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Abstract

This paper illustrates how the destruction of firm-specific organizational capital
associated with changes in firm-level employment can influence the behavior of ag-
gregate job flows, even in the presence of heterogeneity across firms and even in the
absence of aggregate shocks. Our analysis highlights the potential importance of
the distinction between adjustment costs that are associated with a loss of output
(output-costs of labor adjustment) and those associated with a loss of organizational
capital (OC-costs of labor adjustment). In particular, the analysis indicates how this
link between organizational capital and labor demand can shape the behavior of net
employment growth and gross job reallocation when conventional hiring and firing
costs of adjustment may be unable to do so.
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1 Introduction

The observations of infrequent employment adjustment and bursts of job creation and destruc-
tion reflect the complex dynamic nature of the labor demand decision. The standard explanation
for this behavior is that employment changes entail adjustment costs. These costs are typically
viewed as involving the loss of current output and the lapse of time, whether they are associated
with the flow of workers or that of jobs. ' However, changes in firm-level employment are often
associated with some disruption and re-organization in the production process and therefore
accompanied by productivity losses. These productivity losses may be associated with both the
creation and the destruction of employment as they are accompanied by changes in teams of

workers or in matches of workers to jobs. For example,

... expansion of the work force may
result in difficulties scheduling the flow of work across sites within an establishment, problems
that in turn reduce average efficiency. Adding a few employees to a work crew may require
senior workers to spend time training their new co-workers; hiring replacement workers for a
work crew whose size is unaltered may have the same effect, and cutting employment may reduce
the morale of the remaining employees and lower their efficiency.” (Hamermesh (1993, Chapter
6, page 207)). The phenomenon that productivity losses may occur as adjustments are made
can be understood best in the context of the view of the firm as a storehouse of organizational
capital. However, while considerable research has focused on the accumulation of organizational

capital, little research effort has been devoted to understanding the potential destruction of

organizational capital associated with employment changes. 2

In this paper we model organizational capital as being influenced by the creation and the
destruction of jobs at the firm level. Specifically, our analysis highlights the potential loss of

organizational capital associated with job creation and destruction decisions. In this context, we

'"Hamermesh (1993) and Hamermesh and Pfann (1996) discuss much of the theoretical and empirical work in
this area.

2Geveral different aspects of the accumulation of this type of firm-specific knowledge have been discussed
in the literature. For example, in Arrow (1962), Rosen (1972) and Ericson and Pakes (1995) organizational
capital is accumulated by endogenous learning-by-doing. Jovanovic (1979) and Prescott and Visscher (1980) view
organizational capital as embodied in workers, in teams of workers and in their matches to tasks within the firm.
Recent attempts at evaluating the importance of organizational capital are Jovanovic and Rousseau (2001) and
Atkeson and Kehoe (2001). Cooper and Johri (2001) and Benkard (2000) emphasize the potential importance of
the depreciation of experience.



show that the firm’s labor demand decision involves an inherent asymmetry between the creation
and the destruction of jobs. Furthermore, we show how this microeconomic asymmetry can in-
fluence the behavior of aggregate job flows even in the presence of heterogeneity across firms and
even in the absence of aggregate shocks. In this respect, our analysis follows Caballero’s (1992)
seminal work in that it addresses the possibility that the influence of microeconomic asymmetries
may be undone in the process of aggregation. Our analysis highlights the potential importance
of the distinction between adjustment costs that are associated with a loss of output, which we
label output-costs of adjustment and those associated with a loss of organizational capital, which
we label organizational-capital costs of adjustment or simply OC-costs of adjustment. 3 4 In
particular, the analysis indicates how this link between organizational capital and labor demand
can shape the behavior of aggregate employment when conventional hiring and firing costs of

adjustment may be unable to do so.

The structure of labor adjustment costs in our model implies that the optimal labor demand
decision by each firm is characterized by a (8S,s) rule, which involves a state-dependent decision
to adjust together with a choice of the magnitude of the adjustment. Intuitively, when labor
productivity has fallen sufficiently the firm optimally chooses to destroy jobs so as to achieve a
target increase in labor productivity. Conversely, when labor productivity has risen sufficiently
the firm optimally chooses to create jobs until a target decline in labor productivity is reached.
At intermediate productivity levels, employment at the firm remains optimally unchanged while

organizational capital is subject to stochastic growth.

The distinguishing feature of the OC-costs, as opposed to the output-costs, of labor adjust-
ment is that they link changes in employment and changes in organizational capital. In this
sense optimal job creation and destruction by firms reflect their continuing effort to re-organize

the production process and their scale of operation efficiently. During job destruction episodes,

3 Although there is substantial evidence of non-linear employment adjustment at the plant-level, it seems fair
to state that the extent to which non-linear labor adjustment matters for the dynamics of aggregate employment
is still an open question. See, for example, Caballero and Engel (1993), Hamermesh (1993), Caballero, Engel and
Haltiwanger (1997) and Cooper and Willis (2001).

4Our emphasis on the distinction between output-costs and OC-costs of adjustment should be understood as
complementing Hamermesh’s (1995) distinction between gross and net adjustment costs.



when labor productivity is low, the firm’s productivity increases because employment falls, but
the resulting loss of organizational capital by itself lowers labor productivity. Thus, in order
to achieve any target increase in labor productivity, more jobs have to be destroyed when job
destruction is accompanied by the loss of organizational capital. That is, the elasticity of labor
productivity with respect to employment at destruction times is less than one. Our analysis will
illustrate that the behavior of this elasticity greatly influences the behavior of job flows. It is
interesting to compare this to the situation where the creation of jobs is also associated with
re-organizations and therefore with some loss of organizational capital. In this case job creation
occurs when labor productivity starts out high but falls both because employment increases
and because organizational capital is destroyed. Thus, in order to achieve any target decline in
labor productivity less jobs need to be created when job creation is accompanied by the loss of
organizational capital than when it is not. In other words, the elasticity of labor productivity

with respect to employment at creation times is larger than one in this case.

To better understand the significance of OC-costs of labor adjustment we compare the aggre-
gate implications of our model to those of a benchmark model in which firms face output-costs
instead of OC-costs of adjustment. The benchmark model is a natural extension of Bentolila and
Bertola’s (1990) model of hiring and firing costs to allow for lumpy, in addition to infrequent,
job creation and destruction. In each case we study the average behavior of a large number
of firms which face independent shocks but otherwise solve identical problems regarding the
choice of labor demand. Our analysis focuses on the behavior of standard measures of aggregate
job creation and job destruction, as defined by Davis and Haltiwanger (1992). In particular,
we focus on the behavior of net job creation, that is, the difference between the job creation
and destruction rates —a measure of aggregate employment growth— and the behavior of gross
job reallocation, that is, the sum of the job creation and destruction rates —a measure of the

intensity of job reallocation.

We find that the benchmark model with output-costs of adjustment has strong implications
for the behavior of these standard measures of aggregate flows. Specifically, our analysis indicates

that



e higher output-costs of adjustment cause gross job reallocation to fall, but do not signifi-

cantly influence net job creation,

e higher trend growth in productivity causes net job creation to rise, but does not signifi-

cantly influence gross job reallocation.

Thus, asymmetries in the output-costs of labor adjustment appear not to influence net job
creation whereas asymmetries in the cross-sectional distribution of firms, which are induced by
the trend rate of growth in productivity, appear not to influence gross job reallocation. These
two observations further imply that neither asymmetries in the costs of labor adjustment nor
asymmetries in the cross-sectional distribution of firms on their own can explain a relationship
between net employment growth and the intensity of job reallocation in the benchmark model
with output-costs of labor adjustment. Underlying these results is the intensity-frequency trade-
off emphasized by Caballero (1992), whereby the behavior of the cross-sectional distribution of

firms may undo the effect of microeconomic asymmetries on the behavior of the individual firm.

In contrast, our analysis of the aggregate implications of OC-costs of labor adjustment indi-

cates that

e higher OC-costs associated with job destruction cause net job creation and gross job real-

location to fall

e higher OC-costs associated with job creation cause gross job reallocation to fall, but do

not have a significant impact on net job creation

e higher trend growth in the stock of organizational capital is associated with higher net job

creation and lower gross job reallocation.

The influence of the OC-costs of adjustment on net job creation is subtle. To understand
the underlying mechanism, consider an increase in the OC-costs associated with job destruction.
Not only does this make job destruction more expensive, but any target increase in productiv-
ity requires more job destruction. That is, the elasticity of labor productivity with respect to
employment at the job destruction margin tends to fall as job destruction becomes more costly.

In contrast, an increase in the OC-costs associated with job creation, makes job creation more



expensive but it requires less job creation in order to achieve any given target decline in pro-
ductivity. That is, the elasticity of labor productivity with respect to employment at the job
creation margin tends to rise as job creation becomes more costly. It is the distinct behavior
of these elasticities that underlies the result that the behavior of net employment growth is

sensitive to the OC-costs of job destruction but not to the OC-costs of job creation.

The effect of differences in the (exogenous) trend growth rate in organizational capital —
the analog of trend growth in productivity in the benchmark model— is also interesting. Such
differences induce a negative relationship between net employment growth and the intensity of
job reallocation in the model with OC-costs of labor adjustment. As will become clear below,
trend growth in organizational capital influences the intensity of job reallocation because the
elasticities of labor productivity with respect to employment at job creation and destruction

times are different from unity.

It should be noted that the actual trend growth rate in the stock of organizational capital
is jointly determined by the (exogenous) trend growth rate of firm-specific organizational capi-
tal and by the (endogenous) destruction of organizational capital associated with employment
changes. We define a measure of this endogenous component, the OC destruction rate, as the
sum of the rates of destruction of organizational capital induced by job creation and destruc-
tion. When we study the aggregate implications of the optimal labor demand decisions for the

destruction of organizational capital, we find that

e the OC destruction rate tends to increase with the OC-costs of adjustment, which in turn
induces a negative relationship between the job reallocation rate and the OC destruction

rate,

e the OC destruction rate tends to fall with the (exogenous) trend growth in organizational
capital, which in turn induces a positive relationship between the gross job reallocation

rate and the OC destruction rate.

