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Abstract We propose in this paper a dynamic model of labor demand with kinked adjustment costs, in the lines of Bentolila and Bertola [1990]. With this model, we aim at evaluating the importance of firing costs in the dynamic adjustment of the aggregate economy from one steady-growth path to another, after a big shock. The model is calibrated on the French Economy, and is used to study the transition after the 1973-74 shock, –i.e. an oil price shock (big shock) plus a shift from a high growth and low variability environment to a low growth and high variability one (slow growth). It is shown that in this specific case, a dramatic reduction in firing costs does not change significantly the path of aggregate labor demand. Keywords: Aggregation - Labor Economics - Non-Convex Adjustment Costs. JEL code: J23, E27.



Introduction Hiring and firing decisions are costly processes for firms. During the last twenty years, the high level of firing costs in Europe has often been considered as one explanation for the high level and persistence of unemployment. This paper proposes look to that question from a labor demand perspective, in a framework previously developed by Bentolila and Bertola [1990]. For a long time, most theoretical studies have modeled adjustment costs in a linear-quadratic framework, but recent contributions (Nickell [1978], Leban and Lesourne [1980], Bentolila [1987], Bentolila and Bertola [1990], Bentolila and Saint-Paul [1992]) have shown that the assumption of linear, asymmetric adjustment costs appeared to be a better approximation of reality at the individual level1 . The interest of the contribution of Bentolila and Bertola [1990] was to develop a continuous-time stochastic model of labor demand with kinked adjustment costs, and to show that a discontinuous adjustment control policy was optimal in such a framework. The (S, s) two-points ∗ Respectively MAD-Paris I and CEPREMAP-MAD-University of Rouen. We thank without implications JeanFran¸cois Jacques, the participants at the CEPREMAP-Universitad Carlos III de Madrid-Universit´e Catholique de Louvain SPES workshop, the MAD Universit´e de Paris I workshop, the 1993 MAD international workshop on Labor Market Dynamics and Aggregate Fluctuations and three anonymous referees. 1 See Hamermesh [1989] for a detailed exposition.
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rule is the earliest and best known discontinuous adjustment control policy with non-convex costs. This rule has been extensively used in the inventory management literature (Scarf [1960], Caplin [1985]), and more recently in the menu costs one (Sheshinski and Weiss [1977], Caplin and Spulber [1987], Caballero and Engel [1991], Caballero and Engel [1993]). In this paper, we propose a dynamic model of labor demand, using continuous-time stochastic control techniques with kinked adjustment costs. We extend in three directions the Bertola and Bentolila model. First, we introduce proportional and lump sum firing and hiring costs to allow for mass firing or hiring. Indeed, a typical firm does not adjust marginally its labor force (no more than one worker per unit of time), as this behavior is the optimal outcome of their framework. Here, the assumption of positive lump sum costs allows to account for the existence of massive hiring or firing. Therefore, the optimal adjustment policy in our model will be represented by a (H, h, f, F ) four-points rule: when the relative gap between effective employment and frictionless optimal level of employment hits the trigger firing point F (respectively the trigger hiring point H), the firm optimally and instantaneously adjusts its labor force to reach the return point f (respectively the return point h). Consequently, the control variable never leaves the [H, F ] corridor. Second, we aggregate individual labor demands to compute the dynamics of macroeconomic labor demand. Third, we compute the explicit dynamic adjustment of the aggregate economy from one steadystate to another. With this model, we aim at evaluating the importance of firing costs in the dynamic adjustment of the aggregate economy from one steady-growth path to another, after a big shock. More precisely, does a more flexible economy –i.e. an economy with lower firing cost – displays a less persistent decrease in labor demand than a more rigid one following a large negative shock plus a shift from a high growth and low variability regime to a low growth and high variability one? The main result of the paper is that, in our partial equilibrium model calibrated on French data, an economy with high firing costs does not differ a lot from one with low firing costs. It illustrates the final comments stated in Bentolila and Bertola. It is worth noticing that such a result is conditional to the nature of the shock, and should not be considered as an unconditional one. Furthermore, the model focus on a very partial model, where the possible interactions between labor security provisions and capital accumulation is ignored. This paper is structured as follows. Section 1 develops a dynamic model of labor demand in the lines of Bentolila and Bertola [1990]. Section 2 describes the Markov chain representation of the optimal adjustment policy followed by one individual firm. Section 3 studies the aggregation 2



of individual labor demands and derives the aggregate labor demand behavior. These two sections are direct applications of the general framework proposed in Bertola and Caballero [1990]. Section 4 proposes a dynamic analysis of the model, by computing the transitional dynamics between two steady-states after a large shock.



