critical match productivity below which a firm would want to set the wage below the
reference wage, and qu(rE ) is the match productivity above which a firm would want
to compensate the worker more than the reference wage. The former is the value of qE

below which the value function is decreasing just below the reference wage; the latter
is the value of qE above which the value function is increasing just above the reference
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wage. As such, they are defined as

qu(rE ) ≡

{
qE : lim

ε→0
Υ(rE + ε ; rE, qE, λ) = 0

}
ql(rE, λ) ≡

{
qE : lim

ε→0
Υ(rE − ε ; rE, qE, λ) = 0

}
.

It can be easily shown that qu(rE ) ≡ rE/p(1 − ψ) and that ql(rE, λ) ≡ rE/λp(1 − ψ),
which implies that qu(rE ) > ql(rE, λ) and that if λ = 1, qu(rE ) = ql(rE, 1).

Incumbent workers: optimal wage setting policy. The optimal time-invariant wage
setting policy for all t > τ depends on the level of match productivity of incumbent
workers qE in relation to the thresholds derived above.

If qE < ql(rE, λ), then the definition of ql and the fact that ∂Υ/∂q > 0, can be used
to deduce that limε→0Υ(rE − ε ; rE, qE, λ) < 0; since ∂Υ/∂w < 0, the same is true for
all w ≥ rE . As such the optimising wage must satisfy w < rE and will therefore be the
solution to

Υ(w; rE, qE, λ) ≡ λpqE
1
w
− 1 − ψλpqE

1
w
= 0

given by w̃ = λpqE (1 − ψ), and denoted by w̃E (λ)
− ≡ w̃(rE, qE, λ)

−.
If qE > qu(rE ), then the definition of qu and the fact that ∂Υ/∂q > 0, can be used

to deduce that limε→0Υ(rE − ε ; rE, qE, λ) > 0; since ∂Υ/∂w < 0, the same is true for
all w ≤ rE . As such the optimising wage must satisfy w > rE and will therefore be the
solution to

Υ(w; rE, qE, λ) ≡ pqE
1
w
− 1 − ψpqE

1
w
= 0

given by w̃ = pqE (1 − ψ), and denoted by w̃+E ≡ w̃(rE, qE )
+.

Finally, if qE ∈ [ql, qu] the fact that ∂Υ/∂q > 0 can be used to deduce that
limε→0Υ(rE − ε ; rE, qE, λ) ≥ 0 and limε→0Υ(rE + ε ; rE, qE, λ) ≤ 0. Since ∂Υ/∂w < 0
for all w , rE , then Υ(w; rE, qE, λ) > 0 for all w < rE and Υ(w; rE, qE, λ) < 0 for all
w > rE , implying that J(rE, qE ) is maximised if and only if w = rE , which characterises
the solution denoted by w̃=E ≡ w̃(rE, qE )

=.
Incumbent workers: expected continuation value. The results above can be used to

write an expression for the expected continuation value of an employment relationship
at t = τ + 1 for any possible realisation of qE , which is crucial for the characterisation
of the optimal wage of newly hired workers at t = τ.

If qE < ql(rE, λ), the incumbent worker is paid the optimal time-invariant wage
w̃E (λ)

− and will exert negative reciprocity ẽE (λ)
− in the period they receive the wage,

and normal effort ẽn thereafter due to adaptation, i.e. rE = w̃E (λ)
−. Hence:

J(rE, qE ) = pqE ẽE (λ)
− − w̃E (λ)

− + ψJ(w̃E (λ)
−, qE ),
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where

J(w̃E (λ)
−, qE ) = pqẽn − w̃E (λ)

− + ψJ(w̃E (λ)
−, qE )

=
pqẽn − w̃E (λ)

−

1 − ψ

=
1

1 − ψ
pqẽn −

1
1 − ψ

w̃E (λ)
−.

By combining these two expressions and rearranging, and also by using the definition
of the instantaneous value of output y(qC, ẽC) = pqC ẽC , it follows that

J(rE, qE ) = pqE ẽE (λ)
− +

ψ

1 − ψ
pqẽn −

1
1 − ψ

w̃E (λ)
−

= y(qE, ẽE (λ)
−) +

ψ

1 − ψ
y(qE, ẽn) −

1
1 − ψ

w̃E (λ)
−

≡ J(rE, qE )
−

An analogous procedure can be used to show that if qE > qu(rE )

J(rE, qE ) = pqE ẽ+E +
ψ

1 − ψ
pqẽn −

1
1 − ψ

w̃+E

= y(qE, ẽ+E ) +
ψ

1 − ψ
y(qE, ẽn) −

1
1 − ψ

w̃+E

≡ J(rE, qE )
+;

and that if qE < ql(rE, λ)

J(rE, qE ) =
1

1 − ψ
pqẽn −

1
1 − ψ

w̃=E

=
1

1 − ψ
y(qE, ẽn) −

1
1 − ψ

w̃=E

≡ J(rE, qE )
=.

As such the expected continuation value of an employment relationship with a newly
hired worker becoming incumbent in the following period can be written as∫

J(w, qE ) dF =∫ ql(w,λ)
J(w, qE )

− dF +
∫ qu(w)

ql(w,λ)
J(w, qE )

= dF +
∫

qu(w)
J(w, qE )

+ dF .

Step ii).
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Newly hired workers: preliminaries. Making use of (B.8), the first-order condition
for newly hired workers is given by

Υ(w; rN, qN, λ) ≡
∂y(qN, ẽN )

∂e
∂ẽ(wN, rN )

∂w
− 1 + ψ

∂

∂r

∫
J(w, qE ) dF = 0, (B.11)

which, as it is shown below, can be analysed for the case of w > rN only, since rN = 0 by
assumption U1. In order to characterise the optimal wage paid to newly hired workers,
it is crucial to analyse the envelope condition given by Φ(w, λ) ≡ ∂

∂r

∫
J(w, qE ) dF.

First notice that since the value function J(w, qE ) is continuous in the wage, the partial
derivatives with respect to the limits of the integrals cancel out:

∂ql

∂r
f (ql)J(w, ql)

−−
∂ql

∂r
f (ql)J(w, ql)

=+
∂qu

∂r
f (qu)J(w, qu)

=−
∂qu

∂r
f (qu)J(w, ql)

+ = 0,

implying that
∂

∂r

∫
J(w, qE ) dF =

∫
∂J(w, qE )

∂r
dF .

Hence, for any possible realisation of qE , using the results derived in step i), the
envelope conditions are given by

∂J(rE, qE )
+

∂r
=
∂y(qE, ẽE )

∂e
∂ẽ(w̃E, rE )

+

∂r
∂J(rE, qE )

=

∂r
= −

1
1 − ψ

∂J(rE, qE )
−

∂r
=
∂y(qE, ẽE )

∂e
∂ẽ(w̃E, rE, λ)

−

∂r

which can be used to write an explicit form expression for Φ(w, λ):

Φ(w, λ) ≡

∫ ql ∂y(qE, ẽE )

∂e
∂ẽ(w̃E, rE, λ)

−

∂r
dF −

∫ qu

ql

1
1 − ψ

dF +
∫

qu

∂y(qE, ẽE )

∂e
∂ẽ(w̃E, rE )

+

∂r
dF

≡ −

∫ ql
λpqE

1
w

dF −
∫ qu

ql

1
1 − ψ

dF −
∫

qu
pqE

1
w

dF

< 0
(B.12)

where indeed qu = qu(w) and ql = ql(w, λ). Finally, by combining the first-order
condition (B.11) with the corresponding envelope condition above gives

Υ(w; rN, qN, λ) ≡

pqN
1
w
− 1 + ψ

(
−

∫ ql(w,λ)
λpqE

1
w

dF −
∫ qu(w)

ql(w,λ)

1
1 − ψ

dF −
∫

qu(w)
pqE

1
w

dF
)
= 0
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which implicitly characterises new hires optimal wage for the case of w > rN . To
proceed, rearrange the first-order condition above as

w ·

(
1 +

∫ qu(w)

ql(w,λ)

ψ

1 − ψ
dF

)
=

[
pqN − ψ

(∫ ql(w,λ)
λpqE dF +

∫
qu(w)

pqE dF
)]
.

(B.13)
Then, note that

∂Υ(w; rN, qN, λ)

∂w
= −

1
w2 pqN + ψ

(∫ ql
λpqE

1
w2 dF +

∫
qu

pqE
1
w2 dF

)
= −

1
w2

[
pqN − ψ

(∫ ql
λpqE dF +

∫
qu

pqE dF
)]

where, using the expressions for qu and ql as derived above, the derivatives with respect
to the limits in the first line cancel out since

∂ql

∂r
f (ql)λpql

1
w
−
∂ql

∂r
f (ql)

1
1 − ψ

+
∂qu

∂r
f (qu)

1
1 − ψ

−
∂qu

∂r
f (qu)pqu

1
w
= 0.

Substituting the right-hand side of (B.13) into the expression above gives

∂Υ(w; rN, qN, λ)

∂w
= −

1
w

(
1 +

∫ qu(w)

ql(w,λ)

ψ

1 − ψ
dF

)
< 0 (B.14)

establishing concavity of the value function J(rN, qN ). Moreover note that

∂Υ(w; rN, qN, λ)

∂λ
= −ψ

∫ ql(w,λ)
pqE

1
w

dF < 0, (B.15)

where again, by using the expressions for qu and ql , the derivatives with respect to the
limits cancel out since

∂ql

∂λ
f (ql)λpql

1
w
−
∂ql

∂λ
f (ql)

1
1 − ψ

= 0.

