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Abstract

We provide a simple explanation for the observation that the variance of job destruc-
tion is greater than the variance of job creation. In our model profit maximization in
the presence of proportional plant-level costs of job creation and destruction implies that
shrinking plants are more sensitive than growing plants to aggregate shocks. We describe
circumstances in which this microeconomic asymmetry is preserved in the aggregate and
show that it can account for asymmetries in the variability of job creation and destruction
of the kind observed in the U.S. manufacturing sector. This is so even though we abstract
from job search and matching frictions, incomplete contracts, and aggregate congestion
effects, all of which have been put forward as important for understanding the job creation
and destruction evidence.
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1. Introduction

Consider the problem of choosing employment at a plant facing job creation and destruction
costs which are proportional to the number of jobs created or destroyed, as in Bentolila and
Bertola (1992), Bertola and Rogerson (1996) and Hopenhayn and Rogerson (1993). When
there is a temporary change in the real cost of a job, which includes real wages and the cost
of complementary material inputs, the plant’s response depends on whether it is creating or
destroying jobs. For an expanding plant, the total cost of the last job created is greater than the
relevant factor payments because of the expected adjustment costs incurred. These additional
costs, which include the job creation cost and the expected cost of destroying that job in the
future, lower the elasticity of the total cost of job creation with respect to real factor prices
below unity. For a shrinking plant, the total cost of the last job retained is less than the relevant
factor payments because by retaining the job the plant avoids the cost of job destruction and the
expected cost of recreating that same job in the future. The subtraction of avoided adjustment
costs increases the elasticity of the total cost of job retention with respect to real factor prices
above unity. Since expanding and contracting plants operate on the margins which equate the
costs and benefits of adding and retaining a job, respectively, the asymmetric responses of the
total costs of job creation and retention to factor price changes can induce contracting plants to
respond by more than expanding plants to fluctuations in the real cost of a job.!

We apply this insight to study the behavior of aggregate job creation and destruction rates,
such as those measured by Davis, Haltiwanger, and Schuh (1996). Their observation that job
destruction is more volatile than job creation in the US manufacturing sector has challenged
business cycle theory, because standard models based on the one-sector stochastic growth model
predict equally volatile job creation and destruction. To show how the addition of adjustment
costs to such a model can reconcile business cycle theory with the evidence, we construct a simple
model economy with a fixed population of plants which face proportional costs of job creation and
destruction. The plants produce a homogeneous good sold in a competitive goods market and
purchase inputs in competitive factor markets. Employment varies at plants due to idiosyncratic

technology shocks and aggregate shocks which disturb the price of the good or the cost of factor

IThe nondifferentiability of the adjustment costs at the point of zero change implied by proportional adjust-
ment costs is crucial to this result. With strictly convex and everywhere differentiable adjustment costs the job
creation and retention margins are identical and so must behave identically in response aggregate shocks.



inputs which are complementary with labor, such as oil. As described above, the adjustment
costs induce employment decisions at growing plants to respond by less to aggregate shocks
than at shrinking plants. However, as Caballero (1992) has made clear, drawing conclusions
about aggregate variables from individual decisions is fraught with ambiguity. To address this,
we simulate aggregate data from our model and compare it to empirical evidence on gross
job flows. We show how the microeconomic asymmetries can be preserved in the aggregate
so that the model reproduces asymmetries in gross job flows of the kind observed in the US
manufacturing sector.

The job creation and destruction costs which are central to our analysis are easily motivated
without appealing to contracting or search frictions. In our model, the plant pays no adjustment
costs if the identities of its employees change but the number of employees remains constant.
Therefore, the adjustment costs we study are net adjustment costs, as defined by Hamermesh
and Pfann (1996). Following their interpretation, we view these costs as arising from the lost
output incurred when reorganizing a plant’s production process to operate at a larger or smaller
scale.? As we show below, the optimal employment policy of a plant facing proportional net
adjustment costs involves frequently leaving employment unchanged between periods. Hence,
our adjustment cost specification is consistent with Hamermesh’s (1989) observation that man-
ufacturing plants adjust their employment only infrequently. Furthermore, using Dutch data,
Hamermesh, Hassink, and van Ours (1994) found that many firms kept the total number of jobs
constant over a two year period but no firm kept the identity of its employees constant. Firms
which did not change their employment replaced about 11% of their work force over these two
years.®> These observations suggest the presence of net adjustment costs which do not depend
on changing workers’ identities. Finally, Lazear (1995) reports that “Human resource managers

think in terms of slots or jobs, and think of these slots or jobs as being fundamental to the

2Hamermesh and Pfann (1996), p. 1266, state “For workers (treated now as an input that is homogeneous
once it has been trained and whose hours are fixed) the net costs are those of changing the numbers of employees
in the firm. These costs include disruptions to production occuring when changing employment causes workers’
assignments to be rearranged (implicitly assuming no change in the capital stock) and all other costs that are
not related to the identity of the workers but instead depend solely on changing the number of employees ...”
Hopenhayn and Rogerson (1993) and Bertola and Rogerson (1996) adopt a specification for job destruction costs
that is similar to ours, but they interpret them as costs of firing workers. This interpretation is correct only if
the turnover of workers at a plant follows a last in first out policy, so that job destruction is identical to worker
separations.

3See the second row of Table 3 in Hamermesh, Hassink, and van Ours (1994).
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organization of the firm (p. 77).” This provides further, although indirect, evidence that the
costs of creating and destroying jobs are significant.

The optimal employment policy we study can be represented as a function of the gap between
a plant’s actual employment and the level it would choose in the absence of adjustment costs.
Hence our model is closely related to standard (S, s) models of employment dynamics. As in
these models employment is only changed if the employment gap exceeds a destruction threshold
or falls below a creation threshold. In these cases employment is adjusted so that the employment
gap equals an associated return point, which in our model equals the threshold level crossed. For
the reasons described above, aggregate shocks induce asymmetric variation in the job creation
and destruction thresholds. The fact that the adjustment thresholds vary asymmetrically with
aggregate shocks explains why our results differ from standard (S, s) models. In these models the
adjustment thresholds and return points are not disturbed by aggregate shocks, and creation and
destruction tend to be equally variable, unless aggregate shocks are asymmetrically distributed,
as in Caballero (1992), or there is a trend in the employment gap, as in Foote (1997).*

Foote’s (1997) study of employment trends is motivated by his finding, based on unem-
ployment insurance data from Michigan, that job creation is actually more volatile than job
destruction in sectors which have expanded over the long run, such as services and trade. In
his model there are a fixed number of establishments, so a trend in industry employment is
equivalent to a trend in average establishment size. For reasons Foote discusses in detail, a
positive trend in average establishment size causes job creation to be more volatile than job
destruction in his model, as it is in most non-manufacturing industries. A negative trend, as in
the manufacturing sector, implies the opposite. Therefore, his model appears to explain much
of the behavior of gross job flows across a wide variety of sectors. However, this explanation is
inconsistent with the observed importance of entry in most non-manufacturing industries. In
the service, retail trade, and wholesale trade sectors of the Michigan economy, average establish-
ment size hardly changed during the sample period of Foote’s data, although employment in all

three sectors grew considerably.” Without a trend in average establishment size, the bunching

4The case of symmetrically varying thresholds and return points is indistinguishable from the standard case
since it is equivalent to a common aggregate shock which changes the mean of the distribution of plants with
respect to the employment gap.

>Using the County Business Patterns database, we calculated the average growth rate from 1978 to 1988,
Foote’s sample period, of average establishment size for all non—farm business one digit industries in the Michigan
economy. Average establishment size grew 0.18% per year in services, while the number of establishments grew



of plants near their employment thresholds, which his model needs to account for the data,
could not have occurred. We view our model with a fixed number of producers as appropriate
for the study of gross job flows in the manufacturing sector where entry has played a relatively
unimportant role, but inappropriate for other sectors where entry has been more important.’
These considerations motivate our focus on the manufacturing sector.

