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LABOR MARKET FRICTIONS AND BARGAINING COSTS: A MODEL OF STATE-DEPENDENT WAGE SETTING TOMAZ CAJNER† Abstract. This paper develops a search and matching model with endogenous separations and costly wage bargaining. In particular, I introduce into an otherwise standard model a fixed wage bargaining cost, which endogenously generates infrequent wage adjustments, but nevertheless leaves wages in new job matches perfectly flexible, consistent with some recent microeconometric evidence. The steady-state version of the model provides a theoretical link between wage bargaining institutions and the unemployment level, illustrating how higher wage bargaining costs lead to higher unemployment. The dynamic version of the model shows how unemployment volatility increases with wage bargaining costs, primarily due to enhanced volatility at the job destruction margin. The model can thus explain why job destruction plays a bigger role for unemployment fluctuations in Continental Europe than in the United States. Finally, the model can rationalize the empirical observation that many firms in recessions do not avoid layoffs by cutting pay. Keywords: labor market frictions, wage rigidities, unemployment fluctuations. JEL Classification: E24, E32, J41, J64.
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1. Introduction The canonical Diamond-Mortensen-Pissarides search and matching model of unemployment is based on three main building blocks: the matching function, the job creation condition, and the wage equation. Among these, the wage equation that splits the monopoly rents inherent to any job match due to search frictions remains probably the least investigated and the least understood.1 Most papers in the literature simply assume period-by-period Nash wage bargaining protocol. While this assumption facilitates the model’s tractability, it is unfortunately also the main source for much of the recent criticism pointed at search and matching models, because it leads to the unemployment volatility puzzle (Shimer, 2005). Moreover, a perfectly flexible wage is inconsistent with vast empirical evidence on wage stickiness. Another important element of the labor market analysis that has been recently largely ignored in the search and matching literature relates to job destruction. Whereas the seminal contribution by Mortensen and Pissarides (1994) included a proper theoretical modelling of job destruction decisions, many subsequent papers simply assumed an exogenously given and constant probability of match separation. The main justification for this recent trend in macroeconomic modelling of the labor market originates in the empirical work of Shimer (2007), who finds that the employment exit probability has accounted only for 25 percent of unemployment fluctuations in the United States over the post-war period, with the share dropping to merely 5 percent during last two decades. These findings have been challenged by Fujita and Ramey (2009), who by using a different decomposition method attribute more than 40 percent of unemployment fluctuations in the United States to the time variation in the separation rate.2 Perhaps even more importantly, Elsby, Hobijn, and S¸ahin (2011) provide evidence that compared to the Anglo-Saxon countries, the job destruction margin plays a bigger role in Continental Europe and Nordic countries, where it contributes roughly half to unemployment fluctuations. Hence, if we want to understand unemployment fluctuations in the latter set of countries, we cannot proceed with a constant separation rate assumption. Additionally, theoretical models with a constant separation rate are at odds with empirical evidence that recessions start with a burst of job destruction (i.e., changes in separation rate lead changes in unemployment) and that gross worker flows increase during a downturn (Elsby, Hobijn, and S¸ahin, 2011). This paper develops a search and matching model with an explicit theoretical link between wage stickiness and job destruction. This task has proved to be a difficult one in the existing literature, as one needs to deal with the criticism of Barro (1977), directed at the allocational effects of wage stickiness. In particular, Barro argued that job separations due to wage stickiness violate rationality as the worker and the firm have an 1



In his Nobel prize lecture, Pissarides (2011) recently argued that wage determination in search and matching models presents an area of research that should attract a lot of attention in the future. 2 Elsby, Michaels, and Solon (2009) make a similar point.
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ongoing relationship and should therefore be able to exploit all potential gains from mutual trade. The model developed here avoids this criticism by relying on microeconomic foundations for wage stickiness. More precisely, the model explicitly acknowledges that wage bargaining takes time and other resources, and thus relates the origins of infrequent wage adjustments to a fixed wage bargaining cost. Firms and workers are thus free to renegotiate the wage at any point in time, but need to pay a fixed bargaining cost whenever such wage negotiations occur. Whether it is optimal to renegotiate or not, will depend on aggregate and idiosyncratic productivity shocks experienced, with wage inertia emerging as an endogenous outcome of the model. Crucially, in recessionary periods characterized by low aggregate productivity some firms and workers will find it optimal to separate instead of renegotiating the wage and paying the fixed wage bargaining cost. In this sense, the model rationalizes the empirical observation that many firms in recessions do not avoid layoffs by cutting pay (Bewley, 1998, 1999). Two main predictions of the model concern the relationship between wage rigidities and job destruction. First, already the steady-state version of the model provides a theoretical link between wage bargaining institutions and the unemployment level, illustrating how higher wage bargaining costs lead to higher unemployment. Second, the dynamic version of the model shows how unemployment volatility increases with wage bargaining costs, primarily due to enhanced volatility at the job destruction margin. The model can thus explain why European countries on average experience higher unemployment with a bigger role of job destruction for unemployment fluctuations than the United States, given that European countries have labor market institutions that are associated with higher wage bargaining costs (higher presence of unions, higher share of employees covered by wage bargaining agreements, higher coordination of wage bargaining). The main assumption of this paper is that wage bargaining represents a costly activity, captured in the model by a fixed bargaining cost. The modelling device of a fixed bargaining cost has some natural economic interpretations. Evidence suggests that the bargaining process between firms and workers is frequently accompanied by strikes and other disruptions of production, leading to lower productivity and quality of production (Kleiner, Leonard, and Pilarski, 2002, Krueger and Mas, 2004, Mas, 2008). Similarly, wage negotiations can result in harmed workers’ morale and lower subsequent work effort, which is especially true when workers share the impression that the negotiated wage outcome is too low or when the wage is reduced (Greenberg, 1990, Mas, 2006). Finally, wage bargaining might entail costly information gathering, for example measuring the worker’s productivity or forecasting the firm’s future profitability which determines the extent of match surplus to be shared.3 3



