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 Recent empirical work indicates that job creation and destruction
 rates are large, implying significant amounts of job reallocation
 across firms. This paper builds a general equilibrium model of this
 reallocation process, calibrates it using data on firm-level dynamics,
 and evaluates the aggregate implications of policies that interfere
 with this process. We find that a tax on job destruction at the firm
 level has a sizable negative impact on total employment: a tax equal
 to 1 year's wages reduces employment by roughly 2.5 percent. More
 striking, however, are the welfare consequences: the cost in terms
 of consumption of this same tax is greater than 2 percent. The
 mechanism through which this welfare loss arises is apparently a
 decrease in average productivity, since this policy results in a de-
 crease in average productivity of over 2 percent.

 We have benefited from the comments of seminar participants at Arizona, Board
 of Governors, Buffalo, Columbia, Cornell, Maryland, the Minneapolis Fed, the NBER
 Summer Institute, Northwestern, Rice, Rochester, Santa Cruz, Stanford, Texas A&M,
 Toronto, Western Ontario, and Yale and from conference participants at the 1990
 annual meetings of the Society for Economic Dynamics and Control in Minneapolis;
 the conference on Macroeconomics and Labor Markets held in Madrid, August 1990;
 the conference on Labor Markets and Wage Formation held in Amsterdam, January
 1992; and the NBER Economic Fluctuations Conference in Palo Alto, Calif., February
 1992. In particular, we would like to thank two anonymous referees, Jeremy Green-
 wood, and Ariel Pakes for many useful comments; Steve Davis and John Haltiwanger
 for providing us with data; and Les Reinhorn for research assistance. Support from
 the National Science Foundation is gratefully acknowledged.

 [Journal of Political Economy, 1993, vol. 101, no. 5]
 K 1993 by The University of Chicago. All rights reserved. 0022-3808/93/0105-0004$01.50

 915

This content downloaded from 132.208.246.237 on Mon, 03 Dec 2018 16:47:52 UTC
All use subject to https://about.jstor.org/terms



 916 JOURNAL OF POLITICAL ECONOMY

 I. Introduction

 The goal of this paper is to use recent advances in the theoretical

 and empirical study of firm-level dynamics to examine the qualitative
 and quantitative impact of government policies that make it costly
 for firms to adjust their employment levels. Recent empirical work
 has analyzed several large data sets that track the evolution of individ-

 ual firms over time.' Although details of the data sets and findings
 do differ across studies, one stylized fact that emerges is that the

 volume of job creation and destruction at the level of the individual
 firm is very large and that the vast majority of it is not accounted for

 by aggregate variables.
 This finding is of particular interest given that cross-country com-

 parisons indicate substantial differences in the relevant regulatory
 environments in which firms make employment decisions. Examples
 of regulations include legislated severance payments, plant closing
 legislation, advance notice, and various indirect bureaucratic costs

 (see Lazear [1990] for some cross-country comparisons). Given the
 amount of job creation and destruction taking place, one is naturally
 led to inquire about the effects of these types of regulations. In fact,
 there has recently been much discussion focusing on the role of labor

 market regulation as an explanatory factor for the differential perfor-
 mance of American and European labor markets over the last 20
 years.

 Recent theoretical work has produced several equilibrium models
 of industries that stress heterogeneity at the firm level.2 In this paper
 we extend the industry equilibrium model of Hopenhayn (1992) to

 a general equilibrium setting. In a stationary equilibrium of this
 model, the aggregate properties of the economy are constant over
 time, although individual firms are continually adjusting, by ex-
 panding, contracting, starting up, or closing down. This environment
 stresses the heterogeneous development of firms and provides a natu-
 ral setting in which to analyze policies that affect firm-level adjust-
 ments. We illustrate its usefulness for analyzing the types of policies
 mentioned above by considering the consequences of a policy that
 taxes firms for job destruction.

 It is important to stress the role of recent empirical work in this

 exercise. Policy outcomes are strongly affected by the environment
 in which firms are operating. For example, in the case of dismissal

 1 Important contributions to this literature include Birch (1981, 1987), Dunne, Rob-
 erts, and Samuelson (1986, 1987, 1988, 1989), Leonard (1987), Evans (1987a, 1987b),
 Pakes and Ericson (1987), Davis and Haltiwanger (1988, 1990), and Troske (1989).

 2 Important contributions to this literature include Jovanovic (1982), Lambson
 (1988), Ericson and Pakes (1989), and Hopenhayn (1992).
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 costs, intuition suggests two opposing effects. On the one hand, firms

 may be less likely to dismiss workers in response to adverse shocks,

 possibly waiting for their situation to improve. On the other hand,
 given that dismissals are costly, firms may be less likely to hire workers

 in response to positive shocks, possibly waiting to see whether the

 situation persists before committing to hiring additional workers. The

 overall effect on aggregate employment seems ambiguous, de-

 pending on the stochastic structure of firm-level shocks. This being
 the case, evidence on the firm-level stochastic environment is nec-

 essary.

 This work is closely related to a recent paper by Bentolila and

 Bertola (1990), who analyze the labor demand of a single monopolist

 subject to hiring and firing costs. Three differences are that their
 model abstracts from the entry/exit phenomenon, their calibration
 uses aggregate rather than firm-level data, and their analysis is partial

 equilibrium. Our results for the effects of a job destruction tax on
 employment are quite different from those obtained by Bentolila and
 Bertola: whereas they found that a dismissal cost actually increases
 long-run employment, we find that a tax on dismissals equal to 1

 year's wages reduces long-run employment by roughly 2.5 percent.
 Furthermore, because we analyze the problem in a general equilib-

 rium framework, the welfare consequences of these policies can also

 be analyzed. Our findings are quite striking: a tax equal to 1 year's

 wages reduces utility by over 2 percent measured in terms of con-
 sumption. By way of contrast, we note that it is common to find
 welfare costs on the order of a small fraction of a percent in most
 contexts.