Finally, ∂Υ(w; rN, qN, λ)/∂q > 0.
Newly hired workers: productivity threshold. Define the upper productivity thresh-

old qu(rN ) as the match productivity above which a firm would want to compensate the
worker more than the reference wage as

qu(rN ) ≡

{
qN : lim

ε→0
Υ(rN + ε ; rN, qN, λ) = 0

}
.

Since rN = 0 by assumption U1, it follows that qu(rN ) = 0.



B.2. Proofs to Chapter 2 227

Newly hired workers: optimal wage setting. The fact that qu = 0 implies that a
firm would always want to pay a newly hired worker wage above reference wage. As
such, the optimal wage must satisfy the first-order condition for w > rN , given by
(B.11). Although it is not possible to obtain an explicit solution, this condition can be
rearranged in a useful expression. Consider the rearrangement in (B.13): by collecting
p on the right-hand side and noticing that

∫ qu
ql

dF = F(qu) − F(ql), the first-order
condition can be re-written as:

w =

p
[
qN − ψ

(∫ ql
λqE dF +

∫
qu

qE dF
)]
(1 − ψ)

1 − ψ
[
1 −

(
F(qu) − F(ql)

) ] .

The expression above implicitly characterises the optimal wage paid to newly hired
workers, denoted by w̃N (λ)

+ ≡ w̃(rN, qN, λ). �

Proof of Proposition 16. Consider first the effect of λ on E[w̃∗N ] = w̃N (λ)
+. Implicit

differentiation reveals:

dw̃N (λ)
+

dλ
= −

∂Υ(w; rN, qN, λ)/∂λ

∂Υ(w; rN, qN, λ)/∂w
< 0, (B.16)

since from the proof of Proposition 15 ∂Υ(w; rN, qN, λ)/∂λ < 0 and ∂Υ(w; rN, qN, λ)/∂w <

0, implying that w̃N (λ)
+ is decreasing in λ. Then consider the effect of λ on E[w̃∗E ],

which after substituting rE = w̃N (λ)
+ can be written as:∫

w̃∗E dF =
∫ ql(w̃N (λ)

+,λ)

w̃E (λ)
− dF

+

∫ qu(w̃N (λ)
+)

ql(w̃N (λ)+,λ)
w̃N (λ)

+ dF +
∫

qu(w̃N (λ)+)
w̃+E dF .

Differentiation with respect to λ yields:

d
dλ

∫
w̃∗E dF =

∫ ql(w̃N (λ)
+,λ) ∂w̃E (λ)

−

∂λ
dF +

∫ qu(w̃N (λ)
+)

ql(w̃N (λ)+,λ)

∂w̃N (λ)
+

∂λ
dF,

where the derivatives with respect to the limits cancel out since w̃E (λ)
−;+ evaluated at

the productivity thresholds ql =
w̃N (λ)

+

p(1−ψ) and qu =
w̃N (λ)

+

p(1−ψ) respectively, as required by
differentiation, is equal to rE = w̃N (λ)

+. That is:

∂ql

∂r
∂w̃N (λ)

+

∂λ
f (ql)λpql(1 − ψ) −

∂ql

∂r
∂w̃N (λ)

+

∂λ
f (ql)w̃N (λ)

+ = 0
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∂ql

∂λ
f (ql)λpql(1 − ψ) −

∂ql

∂λ
f (ql)w̃N (λ)

+ = 0

∂qu

∂r
∂w̃N (λ)

+

∂λ
f (qu)w̃N (λ)

+ −
∂qu

∂r
∂w̃N (λ)

+

∂λ
f (qu)pqu(1 − ψ) = 0.

It has been proved that dw̃N (λ)
+

dλ < 0 and it is straightforward to deduce that ∂w̃E (λ)
−

∂λ > 0.
Moreover, since from the proof of Lemma 3 (below):

∂w̃N (λ)
+

∂λ
+

ψ

1 − ψ

(∫ qu(w̃N (λ)
+)

ql(w̃N (λ)+,λ)

∂w̃N (λ)
+

∂λ
dF +

∫ ql(w̃N (λ)
+,λ) ∂w̃E (λ)

−

∂λ
dF

)
= 0,

and since dw̃N (λ)
+

dλ < 0, it is possible to deduce that the term in round brackets, which is
equivalent to d

dλ

∫
w̃∗E dF, is positive. Hence, E[w̃∗E ] is increasing in λ. �

Proof of Lemma 3. Total differentiation of w∗C(λ) with respect to λ yields:

dw∗C(λ)
dλ

=
∂w̃N (λ)

+

∂λ
+

ψ

1 − ψ
∂

∂λ

∫
w̃∗E dF

=
∂w̃N (λ)

+

∂λ
+

ψ

1 − ψ

(∫ ql(w̃N (λ)
+,λ) ∂w̃E (λ)

−

∂λ
dF +

∫ qu(w̃N (λ)
+)

ql(w̃N (λ)+,λ)

∂w̃N (λ)
+

∂λ
dF

)
,

which is obtained by using the results contained in the proof of Proposition 16. Col-
lecting ∂w̃N (λ)

+

∂λ as the common factor and rearranging yields:

dw∗C(λ)
dλ

=
∂w̃N (λ)

+

∂λ

(
1 +

∫ qu(w̃N (λ)
+)

ql(w̃N (λ)+,λ)

ψ

1 − ψ
dF

)
+

ψ

1 − ψ

∫ ql(w̃N (λ)
+,λ) ∂w̃E (λ)

−

∂λ
dF

By using explicit functional forms it can be noted that

ψ

1 − ψ

∫ ql(w̃N (λ)
+,λ) ∂w̃E (λ)

−

∂λ
dF = ψ

∫ ql(w̃N (λ)
+,λ)

pqE dF

and that

∂w̃N (λ)
+

∂λ
=

−ψ

∫ ql(w̃N (λ)
+,λ)

pqE dF(
1 +

∫ qu(w̃N (λ)
+)

ql(w̃N (λ)+,λ)

ψ

1 − ψ
dF

) , (B.17)

which is obtained by substituting the expressions for ∂Υ(w; rN, qN, λ)/∂λ and ∂Υ(w; rN, qN, λ)/∂w

derived in the proof of Proposition 15 (i.e. expressions (B.15) and (B.14)) into the im-
plicit differentiation expression (B.16) derived in the proof of Proposition 16. As
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such
dw∗C(λ)

dλ
= −ψ

∫ ql(w̃N (λ)
+,λ)

pqE dF + ψ
∫ ql(w̃N (λ)

+,λ)

pqE dF = 0

�

Proof of Lemma 4. Total differentiation of y∗C(ẽ∗C(λ)) with respect to λ yields:

dy∗C(ẽ
∗
C
(λ))

dλ
=
∂yN

∂e

∂e+N
∂w

∂w̃N (λ)
+

∂λ
+ ψ

( ∫ ql(w̃N (λ)
+,λ) ∂yE

∂e
∂eE (λ)

−

∂r
∂w̃N (λ)

+

∂λ
dF

+

∫ ql(w̃N (λ)
+,λ) ∂yE

∂e
∂eE (λ)

−

∂λ
+
∂yE

∂e
∂eE (λ)

−

∂w

∂w̃E (λ)
+

∂λ
dF

+

∫
qu(w̃N (λ)−)

∂yE

∂e
∂e+E
∂r

∂w̃N (λ)
+

∂λ
dF

)
,

where yC ≡ y(qC, ẽC) and the derivatives with respect to the limits cancel out since
y(qE, ẽE (λ)

−,+) evaluated at the productivity thresholds ql and qu respectively, as re-
quired by differentiation, is equal to y(qE, ẽn), since w̃∗E = rE at these thresholds. That
is:

∂ql

∂r
∂w̃N (λ)

+

∂λ
f (ql)

pql ẽn

1 − ψ
−
∂ql

∂r
∂w̃N (λ)

+

∂λ
f (ql)

pql ẽn

1 − ψ
= 0

∂ql

∂λ
f (ql)

pql ẽn

1 − ψ
−
∂ql

∂λ
f (ql)

pql ẽn

1 − ψ
= 0

∂qu

∂λ
f (qu)

pqu ẽn

1 − ψ
−
∂qu

∂λ
f (qu)

pqu ẽn

1 − ψ
= 0.