Pissarides (2009) introduces in his model a fixed matching cost that leads to higher model-generated unemployment volatility and at the same time preserves wage flexibility. One of his interpretations for this cost includes (one-off) negotiation costs.
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Shimer (2005) noted that the main reason for the unemployment volatility puzzle in search and matching models relates to excessive wage fluctuations. In a boom, wages absorb most of the productivity gains, thus discouraging vacancy creation. In reaction to that, ad hoc wage rigidity in the sense of a wage norm was proposed by Hall (2005) as a solution to augment labor market volatilities in models with labor market frictions. The issue of labor market volatilities was also studied by Gertler and Trigari (2009), who developed a search and matching model with time-dependent staggered wage setting. Blanchard and Gal´ı (2010) construct a utility-based model of fluctuations with reducedform wage rigidity and unemployment in order to analyze monetary policy implications. Michaillat (forthcoming) combines wage rigidities with diminishing marginal returns to labor, which allows him to introduce a concept of job rationing into a search and matching model. All these models assume an exogenous and constant separation rate. Therefore, the effect of wage stickiness works through the job creation margin with the crucial assumption being the presence of wage stickiness in new job matches.4 Indeed, as shown for example by Shimer (2004), wage stickiness present only in existing jobs bears no effects on unemployment dynamics in a standard search and matching model. Some recent empirical evidence seems to be contradicting the assumption that wages of new hires are rigid (Haefke, Sonntag, and van Rens, 2008, Pissarides, 2009, Kudlyak, 2011).5 As a result, Pissarides (2009) concluded that wage stickiness cannot provide an answer to the unemployment volatility puzzle. In contrast with the existing literature on wage stickiness in search and matching models, this paper explores the effects of wage stickiness on endogenous job destruction. Importantly, the wage always needs to be negotiated in the initial period of a job match, which yields a perfectly flexible wage for new hires, consistent with the empirical microevidence reviewed above. The rest of the paper is organized as follows. Section 2 develops the main theoretical framework – it constructs a model with endogenous separations and costly wage bargaining, and then establishes its block recursivity. The choice of parameters for numerical simulations is discussed in Section 3. Section 4 provides a steady state analysis, while an analysis of full dynamic version of the model can be found in Section 5. Section 6 considers two applications of the model and Section 7 concludes with a discussion of possible avenues for future research.
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Moreover, since in these type of models the wage always needs to remain within the bargaining set to prevent inefficient separations, only small shocks can affect the employment relationships of workers and firms, as pointed out by Mortensen and Nagyp´al (2007). In practice, this rules out the introduction of idiosyncratic productivity shocks, at least of the size typically calibrated. 5 Some controversy regarding wage stickiness for new hires remains present due to the possibility of changing worker composition over the cycle – see Gertler and Trigari (2009) for a further discussion of this issue and Carneiro, Guimar˜ aes, and Portugal (forthcoming) for some related empirical evidence from a longitudinal matched employer-employee data set for Portugal.
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2. The Model This section develops a stochastic version of the Diamond-Mortensen-Pissarides search and matching model with endogenous separations and the main novel modification of introducing costly wage bargaining that gives rise to endogenous wage rigidities. In particular, the firm and the worker are free to renegotiate their wage at any point in time, but need to pay a fixed bargaining cost in order to do so. As a consequence, the wage endogenously remains unchanged when shocks are small, with wage rebargaining occurring only when the state of the economy changes sufficiently to justify the payment of the fixed cost. 2.1. Environment The discrete-time model economy contains a continuum of measure one of risk-neutral, infinitely-lived workers. Each worker maximizes his expected discounted lifetime conP k sumption, Et ∞ k=0 β ct+k , where β ∈ (0, 1) represents the usual discount factor. Workers can be either employed or unemployed. Employed workers earn real wage wt+k|t , where the subscript indicates that the wage for the period t + k was last renegotiated in period t. Unemployed workers have access to a home production technology, which generates b consumption units per time period (b can in general also include potential unemployment benefits). By assumption all unemployed search for jobs, hence I abstract from the labor force participation decision. There is also a continuum of a large measure of risk-neutral firms, which maximize profits. In order to produce, firms need to hire workers by posting vacancies. Each firm can post one vacancy only and for this it pays a vacancy posting cost of c units of output per period. Moreover, each firm can have at most one employee and can always freely choose to shut down and become inactive.6 After a firm meets with a worker, they first draw an idiosyncratic productivity a from a lognormal distribution F (a). If the drawn idiosyncratic productivity level is high enough in the sense described more in detail later on, they start producing according to the following technology: yt = At at . Here, At denotes aggregate productivity, which is assumed to be stochastic, evolving over time according to a Markov chain {A, ΠA }, with the grid A = {A1 , A2 , ..., An } 6The