 An important channel through which this welfare reduction oper-
 ates is average labor productivity, which is reduced by more than 2
 percent by the introduction of this policy. Although the employment
 effects are of definite interest, we believe that the finding of such
 large welfare costs stands as one of the most important findings of
 our study. Policies that interfere with the job creation/destruction
 process are apparently quite costly.

 This paper is intended as a first step in addressing the issues out-
 lined above, and it is important to note several qualifications. First

 (as is also the case in Bentolila and Bertola), the effect of such policies
 on the nature of implicit or explicit labor contracts is ignored. Second,
 the analysis carried out here addresses only the long-run or steady-
 state effects of these policies and does not consider the short-run
 response of an economy to changes in policies. Third, for computa-
 tional reasons, the current analysis excludes physical capital. Intuition
 suggests that if it were included the employment effects that result
 would be larger, since the types of policies studied presumably create
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 an incentive for firms to substitute capital for labor. Finally, we focus
 here on only the costs associated with certain policies; we do not
 attempt to measure benefits that may be associated with such policies.

 II. Model

 The framework described below is designed for the purpose of study-
 ing a competitive economy that is in a stationary or long-run equilib-
 rium. In this equilibrium, individual firms will be undergoing change
 over time, with some of them expanding, others contracting, some
 closing down, and others starting up. Despite all this change at the
 level of the individual firm, however, all aggregate variables-such

 as price, employment, output, and the number of firms-will be con-
 stant over time.

 Each firm has a stochastic production function using labor as its

 only input. If a firm employs n, workers in period t, when the output
 price is pt it receives period t profits equal to

 ptf(nt, st) - nt- ptCf - g(nt, nt 1)-

 Several elements require some elaboration. The wage rate has been
 normalized to one and hence does not appear explicitly. The variable

 st is a firm-specific shock to production opportunities in period t. This
 shock takes values in R+ and follows a first-order Markov process
 described by a function F(s, s'), with the interpretation that for each
 current value of the shock, denoted by s, F(s, *) is the distribution
 function for next period's value of the shock, denoted by s'. The
 shocks are independent across firms, but each firm's shock will evolve

 according to the same function F. The term Cf is a fixed operating
 cost (denominated in units of output) incurred by the firm in each
 period in which it remains in the market. As will become clearer later,
 the role of this fixed cost is to make it meaningful to talk about a
 firm exiting the market, as distinct from temporarily producing zero
 output. The function g captures the presence of adjustment costs and
 is included in the specification because the policy experiments to be
 studied later can be represented as changes in the g function. For
 example, the case in which a firm must make a fixed payment X for
 every job that it destroys implies that g will take on the form

 g(nt, nt- 1) = X *max(O, nt 1 -nt)

 We now consider the decisions made by each firm and in particular

 the timing of these decisions. Figure 1 shows the sequence of deci-
 sions made by both incumbent and new firms. We begin with the
 period t decisions made by a firm that was in operation in period
 t - 1, at which time the firm had a shock equal to st- 1 and employed
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 Incumbent begins period t with (s t-1nt-1

 Exit Decision

 Exit Stay

 receive -g(Otnt ) this period find out value of st

 zero in all future periods make employment decision nt

 receive Ptf(ntst )-nt-g(nttnt-l) ptcf

 I.

 repeat next period

 FIG. 1.-Timing of decisions

 nt-I workers. At the start of period t, prior to receiving any new
 information, the firm must first make a decision about whether to
 remain in the productive sector. If the firm exits, it implicitly chooses
 current employment equal to zero and must pay the adjustment costs

 g(O, n, 1) associated with this choice, but it avoids paying the fixed
 operating cost Cf.3 If a firm exits, it disappears from the model, receiv-
 ing profits of zero in all future periods. If a firm chooses not to exit,
 then it incurs the fixed cost Cf and observes the current value of its

 shock, st. The firm then chooses current employment, produces out-
 put, and sells it at the period t price. This process is repeated next
 period.

 Because of the nature of the exit decision, firms whose prospects
 look sufficiently poor (because of their last-period realization of s and
 the serial correlation in this process) exit to avoid the fixed cost. If
 there were no fixed cost, then the firm would not have to exit and
 could simply wait for the possibility of better times (higher realization
 of s), even if that implies output of zero in the immediate future.

 Next consider the decisions made by potential entrants in period
 t. We assume that there is a large number (in fact a continuum) of
 ex ante identical potential entrants in each period. Entrants incur a
 one-time cost of Ce, again denominated in units of output. Once this
 cost has been paid, the entrant is in the same position as an incumbent
 that has chosen to remain in the productive sector and had zero
 employees in the previous period. Each new entrant receives its cur-
 rent value of s as a draw from the distribution v. These draws are
 independently and identically distributed across entering firms, and

 3 This outcome explicitly assumes that if a firm closes down it still has to make good
 on all its obligations. It is of some interest to consider relaxing this feature.
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 the distribution v is the same in each period and is independent of

 the number of entering firms. After the initial period, entering firms

 evolve in the same fashion as incumbent firms. Finally, all firms be-
 have so as to maximize the expected discounted present value of

 profits, net of entry costs.

 Having described the technology available to the economy, we still
 need to describe preferences and endowments. There is a continuum

 of identical agents, uniformly distributed over the unit interval, with
 preferences defined by

 00

 Z f3t[u(c) -v(n,)],
 t= 1

 where ct and nt are consumption and labor supply in period t, respec-
 tively. Consumption is restricted to be nonnegative, and labor supply

 is restricted to be either zero or one. This last feature is included so

 that the number of employees at a firm is well defined. Following

 Hansen (1985) and Rogerson (1988), we assume that individuals
 choose employment lotteries and have access to markets to diversify

 idiosyncratic risk. This implies that the economy behaves as though

 there were a representative agent with preferences defined by

 00

 Z ,3t[u(ct) -aNt],
 t= 1

 where Nt is the fraction of individuals who are employed in period t.
 The ownership of the technology is assumed to be uniformly distrib-
 uted across the population, and profits are shared equally in equilib-
 rium. Also, in the policy analysis conducted later in the paper, the
 revenues raised from taxing firms for job destruction are redistrib-

 uted uniformly to all individuals as a lump-sum payment.
 This completes the specification of the model. This model attrib-

 utes all firm-level uncertainty to firm-level supply shocks. There is,
 however, an interpretation of this same structure in which the distur-
 bances reflect shocks on the demand side. In this alternative struc-
 ture, firms produce differentiated products, and the distribution of
 consumer tastes across differentiated products is stochastic over time.
 Although a firm's ability to physically produce output is constant over

 time, the value of this product is not. The production function is
 interpreted as specifying output in efficiency units that reflect the
 distribution of tastes in the market, and price corresponds to the
 price of an efficiency unit of output rather than the price of a physical
 unit of output.
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 III. Equilibrium

