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Abstract

This papers investigates the propagation properties of credit market imperfections when
they affect the cyclical reallocation of labor. A costly state verification problem in the
capital lending relationship leads to endogenous job separations of two types: workers lose
their jobs either because firms downsize to meet their interest payments or because the
production unit is shut down following bankruptcy. When calibrated on firm-level gross
capital and worker flows, this generates a powerful propagation mechanism, measured as
amplification of exogenous shocks and high persistence in output growth, as credit frictions
affect the large flows that are worker layoffs. In addition, while matching key labor market
statistics, the model implies that the cyclicality of employment adjustments are driven by

both job losses and hirings, as documented in recent empirical research for the U.S..
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1 Introduction

Of the many potential explanations for labor being separated from its current employment, this
paper investigates the role and implications of separations due to credit market imperfections.
Informational asymmetries between capital lenders and firms can lead to signals of financial
distress, such as bankruptcy filings and default rates, that are counter-cyclical. And although
the capital flows concerned in asset liquidation during bankruptcy are modest, the large flows
involved in labor separation imply that the potential implications of countercyclical layoffs due
to credit market imperfections for business cycles are significant.! In addition, credit market im-
perfections provide a rationalization for endogenous labor separations which, as recent evidence
shows, play an equally important role as hirings in explaining the variability of employment.?

Introducing endogenous layoffs to meet interest payments on debt contracts is motivated
by three observations from firms having filed for bankruptcy. Using data for all publicly listed
firms in the U.S. having filed for bankruptcy since 1980, it is possible to follow the changes to
sales of property, plant and equipment (PP&E) and employment in the years preceding and
following a filing for bankruptcy protection. First, as documented in Section 2, it appears
that sales of PP&E show no discernible trend in the years running up to bankruptcy, and spike
during the first two years after filing. Firms do not, as might have been expected, run down
their assets to avoid having to file for bankruptcy protection. Second, firms tend to diminish
the size of their labor force in the years running up to a bankruptcy filing, while the change
in employment stabilizes afterwards. Third, while the workforce is contracting, output per
employee increases up to the date of filing for bankruptcy.?

Section 3 models imperfections in the allocation of labor and capital, in the form of a

search and matching process, in the presence of a costly state verification type of credit market

'A model of search in physical capital was first explored in Kurmann and Petrosky-Nadeau (2007). An
extension introducing endogenous capital separation, or liquidations, found the quantitative implications to be

small.
2 Not only are both flows very volatile over the business cycle - the standard deviation of total job creation

and job destruction are as much as three times larger than that of GDP - separation hazard rates are strongly
countercyclical and job finding rates strongly procyclical. See Davis, Faberman and Haltiwanger (2006), Fujita

and Ramey (2006), Yashiv (2006), Elsby, Michaels and Solon (2007), Fujita and Ramey (2007).
3There are two possible interpretations to this observation. First, it may be that, in order to meet a certain

level of production, firms require remaining employees to supply additional effort. Second, it may be that these

firms are terminating the least productive jobs, raising the average labor productivity in the process.



imperfection (Townsend, 1979). As in Kurmann and Petrosky-Nadeau (2007), this takes the
form of an idiosyncratic productivity shock - which occurs after all optimal decisions are made
and factor price equilibria are established - observable to the lender only at a cost. This
assumption of asymmetry between capital lender and firm gives rise to an agency problem, and
results in a debt contract that is characterized by endogenous capital liquidation from firms
whose productivity falls below a state-dependent threshold.

Given the debt contract, once firms observe the realization of the idiosyncratic productivity
shock they may lay off a fraction of the workforce, conditional paying a firing cost proportional
to the negotiated wage and before production takes place, thereby saving on labor costs in order
to avoid monitoring or having to default on their interest payments. However, firms require
additional effort from the remaining employees to meet the beginning of period production plan.
This addition of layoff uncertainty and work effort is incorporated into the worker’s value of
the current job, thereby affecting the negotiated wage. On the one hand greater job loss risk
pushes up the wage, as does the expected additional work effort. On the other hand, the wage
is decreasing in the size of the severance payment.

The motivation for the approach chosen to model frictions to the allocation of labor and
capital rests first on the observation of similar patterns of congestion on both markets, detailed
in Section 2.  While the phenomenon is well know for labor flows, it is also the case that
physical capital is often specific to a particular task and location, making its reallocation to
another firm time consuming and costly. Second, just as worker flows involved in employment
adjustments are large, often amounting to over 10% of employment on a quarterly basis, gross
flows of capital additions and substractions average 9.7% and 7.3% of undepreciated capital
stocks, respectively.

The quantitative implications of the model, explored in Section 4, establish that credit
market imperfections can have significant aggregate consequences when they affect the cycli-
cal reallocation of labor. When calibrated on firm-level gross capital and worker flows, this
generates a powerful propagation mechanism, measured as amplification of exogenous shocks

and high persistence in output growth, in which counter-cyclical changes in the rate of layoffs

* As reported in Ramey and Shapiro (1998), and largely confirmed by the work of Eisfeldt and Rampini (2006).
While this is documented in Section 2, the reader is referred to Kurmann and Petrosky-Nadeau (2007) for more

details regarding congestion and reallocation on physical capital markers.



due credit frictions are central. This is because the flows involved are large enough to affect
aggregate outcomes. A model with endogenous capital liquidation, which concern a very small
fraction of the aggregate capital stock, but only exogenous worker separations generates little
to no amplification. At the heart of the high persistence in output growth lies the congestion
on labor and physical capital markets. The added contribution of endogenous layoffs is to con-
tribute to higher autocorrelation in output growth at two and three lags, as is the case in the
quarterly time series for U.S. GDP.

The dynamics of labor adjustments, which are key to the model’s propagation properties,
also fit closely the empirical evidence. The variability of aggregate employment and unem-
ployment are consistent with their empirical counterparts, while it is too low in models with
exogenous separation or search frictions in labor markets alone. As in the data, the job finding
hazard increases steeply in an expansion, and as recent evidence has re-established, the job sep-
aration rate is strongly counter-cyclical.” By decomposing the variability of employment into
job creations and destructions, the benchmark calibration implies that 20% of the variability
in aggregate employment is attributable to job separations, which is close to the share reported
in Fujita and Ramey (2007). In addition, as in the data, the model predicts countercyclical
gross job creation flows. This contrasts with models of constant job separation rates which, by
construct, imply that the entirety of employment variability is due to changes in the rate of job
creation, and generate total job creations are procyclical.®

The model also sheds some light on the joint observation of countercyclical signals of financial
distress and mildly procyclical capital liquidation at these firms. Indeed, capital liquidation
attributable to financial distress, defined as the sum of sales of PP&E by firms in financial
distress and the stock of PP&E of firms exiting due to bankruptcy, shows a moderately positive

correlation with output over the business cycle.” Along with a counter-cyclical default rate, the

?See in particular Fujita and Ramey (2006), Yashiv (2006), Elsby, Michaels and Solon (2007), and Fujita and

Ramey (2007).
SExamples of such models, motivated by the conclusions of Shimer (2005a,b) on the acyclical nature of job

separation rates, include Blanchard and Gali (2006), Gertler and Trigari (2006), Rotemberg (2006) and Rudanko

(2006).
"These correlation relate to a sample covering 1980-2004. In Kurmann and Petrosky-Nadeau (2007) the sam-

ple ends with the last reported retirements of PP&E in 1993. The different samples reveal opposite correlations
of the liquidation rate. The present model can be calibrated to match either correlation. However, given the

very small size of the flows involved this does not affect the main quantitative results related to propagation and



model generates the procyclicality of capital liquidations due to financial distress observed in
the data. The latter is linked to the strong procyclicality of the capital matching hazard as the
optimal liquidation decision involves an arbitrage between the value of the capital match net of
the current reinjection of funds and the value of recuperated capital. This is strongly affected by
the congestion on physical capital markets by which it is much less costly to reallocate capital
in an upturn. Thus, the value of liquidated capital is comparatively lower in a downturn leading
to fewer liquidations of capital at firms under bankrupcty.

This paper is closest in spirit to that of Wasmer and Weil (2004) who consider the impli-
cations of credit and labor market frictions when hiring is conditional on entrepreneurs having
first located a creditor.® While they establish an accelerator mechanism of endogenous layoffs
due to credit frictions, their investigation is not in a quantitative DSGE framework. It is also
closely related to the work, initiated by Mertz (1995) and Andolfatto (1996), of integrating
the Mortensen-Pissarides (1994) framework for labor markets into quantitative DSGE models.”
In particular, it relates to the work of Den Haan et al. (2000) who investigate the propa-
gation induced by incorporating endogenous job separations, and the case of frictions in the
allocation of physical capital explored in Kurmann and Petrosky-Nadeau (2007). The former
paper’s result of propagation is corroborated, although for different reasons. The mechanism
involved in capital separation, key to their strong result, is founded on credit frictions and is
not central to the results of this paper. Central here are labor separations, which are mod-
eled differently. The latter paper, while contributing by introducing search in physical capital
to a DSGE framework, found no significant quantitative implications, even with endogenous
countercyclical capital separation due to financial distress. As this paper shows, credit market
imperfections can have quantitatively important consequences when they affect the dynamics
of employment adjustments, as they can operate through the important flows that are worker

layoffs.

labor markets.
®Indeed, this paper even borrows from the title of their 2004 article.
9Other recent contributions, in a New Keynesian setting, include Krause and Lubik (2007).