assumption of one worker per firm, which is common in the standard search and matching literature, serves here a particular technical purpose. When wage rigidities are present in a setting with many workers per firm, wage dispersion leads to dispersion in incentives for posting vacancies, implying that only the firm with the lowest wage is posting vacancies in equilibrium. To get around this problem, Thomas (2008) assumes convex vacancy-posting costs, Gertler and Trigari (2009) deal with quadratic costs of adjusting employment, while Gal´ı (2011) works with the production technology featuring decreasing returns. Instead, I restrict firms to have at most one employee. The assumption of single-worker production units is simply a technical modelling device and should not be interpreted too narrowly. Indeed, it can be easily extended to the case where real-world firms are composed of several modelled single-worker production units.
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and the transition matrix ΠA being composed of elements πijA = P{A0 = Aj | A = Ai }. Similarly, the evolution of idiosyncratic productivity is in general described by a Markov chain {a, Πa } with the finite grid a = {a1 , a2 , ..., am }, the transition matrix Πa being composed of elements πija = P{a0 = aj | a = ai }, and the initial probability vector being composed of elements πja = P{a0 = aj }. For the numerical results, I will assume that idiosyncratic productivity shocks follow a Poisson process with arrival rate λ and are being independently drawn from a fixed lognormal distribution F (a). In this case the arrival rate λ determines the persistence of idiosyncratic productivity shocks.



2.2. Labor Markets Workers and firms interact in the labor market. The matching process between both types of agents is formally depicted by the existence of a matching function m(vt , ut ), where vt and ut are measures of vacancies and unemployed workers, respectively. The matching function is assumed to be homogeneous of degree one with m0 (·) > 0 and m00 (·) < 0. Letting θt ≡ vt /ut denote the labor market tightness, we can express the probability for the searching firm to meet a worker as qt = m(vt , ut )/vt = m(1, θt−1 ), and the corresponding probability for the searching worker to find a job as pt = m(vt , ut )/ut = m(θt , 1). The probabilities are decreasing in the measures of vacancies and unemployed workers, respectively, i.e. ∂qt /∂vt < 0 and ∂pt /∂ut < 0. For the numerical results, I will assume a standard Cobb-Douglas matching function with elasticity α and matching efficiency γ: m(ut , vt ) = γuαt vt1−α Finally, the timing assumption is such that an unemployed worker in period t − 1 can start working at the earliest in period t. This reflects the intuitive notion of the search and matching paradigm that it takes time before a worker can be met with a firm and become fully productive. For simplicity, I abstract from the possibility of on-the-job search.



2.3. Characterization of Recursive Equilibrium The behavior of firms and workers can be summarized by a set of Bellman equations. The block of Bellman equations for the firm is: 0 V JN (A, a) =Aa − (1 − η)κ0 − w + β(1 − δ)EA,a {V J (A0 , a0 , w−1 )}



(1)



0 V JR (A, a) =Aa − (1 − η)κ − w + β(1 − δ)EA,a {V J (A0 , a0 , w−1 )}



(2)



0 V JO (A, a, w−1 ) =Aa − w−1 + β(1 − δ)EA,a {V J (A0 , a0 , w−1 )}



(3)
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with the following optimal choice at the beginning of each period for continuing job matches: V J (A, a, w−1 ) = max{0, V JR 1{V ER > V U }, V JO 1{V EO = max{V U , V ER , V EO }}}



(4)



Equation (1) gives the (present-discounted) value of a new job with an initially set wage. The current value consists of firm’s output minus the initial bargaining costs and the wage. The initial fixed bargaining costs amounts to κ0 and the firms needs to pay a share (1−η) of this cost, where η stands for the worker’s bargaining power in the surplus splitting equation as will become clear later on.7 The continuation value depends on possible evolution of shocks, with EA,a denoting expectations conditioned on the current values of A and a. For generality, existing job matches are also subject to an exogenously given and constant probability of separation in each period, δ. Equation (2) summarizes the value of a job when the renegotiation occurs. Note that the bargaining cost κ for the case of renegotiation differs from the initial bargaining costs. If one’s interpretation for the bargaining cost includes an output loss due to strikes, then it is clear that the initial bargaining costs should be lower, as obviously strikes are impossible before the job match is formed. Another thing to notice is that the wage, which is an endogenously determined object that depends both on aggregate and idiosyncratic productivity, is the same for the initial bargaining and rebargaining, despite the difference in bargaining costs; this follows as the bargaining cost will cancel out from the wage equation that will be derived later on. Equation (3) describes the value of a job with an old wage, in which case the firm avoids paying the fixed bargaining cost. Finally, equation (4) says that in the beginning of each continuation period the firm has the option of choosing between: i) closing down and obtaining a zero payoff, ii) continuing with the job relationship and renegotiating the wage, and iii) continuing with the job relationship under the existing wage. Clearly, the firm’s choice has to be mutually consistent with the worker’s choice as denoted by the indicator function 1{·}. The tie-breaking rule stipulates that in the case of equivalent values, the firm and the worker prefer to choose their outside option, which slightly facilitates the subsequent analysis. Moreover, any agent can initiate the wage renegotiation process, provided that the other party is still better off than in the case of ending the job match. Thus, the decision matrix for both agents has the following form: i) separate if at least one agent wants to separate; ii) rebargain if at least one agent wants to rebargain, but nobody wants to separate; and iii) continue with the old wage only if both agents prefer to do so. 7It



would be straightforward to generalize the setting in order to allow for differences in sharing arrangements for bargaining costs and for the surplus. Notice, however, that the current assumption on sharing of bargaining costs is intuitive in the following sense. When the worker’s bargaining power equals to zero, the worker always consumes according to his outside option, b. Thus, in this case the firm cannot inflict any amount of bargaining costs whatsoever on the worker.
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An analogous block of Bellman equations applies to the worker: 0 V EN (A, a) = w − ηκ0 + βδEA {V U (A0 )} + β(1 − δ)EA,a {V E (A0 , a0 , w−1 )}



(5)