 A. Notation

 We begin by examining the decision problem of a firm in more detail.
 In anticipation of a stationary equilibrium, a constant output price of

 p is assumed. Specifically, consider a firm that employed n workers
 last period, decided to remain in the industry for the current period,

 and has received a new value for its shock equal to s. The Bellman
 equation corresponding to the firm's decision problem at this point
 is

 W(s, n; p) = max {pf(n', s) - n' - pCf - g(n', n)
 n'?O

 + P max[EsW(s', n'; p), -g(O, n')]},

 where Es denotes expectations conditional on the current value of s,
 and s' denotes next period's (random) value of s. For reasons that
 will soon become clear, it is convenient to list the stationary price
 level p as a parameter in the value function. This equation is entirely
 straightforward with the possible exception of the maximization oper-

 ator that is nested on the right-hand side. This reflects the fact that
 the firm will make a decision about exiting at the beginning of the
 next period. Moreover, because there will be no additional informa-
 tion revealed between the current decision point and the time of the
 exit decision, the firm can determine now whether it will choose to

 exit at that time. Of course, the decision to exit at the beginning of
 next period is not independent of this period's employment decision.

 Conditional on this period's employment choice, the firm must evalu-
 ate the expected value of remaining in the productive sector, given
 by EsW(s', n'; p), and compare this with the present discounted value
 of profits associated with exiting, given by -g(O, n').

 Note that if the value function W is known, the value of entering
 gross of entry costs, We, can be computed by

 We(p) = f W(s, O; p)dv(s).

 The firm's decision problem produces two decision rules: one
 for the optimal choice of current employment and the other for the
 optimal stay/exit decision at the beginning of next period. We write
 them as N(s, n, p) and X(s, n, p), respectively, with the convention that
 X = 1 corresponds to exit and X = O corresponds to stay.4

 4 The exit decision introduces a nonconvexity into the firm's decision problem that
 precludes standard results on uniqueness of decision rules from being applied here.
 Nonetheless, it can be shown that the decision rules are generically unique. Details are
 available from the authors on request.
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 The state of an individual firm is fully described by the pair (s, n).
 The state of the economy is described by the distribution of the state
 variables for all individual firms. It is natural to express this as a

 measure over pairs (s, n), which we denote as pu(s, n). In the computa-
 tions performed later in this paper, both s and n will be restricted to

 take on a finite number of values, in which case V can be represented
 as a matrix, with the i-j element giving the total number (or mass) of
 firms that have their individual state variable equal to the pair
 (si, n1).

 The information introduced thus far is sufficient to trace the evolu-
 tion of the economy over time, assuming that price is constant. In
 period t, at the point at which incumbents have made their stay/exit
 decision and new realizations of s have been drawn, let the incum-

 bents be summarized by a measure Vu, and let the mass of firms that
 enter be equal to M. Firms make optimal employment decisions using
 the decision rule N(s, n; p), and at the beginning of next period some
 of them exit according to the decision rule X(s, n; p). The aggregate
 state for period t + l's incumbents after exit decisions have been
 made and new information has been revealed will be given by some

 measure pu'. The transition from Vu to Vu' will be written as ph'- =
 T(jL, M; p). Note that the (constant) price p enters because it deter-
 mines the decision rules used by firms. The operator T is linearly

 homogeneous in Vu and M jointly, a property that is used later in the
 paper. In particular, note that T is not linearly homogeneous in Vu
 alone; even if the economy begins with twice as many firms of each
 type, the economy does not end up with twice as many firms of each
 type one period later unless entry is also doubled.

 The amount of output, Y, produced in a given period as a function

 of the variables Vu, M, and p can be determined as

 Y(VL, M; p) = [f(N(s, n; p), s) - cf] dl(s, n)

 + Mff(N(s, O;p),s)dv(s).

 In the first integral, output (net of fixed operating costs) for a firm
 with state variable (s, n) is computed using the optimal employment
 rule N and then integrated over the distribution of incumbents. The

 second integral does the same for new entrants, the only difference
 being that all new entrants have a value of zero for last period's
 employment, and their distribution of idiosyncratic shocks is given
 by v.5

 5Note that we are assuming that a new entrant bears only the fixed cost of entry,
 Ce, and does not pay the cost Cf.
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 Several other aggregates can be defined similarly. An individual
 firm with last-period employment n and current shock s has expected
 adjustment costs for the next period given by

 r(s, n; p) = [1 - X(s, n; p)] f g(N(s', n'; p), n')dF(s, s')

 + X(s, n; p) * g(0, n'),

 where n' = N(s, n; p). Integration yields aggregate adjustment costs

 specified by R([u, M, p). Labor demand and profits are given by

 Ld(,uL,M,p) = fN(s,n;p)di~i(s,n) +M fN(s,0;p)dv(s),

 [I(4,M, p) = pY(GuM,p) - Ld(A,M,p) - R(R,M,p)- MPCe.

 It is straightforward to show that Y, R, Ld, and II are linearly homoge-
 neous in , and M jointly. Some notation is also necessary to describe
 the consumer problem. In a stationary state with constant prices and
 the interest rate satisfying 1/(1 + r) = 3, the individual optimization
 problem reduces to a static optimization problem of the form

 max u(c) - aN subject to pc ' N + HI + R,

 where II is profits and R is tax receipts. The solution to this problem
 can be written as N = LS(p, I + R).

 B. Definition of Equilibrium

 A stationary equilibrium for the model introduced in Section II is
 given by the following definition.

