Job Destruction and Propagation of Shocks
By WouTeR J. bEN HAAN, GAREY RAMEY, AND JOEL WATSON*

This paper considers propagation of aggregate shocks in a dynamic general-
equilibrium model with labor-market matching and endogenous job destruction.
Cyclical fluctuations in the job-destruction rate magnify the output effects of shocks,
as well as making them much more persistent. Interactions between capital adjust-
ment and the job-destruction rate play an important role in generating persistence.
Propagation effects are shown to be quantitatively substantial when the model is
calibrated using job-flow data. Incorporating costly capital adjustment leads to
significantly greater propagation(JEL E24, E32)

It has been well documented that the cyclical with labor-market matching. Production is as-
adjustment of labor input chiefly represents move-sumed to entail long-term relationships between
ment of workers into and out of employment, workers and firms. We consider a version of
rather than adjustment of hours at given jobs.Dale T. Mortensen and Christopher A. Pissarides’
Thus, in understanding business cycles, it is cen{1994) model, wherein a worker and firm who
trally important to understand the formation and are currently matched must decide each period
breakdown of employment relationships. The na-whether to preserve or sever their relationship,
ture of employment adjustments over the cyclebased on their current-period productivity. By al-
has also received close scrutiny. Evidence from aering the trade-off between match preservation
number of sources indicates that recessionary emand severance, aggregate productivity shocks in-
ployment reductions are accounted for by elimi- duce fluctuations in the job-destruction rate,
nation of preexisting jobs, i.e., job destruction, to thereby exerting effects on output that go beyond
a greater extent than by diminished creation ofthose resulting from productivity variations in
new jobs. Substantial cyclical variation in the rate continuing relationships. We embed the basic
of job destruction suggests that closer considerMortensen-Pissarides mechanism into a full dy-
ation of the breakdown of employment relation- namic general-equilibrium model, analyze the role
ships may help to explain how shocks to the of fluctuations in the job-destruction rate in prop-
economy generate large and persistent outpuaigating shocks, and assess the model's quantita-
fluctuations: tive implications.

This paper addresses these issues by studying Most business-cycle models in the real-
the endogenous breakup of employment relation-business-cycle (RBC) tradition share the feature
ships in a dynamic general-equilibrium model that model-generated output data exhibit dy-

namic characteristics nearly identical to those of

the underlying exogeneous shocks, so that eco-
ol o B 2o S92 o e e o 1omic mechanisms play & minimal role n prop-
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underlying driving process, reflecting both im- movements. Using our labor-market measure-
pact magnification and persistence. By way of ments, however, we find that the implied prop-
comparison, the standard RBC model, as well asagation mechanism is much weaker when the
Gary D. Hansen'’s (1985) indivisible labor vari- job-destruction rate is fixed, and further, models
ant, yield magnification ratios of less than two; in this vein cannot account for the cyclical pat-
further, nearly all of the magnification in the terns of job creation and destruction. More re-
latter models occurs on impact, meaning thatcently, Harold L. Cole and Richard Rogerson
the models generate only slight amounts of per-(1996) have shown that a reduced-form model
sistence. We further verify that the simulated inspired by Mortensen and Pissarides can do a
data yield autocorrelations of output growth good job explaining statistical regularities in the
rates that match well the autocorrelations ob-Longitudinal Research Database (LRD), while
served in U.S. data, reflecting the large amountJoao Gomes et al. (1997) have studied the abil-
of persistence generated by the model. ity of a simple search model incorporating en-
Interactions between capital adjustment and jobdogenous separation to account for cyclical
destruction play an important role in our propaga- variability of the unemployment rate, the dura-
tion mechanism. A negative productivity shock tion of unemployment spells, and flows into and
generates a spike in job destruction, and employ-out of unemploymert.
ment remains persistently lower on account of Our paper features some methodological ad-
matching frictions. Lower employment reduces vances relative to previous literature. We com-
the demand for capital, leading to a lower supply pute the job-destruction rate as a fixed point
of capital in future periods. The productivity within a dynamic general equilibrium exhibit-
shock thereby reduces the equilibrium capitaling heterogeneity on the production side. Im-
stock, magnifying the future output effects of the portantly, we do not rely on social planner
shock. Importantly, this capital-adjustment effect solutions that restrict model parameters, in con-
is distinct from consumption-smoothing behavior trast to Merz (1995) and Andolfatto (1996).
on the part of households. When consumptionFurther, we utilize a new specification of the
smoothing is considered, the power of the propa-labor-market matching function that is moti-
gation mechanism is greatly increased, as lowewated by search-theoretic considerations.
household investment following the shock leadsto  Section | describes the theoretical model, Sec-
further reductions in the equilibrium capital stock, tion Il describes the propagation mechanism using
increases in the capital rental rate, and persistentla simplified specification, and a quantitative as-
higher rates of job destruction and lower levels of sessment using the full model is conducted in
output. To verify that interactions between capital Section Ill. Section IV shows that the propagation
adjustment and job destruction play a central role,mechanism is significantly strengthened when
we show that propagation effects are much re-capital-adjustment costs are introduced, and Sec-
duced if either capital-stock adjustments or fluc-tion V concludes.
tuations in the job-destruction rate are suppressed.