0 V ER (A, a) = w − ηκ + βδEA {V U (A0 )} + β(1 − δ)EA,a {V E (A0 , a0 , w−1 )}



(6)



0 V EO (A, a, w−1 ) = w−1 + βδEA {V U (A0 )} + β(1 − δ)EA,a {V E (A0 , a0 , w−1 )}



(7)



with the following optimal choice at the beginning of each period for continuing job matches: V E (A, a, w−1 ) = max{V U , V ER 1{V JR > 0}, V EO 1{V JO = max{0, V JR , V JO }}}



(8)



and the value of being unemployed: V U (A) =b + p(θ(A))βEA {max{V U (A0 ), V EN (A0 , a0 )}} + (1 − p(θ(A)))βEA {V U (A0 )}



(9)



Equation (5) gives the value of new employment with an initially negotiated wage, in which case the worker earns w and needs to pay a share η of the fixed initial bargaining cost κ0 . Similarly as above, the worker can be exogenously separated from the match and become unemployed with probability δ, whereas the continuation value depends on the evolution of shocks. Next, equation (6) describes the value of employment with a renegotiated wage, equation (7) summarizes the value of employment with an old wage, whereas equation (9) gives the value for unemployed workers. Recall that the latter enjoy utility flow b and are met with the firm at endogenously determined probability p(θ(A)). Finally, as implicit in equation (8), in the beginining of each period the employed workers can choose between: i) quitting and becoming unemployed, ii) continuing with the employment relationship and renegotiating the wage, and iii) continuing with the employment relationship under the existing wage. Again, the worker’s and the firm’s choice on whether and how to continue the job match must be mutually consistent. Searching firms find a worker with endogenously determined probability q(θ(A)). Assuming free entry, the standard job creation condition corresponds to: c = βEA {max{0, V JN (A0 , a0 )}} (10) q(θ(A)) All existing jobs with idiosyncratic productivity below threshold a ˜(A, w−1 ) are endogenously destroyed, with this threshold being implicitly defined as the maximum value that satisfies: V J (A, a ˜, w−1 ) = 0 (11) A similar threshold a ˜N (A) exists for newly formed jobs: V JN (A, a ˜N ) = 0



(12)
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Whether the worker and the firm prefer to continue with their existing job relationship crucially depends on the wage negotiation process, which is discussed next. 2.4. Wage Determination Due to the presence of search and matching frictions, there exist monopoly rents in every job relationship. These rents need to be shared between the worker and the firm through a wage contract. I first define the bounds of the wage bargaining set implicitly by8: wU B :



V JR = 0



wLB :



V ER = V U



Thus the firm’s and the worker’s reservation wage can be defined as, respectively: 0 wU B =Aa − (1 − η)κ + β(1 − δ)EA,a {V J (A0 , a0 , w−1 )}



wLB =b + ηκ + p(θ(A))βEA {max{V U (A0 ), V EN (A0 , a0 )}} + (1 − p(θ(A)))βEA {V U (A0 )} 0 − βδEA {V U (A0 )} − β(1 − δ)EA,a {V E (A0 , a0 , w−1 )}



Denoting with η the worker’s bargaining power we obtain: w = ηwU B + (1 − η)wLB



(13)



This implies that the wage bargaining rule is assumed to split the match surplus in fixed proportions whenever the agents negotiate about the wage. Notice also that the bargaining costs cancel out from the wage equation (13), hence the wage formed in the initial bargaining period and the rebargained wage are the same, conditional on aggregate and idiosyncratic shocks. 2.5. Block Recursive Equilibrium This subsection gives a definition for a particular type of equilibrium and establishes its existence. The main theoretical challenge for determination of equilibrium originates in the endogenous nondegenerate joint distribution of wages and idiosyncratic productivities across firm-worker pairs, Gt (w, a), which is in general part of the state of the economy and could thus in principle affect the vacancy posting decisions and job destruction decisions. I show that it is possible to solve the model with costly wage bargaining and endogenous separations in two steps. First, one can determine the equilibrium path for individuals’ optimal decisions and labor market tightness. In particular, the solution 8For



brevity, I only describe the wage bounds for the case of renegotiations. The wage bounds for the initial bargaining are analogous, with κ0 instead of κ.
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of the model consists of: i) equilibrium labor market tightness θ(A); ii) job destruction thresholds a ˜(A, w−1 ) and a ˜N (A) for existing and new matches, respectively; and iii) wage renegotiation thresholds a ˜JR (A, w−1 ) and a ˜ER (A, w−1 ) for the firm and the worker, respectively. This solution can be obtained independently of the joint distribution of wages and idiosyncratic productivities across job matches. Second, after having computed the equilibrium agents’ decisions and labor market tightness, one can simulate the economy and by keeping track of the evolution of the joint wage and idiosyncratic productivities distribution (which is now a discrete distribution in the space spanned by the grids for aggregate and idiosyncratic productivity shocks) determine the unemployment dynamics. The key property of the equilibrium that allows for solving the model in two steps (“blocks”) is block recursivity. Note that at the beginning of each period, the state of the economy is given by the triple (At , ut , Gt ) = ψt , i.e. by the current level of aggregate productivity, the current measure of unemployed workers, and the current joint distribution of workers across different wages and idiosyncratic productivities, Gt (w, a). Using the terminology of Menzio and Shi (2010), I define a block recursive equilibrium (BRE). In this type of equilibrium, the agents’ value and policy functions, and the labor market tightness do not depend on the distribution of workers across different employment states (employment at different wages and idiosyncratic productivities, and unemployment).9 Definition 1. A block recursive equilibrium is a recursive equilibrium such that the equilibrium objects in (1)-(13) depend on the aggregate state of the economy, ψt , only through aggregate productivity, At , and not trough the joint distribution of wages and idiosyncratic productivities, Gt (w, a), nor the unemployment rate, ut . The existence of equilibrium can be established by applying the standard fixed point arguments. The existence and uniqueness of V U given some V E and V J follows since V U is a contraction from the space of functions V U : A → R, with the corresponding contraction mapping satisfying Blackwell’s sufficient conditions (Stokey and Lucas (1989), Theorem 3.3, p.54). The existence and continuity of the value functions V E and V J from the spaces of functions V E : (A × A × a × a) → R and V J : (A × A × a × a) → R, respectively, can be established by using standard theorems as well.10 Notice that due to 9In