 DEFINITION. A stationary equilibrium consists of an output price

 p* ? 0, a mass of entrants M* ? 0, and a measure of incumbents ,u*,

 such that (i) Ld(,,*, M*, p*) = LS(p*, lI([.*, M*, p*) + R(pi*, M*, p*)),
 (ii) T(,u*, M*; p*) = ,u*, and (iii) We(p*) c P*Ce with equality if
 M* > 0.

 These conditions require little explanation. Condition i states that
 demand must equal supply in the labor market. Condition ii states

 that the state of the economy must be such that the optimal actions
 of firms cause this state to be reproduced in each period. Condition
 iii states that entering firms must be willing to enter: if M* is strictly

 positive, We(p*) must be equal to P*Ce. Note that in equilibrium
 We(p*) cannot be strictly bigger than p * Ce because of the assumption
 that there is an unlimited supply of potential entrants. It is possible,

 however, for an equilibrium to entail We(p*) < P*Ce, although in this
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 case there will not be any entry, and consequently, by condition ii,
 there must also be no exit.

 C. Existence and an Algorithm for Finding an
 Equilibrium with Entry and Exit

 This section outlines an algorithm for finding an equilibrium with
 entry and exit. There are two reasons for doing so. First, this algo-
 rithm is the one used later in the paper to numerically compute sta-
 tionary equilibria for the model. Second, the algorithm provides in-

 sights into the workings of the model and, in particular, highlights
 some of the interactions between features of the model specification
 and computational complexity.

 The following assumptions will be made.

 ASSUMPTION 1. The production functionf(n, s) is continuously dif-
 ferentiable and strictly concave in n for each value of s. The function

 f1(n, s) is strictly positive and increasing in s and satisfies limn,0
 f1(n, s) = 00*

 ASSUMPTION 2. The income effect on labor supply is negative; that
 is, L' is negative.

 ASSUMPTION 3. The function F is continuous and decreasing in
 its first argument, and v has a continuous cumulative distribution
 function.

 As was noted following the definition of a stationary equilibrium,
 there are two different forms that the equilibrium may take: with
 entry and exit or without. If an equilibrium with entry and exit exists,
 then it is the only such equilibrium, and there are no equilibria with-
 out exit and entry. On the other hand, if an equilibrium without
 entry and exit exists, then generically there will be a continuum of
 equilibria. As a practical matter, the case with entry and exit is of
 greater interest here, since the data used to calibrate the model in a
 later section indicate that significant amounts of entry and exit are
 taking place. As a result, the discussion that follows focuses on the
 case in which entry and exit occur in equilibrium. For some discussion
 of the case without entry and exit, see Hopenhayn (1992).

 The algorithm consists of three steps. The first step uses condition
 iii of equilibrium to find the price p*, the second step uses condition

 ii of equilibrium to find Vu* up to a scale factor, and the third step
 uses condition i to determine the scale factor, which turns out to
 equal M*.

 The first step of the algorithm finds the unique value of p that is
 consistent with entry in equilibrium. For any given p, one can com-
 pute the value function W(s, n; p) and hence We(p). The function W
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 is strictly increasing and continuous in p, and hence so is We. It follows

 that there is exactly one positive value of p that can satisfy We(p) =

 p ce, and this must be the value of p if a stationary equilibrium with
 entry and exit exists.6 Call this value p*.

 The second step of the algorithm determines whether or not an

 equilibrium with entry and exit exists and, if so, finds ,u* up to a scale

 factor. The decision rules N(s, n; p*) and X(s, n; p*) can be used to
 compute the transition function T. A stationary equilibrium requires

 a pair ([u*, M*) such that ,u* is a fixed point of T([, M*; p*). Given
 p* and M*, this operator is affine and has at most one fixed point.

 Moreover, the linear homogeneity of T in [u and M implies that if ,u*
 is a fixed point when entry is one, then Mill is a fixed point when

 entry equals M, for all M > 0.
 Under what conditions will this operator have a fixed point? In a

 stationary state the inflow of firms must equal the outflow of firms.
 If there is a mass of entry equal to M in each period, then there must

 be a mass of exit of M in each period. Furthermore, since there are
 new firms entering each period, all firms must eventually exit, or else
 the number of firms would be growing over time. It turns out, how-
 ever, that it is not sufficient to simply have all firms exit eventually;
 if the exit occurs too far into the future, then the constant inflow will
 still cause the industry to grow over time. The condition that does
 ensure the existence of a fixed point is that the expected age at exit
 be finite for any entering firm. In practice, this amounts to a joint
 condition on the decision rules and the exogenous stochastic process.
 These conditions will not be developed here; the interested reader
 can refer to Hopenhayn (1992) for a discussion in the context of a
 simpler model.

 Consider a unit mass of entry at some time, and let these firms

 evolve according to the decision rules N(s, n; p*) and X(s, n; p*). Let
 Xt be the fraction of these firms that are still around t periods later,
 and let At be the distribution of the state variables of these firms after
 the exit decision has been made.7 If there is a unit mass of entry in
 each period, then with price equal to p* the state of the economy

 must converge to Itx= 1 it t
 The condition that this sum be finite is exactly the condition that

 expected age at exit be finite. If the sum is finite, it is the unique

 6 It is easy to show that p = 0 is also always a solution to this equation. To see that
 there is a unique positive solution, note that expected discounted profits are linearly
 homogeneous in the wage and price, and decreasing in the wage. Assume that p and
 Xp are both solutions (X > 1). Then expected discounted profits with price Xp and
 wages equal to X are equal to Xpce, and when wages are reduced to one, expected
 discounted profits will exceed Xpce.

 7 Note that At will satisfy 4t = T(1t_,, 0, p*).
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 fixed point of T(ji, 1; p*), and we denote it by ,i. It is immediate
 from the linear homogeneity of T that if entry were M in each period

 rather than one, then the sequence would converge to M>. Hence,

 this procedure produces a continuum of pairs (Vu, M), parameterized
 as (M>, M) for M > 0, that replicate the distribution V.