Further, we demonstrate that propagation effects . Model

are significantly greater when the model is ex- A. Employment Relationships

tended to introduce costs of adjusting capital

across firms. Employment relationships are taken to con-

Several recent papers have considered laborsist of two agents, a worker and a firm, that
market search and matching within a quantita-engage in production through discrete time until
tive context. Monika Merz (1995) and David the relationship is severed. Individual employ-
Andolfatto (1996) have implemented labor- ment relationships are indicated by subscript
market matching models in the spirit of Pis- In each period, firmi hires capital, denotek];.
sarides (1985), where all job destruction is Output from production is given by,a; ki,
exogenous and the separation rates are constant
over time. These papers demonstrate that incor-
porating matching improves the bty of the | WilE iy consire e cees el ooy
RBC framework to ex_pla_|r_1 macroeconomic ., (1996) also emphasizge that imperfections in the ad-
facts, including low variability of wages and jystment of labor input can play a role in propagating
productivity, and persistence of unemploymentbusiness-cycle shocks.
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wherez, represents a random aggregate preducship into the following period.Given any con-
tivity disturbance, andy; gives a random dis tingency that arises, the worker and firm bargain
turbance that is specific to relationshipWe  over the division of their maximized joint sur-
assume that the relationship might be severedlus. Negotiation is resolved according to the
for exogenous reasons in any given period, inNash bargaining solution, wheteis the firm’'s
which case production does not take place. Letbargaining weight. In particular, after observing
p* indicate the probability of exogenous sepa productivity information, the worker and firm
ration, assumed to be independentzpénda;;,  will choose whether or not to sever their rela-
and of shocks realized in other relationships.tionship based on which option maximizes their
The firm select;, after observing,, a;;,, and  joint payoff. Since the current-period payoff
whether or not exogenous separation has ochecomes less attractive ag declines, it fol
curred. Thus, capital may be freely adjusted inlows that there exists a level, such that the
response to any shocks, either aggregate opartners will opt for separation &, < a,
idiosyncratic® while the match will be preserved and produc-
After observing all the shocks in perigdthe  tion will occur if a; = a;;. The level ofa;,
worker and firm may choose to separate endog+eferred to as thgob-destruction margin,is
enously. If either exogenous or endogenous sepadetermined as follows:
ration occurs, then there is no production in period
t. In this event, the worker obtains a payofftof- (2) max[zaki— riki] + gii = b+ wy,
w; based on opportunities outside of the current ki
relationship, wherd indicates the worker's ben- where it should be recalled that the value of the
efit obtained in the current period from being firm’s outside opportunities is zero. Associated
unemployed, ands, denotes the expected present with a;, is theendogenous separation ragg::
value of the worker’s payoffs obtained in future
periods. We takd to be exogenous. Due to free ai
entry of firms into the worker-firm matching (3) ph :J du(ay),
process, as described in the following subsection, "
the firm obtains a payoff of zero outside of the
relationshig where p is the probability distribution oves,.
Consider now the separation decision of theThe endogenous separation rate expresses the
worker and firm. If the relationship is not sev- probability that a worker-firm match surviving the
ered, then production occurs and the worker andexogenous separation shock chooses to sever the

firm obtain the following joint payoff: relationship, based on its idiosyncratic productiv-
ity shock. Correspondingly, the overall separation
Q) max[za, ki — rki] + i, rate is given by* + (1 — p)pi.

kit

. , B. Matching Market
wherer, is the rental rate of capital, ang
gives the expected current value of future joint  gmployment relationships are formed in a
payoffs obtained from continuing the relation- matching market. There is a continuum of

workers in the economy, having unit mass,
along with a continuum of potential firms, hav-
ing infinite mass. LetU, denote the mass of

3|n Section IV we consider the alternative possibility unmatched workers seeking employment in pe-
that capital adjustment is costly, in the sense Kjanustbe  riod t, and letV, denote the mass of firms that

gggzzre\?egeforan and the exogenous separation shock are ot yacancies. The matching process within a

4The assumption that the idiosyncratic productivity Pe“Od takes plac.e at the same time as pr_oduc-
shocksa,, are independently and identically distributed over tion for that period, and workers and firms
time greatly simplifies the analysis of the model, as it
eliminates the need to consider match-specific state vari-
ables for continuing relationships. In Section I, subsection  ° Observe that in (1) the firm chooses capital to maxi
D, we consider the robustness of our propagation results tomize the joint returns of the worker and firm. In essence, the
the addition of a persistent component to the process ofworker and firm are able to contract efficiently over the
idiosyncratic shocks. choice of capital.
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whose matches are severed can ettteir re- C. Household Behavior

spective matching pools and be rematched

within the same period. All separated workers We assume that workers pool their incomes

are assumed to reenter the unemploymentt the end of the period and choose aggregate

pool; i.e., we abstract from workers’ labor- consumption to maximize the expected-utility

force participation decisions. Firms may function of a representative worker, given by:

choose whether or not to post vacancies,

where posting entails a cost ofper period. ° cl-v_1

Free entry by firms determines the size of the(5) El > B! D —

vacancy pool. = 1-vy

Workers and firms that are matched in period

t begin active employment relationships, as de-whereg gives the discount factor, ai@} indicates

scribed in the preceding subsection, at the starhggregate consumption in periad Symmetry in

of periodt + 1, while unmatched workers consumption together with independence over

remain in the worker matching pool. The flow time in the match-specific productivity shocks

of successful matches within a period is given allows us to suppress thesubscripts for the re-

by the following matching function: mainder of the paper. Aggregate wage and profit
income obtained by the household may be written:

UV,

(4) m(U,, V) = U+ vy o= (1— pMN,
In choosing this matching function, we depart o
from the standard Cobb-Douglas specification X f [za(K)* — rki]ldu(a) — cV;,
that has been used in the previous literature. Our
new specification is motivated by considering
how the matching technology operates on indi-where N, indicates the mass of employment
vidual workers and firms. Imagine thgtchan relationships at the beginning of perindandk’
nels are set up to carry out matching within a denotes the capital level chosen by individual
given period. Each worker is assigned randomlyfirms in periodt, which solves (1). Note that
to one of the channels, as is each firm. Agentsis a function ofa,. The household wealth cen
assigned to the same channel are successfullgtraint is given by:
matched, while the remaining agents are un-
matched. With this procedure, a worker locates(6) C; + K;,; =1, + B+ (r, + 1 — §)K,,
a firm with probability V,/J;, a firm locates a
worker with probability U,/J;, and the total whereK, is the aggregate capital stock at the
mass of matches i9,V,/J,. beginning of period. We interpretb as non-

The number of channeld, depends on the tradable units of the consumption good that are
sizes of the unemployment and vacancy poolsproduced at home by unemployed workers, so
reflecting thin market externalities. In particu-
lar, we adopt the specificatiod, = (U} +
V' from which we obtain (4). Observe that
the matching function is increasing in its argu-
ments and satisfies constant returns to stale.  71pe income-pooling assumption and corresponding im

plications for endogenous separation decisions can be sup-

ported most directly by assuming that the utility function of

individual firms and workers is given byE[2Z_,

B 'C. Yyd, wherey, is the amount of consumption good

8 A major advantage of our new matching function, obtained by the firm or worker. To obtain exact aggregation

relative to the Cobb-Douglas specification, is that the new more generally, a set of assets that spans the space of
function guarantees matching probabilities between zeroidiosyncratic shocks, but does not condition payments on
and one for allu; andV,. In applying the Cobb-Douglas employment status, may be needed. Note, however, that
specification, truncation is necessary to rule out matchingonly a few assets, such as bonds or capital, might be
probabilities greater than unity. Such truncation can give sufficient to effectively smooth consumption against unin-
rise to discontinuities that complicate obtaining numerical surable idiosyncratic shocks; see, for example, Deborah J.
solutions to the model. Lucas (1994).