To proceed note that due to the linearity of ẽC with respect to the gain-loss function µ(·):
∂e−
C

∂r = λ
∂e+
C

∂r and that due to the properties of µ(·): ∂e+
C

∂r = −
∂e+
C

∂w . As such, ∂e−
C

∂r = −λ
∂e+
C

∂w .
Substituting this equality into the expression for dy∗C(ẽ

∗
C
(λ))

dλ and collecting ∂e+
C

∂w
∂w̃N (λ)

+

∂λ as
the common factor yields

dy∗C(ẽ
∗
C
(λ))

dλ
=
∂e+
C

∂w

∂w̃N (λ)
+

∂λ

[
∂yN

∂e
− ψ

(∫ ql
λ
∂yE

∂e
dF +

∫
qu

∂yE

∂e
dF

)]
+ ψ

∫ ql ∂yE

∂e
∂eE (λ)

−

∂λ
+
∂yE

∂e
∂eE (λ)

−

∂w

∂w̃E (λ)
−

∂λ
dF

By using the explicit functional forms and substituting expressions (B.17) for ∂w̃N (λ)
+

∂λ

and (B.13) for the term in square brackets, it can be noted that

∂e+
C

∂w

∂w̃N (λ)
+

∂λ

[
∂yN

∂e
− ψ

(∫ ql
λ
∂yE

∂e
dF +

∫
qu

∂yE

∂e
dF

)]
= −ψ

∫ ql
pqE dF
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and that
ψ

∫ ql ∂yE

∂e
∂eE (λ)

−

∂w

∂w̃E (λ)
−

∂λ
dF = ψ

∫ ql
pqE dF,

which substituted into the expression for dy∗C(ẽ
∗
C
(λ))

dλ yields

dy∗C(ẽ
∗
C
(λ))

dλ
= ψ

∫ ql ∂yE

∂e
∂eE (λ)

−

∂λ
dF < 0,

since ∂yE
∂e > 0 and ∂eE (λ)−

∂λ < 0. �

Proof of Proposition 17. Total differentiation of θ̃∗(λ) with respect to λ yields:

dθ̃∗(λ)
dλ

=
θ̃∗(λ)

σ
[
y∗C(ẽ

∗
C
(λ)) − w∗C(λ)

] · [dy∗C(ẽ
∗
C
(λ))

dλ
−

dw∗C(λ)
dλ

]
,

The sign of this total derivative crucially depends on the sign of the last term in square
brackets. Using the results established by Lemma 3 and 4, that is dw∗C(λ)

dλ = 0 and
dy∗C(ẽ

∗
C
(λ))

dλ < 0, it can be shown that

dθ̃∗(λ)
dλ

=
θ̃∗(λ)

σ
[
y∗C(ẽ

∗
C
(λ)) − w∗C(λ)

] · dy∗C(ẽ
∗
C
(λ))

dλ
< 0.

Hence θ̃∗(λ) is decreasing in λ. �

Proof of Proposition 18. From the definition of elasticity:

εθ̃∗(λ) =
p

θ̃∗(λ)

dθ̃∗(λ)
dp

=
1
σ

1
y∗C(ẽ

∗
C
(λ)) − w∗C(λ)

· p

[
dy∗C(ẽ

∗
C
(λ))

dp
−

dw∗C(λ)
dp

]
, (B.18)

The proof is mainly concerned with the analytical characterisation of the following
expression:

p

[
dy∗C(ẽ

∗
C
(λ))

dp
−

dw∗C(λ)
dp

]
(B.19)

where

dw∗C(λ)
dp

=
∂w̃N (λ)

+

∂p
+

ψ

1 − ψ

(∫ ql ∂w̃E (λ)
−

∂p
dF +

∫ qu

ql

∂w̃N (λ)
+

∂p
dF +

∫
qu

∂w̃+E
∂p

dF
)

(B.20)
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and

dy∗C(ẽ
∗
C
(λ))

dp
=
∂yN

∂p
+
∂yN

∂e

∂ẽ+N
∂w

∂w̃N (λ)
+

∂p

+ ψ

( ∫ ql ∂yE

∂e
∂ẽE (λ)

−

∂w

∂w̃E (λ)
−

∂p
+
∂yE

∂e
∂ẽE (λ)

−

∂r
∂w̃N (λ)

+

∂p
+
∂yE

∂p
+

ψ

1 − ψ
∂yn

∂p
dF

+

∫ qu

ql

1
1 − ψ

∂yn

∂p
dF

+

∫
qu

∂yE

∂e
∂ẽ+E
∂w

∂w̃+E
∂p
+
∂yE

∂e
∂ẽ+E
∂r

∂w̃N (λ)
+

∂p
+
∂yE

∂p
+

ψ

1 − ψ
∂yn

∂p
dF

)
(B.21)

where to ease notation yC ≡ y(qC, ẽC) and yn ≡ y(qC, ẽn). Notice that the derivatives
with respect to the limits cancel out for the same reasons outlined in the proofs of
Lemma 3 and 4.

To find an expression for equation (B.19), the proof proceeds as follows. First,
collect the terms ψ

1−ψ
∂w̃+E
∂p and ψ

1−ψ
∂w̃E (λ)

−

∂p as the common factors from the second and
fourth line inside the round brackets of equation (B.21) to obtain:

ψ

1 − ψ

∫ ql ∂w̃E (λ)
−

∂p
·

[
(1 − ψ)

∂yE

∂e
∂ẽE (λ)

−

∂w
− 1

]
dF

and
ψ

1 − ψ

∫
qu

∂w̃+E
∂p
·

[
(1 − ψ)

∂yE

∂e
∂ẽ+E
∂w
− 1

]
dF .

Then defineΘ−E ≡ −
[
(1 − ψ) ∂yE∂e

∂ẽE (λ)−

∂w − 1
]
andΘ+E ≡ −

[
(1 − ψ) ∂yE∂e

∂ẽ+E
∂w − 1

]
, so that

these expressions can be re-written together as

−
ψ

1 − ψ

(∫ ql ∂w̃E (λ)
−

∂p
· Θ−E dF +

∫
qu

∂w̃+E
∂p
· Θ+E dF

)
. (B.22)

Then, collect the term ∂w̃N (λ)
+

∂p as the common factor from both equations (B.20) and
(B.21) and write this expression together as

∂w̃N (λ)
+

∂p
·

[
∂yN

∂e

∂ẽ+N
∂w
− 1 + ψ

(∫ ql ∂yE

∂e
∂ẽE (λ)

−

∂r
dF −

∫ qu

ql

1
1 − ψ

dF +
∫

qu

∂yE

∂e
∂ẽ+E
∂r

dF
)]
,

where the term in round brackets is Φ(w̃N, λ) as defined by (B.12) in the proof of
Proposition 15. Then, define ΘN ≡ −

[
∂yN
∂e

∂ẽ+N
∂w − 1 + ψΦ(w̃N, λ)

]
, so that the expres-
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sion above can be expressed as

−
∂w̃N (λ)

+

∂p
· ΘN . (B.23)

After these arrangements, it is possible to rewrite the term in square brackets of equation
(B.19) by putting together equations (B.20) and (B.21) and rearranging them making
use of (B.22) and (B.23), to obtain:[

dy∗C(ẽ
∗
C
(λ))

dp
−

dw∗C(λ)
dp

]
=
∂yN

∂p

+

∫ ql ∂yE

∂p
+

ψ

1 − ψ
∂yn

∂p
dF +

∫ qu

ql

1
1 − ψ

∂yn

∂p
dF +

∫
qu

∂yE

∂p
+

ψ

1 − ψ
∂yn

∂p
dF

−
∂w̃N (λ)

+

∂p
· ΘN −

ψ

1 − ψ

(∫ ql ∂w̃E (λ)
−

∂p
· Θ−E dF +

∫
qu

∂w̃+E
∂p
· Θ+E dF

)
.

Finally, since y(·) is linear in p, it follows that p ∂y(·)∂p = y(·), and by using the definition
of elasticity of the wage with respect to p, it follows that p ∂w∂p = p dw

dp = εww. As such,
using the definition of y∗C(ẽ∗C(λ)) as given by equation (2.36):

p

[
dy∗C(ẽ

∗
C
(λ))

dp
−

dw∗C(λ)
dp

]
=

y∗C(ẽ
∗
C(λ)) − εw̃+N w̃

+
N ·ΘN −

ψ

1 − ψ

(∫ ql
εw̃−E w̃E (λ)

− · Θ−E dF +
∫

qu
εw̃+E w̃

+
E · Θ

+
E dF

)
.

Then, define

Λ(εw∗C,w
∗
C(λ)) ≡ −εw̃+N w̃N (λ)

+ · ΘN

−
ψ

1 − ψ

(∫ ql
εw̃−E w̃E (λ)

− · Θ−E dF +
∫

qu
εw̃+E w̃

+
E · Θ

+
E dF

)
the elasticity of labour market tightness takes the form

εθ̃∗(λ) =
1
σ

y∗C(ẽ
∗
C
(λ)) + Λ(εw∗C,w

∗
C(λ))

y∗C(ẽ
∗
C
(λ)) − w∗C(λ)

.

�

Proof of Corollary 2. Notice that Θ−E ≡ −Υ(w; rE, qE, λ) = 0 for all w̃E < rE and that
Θ+E ≡ −Υ(w; rE, qE, λ) = 0 for all w̃E > rE , as implied by the first-order condition
(B.10) characterising the optimal wage of incumbent workers. In addition notice that
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ΘN ≡ −Υ(w; rN, qN, λ) = 0 for all w̃N ≥ rN , as implied by the first-order condition
(B.11) characterising the optimal wage of newly hired workers. HenceΛ(εw∗C,w

∗
C(λ)) =

0. �

Proof of Proposition 19. Total differentiation of εθ̃∗(λ) with respect to λ yields:

dεθ̃∗(λ)
dλ

=
1
σ

1
[1 − (w∗C(λ)/y

∗
C(ẽ
∗
C
(λ)))]2

·
d
dλ

{
w∗C(λ)

y∗C(ẽ
∗
C
(λ))

}
where

d
dλ

{
w∗C(λ)

y∗C(ẽ
∗
C
(λ))

}
=

dw∗C(λ)
dλ

y∗C(ẽ
∗
C(λ)) −

dy∗C(ẽ
∗
C
(λ))

dλ
w∗C(λ)

y∗C(ẽ
∗
C
(λ))2

.