the context of models with directed on-the-job search, Shi (2009) establishes the existence of a BRE for the deterministic case, Menzio and Shi (2011) consider a BRE in the case of a stochastic model with complete employment contracts, while Menzio and Shi (2010) deal with a more general stochastic environment and incomplete employment contracts. Schaal (2010) shows that the property of block recursivity also holds for multiworker firms with decreasing returns under some conditions. All mentioned papers differ importantly from the setting adopted here, as they involve an additional complication due to on-the-job search. With the assumption of directed on-the-job search, each worker chooses to search for a job that he will always accept, which in turn simplifies the exposition. Nevertheless, because of the existence of a continuum of labor submarkets, these papers need to utilize different fixed point theorems to establish equilibrium existence from the ones used in the present paper. 10The notation adopted here takes into account that the past wage is a function of past aggregate and idiosyncratic productivities, i.e. w−1 (A−1 a,−1 ).
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a fixed bargaining cost these value functions are not concave. Nevertheless, following the literature on the optimality of (S,s) policies, the concept of K-concavity by Scarf (1959) can be invoked (see also a discussion in Bertsekas (1976), p.81-89, and Aguirregabiria (1999) for an economic application with menu costs). In turn, K-concavity guarantees uniqueness of the optimal decision rules. Finally, given the assumed restrictions for the matching function, the job creation condition 10 uniquely determines the equilibrium labor market tightness, θ(A). An important feature of a block recursive equilibrium is that the joint distribution of workers across different wages and idiosyncratic productivities, Gt (w, a), and the unemployment rate in the current period, ut , together with the realization of aggregate productivity in the next period, At+1 , uniquely determine Gt+1 (w, a) and ut+1 , i.e. the joint distribution of workers across different wages and idiosyncratic productivities, and the unemployment rate in the next period. I exploit this feature when simulating the model in order to obtain simulated employment and unemployment series. Two assumptions are crucial for the above fixed-point arguments to be valid: constant returns to scale matching function and the free entry condition. With a non-constant returns to scale matching function, the current unemployment rate would affect the equilibrium labor market tightness. Moreover, since the current distribution of workers across wages affects tomorrow’s unemployment rate, the worker’s decision to quit would be affected by both the current unemployment rate and the current distribution of workers across wages. On the other hand, the free entry condition guarantees that the value of a vacancy is driven down to zero at any point in time, i.e. that the firm’s benefit and cost of creating a vacancy are always equalized in expectations. The only remaining non-standard element of the model involves a non-convex wage bargaining set, which is again due to a fixed wage bargaining cost. This implies a departure from the standard axiomatic approach to bargaining by Nash (1953). The most common remedy is to convexify the set of feasible payoffs by introducing a wage lottery. However, since under the current calibration with relatively small wage bargaining costs departure from convexity is quantitatively minor, such a generalization would not affect the results obtained in the paper. Gertler and Trigari (2009), who also construct a model with a non-convex wage bargaining set, show that the gains from the lottery are small in their case and could be easily offset by small transaction costs of running and enforcing the lottery. 2.6. Comparison with the Existing Literature It was argued already by Hall (2005) that the employment rents due to searching frictions determine a wage bargaining set and any wage within this set implies private efficiency in the worker-firm match. The worker and the firm thus must agree on a specific wage from the bargaining set. Hall (2005) assumes a constant wage rule, which can be interpreted as a wage norm, and shows that such a rule might address the
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unemployment volatility puzzle. In addition to arbitrariness, there are two particular problems associated with a constant wage contract. First, it is assumed that the wage always remains within the bargaining set, even though the wage never adjusts. As pointed out by Mortensen and Nagyp´al (2007), to maintain that the rigid wage is jointly rational, only small shocks can affect the employment relationship of workers and firms in the economy, as otherwise the wage will leave the bargaining set. In particular, this in practice rules out the possibility of idiosyncratic productivity shocks in the spirit of Mortensen and Pissarides (1994), at least of the size that is typically calibrated. Second, perfect wage rigidity lacks empirical support. In this respect, Gertler and Trigari (2009) provide a model with staggered multiperiod wage contracting of the Calvo (1983) type, which allows wages to be changed occasionally. Still, their model is inconsistent with some empirical evidence that wages in new matches are completely flexible.11 A specific class of models argues that wage rigidity might arise in the context of riskaverse workers and risk-neutral firms. In a seminal contribution, Thomas and Worrall (1988) develop a model with self-enforcing wage contracts whereby risk-neutral firms provide insurance to risk-averse workers. In their model agents cannot commit, but contacts are nevertheless self-enforcing due to an extreme reputation assumption, according to which an agent who reneges on a contract is forced to trade on the spot market forever after. Efficient contracts are contained in a certain interval and whenever the wage leaves this interval, the agents update the wage by the smallest possible change that puts the wage back into the interval (i.e., on the bounds of the interval). Rudanko (2009) embeds this kind of model into an equilibrium model of directed search with aggregate shocks. In her model a constant wage emerges if both agents can fully commit, in which case the risk-neutral firms provide insurance to risk averse workers through optimal long-term wage contracting. In contrast to Hall (2005), her microfounded model of perfect wage rigidity does not lead to a substantial increase in the cyclical volatility of unemployment. Gal´ı and van Rens (2010) use a wage determination mechanism, where the wage is more likely to adjust when it is closer to the bounds of the bargaining set. In their model the wage is never allowed to leave the wage bargaining set, following a similar argument as in Thomas and Worrall (1988). Moreover, since the size of the bargaining set is determined by the size of match surplus, whereas the latter is determined by the extent of labor market frictions, the model of Gal´ı and van Rens (2010) yields predictions on the relationship between labor market frictions and wage rigidities. Kennan (2010) develops a model, in which wage rigidities arise due to private information. In particular, in his model only the firm observes idiosyncratic shocks and due to the assumption that the worker always finds it optimal to demand the low surplus, the firms obtains an informational rent and wage rigidities emerge. 11See