The analysis of (.S, s) models constitutes one of two broad strategies for understanding the
creation and destruction evidence which have been followed in the literature. The other empha-
sizes the creation and destruction of productive establishments due to technological change and
various frictions which hinder this process, such as search and matching, congestion effects in
plant creation, and incomplete contracts. Prominent examples of research along these lines are
Mortensen and Pissarides (1994) and Caballero and Hammour (1994, 1996). Our analysis differs
from these papers along two key dimensions. First, the nature of production at the plant level
is different. In the papers just cited production occurs at plants of constant size which combine
labor and capital in fixed proportions. Over time plants are created and destroyed because new
plants tend to be more productive than older plants and because aggregate shocks affect the
profitability of plants. Since employment cannot be varied at individual plants, all variation in
job creation and destruction arises from the creation and destruction of plants. Under this view
cyclical variation in job creation and destruction is tightly linked to technological advance and
obsolescence and disconnected from incentives to vary the utilization of existing capacity. In
contrast, our model consists of a fixed number of plants, and variation in gross job flows arises
from variation in employment at individual plants only. This seems to be a sensible starting
point for taking into account the fact documented by Davis, Haltiwanger, and Schuh (1996) that
by far most of the job creation and destruction in the manufacturing sector is due to employ-
ment variation at incumbent plants rather than at entering and exiting plants.” Abstracting
from plant entry and exit also simplifies our analysis considerably and allows us to focus on the

distinct asymmetric plant-level employment adjustment we describe.

3.94% per year. In wholesale trade, these numbers are —0.08% and 1.85%, and in retail trade they are 0.52%
and 1.44%.
6Caballero and Hammour’s (1994) model, where entry accommodates all demand fluctuations so that job
creation is more volatile than job destruction, seems appropriate for sectors where net entry has been important.
"For example, over the period 1972:11-1988:IV, only 8.4% of total job creation is accounted for by startup
plants, while just 11.6% of total job destruction.is accounted for by plant shutdowns. See Davis, Haltiwanger
and Schuh (1996, figure 2.3, p. 29).



The second key difference is that there are no frictions to hinder the process of job creation
and destruction in our model. In the Caballero and Hammour papers a key role is played by
congestion in the process of setting up new plants which makes the cost of plant creation at a
point in time increasing in the number of currently entering plants.® Under the right conditions,
this assumption can lead to the dampening of plant and job creation relative to plant and job
destruction. For example, in Caballero and Hammour (1996) this assumption must be combined
with job specific physical capital and incomplete contracts between workers and plant owners.
Since the number of plants is fixed in our model, there is no role for these congestion effects. In
Mortensen and Pissarides (1994) and Caballero and Hammour (1996), search and matching are
important. In our model, plants do not have to post a vacancy and wait for a suitable match
in order to start production, and workers do not need to wait in an unemployment pool until a
suitable match arrives. Therefore, there is no feedback from individual creation and destruction
decisions to the rate at which job vacancies are filled or to the wages paid to workers in newly
created matches. This feedback is crucial to the dynamics of job creation and destruction in
the search and matching models. Instead, in our model plants can hire instantaneously as many
workers as they choose to at the prevailing wage.

The remainder of the paper proceeds as follows. The next section contains a simple example
which illustrates how optimally chosen job creation and destruction can respond asymmetrically
to aggregate shocks. Section 3 presents the model economy and relates it to other models
which have been used to study job creation and destruction. In Section 4 we use a calibrated
version of our model to investigate its implications for fluctuations in aggregate job creation and
destruction rates. In Section 5 we conclude by discussing some implications of our findings for

the study of business cycles and directions for future research.

2. An Illustrative Example

To build intuition for our findings, we study a simple example adapted from the steady state
model of Bertola and Rogerson (1996). It consists of a perfectly competitive industry populated
by a continuum of plants which experience idiosyncratic productivity shocks and must pay job

creation and destruction costs whenever they expand or contract employment. We demonstrate

8These congestion effects, while external to a plant, are internalized by a firm operating many plants.



the importance of asymmetries in plant-level creation and destruction for the responses of gross
job flows by studying the transitional dynamics between steady states induced by a permanent
real factor price increase. The analysis is equivalent to one in which a factor price is the numeraire
and the real price of the industry’s output declines permanently. Due to the adjustment costs,
the optimal employment policies of job creating and destroying plants along the transition path
are asymmetric. This microeconomic asymmetry causes the industry to adjust employment

primarily through job destruction.

2.1. Steady State

Consider a representative plant that produces a homogeneous good for sale in a competitive
goods market and purchases inputs in competitive factor markets. The plant uses two variable
factors of production, labor, which comes in fixed shift lengths, and materials. These inputs must
be combined in fixed proportions. Materials are included in the model to highlight the fact that
changes in the cost of a job can reflect changes in the prices of inputs which complement labor
as well as changes in the direct price of labor. We refer to an employee plus her accompanying
unit of materials as a job. The per—period cost of a job, measured in units of the constant
output price, is denoted by W. Although W reflects both labor and materials costs, we refer to
it simply as the wage. We initially assume that W is constant.

Let n; denote the plant’s employment at time ¢ and let z; denote the plant’s idiosyncratic
productivity level. The latter follows a Markov chain over the two states z, > 2, > 0, the ‘good’
and ‘bad’ states, respectively. The probability of z; changing states is constant and equals p.
Output is given by zn®, where o € (0,1). The strict concavity of the production function
reflects the presence of a fixed factor at the plant or a limit to a manager’s span of control, as
in Lucas (1978). When the plant changes the scale of its employment, it incurs an adjustment
cost. If it expands employment, it must pay the job creation cost 7. for every job added. If
it contracts employment, it must pay the job destruction cost 74 for every job lost.” Finally,
the plant’s manager is risk neutral, discounts future profits with the constant discount factor

0 < B < 1, and maximizes the expected present discounted value of profits.

9To avoid the possibility that a plant manager would choose to hoard either materials or labor in excess of
the other, we assume that the job creation and destruction costs are incurred whenever the minimum of labor
or materials changes. This is consistent with our interpretation of these costs as reflecting the reorganization of
a plant to accommodate a larger or smaller production scale.



With these assumptions, it is straightforward to show that there exists an ergodic set for
the plant’s employment which has exactly two points. To do so, suppose that n, = n, whenever
2z = 24 and n; = n, whenever z, = 2,. Then the expected present value of the marginal product
of employment minus the wage follows a two state Markov chain, taking on the values v, and

v, in the good and bad productivity states, respectively. It follows that v, and v, must satisfy

vy = azgni~ =W+ B((1—p) vy + puy) (2.1)

vy, = ozzbn‘b”‘*l — W+ 6((1—p) v, + pyy) . (2.2)

If ny > ny, so that over time the plant both creates and destroys jobs, a necessary condition for
the optimality of this employment policy is that v, = 7. and v, = —74. That is, the marginal net
revenue of creating or destroying a job must equal the associated marginal cost. Substituting

these conditions into (2.1) and (2.2) yields

azndt = W+ (1 -1 —p) 7+ Bpra (2.3)

azny™t = W—(1-p3(1-p)) 14— Bpre. (2.4)

These conditions have a simple interpretation. First consider (2.3). Suppose the plant’s
productivity switches from bad to good, and the plant considers increasing employment to n.
The current net marginal benefit from this decision is az,n® ! —W — 7, the marginal product of
the last job created less the wage and creation costs of this last job. The decision to create jobs
in the current period also impacts future profits because of the adjustment costs. If productivity
is good in the next period, the plant saves on the costs of creating the last job added in the
current period. The discounted expected value of this saving is 3 (1 — p) 7. If productivity is
bad in the next period, the decision to add the last job in the current period involves higher
job destruction than otherwise. The discounted expected value of this cost is fpr4. Equation
(2.3) implies that ng is the level of employment which exactly equates the benefits and costs of
adding an additional job when productivity is good. Similarly, (2.4) implies that n, is the level
of employment which exactly equates the benefits and costs of retaining an additional job when
productivity is bad.