The remaining sections of the paper are structured as follows. Section 2 presents the model
under study. Section 3 characterizes the optimal labor demand policies and highlights the

difference between job creation and job destruction episodes at the firm level. Section 4 discusses



our approach to aggregation and in turn examines the aggregate implications of the output-
costs of labor adjustment and the OC-costs of labor adjustment. Section 5 concludes. Technical

derivations are relegated to an appendix.

2 The Model

In this section we set up a model of the labor demand decision by price-taking firms. > We model
their production technology as combining two complementary inputs: labor and organizational
capital. In order to focus on the influence of the destruction of organizational capital on the
firms’ labor demand decisions, we model the accumulation of firm-specific organizational capital
rather simply as a random process with drift. We assume that all employment adjustments are
associated with some re-organization in the firm’s production process and therefore with some

destruction of organizational capital.

Firms use their stock of labor together with their stock of organizational capital to produce

output. The operating profit of the firm, that is, revenue minus the cost of labor, is given by

IT (2, m4) = 280~ — wny, 0<ac<l, (2.1)

where z; denotes the firm’s stock of organizational capital at time ¢, n; denotes the firm’s size at
time ¢ as measured by the stock of jobs at that time, and w is the real cost of a job. In addition
to the wage bill, the firm incurs a fixed cost whenever it creates or destroys jobs. We assume
that the fixed cost of adjustment is proportional to the size of the firm, ¢ n;, which ensures that
the firm cannot grow out of the fixed cost. This homogeneity assumption, together with the
assumption that the firm’s revenue function is homogeneous of degree one in z; and n;, ensures

the form of the firm’s problem does not change with the firm’s size.

We assume that, as long as the stock of jobs at the firm remains unchanged, the stock of
organizational capital is a geometric Brownian motion with constant mean growth rate p and

standard deviation o > 0

®There is no meaningful plant/firm distinction in this model, and we refer to firms for expositional convenience.



dZt = /Ltht + UthWt, if d?’Lt =0 (22)

where W, is a standard Wiener process with independent, normally distributed increments.
Thus, exogenous changes in the stock of organizational capital are composed of the deterministic
contribution udt and the stochastic shock odW;. The first component reflects the accumulation
of firm-specific organizational capital over time. The second component introduces randomness
and heterogeneity in the accumulation process across firms. There is a simple link between the
firm’s stock of organizational capital, z;, and its labor productivity, (1—«) (2z¢/n¢)”, so that the
latter grows with z; as long as the labor force is kept constant. Note that whereas productivity

is expected to grow at the exponential rate u, the actual rate of growth is random.

The critical assumption we make is that some of the accumulated organizational capital is
lost whenever the firm chooses to expand or to contract. We formalize this idea simply: the loss

is proportional to the jobs being created or destroyed,

Az = —71, Ant, it Ang > 0, (23)

Az = g Ang, if Ang <0, (24)

where {n;} is the cumulative job turnover process (An; > 0 when the firm expands and An; < 0
when the firm contracts), and 7. and 7; parameterize the influence of job creation and de-
struction, respectively, on organizational capital. ® In order to focus on the potential loss of
organizational capital associated with employment adjustments, our analysis focuses on the case

where 7. > 0 and 73 > 0.

The process we propose for the accumulation and destruction of organizational capital gen-

erates a learning curve in the sense of inducing its characteristic concavity. For instance, when

SUnlike the conventional firing and hiring costs, both 74 and 7. are arguably closely related to the costs of
internal reorganization at the firm and less to institutional features of the labor market. Thus, our emphasis is
on technological differences across firms and industries.



a firm tries to take advantage of the increased productivity generated by the accumulation of
organizational capital, its very actions (job creation) limit this accumulation, since the destruc-
tion of organizational capital is triggered. The firm can control the magnitude of the loss of
organizational capital that occurs as well as how frequently it occurs by choosing when to change

employment and by how much.

Finally, we assume that the firm maximizes the expected present value of cash flows dis-

counted at a positive rate r > p. 7

3 Destruction of Organizational Capital and Labor Demand

The section is organized in two parts. In the first part, we characterize a firm’s optimal labor
demand strategy. In the second part, we further discuss the role of the endogenous destruction

of organizational capital in determining the dynamics of job creation and job destruction.

3.1 Optimal Labor Demand

In this section we characterize the firm’s optimal behavior. Let V (z,n) denote the current value
of the firm after it has already paid all the costs associated with job creation and destruction.
Given that the firm makes its labor demand decisions in order to maximize the present value of

profits, the Bellman equation associated with the problem of the firm is
1
rV (z,n) =1 (2z,n) + pzV, (z,n) + QJQzQVZZ (z,n). (3.1)

Since the firm faces increasing returns to labor adjustment (due to the fixed cost), the optimal
labor demand strategy will involve infrequent and lumpy job creation and destruction. Because
adjusting n; whenever z; changes will be too costly, the firm allows z; to rise up to a maximum
value or to fall to a minimum value before adjusting employment. In other words, firms create
jobs when labor productivity, (1 — ) (2¢/n:)”, is high enough to justify incurring the costs of

adjustment; and similarly, firms destroy jobs when labor productivity is low enough. For a firm

"The restriction 7 > w ensures that the value of the firm is bounded when ¢ = 7. = 74 = 0.



of size n, let z.(n) denote the creation margin, that is, the maximum level of organizational
capital which a firm of size n is willing to accumulate before creating jobs. Similarly, let z4(n)
denote the firm’s destruction margin, that is, the minimum stock of organizational capital which
triggers a bout of job destruction. The firm’s optimal behavior when its stock of jobs is n will
be such that the firm does nothing so long as its stock of organizational capital is in the interior
of the interval [z4(n), z.(n)]. Whenever the creation margin is reached, the firm increases its
employment from n to N.(n), and the associated destruction of organizational capital brings
ze(n) down to Z.(n). Similarly, when the job destruction margin is reached, z4(n) falls to Z;(n)

and employment falls from n to Ny(n).

In addition to satisfying the Bellman equation, V' (z,n) must satisfy the following six bound-
ary conditions. ® First, at the creation margin, a firm of size n must be indifferent between
creating jobs and doing nothing, that is, the value matching condition

V(Z:(n),Ne(n)) =V (ze(n),n) + cn (3.2)

must hold. Similarly, at the destruction margin the benefits and the costs of job destruction

must exactly balance each other,

V (Zi(n),Ng(n)) =V (z4(n),n) + cn. (3.3)

Furthermore, for the creation and destruction margins to be optimal, it must be that the

smooth pasting conditions

Vi (ze(n),n) = 1.V, (zc(n),n) + ¢ =0 (3.4)

and

Vi (za(n),n) + 14V, (z4(n),n) +c =0 (3.5)

8See Dumas (1991) and Dixit (1991) for a clear discussion of the value matching and the smooth pasting
conditions used here.
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are satisfied. Equation (3.4) requires that job creation be postponed until the net benefit from de-
laying job creation is exhausted, which happens when the marginal present value of job creation,
(dV (zc(n),n) /dn) + ¢, is zero. The marginal job created contributes V,, (z.(n),n) to the value
of the firm and it induces a shadow cost 7.V, (2.(n), n) associated with the loss of organizational
capital. In addition, optimal job creation takes into account the fact that larger firms incur a
proportionally larger fixed cost when they create jobs. Similarly, equation (3.5) says that job de-
struction will be postponed until the value of retaining the marginal job, (dV (z4(n),n) /dn)+ec,
is exhausted. Delaying job destruction at the margin retains the contribution V,, (z4(n),n) to
the value of the firm while it avoids incurring the shadow cost 74V (z4(n),n). As in the case of
job creation, optimal job destruction takes into account that the marginal job at the firm raises

the fixed cost of job destruction by an amount c.

Finally, two additional conditions are needed in order to ensure that the optimal amount
of job creation and destruction occurs. First, upon reaching the creation margin, the firm will

expand until the marginal value of further expansion, dV (Z.(n), N.(n)) /dn, is exhausted,

Vi (Ze(n), Ne(n)) — 7.V, (Ze(n), Ne(n)) = 0. (3.6)

Similarly, upon reaching the destruction margin, the firm will contract until the value of the

last job retained, dV (Z4(n), Ng(n)) /dn, is zero,

Vn (Zd(n), Nd(n)) + T4 Vz (Zd(n), Nd(n)) = 0. (37)

Given our homogeneity assumptions it is easy to show (the details are relegated to an ap-
pendix) that the process of job turnover is in effect the same for all firms, in the sense that each
firm views the ratio z/n as its state variable and the firm’s problem does not change with its size.
9 Thus, it will be convenient to define z = z/n. While x is the firm’s stock of organizational
capital per job, we will often refer to x as labor productivity since true labor productivity is a

simple transformation of x, namely, (1 —«)z®. Accordingly, the creation and destruction trigger

9The value of the firm, however, is proportional to its level of employment.
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points z.(n) = z.(n)/n and x4(n) = z4(n)/n, and the return points X.(n) = Z.(n)/N.(n) and
Xa(n) = Ziy(n)/Na(n) are the same for all firms. Let us denote them by z. and z4 and X, and

X4 respectively. Consequently, optimal labor demand decisions are such that

za—Xq ; _
oy <0 if z=u4

— =40 it zg<z<uw, (3.8)

re—Xc 3 —
o >0 if z==x.