1



The Firm Model



We develop in this section a dynamic model of labor demand in which firms bear labor adjustment costs. This partial equilibrium model does not introduce labor supply behavior. One can imagine that households inelastically supply a constant level of labor. We assume that adjustment costs are linear and asymmetric. As Nickell [1986] and Bentolila and Bertola [1990] noticed, this latter assumption seems consistent with the strict regulation of the European labor markets2 where some restrictions on hiring and firing exist. We first focus on the dynamic optimization problem, before giving the specification of the adjustment costs.



1.1



The Dynamic Optimization Problem



The economy is composed of a continuum of monopolistically competitive firms indexed by i on the unit interval, and supposed to be competitive on the labor market3 . Firm i faces adjustments costs and its environment is uncertain. The assumptions of the model are mainly derived from Bentolila and Bertola [1990] and Bertola and Caballero [1990]. Each firm has a linear production technology, with homogeneous labor L as only input: Qit = At Lit



(1)



where Qit , At and Lit are respectively production and sales, labor productivity and labor at time t. Each firm faces a constant elasticity demand function: 1



Qit = Dit Pitµ−1



(2)



with 0 < µ < 1, and where Dit indexes the position of the direct demand curve, Pit the price or good i relatively to a price index of all goods produced in the economy and µ the inverse of the markup factor. 2



See Emerson [1988] for an exhaustive survey of these questions. With these assumptions (exogenous wage and no firms rationed on the labor market), the level of employment is always equal to the labor demand, and we will use indistinctly the two terms. 3
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Firm i pays a real wage w which is assumed exogenous and constant. It also bears labor adjustment costs, except when a worker voluntarily quits. The constant quit rate is denoted by δ, and the labor stock depreciates according to the following equation: dLit = −δLit dt



without control



(3)



Moreover, firms adjust their labor force via an active policy of hiring and firing. It is assumed that a firm cannot manipulate its current wage to induce uncostly quits. As in Bentolila and Bertola [1990], the index of the demand curve Dit follows a geometric Brownian process whereas labor productivity At grows at a deterministic exponential rate: dAt = vA At dt dDit = vD Dit dt + σD Dit dWDit



(4) (5) (6)



where vA and vD are constant drifts and σD is the standard deviation of the increment of the Brownian motion process followed by Dit . WD is a Wiener process with increments that are normally iid over firm. In the presence of adjustment costs and uncertainty, the firm chooses an employment policy to maximize its objective function, which we write as the following dynamic problem: Z ∞  −ρ(τ −t) V(Lit ) = max Et e (Πiτ (Liτ )dτ ) − CA Lit



(7)



t



where ρ is the discount rate, Πiτ the instantaneous profit function and CA is the expected discounted sum of all future adjustment costs. The exact expression of CA depends on the shape of the adjustment costs and on the adjustment policy, and cannot be written explicitly at the moment. Let us denote L?it the unique unrestricted maximum of Πit (.), lowercase as log of uppercase and let us introduce the relative distance to frictionless optimal level of employment zit : zit = log Lit − log L? it = lit − l? it Ideally, the optimal firm’s strategy would be to choose a stochastic process for {zit } such that lit = l? it at all time. Nevertheless, as we assume adjustment costs, these costs have to be traded off against the benefits of tracking the frictionless optimal employment level l? it . When no adjustment is done, it can be shown4 that {zit } follows an arithmetic Brownian process. Since {Dit } is a geometric Brownian process, thus, by Ito’s lemma {log Dit } follows an arithmetic 4



All the algebra can be found in the Chambin and Portier [1993] working paper.



4



Brownian process. Using this, the {l? it } process can be written as the following arithmetic Brownian motion: dl? it = v ? dt + σ ? dWit



(8)



where v ? and σ ? are respectively the drift and the standard deviation of the process innovation: h  i 2 µ v ? = − µ−1 vA + vD − σ 2D (9) 2 σ ? = σD As dLit = −δLit dt, without control, d log Lit = −δdt, and the {zit } process can be written as: dzit = gdt + σdWit



without control



(10)



where g = −δ − v ? is the drift and σ = σ ? the standard deviation of the process innovation. At this point, we have derived the essential equations to compute the solution of the firm’s problem, but we must make some assumptions on the structure of adjustment costs before the resolution of the model.