Equations (2.3) and (2.4) can be solved easily for n, and n,, and it can be verified that



both n, and n;, are decreasing in W. We proceed under the assumption that n, and n, are well
defined and that n, is strictly greater than n,. The plant destroys jobs whenever productivity
changes from z, to 2. It creates jobs when the opposite change occurs, and it neither creates
nor destroys jobs if its productivity stays the same. In a steady state, half of the plants will be
in the good state and the other half will be in the bad state. Every period, p plants find that
their productivity has changed. The absolute value of job growth at such a plant is In (ng4/ny).
Therefore, the steady state aggregate rates of job creation and destruction, POS* and NEG*,

respectively, both equal (p/2)In (ny/ny).1"

2.2. Transitional Dynamics

To see how adjustment costs impact the volatility of gross job flows, we consider the industry’s
transition from an initial steady state to a new steady state with a slightly higher wage. Suppose
that the real wage, which reflects the costs of both labor and materials due to our assumption
of fixed proportions, increases unexpectedly and permanently from W to W’. Because it is a
real price, this change in W can reflect both demand and supply shocks. A demand shock which
decreases the nominal price of the output good will raise W if the nominal prices of labor and
other factors are fixed by long—term contracts or pinned down by their values in other sectors.
A supply shock which raises the price of an input which is complementary to labor, such as
energy, will also raise W.

To simplify the calculation of a plant’s optimal response to this aggregate shock, we assume
that it must pay a small fixed cost whenever it changes its employment. This cost is small enough
to ensure that the employment policy given by n, and n, is still optimal in the steady state and
it is large enough so that no plant wishes to change its employment after the wage change unless

11

its productivity has also changed since then."* Given this auxiliary assumption, the optimal

10Here, to simplify the example, we approximate the job creation and destruction rates as defined by Davis
and Haltiwanger (1990) with the cross sectional averages of In (ns/ni—1) x I (ny > ny—1) and —1In (ng/me—1) X
I (ny < ny_1), respectively, where I (-) is an indicator function which equals one if its argument is true and equals
zero otherwise.

"To be precise, the fixed cost, f > 0, must satisfy the following conditions: (i) v; — f > ¥;, where ¥; is the
value of delaying by one period the change in employment dictated by the f = 0 policy after the productivity
state has just switched to ¢, i = g, b; (ii) v; — f > v}, where "’ denotes the value function associated with W’ and
v} is defined analogously to v;, ¢ = g,b; (iii) U] > v, — f, where v} denotes the value of delaying by one period
the switch to n} from n; after the wage change, i = g,b; (iv) v, — f > 7}, where T, denotes the value of delaying
by one period the switch from n; to n, after the wage change and after the productivity state has just switched
from j to i, j # ¢ and ¢,j = g,b. For the numerical example which we study below to produce Figure 1, the set



employment policy following the wage change is as follows. Let n;, and nj, be solutions to (2.3)
and (2.4) when W’ replaces W. Employment is left at its level before the wage change until
the plant experiences a productivity change. Thereafter, n, = nj, whenever z, = z, and n, = nj,
whenever z, = z,.

Because n, and n; are decreasing in W, we know that nfq < ng and ny, < ny. To determine
which responds by more, we compute the elasticities of n, and n, with respect to W using (2.3)
and (2.4):

—1 w

Olnn,/0lnW = oW (=B =)t Brra (2.5)

-1 W
Olnn,/0mW = oW (=80 —p))7a— oo (2.6)

Clearly, 0Inn,/0In W is greater in absolute value than 01nn,/01n W, so the policies of shrinking
plants respond more than the policies of growing plants to the increase in real factor prices.
The asymmetric responses of n, and n, to the wage change cause aggregate job creation and
destruction to respond asymmetrically. In the period of the wage change, p/2 plants change
employment from n;, to n and p/2 plants change employment from n, to n;. Hence, the job

creation and destruction rates in the period of the wage change are

POS, = (p/2)In (n/ny)
NEGy = (p/2)In(ny/n}).

Subtracting the common steady state value of POS* and NEG* from both sides of these ex-

pressions yields

POS, — POS* = (p/2)In (n]/n,)
NEGy,— NEG* = (p/2)In(ny/ny).

These expressions indicate that job creation falls and job destruction rises relative to their previ-
ous steady state values. Because 01nn;,/0In W is greater in absolute value than dlnn,/0In W,

we can conclude that

of f which satisfies all of these constraints is non-empty and equals [0.0113,0.0457].



INEGy — NEG*| > |POS, — POS"|.

That is, job destruction rises more than job creation falls following the increase in input prices.
It is important to notice that this implication does not depend on the relative magnitude of the
adjustment costs. In particular, it holds if one of the costs is zero while the other is strictly
positive, and it holds for any strictly positive pair of values for the costs.

The intuition for the asymmetric responses builds on the intuition underlying (2.3) and (2.4).
The current and future adjustment costs associated with creating a job must be added to the
wage to determine the marginal cost of job creation, and this causes the marginal cost to respond
by less to changes in the wage than it would in the absence of adjustment costs. Hence a smaller
change in n, is required to maintain equality of the marginal costs and benefits of job creation,
compared to the no adjustment cost case. In contrast, the current and future adjustment costs
associated with destroying a job must be subtracted from the wage to determine the marginal
cost of job retention. This means a larger change in n, is required to maintain job destruction
efficiency compared to the no adjustment cost case. Since n, and n;, respond by the same amount
in the no adjustment cost case, it follows that job destruction must respond by more than job
creation in the presence of adjustment costs.

The asymmetry in the gross job flows’ responses to the wage change persists beyond the date
of the wage change. Let P, = (1 — p)t denote the fraction of plants which have not experienced
a productivity change since the wage shock. The job creation and destruction rates ¢ periods

after the wage change are

POS; = (p/2) (H In (n'g/nb) +(1—PF)n (né/né)) and
NEG, = —(p/2) (PIn(ny/ng) + (1= P)In (nj/n))).

Therefore, we can conclude that
INEG, — NEG*| > |POS; — POS*|, t>0.
Again, this finding does not depend on the relative magnitude of the adjustment costs.

10



Figure 2.1: POS; — POS* and NEG; — NEG* on the Transition Between Steady States
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Figure 2.1 illustrates the dynamic nature of the gross flow asymmetry. This Figure displays
POS;— POS* and NEG;— N EG* along the transition path following a 1% increase in the wage
under the assumption that 3 = 1.057Y4 o =2/3, p = 1/4, 7. = 74 = 1/2, 2z, = exp(0.3) and
zp = exp(—0.3). In the period of the wage change, the job creation rate falls by 0.3 percentage
points and the job destruction rate rises by 0.5 percentage points. Thereafter, job creation rises
and job destruction descends towards their common, higher level in the new steady state.

This example demonstrates that the presence of proportional job creation and destruction
costs can cause the aggregate job creation and destruction rates to respond asymmetrically
to a permanent increase in the cost of a job. It is easy to verify that the same asymmetries
arise with a permanent wage decrease. However, close inspection of the example reveals an
interesting qualification to the basic result: the magnitude of the asymmetry in the responses
of ny and n; decreases with p, so that the responses of job creating and destroying plants to the
aggregate shock become more similar if the idiosyncratic shocks are more persistent. Therefore,
the responses of aggregate job creation and destruction become more similar as idiosyncratic
shocks become more persistent.

The intuition for this result comes from inspection of the first order conditions which define
n, and n,, equations (2.3) and (2.4). For an expanding plant, one benefit of creating the marginal

job is the future job creation cost avoided if productivity remains good. This benefit partially

11



offsets the current job creation cost. One cost of creating the marginal job is the job destruction
cost incurred if productivity becomes bad. This adds to the total cost of job creation. When
productivity is persistent, the offsetting benefit is very large and the additional cost is very small.
Because the total adjustment costs incurred for the marginal job are smaller when p is small,
ng responds by more to changes of input prices. The analysis of the job destruction decision
is similar. The total adjustment costs avoided from retaining the marginal job are small when
productivity is persistent, so n, responds less to changes of input prices. Because the responses
of ngy and ny to a change in W become more similar when p is smaller, the responses of aggregate

job creation and destruction also become more similar.