Figure 1 depicts the optimal labor demand policy as a function of the firm’s current stock
of labor, n;, and its current stock of organizational capital, z;. In addition, the figure shows the
optimal job creation and destruction intensities by a firm of arbitrary size n, in the case where
7. > 0 and 74 > 0. When the firm’s stock of organizational capital z; reaches z4(n) the firm
destroys jobs so that its labor productivity increases from x4 to X4. The horizontal dotted line
from z4 to Xy indicates the amount of job destruction that would be needed to achieve this
target increase in productivity if the stock of organizational remained equal to z4(n). The stock
of labor, however, falls by a larger amount, from n to Ng(n). Intuitively, during job destruction
episodes, when the firm seeks to raise labor productivity, there are two opposing forces. Job
destruction directly increases labor productivity, but the resulting destruction of organizational
capital by itself reduces labor productivity. Thus a higher job destruction intensity is needed
to achieve any given increase in labor productivity when job destruction involves the loss of
organizational capital than when it does not. Similarly, when the firm’s stock of organizational
capital z; reaches z.(n) the firm creates jobs until its labor productivity falls from z. to X.. The
horizontal dotted line from z. to X, indicates the amount of job creation that would be needed
to achieve this target decline in productivity if the stock of organizational remained equal to
ze(n). The stock of labor, however, increases by a smaller amount, from n to N.(n). Intuitively,
during job creation episodes, labor productivity falls both because employment increases and
because organizational capital is lost. Thus, a lower job creation intensity is needed to achieve
any given increase in productivity when job creation is accompanied by the loss of organizational

capital than when it does not.
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[FIGURE 1]

It is useful to observe how the loss of organizational capital associated with job creation and
destruction influences the costs of creating and destroying jobs. Using the definition V (z,n) =
nv(z(n)) and the fact that the firm’s optimal behavior depends on z and n only through z, the
optimality conditions (3.4) and (3.5) (compare with (A.6) and (A.8) in the Appendix) imply
that

7 Vi (2e(n),n) = (1_ Le ) (v (o) +c) (3.9)

Te + Te

and

x
12 Ve (2a(n)n) = — (1 -— _de) (v@a)+e). (3.10)

These are the shadow costs of job creation and destruction, evaluated at the creation and
the destruction margins, respectively. They amount to a constant fraction of the average value
of the firm (adjusted to account for the dependence of the fixed cost of adjustment on the
size of the firm) at job creation and job destruction times, respectively. More importantly,
these fractions are determined by the elasticities of labor productivity (as measured by x) with
respect to employment at creation times, —(x. + 7.)/x., and destruction times, —(z4 — 74) /%4,

respectively. To see this, note that

=tedn _dn i g >0

z

—=———=9{ pdt + odW if dn=0 (3.11)

T4dn _ dn :
= - if dn<0

and recall that x. is the optimal creation margin and x4 is the optimal destruction margin to

obtain
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dx/x _ e (3.12)
dn/n —(2=2) i dn <0,
x4
Furthermore, we note that
Tet Te > 1> X477 (3.13)

Te Zq

when 7. > 0 and 74 > 0 (as in Figure 1). In this case, the elasticity of labor productivity at job
creation times is larger (in absolute value) than one, reflecting the fact that, when creating jobs,
the firm lowers labor productivity both through an increase in employment and a loss of orga-
nizational capital. However, the elasticity of labor productivity with respect to employment at
the destruction margin is less (in absolute value) than one. When destroying jobs there are two
opposing forces. Job destruction directly increases labor productivity, but the resulting destruc-
tion of organizational capital reduces labor productivity, thus requiring larger job destruction

to achieve any given increase in labor productivity.

As long as neither creation nor destruction take place at the firm, x is simply a linear function
of z, in which case, by Ito’s Lemma, the process {z;} follows a geometric Brownian motion with
drift 4 and standard deviation o. This process, together with the optimal labor demand policy

(3.8) completely characterizes the dynamics of job creation and job destruction at the firm level.

3.2 The Frequency and the Intensity of Job Creation and Destruction

Next, we re-examine the smooth pasting conditions (3.4) and (3.5) in order to highlight the
influence of the endogenous destruction of organizational capital on the timing as well as the
intensity of job creation and job destruction. In addition, this exercise serves to motivate our

subsequent analysis of the aggregate behavior that is implied by the model.

Letting t. be a job creation time and T, be the first job destruction time after ¢., the smooth

pasting condition (3.4) can be written as
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Ty © w
E,, / e 22 ds b + By {e_r(Td_tc) e~T(s7Ta) g ds} - —
te Ty r

= 7.V, (z¢(n),n) — c. (3.14)

The left-hand side of equation (3.14) is the shadow price of labor, or the partial derivative
of V' with respect to n;,.. By the envelope theorem, the currently marginal job at the firm is
viewed as the marginal job throughout the future. The firm knows that this equation, together
with the other optimality conditions will continue to hold at all times, which in turn defines the
probability distribution of future employment levels. It is with respect to this distribution that

the expectation in equation (3.14) is taken.

By the strong Markov property of (controlled) Brownian motion processes, the random
variable (as of time t.) T and the stochastic process {xs; s > T,;} are independent. Therefore,
the second expectation in the left-hand side of equation (3.14) can be written as the product of

two expectations. Taking iterated expectations and rearranging we can then write

Ey., {/tCTd e T(s—te) x$ ds} = (1 — £, {e_r(Td_tc)})

S |E

r

+ 7.V, (2¢(n),n) —c— Ey, {er(TdtC)} E;, {ETd {/ e Ta) g ds} - E} . (3.15)
Ta

Since Ty is a destruction time, we have, from the smooth pasting condition (3.5)

B, {

Noting that the right-hand side of (3.16) is non-stochastic, we can rewrite (3.15) as

/ =TT 4o ds} Y LV (za(n)yn) — (3.16)
Ty r

T,
E,, {/ *erls—te) xy ds} = Z (1 — Ey, {eT(Tdtc)}> + 7.V, (2¢(n),n) —c
te r
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+ By {e_T(Td_tc)} (Td V. (zq(n),n) — C) . (3.17)

Thus, job creation will take place when the revenue that an additional job created (at time
t.) is expected to contribute before the job is destroyed is equal to the total cost of creating the
job. In turn, this cost has the following components. First, there is the present value of the wage
bill associated with that job. Second, there is the shadow cost associated with the destruction
of organizational capital induced by the creation of the job. Third, there is the shadow cost
associated with the future destruction of organizational capital induced by the destruction of
that job discounted to the present from the (random as of time ¢.) destruction time 7. Finally,

—r(Ta—tc)

the terms —c and —FE;_ e c simply reflect the homogeneity assumption that larger firms

incur a proportionally larger fixed cost whenever they adjust their employment.

Similarly, letting t; be a job destruction time and T, be the first job creation time after ¢4,

equation (3.5) can be written as

T
Ey, {/ e T(sta) x?ds} =
tq

- E, {eT(Tctd)} (TC V. (ze(n),n) + c) . (3.18)

(1= By {er@0}) = 1V, Gatm)m) —

S |E

Thus, job destruction will take place when the revenue foregone by destroying the marginal
job (at time t4) until the next creation time equals the opportunity cost of retaining the marginal
job. In turn, by retaining the marginal job the firm pays the corresponding wage bill, but it
avoids incurring the shadow costs associated with the loss of organizational capital which is
induced by the current destruction of the job and by the future job creation. As before, this
opportunity cost also accounts for the fact that the fixed cost of adjustment is proportional to

the size of the firm.



16

4 Implications for the Behavior of Aggregate Job Flows

This section is organized in three parts. We begin by explaining our approach to evaluating the
model’s implications for the behavior of aggregate job flows. In the second part, we use this
approach to study the benchmark model which is identical to ours except that labor adjustments
do not influence organizational capital, and instead firms face conventional hiring and firing
costs, as in Bentolila and Bertola (1990). The analysis of this benchmark illustrates the process
by which aggregation tends to undo the influence of microeconomic asymmetries. In the last
part, we discuss the implications of the endogenous destruction of organizational capital for the

behavior of aggregate job flows in our model.

4.1 Aggregate Job Flows

In order to understand the aggregate behavior associated with the dynamics of firm-specific
organizational capital, we study the average behavior of many heterogeneous firms which face
idiosyncratic shocks but otherwise face identical problems regarding the choice of labor demand.
Our analysis exploits the fact that the firm-specific labor productivity process {x;} associated
with the optimal (S,s) policy (3.8) never leaves the interval [z4,x.] and reaches every point in
that interval with probability one, hence it possesses an invariant, ergodic distribution. In this
context, it is well understood that the cross-sectional distribution of firm productivity will settle

into a time-invariant distribution that mimics each firm’s individual distribution. 1°

To better assess the properties of aggregate job flows, we simulate the aggregate dynamics
that are generated by the long-run distribution of firms. To that end, first we calculate the
optimal creation and destruction margins, x. and x4 and the corresponding return points X.
and Xg4. 1! Then, we approximate the exogenous Brownian motion given by (2.2) in discrete-

time space and study the dynamics of 30,000 firms for 200 periods after the cross-sectional

10See Bertola and Caballero (1990) and Caballero (1992) for a clear discussion of this approach to aggregation.
The procedure for calculating the ergodic distribution associated with a Brownian motion regulated by a (S,s)
rule is well-known and it is explained in Bertola and Caballero (1990). The details of the calculation in our case
are relegated to the Appendix.

11 the Appendix, we show that the Bellman equation together with the optimal boundary conditions give rise
to a system of non-linear equations that can be solved numerically for the four margins that compose the optimal
(S,s) policy.
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distribution has settled into the ergodic distribution of labor productivity {z;} when each firm

uses the common optimal labor demand policy.

Specifically, we simulate the behavior of standard measures of job creation and destruction,

as defined by Davis and Haltiwanger (1990), namely, the job creation rate

2

POS; = —— it — M p— 4.1
t L+ L, Zez;r (nz,t Nt 1), ( )
and the job destruction rate
2
NEG; = ———— it — N4 4.2
t L+ Ly, ZEXI:_ ’nz,t Nit—11, ( )

where n;; is the employment level at firm ¢ in period ¢, L; is aggregate employment at time ¢,

and I and I~ denote the set of firms that are expanding and contracting, respectively.