The sign of the total derivative crucially depends on the sign of the numerator in the
expression above. Using the results established by Lemma 3 and 4, that is dw∗C(λ)

dλ = 0
and dy∗C(ẽ

∗
C
(λ))

dλ < 0, it can be shown that

d
dλ

{
w∗C(λ)

y∗C(ẽ
∗
C
(λ))

}
=

−
dy∗C(ẽ

∗
C
(λ))

dλ
w∗C(λ)

y∗C(ẽ
∗
C
(λ))2

> 0.

Hence εθ̃∗(λ) is increasing in λ. �
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B.3 Proofs to Chapter 3

Proof of Proposition 20. First notice that given the premises of the proposition, limt→∞ ∆st/st−1 =

0 and limt→∞ xt = x̄. These hold throughout the proof.
Then consider first the case in which α ∈ (0, 1], i.e. excluding the case of no

adaptation, and note that:

lim
t→∞

At = (1 − α) ≡ A

lim
t→∞

Bt = α · x̄ ≡ B

Hence using the expression for the general solution as given by (3.10), the equilibrium
point for rt can be characterised as:

r∗ = lim
t→∞

rt = lim
t→∞

At · r0 + B
(

At − 1
A − 1

)
=
−B

A − 1
;

since A ≡ (1 − α) < 1 for all α ∈ (0, 1]. Substituting the expressions derived for A and
B, the steady-state reference wage of the dynamical system for rt is:

r∗ =
−α x̄

1 − α − 1
= x̄.

Next, express the dynamical system for rt , in a given period t + 1 for any given initial
r0, as

rt+1 = (1 − α)rt + α x̄ = g(rt).

Global asymptotic stability is straightforward to verify by noticing that since

g′(r∗) = (1 − α) < 1,

r∗ is asymptotically stable; and also attracting, since there exists ε > 0 such that

|r0 − r∗ | < ε implies lim
t→∞

rt = r∗.

Since the latter is true also for ε = ∞, then r∗ is globally asymptotically stable.
Finally consider the case of α = 0. It can be verified that every initial condition

r0 is a globally stable equilibrium by noticing that limt→∞ At = 1 and B = 0, which
implies that r∗ = r0. �

Proof of Proposition 21. The functional equation corresponding to the firm’s problem
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can be written more generally as

J(r) = max
w≥0
{π(r,w) + ψJ(g(r,w, α))},

where r′ = g(r,w, α) = (1 − α)r + αw for all α = {α−, α+}. The first-order necessary
and sufficient condition characterising the optimal wage policy is given by

∂π(r,w)
∂w

+ ψJ′(r′) = 0, (B.24)

while the related envelope condition is given by

J′(r′) =
∂g(r,w, α)

∂w
J′(g(r,w, α)).

Assumptions W1-W4, F1-F2, Chapter 2 and Assumption A1, Chapter 3 hold through-
out. Moreover, the same arguments exposed in the preliminaries of the Proof of
Proposition 6, Chapter 2, can be used to show that there exists a unique solution to
the functional equation above, and that concavity of the firm’s value function will also
imply a unique wage setting policy. Finally, remainder of the proof will consider the
case of w > r only, since the proof for w < r is analogous. Hence, combining the
first-order condition with the related envelope condition as outlined above, yields the
following condition:

Υ(w; r, α, λ) ≡ pq
(

1
w

)
− 1 − ψpq

(
1

(1 − α)r + αw

)
α = 0,

which characterises the optimal wage setting policy of the firm for all w > r .
Given these premises, the proof of the first part of the proposition is analogous to

the Proof of Proposition 6, Chapter 2. However, to prove part a) and b), first note that
(after some algebra):

∂Υ(w; r, α, λ)
∂r

=
ψpqα(1 − α)
[(1 − α)r + αw]2

> 0

∂Υ(w; r, α, λ)
∂w

= −1 −
ψpqα(1 − α)r
[(1 − α)r + αw]2

< 0

∂Υ(w; r, α, λ)
∂α

= −
rψpq

[(1 − α)r + αw]2
< 0

Then consider the effect of r on w̃(r, α, λ) for all r < [rL, rH], implicit differentiation
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reveals:

∂w̃(r)
∂r

= −
∂Υ(w; r, α, λ)/∂r
∂Υ(w; r, α, λ)/∂w

=
ψpqα(1 − α)

ψpqα(1 − α)r + [(1 − α)r + αw]2
> 0;

which implyies that w̃(r, α, λ) is incrasing in r . Moreover, differentiating again with
respect to r yields:

∂2w̃(r)
∂r2 =

−ψpqα(1 − α){ψpqα(1 − α) + 2[(1 − α) + α ∂w
∂r ][(1 − α)r + αw]}

{ψpqα(1 − α)r + [(1 − α)r + αw]2}2
< 0,

(B.25)
which establishes concavity of w̃(r, α, λ) for all r < [rL, rH]. Next, consider the effect
of the speed of adaptation α on w̃(r, α, λ). Implicit differentiation reveals:

∂w̃(α)

∂α
= −

∂Υ(w; r, α, λ)/∂α
∂Υ(w; r, α, λ)/∂w

< 0.

Hence, w̃(r, α, λ) is decreasing in α. Finally, to prove part c) consider the case of w < r

and note that (after some algebra):

∂Υ(w; r, α, λ)
∂w

= −1 −
λψpqα(1 − α)r
[(1 − α)r + αw]2

< 0

∂Υ(w; r, α, λ)
∂λ

=
pq[(1 − α)r + αw(1 − ψ)]

(1 − α)r + αw
> 0.

Hence implicit differentiation reveals:

∂w̃(λ)−

∂λ
= −

∂Υ(w; r, α, λ)/∂λ
∂Υ(w; r, α, λ)/∂w

> 0.

Hence w̃(r, α, λ) is increasing in λ for all r > rH(α
−, λ). �

Proof of Proposition 22. Consider first theworker’s referencewage rt (the state variable
of the system). Any r∗ that satisfies r∗ = (1 − α)r∗ + αw̃(r∗), that is,

w̃(r∗)
r∗
= 1, (B.26)

is a steady state. Hence, in the steady state it must be that r∗ = w̃(r∗) (the other
arguments of w̃(·) are omitted to ease notations). To establish the existence of a range
of steady-state equilibria, note that for all rτ ∈ [rL, rH], any reference wage rτ is already
a steady state, since in this range the optimal wage policy is given by w̃(rτ) = rτ. This
also established uniqueness for all rτ ∈ [rL, rH]. To establish existence of a steady state
for all other r < [rL, rH], note that limr→0 w̃(r)/r = ∞ and limr→∞ w̃(r)/r = 0 due to the
concavity of w̃(r) with respect to r as established by Proposition 21. Moreover w̃(r)/r
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is continuous, so there exists r∗ such that (B.26) is satisfied. To establish uniqueness in
these two cases, differentiating w̃(r)/r with respect to r gives:

∂

∂r

{
w̃(r)

r

}
=

w̃′(r)r − w̃(r)
r2 < 0

due to the concavity of w̃(r), which implies that

w̃′(r)r − w̃(r) < −w̃(0)

in which w̃(0) = pq(1 − ψ) > 0. Hence, since w̃(r)/r is strictly decreasing, for
any r < [rL, rH], there can only exist a unique r∗ that satisfies (B.26) for each case
respectively.

Next consider the firm’s optimal wage policy w̃(rt). For all rτ < rL(α
+), the steady-

state equilibrium wage is the policy function that satisfies the first-order condition
(B.24) for w > r , evaluated at w∗(r∗) = r∗. That is

pq
(

1
w̃∗(r∗)

)
− 1 − ψpq

(
α+

(1 − α+)w̃∗(r∗) + α+w̃∗(r∗)

)
= 0,

which is satisfied by w̃∗(r∗) = pq(1 − ψα+) = rL(α
+) = r∗. The same argument can be

implemented to show that for all rτ > rH(α
−, λ), the steady-state equilibrium wage is

the policy function that satisfies

λpq
(

1
w̃∗(r∗)

)
− 1 − ψλpq

(
α−

(1 − α−)w̃∗(r∗) + α−w̃∗(r∗)

)
= 0,

that is, w̃∗(r∗) = λpq(1 − ψα−) = rH(α
−, λ) = r∗.

Finally it is straightforward to notice that by the properties of the worker’s optimal
effort function there exists a unique steady-state level of effort given by: ẽ(r∗, r∗, λ) = ẽn;
since in the steady state w̃∗(r∗) = r∗ for all rτ. �

Proof of Proposition 23. The following proof will demonstrate statements a) and c)
only, since the proof of statement b) is trivial. Consider the evolution of the worker’s
reference wage which follows the partial adaptation rule for all α = {α−, α+} (were the
other arguments of w̃(·) are omitted for convenience):

rt+1 = (1 − α)rt + αw̃(rt), rτ given,

and let g(rt) = (1 − α)rt + αw̃(rt). Note that g′(r) exists and is always strictly positive,
that is g′(r) > 0 for all r . Next, consider the law ofmotion above denoted by rt+1 = g(rt),

with one steady state for all rτ < rL(α) and one for all rτ > rH(α, λ), both of which
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satisfy w̃(r∗)/r∗ = 1, or equivalently r∗ = g(r∗). From the concavity of w̃(r), as
established by Proposition 21, it is possible to write

w̃(r) > w̃(0) + w̃′(r)r

for any r , with w̃(0) = pq(1 − ψ) > 0. Then, since w̃(r∗)/r∗ = 1, it follows that
w̃(r∗)/r∗ > w̃(0) + w̃′(r∗), which implies that 1 > w̃(0) + w̃′(r∗), and therefore that
w̃′(r∗) < 1. This result could have also been obtained by evaluating the expression for
∂w̃(r)
∂r , as in the proof of Proposition 21, at the fixed point w̃(r∗) = r∗. Therefore

g′(r∗) = 1 − α + αw̃′(r∗)

= 1 − α(1 − w̃′(r∗))

< 1,

since w̃′(r∗) < 1, implying that g′(r∗) ∈ (0, 1) and establishing local asymptotic stability
of rL(α) and rH(α, λ).