2 Worker flows, capital flows and the business cycle

This sections serves as a motivation for the chosen approach to modelling worker and capital
reallocation. The empirical evidence on gross worker and capital flows is reviewed first, before
examining the evidence of congestion phenomenons on both factor markets, and how these
relate to the business cycle.!? Finally, the relation between separations, of both workers and
capital, and financial distress is documented, motivating the structure for layoffs and capital

liquidations in the model.

2.1 Labor and capital flows

The labor literature has long documented the large flows of labor in and out of employment. In
their seminal work, Davis, Haltiwanger and Schuh (1996) report that annual flows of job creation
and job destruction in the manufacturing sector amount to 9.1% and 10.3% of employment,
respectively. More recently, data from the Business Employment Dynamics (BED) data set,
a virtual census of establishments discussed in Davis, Faberman and Haltiwanger (2006), show
average quarterly job creation and job destruction rates over the period 1990-2005 of 7.9 and
7.6% of employment, respectively.

Similar observations are being uncovered for the allocation of physical capital. While the
capital stock computed in the NIPA is the sum of current and past new investment, adjusted for
depreciation, a bottom-up approach is needed to measure gross flows of physical capital. Based
on a sample of publicly traded firms, Eisfeldt and Rampini (2006) estimate that annual gross
investment, defined as the sum of capital expenditure and acquisition of used capital, averages
22% of the total capital stock. The reallocation of used capital, as reported in Eisfeldt and
Rampini (2007), makes up to 24% of gross investment. Using the same data set, Ramey and
Shapiro (1998) estimate that gross flows of capital additions and substractions average 9.7%
and 7.3% of undepreciated capital stocks, respectively. Thus flows of physical capital in and out
of firms, even though capital, new and used, is often specific and tied to a particular location,

are comparable to the job creation and destruction flows reported above.

0The dicussion on the emprirical evidence for capital flows and congestion on capital markets draws on

Kurmann and Petrosky-Nadeau (2007), wherein more details and references may be found.



2.2 The dynamics of factor adjustments

Employment adjustments operate through flows of new hirings and job losses. The cyclical
component of the gross job creation and job destruction flows, constructed by Fujita and Ramey
(2006) using the gross flows data from the Current Population Survey (CPS), are both more
volatile than the cyclical component of the industrial production index, their chosen measure
for the business cycle. The variability of both flows is comparable, contrary to the suggestions
made by Shimer ( 2005a, b) and Hall (2005) concerning the acyclical nature of job separations,
lending support to the view that separations play a substantial role in employment adjustment.

Similar conclusions are reach by Elsby, Michaels and Solon (2007) in parallel research.
Bringing a modification to the method of treating the 1994 CPS redesign appears to strongly
affect the estimation of inflows into unemployment. As a result, the 2000/2001 recession is
no longer characterized by weak inflows into unemployment (e.g. Shimer 2005a). The same
authors explore the heterogeneity in flow rates across job leavers, job losers and labor force
entrants. They find that job loser inflows are clearly countercyclical, spiking upward in all
recessions.

Total flows of hirings and job losses are affected by the corresponding job finding and
separation hazard rates, both highly volatile. As calculated by Fujita and Ramey (2006), the
standard deviation of the job finding rate is three times that of the industrial production
index at the business cycle frequency, the separation rate is about 2.3 time more volatile, and
both hazard rates move strongly over the cycle. The job finding rate is strongly procyclical,
with a contemporaneous correlation with output near 0.8. The job separation rate is strongly
countercyclical, with a correlation around -0.7, with its highest correlation (-0.8) at a three
month lag meaning there is a wave of job losses shortly before a downturn (Fujita and Ramey
2006, 2007).'Y By decomposing the variability of unemployment, Fujita and Ramey (2007)
attribute between 38 and 55 % of total unemployment variability to separation rates, revising
Shimer’s conclusions on the acyclical nature of job separations (Shimer 2005a, b).!2

New investment, as reported in the NIPA tables, is known to be highly procyclical. The al-

' Correlations reported were computed for band pass (Baxter and King, 1999) filtered data.
12 As Fujita and Ramey (2007) argue, the approximation of the unemployement rate used by Shimer 2005a does

not actually decompose total unemployment variability. Applying their alternative decomposition to Shimer’s
own data, these authors find that the fluctuations in the separation rate are not small relative to fluctuations in

unemployment.



location of used capital, as evidenced by two measures reported in Eisfeldt and Rampini (2006),
the sales of existing property, plant and equipment, and capital acquired through mergers and
acquisitions with existing firms,'? is equally procyclical. The Hodrick-Prescott (H.-P.) filtered
contemporaneous correlation of sales of PP&E with output is 0.329, while the same measure
for acquisitions is 0.675. Thus gross flows of capital, both in and out of firms, move with the
cycle.

The allocation of capital also appears to display congestions effects akin to the time varying
unemployment duration observed on the labor market. As Kurmann and Petrosky-Nadeau
(2007) document, this is substantiated by the time varying amount of office and industrial office
space left vacant (see Figure 6), which clearly declined during the strong late 90s expansion,
and rose rapidly during the recession following the bursting of the stock market bubble in
2000. This suggests that vacancy duration on the capital market is countercyclical. Further
evidence suggesting that the allocation of physical capital is probabilistic in nature comes from
the well-documented wide distribution of investment rates across firms. At any given point
in time, there is a substantial mass of establishments with zero investment that coexists with
establishments that have investment rates above 20% of their capital stock (i.e. investment
spikes).!*

Finally, the specificity embodied in most physical capital can lead to an equilibrium effect
that Shleifer and Vishny (1992) call asset illiquidity. '> These authors argue that when firms
sell assets or liquidate to meet financial constraints, the specific nature of capital means that the
buyers who value these assets most are likely to be firms in the same industry. But financial
distress often affects industries as a whole, which means that these buyers are likely to be

financially constrained as well. As a result, the assets are sold at a steep discount within the

13This latter quantity is included since mergers and acquisitions not only represent a change of ownership
but often involve important modifications to the composition and use of existing capital. See the references in

Eisfeldt and Rampini (2006) for more details.
“Most of the literature has interpreted this large distribution of investment rates across establishments as the

result of plant-specific productivity and non-convex adjustment costs that lead to (S,s) type investment rules.

See Kurmann and Petrosky-Nadeau (2007) for the discussion and references therein.
15 As direct evidence of these costs, Ramey and Shapiro (2001) use equipment level data about closures of

aeronautical plants, and find that other aerospace companies are overrepresented among buyers, and that even
after taking into account age-related depreciation, the average resale value of equipment is only 28% of the

replacement cost.



same industry or to less constrained industry outsiders who have a lower valuation.

2.3 Financial distress and separations

Separation of labor and physical capital from firms can occur, of course, for many different
reasons. One of these reasons are credit constraints that require firms to sell assets, reorganize
or even declare bankruptcy. While their is convincing evidence that financial distress is counter-
cyclical, it is difficult to evaluate its effects on labor and capital separation.'6

Information contained in the Bankruptcy Research Database enable us to get a step closer
to quantifying the importance and behavior of separations at financially distressed firms. This
database, compiled by Lynn PoLucki at UCLA, contains information on every large public firm
in the United States having filed for bankruptcy since October 1979. The database contains
751 separate cases which can be matched with the Compustat database to obtain detailed
information on firms having filed for bankruptcy over the last 25 years.!'” With this data set
it is possible to explore, in the years preceding and following filing for bankruptcy, actual firm
behavior with regards to employment and capital decisions.

Figure 1 plots the change in the growth rate of employment at financially distressed firms
over a 10 year window around the bankruptcy filing date. The growth rate of employment slows
down during the two years preceding filing for bankruptcy. The year previous to filing, firms
actually reduce the size of their workforce, while the strongest reduction occurs during the year
of the filing, stabilizing thereafter. Unfortunately this information cannot distinguish changes
in employment due to a hiring freeze or a rise in job separations, due to layoffs or quits, as only
information on the number of employees is provided.'®

Given the prospect and the consequences of defaulting on interest payments, one might

'6As evidence to the first point, Covas and Den Haan (2006) document that in the U.S., default rates for
corporate bonds peak at the end of recessions. The H.-P. filtered contemporaneous correlation of default rates
with real GDP is -0.33 for the period 1971-2004. Second, as shown in Figure 7, bankruptcy filings by publicly
traded firms spike during recession years, and the rate of filing has a contemporaneous correlation with GDP of

-0.14.
"In some instances it was not possible to find the corresponding firm in Compustat. See appendix for details

concerning the data and empirical evindence on employment changes and capital separations at financially

distressed firms.
18Indeed, it may be that current employees, observing pirvate information concerning the productivity of the

firm before outsiders, begin to search for other jobs on the current job.
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Figure 1: Employment and sales of PP&E during financial distress.

expect that firms would run down their assets in order to avoid having to file for bankruptcy.
The ratio of sales of property, plant and equipment (PP&E) to the total stock of PP&E reported
by the firm is computed to investigate this. Figure 1 reports the results for a ten year window
around the year of filing for bankruptcy. It is striking that the ratio of sales of PP&E to the
total stock remains relatively constant during the years leading up to a bankruptcy filing, giving
no indication of the coming financial troubles. Sales of PP&E spike during the first two years
after filing as creditors seek to recoup their debt by liquidating the firm’s physical assets. This
lends support to the notion that firms lay off workers to avoid bankruptcy procedures rather
than sell physical capital.