The job creation and destruction rates can also be expressed as a size-weighted average of
the individual firms’ growth rates at creation and destruction times, respectively. In our model,
optimal behavior implies that those growth rates are independent of the size of the firm, as is
clear from the optimal labor demand policy (3.8). The job creation and destruction rates are

then given by

T, — Xe 2
POS, — - A
OS5t (XC+TC) (Lt+Lt1 2 nt) (4:3)

el +

and

2
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Thus, these rates are functions of the absolute value of the employment growth rate of ex-
panding firms or contracting firms, which we term the job creation intensity and the job destruc-
tion intensity, respectively, and the sum of the employment levels of all expanding or contracting

firms during a given period, normalized by the average of aggregate employment in the current
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and previous period. It should be noted that this second element of creation and destruction
rates depends both on the cross-sectional distribution of labor productivity, which determines
the constant number of firms creating and destroying jobs at all times, and the size distribution
of firms. Furthermore, while the distribution of labor productivity is stationary, the processes
of organizational capital and employment at each firm are non-stationary. Consequently, the
non-stationary dynamics of the size distribution may in principle have some influence on aggre-
gate employment dynamics. This issue is addressed by the normalization used in calculating
the creation and destruction rates which makes them insensitive to random changes in the size
distribution of firms. Note, in particular, that the growth rate of employment has a stationary

distribution.

When studying labor market behavior, two other related measures of job change are often

used. The rate of net job creation

NET, = POS, — NEG, (4.5)

measures net employment growth from ¢ — 1 to ¢, and the gross job reallocation rate

SUM, = POS, + NEG, (4.6)

provides a measure of the gross change in jobs from ¢t — 1 to t. Because the rates PO.S; and
N EG; that are implied by the firms’ average behavior are independent of time, then the average
behavior is such that net employment growth, as measured by N ET;, is constant, although not
necessarily equal to 0. Our numerical analysis focuses on the implied stationary values for the
measures of employment changes already discussed. We denote them by POS, NEG, NET and
SUM, respectively.

4.2 A Benchmark: Aggregate Implications of Output-Costs of Adjustment

Before exploring the behavior of aggregate job flows in our model, it is useful to introduce

a benchmark model of labor demand which is identical to our own except for two changes.
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First, there is no loss of organizational capital when jobs are created or destroyed; and second,
each firm incurs adjustment costs of H units of current output for every job created when it
expands employment, and F' units of current output for every job destroyed when it contracts
employment. We label these hiring and firing costs the output-costs of labor adjustment in
order to distinguish them from those adjustment costs associated with the loss of organizational
capital. This benchmark model is a standard model of dynamic labor demand in which a firm
faces both fixed and proportional costs of hiring and firing. In particular, it is an extension of
the model in Bentolila and Bertola (1990) to include fixed costs of adjustment. Besides its role
as a benchmark, the model’s implications for standard measures of aggregate job flows are of
interest to the extent that microeconomic adjustment costs are frequently used to explain the

behavior of employment dynamics. 2

It is well understood that the firm’s optimal labor demand policy in this context takes the
form of a (S,s) rule. The corresponding Bellman equation is still given by (3.1). The difference
between this problem and ours is reflected in the optimal boundary conditions, whereby (3.2)—
(3.7) must be changed to account for the exogenous proportional hiring and firing costs instead
of the endogenous productivity loss at creation and destruction times. '3 Accordingly, a version
of equations (3.17) and (3.18) also holds, whereby the endogenous costs of adjustment are
replaced by the exogenous costs of adjustment in the obvious way. It should be noted that the
firm continues to target labor productivity, as given by the ratio of organizational capital to
employment, although the dynamics of organizational capital, {z}, are exogenous in this case.
Consequently, the employment dynamics associated with optimal labor demand decisions differ
across the two models since the dynamics of organizational capital are different and, therefore,

the optimal (S,s) policy in the benchmark model also differs from that in our model.

We begin by summarizing the main implications of the benchmark model, before we discuss
them in turn. Table 1 illustrates the impact of the hiring costs H and the firing costs F' on

the behavior of job flows in the aggregate. Columns two and three report the net employment

2Recent examples include Foote (1998) and Campbell and Fisher (2000).

'3The appropriate optimality conditions are discussed by Bertola and Caballero (1990), Dumas (1991) and
Dixit (1991), among others.
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growth rate NET and the rate of gross job reallocation SUM in the absence of trend growth in
the stock of organizational capital (u = 0). The last two columns of Table 1 repeat the exercise

for a much higher trend rate of growth (u = 0.045). 4

[TABLE 1]

Several remarkable features of the benchmark model are immediately apparent in Table 1.
First, as one might expect, the higher the cost of adjusting the size of the labor force, the less
the total amount of adjustment that occurs in the aggregate. This is confirmed by looking down
column three of Table 1. As H and F both increase by twelve times from 0.1 to 1.2, » SUM
falls roughly 58 percent from 1.62% to 0.68%. Interestingly the total amount of adjustment as
captured by SUM appears to depend only on the sum of H and F. The middle two rows of
column three reveal that SUM is constant at about 0.8% (abstracting from approximation error)
as we vary H and F', keeping their sum equal to 1.3. Second, looking down column two, one is
struck by a stronger invariance result. NET, the difference between POS and NEG, is invariant
(once again ignoring approximation error) to the value of H and F' at a value of about —0.26%.
Furthermore, Table 1 indicates that the previous results hold even when p # 0. Third, and
somewhat surprisingly, SUM is independent of the size of p. This can be seen by looking along
any row at the numbers for SUM in columns three and five. Finally, comparing the numbers
for NET in columns two and four, we see that NET is increasing in u. Note, however, that
NET is significantly different from zero along the second column in Table 1, even though p = 0.
This bias in the aggregate flows towards NEG seems odd, given the result that neither H nor F
influence NET. As will become clear, such a bias is driven directly by the assumed accumulation

process for the stock of organizational capital. Next, we discuss these results in turn.

The reason why adjustment costs do not influence net employment growth can be understood

141n our simulations we approximate the theoretical long-run distribution of labor productivities. As a result,
there is a small amount of variation in the number of firms that are adjusting their employment in each period.
The standard deviation associated with the approximation error in POS, NEG, NET and SUM is always less than
0.02 percent, which is an order of magnitude less than the corresponding means.

15 A value of the firing cost F' equal to 0.1 implies that a firm incurs total firing costs which are 1.13 percent of
the current wage bill in each firing episode, whereas this number rises to 12.19 percent when F' is equal to 1.2.
These numbers exclude the small fixed cost ¢ - n equal to 0.05 percent of the wage bill.
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by considering an increase in F', from 0.1 to 1.2, holding H constant at 0.1. Figure 2 plots the
target change in labor productivity at creation and destruction times for the case of F' = 0.1
and F' = 1.2. Observe that raising F' causes destroying firms to adjust their productivity by
a much smaller magnitude than before while creating firms hardly change the amount of their
adjustment. Of course, this also applies to changes in employment, and not just productivity,
at creation and destruction times, since x is simply the ratio z/n and z does not change with
employment adjustments in this benchmark model. Next, consider the response of the cross-
sectional distribution of firms to the increase in F. Figure 3 plots the theoretical long-run
cumulative distribution. Note that the creation and destruction margins spread out, increasing
the firms’ region of inaction. This leads to a spreading out of the distribution which by itself
tends to lower the number of firms hitting either margin. In addition, an increase in F' causes
the mass in the distribution of firms to shift towards the destruction margin. To isolate this
latter change, we have calculated the theoretical distribution associated with the proportional
distance from the destruction margin (see Appendix), which in turn is defined by

T —

(4.7)

u=—5%,
g — T
where 27 and z7; are the optimal creation and destruction margins associated with the benchmark
model. Figure 4 shows that this distribution shifts uniformly to the left as F' is raised from 0.1
to 1.2. This, in turn, clearly shows that the increase in F' induces relatively more bunching of

firms towards the destruction margin.

Thus, the increase in F' has made all firms more reluctant to adjust their labor force, which
translates into less frequent job creation and destruction and also lower magnitudes of labor
adjustment. Hence, the reduction in SUM. At the same time, the magnitude of job destruction
relative to job creation has fallen. But NET has remained unchanged because the frequency
of job destruction relative to job creation has increased. This mechanism reflects, in essence,
Caballero’s (1992) argument that the effect of asymmetries in the costs of adjustment on mi-

croeconomic behavior may be undone by aggregation.
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[FIGURE 2, FIGURE 3, FIGURE 4]

It should be noted how the underlying intensity-frequency trade-off operates directly in
the space of labor productivity. In particular, note that it is the cross-sectional distribution
of firm productivity, not that of employment, that determines the bunching of firms towards
the creation or destruction margins. This is because firms target an optimal level of labor
productivity, not an optimal size. Anticipating our results in the following section regarding
the influence of the endogenous destruction of organizational capital, we note that each firm’s
productivity and employment move together during creation and destruction episodes in this
benchmark model, while this will not be the case if employment changes influence organizational
capital. In turn, this allows the intensity-frequency trade-off to fully cancel the microeconomic
influence of adjustment costs on NET. Furthermore, the trade-off operates in terms of absolutes
changes in productivity and employment, not in terms of proportional changes as measured by
(3.8). The precise manner in which the intensity-frequency trade-off operates is relevant because
the aggregation process influences different macroeconomic aggregates differently. In turn, this
indicates the potential difficulty in understanding aggregate behavior solely through individual
incentives, as emphasized by Caballero (1992). Concerning this point, it is interesting to consider
the simulation results in Table 2, regarding the increase of F' from 0.1 to 1.2. Comparing columns
two and four, we see that POS and NEG fall by the same amount, 0.39, lowering SUM = POS
+ NEG while leaving NET = POS — NEG essentially unchanged. Table 2 also displays detailed

information about the intensities as well as the frequencies of job creation and destruction. '6