 The third step determines the scale factor M*. Assume that a fixed

 point ,u has been found. The equilibrium must also satisfy condition
 i, and hence M must be chosen to satisfy

 Ld(M ,M; p*) = LS(p*, M(F + R)),

 where II = ll(,u, 1, p*) and R = R(', 1, p*). As noted previously,
 the left-hand side of this expression is linearly homogeneous in M,
 and by assumption 2 the right-hand side is strictly decreasing in M,
 implying a unique value of M that satisfies this equation.8 Under
 the assumption that ,u exists, this procedure determines the unique
 stationary equilibrium.

 It is possible, however, that ,u does not exist. In this case there is

 no equilibrium with entry and exit, and typically there will exist a
 continuum of equilibria, indexed by the size of the market. The em-
 pirical work to follow involves only the case in which entry and exit
 do occur in equilibrium, so we do not discuss further the details of
 the other case.

 As a final remark in this section, we point out how one change in
 the specification of the model affects the algorithm above. It has been
 assumed that the distribution of new entrants, v, is independent of
 the amount of entry or, similarly, that the cost of entry is independent
 of the amount of entry. Allowing for the possibility that the quality
 of entrants is decreasing in the amount of entry will destroy the linear
 homogeneity of the T operator and hence require a different (and
 more complicated) algorithm from the one used above. Nonetheless,
 incorporating these types of changes is feasible, and Hopenhayn
 (1990) does consider such cases in a slightly different context.

 IV. Benchmark Model

 A. Specification

 The two preceding sections have laid out a model for which a station-
 ary equilibrium has the property that aggregate variables are constant
 over time even though at the level of the individual firm there is
 considerable change over time. At any point in time there are some

 8 This argument assumes that HI + R is strictly positive in equilibrium. This is neces-
 sarily true when adjustment costs are zero, but even if they were negative the expres-
 sion above would still have at least one solution.
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 firms expanding, some contracting, some exiting, and others enter-

 ing. Moreover, there is something "good" about this process: efficient

 firms are expanding and inefficient firms are contracting, possibly
 exiting, and being replaced by firms that are more productive in an

 expected sense. This provides the setting in which we carry out the
 policy experiments outlined in the Introduction.

 To carry out a quantitative analysis, we must specify the model
 more explicitly, choosing functional forms and assigning parameter
 values. This section specifies the benchmark model used for the policy

 experiments and reports some of its properties. The next section
 discusses how the model is calibrated.

 The benchmark model consists of the following functional forms:

 f(n, s)= sn, O 0 1,

 g(nt,nt,-) = 0,

 log(st) = a + p log(St- 1) + Et, Et- N(0,o 2), a 2OO0' p< 1,

 u(c) = ln(c), v(n) = An, A > 0.

 Note that these functional forms satisfy assumptions 1-3. A few com-
 ments are in order with respect to this choice of a benchmark case.
 The production function seems quite natural, so there is little to say
 about this choice. The assumption of no adjustment costs in the
 benchmark case is primarily a choice of convenience. As will be seen

 shortly, this specification simplifies the procedure for calibrating the
 model, although the procedure can accommodate other choices of g.

 The choice of a process for s is more difficult. On the positive side,
 the specified process has the advantage of presenting a parsimonious
 representation, with the parameters corresponding to objects that
 are of intuitive interest given the nature of the policy experiments
 performed. For example, the parameter p is a measure of persistence
 in the s process, and it is expected that changes in the persistence of
 the shocks will have an impact on how much a firm is affected by
 legislated dismissal costs. If persistence is very high, then, loosely

 speaking, a firm expects that jobs created today will be around for a
 long time, and hence the dismissal costs will be strongly discounted
 and not play much of a role in the firm's decisions. Conversely, if
 shocks are not very persistent, then a firm will want to take the dis-
 missal costs into account because there is a strong possibility that they
 will be incurred relatively soon.

 The assumed process for s exhibits mean reversion, a property that
 is inherited by the endogenous stochastic process for firm size. This
 property is consistent with recent findings from firm-level data sets.

 On the negative side, however, this process for s abstracts from
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 some features that have been found in firm-level data sets. In particu-

 lar, this process assumes that the level of persistence is independent

 of the current value of s, as is the variance of the innovation, Et.
 Studies have found that larger firms tend to display both more persis-

 tence and less variability than smaller firms do. Also, age effects have

 been noted by several studies. We note that it is feasible to include

 many of these features into the specification at little or no increase

 in computational complexity. It is our view, however, that as a first

 step it is preferable to start with this process for s as a way to econo-
 mize on parameters that need to be chosen. The specification of pref-

 erences is the same as that employed by Hansen (1985) in his study of

 business cycles and has been used as a benchmark in many subsequent

 aggregate studies. In the neoclassical one-sector growth model, this
 specification implies that employment is constant along a balanced

 growth path.

 With the functional forms discussed above, the firm's dynamic pro-
 gramming problem is considerably simpler since the state variable

 for last period's employment is no longer relevant. In fact, it is easy

 to show that the optimal decision rules for individual firm behavior
 imply

 lognt = 1 - (log 0 + logp + log st),

 X(st, nt, p) = 1 if st ' s* for some s*,

 where, as indicated previously, X equal to one is interpreted as exit.

 The exit rule instructs the firm to exit if st is below some reservation
 value, denoted by s*. Given the process for s, this result should not
 be surprising: higher values of s indicate higher expected future val-
 ues of s, and hence Es W(n', s') is increasing in s (and in the benchmark
 independent of n'). Although a closed-form solution for the employ-
 ment decision rule is available, a closed-form solution for s* is not.
 In combination, these two decision rules imply the following law of
 motion for employment of a surviving firm:

 log(nt+1) = l(ogO + logp + 1 a)

 + plog(n- 1) + ( 0 (t1 Note that the form of this relationship is effectively independent of
 the actual equilibrium price level. Estimates of this relationship using
 cross-sectional data on surviving firms will provide information on the

 parameters of the process for exogenous shocks, a point we return to
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 in the next section. For future reference, two comparative static re-

 sults about the effect of the two fixed costs on the stationary equilib-

 rium for the benchmark model are noted. These results are proved

 in a more general setting in Hopenhayn (1992), so the reader is re-

 ferred there for details.