Next, note that for any rt < rL(α)

rt+1 − rL(α) = g(rt) − g(rL(α))

= −

∫ rL(α)

rt
g′(r)dr

< 0,

where the second line uses the Fundamental Theorem of Calculus and the last line
follows from the result that g′(r) > 0 for all r . Next, the law of motion (3.21) also
implies that

rt+1 − rt

rt
=

rt+1
rt
− 1

=
(1 − α)rt + αw̃(rt)

rt
− 1

= 1 − α +
αw̃(rt)

rt
− 1

= α

(
w̃(rt)

rt
− 1

)
> α

(
w̃(rL(α))

rL(α)
− 1

)
= 0,

where the fifth line uses fact that w̃(r)/r is decreasing in r and the last line uses
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definition of rL(α). The two results just derived above together establish that for all
rt < r∗ = rL(α

+), rt+1 ∈ (rt, r∗). Therefore {rt}
∞
t=τ is monotonically increasing and

bounded above by r∗ = rL(α
+), and since rL(α

+) is unique for all rτ < rL(α
+), it

follows that {rt}
∞
t=τ monotonically converges to r∗ = rL(α

+), as stated in case a). An
identical argument implies that for all rt > r∗ = rH(α

−, λ), rt+1 ∈ (r∗, rt) and establishes
monotonic convergence to r∗ = rH(α

−, λ) starting from rτ > r∗, as stated in case c).
Hence, since w̃t = w̃(rt) is increasing and concave in rt with w̃′(r) < 1 it follows

that {w̃t}
∞
t=τ monotonically converges to w̃∗(r∗) = r∗ ∈ [rL, rH]. Hence {w̃t}

∞
t=τ is a

monotone and bounded sequence. Finally, denote the gain-loss function µ(ln w̃(rt) −

ln rt) with µt , and notice that the results established above for the sequences {rt}
∞
t=τ

and {w̃t}
∞
t=τ imply that {µt}

∞
t=τ monotonically converges toward 0. Therefore, given the

law of motion of the worker’s effort (3.22), {ẽt}
∞
t=τ monotonically converges toward

ẽ(w̃∗(r∗), r∗, λ) = ẽn. �

Proof of Proposition 24. First note that the model presented in this section maintains
the same fundamental properties of the benchmark model set out in Chapter 2. As
such, some steps are omitted and the reader is referred to the proof of Proposition 6,
Chapter 2, for details.

Reference wage thresholds. The threshold rL is the level of a newly hired worker’s
reference wage below which a firm would optimally set a wage above their reference
wage, and rH(λ) is the level of a newly hired worker’s reference wage above which a firm
would optimally pay the worker a wage below their reference wage. These thresholds
can be explicitly determined by solving respectively for limε→0Υ(r + ε ; r, λ) = 0 and
limε→0Υ(r − ε ; r, λ) = 0; where

Υ(w; r, λ) ≡
∂y(ẽ)
∂e

∂ẽ(w, r, λ)
∂w

− 1 + ψ
∂y(ẽ)
∂e

∂ẽ(w, r, λ)
∂r

= 0

is the first-order necessary and sufficient condition determining firms’ optimal wage
setting policy for all w , r and t ≥ τ. As such, rL ≡ pq(1−ψ) and rH(λ) ≡ λpq(1−ψ).

Optimal wage setting policy. The optimal wage setting policy depends on the level
of employed workers’ reference wage rt in relation to the thresholds just derived. Since
the proposition considers the case of r0 = ω ≤ pq(1−ψ), from the definition of rL and
the fact that ∂Υ/∂r < 0 can be used to deduce that limε→0Υ(r + ε ; r, λ) > 0; moreover
since ∂Υ/∂w < 0, the same is true for all w ≤ r . Hence the optimal wage must satisfy
w > r , if ω < pq(1 − ψ), and will be the solution to

Υ(w; r, λ) = pq
(

1
w

)
− 1 − ψpq

(
1
w

)
= 0,
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given by w̃0 = pq(1 − ψ) = rL; while for the same logic applied in the proof of
Proposition 6, Chapter 2, if ω = pq(1 − ψ) the optimal wage will be given by w̃0 =

r0 = pq(1 − ψ) = rL . Moreover note that for all t > 0 and t ≥ τ, ri,t = w̃ j,t since
ω ≤ w j,t = w̃0 (social comparison); while r j,t = w̃0 (adaptation). This implies that
from t > 0 the firms value of an employment relationship with either a newly hired or
an incumbent worker is maximised if and only if w̃ = r (see also next paragraph).

Steady-state equilibrium: wages, reference wages and effort. Incumbent workers
reference wage for all t > 0 is r j,t = w̃0 = rL which implies that J(r j,t) is maximised
if and only if w̃ j,t = rL = w̃0; hence w̃0 characterises the steady-state equilibrium paid
to incumbent workers and it is therefore denoted by w̃∗j . Similarly, new hires reference
wage for all t > 0 is ri,t = w̃ j,t = w̃0 = rL which implies that J(ri,t) is maximised if
and only if w̃i,t = rL = w̃0; hence w̃0 also characterises the steady-state equilibrium
paid to newly hired workers and it is therefore denoted by w̃∗i . These results can be
used to conclude that new hires and incumbents are paid the same wage in the steady
state: w̃∗i = w̃∗j = w̃∗; and that this wage is equal to their reference wage which is also
the same in the steady state: r∗i = r∗j = r∗ = rL . Hence w̃∗ = r∗ = pq(1 − ψ) for all
employed workers, implying that both new hires and incumbents exert normal effort in
the steady state: ẽ∗i = ẽ∗j = ẽn.

Steady-state equilibrium: market tightness and unemployment. The steady-state
level of market tightness is given by the value of θ which satisfies the job creation
condition (3.29) for all t ≥ 0. Given the results previously established it can be
deduced that the value of an employment relationship with a newly hired is the same as
the value of an employment relationship with an incumbent in the steady state, hence:

J(r∗) = pqẽn − w̃
∗ + ψJ(r∗).

By rearranging the above equation and denoting the steady-state present discounted
value of output with y∗(ẽ∗) = pqẽn/(1 − ψ) and the steady-state present discounted
value of the wage with w∗ = w̃∗/(1 − ψ), it is possible to solve the job creation
condition (3.29) for θ explicitly as stated in the proposition. Then it is possible to use
this value to characterise the steady-state unemployment rate by rearranging (3.30) for
∆ut+1 = 0. �



Bibliography

Abdellaoui, M., H. Bleichrodt, and C. Paraschiv (2007). Loss Aversion Under Prospect
Theory: A Parameter-Free Measurement. Management Science 53(10), 1659–1674.

Abeler, J., A. Falk, L. Goette, and D. Huffman (2011). Reference Points and Effort
Provision. American Economic Review 101(April), 470–492.

Agell, J. and H. Bennmarker (2007). Wage Incentives and Wage Rigidity: A Repre-
sentative View From Within. Labour Economics 14(3), 347–369.

Agell, J. and P. Lundborg (1995). Theories of Pay andUnemployment: SurveyEvidence
from Swedish Manufacturing Firms. Scandinavian Journal of Economics 97, 295–
307.

Agell, J. and P. Lundborg (2003). Survey Evidence on Wage Rigidity and Unemploy-
ment: Sweden in the 1990s. Scandinavian Journal of Economics 105(1), 15–30.

Akerlof, G. A. (1982). Labor Contracts as Partial Gift Exchange. Quarterly Journal of
Economics 97(4), 543–569.

Akerlof, G. A., W. T. Dickens, and G. L. Perry (2000). Near-Rational Wage and Price
Setting and the Long-Run Phillips Curve. Brookings Papers on Economic Activity.

Akerlof, G. A. and R. E. Kranton (2000). Economics and Identity. Quarterly Journal
of Economics CXV(August), 715–753.

Akerlof, G. A. and R. E. Kranton (2005, jan). Identity and the Economics of Organi-
zations. Journal of Economic Perspectives 19(1), 9–32.

Akerlof, G. A. and R. E. Kranton (2008, apr). Identity, Supervision, and Work Groups.
American Economic Review 98(2), 212–217.

Akerlof, G. A. and R. E. Kranton (2010). Identity Economics. Princeton: Princeton
University Press.

241



242 Bibliography

Akerlof, G. A. and J. L. Yellen (1990). The Fair Wage-Effort Hypothesis and Unem-
ployment. Quarterly Journal of Economics CV(2), 255–283.

Altmann, S., A. Falk, A. Grunewald, and D. Huffman (2014). Contractual Incom-
pleteness, Unemployment, and Labour Market Segmentation. Review of Economic
Studies 81(October 2013), 30–56.