Haefke, Sonntag, and van Rens (2008), Kudlyak (2011), Pissarides (2009), and references therein.
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3. Calibration Table 1. Parameter Values Parameter β γ α η c b σA ρA µa σa λ δ κ κ0



Interpretation Value Rationale Discount factor 0.9966 Interest rate 4% p.a. Matching efficiency 0.555 Job finding rate 53.9% (CPS) Elasticity of match. funct. 0.5 Petrongolo and Pissarides (2001) Worker’s bargaining power 0.5 Symmetric surplus splitting Vacancy posting cost 0.20 1982 EOPP survey, literature Value of being unemployed 0.71 Hall and Milgrom (2008) Standard deviation for log 0.006 Labor productivity (BLS) aggregate productivity Autoregressive parameter for 0.975 Labor productivity (BLS) log aggregate prod. Mean log idiosyncratic prod. 0 Normalization Standard dev. for log 0.10 Separation rate 3.55% (CPS) idiosyncratic prod. Probability of changing 1/6 Semi-annual idiosyncratic prod. Exogenous separation rate 0.01 JOLTS data Bargaining cost 0.20 Wage change prob. of 5.0% Initial bargaining cost 0 Baseline case



The calibrated frequency is monthly. Table 1 gives the parameter values used in the baseline simulations. The discount factor β is consistent with an annual interest rate of four percent. The matching efficiency parameter γ targets the average job finding rate during the period 1976-2010, which corresponds to 53.9 percent. The matching function is assumed to be of the Cobb-Douglas form with the unemployment elasticity α of 0.5, consistent with the evidence in Petrongolo and Pissarides (2001). The worker’s bargaining power η is also set to 0.5, implying that the total match surplus is split in equal proportions between the worker and the firm. The flow vacancy posting cost c is parametrized to 0.20 or roughly 20 percent of monthly output, consistent with the evidence from the 1982 Employment Opportunity Pilot Project (EOPP) survey and values used in the literature. For the flow value when being unemployed I follow Hall and Milgrom (2008) and accordingly set b to 0.71. The Markov chain for the aggregate productivity process is meant to match the cyclical properties of the quarterly average U.S. labor productivity between 1976 and 2010, which determines values for the standard deviation of log aggregate productivity, σA , and for the autoregressive parameter of log aggregate productivity, ρA .12 For the idiosyncratic shocks, I assume that they occur on average every six months. Mean log idiosyncratic productivity is normalized to zero, whereas the corresponding standard deviation targets endogenous separations in the model and is set accordingly to 0.10. 12Following



Shimer (2005), the average labor productivity is the seasonally adjusted real average output per employed worker in the nonfarm business sector, i.e. the Bureau of Labor Statistics (BLS) series PRS85006163.
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Notice that the average monthly separation rate during the period 1976-2010 was 3.55 percent. I set the exogenous separation rate to 1 percent, whereas the remaining part of separations is accounted for by endogenous separations. This is roughly consistent with the recent Job Openings and Labor Turnover Survey (JOLTS) data, available from December 2000 onwards, and with the calibration strategy of den Haan, Ramey, and Watson (2000). Fixed bargaining cost, κ, determines the frequency of wage renegotiations. Barattieri, Basu, and Gottschalk (2010) estimate the quarterly probability of a nominal wage change to be between 5 and 18 percent, which is at the monthly level around 2 to 6 percent. Consequently, I set κ to 0.20 of quarterly output, which implies a monthly probability of changing the wage of 5.0 percent (3.95 percent in the model without aggregate shocks).13 In the baseline scenario I set the initial bargaining cost, κ0 , equal to 0. 3.1. Computational Strategy In order to solve the model numerically, I discretize the state space. In particular, the aggregate shock A is approximated by a Markov chain of 5 equally spaced gridpoints, whereas the idiosyncratic shock a is approximated by a discrete lognormal distribution with its support having 100 equally spaced gridpoints. I truncate the lognormal distribution at 0.1 percent and 99.9 percent and then normalize probabilities so that they sum up to one. The solution algorithm consists of value function iterations until convergence. The final model’s solution consists of: i) equilibrium labor market tightness θ(A); ii) job destruction thresholds a ˜(A, w−1 ) and a ˜N (A) for existing and new matches, respectively; and iii) wage renegotiation thresholds a ˜JR (A, w−1 ) and a ˜ER (A, w−1 ) for the firm and the worker, respectively. This solution is then used to simulate the model. 4. Steady State Analysis Before considering the business cycle implications of the model, it is instructive to perform a steady state analysis. In order to do so, I shut down the aggregate shocks; i.e. I set σA = 0, whereas A is normalized to 1. All the remaining parameters are the same as in Table 1. The steady state analysis yields the first important theoretical implication of the model: higher wage bargaining costs lead to higher unemployment. 4.1. Wage Bargaining Costs and Unemployment Table 2 shows simulation results for different values of wage bargaining costs. The results suggest that lower wage bargaining costs imply a lower unemployment rate, which happens mostly due to a lower separation rate. Intuitively, if wage bargaining costs are low, the firm and the worker are more likely to adjust their wage and thus avoid 13This