at
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that aggregate home-produced outpuBjs= where A} = m(U,, V,)/U, indicates the prob
bU,.? Finally, § denotes the depreciation rate. ability that the worker is successfully matched.
Observe in (8) that the worker obtains (1
D. Equilibrium 7)S4 1 With probability A{'(1 — p*)(1 —
pt. 1), reflecting the event that the worker is
Equilibrium values ofw, and g, are deter  matched in period and the match survives in
mined as follows. Consider first the situation periodt + 1.
facing a worker and firm that are matched at the A firm in the periodt vacancy pool, in con-
start of periodt + 1. If their relationship is trast, must obtain a payoff of zero as a conse-
severed in periotl + 1, then they obtain a joint quence of free entry. In particular, we have:
payoff of b + w,, ;. If they avoid severance,
then their relationship generates a surplus net of C Bk
the worker’s outside payoff, which may be writ- (9) 0= —c + AlE, [3( gl) (1-p"
ten as follows: t

(7)) Stv1= 2z 1801 (KY ) = 1okt )
X du(a ,
+gt+1_(b+wt+1). f 7TS[+1 I‘L( t+l)]

at+1

The worker and firm bargain over this surplus,
obtaining shares & = and m, respectively. where Al = m(U,, V)V, gives the firm’s

Division of the surplus is accomplished via matching probability. Finally, the expected fu-
transfer payments; e.g., the firm makes a wagdure joint returns of a worker and firm that
payment to the worker. remain matched in periotdare:

Next, consider the situation of a worker in the
period t unemployment pool. The worker ob- C o
tains future payoffs ob + w, , , if he doesnot (10) g, = E, B( tC+ l) ((1 - pY)
succeed in being matched in perigdr if he is t
successfully matched in periadbut the match
is severed prior to production in periach- 1. .
Alternatively, the worker receives a share of
surplus from a productive relationship in period Xj Stra dul@ies) + b+ W‘“) ] '
t + 1, and thus obtains future payoffs of (1 et
m)S 41 T b+ w4, if he is matched in period
t and the match survives in periad+ 1. The In contrast to (8) and (9), the partners in a
worker’s expected future payoffs, appropriately continuing relationship do not need to be
discounted, may therefore be written: matched, so that they obtain the surphys ;
with probability (1 — p*)(1 — pt5 1).

Ciie| | Equilibrium in the capital market is deter-
(8) w,=E{| B c A1 = pY mined as follows. The equilibrium value ofis
t determined by the following market-clearing
condition:

%

(11) N(1-p9 f ki du(a) = K.

at

><J'oc (1—ms o du(a, ) +b+ Wt+1)],

ar+1

8 Home production in standard RBC settings has been
considered by Jess Benhabib et al. (1991) and Jeremy
Greenwood and Zvi Hercowitz (1991). In contrast to these  ° If the conditional expectation term in (9) lies belavat
papers, our results do not rely on stochastic variability of the every level ofV,, then no firm would wish to post a
home-production technology. vacancy, and (9) would be replaced Yy = 0.
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The left-hand side of (11) indicates the demandlowing the initial productivity shock, we have
for capital, consisting of the total number of r, = 1/ — (1 — §) for all t > 1. The
employment relationships at the start of periodequilibrium has a particularly simple form in
t, N;, times the expected capital selection for this case, as indicated in the following lemma.
each relationship. The capital market clearsWe omit the proof for brevity®
when capital demand is equal to the supply of
capital in period, given byK,. Inturn,K, . ;is ~ LEMMA 1: In the linear utility case, a one-
determined by maximization of (5) subject to time productivity shock in periodl implies that
(6), for which the following is sufficient: 0; — W; remains constant at its steady-state
value for all t = 1.
(12) C;7=BEJ[Ci(rii1+1—-9)].
The intuition behind Lemma 1 is as follows.
The payoffs of individual employment relation-
Finally, the number of relationships and the ships depend on capital- and labor-market con-
number of unemployed workers are determinedditions only througtr, andAy. Sincer, remains
by: constant at its steady-state value following pe-
riod 1, while A} also remains constant due to
(23) Nirp= (1= p)(1 = pH)N; constant returns to scale in the matching func-
tion, it follows that the future surplug, — w,
+ m(U,, V,), does not change.
Using Lemma 1, it can be verified that the
(14) U,=1-(1-p9(1— pMHN,. one-time productivity shock must lead to a
spike in job destruction in period 1.

Observe from (14) that workers separating from PROPOSITION 1:In the linear utility case, a
their employment relationships in peribénter  one-time productivity shock impligs; > p"

the periodt worker matching pool. and pi! = p" for t > 1, wherep" gives the
endogenous separation rate in the initial steady
Il. Propagation Mechanism state.

The interaction between capital adjustmentPROOF:

and the job-destruction rate in our model, me- Let ¢ denote the steady-state valuegyf—
diated by the rental rate of capital, serves tow,. Solving for the profit-maximizing selection
magnify the output effects of aggregate produc-k*, plugging it into (2), and rearranging gives:
tivity shocks and make them more persistent. In
this section we illustrate the workings of this z,\ -

. . . . = U(1-a) al(l-a) _ 1(1-a)
propagation mechanism using a simple concep- Zl(r ) a; (a « )
tual experiment. The economy is assumed to !
begin in a steady-state equilibrium, with a con- + ¢y =h.
stant levelz of the aggregate productivity pa-
rameter. In period 1, the economy is hit with a
one-time surprise productivity shock < z. Supposea, = a (where unsubscripted variables
Aggregate productivity then returns I = z  denote steady-state values). Sirge< z, we
for all t > 1. We consider how this one-time have z,/r, > 2z/r, as the steady-state values
productivity shock affects the rental rate, job- must also satisfy (2).
destruction rate, and aggregate output for vari- Let capital demand be denoted Kf. Sub
ous specifications of the model. stituting the solution fork’ into the left-hand

side of (11) gives:
A. Linear Utility

First consider the casg= 0, in which house-
hold utility is linear in consumption. Since the
economy follows a perfect-foresight path fol-  °The proof is available from the authors upon request.
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h demand curve in the steady state. Correspond-
ingly, the rental rate falls to,, since the capital
stock is predetermined at its steady level, but
job destruction still rises since the productivity
effect dominates. In period 2, the productivity
, parameter returns to its steady-state level, but
since N, < N; the capital-demand curve -in
Steady-State D L
\ Capital Demand creases only t&3, remaining below the steady-
3 kP state curve. Thus, the capital market clears at a
: level K, lying below the steady-state capital
kP stock. Further, the capital stock will remain
K below its steady-state level as employment re-
turns to the steady state. It follows that the
productivity shock is propagated to the capital
market through its effect on employment.