There remains the question of whether, during episodes of layoffs, output at the firm declines
with the workforce. As Figure 2 shows, it appears that output per employee at firms under
financial distress increases steadily in the run-up to a bankruptcy filing. While there are many
candidate explanations for this observation, one is that these firms are requiring more effort
from each of the remaining employees leading to an actual increase in production per employee.

The last observation concerns the business cycle properties of capital liquidations due to
financial distress. As in Kurmann and Petrosky-Nadeau (2007), this is defined as the PP&E
of firms exiting following bankruptcy and the sales of PP&E of financially distressed firms,
which includes the years (-2 -1 0 1 2) around a bankruptcy filing. While bankruptcy filings
rise in a recession, the amount of property, plant and equipment reallocated in connection
with financial distress does not. In fact, it moves moderately with the business cycle, with

a contemporaneous correlation of 0.28 (see Table 1).!Y To gain a clearer image, consider the

19The footnotes to the Compustat database provide information on the reasons for, and date of, deletion from
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Figure 2: Production per employee during financial distress.

cyclicality of each component of capital liquidations. The share due to exits is acyclical, while
sales are highly pro-cyclical. Debtors are more likely to liquidate the physical assets of the
firm during an expansion. Given the specificity and congestion effects mentioned earlier this is
not so surprising. The value of liquidated physical assets is much lower in a downturn, while
finding buyers for capital is easier in an expansion. Thus debtors are able to recoup more
of their loan in an expansion than a recession. The model developed in the next section will

attempt to capture these stylized facts.

Table 1: Business cycle of capital liquidation under financial distress

1980-2004 Std. Deviation* | Contemp. Correlation™
PP&E of exiting firms 2.14 0.07
Sales of PP&E 0.94 0.56
Capital liquidation rate 2.48 0.28

*. relative to output; T : with output.

Second moments are computed for Hodrick-Prescott filtered data.

the data set. Figure 11 plots the business cycle components of the capital liquidation rate and real GDP over
the period 1980-2004. It is first notable that, contrary to financial distress itself, the rate of capital liquidation
due to financial distress appears to be slightly pro-cyclical. It is also apparent that the correlation is much
stronger in the second half of the sample. In fact, when the sample ends the same years as the last reported
capital retirments in Compustat, or 1993 as in Kurmann and Petrosky-Nadeau (2007), the correlation is actually

slightly counter cyclical. See appendix A for details.
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3 Model

The model is populated by two types of agents: firms that produce using labor and capital;
and households who decide on optimal consumption and investment in productive capital.
The allocation of labor and capital from households to firms involves a similar costly and
time consuming matching process. As in Kurmann and Petrosky-Nadeau (2007), the lending
relationship between households and firms is subject to a credit market friction of the costly
state verification type initiated by Townsend (1979), resulting in a debt contract characterized
by endogenous liquidation of capital from firms whose productivity falls below a state-dependent
threshold.

As households monitor when firms are unable to meet their interest payments and acquire
the monitored firm’s output, firms engage in layoffs, subject to paying a firing cost proportional
to the wage bill, in order to save costs and pay the agreed interest on capital, thereby avoiding
monitoring. Firms then require additional effort from the remaining workforce to compensate
for the laid off workers when production occurs. Also, workers at liquidated production units
lose their job.

Several simplifying assumptions made are worth mentioning here. First, there is an in-
surance scheme financed out of aggregate firm profits to pay the remaining wage bill owed to
workers laid off in the period. Second, the idiosyncratic shock, observable only to firms, is
i.i.d and occurs after the aggregate technology is observed and production decisions are made.
These first two assumptions eliminate differences between ex ante and ex post wages. Third,
there is no distinction between firms because the modeling assumptions, in particular the con-
stant return to scale in production, imply that all firms are identical and that firm size is

indeterminate.

3.1 The allocation of labor and capital

The set up of the labor market is quite standard in the labor search literature.?’ Firms post
job vacancies v}’ at a unit cost of 7. Jobs are filled via a constant returns to scale matching

function taking vacancies and unemployed workers M (uy’,v}'). Define 6, = % as the labor
i

20For a formal treatment of the set-up, see Mortensen and Pissarides (1994). The introduction of labor search
to quantitative business cycle reseach is owed to the contributions of Merz (1995) and Andolfatto (1996). Labor

force participation choices are not considered here, individuals are either employed or unemployed.
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market tension, the matching probabilities are W = p(6;) and W = q(6) for firms

and workers respectively. Note that ¢(0;) = 0;p(0¢). Jobs are destroyed at the endogenous

rate ;. Thus employment and unemployment evolve according to

nipr = (1= p)ne + p(0e)vf (1)

uipr = (1= a(0))u + @pne (2)

Physical capital is either in a productive state or in a liquid state. Define by k; the capital
stock that enters the production function of a representative firm in period t. Liquid capital
l¢, in turn, is made up of two components: used capital that has been separated previously
from other firms and new capital made available by households. To undertake investments,
firms must post projects, vf , and search for liquid capital at cost k per project. Projects
and liquid capital, set aside by households, are matched through a constant returns to scale

function G(l;,vf). Define ¢, = l—z as the capital market tension, the matching probabilities
Yt

k k
are G(lfitvt) = p(¢,) and G(ltikvf) = ¢(¢,) for firms and lenders respectively. Also, note that
’Ut

p(¢) = ¢q(¢,). Capital is separated (i.e. liquidated) at the endogenous rate s;. Thus the law

of motion for the stock of matched capital is

ki1 = (1= 6)(1 = se)ke + a(¢y)le- (3)

Liquid capital not matched in the current period, u*, is simply carried forward to the next

period such that uf,; = (1 — q(¢;))ls.

3.2 Debt contract

To model endogenous capital liquidation, as in Kurmann and Petrosky-Nadeau (2007), while
firms perfectly observe the realization of the idiosyncratic shock a;, households can only do
so after paying an auditing cost. This asymmetric information assumption creates an agency
problem because, in the absence of auditing, the firm would always want to missreport a;. The
debt contract to deal with this problem is structured as follows. Households and firms negotiate
the rental rate p, per unit of matched capital prior to the realization of the idiosyncratic
productivity shock a¢. Then, if a; > a; the firm pays p,k¢, the household refrains from auditing
and the capital match continues. If, on the other hand, a; < a; the firm is unable to pay the

negotiated capital rental. In this situation, the household pays the auditing cost to verify the

13



firm’s production and decides on the continuation of the capital match. If a; is above some
threshold a, that is associated with the household’s choice of optimal liquidation, the household
takes all of the firm’s production and covers for the totality of wsn¢, yv) and kvf so as to
continue the capital match into the next period. If instead a; is below the optimal threshold
a,, the household separates the match and takes back its capital stock without receiving nor
paying anything. In this case, the firm is liquidated and the difference between production and
the operating costs of wyn, yvy* and m}f is picked up by an insurance that is funded with the
dividends from profit-making firms (see below).

Anticipating on the household’s optimization problem, the optimal liquidation threshold, a,,
is chosen such that the marginal utility from last unit of capital separated (net of depreciation
and a loss of value due to specificity) equals the expected discounted value of the last unit of
matched capital carried over into the next period net of the current period revenue from the

monitored firm :
Ai(1 = 0)siks = N [Qtyt —wyny — vp — Koy | + (1 — 8)kiBE Vi (g1, k). (4)

Note that if a; is sufficiently low, this may entail injecting additional funds,?! and that
a; > 0 is independently distributed over time with probability density h(a), cumulative density
H(a) and mean E(a) = 1. Given these assumption, the endogenous part of capital liquidation
is defined as

sy = H(ay). (5)

In addition, capital matches are discontinued either for exogenous reasons or for reasons asso-

ciated with credit frictions. Hence total capital separations are
St = ¥+ 8; s (6)

where s* denotes (constant) exogenous separation and s§ denotes liquidation.