 PROPOSITION 1. If the stationary equilibrium involves exit and en-
 try, then an increase in Cf will increase the price, the average size of

 a firm, and the exit rate.
 This result is fairly intuitive. At the initial equilibrium price, if Cf

 increases, the value of s* will increase, causing the exit rate to increase

 and the average size of a firm to increase. At the initial price, firms
 will no longer be willing to enter, causing the price to increase but

 only partially offsetting the initial effects. The next proposition gives

 a result for changes in the cost of entry.
 PROPOSITION 2. If equilibrium involves entry and exit, then an in-

 crease in Ce will result in a higher price and a lower exit rate.
 This result is also intuitive. At the initial price, if Ce increases, then

 exit drops to zero, causing the price to increase. This lowers the value
 of s*, decreasing the exit rate.

 B. Calibration Procedure

 There are many procedures that could be specified to choose parame-

 ter values for the model specified above; we describe one method.
 Many of the parameter values are dependent on the length of a time
 period, which is set to 5 years. There are several reasons for this
 choice. First, the time interval of the Census of Manufactures data set,
 which we use here, is 5 years. Second, there is a desire to abstract

 from higher-frequency movements such as cyclical fluctuations, since

 the model abstracts from such features. Also, for the policy experi-
 ments carried out, it is desirable to abstract from temporary layoffs.
 Third, for computational reasons it is preferable to use a period of

 at least this length to ease the computational burden.
 The procedure used to assign parameter values is in the same spirit

 as the one pioneered by Kydland and Prescott (1982) in the real
 business cycle literature. Loosely speaking, this amounts to using the

 same number of statistics as there are parameters to be assigned and
 choosing the parameters so that the model's equilibrium exactly

 matches the chosen statistics. Christiano and Eichenbaum (1988) have
 shown how this procedure can be formally cast as using method of

 moments estimators in an exactly identified system.
 The parameter 0 is equal to labor's share of total revenue, and the

 parameter P maps monotonically into the real interest rate, providing
 a method for assigning these two values.

 Recall expression (1) for the law of motion for employment of
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 surviving firms. Given a value for 0, in a regression of log(nt) on a

 constant and log(nt- 1) for surviving firms, the coefficient on log(n,_ 1)
 is an estimate of p, and the residual variance is equal to url(l- 0)2.

 The parameters that remain to be assigned are the two fixed costs,

 Ce and Cf, the constant a in the law of motion for the shock, and the
 initial distribution v. In the absence of data that allow the price to be

 estimated, there is an identification problem with respect to the first

 three parameters. The basic issue is that the price of output and
 the idiosyncratic shock enter multiplicatively in the firm's objective
 function, and effectively one cannot disentangle the difference be-

 tween a high price and a high average value of the idiosyncratic
 shock. Given the abstract nature of the model, it is not clear how one
 would use actual price data to determine an appropriate value for
 p*, and hence the identification problem needs to be dealt with. This
 is accomplished by normalizing the stationary equilibrium price in

 the benchmark model to be unity and choosing the values of the

 model's remaining parameters to be consistent with this.
 The statistics used to determine Cf and a are the cross-sectional

 average of log employment and the 5-year exit rate. Values for Cf and
 a cannot be determined analytically, but there is a unique choice of

 Cf and a that matches these two numbers. This follows from the fact
 that s* is increasing in Cf and a and that, given s*, the average size is
 increasing in a and independent of Cf.

 Given values for all the other parameters, a choice of v will deter-
 mine the size distribution by cohort in the stationary equilibrium.
 Matching some part of this distribution provides a method to choose
 v. We use the actual size distribution of firms aged 0-6 years and
 choose a value of v so that our distribution of firms in their first and

 second periods matches this. We found that a uniform distribution
 on the lower part of the interval in which realizations of s lie produced
 a reasonable fit.

 The value of Ce is chosen so that condition iii of the definition of
 equilibrium is satisfied with p = 1. It should be noted that as a practi-
 cal matter, since entry and exit are nonzero in the actual data, the
 only cases that will be dealt with in the numerical exercises are those
 in which the stationary equilibrium involves entry and exit. Hence,

 the multiplicity of equilibria in the case without entry and exit is not
 an issue in the computations performed later in the paper. Finally,
 the value of A is chosen to produce an employment to population
 ratio equal to .6.

 C. Data and Parameter Assignments

 Having described the procedure for choosing parameter values, we
 still need to obtain the required measures from the empirical litera-
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 ture. The numerical work performed later in the paper will include
 sensitivity analysis to determine the effect of small changes in the
 values of the parameters.

 It is relatively straightforward to choose values for those parame-
 ters that can be linked to more highly aggregated statistics. The dis-
 count rate is set to .8, which with a period interpreted as 5 years
 implies an annual real interest rate of roughly 4 percent. The param-

 eter 0 is set to .64, which is the value that has been used in most of

 the real business cycle literature.
 For the remaining measures it is necessary to use firm-level data

 sets, of which there are several that provide all or some of the re-
 quired information. These data sets all have their particular strengths
 and weaknesses, relating to such issues as the extent of coverage,
 information included, frequency of data, and the ability to detect
 mergers, acquisitions, and transfers. Parameter values for the bench-
 mark case are based on data from the Longitudinal Research Data
 (LRD) file, covering the years 1972 and 1977.9 Table 1 provides the
 relevant measures that are taken from these data.

 D. Equilibrium for the Benchmark Model

 With all the parameters determined, the benchmark model can be
 solved numerically. The numerical procedure used is relatively
 straightforward, and hence only a few details are provided here.
 Readers can contact the authors for more details and copies of the
 computer programs.

 To compute the value functions, we discretize the state space and
 iterate on Bellman's equation. Grids of 250 points for employment

 and 20 points for the idiosyncratic shock were used. Log scales were
 used in both cases, and the shocks were picked so that the maximum

 employment level was equal to 5,000 workers. A discrete approxima-
 tion was made to the first-order Markov process on log(s). Because s
 is exogenous, the choice of number of points in the grid for s is

 effectively an assumption. In the case of the employment variable
 this is not true: because n is endogenously chosen, one needs to be
 sure that the coarseness of the grid is not significantly affecting the
 results. Sensitivity analysis indicated that the choice of 250 points was
 adequate to guarantee this.