K, K,

FIGURE 1. CAPITAL-MARKET EQUILIBRIUM WITH ONE-TIME
PrRODUCTIVITY SHOCK

B. Fixed Capital

= (7 aig) YA To highlight the role _of capital e_ldjustment_,'
KP = N(1 — p¥ f ( i > du(a). we contrast the preceding case with a specifi-
r cation in which capital is fixed at its steady-state
value, while the utility function remains linear.
Since the supply of capital cannot adjust, while
Thus,K? > K is implied, whereN andK are  capital demand is reduced due to lower employ-
predetermined at their steady-state values. Sincenent, it follows that, must be lowered for each
this violates capital-market clearing in period 1, t to clear the capital market. The resulting paths
we concludea; > a, and thusp] > p". The of the rental rate, endogenous separation rate,
claim thatpy = p" fort > 1 follows directly and output are compared in Figures 2A-C,
from (2), usingz, = z, r, = 1/ — (1 — 9), which depict numerically computed equilibrium
andg, — w, = ¢ fort > 1. paths for a particular parameterization of the
model*! Figure 2A indicates paths of the rental
As the proof demonstrates, it is possible for rate; observe that, < r for t > 1 in the
the job-destruction rate to fall following the fixed-capital case. Since future rental rates are
negative productivity shock only if the rental lower, the endogenous separation rate actually
rate falls farther than does the productivity pa- falls below its steady-state level following pe-
rameter. But if both the rental rate and the riod 1, as seen in Figure 2B. The implied output
job-destruction margira, are reduced by the effects are shown in Figure 2C: the absence of
shock, then capital demand becomes too high tacapital adjustment, together with the lower en-
clear the capital market. It follows thafl must  dogenous separation rate, significantly attenuate
rise. Further, since the rental rate returns to itsthe output reduction following the shock, rela-
steady-state level following period 1, the endog- tive to the flexible-capital case. In Figure 2C it
enous destruction rate returns to its steady statés also shown that the job-destruction spike
also. magnifies the output effect of the shock in pe-
The spike in job destruction implies that ag- riod 1, relative to a case in which all separations
gregate employment will be lower in periods are exogenous (i.e., the endogenous destruction
following the shock, which will also reduce the rate is held fixed at its steady-state value).
demand for capital. The associated capital ad- We conclude that the importance of job de-
justment is illustrated in Figure 1. From the
left-hand side of (11) it may be seen that capital
demand wil be lawer It ether, or Ny s Te e iepochin e b s Aon e,
duced. Thus’.th.e lower V.alue (Zi "?ads to a fhe empirical-evaluation s’,ection. We also get 1 and
downward shift in the period 1 capital-demand z, — 0.935.values ofa, vy, 8, , p* |, b, ¢, ando, are
curve, labeledK?, relative to the capital- as indicated in Table 1.

ai
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Flexible Capital, Flexible Capital, Linear Uttty Exogenous-Separation Output
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rental rate

nomalized Level
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Flexible-Capital / Lag-Utilty
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Flexible-Capital / Linear-Utlity
Output
Fixed-Capital
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time time

FIGURE 2A. EFFeCT OFONE-TIME NEGATIVE PRODUCTIVITY FiGURE 2C. BEeFeCT oFONE-TIME NEGATIVE PRODUCTIVITY
SHOCK ON RENTAL RATE SHOCK oN OUTPUT
- sumption by making further reductions in in-
o \ FlstieCapt vestment, driving up both the rental rate and the
g / endogenous separation rate. This may be seenin
§ o £ Figure 2, which shows equilibrium paths for the
% e Pl Cpial case in which capital is flexible, but the utility
- / of consumption is given_by I_oglt (i.e., we set
- — v = 1). The rental rate in Figure 2A now lies
e e ——r— abovethe steady-state level in period 2, and
-1 returns to the steady state only gradually. This
reflects reductions in household investment that
FIGURE 2B. EFFECT OF ONE-TIME NEGATIVE PRODUCTIVITY serve to lower capital supply and d”_Ve up the
SHOCK ON ENDOGENOUS SEPARATION RATE equilibrium rental rate. Correspondingly, the

endogenous separation rate in Figure 2B is in-
creased relative to the linear-utility case, both in
struction as a propagation mechanism is influ-the period of impact and in succeeding periods.
enced by capital adjustment. With linear utility Figure 2C verifies that consumption smoothing
and flexible capital, reductions in the capital leads to much larger negative output effects in
stock following a negative shock are induced by periods following the shock.
reductions in employment, leading to greater
output effects. In addition, fixing the capital Ill. Quantitative Assessment
stock serves to drive down the rental rate and
dampen the employment effects. It is worth A. Separation and Matching Probabilities
noting that there would be no capital adjustment
whatsoever in the RBC model given linear util-  To assess the quantitative importance of the
ity and a one-time productivity shock, and thus propagation mechanism implied by our model,
the shock would not be propagated at all. More-we must obtain measurements of separation and
over, there is no propagation in our model whenmatching probabilities for use in calibration.
all separations are exogenous; this occurs beThese are derived from relationships between
cause vacancies do not fluctuate when the prostocks and flows arising in a deterministic

ductivity shock is not itself persistent. steady state of the model. L& denote the
steady-state stock of employment relationships,
C. Consumption Smoothing and letU® andV® represent the per-period flows