[TABLE 2]

For example, comparing columns two and four in Table 2, we see that the creation intensity
falls by more than the destruction intensity does and the creation frequency also falls by more
than the destruction frequency does, even though the firing costs have risen substantially. At

first pass, one may expect NET to fall, but NET remains unchanged. Moreover, the lack of

Y6Note that job creation and destruction intensities are calculated from the optimal labor demand policy (3.8),
whereas the corresponding frequencies are obtained from simulating the cross-sectional distribution of firms.
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a significant response of NET to the substantial increase in the firing cost F' is not explained
by changes in the size-distribution of firms. This is confirmed in our simulations. As explained
above, what actually happens is that the absolute amount of job creation by each expanding firm
hardly changes, whereas the amount of job destruction per contracting firm falls substantially.
The behavior of the job creation and destruction intensities in percentage terms hides this fact.
The intensity-frequency trade-off is quite apparent when we consider the impact of switching H
and F' between the values of 0.1 and 1.2 (see columns three and four of Table 2). Abstracting
from the approximation error, we see that not only are NET and SUM invariant to which cost is
bigger, but POS and NEG themselves remain unchanged. This result is obtained by frequencies
moving in the opposite direction to intensities to just offset any change in the aggregate: while
the number of firms creating and destroying both fall, the percentage change in number of jobs
created or destroyed by individual firms both increase. The last column shows the impact of
increasing both H and F' simultaneously, in which case adjustment on all margins is reduced

causing POS and NEG to fall by the same amount.

Table 3 repeats the simulations associated with changing H and F when p = 0.045. '7 The
patterns discussed above are in evidence here as well. Rather than repeat the analysis, we turn

to the influence of y on aggregate job flows.

[TABLE 3]

The higher value of p implies that the exogenous accumulation of organizational capital
tends to push firms up against the job creation margin. In the absence of any reaction by firms,
this would lead to a higher frequency of job creation and lower frequency of job destruction. On
the other hand, firms will optimally respond to the higher productivity trend by altering their
behavior. First, they can expand, contract or shift the region of inaction by moving the creation

and destruction margins, x. and x4, and second they can control the frequency and intensity of

"Note that the implied productivity growth is 0.45 times the rate at which the future is discounted, r. It
is also equal to 0.5 times the variance of the firm’s productivity process, o2, when there is neither creation nor
destruction of jobs. Also see the discussion following equation (4.8) below concerning the relation between p and

2
g .
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adjustment by moving the return points, X, and X, closer to or further away from the creation

and destruction margins. Figures 5 and 6 quite clearly show the response of firms.

[FIGURE 5, FIGURE 6]

The intensity of creation is increased while the intensity of destruction is reduced. At the
same time the cumulative distribution of firms (in terms of the proportional distances to the
destruction margin) shifts clearly towards the creation margin. This is confirmed by the sim-
ulations reported in Table 3. There is an increase in the number of firms creating jobs and
a corresponding fall in the number of firms destroying jobs. This is accompanied by slightly
more intense creation and slightly less intense destruction as measured by the percentage of jobs
created or destroyed relative to the size of the firm. These results indicate that it is optimal
for the firm to not resist large changes in the exogenous trend rate of growth p. Since the firm
is largely indifferent between paying adjustment costs for creation or destruction, when p rises
the firm just trades-off adjustment costs incurred at the creation and the destruction margins.
This intuition is confirmed by comparing the aggregate magnitude of employment adjustments,
as measured by SUM, in tables 2 and 3. We see that SUM remains essentially constant at any
given firing and hiring costs, that is, the large increase in POS is exactly offset by a fall in NEG.
To reiterate this point, SUM remains constant as trend employment growth in the aggregate
goes from —26 percent to 424 percent. It is worth emphasizing that this result should not be
understood as the mechanical effect of productivity trends on the distribution of firms. For
firms are choosing labor demand optimally and they account for the influence of trend growth
in productivity as well as asymmetries in the costs of labor adjustment. Given this, the lack of

response of SUM to productivity trends in this benchmark model is quite remarkable.

Up to this point we have illustrated how firing and hiring costs influence SUM but not
NET, and how trend growth in the stock of organizational capital influences NET but not SUM.
Interestingly, these results imply that neither asymmetries in the costs of labor adjustment
nor asymmetries in the cross-sectional distribution of firms on their own explain a relationship

between net employment growth, NET = POS — NEG, and the intensity of job reallocation,
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SUM = POS + NEG. This is a remarkable implication of the benchmark model, to the extent
that microeconomic adjustment costs and shifts in the cross-sectional distribution of firms, as

described by this model, are frequently used to explain the behavior of POS and NEG. ¥

Before we turn to the implications of the destruction of organizational capital associated
with employment adjustments, a special feature of the exogenous process of accumulation of
organizational capital deserves attention. As it was noted above, our simulations reveal that
NET is significantly different from zero when p = 0. This odd feature was apparent in the values
of NET in the second column of Table 1. This is because there is a built-in asymmetry in the
model associated with the assumption that organizational capital is accumulated according to
a geometric Brownian motion. In turn, this implies that {logz;} is a linear Brownian motion
with drift 4 — 02/2, which implies the relationship

da _ dlog z + Lo, (4.8)
Zt 2

This feature explains why we have chosen to present our results for the particular cases
in which gy = 0 and u = 02/2. The former is the case where the stock of organizational
capital exhibits no trend growth. The latter is the case where the logarithm of the stock of
organizational capital exhibits no trend growth. What is interesting to note here is the different
implications of each case. When pu = 0 firms recognize that organizational capital, z;, and
therefore labor productivity, =, are expected to grow at the rate of 0. From their viewpoint,
the process exhibits no asymmetry, and this is reflected in the optimal choice of job creation
and destruction intensities. This can be seen in the second column in Table 2 , for the case
where H = F' = 0.1. In this case, there are no asymmetries and the hiring and firing costs are
small, in which case the optimal job creation and destruction intensities are roughly equal, as
one would expect. On the other hand, note that the frequencies of job creation and destruction
are significantly different. This reflects the property of the geometric Brownian motion that

2; exhibits random fluctuations about a long-term exponential decay. '@ Note that log z is

'8Gee Hamermesh and Pfann (1996) for a discussion of the literature, and Foote (1998) for an interesting
example.

19See Taylor and Karlin (1998, pages 514-516).
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expected to grow at the rate —o2/2 in this case. This introduces a bias in the long-run cross-
sectional distribution of firms. Instead, when p = 02/2, log z; is expected to grow at a zero
rate and there is no bias in the cross-sectional distribution. This is confirmed by looking at
the second column in Table 3 and noting that the frequencies of creation and destruction are
roughly equal in this case. However, individual firms now understand that productivity itself
is trending upwards at the expected growth rate of ¢2/2. This explains the higher creation

intensity relative to the destruction intensity.

Thus, the previous asymmetry biases NET downwards when y = 0 and upwards when p =
02/2 = 0.045. It should also be noted that this is not entirely a technical issue. An implication
of our analysis is that the properties of the underlying stochastic process are important in order
to understand the induced aggregate behavior. In this context, it is interesting to observe that
the properties of the driving process determine whether the corresponding asymmetry may show

up in intensities or, instead, in frequencies.

4.3 The OC-Costs of Labor Adjustment

The foregoing analysis illustrates the process by which asymmetries in microeconomic labor
adjustment as well as asymmetries in the cross-sectional distribution of firms may be undone by
aggregation in the absence of aggregate shocks. 20 It also illustrates how this process may affect
specifically net job creation, as measured by NET = POS — NEG, and gross job reallocation,
as measured by SUM = POS + NEG. Here, we turn to the implications of our model for the
behavior of aggregate job flows. Recall that, in this context, there are no firing and hiring costs

and, instead, employment changes influence the stock of organizational capital.

In light of the strong aggregate implications of the benchmark model with output-costs of
labor adjustment, it is remarkable how the destruction of organizational capital associated with
job flows influences aggregate behavior, as the following analysis illustrates. As emphasized
in the Introduction of the paper, this indicates the potential importance of the distinction

between adjustment costs that are associated with a loss of output, which we have labeled

20Bertola and Caballero (1990) and Caballero (1992) discuss why this average effect continues to be relevant in
the presence of aggregate shocks.
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output-costs of adjustment, and those associated with a loss of organizational capital, which we

label organizational-capital costs of adjustment or simply OC-costs of adjustment.

We begin by summarizing the main implications of the model for the behavior of job flows,
which we then discuss in turn. Table 4 displays the impact of varying 7. and 74 on NET and

SUM, for the same values of y used before, that is, 4 = 0 and p = 0.045. 2!

[TABLE 4]

First, it is apparent that SUM falls with the OC-costs of adjustment 7. and 7;. Moreover, it
appears that SUM is influenced by 7, and 74 through their sum, just as SUM was influenced by
H + F in the benchmark model. Two other features of Table 4 stand out immediately. First,
looking along columns two and four, we note that NET falls significantly with the OC-costs of
adjustment, irrespective of the value of u. Furthermore, all the action comes from raising 74,
while 7. has no noticeable impact on NET. Second, SUM falls significantly when p increases
from 0 to 0.045, for any given value of 7. and 74. Furthermore, differences in p induce a negative
relation between NET and SUM. For example, looking along the third row in Table 4, we see
that SUM falls from 1.01% to 0.79% while NET rises from —0.28% to 0.21%, as u rises.