value is also close to the evidence from a case study of labor unrest in Caterpillar, analyzed by Mas (2008). For plants affected by labor disputes, he finds a 12 percent reduction in output and a 5 percent reduction in product quality, as implied by resale prices.
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Table 2. Wage bargaining costs and unemployment Initial bargaining cost - κ0 0 0 0 0 Wage bargaining cost - κ 0 0.10 0.20 0.30 Unemployment (in %) 2.93 4.05 5.16 6.83 Job finding rate (in %) 62.21 60.18 58.58 56.65 Separation rate (in %) 1.87 2.51 3.14 4.05 Labor market tightness (v/u) 1.40 1.34 1.29 1.27 Share of wage renegotiations (in %) 15.32 13.39 10.84 8.03



0 ∞ 5.41 63.11 3.54 1.37 0



separations. Indeed, as wage bargaining costs decrease, the wage renegotiations occur more frequently.14 According to this result, countries with higher bargaining costs will experience higher unemployment rates, more rigid wages and higher separation rates relative to job finding rates.15 4.2. The Role of Initial Bargaining Costs Table 3 illustrate the role of initial bargaining costs. Note that a higher initial bargaining cost, κ0 , decreases the unemployment rate and decreases the separation rate. Intuitively, if initial bargaining is costly, whereas ongoing bargaining is costless, then the firm and the worker prefer to stay in the match even in the case of a very low idiosyncratic productivity shock, leading to longer job spells and less separations. Nevertheless, when both bargaining costs increase to 0.30, this leads to higher unemployment and more separations as before. Table 3. The Role of Initial Bargaining Costs Initial bargaining cost - κ0 0 0 Wage bargaining cost - κ 0 0.30 Unemployment (in %) 2.93 6.83 Job finding rate (in %) 62.21 56.65 Separation rate (in %) 1.87 4.05 Labor market tightness (v/u) 1.40 1.27 Share of wage renegotiations (in %) 15.32 8.03



0.30 0.30 0 0.30 1.93 3.94 61.05 56.29 1.20 2.29 1.37 1.22 16.00 9.91



4.3. Renegotiation Inactivity Band Figure 1 depicts graphically the wage bargaining process. The x-axis contains the value of idiosyncratic productivity at the time, when the existing wage was agreed. The y-axis contains the current value of idiosyncratic productivity. Since bargaining is costly (κ = 0.20), the firm and the worker prefer to continue the match relationship with the 14



The share of wage renegotiations does not converge to 100 percent when the wage bargaining costs go to zero, because in the case of no idiosyncratic shock occuring there is no need to change the wage anyway. 15 In the last statement the word “relative” is crucial. We know that European labor markets are sclerotic in the sense that they exhibit lower turnover rates as compared to the United States, which could be simply a manifestation of higher labor market frictions in Europe. The statement here argues that European countries with higher wage bargaining costs will experience a higher separation rate/job finding rate ratio.
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existing wage, provided that the values of current and initial idiosyncratic productivity remain close. The region of inactivity is thus represented by the white area on the figure. However, if the shock is big enough, the renegotiation might occur. The green area above the inactivity region corresponds to the cases where wage is rebargained, with the rebargaining process being initiated by the worker, who wants to benefit from the higher productivity than the one that was present at the time of the initial wage bargain. The blue area below the inactivity region depicts cases where the wage is rebargained downwards, hence the rebargaining process was initiated by the firm. Finally, the red area at the bottom shows the cases where the match output is too low, hence the match is endogenously destroyed. The red area with job destruction is larger in the case with costly wage bargaining than in the case with costless wage bargaining.



Figure 1. Wage bargaining areas, κ = 0.20



5. Dynamic Analysis This section presents the simulation results for the full dynamic model and discusses the model implication for labor market volatility. The second important theoretical implication of the model is obtained: unemployment volatility increases with wage bargaining costs, primarily due to enhanced volatility at the job destruction margin. 5.1. Wage Bargaining Costs and Labor Market Volatility Existing literature argues that exogenously imposed (perfect) wage rigidity can amplify unemployment volatility (Hall, 2005), whereas endogenous wage rigidity originating in optimal long-term wage contracts between risk neutral firms and risk averse workers does not amplify unemployment volatility (Rudanko, 2009). Simulation results in Table 4 suggest that wage bargaining costs increase the model’s generated fluctuations in unemployment. For example, with κ = 0.20 the model’s unemployment volatility increases by roughly one third as compared to the case with costless wage bargaining.
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This happens despite wages in new job matches being completely flexible. Most of the increase in volatility results from the job destruction margin. Table 4. Wage bargaining costs and labor market volatility Initial bargaining cost - κ0 0 0 0 0 0 0.10 Wage bargaining cost - κ 0 0.10 0.20 0.30 ∞ 0.30 Means Unemployment (in %) - data: 6.4 3.11 4.23 5.51 7.07 8.56 5.84 Job finding rate (in %) - data: 53.9 61.62 59.43 57.76 56.61 59.38 55.71 Separation rate (in %) - data: 3.55 1.95 2.58 3.29 4.16 5.30 3.38 Share of wage reneg. (in %) - data: 2-6 19.66 15.65 12.01 8.53 0 8.85 Standard deviations Unemployment (HP log) - data: 17.3 7.68 8.69 9.91 10.74 31.94 9.08 Job finding rate (HP log) - data: 16.9 3.81 3.80 4.12 4.23 6.05 4.39 Separation rate (HP log) - data: 5.6 4.80 6.08 7.46 8.81 33.82 6.11