of workers and firms, respectively, through the
Introducing a consumption-smoothing mo- matching pools in the steady state. The proba-
tive increases the power of this propagationbility of separation, for either exogenous or
mechanism. In the face of the negative shock,endogenous reasons, is indicateddyso that
the representative household will support con-pN® gives the total flow of workers and firms
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out of employment relationships within a given that find workers in the matching phase of the
period. Note thap = p* + (1 — p¥)p", where  period. Therefore) (VS — pw'N®) is the mass
p" gives the endogenous separation rate in theof jobs created each period in the steady state.
steady state. Job destruction must equal job creation in the
Several direct measures pfare available. In  steady state:
surveying the empirical evidence, Hall (1995
p. 235) concludes that, for long-term employ- (15) p(1 — w™A")NS= AT (V® — pw'N9).
ment relationships of the sort we consider, quar-
terly U.S. worker separation rates lie in the
range of 8 to 10 percent. Using Current Popu- Although the data is restricted to the manu-
lation Survey (CPS) data, Davis et al. (1996 p.facturing sector, the LRD evidence reported in
35) compute an annual separation rate of 36.8Davis et al. (1996 p. 19) allows us to pin down
percent, which works out to roughly 11 percent directly the job-creation rate. From quarterly
per quarter. From these estimates, we take  plant-level data from U.S. manufacturing, 1972:
0.10 as our estimate of the quarterly steady-stat®—1988:4, we find the ratio of creation to em-
rate of exogenous and endogenous separationployment to be:
To interpret exogenous and endogenous com-
ponents of the separation rate, we make the AV — pw'N®)
assumption that firms experiencing exogenous(16) — N 0.052.
separations attempt to refill the positions by
posting vacancies in the ensuing matching
phase, while firms having endogenous separafurther, Davis et al. (1996 p. 23) indicate that
tions do not post vacancies. This assumption72.3 percent of jobs counted as destroyed in a
makes sense if exogenous separations are raguarter fail to reappear in the following quarter
garded as being worker-initiated, reflecting (i.e., for plants experiencing employment reduc-
changes in the workers’ personal circumstancestions in a quarter, roughly three-quarters of the
Such separations give rise to job vacancies thateduction persists into the following quarter).
are reposted by the firm in the current perfdd. This implies:
Endogenous separations, in contrast, may rea-
spnably be viewed as reflecting on the firms’ 17) p(1— o (A" + (1= AHA)NS
circumstances, where firms would not attempt
to rehire following §uch separgtions. It follows =0.723(1 — oA)N®.
that the rate at which separations are reposted
by firms, denoted by', will be equal to the
proportion of all separations that are exogenousCombining (15), (16), and (17) yielda’ =
or o' = p*/0.10. 0.71 andw’ = 0.68.Using our assumption that
Period-to-period job destruction is recorded only exogenous separations are reposted, we
as total separationsN® less those job openings then calculatep® = 0.068. Correspondingly,
that are reposted and successfully refilled bythe steady-state endogenous separation rate is
firms within the period. The steady-state masscomputed to be" = 0.03212
of jobs destroyed per period is thus given by It remains to estimate the steady-state match-
p(1 — o'A)NS, where) indicates the steady- ing probability for workers. Blanchard and
state matching probability for a firm. Job cre- Diamond (1990) use CPS data for 1968—-1986
ation is recorded as the mass of firms that have

no employees at the beginning of the period but _ o
It is worth noting that our finding okf = 0.71agrees

with Jan van Ours and Geert Ridder’s (1992) result from

Dutch survey data that 71 percent of vacancies reported in
12This approach reflects the observation that flows of an initial survey were found to be filled in a follow-up

workers out of employment relationships exceed flows of survey roughly one quarter later. As a further check on our

jobs out of firms; in other words, worker flows exceed job estimates, we calculated that in the steady state, the esti-

flows (see Davis et al., 1996 pp. 34—36). As a consequencemates ofp, A", and ' imply that 65 percent of the jobs

a substantial proportion of the firms that experience sepa-destroyed in a quarter do not reappear in the second quarter

rations will desire to replace the lost workers, and will be following. This number is reasonably close to Davis et al.’s

successful at doing so, within the current period. (1996 p. 23) corresponding figure of 59 percent.
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to calculate an average stock of employed work- TABLE 1—PARAMETER VALUES
ers of 93.2 million. In abstracting from labor-

force participation decisions, we interpret ¢ 8'825 m 8-828
unmatched workers in our model as including ~1.00 |p 127
both workers classified as unemployed andg 0.99 b 2.220
those not in the labor force but stating that they ¢ 0.95 c 0.203
“want a job,” giving an average stock of un- % 0.007 Ta 0.101

matched workers of 11.2 million. Thus, the
steady-state ratio of unmatched to matched TaBLE 2—DATA MATCH FOR PARAMETER SELECTION
worker stocks is estimated to be 12 percent. In

our model, we identify the mass of workers U.S. data Model
observed to be unemployed as—1 N°, which p? 0.032 0.034
equalsU® — pN® in the steady state. Note that QW S'Zé 8-1(5)
this excludes workers with very short transi- onlog 0.63 0.63

tional terms of unemployment due to leaving
one job and initiating another within the same
period. The steady-state condition for worker

flows, Corresponding to the jOb-ﬂOW condition firm equa| bargaining power by Settin-g: 0.5,

(15), may be written: and the choice op* is discussed in Section IIl,
subsection A® The remaining four parameters,
(18)  p(1— A")NS = A™(US — pN?). I, b, ¢, andao,, are selected to match statistics

from simulated data to empirical measures of
the endogenous separation rate and the worker
Combining (18) with our earlier findings = and firm matching probabilities, derived in Sec-
0.10 and U® — pN®)/N® = 0.12, weconclude tion lll, subsection A, along with a measure of
that A\ = 0.45 gives an appropriate estimate. the variability of employment relative to output,
which in the simulated data is sensitive to the
B. Calibration and Empirical Evaluation level of 0.
The first three rows of Table 2 report sepa-
We solve the model under the aggregate pro+ation and matching probabilities derived in
ductivity process Irg, = £€Inz,_; + ¢, where  Section Ill, subsection A, along with values
g, is taken to be independently and identically computed from steady states of the model hav-
distributed (i.i.d.) normal with unit mean and ing deterministic aggregate productivity. The
standard deviation,. Further,a, is assumed to fourth row considers the ratio of the standard
be i.i.d. lognormal with zero mean and standarddeviation of employment to the standard devi-
deviation o,.** In selecting parameter values, ation of output:” Actual and simulated data for
we make standard choices for the parametgrs the latter case are logged and Hodrick-Prescott
8, v, B, & and o, as summarized in the first (H-P) filtered. As seen in Table 2, the simulated
column of Table 1> We give the worker and data produce good matches along the four di-
mensions considered.