1.2



Specification of the Adjustment Costs



Hiring and Firing costs:



As Nickell [1986] noticed, hiring costs are incurred both in the act of



hiring and in the consequent introduction of a new employee into the productive force. The former category would include expenditure on advertising and time spent on interviewing, testing and the like. The latter category would include direct expenditure on training and indirect expenditure in the form of lost output while the individual learns the job. One can notice that the cost of advertising for two employees is the same as advertising for one. Some costs, on the other hand, are fixed per unit if the firm hires from an agency. When a firm fires, it bears firing costs which include payments in lieu of notice, compensation for breach of contracts, loss of output resulting from the lag between separation and subsequent replacement and any costs incurred because it is necessary to fulfill certain legal requirements. The lump-sum firing costs can be justified by the organizational and/or psychological cost of a firing decision within the firm, considered as an organization or a team. Furthermore, this cost is necessary to generate mass firings, which are observed at the microeconomic level. Adjustment Cost Function:



With the approximation ∆Lit ≈ ∆zit Lit 5



which means that effective employment is never “too far” from its frictionless optimal level, the adjustment cost function can be written as follows:   CH + cH ∆zit 0 CA(∆zit ) =  CF − cF ∆zit



if ∆zit > 0 if ∆zit = 0 if ∆zit < 0



CH and CF are lump-sum costs and cH and cF proportional costs per new employee. All these parameter are assumed to be positive. Sunch an adjustment cost function is non-convex, and will lead to optimal discontinuous behavior from the firms.
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The Markov Chain Representation of the Firm Optimal Policy



This section is taken from Dixit [1991]. The solution that maximizes the value function given in (7) can be shown to be expressible in terms of fixed trigger points and fixed adjustment steps in this state space. Therefore, we can describe the adjustment policy in terms of four parameters, (H, h, f, F )5 . With this optimal adjustment policy, adjustment only occurs when the variable {zit } hits the trigger points H or F , with H < F . Thus the firm allows {zit } to fluctuate between a constant lower (H) and upper (F ) control barriers. When {zit } reaches H, the optimizing firm immediately increases its labor force by hiring new employees, and move {zit } instantaneous to the point h, with H < h < F . If an adverse change occurs, for example a demand slump, such that {zit } hits F , the firm should immediately reduce its labor force by firing some workers, and move {zit } back to a point f , with H < f < F . The points h and f are denoted as the return points. A discrete approximation of the optimal firm policy will then allow for numerical resolution and simulation of the model. The process {zit } is to go on over the interval (H, F ). In the discrete approximation to this problem6 , we divide the state space into ν =



F −H η



small intervals of length



η, and time into steps of size τ . We assume that the position of the variable {zit }7 over the interval (H, F ) is indexed by k, with zkH = H, zkh = h, zkf = f and zkF = F . Thus, the variable {zt } ranges over a discrete set of values zk , such that: zk+1 − zk = η



for all k.



With this approximation, the discrete equivalent of the {zt } process is a binomial random walk. 5 If we suppose that there are no lump sum costs, ie CH = CF = 0, the optimal policy could be written in terms of two parameters (h, f ) as in the framework of Bentolila and Bertola [1990]. 6 The discrete approximation of this type of problem has been developed in Dixit [1991]. 7 For simplicity, we will omit the index i denoting the firm in the following.
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Therefore, when z is at zk at time t, its value will be τ time later: zk−1 = zk − η



with probability p



(11)



zk+1 = zk + η



with probability 1 − p



(12)



This probability p, the discrete time interval τ and space step η must be compatible with the assumption that the process {zt } follows an arithmetic Brownian process, ie they must respect the following conditions8 respected:   1 gτ p = − +1 2 η σ2τ = η2



(13) (14)