3.3 Layoffs and labor relations

After markets have cleared, but before production takes place, firms observe the realization of

the idiosyncratic shock. They are now presented with the option of laying off a fraction of the

21Tt can be shown that a,yr < wing + yvy + k¥ ie. the household is willing to inject additional funds into
loss-making firms to cover win; + YvP + kvF so as to continue the capital match. This is because separated

capital yields zero return in the next period and comes with the risk that rematching takes time.
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workforce, which entails paying a firing cost proportional to the wage bill, in order to save on la-
bor costs and avoid defaulting on interest payments. However if they choose to do so, in order to
meet beginning of period production decisions they are required to have the remaining workers
provide additional effort. This effort is such that the labor effectively entering the production
function is beginning of period employment. It follows that the threshold productivity that trig-
gers monitoring/default, a;, is defined as a;y; = fewing + pike + yoit + m;f , where 0 < fe <1
is the firing cost. Defining, a; as the zero profit threshold a;y: = wine + p ke + v + m)f, given
these assumption, the remaining (1 — f(_zt dH (a))n; workers are required to engage in additional

effort to meet the beginning of period production and labor input decisions. This additional

[t dH(a)
1- [t dH (a) ’
between a; and a;, which itself depends on the firing cost.

effort required by each of the remaining workers, e; = is increasing in the spread

Finally, it is assumed that workers at firms with idiosyncratic productivity a < a,, which
triggers liquidation, also lose their job at the end of the period. Their wage is covered by an
insurance scheme funded out of aggregate firm profits. It follows that the endogenous separation

of labor is defined as

of = /a " dH (a) + / " dH(a). (7)

t 0

As for capital, matches are discontinued either for exogenous reasons or for reasons associated

with credit frictions. Hence,
P = 9" + o5, (8)

where ¢® denotes (constant) exogenous separation, and ¢f denotes layoffs.??

3.4 Firms

At the beginning of each period, households and firms observe the exogenous aggregate tech-
nology, x;. Firms maximize profits subject to the laws of motion for matched labor and capital,
and a constant returns to scale production technology, y; = x¢f(ns, ki) . Given the existing
capital stock k;, and employment n;, firms post job vacancies and investment projects v;* and Uf,

respectively. This yields the following Bellmann equation, where w and p are the remuneration

22Figure 13 in the appendix illustrates the labor and capital separation decisions as a function of the realized

idiosyncratic productivity.
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of labor and capital:

J(ne, k) = max/ [ayt — winy — peky — i — Kop | dH (a)

n .k
Vg5 t

at )\
+(]. — fC) / wtnth(a) + /BEt ;:1 J(nt—i-h kt+1).

t
Given the debt contract described above, firms optimize over realization of the idiosyncratic
shock for which they retains their production. The term (1 — fc) fg * wynydH (a) represent labor
costs saved through layoffs. The firm’s discount rate is BEt’\;—tl because all profits are returned
to the household at the end of the period. The exogeneity of the factor remunerations implies
that firms do not internalize the effects of their employment and capital stocks on marginal

productivities during repayment negotiations (see below).

The first order conditions to this problem,

(vf) : |:1 _ /00 dH(a>:| p(f;t) = ,BEt/\;\—:lJn<nt+1, kt+1) (9)
oh) = - [t S = B A S ) (10)

equate average vacancy costs to expected returns to each factor of production.

at ne

(1—fc) fagf wth(a)+(1—g0t)BEtA§\—tlJn(nt+1, ki+1), can be combined with (9) to form a forward

The marginal value of an employed worker to the firm, J, (n¢, k) = [°° [a(l — o)t — wt] dH (a)+

looking equation for vacancy postings:

- H@) ;(;{t)(at)] = 5Et{)\:1!lt+1(1 —a) Z::ll —wiy1 [ — H(@v1)]
7 (1~ H(a)]
U f0) [ (o) + (e TR )

at

The marginal value of matched capital to the firm, Jy(ng, k) = [°° [aa%ﬁ — pt} dH(a)+(1—
0)(1 —s)BE; )‘3;“1 Jg(net1, key1), combined with the optimality condition (10), yields a forward

looking equation for project postings:

k[1— H(a)] At41 { Yit1

ooy PE

S0 e L= H @)+ (1-9)(1 - StH)*”““‘H(“t“”} |

p(¢t+1)
(12)
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3.5 Households

The representative household, given the existing capital stock k;, and employment n;, makes

optimal consumption and investment decisions in order to maximize the value function:

V(ne, k) = max [log(ct) + BEV (i1, key1)]

cioltya,

subject to the budget constraint ¢; + Iy = R + RF +uf +ub 411, — T; and the laws of motion
for matched labor (1) and capital (3). R and RF are, respectively, the expected revenues from
employment and matched capital. The government raises 73 in taxes to fund unemployment
benefits uf'b. II; are firm profits defined below. uf,; = (1—q(¢,))l; is unmatched liquid capital
in the period carried forward.

Given the presence of credit market imperfections, and the possibility of being laid off in
the period, the expect return from employment is

Rr = (1 - / " dH(a)) fwe — eq] me + / " 08 (a) fewyny

at at
The marginal values of employment and unemployment are obtained by differentiating the

value function:
Vaun(ne, k) = Meb+ BE: [q(01) Vi (nig1, kes1) + (1 — q(6r))Vin (g1, ket1)]

Vaneke) = M (1— / " dH(a)> e — ed] + A / " AH(a) few,

at at
FBE [ Var (N1, kegr) + (1 — ) Va(nagr, k)] -

From the employed worker’s point of view at the beginning of the period (after the aggregate
state has been observed), the probability of not being laid off is (1 - fait dH (a)) , in which case
the negotiated wage wy is paid but a loss of utility from the extra work, e, is incurred. With
probability fi’t dH (a) the worker is laid off and receives a severance payment that is a fraction
of the negotiated wage, fc. The value of being in an employment relationship at the beginning
of the period is therefore an average of these two outcomes, and will enter the wage rule.

Given the debt contract described above, the household’s expected revenue from matched

capital is

a

&) at 2t
Rf = / pkidH (a) —I—/ [(1 — T)ays — wgng — ’yvtL - mvﬂ dH (a) — / Tay:dH (a)
at a; 0
—|—(1 — 5)§t8tklt, (13)
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where the auditing cost to the household is a fixed proportion 7 > 0 of the firm’s revenue,
foatt TayidH (a). The last term, (1 — §)s;s:ky, corresponds to separated capital returned to
the household, net a depreciation and a separation cost. This is a convex cost to adjusting
the liquidation rate introduced in order to capture the loss of value due to the specificity of
capital mentioned above. Thus the value of capital actually returned to the household’s budget

constraint is diminished by a fraction ¢; = g(s¢/s¢—1), with ¢’(e) < 0 and ¢(e) < 0.

Household investment decisions are determined by the optimality condition for liquid capital:

At = BE[q(9) Vie(ig1, k1) + (1 — q(@4)) Var (i1, k1)) (14)

which equates the opportunity cost of forgone consumption to the expected value of additional
liquid capital, composed of the marginal values for matched and unmatched capital. The

corresponding marginal values for capital are:

Vuk(nt,kt) = )\t,

ORF
Vi(ne, k) = M [%ﬂ + (1 =06)(1 = s¢) BEVi(nps1, kegr)-

ORk 0o

where 7t = [ pydH (a) + f;:(l —T)aajtdH (a) - o TaajtdH (a).

3.6 Factor remunerations

In line with much of the labor search literature, the surplus of the worker-firm and lender-firm
relationship is split according to Nash bargaining. As discussed above, this bargaining process
takes place before the idiosyncratic shock a; is realized. In each case, the surplus is the sum of
marginal benefits to each party, and marginal factor products are taken as exogenous in each
negotiation. For simplicity the household’s relative bargaining power, n, is the same in each

negotiation.

3.6.1 Labor

The surplus from the worker-firm relationship is defined as S}* = J,,(n¢, ki) + V"(nt’kt);:/“”(nt’kt).

Vi (na,ke) =Viun (ne,ke)
At

Nash bargaining implies that the worker receives = 1Sy, and the firm receives

Jn(ng, k) = (1 —n)Sp. The negotiated wage is given by the expression

b+ (1 - /~ dH(a)) e

[e o]

we =1 [(1—a) /aooadH(a)iZ—i—’yGt[l—/ Q.

at at

dH(a)]} (1)

(15)
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where Q, = wy [77[1 - faoto dH (a)] 4+ (1 — fe) fzit dH(a)} . Aside form being increasing in the
marginal product, as will be the capital repayment rule, the negotiated wage contains two
terms related to layoffs due to credit frictions. First, the negotiated wage is increasing in
the additional effort required. Second, the term 2; captures two elements. The first term in
brackets corresponds to a sharing between worker and firm of the fact that firms are optimizing
only over the range [a;, co(. The second term in brackets corresponds to a sharing the benefits
from being able to lay off workers, by which the lower the firing cost, the higher the negotiated
wage. Finally, the labor tension term captures the effect of market conditions on the outside

option during negotiations, while b captures the opportunity cost of the match to the worker.

3.6.2 Capital

Vie(ne,ke) =V, i (ne,kt)
At :

The surplus from the lender-firm relationship is defined as S = Ji(ny, kt) +
The rental rate resulting for Nash bargaining is given be the expression:
Yt

pr=1 ﬂta?t+(1_5>(1_3t)§t[1_H(at)} A=+ A=0)1—-c)s]+ P  (16)

where ®; = p,H(a;) — (1 —n)(p, — fy — 7(1 — 1))t

Again, the market tension term captures the effect of market conditions on the outside
option during negotiation, while § captures the opportunity cost of the match. The term ®; in
the repayment rule for capital captures the risk that follows from asymmetric information and
the debt contract: it is expected that some firms will default and that a monitoring cost will

be paid. The Details concerning the derivation of (15) and (16) are presented in the appendix.