Amaral, P. S. and M. Tasci (2016). The Cyclical Behavior of Equilibrium Unemploy-
ment and Vacancies Across OECD Countries . European Economic Review 84, 184
– 201. European Labor Market Issues.

Arkes, H. R., D.Hirshleifer, D. Jiang, and S. S. Lim (2008). Reference Point Adaptation:
Tests in the Domain of Security Trading. Organizational Behavior and Human
Decision Processes 105, 67–81.

Arkes, H. R., D. A. Hirshleifer, D. Jiang, and S. S. Lim (2010). A Cross-Cultural
Study ff Reference Point Adaptation: Evidence from China, Korea, and The US.
Organizational Behavior and Human Decision Processes 112, 99–111.

Baker, G., M. Gibbs, and B. Holmstrom (1994). The Wage Policy of a Firm. Quarterly
Journal of Economics 109(4), 921–955.

Ball, L. and R. Moffitt (2002). Productivity Growth and the Phillips Curve. In
A. Krueger and R. M. Solow (Eds.), The Roaring Nineties: Can Full Employment
Be Sustained? Russell Sage Foundation.

Bartling, B. and K. M. Schmidt (2015). Reference Points, Social Norms, and Fairness
in Contract Renegotiations. Journal of the European Economic Association 13(1),
98–129.

Bartling, B. and F. A. von Siemens (2011). Wage Inequality and Team Production: An
Experimental Analysis. Journal of Economic Psychology 32(1), 1 – 16.

Baucells, M. and R. K. Sarin (2010). Predicting Utility Under Satiation and Habit
Formation. Management Science 56(2), 286–301.

Baucells, M. and R. K. Sarin (2013). Determinants of Experienced Utility : Laws and
Implications. Decision Analysis 10(2), 135–151.

Baucells, M., M. Weber, and F. Welfens (2011). Reference Point Formation and
Updating. Management Science 57(3), 506–519.



Bibliography 243

Beaudry, P. and J. DiNardo (1991). The Effect of Implicit Contracts on the Movement
of Wages over the Business Cycle : Evidence from Micro Data. Journal of Political
Economy 99(4), 665–688.

Benjamin, D. J. (2015). A theory of Fairness in Labour Markets. Japanese Economic
Review 66(2), 182–225.

Bewley, T. F. (1998, may). Why Not Cut Pay? European Economic Review 42(3-5),
459–490.

Bewley, T. F. (1999). Why Wages Don’t Fall During a Recession. London: Harvard
University Press.

Bewley, T. F. (2007). Fairness, Reciprocity, and Wage Rigidity. In P. Diamond
and H. Vartiainen (Eds.), Behavioural Economics and Its Applications. Princeton
University Press.

Bhaskar, V. (1990). Wage Relativities and the Natural Range of Unemployment.
Economic Journal 100(400), 60–66.

Bils, M. J. (1985). Real Wages over the Business Cycle: Evidence from Panel Data.
Journal of Political Economy 93(4), 666–689.

Blanchard, O. and L. F. Katz (1997, March). What We Know and Do Not Know about
the Natural Rate of Unemployment. Journal of Economic Perspectives 11(1), 51–72.

Blanchard, O. and L. H. Summers (1986). Hysteresis and the European Unemployment
Problem. In NBER Macroeconomics Annual, Volume 1, pp. 15–77.

Blau, G. (1994). Testing the Effect of Level and Importance of Pay Referents on Pay
Level Satisfaction. Human Relations 47(10), 1251–1268.

Blinder, A. S. and D. H. Choi (1990). A Shred of Evidence on Theories Of Wage
Stickiness. Quarterly Journal of Economics 105, 1003–1015.

Boitier, V. (2015). The Unemployment Volatility Puzzle: A Note on the Role of
Reference Points. Theoretical Economics Letters 5(1), 92–96.

Bolton, G. E. and A. Ockenfels (2000). A Theory of Equity, Reciprocity, and Compe-
tition. American Economic Review 90(1), 166–193.

Bracha, A., U. Gneezy, and G. Loewenstein (2015). Relative Pay and Labor Supply.
Journal of Labor Economics 33(2), 297–315.



244 Bibliography

Breza, E., S. Kaur, and Y. Shamdasani (2016). The Morale Effects of Pay Inequality.
NBER Working Paper No. 22491.

Cabrales, A., A. Calvó-Armengol, and N. Pavoni (2008, jan). Social Preferences, Skill
Segregation, and Wage Dynamics. Review of Economic Studies 75(1), 65–98.

Campbell, C. M. (1997). The Variation in Wage Rigidity By Occupation and Union
Status in the US. Oxford Bulletin of Economics and Statistics 59(1), 133–147.

Campbell, C. M. and K. S. Kamlani (1997). The Reasons for Wage Rigidity: Evidence
From Survey of Firms. Quarterly Journal of Economics 112, 759–789.

Card, D., A. Mas, E. Moretti, and E. Saez (2012). Inequality at Work: The Effect of
Peer Salaries on Job Satisfaction. American Economic Review 102(6), 2981–3003.

Carneiro, A., P. Guimarães, and P. Portugal (2012). RealWages and the Business Cycle:
Accounting for Worker, Firm, and Job Title Heterogeneity. American Economic
Journal: Macroeconomics 4(2), 133–152.

Charness, G. and P. Kuhn (2007). Does Pay Inequality Affect Worker Effort? Experi-
mental Evidence. Journal of Labor Economics 25(4), 693–723.

Chemin, M. and A. Kurmann (2014). Do Workers Feel Entitled to High Wages?
Evidence from a Long-Term Field Experiment. Working Paper, 1–44.

Chouliarakis, G. and M. Correa-Lopez (2012, nov). A Fair Wage Model of Unemploy-
ment with Inertia in Fairness Perceptions. Oxford Economic Papers 66(1), 88–114.

Clark, A. E. (1999). Are Wages Habit-Forming? Evidence From Micro Data. Journal
of Economic Behavior & Organization 39(2), 179 – 200.

Clark, A. E., D. Masclet, and M. C. Villeval (2010). Effort and Comparison Income:
Experimental and Survey Evidence. ILR Review 63(3), 407–426.

Cohn, A., E. Fehr, and L. Goette (2014). Fair Wages and Effort Provision: Combining
Evidence from a Choice Experiment and a Field Experiment. Management Science.

Cohn, A., E. Fehr, B. Herrmann, and F. Schneider (2014). Social Comparison and Effort
Provision: Evidence from a Field Experiment. Journal of the European Economic
Association 12, 877–898.

Collard, F. and D. de la Croix (2000, jan). Gift Exchange and the Business Cycle: The
Fair Wage Strikes Back. Review of Economic Dynamics 3(1), 166–193.



Bibliography 245

Constantinides, G. M. (1990). Habit Formation: A Resolution of the Equity Premium
Puzzle. Journal of Political Economy 98(3), 519–543.

Crawford, V. and J. Meng (2011). NewYork City Cab Drivers ’ Labor Supply Revisited
: Reference-Dependent Preferences with Rational- Expectations Targets for Hours
and Income. American Economic Review 101(August), 1912–1932.

Cross, R. (2014). Unemployment: Natural Rate Epicycles or Hysteresis? European
Journal of Economics and Economic Policies 11(2).

Cross, R., M. Grinfeld, andH. Lamba (2009). Hysteresis and Economics. IEEEControl
Systems Magazine 29(1), 30–43.

Danthine, J.-P. and J. B. Donaldson (1990). Efficiency Wages and The Business Cycle
Puzzle. European Economic Review 34(7), 1275–1301.

Danthine, J.-P. and A. Kurmann (2004, jan). Fair Wages in a New Keynesian Model of
the Business Cycle. Review of Economic Dynamics 7(1), 107–142.

Danthine, J.-P. and A. Kurmann (2006). Efficiency Wages Revisited: The Internal
Reference Perspective. Economics Letters 90(2), 278 – 284.

Danthine, J.-P. and A. Kurmann (2007, dec). The Macroeconomic Consequences of
Reciprocity in Labor Relations. Scandinavian Journal of Economics 109(4), 857–
881.

Danthine, J.-P. and A. Kurmann (2010, oct). The Business Cycle Implications of
Reciprocity in Labor Relations. Journal of Monetary Economics 57(7), 837–850.

DellaVigna, S., A. Lindner, B. Reizer, and J. F. Schmieder (2016). Reference-
Dependent Job Search: Evidence from Hungary. Working Paper.

Driscoll, J. C. and S. Holden (2004, apr). Fairness and Inflation Persistence. Journal
of the European Economic Association 2(2-3), 240–251.

Druant, M., S. Fabiani, G. Kezdi, A. Lamo, F. Martins, and R. Sabbatini (2012,
oct). Firms’ price and Wage Adjustment in Europe: Survey Evidence on Nominal
Stickiness. Labour Economics 19(5), 772–782.

Du Caju, P., T. Kosma, M. Lawless, J. Messina, and T. Rõõm (2015). Why firms avoid
cutting wages: Survey evidence from european firms. ILR Review 68(4), 862–888.

Duesenberry, J. S. (1952). Income, Saving, and the Theory of Consumer Behavior.
Cambridge, Massachusetts: Harvard University Press.



246 Bibliography

Dufwenberg, M. and G. Kirchsteiger (2004, may). A Theory of Sequential Reciprocity.
Games and Economic Behavior 47(2), 268–298.