3. The Model

The example in the previous section illustrates how proportional job creation and destruction
costs can give rise to asymmetric responses to aggregate shocks by job creating and destroying
plants. To further assess this mechanism for understanding gross job flows, we modify the
example in three ways. First, ongoing aggregate fluctuations are added. We assume that
the wage, W;, follows a Markov chain over the grid W"» > W! > 0 with transition matrix
[I. Note that, as in the example, changes in the wage can reflect both demand and supply
shocks. Second, we assume the distribution of idiosyncratic productivity shocks is continuous
rather than discrete. Specifically, In z; follows a random walk with continuously distributed
innovation, ;. The innovation is ¢.7.d. across time and plants. In practice, ¢, will have a normal
distribution truncated at very large and small values with mean p and standard deviation
0..12 The example suggests that this model is biased towards finding little asymmetry between
aggregate job creation and destruction because plants’ idiosyncratic productivity levels are very
persistent. However, the assumption of a random walk simplifies comparisons between this
model and standard (.S, s) models of employment dynamics. Finally, we assume that plants do
not face fixed costs of changing employment. While such costs simplified the analysis above,
here they introduce unnecessary technical difficulties. In all other respects, the model described

in this section is the same as the example.

12The assumption of a bounded support is a technical condition used in the analysis of the plant’s dynamic
programming problem.
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We begin this section by describing the profit maximization problem of the representative
plant manager and the optimal employment policy it implies. After this we discuss the possible
implications of the employment policy for aggregate gross job flow dynamics. Finally, we present

a general equilibrium interpretation of the model.

3.1. The Plant Manager’s Problem

The problem faced by the representative plant manager is to choose employment at all dates
to maximize the present discounted value of the plant’s profits. To study this problem, we cast
it as a dynamic program. FEach period, the plant manager chooses current employment after
observing current productivity, employment in the previous period, and the wage. Dropping
time subscripts, let m and n denote the level of employment in the previous and current period,
respectively, and define the scaled employment variables, z = m/z'/(1=% and y = n/z"/0-%),
The dynamic program which summarizes the plant manager’s profit maximization problem is

then
9(z,z, W) = max Iy — Wy —7(y,2) (y — 2)] + BE[g (2, y/u, W) |2, W], (3.1)

Here we use the '’ notation in the usual fashion and u = (2//2)"™® = exp (¢// (1 — a)). The
conditional expectations operator is E [-|-], and we assume that when forming this expectation
the plant owner understands the law of motion for z and W. Finally, 7 (y,z) represents the

per—job adjustment costs, which, as before, are measured in units of the output good:

T(y,2) = Tl {y > x} — 14l {y < 7},

where I {-} is the indicator function that equals unity if its argument is true and zero otherwise.

In the technical appendix, we show that the value function ¢ (z,z, W) that corresponds
to the solution to the sequence version of the plant manager’s dynamic profit maximization
problem is homogeneous of degree 1/ (1 — «) in z. Therefore, we can focus on solutions to (3.1)
which satisfy this property and write g (z, 2, W) = 2}/3=%y (z, W), where v (z, W) is defined to
equal g (1, z, W). If we substitute this expression for g (z,z, W) into (3.1) and use the fact that

In z follows a random walk, we can eliminate z from both sides of the equation. The resulting
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Bellman equation is
v(w, W) =maxy® = Wy — 7 (y,2) (y — x) + E [uv (y/u, W) [W]. (3.2)

The solution to (3.2) characterizes the solution to the plant manager’s profit maximization
problem. After being adapted to this particular problem, the standard dynamic programming
arguments found in Stokey and Lucas (1989) can be used to demonstrate the existence and
uniqueness of a function v (z, W) that satisfies (3.2) and to show that this function is concave

in x. These arguments are discussed in more detail in the technical appendix.

3.2. The Optimal Employment Policy

We now describe the policy function for y and show how it is used to formulate the plant
manager’s optimal employment policy. Because v (z, W) is concave in x (and so differentiable in
x almost everywhere) and u has a continuous distribution, E [uv (y/u, W') |W] is a differentiable
function of 3.!3 The differentiability of the expected value function implies that the objective
on the right hand side of (3.2) is differentiable in y everywhere except at y = z. Therefore, the

optimal choice of y must satisfy the following first order conditions

ay®t =W — 1.+ BE [v1 (y/u, W) |[W] < 0ify >z, with equality if y > 2,  (3.3)

ay® =W+ 14+ BE [vg (y/u, W) |W] > 0ify <z, with equality if y < z.  (3.4)

Here, v1 (z, W) is defined as the right (or left) derivative of the value function with respect to

its first argument, which exists everywhere because of the concavity of the value function.'
Define the scaled employment thresholds y (W) and 7 (W) as the values of y which satisfy the

derivative conditions in (3.3) and (3.4) with equality.'® Notice that y (W) < 7 (W) if either 7.

or 74 is positive. These functions characterize the optimal scaled employment choice associated

13This is proven in the technical appendix. Note that the arguments of Benveniste and Scheinkman (1979),
which rely on the differentiability of the return function to establish differentiability of the value function, do
not hold here.

14This function equals the associated derivative of the value function everywhere except on a set of measure
zero where the derivative of the value function is undefined.

L Because ay®~! and E[vy (y/u, W')|W] are decreasing functions of y, both y (W) and 5 (W) are well de-
fined. We exploit the envelope condition to formulate algebraic expressions for_g (W) and 5 (W), which are
straightforward to solve numerically. See the technical appendix for details.

14



Figure 3.1: Hlustration of Optimal Employment Policies

Job Destruction Schedule

@

Job Creation Schedule

In(z)

with (3.2), y*. If y (W) < o < 7 (W) then employment is unchanged, y* = z. If z < y (W),
then y* = y (W) and if 2 > 7 (W), then y* = 7 (W). With this policy and the definitions of
xz and y in hand, it is straightforward to construct the optimal policy for the unscaled level of

employment, n*. This can be described in terms of the job creation schedule,

n (2, W) = y (W) 20 (35)
and the job destruction schedule,

(2, W) =7 (W) z/1-), (3.6)

If lagged employment, m, is between n (z, W) and 7 (z, W), then the plant neither creates nor
destroys jobs, n* = m. If m < n(z, W) then the optimal policy specifies n* = n (z, W) so
that n* — m jobs are created. Similarly, if m > 7 (z, W), then the optimal policy specifies
n* =m(z, W) and m — n* jobs get destroyed.

Figure 3.1 illustrates the optimal employment policy for a given value of W. The job creation
and destruction schedules are both log linear in z with intercepts Iny(W) and Ing (W) and
common slope 1/(1 — «). Since Iny(W) < Ing(WW), the job creation schedule lies below the job
destruction schedule. Consider the employment decisions at three plants with identical lagged

employment but different realizations of technology in the current period. These plants are
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Figure 3.2: lustration of Optimal Policy Responses to a Change in W,

In(n)

denoted A, B, and C in the Figure. Plant A lies above the job destruction schedule. It chooses
current employment to be the value implied by the destruction schedule at its current level
of technology. Therefore, it destroys jobs at the rate equal to the vertical distance from A to
the job destruction schedule. Plant B lies between the two schedules, so it leaves employment
unchanged. Plant C' lies below the job creation schedule. It creates job at the rate equal to the

vertical distance from C' to the job creation schedule.

3.3. Gross Job Flow Dynamics

We are interested in the dynamics of gross job flows implied by a continuum of plants following
the optimal employment policy just described. Since the wage determines In% (W) and Iny (W),
it follows that variation in the wage leads to fluctuations in the creation and destruction sched-
ules. The example in Section 2 suggests that In y (W) will respond by less to a wage change than
Ing (W), so we expect the creation schedule will be less variable than the destruction schedule.
That is, the employment decisions of job creating plants are expected to be less volatile than
the employment decisions of job destroying plants.

Figure 3.2 is helpful for understanding how asymmetry in the volatility of the policy sched-
ules can lead to asymmetric volatility of aggregate job creation and destruction. It contains
hypothetical job creation and destruction schedules for the two wage states. The top solid line

isInm (Wl> and the bottom solid line is Inn (Wl) Similarly, the top and bottom dashed lines
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are Inm (Wh) and Inn (Wh), respectively. The dashed arrows indicate the movement of the
schedules when the wage changes from W' to W". As they are drawn, the job destruction
schedule responds by more than the job creation schedule to a wage change.