3.7 Closing the model

A simplifying assumption was the existence of a state contingent insurance that covers for any
shortfall in wage payments and costs of job vacancy and project postings left over by bankrupt
firms. Aggregating over the different firms, the total amount of profits transferred to the

household is defined as
0o at
I, = /~ [af(nt, ki) — pike — wing — o — m}f} dH (a) —|—/
at at
a, at
—I-/ [af(nt, kt) — wing — oyt — m}f} dH (a) — / (1 — fe)wnidH (a).
0

at

[af(nu ki) — piki — fewgng — yof!

k

00 a,
I; = / [af(nt, k) — pike — wing — yoit — m}f} dH(a) +/ [af(nt, k) — wing — yvf — m}f] dH (a)
a 0

t
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Combining this definition with that for the return to employment and productive capi-
tal, and the household’s budget constraint, leads to the following familiar aggregate resource
constraint:

y [l —7(1 — )] = e + i + [wa + 'yvﬂ , (18)

where i7" = I — (1 — 0)ss Skt — uf corresponds to new investment. Resources consumed due to
monitoring of firms is captured by the term 7(1 —7z,). The bracketed term on the expenditure
side corresponds to posting costs.

The equilibrium of this economy is defined by the system of equations (1)-(17), aggregate

production z;f(n¢, k) and the aggregate resource constraint.

4 Model dynamics

The quantitative implications are evaluated by comparing the business cycle performance of the
model to a model without endogenous layoffs, one with credit market imperfections but only
exogenous labour separation, and one with search frictions in labor the market alone, in terms
of impulse response functions and unconditional second moments. Labor market implications
are also evaluated by computing contributions to employment fluctuations due to job creations

and job destructions.

4.1 Shocks and functional forms

Following much of the real business cycle literature, aggregate technology is assumed stationary
and to evolve according to

logz = p, logws—1 + €,

with €7 ~ (0,02) and 0 < p, < 1.

For household preferences, period utility is defined as u(c) = logc. The production technol-
ogy is a Cobb-Douglas function with constant returns to scale of the form z f(n, k) = xn! =%k
with 0 < o < 1. The idiosyncratic shock a is assumed to follow a log-normal distribu-
tion with mean F(a) = 1; i.e. log(a) ~ N(—ai’g(“),aig(a)). Finally, following much of the
labor literature, the matching technologies are Cobb-Douglas, M (u”,v%) = &(ul)X(vl)1=x

and G(v*,1) = (1)1 =¢(v¥)¢ ,with 0 < e < 1 and 0 < x < 1.
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4.2 Calibration

The model is calibrated to quarterly data. For the parameters that are common with the RBC
literature the calibration is standard. The discount factor § = 0.99 is set so as to match an
average annual real yield on a risk less 3-month treasury bill of 4.1%. The share of capital in the
production function is set to & = 1/3, and the rate of depreciation of capital to § = 0.025. This
corresponds to an annual decline of productive use of capital of 10%. Finally, the parameters
of the exogenous process are p, = 0.979 and o, = 0.0072.23 A list of parameters and their

values is reported in Table 2.

Table 2 : Parameter values

Discount factor I} 0.99
Capital depreciation rate ) 0.025
Production function parameter « 0.33

Cost of employment vacancy vy 0.05
Elasticity in labor matching function X 0.6
Elasticity in capital matching function € 0.75

Household bargaining power n 0.5

Capital matching rate q(¢) | 0.5

The calibration reported in Kurmann and Petrosky-Nadeau (2007) is adopted for the para-
meters proper to the capital market. The quarterly steady state separation rate of s = 0.01 is
such as to match the long-run averages from the firm-level data discussed in Section 2. Together
with ¢ = 0.025, this calibration implies that 71% of all separations are due to depreciation (i.e.
retirement) and 29% are due to sales and firm exits / acquisitions, which is consistent with the
proportions reported by Ramey and Shapiro (1998). Furthermore, the values of s and § result
in the following steady state gross investment rate (using the capital accumulation equation)

G(v*,1)

T = 1= (1= 8)(1 - 9)] = 00348,

which translates into a yearly investment rate of 14% — a rate that corresponds to the range of

values computed by Ramey and Shapiro (1998) and Eisfeldt and Rampini (2006). The loss of

**These are the values used in Kurmann and Petrosky-Nadeau (2007), and were obtained by extracting a

Solow residual from the data, removing a linear trend and estmiting the AR(1) process.
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capital value following liquidation is set to ¢ = 0.95 such that investment in used capital as a
fraction of gross investment, ¢(1—4)s, coincides with the 24% reported by Eisfeldt and Rampini
(2007). The share of capital separations attributable to financial distress the sample period
1980-2004 is approximately 5%, and the elasticity of the loss of value due to capital specificity
is set such that the relative volatility of s® in the model coincides with the one in the data.
Much recent work has been done in the business cycle literature to incorporate matching on
the labor market, and the calibration reported in Gertler and Trigari (2006) is followed closely
here. The cost of job vacancies is set to v = 0.05. The elasticity in the labor matching function,
X, is set to 0.6. Steady state unemployment is set to 7%. Finally, the firing cost is calibrated
such that the steady state endogenous job destruction rate is 0.03, or 1/2 of total separations,
which is in-line with evidence on the layoffs rate in Davis, Faberman and Haltiwanger (2006).
This calibration implies a standard deviation of the idiosyncratic productivity, o,, of 0.23.
This calibration implies a steady state labor share of approximately two thirds, as in the
data. Consumption is approximately three quarters of output, while total unemployment
benefits constitute around 4% of GDP. The remaining steady state values are presented in

Table 3.

Table 3: Implied steady state values

Job finding rate q(0) 0.79
Total Job destruction rate ® 0.06
Share due to endogenous separations 0/ 1/2
Labor share 0.67
New investment-capital ratio i/y 0.025
Total investment-capital ratio m(UTkL) 0.0348
consumption-output ratio cly 74.5 %
Vacancy cost-output ratio vl [y 0.25 %
Project posting-output ratio Kok [y 0.41 %
Total unemployment benefits - ouput ratio | (1 —n)b/y | 4.75 %

4.3 Simulation results

The model’s performance is analyzed in two stages. First, the propagation poperties and

the dynamics of employment adjustments are examined, evaluating the contributions of job
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creations and job separations. The dynamics of physical capital are evaluated second. In both
instances the analysis is based on impulse response functions to an expansionary innovation

and a variety of unconditional 2nd moments.

4.3.1 Propagation and the dynamics of employment adjustments

To begin investigating the propagation properties of credit market imperfections when they
affect the cyclical reallocation of labor, Figure 3 plots the impulse response function to an
expansionary technological innovation for output for the model and the two comparison cases.
The solid line plots the responses for the benchmark model with endogenous labor separation
and capital liquidation. The first alternative model, characterized by exogenous separation of
labor and endogenous capital liquidation, is represented by the starred line. Finally, a model
with matching only on the labor market is represented by the circled lines.

Output
18— -

17+ e S . - - - —©— Labor search
—%— Labor and capital search

Deviation from steady state

Figure 3: Impulse reponses to an expansionary technological innovation.

Comparing impulse responses, the striking feature of the benchmark model is the amplifi-
cation of the response of output to the technological innovation. This is both in terms of the
impulse responses and unconditional second moments presented in Table 4. The standard devi-
ation of output for both comparison models is approximately 1.2, while in the proposed model
it is of 1.33. The source of the difference is the state dependent rate of layoffs affecting directly
employment, as the response for output in both comparison model are almost identical. The
first quadrant in Figure 4, which plots the response of the aggregate employment, makes this
clear: a labor matching model with perfect capital markets, and a model of labor and capital

matching with exogenous labor separation have the same dynamics for employment, while a
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model with endogenous separation due to credit frictions amplifies the response of aggregate
employment to a small exogenous shock. Despite the different adjustment mechanisms at play
in dynamics of employment adjustments, the three responses are similar in shape. This is re-
flected in the similar correlations with output reported in Table 4. We will return to the sources
of the difference latter when considering the dynamics of employment adjustment.

In order to evaluate the model’s performance in terms of 2nd moments for key macroeco-
nomic variables, Table 5 presents the Hodrick-Prescott filtered standard deviations relative to,
and contemporaneous correlations with, output observed in the data and generated by the mod-
els. As Cogley and Nason (1995) document, a major weakness of quantitative business cycle
models is their inability to generate the sizable positive autocorrelation for output growth over
several quarters that is observed in the data. While a model of labor search alone, as Andolfatto
(1997) demonstrated, can generate some persistence in output growth, when it is appropriately
calibrated on gross worker flows it falls short of the number in the data. As the last three rows
of Table 4 report, the combination of search frictions in labor and physical capital, along with

endogenous separations due to financial distress, ameliorates on this dimension.