6. Applications of the Model This section discusses how the theoretical implications of the model line up with empirical evidence. In particular, two applications of the model are considered. First, I examine whether the model can be used in order to explain the differential labor market behavior between Anglo-Saxon and Continental Europe countries. Second, I compare the model’s predictions with the recent trends in wage volatility and employment volatility in the United States. 6.1. Labor Markets in Continental Europe Dismal performance of labor markets in Continental Europe has been emphasized by several observers. The most common finding is that European labor markets are “sclerotic” in the sense that they exhibit lower labor turnover rates. Another, possibly related, characteristic is the average unemployment level, which has been systematically above the level of the United States during the last three decades. Recently, Elsby, Hobijn, and S¸ahin (2011) also showed that Continental European and Nordic countries experience a bigger importance of the job destruction margin for unemployment fluctuations. Lower labor turnover rates and lower reallocation of labor in Europe at least partly, if not mostly, result from employment protection legislation.16 But why is it then that European labor markets also suffer from higher unemployment rates and higher importance of job destruction for unemployment fluctuations? After all, there are at least some theoretical contributions, arguing that firing costs should have a positive employment effect (Bentolila and Bertola, 1990).17 16



Another possibility is a higher degree of labor market frictions in Europe, for example due to lower geographical and occupational mobility. 17 Ljungqvist (2002) offers a detailed analysis on the employment effects of firing costs and explains under which circumstances theoretical models can also deliver a negative employment effect of firing costs.
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Figure 2. Wage Bargaining Costs and Unemployment Notes: Unemployment rate refers to the average annual harmonized unemployment rate over the period 1991-2010; data provided by OECD. Separations as share of unemployment fluctuations are measured over period 1968/1986-2009 and were take from Elsby, Hobijn, and S¸ahin (2011). Union density corresponds to the ratio of wage and salary earners that are trade union members, divided by the total number of wage and salary earners in 2008; data provided by the OECD. Bargaining coverage stands for employees covered by wage bargaining agreements as a proportion of all wage and salary earners in employment with the right to bargaining in 2008; data provided by Visser (2011). Wage bargaining coordination measures enforceability of wage agreement in 2008 – 5 stands for economy-wide bargaining, 1 for bargaining at the company level; data provided by Visser (2011).



The theoretical analysis of this paper implies that higher wage bargaining costs lead to higher unemployment levels and greater importance of the job destruction margin. Figure 2 compares some indirect proxies for wage bargaining costs with the unemployment level and the importance of separation rate for unemployment fluctuations. The
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data include 14 countries: Australia, Canada, France, Germany, Ireland, Italy, Japan, New Zealand, Norway, Portugal, Spain, Sweden, the United Kingdom, and the United States. Three indirect proxies for wage bargaining costs consist of: union density, bargaining coverage, and bargaining coordination. A higher value for any of these three proxies indicates higher wage bargaining costs. Figure 2 suggests that there seems to be a link between wage bargaining costs and unemployment outcomes. This is particularly the case when bargaining coverage and bargaining coordination are used as a proxy for wage bargaining costs, whereas union density appears to have less predicting power for unemployment properties. 6.2. Wage Bargaining Costs and Declining Unemployment Volatility Over Time During the last 30 years we observe the following two macroeconomic trends in the United States. First, business cycle volatility of the aggregate wage has increased (Gal´ı and van Rens, 2010, Champagne and Kurmann, 2010). Second, business cycle volatility of the unemployment rate has declined. Could these two structural changes in US macroeconomic dynamics be related? In principle, higher wage flexibility could be a result of diminished influence of labor unions (or wage bargaining costs in general).18 But then the results of this paper imply that lower bargaining costs (higher wage flexibility) will lead to lower unemployment volatility (see Table 4). In this sense, implications of the model are consistent with the recent macroeconomics trends in the United States. 7. Conclusions Sluggish adjustment of wages plays a central role in several classes of economic models. Thus, it comes as a bit of surprise that the existing literature has little to say about microfounded models of wage inertia, which is in sharp contrast with a relatively rich literature on microfounded “menu costs” models of price inertia. This paper tries to fill this gap in the literature by providing a microfounded model of wage rigidities based on wage bargaining costs. The model of the present paper is set in the standard search and matching framework. This framework offers a natural interpretation on why wage inertia emerges and on the implications of wage inertia for macroeconomic outcomes. In particular, as it is widely known labor market frictions generate rents for existing job matches that need to be shared between the firm and the worker. The paper retains the assumption that the wage contract splits the match surplus, but dispenses with the assumption that bargaining is costless. The final result is a theoretical model with rich predictions, which can be used in order to investigate the linkages between bargaining costs and unemployment dynamics. 18Gal´ı



and van Rens (2010) argue that a decline in labor market frictions implies a smaller match surplus, which in their case endogenously leads to higher wage flexibility, as the wage needs to adjust whenever it approaches the bands of the bargaining set. They relate lower labor market frictions to the empirical evidence on the decline of unionization.
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