14 Solutions to the model are computed by expressing the
equilibrium conditions in recursive form and calculating 16 Robustness of our propagation results to the choice of
equilibria using the parameterized-expectations algorithm, 7r is demonstrated in our working paper.
as discussed by Lawrence J. Christiano and Jonas D. M. 7 Data series for Table 2, row four, measure employ
Fisher (1994); see our working paper for details. The work- ment and output by converting monthly nonagricultural
ing paper also reports accuracy tests of the solution, whichemployment and industrial production for U.S. manufactur-
document that the solution is very accurate. ing, expressed on a per capita basis, into quarterly series

®Hansen and Randall Wright (1992), for example, starting at the middle month of each quarter for 1972:2—
make these selections in their analysis of labor-market im-1988:4, in line with the LRD employment measures. For the
plications of RBC models. Although we cannot directly model, this ratio is estimated by generating 100 simulated
invoke factor share comparisons in our setting, the choice ofsamples of 267 observations each, where initial conditions
a = 0.36 does yield a quarterly output/capital ratio of are randomized by ignoring the first 200 observations. This
roughly 10 percent in our simulated data, in line with U.S. procedure is also used to generate model statistics in the
evidence. tables below.
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TaBLE 3—COMPARISON OFU.S. AND MODEL DATA simulated datd® The chief discrepancy be-
tween model and observation is that job creation

U.S. data Model s too volatile in the simulated data.

A Dynamic correlations between creation, de-
o9 1.93(0.0024) 145 struction, and manufacturing employment are
Zc//;r Q g:gg 58:32)7) g'?i presented in Table 4. In the LRD data, destruc-
TomlTe 0.42 (0.30) 040 tiontends to lead employment, in the sense that

B employment exhibits a large negative correla-
Oerd O 4.71 (0.025) 7.48  tion with destruction lagged two quarters. Fur-
OTged O 6.86 (0.012) 6.17

ther, creation tends to lag employment. As may
Notes U.S. data are 1972:2-1988:4. All series are logged be observed in the tabl?' the model ,d'Sp!ayS
and H-P filtered. Standard errors are in parentheses. remarkable agreement with the data, with signs
and magnitudes of covariances being quite
close. In particular, employment has a large
Evaluation of the model's performance rela- negative correlation with past destruction and
tive to U.S. aggregate data is given in Panel Afuture creation, and there is a large, negative
of Table 38 We also consider the ability of the contemporaneous correlation between creation
model to account for characteristics of the LRD and destruction.
data. Consistent with our measurement proce- The cyclical variation in job creation and de-
dure, as expressed in equation (15), we definestruction implied by the model is illustrated in
rates of job creation and destruction in the sim-Figure 3, which shows impulse responses for a

ulated data as follows: one-standard-deviation negative aggregate pro-
ductivity shock. On impact, a large destruction
(19) cre, = AV, — p*N)/N spike is induced by an increase in the job-destruc-
t T Mt t t ty

tion margin, accompanied by a smaller dip in
creation, as firms post fewer vacancies in antici-
pation of lower future aggregate productivity. The
induced increase in unemployment following the
Wherept denotes the realized separation rate inshock drives creation above its preshock levels.
periodt. Thus, job creation is comprised of total This “echo effect” operates with a one-period lag
matches in periotinet of those matches serving in the model, as opposed to a two-period lag in the
to fill separations that are reposted within the data, as the creation/destruction correlations indi-
period, while job destruction is given by total cate.
separations net of those that are refilled within
the period. Panel B of Table 3 compares vola- C. Quantitative Significance of Propagation
tilities of job creation and destruction relative to
manufacturing employment in the LRD and We now assess the degree to which produc-
tivity shocks in our model are amplified and
made more persistent. To clarify the discussion,
we break down our measurement of propaga-

" Data series for Table 3, Panel A and Figure 5 are tion effects into two categories. First, a produc-
seasonally adjusted, quarterly, taken from CITIBASE. The

variable Q denotes real gross domestic product (GDPQ),

divided by over-age-16 population, including resident

armed forces, middle month (PO16). The variablede- 1% Data series for Tables 3 (Panel B) and 4 are quarterly,
notes real consumption of nondurables (GCNQ) plus realseasonally adjusted by regressing the log of each series on
consumption of services (GCSQ) plus real government con-seasonal dummies. The varialilee denotes job-creation
sumption expenditures and gross investment (GGEQ), allrate for both startups and new establishments (POS), from
divided by PO16. The variabledenotes real expenditures Davis et al.’s “Job Creation and Destruction” database. The
on durable consumption (GCDQ) plus real investment variable des denotes job-destruction rate for both shut-
(GIFQ), all divided by PO16. The variabh denotes civil- downs and new establishments (NEG), from “Job Creation
ian labor force, total employment, monthly (LHEM), con- and Destruction” database. The variahlelenotes employ-
verted to quarterly by simple averaging, divided by PO16. It ees on nonagricultural payroll, manufacturing, monthly
should be noted that measured consumption in the simulatedLPM®6), from CITIBASE, transformed into quarterly series
data includes only consumption of market-produced output, starting at the middle month of each quarter, divided by
in line with the empirical consumption data. PO16.

des = p, — p"Aj,
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TABLE 4—DyNAMIC CORRELATIONS OFJoB FLOwS

-3 -2 -1 0 1 2 3
Covicre,, o N U.S. data 0.27 0.15 004 -019 -058 —0.68  —0.60
Model 0.17 0.13 006 -014  -070  —068  —052
Covides, ., N/ US.data -063 -065 -059  -0.35  —0.01 0.29 0.45
Model -035 -053 -072 -078 —024  —0.02 0.08
Covicre,, ., des] US.data —-0.39  -044  -047  —043  -0.14 0.18 0.34
Model -013  -0.14  -022  —0.47 0.43 0.57 0.48

Notes U.S. data are 1972:2-1988:4. All series are logged and H-P filtered.

than that generated by the EJD model, while the
Hansen model delivers still greater impact magni-
fication. Total magnification in the EJD model, in
contrast, is much larger than is impact magnifica-
tion, indicating that the model generates signifi-
cant persistence. Total magnification is just under
twice as large as impact magnification, with pro-
ductivity shocks being magnified roughly two and
one-half times in their effect on output. In con-