Eliaz, K. and R. Spiegler (2014). Reference Dependence and Labor-Market Fluctua-
tions. NBER Macroeconomics Annual 28, 159–200.

Elsby, M. W. L. (2009). Evaluating the Economic Significance of Downward Nominal
Wage Rigidity. Journal of Monetary Economics 56(2), 154–169.

Elsby, M. W. L., R. Michaels, and D. Ratner (2015). The Beveridge Curve: A Survey.
Journal of Economic Literature 53(3), 571–630.

Elsby, M. W. L., R. Michaels, and G. Solon (2009). The Ins and Outs of Cyclical
Unemployment. American Economic Journal: Macroeconomics 1, 84–110.

Elsby,M.W.L., D. Shin, andG. Solon (2016). WageAdjustments in theGreatRecession
and Other Downturns: Evidence from the United States and Great Britain. Jornal of
Labor Economics 34, 249–291.

Falk, A., E. Fehr, and C. Zehnder (2006). Fairness Perceptions and Reservation
Wages - The Behavioral Effects of Minimum Wage Laws. Quarterly Journal of
Economics 121, 1347–1381.

Falk, A. andU. Fischbacher (2006, feb). ATheory ofReciprocity.Games andEconomic
Behavior 54(2), 293–315.

Farber, H. S. (2015). Why you Can’t Find a Taxi in the Rain and Other Labor Supply
Lessons from Cab Drivers. The Quarterly Journal of Economics 130(4), 1975.

Fehr, E., L. Goette, and C. Zehnder (2009, sep). A Behavioral Account of the Labor
Market: TheRole of Fairness Concerns. Annual Review of Economics 1(1), 355–384.

Fehr, E., O. Hart, and C. Zehnder (2011). Contracts as Reference Points—Experimental
Evidence. American Economic Review 101(April), 493–525.

Fehr, E., O. Hart, and C. Zehnder (2014). How Do Informal Agreements and Re-
vision Shape Contractual Reference Points? Journal of the European Economic
Association: forthcoming.

Fehr, E. andK.M. Schmidt (1999). A theory of Fairness, Competition, andCooperation.
Quarterly Journal of Economics 114(3), 817–868.

Frank, R. H. (1984). Are Workers Paid their Marginal Products? The American
Economic Review 74(4), 549–571.



Bibliography 247

Frijda, N. H. (1988). The Laws Of Emotion. American Psychologist 43(5), 349–358.

Gächter, S. and C. Thöni (2010). Social Comparison and Performance: Experimental
Evidence on the Fair Wage-effort Hypothesis. Journal of Economic Behavior &
Organization 76(3), 531 – 543.

Galuscak, K., M. Keeney, D. Nicolitsas, F. Smets, P. Strzelecki, and M. Vodopivec
(2012, oct). The Determination of Wages of Newly Hired Employees: Survey
Evidence on Internal Versus External Factors. Labour Economics 19(5), 802–812.

Gneezy, U. and J. A. List (2006). Putting Behavioral Economics to Work: Testing
For Gift Exchange in Labor Markets Using Field Experiments. Econometrica 74(5),
1365–1384.

Göcke, M. (2002). Various Concepts of Hysteresis Applied in Economics. Journal of
Economic Surveys 16(2), 167–188.

Goodman, P. S. (1974). An Examination of Referents Used in the Evaluation of Pay.
Organizational Behavior and Human Performance 12(2), 170 – 195.

Grund, C. and D. Sliwka (2007). Reference Dependent Preferences and the Impact of
Wage Increases on Job Satisfaction: Theory and Evidence. Journal of Institutional
and Theoretical Economics 163(2), 313–335.

Gul, F. (1991). A Theory of Disappointment Aversion. Econometrica 59(3), 667–686.

Hack, A. and F. Lammers (2015). How Expectations affect Reference Point Formation:
an Experimental Investigation. Review of Management Science 9, 33–59.

Haefke, C., M. Sonntag, and T. V. Rens (2013). Wage Rigidity and Job Creation.
Journal of Monetary Economics 60(8), 887–899.

Hall, R. E. (2005a). Employment Efficiency and Sticky Wages: Evidence from Flows
in the Labor Market. Review of Economics and Statistics 87(3), 397–407.

Hall, R. E. (2005b). Employment Fluctuations with Equilibrium Wage Stickiness. The
American Economic Review 95(1), 50–65.

Hamermesh, D. (1975). Interdependence in the Labour Market. Economica 42(168),
420–29.

Hart, O. and J. Moore (2008). Contracts as Reference Points. Quarterly Journal of
Economics CXXIII(February), 1–48.



248 Bibliography

Herweg, F. and K. M. Schmidt (2015). Loss Aversion and Inefficient Renegotiation.
Review of Economic Studies 82, 297–332.

Herz, H. and D. Taubinsky (2016). What Makes a Price Fair? An Experimental Study
of Transaction Experience and Endogenous Fairness Views. CESifo Working Paper
No. 5936, 1–64.

Hicks, J. R. (1963). The Theory of Wages (2nd ed.). London: MacMillan and Co.

Holden, S. and F. Wulfsberg (2009). How Strong is the Macroeconomic Case for
Downward Real Wage Rigidity? Journal of Monetary Economics 56, 605–615.

Holden, S. and F. Wulfsberg (2014). Wage Rigidity, Inflation, and Institutions. Scan-
dinavian Journal of Economics 116(2), 539–569.

Howitt, P. (2002). Looking Inside the Labor Market: A Review Article. Journal of
Economic Literature 40(1), 125–138.

Jovanovic, B. (1979). Job Matching and the Theory of Turnover. Journal of Political
Economy 87(5), 972–990.

Kahneman, D. (1992). Reference Points, Anchors, Norms, and Mixed Feelings. Orga-
nizational Behaviour and Human Decision Processes (51), 296–312.

Kahneman, D., J. L. Knetsch, and R. H. Thaler (1986). Fairness as a Constraint on Profit
Seeking: Entitlements in the Market. American Economic Review 76(4), 728–741.

Kahneman, D. and D. T. Miller (1986). Norm Theory: Comparing Reality to its
Alternatives. Psychological Review 93(2), 136–153.

Kahneman, D. and R. H. Thaler (1991). Economic Analysis and the Psychology of Util-
ity: Applications to Compensation Policy. The American Economic Review 81(2),
341–346.

Kahneman, D. and A. Tversky (1979). Prospect Theory: An Analysis of Decision
under Risk. Econometrica 47(2), 263–292.

Kaufman, R. T. (1984). On Wage Stickiness in Britain’s Competitive Sector. British
Journal of Industrial Relations 22, 101–112.

Kennan, J. (2010). Private information, wage bargaining and employment fluctuations.
The Review of Economic Studies 77(2), 633–664.



Bibliography 249

Keynes, J.M. (1936). TheGeneral Theory of Employment, Interest andMoney. London:
MacMillan and Cambridge University Press.

Kőszegi, B. and M. Rabin (2006). A Model of Reference-Dependent Preferences.
Quarterly Journal of Economics CXXI(November), 1133–1165.

Kőszegi, B. andM. Rabin (2009). Reference-Dependent Consumption Plans. American
Economic Review, 909–936.

Knell, M. and A. Stiglbauer (2012). Reference Norms, Staggered Wages, and Wage
Leadership: Theoretical Implications and Empirical Evidence. International Eco-
nomic Review 53(2), 569–592.

Koch, C. (2016). Do Reference Points Erode Fairness? Experimental Evidence on
Wage Rigidity. Working Paper, 1–36.

Koenig, F., A. Manning, and B. Petrongolo (2016). Reservation Wages and the Wage
Flexibility Puzzle.

Kuang, P. and T. Wang (2017). Labor Market Dynamics with Search Frictions and Fair
Wage Considerations. Economic Inquiry, n/a–n/a.

Kube, S., M. A. Maréchal, and C. Puppe (2013). DoWage Cuts DamageWorkMorale?
Evidence from a Natural Field Experiment. Journal of the European Economic
Association 11(4), 853–870.

Kudlyak, M. (2014). The Cyclicality of the User Cost of Labor. Journal of Monetary
Economics 68, 53–67.

Lindbeck, A. and D. Snower (1989). The Insider-outsider Theory of Employment and
Unemployment. MIT Press.

Lindbeck, A. and D. J. Snower (1986). Wage Setting, Unemployment, and Insider-
outsider Relations. American Economic Review 76(2), 235–239.

Lindbeck, A. and D. J. Snower (1987). Union Activity, Unemployment Persistence and
Wage-employment Ratchets. European Economic Review 31(1), 157 – 167.

Ljungqvist, L. and T. Sargent (2016). The Fundamental Surplus in Matching Models.
CEPR Discussion Papers (10489).

Loewenstein, George F. Thompson, L. and M. H. Bazerman (1989). Social Utility
and Decision Making in Interpersonal Contexts. Journal of Personality and Social
Psychology 57(3), 426–441.



250 Bibliography

Loomes, G. and R. Sugden (1986). Disappointment and Dynamic Consistency in
Choice under Uncertainty. The Review of Economic Studies 53(2), 271–282.

Malmendier, U., V. L. Velde, and R. Weber (2014). Rethinking Reciprocity. Annual
Review of Economics 6, 849–974.

Marshall, A. (1890). Principles of Economics (8th ed.). London: MacMillan and Co.