Consider the employment decisions of four plants with employment and technology as in-
dicated by the labelled points in Figure 3.2. Plant A destroys jobs regardless of whether the
wage changes, but when the wage changes it destroys more jobs than otherwise. In the absence
of a wage change, plant B keeps its employment constant, but it destroys jobs when the wage
changes. Plants C' and D both create jobs in the absence of the wage change. When the wage
changes, plant C' leaves its employment unchanged and plant D creates fewer jobs than other-
wise. Because the job destruction schedule shifts by more than the job creation schedule, the
intensity of job destruction is increased at plants which behave like A more than the intensity
of job creation is reduced at plants like D. Furthermore, it is possible that the number of plants
like B, which switch from inactivity to job destruction when the wage changes, is greater than
the number of plants like C', which switch from job creation to inactivity. These considerations
combined suggest that we should expect aggregate job destruction to be more variable than
aggregate job creation in the model. However, Caballero’s (1992) observations alert us to the
possibility that variation in the distribution of plants across the state space might undo the
microeconomic asymmetries described here. In the quantitative analysis presented in Section 4
we verify that job destruction does tend to be more volatile than job creation when the policy
schedules vary asymmetrically as they do here.

To gain further insight into the mechanism which underlies the dynamics of gross job flows in
our model, it is helpful to compare the optimal employment policy with the type of policy studied
by Caballero (1992) and Foote (1997). These authors study two-sided (S, s) employment policies
in which the relevant state variable is the employment gap, defined as the difference between
a plant’s actual employment and its optimal employment in the absence of adjustment costs.
A typical employment policy of this type specifies how to control the employment gap in the
presence of plant-specific and aggregate shocks which perturb the frictionless optimum. It is
completely specified by two threshold points, L and U, and two return points, I and u, such that
L <l <wu<U. These threshold and return points are time invariant, and in particular they
do not depend on the aggregate shock. Employment is unchanged as long as the shocks leave

the employment gap between L and U. If the employment gap falls below L or exceeds U in

17



the absence of an employment change, jobs are created or destroyed until it equals the nearest
return point.

This kind of policy emerges in a version of our model in which the wage is constant, say
W =1, and the technology shock is replaced by the product of the idiosyncratic term we have
already described, z;, and an aggregate shock, A;. Assume In A; follows a random walk, possibly
with drift, with continuously distributed innovation, 6;, on a compact support. By scaling
current and lagged employment by (z;4;)'/1 =) the plant manager’s problem is identical to
before, with the obvious reinterpretation of the stochastic technology terms in (3.1) and (3.2).
The optimal employment policy is derived in the same way as well. Analogous to before, the

creation schedule is given by

n?(z, Ay) = y* [z A 07 (3.7)

and the destruction schedule is given by
ﬁA(Zt, Ay) = yA [ZtAt]l/(lia) ) (3.8)

where y# and §* solve the appropriately modified derivative conditions in (3.3) and (3.4) with
equality. Unlike before, QA and 7" are constants and do not depend on the aggregate shock.
We now show how the employment policy for this model can be represented as a standard
two-sided (S, s) policy. Since there are no fixed costs, the threshold and return points are
identical, L =1 and U = u. Using the fact that the frictionless optimal employment is given by

(azA) ™ | the employment gap for this model, s, is

1
Inz — In A; — . Ina, (3.9)

*
s =Inn; —
ol -« —« —«

where, as before, we use n} to denote the optimal employment policy with adjustment costs.'®

6Here we have measured the employment gap in logs while Caballero (1992) and Foote (1997) measure it in
levels.
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The employment gap evolves according to

l ifs; 1 —m—v <L
Se=9 s 1—nm—vy HL<s 1—n—v,<U , (3.10)
U ifsp 1 —m—ve>U

where

= Il=Iny* - (1/1—-a))Ina
U = u=Ing"—(1/(1 -a))lha

n = a/(l-a)
v = 60,/(1—a).

Notice that the evolution of s; is influenced by both idiosyncratic and aggregate shocks and the
thresholds and return points do not depend on the aggregate shock.!”

To appreciate the implications of this type of policy for the dynamics of gross job flows,
reconsider Figure 3.2. The creation and destruction schedules for the current model, (3.7) and
(3.8), are log-linear as in the wage uncertainty version of the model and have the same slope
(see (3.5) and (3.6)). The crucial difference for gross job flows is how the schedules shift in
response to aggregate shocks. In the wage uncertainty model we expect the schedules to shift
asymmetrically. Here they shift symmetrically since, unlike in (3.5) and (3.6), y** and 7* do
not depend on the aggregate state of technology and the schedules are equally elastic with
respect to the aggregate shock, A;. Consider a reduction in A; which shifts the schedules down
symmetrically (instead of asymmetrically as they are drawn in Figure 3.2). Because the schedules
shift symmetrically, the employment gains at job creating plants are reduced, on average, the
same amount as the employment losses at job destroying plants are increased. Therefore, in
the absence of asymmetrically distributed aggregate shocks and employment trends, we expect

aggregate job creation and destruction to be equally variable.

17The employment policy in the version of our model with wage uncertainty can also be represented in terms of
the employment gap. The transition equation for s; has the same form as (3.10) with L(W;) = I[(W;) = Iny(W;)+
(1/1—a)(InW; —Ina), UMW) =u(Wy) =lng(Wy) +(1/(1—a)) (In Wy —Ina), vy = (1/(1 — @) In(Wi_1 /W)
and 1, = €¢/(1 — «). Notice that the thresholds (and return points) are not constants in this case, but vary with
the wage.
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3.4. General Equilibrium

Although our model has been presented in partial equilibrium, it can be reinterpreted within
a general equilibrium framework with particular assumptions on tastes and technology. In this
subsection, we sketch such a framework for the version of our model with wage uncertainty. We
then use this framework to contrast our model with that studied by Caballero and Hammour
(1996).

The economy is populated by a continuum of households and a continuum of consumption
good producers. The households are identical and their preferences for sequences of the non-
storable consumption good, ¢;, a nonstorable good called materials, d;, and leisure, [;, are given
by

B35 foc+ (Wi )i+ 91
=

The marginal utility of leisure, v, and the marginal utility of materials, W; — v, are both
positive. The variable W; is an aggregate disturbance to preferences which evolves according
to the Markov chain described previously. In each period households are endowed with fixed
quantities of time and materials. Labor, consumption goods and materials are all traded in
competitive markets and the consumption good is taken as the numeraire. The consumption
good producers are endowed with the technology described in Section 4.1. Given that they
are owned by households and we assume a complete set of markets in state contingent claims,
the goods producers discount future profits with the net interest rate 1/ — 1. Since labor
and materials are employed by plants in fixed proportions, the per-period cost of a job (defined
above as the combination of a unit of labor and materials as determined by the fixed proportions
technology) is given in equilibrium at each date by W;, as long as the aggregate supply of labor
and materials is sufficient to meet the demand of producers in all states of the world and
households always consume some materials and leisure. It follows that the dynamics of gross
job flows emerging from this model are identical to the partial equilibrium model.

The simplicity of this framework helps us to focus on the features of a plant’s profit maxi-
mization problem which generate asymmetries in job creation and destruction decisions. Notice
that it is similar to the model studied by Caballero and Hammour (1996). In particular, our

assumptions on preferences, endowments and the source of aggregate fluctuations correspond
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to their model.!® There are two main differences with their model and these explain why the
results we report in the next section are different from their findings.

First, our production technology is different from the one studied by Caballero and Hammour.
In their model output is produced in production units (what we call plants) of constant size
which combine capital and jobs in fixed proportions. Since jobs are identical to production units,
the job creation costs they study are indistinguishable from costs of installing new capital. Other
implications of their technological assumptions are that the marginal product of a new job is
invariant to the number of jobs created in any period, and variation in aggregate employment
only arises due to changes in the number of production units. In our model, there is a constant
number of plants each with a fixed stock of capital and total employment varies due to variation
in the number of jobs at individual plants. Also, the adjustment costs we study are net costs
of adjusting employment at an existing plant. Finally, due to diminishing returns to labor at
the plant level, the marginal product of labor averaged across plants is inversely related to the
number of jobs created in a given period in our model.