In order to understand the mechanism that links microeconomic adjustment costs and ag-
gregate job flows, we begin our analysis by considering the impact of an increase in the OC-cost
of job destruction. Raising 74 discourages both job creation and destruction, and as a result
the optimal region of inaction widens. As before, the relative bunching towards creation or
destruction is more clearly seen in the cross-sectional distribution of the firms’ distance to the

destruction margin, given by (z — x4)/(xc — x4). As illustrated in Figure 8, the increase in 74

210ne way to measure the size of the OC-costs of adjustment is in terms of the lost output resulting purely
from the destruction of organizational capital. For our baseline parameterization in Table 5, when 7. = 74 = 0.1
the stock of organizational capital falls by 0.1 percent during job creation and 0.3 percent during job destruction.
This implies an output loss purely due to the destruction of organizational capital of 0.07 percent on the creation
margin and 0.21 percent on the destruction margin, whereas creation and destruction episodes involve increasing
or decreasing the number of employees by 9.38 percent and 10.51 percent, respectively. Increasing 7. and 74 to
0.6 raises these output losses to 0.20 percent on the creation margin and 2.93 percent on the destruction margin,
while the job creation intensity falls to 7.21 percent and job destruction intensity increases to 13.85 percent.
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causes relatively more bunching towards the destruction of jobs. The magnitude of this effect
is illustrated in Table 5. For example, when 74 increases from 0.1 to 0.6 keeping 7. constant at
0.1, the number of expanding firms falls by 60 percent, from 906 to 360, whereas the number
of contracting firms drops by 22 percent, from 2,226 to 1,731. Figure 7, then, illustrates how
the optimal change in labor productivity that is targeted by expanding firms increases slightly
whereas the optimal productivity change that is targeted by contracting firms falls substantially.
Together, figures 7 and 8 illustrate the intensity-frequency trade-off underlying the aggregation

of individual behavior, very much like in the benchmark model.

[FIGURE 7, FIGURE §]

Nevertheless, increasing 7, does influence the behavior of aggregate job flows. As shown
in Table 5, POS falls by more than 50 percent, from 0.36% to 0.17%, while NEG falls by 17
percent, from 0.65% to 0.54%, resulting in an overall decline in NET. Just as in the benchmark
model, the behavior of aggregate job flows here cannot be understood without reference to the
process of aggregation. Consequently, arguments based solely on individual incentives, while
being intuitive, are insufficient to understand the behavior of the aggregates. Nonetheless, it
is possible to gain additional insight into the basic mechanism at work. First, recall that the
intensity-frequency trade-off operates in the space of labor productivity, since it is productivity
that firms target. Yet, unlike the output-costs of adjustment, the OC-costs of adjustment
decouple the changes in employment and productivity at creation and destruction times. More
importantly, a higher 74 requires a larger amount of job destruction to achieve a given change
in productivity. Comparing columns two and four in Table 5, one notices that while expanding
firms reduce the job creation intensity, contracting firms actually increase the job destruction
intensity. The changes in the magnitudes of job creation and destruction and the changes in the

cross-sectional distribution of firms reinforce each other, rather than canceling each other out.

[TABLE 5]

Further insight is gained by noting why it is only 74, and not 7., that influences the behavior
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of NET significantly. On the one hand, an increase in the OC-cost of job creation, 7., makes
firms reluctant to create jobs, as job creation is more expensive. On the other hand, a higher 7.
makes job creation more effective in achieving a target change in productivity. This is because,
when 7. is higher, every job created induces a larger fall in labor productivity through the larger
loss in organizational capital. As a result, expanding firms do not need to create relatively as
many jobs to achieve their target productivity levels when 7. is higher. In contrast, we saw that
raising 74 made firms more reluctant to destroy jobs and it also required more destruction in
order to achieve their target productivity. In other words, the elasticity of productivity with
respect to employment at creation times increases with 7. whereas the corresponding elasticity

at destruction times falls with 7.

Although it is useful to think of the influence of 7. and 75 on job flows in terms of the
asymmetry in the elasticities of productivity with respect to employment between creation and
destruction times, these elasticities are determined by the firms’ optimal labor demand policy,
and are therefore endogenous to the model. Further intuition can be gained by examining the
implied costs in terms of the destruction of organizational capital. Thus, we define the OC
destruction rate as the sum of the rates of destruction of organizational capital induced by job

creation and destruction, given respectively by

2

OC destruction from POS = ——— E Zit — Zit— 4.9
Structio O Zt Zt ) i ( it 7,0 1)7 ( )
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where (recalling that time is discrete and the number of firms finite in our simulations) z;; is
the stock of organizational capital at firm ¢ in period ¢, Z; is aggregate stock of organizational
capital at time ¢, and I and I~ denote the set of firms that are expanding and contracting,

respectively.

The last three rows of Table 5 show how these measures of the loss of organizational capital
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vary as a function of the OC-costs of labor adjustment 7. and 7. Looking at the last row, we see
that 7. has no noticeable effect on the OC destruction rate, just as it did not have a noticeable
effect on NET. Instead, raising 7, induces a three-fold increase in the OC destruction rate, from
0.06% to 0.23%. Interestingly, this result explains a negative relation between the destruction
of organizational capital and the intensity of job reallocation. Specifically, our analysis so far
indicates that an increase in 74 causes the OC destruction rate to increase, but it causes SUM

to fall.

To further illustrate the distinct influence of 7. and 74, Table 6 provides information about
the elasticities of labor productivity with respect to employment and the corresponding shadow

costs of job creation and destruction at the firm level, for different values of 7. and 74.

[TABLE 6]

Columns 2 and 4 reveal that as 74 rises from 0.1 to 0.6, keeping 7. constant at 0.1, the
elasticity of labor productivity with respect to employment at job destruction times falls sub-
stantially, from 0.97 to 0.70, which implies that substantially more jobs must be destroyed to
achieve a unit change in z. It should be noted that this elasticity is optimally controlled by the
firms, and therefore they could, in principle, choose to adjust their behavior so as to lower this
elasticity. Since this behavior would not be optimal, it indicates that raising 7; does effectively
increase the costs of destroying jobs. Instead, the same increase in 74 does not have a noticeable
impact on the corresponding elasticity at creation times, which suggests that the effective cost
of creating jobs hardly changes. This is confirmed in the last two rows of Table 6, which show
that the shadow cost of job destruction increases from 0.4 to 2.7, while the shadow cost of job

creation is hardly influenced.

To sum up, the key to our argument lies in the inherent asymmetry between job creation
and destruction associated with the accompanying loss of organizational capital. In particular,
not only the elasticities of productivity with respect to employment at the creation and the
destruction margins are different from unity, but the elasticity at creation times increases with

T. whereas the elasticity at destruction times falls with 745. By contrast, recall that in the
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benchmark model with output-costs of adjustment, the corresponding elasticities at job creation
and destruction times are always equal and equal to one so it is equally easy to create and destroy

jobs.

We now turn to a discussion of our last result that the presence of OC-costs of labor ad-
justment facilitates a channel for y to influence SUM. Table 7 describes the simulation results
for the case in which p = 0.045 for different values of 7. and 75. Our previous results regarding
the influence of 7. and 74 remain valid and so it is unnecessary to go into the details here. The
feature that we wish to highlight at this point is that an increase in i causes an increase in NET
(POS — NEG) and a decline in SUM (POS + NEG), thereby inducing a negative relationship
between NET and SUM.

[TABLE 7]

The influence of the exogenous trend rate of growth in the stock of organizational capital p
on NET is easily understood. The higher value of y induces more frequent job creation and less
frequent job destruction by firms, since firms now have an incentive to grow faster and it is opti-
mal to take advantage of the effect of the higher trend on the frequency margins. Consequently,
the higher value of i tends to shift the cross-sectional distribution of firms towards the creation
margin, away from the job destruction margin. Just as in the benchmark model, NET increases
with pu, reflecting the powerful effect of asymmetries in the cross-sectional distribution. More
subtle is the effect of 4 on SUM. A column by column comparison of tables 5 and 7 shows that,
for each pair of 7. and 74, NEG falls by a significantly larger magnitude than POS increases, as

1 rises, resulting in a reduction in SUM.

Even though 7. does not significantly influence NET, as was explained above, the channel
which allows p to influence SUM is present whenever either 7. or 74 is positive. A comparison
of the third column in tables 5 and 7 illustrates the effect of the higher trend for the case where
7. = 0.6 and 74 = 0.1. Here we see that the increase in POS does not offset the decline in NEG
associated with the increase in u. This can be understood in comparison with the benchmark

model, where an increase in p results in an increase in POS which just offsets the decline in
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NEG, leaving SUM unchanged. In the model with OC-costs of adjustment, a positive value of
7. implies that reaching a given target reduction in labor productivity at job creation times is
relatively easy, as compared with the case where 7. = 0. Thus, firms can save on the shadow
costs of job creation by increasing job creation by less than they reduce job destruction. This

logic is also supported by our simulation results when 74 = 0 and 7. > 0 (not shown in tables).

Now consider the impact of a positive value of 74 when p is increased. Since the destruction
of jobs is accompanied by the loss of organizational capital, firms choose to save on the OC-costs
of adjustment by reducing job destruction significantly more than increasing job creation. We
can trace this result back to the fact that the elasticity of labor productivity with respect to
employment at job destruction times is less than one. A comparison of column 4 in tables 5 and
7 illustrates the effect of the higher trend for the case where 7. = 0.1 and 75, = 0.6. We note the
sharp increase in job destruction intensity, from 13.94% to 40.08%, which in turn contributes to
a decline in NEG from 0.54% to 0.17%, whereas POS increases from 0.17% to 0.32%. As a result,
SUM falls from 0.71% to 0.49%. For SUM to have remained constant at 0.71%, the firm would
have had to target a much higher labor productivity when destroying jobs, but that would have
required a much higher intensity of job destruction than 40.08% and a correspondingly larger
loss of organizational capital. In turn, we note that the OC destruction rate from job creation
remains roughly unchanged whereas the OC destruction rate associated with job destruction
falls from 0.22% to 0.07%, causing overall a decline in the OC destruction rate from 0.23% to

0.09% as p increases.