0088 Destruction Rate

R e v ss e w.  trast, impact and total magnification are virtually
the same in the RBC and Hansen models, indicat-
FIGURE 3. IMPULSE RESPONSES ORJoB CREATION AND ing that persistence is nil.
DESTRUCTION TO ANEGATIVE PRODUCTIVITY SHOCK These results are expressed graphically in

Figure 4, which presents impulse responses for

aggregate productivity together with output in
tivity shock may be magnified in its effect on the three models. In the RBC and Hansen mod-
output within the period that the shock occurs, els, the shock is magnified in the initial period,
which we refer to agmpact magnificationSec-  but thereafter output dynamics track the produc-
ond, following the initial period, the output ef- tivity dynamics very closely. Persistent output
fect of the shock may die away more slowly effects are vividly apparent for the EJD model,
than the effect on productivity, so that the shock however, as the adjustment of output toward the
has a more persistent effect on output. Thesteady state is much slower than the productiv-
combined effects of impact magnification and ity adjustment.
persistence give rise ttmtal magnificationof The added persistence introduced by our
the shock, reflecting the greater effect on outputmodel is helpful for explaining the autocorrela-
in all periods. Impact magnification is obtained tion structure observed in U.S. data. Figure
by comparing the output reduction associated5 depicts the autocorrelations of output growth
with a one-standard-deviation negative produc-rates in U.S. GNP over the period 1961:1—
tivity shock with the corresponding productivity 1993:4, together with corresponding autocorre-
reduction. We measure total magnification by lations for output growth in the EJD and RBC
the ratio of the standard deviation of output to models?® Autocorrelations for the growth rate
the standard deviation of productivity. of the aggregate productivity shock are roughly

Table 5 reports impact and total magnification equivalent to the horizontal axis and have been

for our endogenous job destruction (EJD) model,omitted from the figure. The EJD model ac-
as well as for a standard RBC model with variable counts for much of the difference between the
hours and Hansen's (1985) indivisible labor GNP data and the productivity shock, especially
model (other columns are explained below). All in the first-order autocorrelations, while the
three models generate impact magnification, in the
sense that the output adjustment exceeds the re-
duction in productivity. The RBC model generates 2o oytocorrelations in the Hansen model are nearly iden
impact magnification that is somewhat greatertical to those in the RBC model.
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TABLE 5—IMPACT AND TOTAL MAGNIFICATION

Fixed Exogenous
EJD RBC Hansen capital separation CCA
Impact magnification 1.28 1.57 1.86 1.30 1.00 1.52
Total magnification 2.45 1.55 1.86 1.85 1.25 2.85

------ Productivity e

Exogenous-Separation Output

RBC Output Fixed-Capital

Output

£.D Output

Hansen
Output

£4D Output
CCA Output
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time

FIGURE 4. IMPULSE RESPONSES OFPRODUCTIVITY AND
OuTPUT TO A NEGATIVE PRODUCTIVITY SHOCK

I EEEEEEEEEEEEEEEEEE
time

FIGURE 6. IMPULSE RESPONSES OFPRODUCTIVITY AND
OuTPUT TO A NEGATIVE PRODUCTIVITY SHOCK

03 tion in the case of a fixed capital stock is equal
025 to that of the EJD model, but total magnification
5 o2 o pa is substantially lower in the former case, reflect-
% o ing lower persistence of output effects in the
? o &0 absence of capital adjustment. Impulse re-
8
2

sponses for output are given in Figure 6, where
the added persistence contributed by capital ad-
justment shows up clearly.
Impact magnification in the exogenous sepa-
. 2 3 . ration case is virtually nonexistent, as seen in
o Table 5. Thus, output reductions remain small
relative to the EJD model, and total magnifica-
tion is only 1.25. Figure 6 illustrates this com-
parison graphically. Autocorrelations for the
RBC model generates autocorrelations that areexogenous separation case, shown in Figure
substantially equivalent to those of the shock. 5, represent a slight improvement over the RBC
To assess the importance of interactions be-model but are still far from those observed in
tween capital adjustment and fluctuations in thethe data. From this we conclude that fluctua-
job-destruction rate, we recompute equilibria of tions in the job-destruction rate are central to
the model under two alternative scenarios: first,producing the impulse magnification and per-
the capital stock is fixed at its steady-state levelsistence underlying our total magnification re-
(“Fixed Capital”); and second, all separations sults®?
are exogenous, with the exogenous separation
rate set at 10 percent (“Exogenous Separa-
tion”).?* As seen in Table 5, impact magnifica- b = 0 andp* = 0.10; since home production is zero,
workers and firms will never voluntarily sever their rela-
tionships, and all separations are exogenous. The Table
1 parameters are used for this case also, exceptcthat
21|n the fixed-capital scenario, equilibria are recomputed 2.35 isspecified to better match the U.S. data.
using the parameters of Table 1, with the capital stock fixed 22 Our finding of little persistence in the exogenous-sep

at its steady-state value, so that (12) does not apply. Thearation case may appear to conflict with results of Andol-
exogenous separation scenario is implemented by settingatto (1996), who considers a dynamic general-equilibrium

S —— e ———
RBC
Exogenous Separation

FIGURE 5. AUTOCORRELATIONS OFOUTPUT GROWTH RATES
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D. Persistent Idiosyncratic Productivity that incorporates persistent idiosyncratic pro-
ductivity shocks>

Thus far we have restricted attention to the
case of i.i.d. idiosyncratic productivity shocks. IV. Costly Capital Adjustment
It is more realistic, however, to allow for per-
sistent productivity differences across firms. Thus far we have explored how interactions
Further, Hall (1999) has linked persistent pro- between capital adjustment and job destruction
ductivity differences to concentration of job- serve to propagate shocks when capital is cost-
destruction spikes in the U.S. da&fiThus, itis  less to adjust. The propagation mechanism be-
important to ask whether our propagation re-comes considerably stronger, however, when
sults are consistent with the presence of idio-capital adjustment is costly. Further, the as-
syncratic persistence. sumption of significant capital-adjustment costs