Second, in our model the labor market is competitive while in Caballero and Hammour
search and matching frictions and incomplete contracting over match-specific quasi-rents play
important roles. Search and matching dampen variation in the cost of a job due to materials price
changes and tend to induce creation and destruction to be concentrated in recessions. Incomplete
contracting breaks the tight connection between creation and destruction and helps the model
to overcome the counterfactual prediction of positively correlated creation and destruction.'”
Without search and matching frictions, the price of labor does not dampen variation in the cost
of a job in our model and there is not a strong force for positive co-movement between creation
and destruction. Since movements in the price of labor only partially offset movements in the
materials price in Caballero and Hammour, the cost of a job is typically countercyclical in their

model.2’ Hence, it is likely that our main results reported in the next section, which depend on

18They do not include leisure in the preferences of the representative household. However, they argue that it
is left out only for simplicity and incorporating it does not change their results (see Caballero and Hammour
(1996), p. 811 footnote 8).

19The tendency for positive co-movement between job creation and destruction is a common feature of models
with search and matching frictions. Other examples include Andolfatto (1996), Mortensen (1994), and Mortensen
and Pissarides (1994). For more discussion on this point, see Caballero and Hammour (1996), pp. 819-825.

20When the cost of job creation is constant, there are no search frictions, and there is incomplete contracting
over match specific quasi-rents, the endogenous fluctuations in the wage completely offset the exogenous fluctu-
ations in the materials price, leaving the total cost of employment constant. For this result and similar findings
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the countercyclicality of the cost of a job, will continue to hold in a richer environment which

incorporates search and matching.

4. Implications of the Model for Gross Job Flows

We have argued that the model developed in the previous section has the potential to generate
asymmetries in gross job flows. Now we assess this potential by studying the gross job flows
implied by various parameterizations of the model. Our main finding is that the model can
generate asymmetries in gross job flows of the type observed in the US manufacturing sector.
These asymmetries arise due to asymmetric variation in the job creation and destruction sched-
ules and they are strongest when wage changes are not expected to persist for very long. We
begin the discussion by describing how we choose parameter values. After this we study several
experiments designed to establish the basic qualitative implications of the model. Finally, we
analyze statistics on gross job flows implied by simulating the model and compare them to quar-
terly data on gross job flows for the transportation equipment industry (SIC 37).2! We work
with industry-level data since we prefer to view the model as characterizing a single industry,

instead of an entire economy or sector as its general equilibrium interpretation might suggest.

4.1. Parameter Values

To implement our model we need to specify the following parameters

Plant-level parameters : «, (3, 1,0, Te, Ta;

Aggregate Uncertainty : I, W" W'

The elasticity of production with respect to labor input, «, is approximately equal to the share

22

of gross output paid to labor and materials.”> We set a to 0.85, which is a typical value for

this share in the transportation industry.?? The discount factor 3 is set to 1.057'/4 so that the

in Caballero and Hammour’s (1994) partial equilibrium model, the assumption that all new jobs are equally
productive is essential. We expect that in versions of these models with a decreasing marginal product of labor,
the wage will not completely offset fluctuations in the price of materials.

2I'We confine our analysis to the transportation sector to conserve space. We find qualitatively similar results
for other manufacturing industries for which data on gross job flows are available.

22This will not be exact because of the adjustment costs.

23Gee, for example, the 1977 Census of Manufactures.
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annual real interest rate is 5% and a period in the model corresponds to one quarter.

Average employment growth and the average job reallocation rate (the sum of the rates of
job creation and destruction) are used to identify p and o,. Without aggregate uncertainty, the
distribution of employment across plants converges to a steady state, and aggregate employment
growth is given by the mean of technology, exp(y/(1 — a) + 02/(2(1 — «)?)). With aggregate
uncertainty, employment growth may differ from this formula, but given o, and the other model
parameters, p still influences its magnitude as the formula suggests. To avoid the effects of
trends on gross job flows, we choose p so that the model implies zero average employment
growth. Holding fixed all other model parameters, the job reallocation rate in the model is
increasing in the amount of idiosyncratic uncertainty. Therefore we choose o, by matching the
model to the average job reallocation rate for the transportation industry.?

Now consider the adjustment cost parameters, 7. and 7,. Ideally we would like to take these
values from a study of micro data. Unfortunately, this option is not available to us. Recall that
T. and 7,4 are costs of changing the number of employees at a plant. These net adjustment costs
involve disruptions to production and all other costs that are not related to the identity of the
workers but depend solely on changing the number of employees. As Hamermesh and Pfann
(1996) emphasize in their review of work on adjustment costs in factor demand, net adjustment
costs are intrinsically difficult to measure because usually they are implicit, in that they result
in lost output, and thus are not measured and reported by firms.?> Without good estimates of
these costs, we choose them on a priori grounds. Since we are unaware of compelling evidence
that one adjustment cost is significantly larger than the other, we impose the restriction 7, = 7.
Below, we choose the wage so that its average roughly equals unity. This means the adjustment
costs can be interpreted as fractions of the flow cost of a job. It follows that the common value
of the adjustment costs multiplied by the job reallocation rate equals total industry adjustment
costs incurred as a fraction of total variable costs.?® We set 7. = 74 = 1/2. Combined with a

calibrated job reallocation rate of 11.3%, this value implies that adjustment costs incurred by

24Note that we measure gross job flows as the population counterparts to the measures defined by Davis,
Haltiwanger and Schuh (1996). In particular, the rate of job creation in a given period is the sum of all jobs
created at job creating plants divided by the average of current and lagged total industry employment. Similarly,
job destruction is the sum of all jobs destroyed at job destroying plants divided by the average of current and
lagged total industry employment. For further details, see the technical appendix.

250ur specification of adjustment costs is consistent with the view that net costs to employment adjustment
involve lost output.

20We thank Fabio Schiantarelli for this observation.
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the industry as a whole average about 5.65% of total variable costs.
Our last choices involve the specification of aggregate uncertainty. We consider several

specifications of the transition matrix for the wage, II, below. In each case II has the basic

structure
1+p 1=p
. 2 2
m=| 2, (4.1)
2 2

where p denotes the autocorrelation of the wage. The two wage states are expressed as W’ =
exp(d,,) and W' = exp(—a,,), where o, denotes the standard deviation of the wage. We select
0w S0 that the model reproduces the variance of employment growth for the transportation
industry. Note that these choices for II and the two wage states imply the wage is symmetrically
distributed. Therefore the mechanism for generating asymmetries in gross job flows through
asymmetries in the aggregate driving process described by Caballero (1992) is not at work in

our analysis.

4.2. Tllustrating the Basic Mechanism

Here we study the dynamics of gross job flows implied by the optimal employment policy for
two polar cases for the wage transition matrix. The first case we consider involves specifying
p = —1 so that the off-diagonal elements of II equal unity. This implies that changes in the
wage are known with certainty to last only one period. That is, the wage follows a two-period
cycle, which roughly corresponds to the deterministic cycle studied in Caballero and Hammour
(1996). We calibrate parameters as described above.?” To assess the impact of adjustment costs,
we also consider a benchmark frictionless case in which all parameters are left at their calibrated
values except for the adjustment costs, which are set to zero. In this case employment decisions
at plants are governed by the usual static labor demand schedule.

Simulated gross job flows implied by the two parameterizations are illustrated in Figure
4.1. This shows that, regardless of whether there are adjustment costs or not, job creation
and destruction move in opposite directions every period. Job destruction is highest when
the wage equals W" and job creation is highest when the wage equals W'. These dynamics are

interesting given that standard search and matching models have a tendency for job creation and

2TValues for the parameters not given in the text are p = —0.186%, 0. = 7.48%, and o, = 4.84%.
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Figure 4.1: Gross Job Flows in the Two-Period Cycle Model
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destruction to co-move positively (which is counterfactual, see below). Without adjustment costs
the absolute value of the changes in job creation and job destruction are the same every period
so that these variables are equally volatile. The adjustment costs act to dampen fluctuations in
both job creation and job destruction. Moreover, job creation is dampened by more than job
destruction so that job destruction is more variable than job creation when there are adjustment
costs.