 9 The LRD is a national sample of manufacturing establishments, consisting of a
 sequence of contiguous 5-year panels beginning in the years 1963, 1967, 1972, 1977,
 and 1982. This data set has recently been utilized by Davis and Haltiwanger (1988,
 1990). The initial year in each of these panels is used to produce the Census of Manufac-
 tures. The census data have been used by Dunne et al. (1986, 1987, 1988, 1989) in a
 series of investigations.
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 TABLE 1

 A. ESTIMATES DERIVED FROM THE LRD

 Serial correlation in log employment (5-year interval, survivors) .93
 Variance in growth rates (log difference, 5-year interval, survivors) .53
 Mean employment 61.7
 Exit rate (5-year interval) 37%

 B. SIZE DISTRIBUTION FOR FIRMS AGED 0-6 YEARS

 Employees Share of Total Firms

 1-19 .74
 20-99 .18
 100-499 .08
 500+ .01

 There are a number of statistics that can be reported in characteriz-
 ing the equilibrium for this model, and some of them are contained
 in table 2.

 Several properties emerge. First, note the statistics that are re-
 ported by size (part B). The size distribution of firms indicates that
 most firms are in fact quite small. However, the size distribution of
 employment indicates that although most firms are small, most em-
 ployment is accounted for by larger firms. The mean firm size and

 the co-worker mean reported in part A of the table are supporting
 pieces of information. Although these statistics were not explicitly
 calibrated, they are in fact quite close to those reported in Birch
 (1987), Davis and Haltiwanger (1988), and Troske (1989). The size
 distribution of hiring and firing provides an expected pattern given
 that firm-level employment is following a mean-reverting process:
 most of the firing is done by larger firms and most of the hiring is
 done by smaller firms. Part A of the table shows that the average size
 of entering and exiting firms is quite small, which is also consistent
 with available evidence (see Dunne et al. 1986, 1987, 1988; Troske
 1989).

 The statistics related to cohorts indicate two patterns. First, the
 probability of exit is decreasing in age, and, second, the size distribu-

 tion of firms is stochastically increasing in age; that is, the size distri-
 bution moves to the right as the age of the cohort increases. Both of

 these properties have been noted by empirical work in this area (see,
 e.g., Evans 1987b).

 It is perhaps important to indicate how the reader should interpret
 these statistics. The model specification that has been chosen has rela-
 tively few parameters, and as mentioned earlier with respect to the
 process on firm-level employment, this specification will not match
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 TABLE 2

 A. SUMMARY STATISTICS FOR BENCHMARK MODEL

 Average firm size 61.2
 Co-worker mean 747
 Variance of growth rates (survivors) .55
 Serial correlation in log n (survivors) .92
 Exit rate of firms .39
 Turnover rate of jobs .30
 Fraction of hiring by new firms .15
 Average size of new firm 7.5
 Average size of existing firm 4.9

 B. SIZE DISTRIBUTION

 1-19 20-99 100-499 500 +

 Firms .52 .37 .10 .01
 Employment .06 .24 .37 .33
 Hiring .05 .35 .41 .19
 Firing .12 .19 .34 .35
 By cohort:
 1 period .88 .12 .00 .00
 2 periods .54 .45 .01 .00
 5 periods .29 .58 .12 .01
 10 periods .20 .54 .20 .05

 Hazard rates by cohort:
 1 period .75
 2 periods .32
 5 periods .15
 10 periods .10

 with the data equally well on all dimensions. Moreover, when the
 model is calibrated using a small set of empirical statistics, there are
 conceivably other dimensions along which the model may not fit par-
 ticularly well. The statistics above are shown to indicate that the rela-
 tively simple structure used here with the calibrated parameter values
 does a reasonable job of matching several aspects of the relevant data,
 both qualitatively and quantitatively.

 V. Results

 This section reports the results from introducing an adjustment cost
 function of the form

 g(n,,nt-1) = T max{O,n n - nt},

 with the interpretation that v is a tax that the firm must pay for each
 job that is destroyed. The size of v can be interpreted by comparison
 with other values in the model; with a period equal to 5 years and w
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 TABLE 3

 EFFECT OF CHANGES IN T (Benchmark Model)

 T = 0 T = .1 T = .2

 Price 1.00 1.026 1.048
 Consumption (output) 100 97.5 95.4
 Average productivity 100 99.2 97.9
 Total employment 100 98.3 97.5
 Utility-adjusted consumption 100 98.7 97.2
 Average firm size 61.2 61.8 65.1
 Layoff costs/wage bill 0 .026 .044
 Job turnover rate .30 .26 .22
 Serial correlation in log(n) .92 .94 .94
 Variance in growth rates .55 .45 .39

 normalized to one, a value of v equal to .1 corresponds to 6 months'
 wages, and a value of v equal to .2 corresponds to 1 year's wages.
 Table 3 reports how the equilibrium is affected when v takes on the

 values of .1 and .2. To facilitate comparison with the benchmark
 model, some of the earlier values are repeated in this table, and for
 cases in which interest is primarily in relative changes, an index has
 been created in which the T = 0 values are set equal to 100. We do
 not report changes for all the variables in table 2; changes in the size
 distribution of firms and other distributional statistics were relatively
 minor.

 Qualitatively, these results are quite intuitive. The tax on dismissals
 causes firms to be more cautious about job creation and thereby also
 reduces the need for job destruction, with the net result that firms
 end up making fewer adjustments to their labor forces. These effects
 show up in the new equilibria: as v increases, the serial correlation in
 log employment increases, whereas the variance in growth rates and
 the job turnover rate decrease.