Table 4: 2nd moments

1952:1-2005:4 U.S. data | Labor and Capital search Labor
endogenous | exogenous matching
Variable: a b a b a b a b
c 0.58 0.69 | 0.52 0.96 | 0.48 0.98 | 0.50 0.98
n 048 0.82|0.43 0.84 | 0.30 0.84 | 0.30 0.83
e 3.08 0.79 | 4.06 0.83 | 2.66 0.99 | 2.62 0.99
k 042 0.19 | 0.27 0.32 | 0.25 0.06
a(y) 1.59 1.33 1.21 1.18
corr(Ay, Ay_,) 0.264 0.30 0.23 0.28
corr(Ay, Ay_,) 0.227 0.13 0.08 0.07
corr(Ay, Ay_) 0.057 0.11 0.03 0.03

a: Standard deviation relative to output; b: contemporaneous correlation with output.
All moments, but output growth, are Hodrick-Prescott filtered;
Data sources: BLS, BEA.

Statistics for variables central to the labor matching process - job vacancies, the unem-
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ployment rate and the labor market tension (the ratio of vacancies to unemployment) - are
presented in Table 5.2 As noted by Shimer (2005a), the labor market tension is very volatile
and strongly procyclical in the data: the H.-P. filtered standard deviation is 15 time that of
real GDP with a contemporaneous correlation of 0.89. As is also well know, job vacancies
are strongly procyclical and unemployment is strongly countercyclical, and both series are also
highly volatile. As seen in Table 5, the proposed model with endogenous labor and capital sep-
arations outperforms both comparison models in terms of matching both the relative volatilities
and contemporaneous correlation. In particular, the correlation of job vacancies is lower in the
proposed model and closer to the data than in the two comparison models. This is because the
countercyclical layoff rate, by increasing employment at the firm rapidly, decreases the marginal
value of an additional job vacancy, thus reducing the correlation between vacancies and output.
By the same token it reduces the relative volatility of vacancies, seen in Figure 4 as the smaller
response to an innovation. Finally, just as for employment, the volatility of unemployment
generated is much closer to what is found in the data than in the comparison models, with a
H.-P. filtered standard deviation of 5.68 compared to 6.82 in the data.

In all three models the job finding rate is strongly procyclical and very volatile (see Table
5), although the volatility in the proposed model almost perfectly matches the data while for
the comparison model it is significantly greater. As the matching depends solely on the labor
market tension, the different stems principally from the lower volatility of vacancies.

As seen in the second quadrant of Figure 4, the job finding rate jumps upward following a
positive innovation to the exogenous process. While there is broad consensus concerning the
strong procyclicality of the job finding hazard, Fujita and Ramey (2006) report job separation
rates that are also volatile (see Table 5) and strongly negatively correlated with the business
cycle.?® It is remarkable that the proposed model performs quite well on both counts, with a rel-
ative standard deviation of labor separation nearly twice that of output, and a contemporaneous

correlation of -0.95 with the business cycle.

21 Job vacancies are proxied for by the Conference Board’s help wanted index, as in Shimer (2005a). The
unemployment series was obtained from the BLS (series LNS14000000). Quaterly series were computed by

averaging over monthly observations.
25 thank Shigeru Fujita and Garey Ramey for kindly sharing their data. The raw monthly series were first

adjusted by a 12 month backward-looking moving average, as in Fujita and Ramey 2006. Quarterly series were

then computed by averaging over monthly observations.
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Figure 4: The dymanics of employment adjustments following an expansionary technological

innovation.

Table 5: 2nd moments - labor market variables

1977:1-2005:4 U.S. data | Labor and Capital matching Labor
endogenous exogenous matching
Variable: a b a b a b a b
" 8.82 0.89 | 9.0r 0.78 | 11.72 0.86 | 11.85 0.87
u” 6.82 -0.84 | 5.68 -0.84| 432 -0.84 | 437 -0.83
0 15.41 0.89 | 12.13 0.98 | 14.91 098 | 15.05 0.98
Hazard rates:
q(0) 483 0.6 | 48 098 | 596 0.98 | 6.02 0.98
© 334 -0.86| 1.56 -0.98 - - - -
Job flows:
Job creation 2.02 -053| 4.11 -0.03 | 4.31 0.31 4.37  0.32
Job destruction | 2.98 -0.86 | 1.18 -0.99 - - - -

a: Standard deviation relative to output

b: contemporaneous correlation with output. All moments are H-P filtered.

Data sources: BLS, BEA, Fujita and Ramey (2006)
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A useful decomposition of employment change, from the law of motion for aggregate em-

ployment, separates all changes into flows of job creation and job destruction:

nepr —ne = q(0)uy — @y

AnH_l == JCt—JDt

where job creation is given by JC; = q(6;)u} and job destruction by JD; = ¢,n;. Thus as all
employment changes can be attributed to either job creation, or job destruction, a log-linear

approximation of employment change is given by

Jjd==

Ang1 = %jat ——JDy

n
where hatted variables denote percentage deviations from steady state values.

The three models generate gross job creation flows four time more volatile than output, twice
what is observed in the data. However, the proposed model also generates gross job creation
flows that are moderately negatively correlated with the cycle. While the work of Blanchard and
Diamond (1990) and Fujita and Ramey (2006) mentioned earlier uncovers stronger correlation
coefficients (-0.53 vs -0.03), this results for the proposed model is a stark improvement on
models of constant job separation rates. These models actually imply clearly pro-cyclical total
job creations.

Using a variance decomposition as in Fujita and Ramey (2007), the variance of the change

in employment may be written :

var(Ang1) = <‘;c>2 var(jat) + <‘7:>2 var(jl\)t) - Q%lcov(jbt, jl\)t)
Using the same concepts as these authors, denote the proportion of variation in employment
changes attributable to job creation and job destruction by £7¢ and 57¢ respectively.26 Postu-
lating constant job separations has the immediate implication that £7¢ = 1 while 374 = 0, that
is, the entirety of employment adjustments are explained by changes in job creation. In the
proposed model however the decomposition is closer to the empirical evidence related above.
For the current calibration, 79% of employment change is attributable to job creation, while

job destructions contribute 20% to the total variance. The remaining discrepancy is due to the

covariance term. This result is below the share attributable to job destructions computed by

(Jﬂ—c )va-(fét)
var(Angq1)

(%)2'0(”'(750
var(Aniq1)

20Where §7¢ = and /¢ =
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Fujita and Ramey (2007), but it nonetheless a clear improvement on models of constant labor

separation.

4.3.2 Capital dynamics

The rapid rise of the capital stock in the benchmark model is attributable at first to the drop,
on impact, of the capital liquidation rate (see Figure 5). The ensuing rise in the capital stock is
due to the strong response in employment which, by increasing the marginal product of capital,

raises the level of the desired stock.

Table 6: 2nd moments - capital allocation

1980-2004 | U.S. data | Labor and Capital matching
endogenous €X0genous
a b a b a b
s° 2.48 0.28 | 2.16 0.32 - -
q(o) - - | 4.07 0.58 | 247 0.93

a: Standard deviation relative to output.
b: contemporaneous correlation with output

Moments are H.-P. filtered; data: Compustat and BRD.

Table 6 presents the second moments for capital liquidation and matching rates. As dis-
cussed earlier, while the default rate is countercyclical (with a contemporaneous correlation
with output of -0.08 compared to -0.14 in the data), capital liquidation due to financial distress
is moderately procyclical. The model’s standard deviation for the liquidation rate relative to
output is remarkably close to its empirical counterpart, while the contemporaneous correlation
with the business cycle is nearly identical to what was found in the data. The rational can
be found in the strongly procyclical capital matching rate, ¢(¢). After the initial drop of the
capital separation rate (see Figure 5), capital liquidation increases just as the capital matching
hazard increases sharply. As a result, debtors are more likely to liquidate the physical assets
of the firm during an expansion. This is because they are able to recoup more of their loan in

an expansion than a recession.
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Figure 5: Impulse responses to an expansionary innovation - capital liquidation and matching

hazards.

5 Conclusion

This papers investigated, in a Dynamic General Equilibrium model, the role of credit market im-
perfections of the costly state verification type for the cyclical reallocation of labor and physical
capital. Introducing endogenous job separations related to credit frictions - workers lose their
jobs either because firms downsize to meet their interest payments or because the production
unit is shut down following bankruptcy - has quantitatively important consequences as credit
frictions can operate through the large flows that are flows of laid-off workers. This contrasts
with earlier quantitative investigations into the implications of credit market imperfections for
business cycles, such as Christensen and Dib (2004), and Meier and Muller (2005).

In addition, the model implies that the cyclicality of employment adjustments are driven
by both job losses and hirings, as documented in recent empirical research for the U.S.. An
interesting future investigation would consider the role of monetary policy and interest rate
shocks which, by affecting the cost of physical capital, may have strong effects on the cyclical

reallocation of labor.
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A Empirical evidence

A.1 Capital flows and financial distress

This first figure, reproduced from Kurmann and Petrosky-Nadeau (2007), represent the vacancy

rate of office and industrial space over approximately two decades.
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Figure 6: Evidence of congestion on physical capital markets - vancancy rates for office and

industrial space. Source: Torto Wheaton Richard Ellis.

The evidence on labor and capital at financially distressed firms reported in this paper
uses Standard and Poors’ Compustat Data base on all publicly traded firms. The data set is
matched with the Bankruptcy Research Database (BRD), compiled by Prof. Lynn M. LoPucki
at the UCLA Law department. Of the 751 reported cases of bankruptcy filings by large
publicly traded firms since October 1979, it was possible to match 623 firms with the unique
firm identifiers used by Compustat (mnemonic: gvkey).