A further implication of the previous result is that differences in p induce a positive rela-
tionship between the destruction of organizational capital and the intensity of job reallocation.
Specifically, our analysis has indicated that raising p causes both the OC destruction rate and
SUM to fall. In contrast, recall that raising 74y caused the OC destruction to increase, but it
caused SUM to fall. Finally, it should be noted that the actual trend growth rate in the stock of
organizational capital is jointly determined by the (exogenous) trend growth rate of firm-specific
organizational capital, given by u, and by the (endogenous) destruction of organizational cap-
ital associated with employment changes, given by the OC destruction rate. The foregoing

discussion implies that an increase in p does raise the actual trend rate of growth in the stock
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of organizational capital, both directly through the increase in g and indirectly through the

reduction in the OC destruction rate.

5 Conclusion

This paper has illustrated the potential importance of the distinction between adjustment costs
that are associated with a loss of output (output-costs of labor adjustment) and those associated
with a loss of organizational capital (OC-costs of labor adjustment). In particular, our analysis
has illustrated how the OC-costs associated with labor adjustments may influence the behavior

of job flows in the aggregate when the output-costs of labor adjustment may be unable to do so.

We have studied the aggregate implications of the OC-costs of labor adjustment in the
presence of heterogeneity across firms and in the absence of aggregate shocks. This is precisely
the case where one is most likely to find that the effect of microeconomic rigidities can be undone
by aggregation, as discussed by Caballero (1992). We have illustrated how the destruction of
organizational capital associated with job destruction can influence the behavior of net job
creation, whereas the changes in the stock of organizational capital associated with the creation
of jobs may have no significant impact on net job creation. We have also shown how, in the
presence of the OC-costs of adjustment, asymmetries in the cross-sectional distribution of firms
associated with trend growth in the stock of organizational capital can induce a negative relation

between net job creation and gross job reallocation.

Our results concerning the influence of the OC-costs of labor adjustment on the behavior
of aggregate job flows are better understood in comparison with our analysis of the benchmark
model with output-costs of adjustment. In this respect, our analysis has extended Caballero’s
(1992) work to indicate that neither asymmetries in the output-costs of hiring and firing nor
asymmetries in the cross-sectional distribution of firms alone may be able to explain a relation
between net job creation and gross job reallocation. Of special interest is the result that pro-
ductivity trends do not have a significant influence on gross job reallocation in this benchmark

model.
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Confronting our comparative analysis of the influence of output-costs and OC-costs of labor
adjustment with industry data would be an important avenue of further research as would inves-
tigating the behavior of the intensities and the frequencies of job creation and destruction across
industries. This would provide useful information about the sources and the structure of the
costs of labor adjustment, and may help understand the behavior of job flows across different
industries. One possibility that is suggested by our analysis is that differences in the OC-costs
of labor adjustment and in the accumulation of organizational capital that leads to productivity
growth may underlie the observed significant differences in total factor productivity, net em-
ployment growth and gross job reallocation across industries. Investigation of this possibility is,

however, beyond the scope of this paper.
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Optimal Labor Demand Policy

We show that the solution to the problem of the firm depends on employment and organizational
capital only through their ratio. Because V (z,n) is homogeneous of degree one in z and n, we
can simplify the problem further. Letting z(n) = 2 and defining v and 7 by V' (z,n) = nv(z(n))
and I1(z,n) = nn(x(n)), we can then rewrite the Bellman equation for the firm’s problem,
equation (3.1), as an ordinary differential equation for v(z(n))

ro(z(n)) = m(x(n)) + pa(n)o'(z(n)) + ;0256( )?o" (x(n)). (A1)

Letting 1 < 0 < 1 < d2 be the roots of the quadratic equation

P(n) =r — pn — %02?7 (n—1), (A.2)

the general solution to equation (A.1) is

z(n)*  w

= - — n)a(n)™ n)x(n)® .
v(fv(n))—w(a) — T A(n)z(n)™ + B(n)x(n)™, (A.3)

where A(n) and B(n) are constants, for fixed size n, to be determined together with the optimal
labor demand strategy.

Similarly, letting z4(n) = z4(n)/n, Xq(n) = Zg(n)/Ng(n), Xc(n) = Zo(n)/Ne.(n) and z.(n) =
z¢(n)/n, the value matching conditions given by (3.2) and (3.3) can be rewritten as

(M) v (Xe(n)) = v (ze(n)) +c (A4)

n

and

(Nd_m)

n

) v (Xa(n)) = v (za(n) + ¢ (A5)
and the smooth pasting conditions given by (3.4)—(3.7) can be rewritten as
v (ze(n)) = (xe(n) +70) V' (2(n)) = € (A.6)
v (Xe(n)) = (Xe(n) + ) v (Xe(n)) (A7)

v (zq(n)) = (za(n) —74) V' (24(n)) — € (A.8)
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v (Xa(n)) = (Xa(n) —72) V' (Xa(n)). (A.9)

Inspection of the Bellman equation (A.3) and the boundary conditions given by (A.4)—(A.9),
together with the fact that

Ne(n) ze(n) — Xe(n)
= 1+ Xo(n) £ 1 (A.10)
and
Na(n) ~ Xg(n) —xq(n)
— 1 Xy —ra (A.11)

reveals that the four boundaries z.(n), X.(n), X4(n) and x4(n) and the constants A(n) and
B(n) are independent of n. Differentiating (A.3) and substituting v and v’ in (A.4)—(A.9), we
obtain a system of six non-linear equations which can be easily solved numerically for the four
boundaries x., X., X4 and x4, and the two constants A and B.

Long-Run Distributions

The process {x;} never leaves the interval [z4, z.] and reaches every point in that interval with
probability one, hence possesses an invariant, ergodic distribution. In order to derive it, we
first calculate the ergodic distribution for the case of linear Brownian motion and then use Ito’s
lemma to obtain the corresponding distribution for the case of geometric Brownian motion.
Then we use a change of variable in order to obtain the ergodic distribution of the proportional
distance of the firm from the destruction margin.

In order to obtain the ergodic distribution for the case of linear Brownian motion one can
approximate Brownian motion by a discrete random walk and calculate its unique invariant
probability distribution using standard results in the theory of Markov chains. Just as the
discrete random walk converges to Brownian motion as the length of a time period becomes
negligible in a certain way, its invariant distribution converges to the invariant distribution of
the continuous-time process. Bertola and Caballero (1990) provide details of the derivation of
the ergodic density function for linear Brownian motion {y;} with drift © and standard deviation
3 regulated at a and b with return points A and B, with a < A < B < b. In the end, calculation
of the ergodic density amounts to straightforward but tedious manipulation of a system of linear
equations. Letting P, (a,b) denote the probability of hitting a before b, starting at y € [a, ],

e — e 20

and defining



we obtain
fy(y) =
for © # 0, and
fy(y) =
for © = 0.

Q(ew(y—a)fl)

Pg (a,b)
1 — Py (a, b)’

(b-B)[3

0—B)—O(A—2) if y € [a, 4]
e*"/(B*y)fef'Y(bfy) if y E [A7 B]
(b—B)—Q(A—a)
1—e—(b—y) .
——=e fye[B,b
-5 VEBY
y—a if y€la, A
(A—a)[3(b—a)+5(B-A)] if y € la, 4]
S ifyel[A B
3 (b—a)+3(B-A) yel ]
by if y € B, b]

(b—a)+5(B-A)]

The corresponding cumulative distribution follows by integration.

If © # 0, we get

Q1 (e1=)-1) - =)

If ® = 0, we obtain

y(y) = F,(A) +

F,(B) +

(b-B)-Q(A—a) ity € la. 4]
7—1(€wy,ewA)(e—wB,€—wb) .
fye (A B
(-B)—Q(A_a) ify € (4, B]
_B) 1 (e=1(b—y) _c—7(b—B)
=By (e 2O TP e e (B

(b-B) — Q(A—a)
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(A.13)

(A.14)

(A.15)

(A.16)



(A—a)[(b—a)+(B—A)]

(y—a)* if y € [a, 4]
y(y) = Fy(A)+ L) if y € (4, B]

) if y € (B,?]

38

(A.17)

By Ito’s lemma, {y;} = {log (z;)} is a linear Brownian motion with drift © = y — 02/2 and
standard deviation ¥ = o, regulated at log (z4) and log (z.), with return points log (X;) and
log (X.), respectively. The long-run cumulative distribution of {z;} is then easily derived from

(A.20) and (A.21), noting that Pr[z; < z] = Pr[log(z;) < log(x)].