 The results indicate a fairly strong trade-off between the average
 duration of a job and the total number of jobs. As one moves from
 v = 0 to v = .2, the job destruction rate decreases by 8 percent,
 whereas total employment goes down by roughly 2.5 percent. To the
 extent that v = .2 is a reasonable description of the magnitude of
 legislated severance payments in several countries (see Lazear [1990]
 for more country-specific details), we believe that the 2.5 percent
 decrease in employment is very significant. Although the trade-off
 between total employment and job duration is an interesting piece of
 information contained in table 3, the result concerning the efficiency
 costs of these policies is also striking. The figure for utility-adjusted
 consumption shows the amount by which consumption would have
 to be increased in order for utility to reach the same level attained
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 when v = 0. This measure takes into account the fact that leisure is
 higher when v is positive. When v = .2, consumption would have to
 increase by 2.8 percent in order to compensate individuals for the

 loss of utility, a magnitude that is quite impressive since in many
 contexts the utility consequences of distortions tend to be on the
 order of a fraction of a percent.

 A closely related piece of information is the effect on productivity.

 As indicated in the table, productivity drops by 2.1 percent when v
 is set to .2. This decrease accords well with intuition: the tax on job

 destruction creates a distortion that encourages firms to use resources
 less efficiently, with the result that productivity drops and fewer re-

 sources are devoted to the market sector of the economy. It is instruc-
 tive to examine how the dismissal cost affects the decision rules of
 individual firms. In the benchmark model, current employment is

 determined entirely by the current value of the idiosyncratic shock.
 In the presence of a dismissal cost, current employment is also af-

 fected by last period's employment. With linear adjustment costs,
 it is well known that the decision rules have the property that, for

 n, I E [nl(s,), nj(st)], current employment is equal to the last period's
 employment and is independent of n, 1 otherwise. The size of the
 band [nl(s,), n.(s,)] provides some useful information about the extent
 to which resources are not allocated efficiently. Table 4 contains in-
 formation about these bands for v = .1 and v = .2 for several values
 of the idiosyncratic shock. As expected, the bands are much wider
 for 7 = .2. Note also that the bands are quite large: when 7 = .2, the
 band width is typically more than one-third of the midpoint of the
 interval.

 In the model with policy distortions, employment is always set such
 that the marginal product of labor (MPL) equals 1/p. A natural way
 to document the misallocation of resources that arises when firms use
 the decision rules described above is to look at absolute deviations

 of MPL from 1/p in the stationary distribution. Table 5 provides
 information on this distribution. As is easily seen, deviations become

 significantly larger as 7 increases. When 7 = .2, almost 90 percent of
 all firms have a deviation greater than 5 percent.

 An additional point concerning the productivity numbers that is

 important to recognize concerns robustness. Whereas the magnitude
 of the employment effect is influenced by the form of preferences
 used, this is not true for the effect on productivity. In the algorithm
 used to find an equilibrium, preferences affect only the scale of activ-
 ity; the stationary distribution of firms is determined up to a scale
 factor independently of preferences. Because the scale factor does
 not affect productivity, the productivity effects reported in the table

 are independent of preferences, which is also true for the change in
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 TABLE 4

 EFFECT OF T ON DECISION RULES

 T.1 T= .2

 logs nf nu nf nu

 1.83 1.36 1.78 1.18 1.98

 4.75 21.7 26.7 21.0 32.8
 10.5 194 238 181 282

 19.9 1,110 1,410 1,036 1,617
 27.3 2,610 3,316 2,522 3,935

 the job turnover rate. This independence results from the fact that
 the aggregate technology displays constant returns to scale. In view of
 the large welfare effects of these policies, we feel that it is misleading
 for attention to be focused exclusively on the employment conse-
 quences of dismissal costs. The message that emerges from this analy-
 sis is that it is very costly to distort the job creation/destruction pro-
 cess. Note also that the fraction of total payroll that is paid in dismissal
 costs is not particularly large: even when v = .2, they account for less
 than 5 percent of total payroll.

 As noted above, the magnitude of the change in employment de-
 pends on preferences. As argued earlier, however, there is a good
 reason for the choice of preferences discussed above. Nonetheless, to
 illustrate the impact of alternative preferences, consider preferences
 with u(c) = cOlot, so that log(c) corresponds to al = 0. The change in
 employment associated with moving from v = 0 to v = .2 is a decrease
 of 3.4 percent when al = 1. Using the fact that nonlabor income is
 .2034 and .2197, respectively, one can straightforwardly compute the
 change for other values as well.

 It is obviously of interest to know how sensitive the results are to

 TABLE 5

 ABSOLUTE DEVIATIONS FROM MPL = 1/p

 FRACTION OF FIRMS
 WITHIN INTERVAL

 SIZE OF DEVIATION (%) T = .1 T = .2

 0-3 .30 .00
 3-5 .45 .12
 5-10 .15 .78
 10-15 .00 .05
 > 15 .00 .05
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 small changes in some of the key parameters. We have investigated
 this by analyzing deviations of plus and minus 10 percent in the
 values of ,B, 0, p, cr2, and a. In each of these cases the model was not
 recalibrated; all other parameters were kept at their values in the
 benchmark model. These changes had very little impact on the effects
 of dismissal costs, and hence we do not report the results here.

 VI. Conclusion

 The objective of this paper has been to use recent theoretical and
 empirical work on firm-level dynamics to begin a quantitative evalua-
 tion of labor market policies that affect firm-level decisions about
 labor force adjustment. We found that a tax on job destruction sig-
 nificantly reduced steady-state employment. More important, we also
 found that these policies implied large welfare losses, resulting pri-
 marily from a significant decrease in average labor productivity. As
 was emphasized in the Introduction, there are a number of qualifica-
 tions to be made concerning the interpretation of the specific results
 obtained. However, these qualifications can be viewed as providing a
 natural set of issues to be addressed by future work. The type of
 exercise carried out in this paper seems to provide some useful infor-
 mation about the quantitative significance of some of the model's
 features, thereby providing a useful link between theory and mea-
 surement in this area. A final point to note is that the analysis has
 focused entirely on the costs associated with particular policies and
 has not dealt with the benefits that might be associated with these
 policies. Obviously costs must be compared to benefits to assess the
 significance of their magnitude.
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