In the limit as τ and η go to zero while preserving (14), the discrete random walk converges to the arithmetic Brownian process {zt }. When the firm follows a (H, h, f, F ) policy. In that case, • if zk belongs to the interval I = [zkH +2 ; zkF −2 ], then zk will not hit τ time later, the lower barrier H nor the upper barrier F , and therefore the firm will not change the level of its labor force (no control occurs). So, for zk ∈ I, with I being the interval denoted the inaction range, conditions (11) and (12) apply. • if the firm is at the point zkH +1 , zk will reach τ time later, the lower barrier H with the probability p and therefore will instantaneously go to the return point h. We then have:  zk h with probability p zkH +2 = zkH +1 + η with probability 1 − p Likewise, if the firm is at the point zkF −1 , we get:  zkF −2 = zkF −1 − η with probability p zkf with probability 1 − p Consequently, the variable zk behaves as a Markov chain in the interval [zkH +1 ; zkF −1 ], and its transition matrix A is given below, in the case where zkh < zkf :



zkH +1 zkH +2 .. . zkF −2 zkF −1 8



0 B B B B @



zkH +1



zkH +2



zkH +3



···



zkh



···



zkf



···



zkF −3



zkF −2



zkF −1



0 p .. . 0 0



1−p 0 .. . 0 0



0 1−p .. . 0 0



··· ··· .. . ··· ···



p 0 .. . 0 0



··· ··· .. . ··· ···



0 0 .. . 0 1−p



··· ··· .. . ··· ···



0 0 .. . p 0



0 0 .. . 0 p



0 0 .. . 1−p 0



1 C C C C A



These conditions are obtained by equating the means and variances of the discrete and continuous time processes.



7



The element in the k th row and the j th column is the transition probability of going from state zk to zj in the time-interval τ . This discrete setup in Markovian terms allows us to compute the (H, h, f, F ) optimal rule (see Chambin and Portier [1993], and to simulate the model.
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The Aggregate Labor Demand



In this section, we compute the aggregate labor demand process when idiosyncratic shocks are the only source of uncertainty in the economy. This restriction on the source of uncertainty is necessary for a steady-state to exist, except for very special case as (S, s) rules. With this restriction, we then determine the long-run ergodic distribution of firms over the [H, F ] interval. We also show how to compute impulse response functions to a permanent and unanticipated aggregate shock on the frictionless optimal level of employment, and transitional dynamics between two steady-states when a permanent and unanticipated aggregate shock, which changes the optimal (H, h, f, F ) policy, occurs.



3.1



Aggregation of Individual Labor Demands with Idiosyncratic Uncertainty



As it has been assumed in section 1, all firms in the economy are identical in technology and demand function, and all follow the same (H, h, f, F ) policy. Their individual behavior is then given by the transition matrix A. If the only source of uncertainty is idiosyncratic, the probability (1 − p) for a firm to move up is also the proportion of firms that move up when there is a large number of firms. Therefore, the individual A transition matrix is also the aggregate transition matrix, and the aggregate behavior of the economy can be easily computed. This bridge between micro and macro behavior is broken when there is ongoing uncertainty, as one cannot therefore use the individual A matrix for the aggregate economy9 . To get a simple aggregation scheme of our model, we assume in this model that idiosyncratic shocks are the only source of uncertainty, leaving ongoing aggregate uncertainty for further research. Our aim is then to compute the process of the log of aggregate employment lt defined as  Z 1 Z 1 lt = log Lit di ≈ lit di 0



0



With this approximation, one has: Z 1 Z ? ? lt = (lit + zit ) di = lt + 0



1



zit di = lt? + z t



0



9



Nevertheless, as Bertola and Caballero [1990] mentioned it, when there exists ongoing aggregate uncertainty, it is possible the compute the aggregate path of the economy, even if there is no steady-state
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Thus, at each time t, the distribution of the zit ’s gives us the value of the aggregate employment. We use the Markov chain representation of the problem developed in section 2 to compute the aggregate dynamics of that economy. We first derive the conditional distribution of zit for a firm i, when it follows a (H, h, f, F ) policy. This conditional distribution represents the distribution of the position of firm i over [H, F ] at time t when its distribution at time = 0 is known. Let fit (·) be that conditional density of the zit ’s (at time t) over [H, F ]. This density fit (·) is defined by fit (ω) = Prob[zit = ω] ∀ω ∈ [H, F ] and has the following properties: fit (ω) ∈ [0, 1]∀ω ∈ P [H, F ] and ω∈[H,F ] fit (ω) = 1 We then define fit as the following (1 × ν) vector: fit = (fit (H), fit (H + η), . . . , fit (h), . . . , fit (f ), . . . , fit (F − η), fit (F )) Using a transformation of the A transition matrix of section 2, A10 , we have the simple recurrent equation: fit+1 = fit A