Figure 7 plots the number of bankruptcy filings recorded in years from 1980 to 2006, with
NBER recession years represented as colored bands. It is immediately apparent that the
number of filings spikes during the recession years.

The correlation of the bankruptcy filing rate, defined as the ratio of filings to the number
of firms active in Compustat in a given year, with the business cycle component of GDP, is
reported in Table 7.

Once the two data sets are matched, it is possible to investigate some dimensions of firm
behavior during the years preceding and following a bankruptcy filing, looking first into changes

in the filing firm’s workforce. The firm level growth rate of employment is computed as

vy = Mgt — Nyt—1
& (it +nig—1)/2’
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Figure 7: Bankruptcy filings and recessions.

where employment is the number of employees reported in Compustat (data item 29). The

results for a 10 year window around the filing year are presented in Figure 8.

Employment growth rate around bankruptcy filing
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Figure 8: Bankruptcy filings and employment changes.

One might expect that firm run down their asset in order to avoid having to file for bank-
ruptcy. To investigate this the ratio of sales of property, plant and equipment (Compustat
data item 107) to the total stock of PP&E reported by the firm (Compustat data item 7)
is computed. Figure 9 reports the results for a ten year window around the year of filing for
bankruptcy.

The next figure plots the evolution of output (Compustat data item 12) per employee

(Compustat data item 29) at firms under financial distress.

The cyclicality of financial distress and the associated capital liquations, defined as the sum
of sales of PP&E at financially distressed firms and the PP&FE of firm exiting Compustat due to

bankruptcy, is plotted in Figure 11 and moments are reported in Table 7. Reasons for deletion
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Figure 9: Bankruptcy filings and sales of property, plant and equipment.
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Figure 10: Production per employee at firms under financial distress.

from Compustat are detailed in footnote 35 (mnemonic aftnt35), while the month and year of
deletion are given, respectively, in footnotes 33 and 34 (mnemonics aftnt33 and aftnt34). Figure
12 plots the sample correlation between the liquidation rate and GDP.

The following table gives the standard deviation of the Hodrick-Prescott filtered time series
relative to that of real GDP. The last column give the contemporaneous correlation with the

business cycle component of GDP.
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Figure 12: Sample cross correlation function between the rate of capital liquidation due to

financial distress and real gdp.

Table 7: Business cycle of bankruptcies and capital liquidation

1980-2005 Rel. Std Dev | Contp. Corr
Rate of bankruptcy filings | 0.11 -0.14
PP&E exit rate 2.14 0.07
Rate of sales of PP&E 0.94 0.56
Liquidation rate 2.48 0.28

All moments are H.-P. filtered

B Full model

TO BE COMPLETED

e Household
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The representative household, given the existing capital stock k;, and employment n;, makes

optimal consumption and investment decisions in order to maximize the value function:

V(ne, k) = max [log(ct) + BEV (ne1, keq1)]

ctolt,a,
subject to the budget constraint ¢;+1; = R+ R +uf +u?b+1I; — T} and the laws of motion for
matched labor and capital. The government raises 7T} in taxes to fund unemployment benefits
ufb. TI; are firm profits defined below. uf,; = (1 —q(¢,))l; is unmatched liquid capital in the
period carried forward.
The marginal values of employment and unemployment are obtained by differentiating the

value function:

Vun(ne, ke) = Mb+ BE: [q(0) Vi (nugr, k1) + (1 — q(0)) Var (g1, k1))

Vil k) = A (1— / " dH(a)) s — e + M / " 4H (a) few,

at at
+BE: [0 Vur (nes1, k1) + (1 = @) Vi (g, kega)] -

From the employed worker’s point of view at the beginning of the period (after the aggre-
gate state has been observed), the probability of not being laid off is (1 - fzzt dH (a)) . If the
individual is not laid off the negotiated wage w; is paid but at loss of utility from the extra
work is incurred. With probability faa; dH(a) the worker is laid off and received a severance
payment that is a fraction of the wage, fc. The value of being in an employment relationship
is therefore an average of these two outcomes.

Given the debt contract described above, the household’s expected revenue from matched

capital, RY,

o0 at
RF = / pkidH (a) +/ [(1 — T)ay; — weng — yvE — m}ﬂ dH (a) — /
a a 0

t ay

+(1 — O)seseky,

a

t Tay:dH (a)

where the auditing cost to the household is a fixed proportion 7 > 0 of the firm’s revenue,
foatt TayidH (a). The last term, (1 — §)sys:ky, corresponds to separated capital returned to
the household, net a depreciation and a separation cost. This is a convex cost to adjusting
the liquidation rate introduced in order to capture the loss of value due to the specificity of

capital mentioned above. Thus the value of capital actually returned to the household’s budget

constraint is diminished by a fraction ¢; = g(s¢/s¢—1), with ¢’(e) < 0 and ¢(e) < 0.
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Investment decisions are determined by the optimality condition for liquid capital:

At = BE[q(0) Vie(ig1, k1) + (1 — q(@4)) Vor (g1, Kev1)]

which equates the opportunity cost of forgone consumption to the expected value of additional
liquid capital, composed of the marginal values for matched and unmatched capital. The

corresponding marginal values for capital are:

Vuk (’I’Zt, k?t) = )\t,

OR
Vilm k) = [ 8]+ 00— ssEVetmen, b

where %}g = [*°p,dH (a f T)aajtdH (a) — o Taot frdH(a). The remaining first order

ag

conditions are

(Ct) : ]./Ct = At

(Qt) : )\t(l - (S)kt == )\t |:Qtyt — WiNy — ’}/’UtL - K/Uf} + (1 - (5)k:tﬁEth(nt+1, kt+1).

e Hirms

At the beginning of each period, households and firms observe the exogenous aggregate
technology, x;. Firms maximize profits subject to the laws of motion for matched labor and
capital, and a constant returns to scale production technology, v = x¢f(ns, k) . Given the
existing capital stock k¢, and employment n;, firms post job vacancies and investment projects
vy and vf , respectively. This yields the following Bellmann equation, where w and p are the

remuneration of labor and capital:

J(ng, ke) = max/ {ayt—wtnt—ﬁ)tkt vy —"Wt dH (a)

n ,k [—
UiV Jag

at A
+(1 - fe) / wynydH (a) + BE, ZlJ(ntH,ktH).

t

The exogeneity of the factor remunerations implies that firms do not internalize the effects of
their employment and capital stocks on marginal productivities during repayment negotiations

(see below). The first order conditions to this problem,

o) s - fdﬂ@)}(g) BEAEL 1, s)

oh) i /atoode)} = BB e ),
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equate average vacancy costs to expected returns to each factor of production.

The marginal value of an employed worker to the firm, J,, (n, k) = fg [a(l —a)lt — wt] dH (a)+

(1—fe) fa’t widH (a)+(1—¢,) BE 5 t“ JIn(ni+1, k1), can be combined with (9) to form a forward
looking equation for vacancy postings:

v[1— H(ay)]
p(0:)

A
= BEt{;\itlﬁt—i-l(l - ) it wir1 [1 — H(@p41)]

Ni+1
T R

The marginal value of matched capital to the firm, Ji(ng, ki) = [ [aak—t - pt} dH(a) + (1 —

ag

0)(1 — s¢)BE: A;\tl Ji(ntg1, ke41), combined with the optimality condition (10), yields a forward

looking equation for project postings:

k[l — H(ay)] ﬁEt)\tJrl {t ) Yt+1
_l’_

p(¢,) aq s =P (L= Hi@)] + (1= )1 - Sm)"?[lﬂ(atﬂﬂ} .

P(¢t+1)

e Remunerations

— Labor

Vi (ng ki) —Viyn (ng,ke)

The surplus from the worker-firm relationship is defined as Sf* = J,,(ny, kt)+ 5,

Vi (n,kt) = Viyn (e, kt)
At

Nash bargaining implies that the worker receives = 1Sy, and the firm receives

JIn(ne, k) = (1 —n)S. The negotiated wage is given by the expression

bt (1 - /N dH(a)) ”

where ; = wy [n[l — faoto dH(a)] + (1 — fe) faa: dH(a)} .The negotiated wage contains two terms

oo

1O,

wt:n[(l—o«)/ooadH( A +79t[1_/

at at

dH(a)]} F-n)

related to layoffs due to credit frictions. First, the negotiated wage is increasing in the addi-
tional effort required. Second, the term €); captures to elements. The first term in brackets
corresponds to a sharing between worker and firm of the fact that firms are optimizing only
over the range [a;, 00(. The second term in brackets corresponds to a sharing the benefits from

being able to lay off workers. The lower the firing cost, the higher the negotiated wage.
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00 at A
sr = / [ <1—a>7i’;—wt] dH(a) + (1 - fo) / widH(a) + (1= ) BB (e, i)
at ar um 7k
" (1— / | dH(a)) wi—el+ [ d "G e + i L eet: b
T AL R (| A R (RPN AR
t t t

sPo— /: [au—a)ﬂ dH (a) + (1—/;0dH(a)> wi—b— (1—[ dH(a)) e

Vit +1) = Vyn (t + 1)}
Aty1

A
+(1 — @) BE, Zl [Jn(ntJrl) +

At+1 [Vn(t +1) = Vyn(t + 1)}
At At+1

Sro= /atoo[a(l—a)mdlf(aH(l—/at dH (a ))wt—b—<1—/ dH (a )

A
+(1 — o) BE—— N SE — nq(0,)BE, letﬂ

sro— /l:o [a(l —a)fﬂ dH (a) + (1 —/oo dH(a)) wi—b— (1 - /~ dH(a)) et

(1= [ aH@) gy (1= f;7 dH(a)
pO)T—n) e -n)

(1—mSF = (1—n) [/Oo [a(l _ a)iﬂ dH (a) + (1 - /:O dH(a)) wi—b— (1 - /~ dH(a)) et]

(1= e ar @) ma) (1- f7 dH (@)
p(6:) - p(6:)
Combine this with (1 —n)Sp = [° [a(l )i — wt] dH(a) + (1 — fe) fagf widH (a) + (1 —

at
1— [ dH
wt)w to obtain the wage equation.