If 4 # 02 /2, we obtain

Qv ((z/za)—1)" —log(x/zq)]
log(ze/Xe) — Qlog(Xa/xq)

(=] ar)
log(zc/Xe) — Qlog(Xa/xq)

log(z/Xc) — Wﬁl[(ﬂf/xcy/_(XC/mcw]
log(zc/Xe) — Qlog(Xa/wa)

F.(X.)+

where
Q _ XC—W — xC—W
0 =X,
and
21
7= PoR 1

If 4 = 02 /2, then

ifx e [xd, Xd]

ifz e (Xd,XC]

if v € (X, x]

(A.18)

(A.19)

(A.20)



[log(x/z)]”
log(Xa/za) [log(xe/za)+log(Xe/Xa)]

log(x/Xq)
3 log(zc/xa)+3 log(Xc/Xa)

Fy(z) = Fo(Xa)+

[tog(z/X0)]?

log(x/Xc)~ (

(X,
(Xe) + L log(we/za)+1 log(Xe/Xa)

if x € (x4, X4]

if 2 € (Xy, X

log(zc/Xec) ) if x € (Xc,xc]

39

(A.21)

Next, a change of variable gives the steady-state cumulative distribution of the proportional
distance of x; from the destruction margin, x4. Defining

(x — xq)

U
(Tc — xd)’

then, for u # 02/2,

Q |:’771 (xd-&-(mmcd—xd)uil)wi log(acd-&-(xzcd—xd)u)}
log(zc/Xc) — Qlog(X4/zq)

:vd—l—(xc—acd)u)w—Xg) (Xg"’—;v;"’)

oy,
Fy (i(cd*%j) T ( log(ze/Xe) — Qlog(Xg/zq)

R (%)

LTe—Tq

. ng(acd-l—(%)?C—xd)u) _ ’yfl ((xd+(x:c_xd)1L)’y7(f—s)’y)
log(zc/Xc) — Qlog(Xa/zq)

whereas for u = 0%/2 we have

[log((zat(ze—za)u)/za)]
log(Xa/xq)[log(xe/xq)+log(Xe/Xa)]

r (Xd—xd) log((zg+(xc—zq)u)/Xaq)
Y\ ze—za Llog(xe/x4)+3 log(Xe/Xq)

Xe—xyg
Fu (Ic*xd )
log((wq+(wc—wg)u)/Xc)]

1°g<<wd+<wcxd>u>/xc>%<[ log(rc/Xc)
og(xe c

_|_

)

% 10g($6/xd)+% log(Xc/Xa)

if

if

if

if

UE[O

we

uE[O

we

we

Xi—zq Xc—x4
Te—Tgq ' Te—Tq

Xi—2q Xc—24
Te—Tq ' Te—Tg

Xe—xy4
Te—Tq '’

de:td}

) Te—Tq

) Te—Tq

dexd}

1

}

)

(A.22)

(A.23)

(A.24)
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TABLE 1: Output-Costs of Adj. and Job Flows “?

pw=0 p=0%/2=0.045
(H,F) | NET (%) | SUM (%) | NET (%) | SUM (%)
(0.1,0.1) | —0.25 1.62 0.28 1.62
(1.2,0.1) | —0.26 0.86 0.24 0.84
(0.1, 1.2) | —0.27 0.84 0.24 0.82
(1.2, 1.2) | —0.27 0.68 0.23 0.66

¢ Standard deviation of approximation error is 0.02 in all cases.
b Parameters: ¢ = 0.0005, « =0.7,c = 0.3, w=1,r =0.1.




TABLE 2: Influence of Output-Costs of Adjustment *°

(H, F) (0.1, 0.1) | (1.2, 0.1) | (0.1, 1.2) | (1.2, 1.2)
creation intensity (%) 11.36 8.83 9.04 8.24
destruction intensity (%) 11.28 9.86 10.16 9.83
# firms expanding 1,566 797 741 584
# firms contracting 2,779 2,250 2,189 2,209
POS (%) 0.68 0.30 0.29 0.20
NEG (%) 0.94 0.56 0.55 0.47
NET (%) —0.25 —0.26 —0.27 —0.27
SUM (%) 1.62 0.86 0.84 0.68

¢ Maximum standard deviation of approximation error for all measures of job flows is 0.02.
b Parameters: ¢ = 0.0005, p=0,a=070=03w=1r=0.1.




TABLE 3: Productivity Trends in Model with Output-Costs of Adjustment %°

(H, F) (0.1, 0.1) | (1.2, 0.1) | (0.1, 1.2) | (1.2, 1.2)
creation intensity (%) 11.74 9.38 9.63 8.88
destruction intensity (%) 10.99 9.40 9.68 9.28
# firms expanding 2,038 1,357 1,273 1,083
# firms contracting 1,986 1,281 1,217 1,009
POS (%) 0.95 0.54 0.53 0.44
NEG (%) 0.67 0.30 0.29 0.22
NET (%) 0.28 0.24 0.24 0.23
SUM (%) 1.62 0.84 0.82 0.66

¢ Maximum standard deviation of approximation error for all measures of job flows is 0.02.
b Parameters: ¢ = 0.0005, n= 02/2 =0.045, a=0.7,0 =03, w=1,r =0.1.



TABLE 4: OC-Costs of Adj. and Job Flows *?

pw=0 p=0%/2=0.045
(e, 7a) | NET (%) | SUM (%) | NET (%) | SUM (%)
(0.1,0.1) | —0.28 1.01 0.21 0.79
(0.6,0.1) | —0.29 0.67 0.18 0.51
(0.1, 0.6) | —0.37 0.71 0.15 0.49
(0.6, 0.6) | —0.36 0.61 0.13 0.40

¢ Standard deviation of approximation error is 0.02 in all cases.
b Parameters: ¢ = 0.0005, « =0.7,0 = 0.3, w=1,r =0.1.




TABLE 5: Influence of OC-Costs of Adjustment **

(Tes Td) (0.1, 0.1) | (0.6, 0.1) | (0.1, 0.6) | (0.6, 0.6)
creation intensity (%) 9.38 7.63 8.08 7.21
destruction intensity (%) 10.51 9.85 13.94 13.85
# firms expanding 906 504 360 274
# firms contracting 2,226 1,906 1,731 1,635
POS (%) 0.36 0.19 0.17 0.12
NEG (%) 0.65 0.48 0.54 0.49
NET (%) —0.28 —0.29 —0.37 —0.36
SUM (%) 1.01 0.67 0.71 0.61
OC destruction from POS (%) 0.02 0.06 0.01 0.05
OC destruction from NEG (%) 0.04 0.03 0.22 0.19
OC destruction rate (%) 0.06 0.09 0.23 0.23

¢ Maximum standard deviation of approximation error for all measures of job flows and OC
destruction is 10% of the corresponding mean values.
b Parameters: ¢ = 0.0005, 4 =0, « =0.7,0 =03, w=1,r =0.1.



TABLE 6: Destruction of Organizational Capital ¢

(Tes Ta) (0.1, 0.1) | (0.6, 0.1) | (0.1, 0.6) | (0.6, 0.6)
—(Te + Te) /e | —1.01 ~1.04 ~1.01 ~1.04
(g — Ta)/xg | 097 ~0.96 —0.70 —0.65
Te Vi (ze(n),n) 0.40 2.21 0.39 2.19
Tq4 Vz (zg(n),n) 0.42 0.41 2.74 2.72

@ Parameters:

c=0.0005,u=0,a=0.7,0=03, w=1,r=0.1.




TABLE 7: Productivity Trends in Model with OC-Costs of Adjustment %°

(Tes Td) (0.1, 0.1) | (0.6, 0.1) | (0.1, 0.6) | (0.6, 0.6)
creation intensity (%) 9.27 7.68 7.63 7.46
destruction intensity (%) 9.78 9.16 40.08 36.99
# firms expanding 1,252 925 617 562
# firms contracting 1,203 838 513 461
POS (%) 0.50 0.34 0.32 0.27
NEG (%) 0.29 0.16 0.17 0.14
NET (%) 0.21 0.18 0.15 0.13
SUM (%) 0.79 0.51 0.49 0.40
OC destruction from POS (%) 0.03 0.10 0.02 0.09
OC destruction from NEG (%) 0.02 0.01 0.07 0.05
OC destruction rate (%) 0.05 0.11 0.09 0.14

¢ Maximum standard deviation of approximation error for all measures of job flows and OC
destruction is 10% of the corresponding mean values.
b Parameters: ¢ = 0.0005, p = 02/2=0.045, 0 =0.7,0 = 0.3, w =1, r = 0.1.



FIGURE 1: Optimal Labor Demand Policy




FIGURE 2

Target Change in productivity
Output adjustment cost, mu=0, H=.1

i

F=1.2

Xc-XcC xd-Xd

Parameters: w=1,r=0.1,c=0.0005,alpha=0.7, sigma=0.3



Alok Johri
FIGURE 2

Alok Johri
Parameters: w=1,r=0.1,c=0.0005,alpha=0.7, sigma=0.3 


FIGURE 3

Long Run Cumulative Distribution
Output adjustment cost, H=.1

0.9

0.8

0.7

0.6

0.5

0.4

0.3

0.2

0.1

10

Parameters: w=1,r=0.1,c=0.0005,alpha=0.7, sigma=0.3



Alok Johri
FIGURE 3

Alok Johri
Parameters: w=1,r=0.1,c=0.0005,alpha=0.7, sigma=0.3


FIGURE 4

1

0.8
06
0.4
02

Vs

0.2
Proportional Distance from xd

0

Long Run Cumulative Distribution

Output Adjustment Cost, Mu=0, H=.1

ﬁ

me RN

ﬁﬁ

0

0.6

m

1.2

Parameters: w=1,r=0.1,c=0.0005,alpha=0.7, sigma=0.3



Alok Johri
FIGURE 4

Alok Johri
Parameters: w=1,r=0.1,c=0.0005,alpha=0.7, sigma=0.3


FIGURE 5

Target Change in productivity
Output adjustment cost, H=F=.1

Xc-XcC xd-Xd

mu=0

mu=.045

Parameters: w=1,r=0.1,c=0.0005,alpha=0.7, sigma=0.3



Alok Johri
FIGURE 5

Alok Johri
Parameters: w=1,r=0.1,c=0.0005,alpha=0.7, sigma=0.3


FIGURE 6

Long Run Cumulative Distribution
Output Adjustment Cost, H=F=.1

: %&*L
0.8 fﬁ
0.6 £ mu=0
0.4
| mu=.045
02
0

0 0.2 0.4 0.6 0.8 1
Proportional Distance from xd

Parameters: w=1,r=0.1,c=0.0005,alpha=0.7, sigma=0.3



Alok Johri
FIGURE 6

Alok Johri
Parameters: w=1,r=0.1,c=0.0005,alpha=0.7, sigma=0.3


FIGURE 7

Target change in productivity
OC adjustment cost, mu=0, tauc=.1
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FIGURE 8

Long-Run Cumulative Distribution
OC Adjustment Cost, Mu=0,tauc = .1
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