(15)



This equation is true for any firm i, and is used to compute the aggregate dynamics. As it is heuristically demonstrated in Bertola and Caballero [1990]; “if we assume that the initial empirical distribution fe0 is given and that each [firm] ’s initial probability density fi0 is the same [and equal to f0 ], and we consider a larger and larger n, then fe0 can be made arbitrarily close to f0 , and fet can be made arbitrarily close to ft = f0 At . This is a simple application of the Glivenko-Cantelli theorem [· · ·] when the total number of units n tends to infinity, the number of units in each state-space location becomes large enough that, by a strong law of large numbers, the probabilities associated to each position in state space coincide with the actual fractions of units located in the same states. As this happens at all point in times, the fraction of units moving between positions in the state space must coincide with the probabilities in the unit’s transition matrix..” (Bertola and Caballero [1990], p257)



Let s be the vector of locations in the state space: s = (H, H + η, . . . , h, . . . , f, . . . , F − η, F )0 z t be the mean of zit ’s over the firms and ft the distribution of firms over [H, F ] at time t. We then have the relation: z t = ft s 10 A is the A transition matrix bordered with lines and columns of zeros. This transformation is purely conventional and is made to include explicitly H and F in the locations vector.
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and the process of z is given by: z t+1 = ft+1 s = ft As As lt = lt? + z t , the process of aggregate employment is given by: lt = l0? + v ? t + f0 At s where v ? is the drift of the arithmetic Brownian motion followed by the log of frictionless optimal employment.



3.2



Steady-state and Ergodic Distribution



The steady-state of that economy is reached when the distribution of the zit ’s becomes constant. This ergodic distribution fb is given by the following relation: fb = fbA It can be shown (Bertola and Caballero [1990]) that fb is piecewise exponential over the interval, continuous everywhere but not differentiable at h and f : fb(z) = Ceζz + D with



with ζ =



2g σ2



  (C1 , D1 ) for z ∈ [H, h] (C2 , D2 ) for z ∈ [h, f ] (C, D) =  (C3 , D3 ) for z ∈ [f, F ]



where the Ci and Di depend on the parameters of the model.



3.3



Impulse Response Functions and Transitional Dynamics



We use the discrete approximation of the problem to compute IRF and transitional path between two steady-states. Impulse Response Functions:



Let us assume that the economy is at the steady-state from



t = 0 to t = t0 , –i.e. that the distribution of firms over [H, F ] is given by fb for all 0 < t < t0 . When a permanent and unanticipated shock ∆ on l? occurs11 at time t0 , the optimal policy of firms is not changed but a positive mass of firms instantaneously hires (in case of a positive shock on l? ) or fires (when the shock is negative). At time t0 , the distribution of firms is then given by ft0 , and 11



This shock can be a technological, demand or wage shock in our framework.
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this distribution is no longer the ergodic distribution of the economy. As time goes by, the economy will converge back to the steady-state, as ft will converge to fb. The path of aggregate employment is therefore given by:  ? for 0 < t < t0  l0 + v ? t + fbs lt = for t = t0 l0? + v ? t + ft0 s + ∆  ? l0 + v ? t + ft0 A(t−t0 ) s + ∆ ∀t > t0 Transitional Dynamics:



(16)



Let us assume that the shock on l? is an unanticipated and permanent



shock which change the optimal policy –i.e. which change12 (H, h, f, F ) from (H1 , h1 , f1 , F1 ) to (H2 , h2 , f2 , F2 ) – occurs at t0 . The economy was before t0 at its steady-state, and the distribution of firms over the interval [H1 , F1 ] was given by the ergodic distribution fb1 . The shock leads firms to adopt a new optimal policy (H2 , h2 , f2 , F2 ). At the time of the shock, some firms may hire and some may fire, as their position is no longer inside the new corridor13 . The new distribution ft0 is not the new ergodic distribution fb2 , and the economy will converge to its new steady-state. The path of aggregate employment is therefore given by:  ? ?  for 0 < t < t0  l0 + v1 t + fb1 s1 ? ? l0 + v1 t0 + ft0 s2 + ∆ for t = t0 lt =   l? + v ? t + v ? (t − t ) + f A(t−t0 ) s + ∆ ∀t > t 0 t0 2 2 0 0 1 0 2



4



(17)