Martins, P. S., A. Snell, and J. P. Thomas (2010). Downward Wage Rigidity in A
Model of Equal Treatment Contracting. Scandinavian Journal of Economics 112(4),
841–863.

Martins, P. S., G. Solon, and J. P. Thomas (2012). Measuring What Employers Do
about Entry Wages over the Business Cycle: A New Approach. American Economic
Journal: Macroeconomics 4(4), 36–55.

Marzilli Ericson, K. M. and A. Fuster (2011, oct). Expectations as Endowments:
Evidence on Reference-Dependent Preferences from Exchange and Valuation Exper-
iments. Quarterly Journal of Economics 126(4), 1879–1907.

Mas, A. (2006). Pay, Reference Points, and Police Performance. Quarterly Journal of
Economics CXXI(3), 783–821.

Mayergoyz, I. D. (1986, Apr). Mathematical models of hysteresis. Phys. Rev. Lett. 56,
1518–1521.

McDonald, I. M., N. Nikiforakis, N. Olekalns, and H. Sibly (2013). Social Compar-
isons and Reference Group Formation: Some Experimental Evidence. Games and
Economic Behavior 79, 75–89.

Michaillat, P. (2012). Do Matching Frictions Explain Unemployment? Not in Bad
Times. American Economic Review.

Mortensen, D. T. and v. Nagypál (2007). More on Unemployment and Vacancy Fluc-
tuations. Review of Economic Dynamics 10(3), 327–347.

Mortensen, D. T. and C. A. Pissarides (1994). Job Creation and Job Destruction in the
Theory of Unemployment. Review of Economic Studies 61(3), 397–415.

Neale, M. A. and M. H. Bazerman (1992). Negotiator Cognition and Rationality: A
Behavioral Decision Theory Perspective. Organizational Behaviour and Human
Decision Processes (51), 157–175.



Bibliography 251

Okun, A. M. (1981). Prices and Quantities: A Macroeconomic Analysis. Oxford:
Basil Blackwell Publisher.

Ordóñez, L. D., T. Connoly, and R. Coughlan (2000). Multiple Reference Points in
Satisfaction and Fairness Assessment. Journal of Behavioural Decision Making 13,
329–344.

Pagel, M. (2017). Expectations-Based Reference-Dependent Life-Cycle Consumption.
Review of Economic Studies 84(47138), 885–934.

Petrongolo, B. and C. A. Pissarides (2001, June). Looking into the Black Box: A
Survey of the Matching Function. Journal of Economic Literature 39(2), 390–431.

Pissarides, C. A. (1985). Short-Run Equilibrium Dynamics of Unemployment, Vacan-
cies, and Real Wages. American Economic Review 75(4), 676–690.

Pissarides, C. A. (1987). Search, Wage Bargains and Cycles. Review of Economic
Studies 54(3), 473–483.

Pissarides, C. A. (2000). EquilibriumUnemployment Theory (Second ed.). Cambridge,
Massachusetts: The MIT Press.

Pissarides, C. A. (2009). The Unemployment Volatility Puzzle: Is Wage Stickiness the
Answer? Econometrica 77(5), 1339–1369.

Rabin, M. (1993). Incorporating Fairness into Game Theory and Economics. American
Economic Review 83(5), 1281–1301.

Røed, K. (1997). Hysteresis in Unemployment. Journal of Economic Surveys 11(4),
389–418.

Rogerson, R. and R. Shimer (2011). Chapter 7 - Search in Macroeconomic Models of
the Labor Market . Volume 4, Part A of Handbook of Labor Economics, pp. 619 –
700. Elsevier.

Rozen, K. (2010). Foundations of Intrinsic Habit Formation. Econometrica 78(4),
1341–1373.

Schmieder, J. F. and T. von Wachter (2010). Does Wage Persistence Matter for Em-
ployment Fluctuations? Evidence from Displaced Workers. American Economic
Journal: Applied Economics 2(July), 1–21.

Shalev, J. (2000). Loss Aversion Equilibrium. International Journal of Game The-
ory 29(2), 269–287.



252 Bibliography

Shapiro, C. and J. E. Stiglitz (1984). EquilibriumUnemployment as aWorkerDiscipline
Device. American Economic Review 74(3), 433–444.

Shimer, R. (2005). The Cyclical Behavior of Equilibrium Unemployment and Vacan-
cies. American Economic Review 95(1), 25–49.

Shimer, R. (2012). Reassessing the ins andOuts ofUnemployment. Review of Economic
Dynamics 15(2), 127–148.

Skott, P. (2005). Fairness as a Source of Hysteresis in Employment and RelativeWages.
Journal of Economic Behavior & Organization 57(3), 305 – 331.

Slichter, S. H. (1920). Industrial Morale. Quarterly Journal of Economics 35(1),
36–60.

Sliwka, D. and P. Werner (2017). Wage Increases and the Dynamics of Reciprocity.
Journal of Labor Economics 0(0), 000–000.

Smith, J. C. (2015). Pay growth, Fairness and Job Satisfaction: Implications for
Nominal and Real Wage Rigidity. Scandinavian Journal of Economics 117(3),
852–877.

Snell, A. and J. P. Thomas (2010). Labor Contracts, Equal Treatment, and Wage-
Unemployment Dynamics. American Economic Journal: Macroeconomics 2(3),
98–127.

Solow, R. M. (1979). Another Possible Source of Wage Stickiness. Journal of Macroe-
conomics 1(1), 79–82.

Stokey, N. L. and R. E. Lucas (1989). Recursive Methods in Economic Dynamics.
With E. C. Prescott. Cambridge, MA: Harvard University Press.

Stommel, E. (2013). Reference-Dependent Preferences: A Theoretical and Experi-
mental Investigation of Individual Reference-Point Formation (2013 ed.). Springer
Gabler.

Stüber, H. (2017). The Real Wage Cyclicality of Newly Hired and Incumbent Workers
in Germany. The Economic Journal 127(600), 522–546.

Summers, L. H. (1988). Relative Wages, Efficiency Wages, and Keynesian Unemploy-
ment. American Economic Review 78(2), 383–388.

Thomas, J. P. (2005). Fair Pay and aWage-Bill Argument for LowRealWageCyclicality
and Excessive Employment Variability. Economic Journal 115(October), 833–859.



Bibliography 253

Tversky, A. and D. Kahneman (1991). Loss Aversion in Riskless Choice: a Reference
Dependent Model. Quarterly Journal of Economics 106(4), 1039–1061.

Wathieu, L. (1997, November). Habits and the Anomalies in Intertemporal Choice.
Management Science 43(11), 1552–1563.

Wesselbaum, D. (2013, jun). Reciprocity andMatching Frictions. International Review
of Economics 60(3), 247–268.

Williamson, O. E. (1985). The Economic Institutions of Capitalism: Firms, Markets,
Relational Contracting. New York: The Free Press.


	Introduction
	A Theory of Reciprocity and Wage Setting Behaviour
	Introduction
	Morale, Fairness and Reciprocity in Employment Relationships
	Early Insights
	Anthropological Evidence
	Experimental Evidence
	The Proposed Synthesis

	The Model
	Payoffs
	The Worker's Choice of Effort
	The Firm's Wage Setting Rule

	Adaptation, Loss Aversion and the Employment Contract
	Wage and Effort Dynamics
	The Optimal Employment Contract

	Further Implications
	Conclusion

	Asymmetric Reference-dependent Reciprocity and the Theory of Equilibrium Unemployment
	Introduction
	The Employment Relationship and Wage Setting Behaviour
	Workers
	Firms

	A Search and Matching Framework
	Search Frictions and Unemployment Dynamics
	Value Functions and Job Creation

	Equilibrium Analysis
	Characterisation of the Steady-State Equilibria
	Comparative Statics
	Transitional Dynamics

	The Volatility of Vacancies and Unemployment
	A Concise Discussion of the Relevant Literature
	Qualitative Implications
	Quantitative Assessment

	Uncertainty, Negative Reciprocity and Job Creation
	Additional Assumptions
	Wage Setting Behaviour Under Uncertainty
	Characterisation of the Steady-state Job Creation Condition
	The Steady-state Effects of Expected Negative Reciprocity
	Expected Negative Reciprocity and the Volatility of Job Creation

	Conclusions

	Reference Wage Formation: A General Framework and Two Applications
	Introduction
	Conceptual Framework
	The Reference Wage in the Existing Literature
	Labour Market Literature
	The Reference Point: Insights from Behavioural Sciences
	Summarising Discussion

	A General Framework
	Type of Determinants and General Rules
	Properties of the Reference Wage Rule 
	Framing: Social Categories, Fair Wage Norms and Identities

	Two Applications
	Asymmetric Partial Adaptation and Persistence
	Social Comparison and Wage and Unemployment Hysteresis

	Conclusions

	Conclusion
	Additional Material
	Additional Material for Chapter 1
	An Overview of Relevant Wage Setting Models

	Additional Material for Chapter 2
	Condition on Normal Effort
	Workers' Value Functions and Reservation Wage Condition
	Effort Phase Diagram: Details
	Comparison with Kudlyak2014

	Additional Material for Chapter 3
	Condition on the Productivity Shock
	Details on Section 3.5.2: Cyclical Analysis and Hysteresis


	Proofs
	Proofs to Chapter 1
	Proofs to Chapter 2
	Proofs to Chapter 3

	Bibliography