The symmetry of gross job flows in the frictionless model can be traced directly to the
fact that in this model the job creation and destruction schedules are identical. Positive ad-
justment costs break the tight connection between the creation and destruction decisions in
the frictionless model and introduce a significant asymmetry into how they respond to wage
changes. In particular, the difference between the intercepts of the two log destruction sched-
ules, Iny (W’) —Iny (Wh), is 0.220, while the difference between the intercepts of the two log
creation schedules, Iny (W’) —Iny (Wh) , 18 0.113: the response of the destruction schedule to a

wage change is 95% larger than the corresponding response of the creation schedule. This asym-
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metry induces the intensity of job destruction at shrinking plants to change by more than the
intensity of job creation at growing plants when the wage changes and leads to job destruction
being more variable than job creation.

The polar opposite of the two-period cycle for the wage is to suppose that when computing
their optimal employment policy, plant managers expect the current wage to prevail forever.
This is captured by assuming p = 1 in (4.1). We examine how gross job flows respond to a once
and for all unanticipated change in the wage, holding fixed the other parameters at the values
use in the two-period cycle examples. This experiment is analogous to the example discussed in
Section 2.2. Figure 4.2 plots job creation and destruction for changes in the wage from W' to W"
(top graph) and from W" to W' (bottom graph). In each case the change in the wage occurs after
first simulating the model for several periods at the pre-change wage until employment and the
distribution of employment across plants converge. Gross job flows under the two assumptions
of positive and zero adjustment costs are plotted relative to their pre-wage-change value.

Consider the frictionless cases first. As in the two-period cycle examples, wage changes
induce movements in creation and destruction in opposite directions. Job destruction rises and
job creation falls following a wage increase, and they reverse their roles following a wage decrease.
After one period job creation and destruction return to their pre-wage-change values. In both
cases, the magnitude of the initial change in the gross job flow which increases is greater than the
corresponding magnitude for the gross flow which decreases. In addtion, job destruction’s rise
when the wage increases is the same as job creation’s rise when the wage decreases. Similarly,
job creation’s fall when the wage increases equals job destruction’s fall when the wage decreases.
Consequently, the responses of net job growth (not shown) are, as expected, symmetric across
the two wage changes.

The responses of job creation and destruction without adjustment costs reflect an interaction
between the distribution of idiosyncratic shocks and plants’ employment decisions. This inter-
action plays a significant role in the dynamics of job creation and destruction under positive
adjustment costs. Figure 4.2 indicates the adjustment costs dampen the responses of both job
creation and destruction in the period of the wage changes. As in the frictionless case, the mag-
nitude of the initial change in the gross job flow which increases is greater than the corresponding
magnitude for the gross flow which decreases. In contrast to the two-period cycle example, the

adjustment costs appear to dampen destruction by more than creation in the period of the
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Figure 4.2: The Dynamics of Gross Job Flows in Response to Permanent Wage Changes
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wage changes. The fall in job creation when the wage increases is essentially the same as the
fall in job destruction when the wage decreases. However, the rise in job creation when the
wage decreases exceeds the rise in job destruction when the wage increases (19% versus 15%).
These observations are consistent with empirical evidence reported by Campbell and Kuttner
(1996) that employment in the US manufacturing sector adjusts primarily through job creation
in response to permanent shocks.

As in the two-period cycle case, positive adjustment costs introduce an asymmetry into how
the creation and destruction schedules respond to a wage change. However, the asymmetry is
much less pronounced here, and this helps to explain why adjustment costs have a different effect
on creation and destruction when wage changes are permanent compared to the two-period cycle
case. In the current example, the difference between the intercepts of the two log destruction
schedules is 0.663, while the difference between the intercepts of the two log creation schedules
is 0.589. Therefore, the shift in the destruction schedule is only 13% larger than the shift in

the creation schedule when the wage changes, compared to 95% in the two-period cycle case.
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The reason for the reduction in the asymmetry is that when the wage change is permanent the
expected savings of job creation costs tomorrow from creating a job today loom larger in the
calculation of the effective cost of job creation and the expected cost of reversing the creation
decision is less important. Thus, the total expected discounted adjustment costs associated with
the last job created fall. The permanent nature of the wage change has a similar impact on
the destruction margin by lowering the total expected discounted adjustment costs associated
with the last job destroyed. The reduction in total adjustment costs mitigates the asymmetric
fluctuations in the job creation and destruction schedules.?®

The findings indicated in Figure 4.2 contrast sharply with the permanent wage change ex-
amined in Section 2.2. In Section 2.2 the example was constructed so that the distribution
of employment across plants was passive in the determination of job creation and destruction.
Specifically, a constant fraction of plants increased employment and a constant fraction de-
creased employment each period regardless of the wage, so that the employment decisions of
individual plants were sufficient to understand gross job flows. Here, the population of plants
either creating or destroying jobs is influenced by the changes in the employment policy induced
by the wage changes. As we described in Section 4.3, this influence can work to offset the impact
of the decisions of individual plants on aggregate job flows. The same effect was at work in the
two-period cycle case, but since the magnitude of the shifts in the employment schedules were
much smaller there, it played a relatively small role. These findings are reminiscent of the fallacy
of composition described by Caballero (1992) and highlight the difficulty in drawing conclusions
about aggregates from microeconomic decisions.

A final observation worth making about Figure 4.2 is that positive adjustment costs introduce
persistence into the responses of gross job flows. The key here is the region of inaction in the
state space of the employment policy function induced by proportional adjustment costs. As is
well known, this feature of the model provides for an endogenous source of persistence in gross

job flows since individual plants are slow to respond to wage changes.

28 At this point it may be helpful to reconsider the discussion at the end of Section 2 surrounding the elasticities
in (2.5) and (2.6).
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4.3. Quantifying the Effects of Adjustment Costs

We now study the statistical properties of the model and compare them to deseasonalized quar-
terly data on gross job flows for the transportation industry over the sample period 1972:11 to
1988:1V.2% For this exercise we specify p = 0 in (4.1) so that the wage is 4.5.d. This represents
an intermediate case compared to the experiments conducted above, and it seems like a sensible
benchmark given the endogenous persistence in gross job flows already present in the model. In
Table 4.1 we report statistics on gross job flows for the transportation industry and statistics
based on simulating the model. Our baseline case is the calibrated model with positive adjust-
ment costs and we also consider a calibration based on zero adjustment costs.® Other entries
in the table correspond to experiments designed to illustrate various model properties.** We
adopt the notation used by Davis, Haltiwanger, and Schuh (1996) to denote the components
of gross job flows: job destruction is denoted by NFEG, job creation by POS, job reallocation
is denoted by SUM, where SUM = NEG + POS, and job growth is denoted by N ET, where
NET = POS — NEG.

Consider the calibrated frictionless case, 7. = 74 = 0, first. Notice that this model can
account for many features of the transportation industry data. The calibration procedure guar-
antees that the standard deviation of NET' in the model exactly matches that in the data. In
the model and the data POS is strongly procyclical, N EG is strongly countercyclical, and PO.S
and NEG are negative correlated. These observations seem in line with the impressions given
by Figures 4.1 and 4.2.

The frictionless model has two main shortcomings. First, it underpredicts the variance ratio,
v(NEG)/v(POS), the measure of asymmetries in gross job flows used by Davis, Haltiwanger and
Schuh (1996). Second, it predicts that job reallocation is acyclical, that is the correlation of SUM
and NET is zero. The failure with respect to the variance ratio derives from underpredicting

the volatility of NEG and overpredicting the volatility of POS. That SUM is acyclical is
explained by the fact that the covariance between NET and SUM is equal to the variance of

29The raw data were compiled by Davis, Haltiwanger and Schuh (1996). Our deseasonalization procedure
involves removing quarterly means.

30In the baseline case p = —1.85%, 0. = 7.46% and o, = 4.31%, and in the frictionless case u = —0.14%,
o, =2.06% and o, = 0.37%.