Big Shock, Slow Growth and Transitional Dynamics



In their 1990 paper, Bentolila and Bertola ask if the regulation of European labor markets have a role in the Eurosclerosis of the mid-seventies and in the eighties. In the last section of their paper, they study how the optimal firm policy varies between two regimes, before and after 1973. They characterize the two regimes as follows: “ Before 1973, demand growth was quick and steady, productivity growth was high and workers were not afraid of quitting, because jobs could easily be found. In contrast, after 1973, demand became low and more volatile, productivity slowed down and workers became reluctant to quit because of the difficulty in finding jobs. Finally, around 1975, labor security provisions were tightened by governments and unions trying to avoid massive dismissals..” (Bentolila and Bertola [1990], p395)



We propose here an explicit analysis of the transition between these two steady-states, in order to answer their question: “what happens if a large, aggregate negative shock occurs, and at the same time the parameters of the stochastic process and the firing costs are suddenly and unexpectedly changed, as we think was the case in the early 1970’s.” (Bentolila and Bertola [1990], p398) 12 In our framework, this shock can be a shock on the adjustment costs, on the variance of demand, on the drift of productivity, demand or wage, on the quit rate,... 13 In this situation, we assume that the new corridor is more narrow than the former. In the opposite case, firms will neither fire nor hire.
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The parameters calibration is mainly taken from (Bentolila and Bertola [1990], and is relative to the French economy over the period 1961-1973 for regime 1 and 1973-1986 fro regime 2. In the following, the real wage is normalized to one, and the level of aggregate employment is normalized to one at the time of the shock (1974). All variables are on an annual basis, and the costs parameters are in percentage of the annual wage rate. The simulations are performed with dividing the z space into 750 intervals, and the time period in the discrete approximation is slightly less than .0002 year. Therefore, simulating over 125 000 periods is necessary to generate the labor demand path over 1961-1986. Table 1: Regime 1 calibration v? 1.88 % CF .5%



δ 12.7% cF 8/12



σD 6.5% CH .5%



µ .7 cH 1/12



ρ 6.5 %



The relative values of vD and vA do not matter in the calibration, and we directly calibrate the drift such that the growth rate of the employment level is equal to 1.88%, which is the actual one in the French economy over the period 1960-1973 (see figure 4). σD is three time the average standard deviation of the first difference of the logarithm of industrial production. Voluntary quit rate δ is assumed to be two thirds of the separation rate in the manufacturing industry. ρ is assumed to be 6.5% (in real terms). the inverse of the markup factor µ is in the range of Burda [1987] estimations. Proportional hiring and firing costs are respectively equal to one and eight month of wage. We do not have any reliable estimates for lump-sum hiring and firing costs. We set them to a low level of .5% of a worker yearly wage. As we will see it below, this low level is enough for the optimal firms policies to display mass firings and hirings. The optimal control policy of a firm in such a configuration is displayed in table 2 Table 2: Optimal Policy in Regime 1 H -14.5 %



h 8.8%



f 48.7 %



F 55.6%



When a firm is more than 14.5 % below its frictionless optimal level of employment, it decides to hire and set its work force 8.8% above it frictionless optimal level. When it is 55.6% above its optimal level, the firm fires to 48.7% above its optimal level. The high level of the firing point is 12



Figure 1: French Employment
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linked to the presence of a positive drift in the frictionless optimal level of employment and of a positive rate of quit. As it has been shown before, a firm that does not hire or fire is more and more below its frictionless optimal level. Therefore, firms wait to be far above their optimal level before firing. And when they fire, they do not reduce too much their level of employment, as it depreciates as time goes by. This interpretation is more intuitive at the look of the ergodic distribution of firms (figure 4). Figure 2: Ergodic Distributions
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Most of the firms are concentrated around zero and slightly below–i.e. below their frictionless optimal level – as firing is more infrequent than hiring, because of the positive drift in the frictionless optimal level of employment. On average, employment is 1.38% below its optimal level. As we 14



do not explicitly model the labor market equilibrium, we will refer to the average gap between frictionless employment and effective employment (with adjustment costs), z, as the frictional labor demand gap. In that economy, stationary frictional labor demand gap is then 1.38%. From figure 4, one can also notice that almost no firms stay near the firing point, and that only firms that receive a large negative individual shock do fire workers. Let us now consider regime 2. How can the change of regime be translated in terms of model parameters? The drift in optimal employment has become negative, according to figure 4, and is set to -.054% per year. σD increased, δ increased. We study separately two scenarios for regime 2 (table 3). In the first one (rigid economy), firing costs are increased, up to 11 month of wages, This scenario is supposed to be what happened, according to Bentolila and Bertola [1990]. This scenario is supposed to be the one adopted by European countries. In the second one (flexible economy), these proportional firing costs are set to zero. Table 3: Regime 2 calibration



v? -.054 % CF .5% v? -.054 % CF .5%



Rigid economy δ σD µ 7.9% 14.4% .7 cF CH cH 11/12 .5% 1/12 Flexible economy δ σD µ 7.9% 14.4% .7 cF CH cH 0 .5% 1/12