To assess this issue, let the production func-seems plausible empiricalfy. In this section
tion now be given byza;d;; f(ki;), whered,,  we modify our model to assess the importance
indicates a persistent component of idiosyn-of this effect. To avoid complications, the mod-
cratic productivity, and the other variables are ified model ties capital-adjustment costs to im-
defined as before. Assume tltht may assume perfections in negotiating rental contracts.
two possible values and that the realization of In contrast to the setup in Section I, subsec-
d;; for a particular employment relationship is tion A, we now assume that the firm selects
determined once and for all when the match iscapital k;; before observing the idiosyncratic
first formed. The processes far and a;; are  productivity shocka;; and the exogenous sepa
specified as before. The parameters for the modration shock. The aggregate shogkis still
ified model are the same as in Table 1, exceptobserved beford;, is chosen. When capital is
that o, is lowered to 0.055 in order to generate selected, the firm obtains an option to uUsg
the same volatility of H-P-filtered aggregate units of capital at a cost of, per unit. We
output as under the original parameterization.assume that the firm can avoid making pay-
The possible values af;; are 0.99 and 1.01, ments for capital if the relationship is severed,
each realized with probability 0%. For this i.e., the firm may declare bankruptcy in lieu of
version of the model, total magnification be- making payments. Thus, the firm’s optimal
comes 2.43, which is essentially unchangedchoice of capital now solves the following prob-
from the earlier results. We conclude that our lem:
propagation results can be extended to a setting

maXJ’ [z.ai kit — riki ] du(ag),
Kit .

model with labor-market matching and an exogenous sep- . . .
aration rate. Part of the difference is explained by the factWhere the value Oait is determined by'
that, in calibrating his model, Andolfatto utilizes a quarterly
worker matching probability of roughly 20 percent, which zay (K —rki + g, = b+ wf.
implies an unemployment duration of five quarters. Andol-
fatto obtains this measurement by including in the worker
matching poolall adults who are out of the labor force,
together with the unemployed. Recomputing the equilib-
rium of the exogeneous separation case of our model using
Andolfatto’s worker matching probability yields a signifi- 25|n this modification of the model, a negative produc
cant increase in persistence. tivity shock will destroy a larger percentage of relationships
23 Hall argues that destruction spikes involve substantial having the lower value d;,, and following the shock there
numbers of “vulnerable” employment relationships, having will be fewer of these low-productivity relationships; this is
persistently low idiosyncratic productivity. Subsequent a version of Hall's (1999) concentration effect. Total mag-
spikes cannot occur until the stock of vulnerable relation- nification remains high despite the concentration effect,
ships has been rebuilt. The modified model discussed belowhowever, since the lower value of the standard deviation of

These conditions replace the earlier equations

does exhibit this concentration effect. a;; operates to increase the average output loss associated
24This represents a very large persistent effect: the in with breakups.
crease in the equilibrium value of a match drawihg = 26 valerie A. Ramey and Matthew D. Shapiro (1998b),

1.01versusd;; = 0.99amounts to 28 percent of per capita for example, study cases in which equipment is resold at a
output. significant discount following factory liquidations.
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(1) and (2). Note thak?, no longer depends on significant increases in impact and total magni-
a;; in this case. fication, relative to the benchmark EJD model

Since rental payments are not obtained fromwithout capital-adjustment costs. Productivity
firms whose employment relationships are sev-shocks in the CCA case are magnified nearly
ered, the household wealth constraint (6) is re-three times in their effect on productivity. The
placed by: impulse response of output in the CCA case is
shown in Figure 4, where the greater amount of
total magnification shows up clearly. Further,
autocorrelations of output growth rates are very
similar to those shown in Figure 5 for the EJD
model?®

Ci+ Kipr =1+ B+ (L= p)(1— p)ry

+1 - 8)K,.

Finally, the capital-market equilibrium condi- V. Conclusion
tions (11) and (12) are replaced by:

In this paper we have analyzed a macroeco-
nomic propagation mechanism associated with
cyclical fluctuations in the job-destruction rate.
The model endogenizes the determination of the
job-destruction rate as part of a dynamic general
equilibrium with labor-market matching. Quan-
titatively significant propagation effects are
demonstrated, both with respect to magnifica-

Our notion of capital-adjustment costs is mo- tion of shocks on impact and persistence of
tivated by the idea that renting capital to a firm output effects. Interactions between capital ad-
involves a certain amount of commitment by the justment and the job-destruction rate, linked to
capital supplier (e.qg., firms differ in their loca- reductions in capital demand and household in-
tions or engineering specifications, so that cap-vestment, play an important role in propagating
ital is not immediately transferable across shocks. Our results suggest that interdependen-
firms). Further, firms are unable to commit con- cies between capital and labor markets may be
tractually to making rental payments under fu- of central importance in propagating shocks.
ture contingencies. When productivity turns out Further, policies that counteract the negative
to be lowex postthe firm can walk away from effects of recessionary investment reductions,
the rental contract, and the supplier is left to by boosting investment or strengthening em-
bear the cost of idle capital for one period. ployment relationships during recessionary ep-

We recalibrate the model under the assump-sodes, have the potential to provide significant
tion of costly capital adjustment, obtaining re- benefits.
sults closely comparable to those reported in A useful extension of the current model
Tables 3 and 4 for the costless adjustmentwould involve closer examination of the nature
case?® In Table 5 it may be observed that the of capital and labor adjustment and the sources
costly capital-adjustment (CCA) model leads to of aggregate shocks. Recent work by Ramey

and Shapiro (1998a) has focused on costs of
reallocating capital across sectors in the face of

27 This specification of rental contracting rules out the SNOCKS to government spending. Incorporating
possibility of renegotiating a lower rental payment to the these ideas into the current framework would
capital supplier when this is mutually beneficial. We adopt magke possible a rich synthetic analysis of factor

this specification in order to avoid substantial complications adjustment. A further useful extension would
arising from three-way renegotiation between firms, work-

ers, and capital suppliers. Such renegotiation would serve to
lower the job-destruction margin relative to the simpler
version without renegotiation. We believe this should not paper for empirical evaluation of the model with costly
significantly affect the propagation results, however, once capital adjustment.

the model is recalibrated to account for the lower job-  2°It should be noted that idle capital imposes a high

N,k = K;,
C. 7= BE[C (1 - p"

X (L=plidlii+1-9)]

destruction margin.
28 parameters are the same as in Table 1, excepbtkat
2.077,c = 0.196, ando, = 0.098. See oumorking

social cost in the CCA model. Moving from the CCA to the
EJD model under the CCA parameters raises output and
consumption by 21 percent each in the steady state.
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