31 All statistics for the model are based on simulating the model for 1050 periods, starting at the steady state
distribution of employment across plants, and then discarding the first 50 observations.
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Table 4.1: Model Implications for Gross Job Flows

Calibrated™ Perturbations of the Baseline Calibration™
Te=0|7.=1 E(NET)
Statistic Data® | Baseline 74=0|7¢4=1 7.=0 74=0 =-011% p=0.9
%(f;_gg)z 2.99 189  1.00 286 139  1.38 197 095
s(NET) 3.55 3.55 3.55 2.30 5.59 5.58 3.56 3.62
s(SUM) 2.73 0.65 0.35 0.62 0.82 0.82 0.69 1.25
s(NEG) 2.73 2.06 1.78 1.45 3.05 3.04 2.09 1.89
s(POS) 1.58 1.50 1.78 0.86 2.59 2.58 1.49 1.94
c¢(POS, NEG) -0.30 -0.98 -0.98 -0.99 -0.97 -0.97 -0.98 -0.79
¢(NET,SUM) -0.52 -0.87 0.00 -0.96 -0.56 -0.56 -0.88 0.04
c¢(NET, POS) 0.67 0.99 0.99 0.99 0.99 0.99 0.99 0.95
¢(NET, NEG) -0.91 -0.99 -0.99 -0.99 -0.99 -0.99 -0.99 -0.94
p(NET) 0.08 -0.34 -0.51 -0.35 -0.31 -0.31 -0.34 0.48

Notes: (i) v(x) denotes the variance of variable z, s(x) denotes the standard deviation of variable
x, ¢(z,y) denotes the correlation between variable x and variable y, and p(z) is the autocorre-
lation coefficient of variable z. Standard deviations are reported in per cent. See the text for
variable definitions (ii) Based on deseasonalized data for the transportation equipment industry.
(iii) Models calibrated to the transportation industry as described in the text. (iv) Models with
all parameters identical to the baseline calibration except as indicated.

POS less the variance of NEG. Other weaknesses of the frictionless model are that SUM is too
smooth and that N ET is negatively autocorrelated. The former is due to the excessive negative
correlation of POS and N EG while the latter follows from the close association of job growth
with wage growth (which is negatively autocorrelated here) when employment at the micro-level
is determined by a static labor demand schedule.

Table 4.1 shows that the baseline model represents an improvement over the frictionless
model. Significantly, the variance ratio rises from unity to 1.89. This is below the value in the
data, but still substantial. The improvement in the variance ratio compared to the frictionless
case is achieved by reducing the volatility of POS and amplifying fluctuations in NEG, in both
cases moving the model closer to the data. These effects are due to asymmetric variation in the
employment schedules: the destruction schedule shifts by 71% more than the creation schedule
whenever the wage changes. One way to gauge the importance of this asymmetry is to compare
the baseline model to a case where we keep the parameters at their baseline values but artificially

constrain the log creation and destruction schedules to shift by the same amount in response to
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a wage change. Specifically, we fix the schedules as follows:

Fixed Creation Schedule: Inn, =Iny(1) + ﬁ Inz — ﬁ In W,
Fixed Destruction Schedule: In7; = Ing(1) + ﬁ Inz — ﬁ In W, ’

where y(1) and (1) are the values of the scaled employment thresholds computed in a version of
the model without aggregate uncertainty in which the wage is equal to unity. When we simulate
this model the variance ratio falls to 0.73.

Given the asymmetry in how POS and NEG vary, the model also predicts countercyclical
job reallocation — the correlation of NET with SUM is strongly negative as it is in the data.
Another improvement over the frictionless model can be seen in terms of the persistence of
fluctuations in job growth, which is closer to the data. Finally, incorporating adjustment costs
does not improve the model’s predictions with respect to the correlation between POS and
N EG, which is still too strongly negative, and therefore SUM remains too smooth relative to
the data. However, the fact that POS and N EG remain negatively correlated as they are in
the data is a desirable feature of the model.

For the remainder of this section we discuss how various parameters influence the behavior of
the model. In Table 4.1 we report results of three experiments which illustrate how the model’s
properties depend on the assumed adjustment costs. For these experiments all parameters are
kept at their baseline values except for the adjustment costs. We consider the implications of
assuming 7, = 74 = 1.0, 7. = 0 and 74 = 1/2, and 7. = 1/2 and 74 = 0. The 7. = 74 = 1.0
case reveals that adjustment costs of 11.3% of variable costs give rise to asymmetries in gross
job flows approaching that in the data. Except for the reduced volatility expected with larger
adjustment costs, this version of the model has the same basic characteristics as the baseline.
The 7. = 0 and 74 = 0 experiments yield virtually identical results. In particular they both
imply a variance ratio significantly greater than unity and, volatility aside, the statistics conform
with the baseline. Taken together, the three adjustment cost perturbations demonstrate that
it is the overall magnitude of adjustment costs, not whether they are costs of job creation or
destruction, which is crucial to determining the size of the variance ratio.

Given Foote’s (1997) results it is interesting to investigate how trends in employment growth

influence the model’s predictions. The ‘E(NET) = —0.11%’ experiment in Table 4.1 is designed
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for this purpose. Here we have left all parameters at their baseline values except for u, which
has been adjusted so that the model implies average employment growth equal to —0.11% per
quarter, the value for the transportation sector over the sample period. As the table shows,
the trend has a modest effect on the variance ratio, increasing it from 1.89 to 1.97. The other
statistics are not influenced very much either. While larger trends certainly have a greater
impact on gross job flows, generally the effects of employment trends seem small relative to the
influence of the employment schedules.

The last experiment in Table 4.1 illustrates the impact of highly persistent wage changes.
All parameters are again left at their baseline values, except for p which is set to 0.9. The
asymmetry in gross job flows disappears in this case. This is consistent with the analysis of

permanent wage changes in Section 4.2.

5. Conclusion

We have described a model in which asymmetric variation in gross job flows arises naturally
from profit maximization in the presence of proportional job creation or destruction costs. The
adjustment costs cause employment at shrinking plants to respond by more to aggregate shocks
to the cost of a job than employment at growing plants. Our quantitative analysis confirmed
that this mechanism can account for asymmetric variation in job creation and destruction of the
kind observed in the US manufacturing sector. In addition, we found the mechanism to have
the strongest influence on gross job flows when disturbances to the cost of a job are expected
to be short lived. Interpreting the cost shocks broadly as being due to changes in energy prices,
the terms of trade, or the cost of short term working capital, these findings suggest a new way
of understanding the evidence on gross job flows.

The apparent inconsistency of observed gross job flows with standard equilibrium business
cycle models has motivated a substantial body of research. This research has emphasized two
main departures from the standard framework. First, identical producers have been replaced
by heterogeneous producers. Second, frictions in labor markets have been introduced. One
conclusion that could be drawn from this literature is that both heterogeneity among producers
and labor market frictions are important for understanding the relationship between gross job

flows and business cycles. Labor market frictions played no role in our analysis. This suggests
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that the second of these modifications may not be important for understanding the evidence on
gross job flows.

Although our model has a general equilibrium interpretation, the assumptions of constant
marginal utility of consumption, infinitely elastic labor supply, and no saving are too restrictive
for quantitative general equilibrium business cycle studies. Accordingly, it would be useful to
incorporate our model of plant dynamics into a standard dynamic general equilibrium business
cycle framework. Krieger’s (1997) general equilibrium analysis of partially reversible investment
decisions is suggestive of what we might find by doing this. In his model, a fixed population of
heterogeneous plants follow investment policies characterized by investment and disinvestment
schedules which have constant and identical slopes, analogous to the job creation and destruction
schedules studied here. General equilibrium effects of technology shocks cause the schedules’
intercepts to vary over time, which leads plants that scrap capital to be more sensitive to
aggregate shocks than plants that expand their capital stock. This finding resembles our result
regarding the relative sensitivity of job creating and destroying plants, and so we expect our
results will extend to a standard general equilibrium business cycle framework.

Other extensions to our model are suggested by recent empirical work. For example, Ca-
ballero, Engel and Haltiwanger (1997) provide support for the view that non-convexities are
important for explaining employment variation at manufacturing plants. It would be interesting
to determine whether the microeconomic asymmetries we study here extend to environments
with non-convexities. Caballero, Engel and Haltiwanger (1996), Campbell and Kuttner (1996)
and Davis and Haltiwanger (1997) emphasize the importance of reallocation disturbances. Such
shocks could be accommodated in our framework by allowing the variance of the distribution
of idiosyncratic shocks to be a random variable. This modification would encourage positive
co-movement between job creation and destruction, which would help our model to account
for the generally moderate negative correlations between creation and destruction found in the

manufacturing data.
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