ρ 6.5 %



ρ 6.5 %



The optimal (H, h, f, F ) policy in each of these regimes is given in table 4. Table 4: Optimal Policies in Regime 2 Regime 2 - Rigid economy H h f F -21.8 % -3.1% 38.8 % 49.5% Regime 2 - Flexible economy H h f F -20 % 0% 9.9 % 25.1%



In both scenarios, the barrier H is two times lower, which means that firms accept employment to be far below their optimal level (about 20%) before hiring new workers. On the other hand, the 15



firing barrier F decreases slightly in the rigid economy scenario, but decreases dramatically from 55% to 25 %in the flexible economy one. The steady-state levels of frictional labor demand gap in these regimes are respectively 1.38% in regime 1, -1.28% in regime 2 of the rigid economy and -1.138% in regime 2 of the flexible economy. Because firing costs are higher, firms optimally choose to keep a higher level of employment in the rigid economy, and the frictional labor demand gap is lower (in absolute terms). This explains why the ergodic distribution of the flexible economy is more on the right than the rigid economy one, as it can be seen on figure 4. We assume that the economy is at the steady-state of the first regime at date 0 (say 1961), and that a unanticipated and permanent change of regime plus a permanent and unanticipated big shock (oil shock) of -3% (roughly the size of the decrease in French employment from 1974:1 to 1975:2) on optimal employment occur thirteen years later (say 1974). We plot on figure 4 and 4 the path of aggregate labor demand with and without drift. The rigid economy is represented in dashed line and the flexible one in solid line. Several comments can be made from these figures. First, even if each firm behavior is discontinuous, the aggregate labor demand displays a smooth behavior that resembles to the actual aggregate data. Aggregation of discontinuous paths can lead to continuous aggregate path. Let us now turn to figure 4. Because firms are less desirous to hire in the rigid economy, the convergence to the new steady state is slower, and the through in labor demand is deeper. After five years, labor demand in the rigid economy becomes larger than the flexible economy one, because its the steady state is higher, as we saw it by looking at the ergodic distribution. Figure 4 displays the path of aggregate labor demand with drift in the two economies, and compare it to a simple model with only changes in drift and a big shock. As it was expected, economies with adjustment costs display a smoother behavior, and the decrease is slower just after the shock. What should be noticed is that, even with dramatic changes in the firing cost (zero in the flexible economy and almost one year of wage in the rigid one), the time patterns of the two series are not that different. With such a model, one cannot show any large negative effects of firing costs, relatively to a model with no proportional firing costs. Figure 4 shows that, when compared with actual French data, the order of magnitude of the difference between the flexible and the rigid economy is small.



Conclusion We have shown that a model where individual optimal adjustment rules with kinked hiring and firing costs are aggregated cannot make high firing costs responsible for the persistence of the low 16
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Figure 4: Aggregate Labor Demand (with drift)
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Figure 5: Comparison with French Data
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level of labor demand in Europe, since the differences with a case with no proportional firing costs were small. Is such a result robust to an extension of that simple model? We consider here two possible extensions. A first simplification was to ignore capital accumulation and capital-labor substitution. It might be the case that firms substitute more capital to labor in the rigid economy. Such an effect can dominate the increase of firing costs in the determination of the new steady state level of labor demand, and might lead to a lower steady state level in the rigid economy than in the flexible one, contrarily to what happens in our model. Such an extension have not been considered here because of the technical complexity created by the addition of a new state variable (capital). A second simplification was to work in a partial equilibrium model. In a general equilibrium framework, some feed back effect of firing costs on equilibrium wages might change the dynamics of employment, for example through a competitivity effect, in an explicit open-economy setting. Such an integration of heterogeneous agents models within general equilibrium models is still an open issue.
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