—q(0y) BE;

+(1 =)

+(1 —¢)

e — Capital

Vi (ne,ke) =V, ke (ne,ke)
At '

The surplus from the lender-firm relationship is defined as StK = Ji(ne, ke)+

The rental rate resulting for Nash bargaining is given be the expression:

e =1 utoa,%t <1—6><1—3t>§tu—ﬂ<at>] F (=64 (1= 8)(1—&)si] + @,
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where ®; = p,H(a;) — (1 —n)(p, — fy — 7(1 — 1))t

Both rules have remuneration increasing in the factor’s marginal product. The market
tension term in each remuneration rule captures the effect of market conditions on the outside
option during negotiation, while b and § capture the opportunity cost of the match. The term
®, in the repayment rule for capital capture the risk the follows from asymmetric information
and the debt contract: it is expected that some firms will default and that a monitoring cost
will be paid. . The Details concerning the derivation of (15) and (16) are presented in the
appendix.

By definition SF = Ji(ny, k) +

Vie(ne k) =V, i (ne ki)
At

, thus

SE = mol — puft = H@)] + (1- )1~ s)BE s k)
il = H@)] 4y — =71 = )y + (1= D)y
V(i1 k1) Vir (muga, ki)

)(1 = s1)BE; y N

+(1 -4
Sto= o [t Gy = = T )| (0= D)ges —1
+(1-9

L Vi ? k — Vu ’ k
—6)(1 — s¢)BE; Zl [Jk(nes1, k1) + k(41 ki) k(M1 t+1)]

Vik (g1, kig1)
At

At+1
+(1=0)(1 — s¢)BEy

From the first order condition for liquid capital and the household’s share of the total surplus, SE;
can be written as [1 —q(0s)nBE At Sfﬂ} Thus,

>\t+1

SE o= o (Bt (g == (1= )]+ (0= B)sise = 1+ (L= 8)(1 — s)BE T 5Ey
+(1—0)(1 - 1) {1 —1a(0:) BEW“S’“ 1]

Y[ _ k[l — H(ay)]

SE = e [Pt Gty = =m0 )] (1= 90y = 1 (1= 8)(1 = ) e

1)) [1 - nqwt)[“”}

(0)(1 —n)
1-mS; = (1-n) {aZi [ﬁt +(p, = — (1 - ut))} + (1 =0)se — 14+ (1—0d)(1 - St)}
K[l — H(a)] K[l — H(a)]
Combine this with (1 — 7)SF = gt — py[l — H(ay)] + (1 = 6)(1 - st)p’;t) [1 — H(a)] to

obtain the repayment equation.
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e Profit and aggregate resource constraint

A simplifying assumption was the existence of a state contingent insurance that covers for
any shortfall in wage payments and costs of job vacancy and project postings left over by
bankrupt firms. Aggregating over the different firms, the total amount of profits transferred

to the household is defined as

at

II; = / [af(nt, ki) — pike — wing — ’yvtL — /ﬂ}ﬂ dH (a)

ay
+/ [af(nt, ki) — wing — yvr — m;f] dH (a).
0
Combining this definition with that for the return to productive capital and the household

budget constraint leads to the following aggregate resource constraint:

y[l—7(1—1)] =c + i7" + [m}f + ”Wﬂ ,

where i7" = [; — (1 — 0)cys¢ky — uf corresponds to new investment. Resources consumed due to

monitoring of firms is captured by the term 7(1 — ;). The bracketed term on the expenditure
side corresponds to posting costs.

The following figure plots the return to capital as a function of the realized idiosyncratic
productivity, a. For all realizations above the monitoring threshold @, households receive the
negotiated repayment p. This threshold is located below the zero profit productivity, a, as
firms layoff workers, subject to a firing cost, in order to cut on expenses and avoid monitoring.
For realizations below the monitoring threshold, the return decreases linearly with the value
of the idiosyncratic productivity such that a region exists where the lender actually reinjects
funds to maintain the relationship. For all realizations below the separation threshold a the

lender receives no payment and recuperates the unit of capital.

C A model with exogenous labor separation

D A simple labor and capital search business cycle model

e Household’s dynamic program:

V(ug, k) = max [log(ct) + BEV (ul 1, kt+1)]
Ct,Rt+1
subject to ¢ + kt+1 = wnt + ptkt + (1 — 5)kt + (1 — nt)b + Ht — Tt
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Retu o capit Separation and cantinuation decisions

ay— wn- vy > [0

Refinancing Full repayment
Continuations

Separations

Figure 13: Idiosyncratic productivity, separation and continuation decisions.

Define n as employment and 4™ = 1 — n as unemployment labor. Job are destroyed
at the exogenous rate ¢. Government raises T} in taxes to fund unemployment benefits
(1 —ng)b. II; are firm profits defined below. Optimization leads to the familiar condition
on the marginal utility of consumption and the Euler equation. The value a marginal
unemployed and the marginal employed individual can be derived from the representative

households value function:

Van(t) = Aeb+ BE; [q(00)Va(t + 1) + (1 = q(61)) Var (£ + 1)]

Va(t) = Mw+ BE [eVun(t+1) + (1 — @)V (t + 1)]

e Firm’s dynamic program:

A
J(ng, k) = max y; — wyng — Pk — o — Kol + BEt;\—HJ(nHl, kit1).
t

VU

Demand for capital equates its marginal product to its marginal cost. Vacancies are
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posted such that the average cost of a vacancy is equal to its expected value:

T At NP _ gl
P(et) = PE: At {(1 a)nHl Wit ¥ (1 90)10(97%1) }
K _ g AtH{ Yer1 51— s }
p(y) PE: At akt+1 pri1+ (1 ) 8)p(¢t+1)

The value of a marginal worker to the firm is simply

Tn(n) = (1— )% w4 (1 - o) BB,

—=Jn .
g W (nt+1)

Combining I obtain a forward looking equation for vacancy postings:

0 >\t+1{ Yit1 v }
— 8E 1—a) 25 g+ (1 — )
p(0:) PE: At ( )nt+1 e41 7+ ( @)p(0t+1)

The surplus to the labor relationship is S} = Jy,(n:) + Yul-Van(®) A yesult of Nash

At
Vi (t) —Vun (t)
At

bargaining is that (1 —n)S}* = J,(n:) and nSj* = from

_ 7
wy = arg max [J,, (g, k)P " [V"(nt’kt) )\:/“"("t’kt)] A little algebra yields the wage equation

we =1 [(l—a)i +’y€t} +(1—n)b

e Wage resolution:

V() —V,o(t
Sro— Ju(n) + ())\ L (1)
t
n A Vot +1
S¢o= (- a)%i —wg+ (1 - @)5&%%(”&1) +wg + (1 — go)BEt()\t) +
SOBEt# —b— q(9t)BEt¥ —(1- Q(et))ﬁEt¥
)\t )\t )\t
n A Vat+1) =Vyn(t+1
Uz )\t )\t+1
Mt [Vt +1) = Vin (£ + 1
—q(opp et | LD =t D)
t t+1

A A
SP= (-t = b (1= Q)BE S — na(0)BE S

T )\t
0o Y v q(04)ny
St= Uma) b (=) ST~ pet—n)
A-mst = (1-n) [(1—a>z§— ]+<1—sa>p(79t)—met 19)

Combine this with (1 —7)S;' = (1 —a)% —w; 4+ (1 — @)% to obtain the wage equation.

ny
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Solving the repayment rule:

Vi (t) — Vr (t)

S = (k) + 3
t

K = a%j — put (1= (1= )SEL T h) + o+ (1= B+ (1= 91— )55, EEL)
SE = 1? +(1=08)s—1+(1-206)(1—s)BE, Att1 Ji(ke1) + Vilkers) = Valkesr)
t >\t At
+(1—6)(1— s)BE, (Akt“)
t
Use the fact that ﬁEt%z“) =1-—nq(¢,)BE: /\f\tls’fﬂ :
SK = ol (-8 -1+ (-0 s)ﬁEt%sfH
t t
=00 — ) [L-na(o)sE st
o SK — - |: — s — :| . - K - o - o UQ(¢t)K

(1-n)S; (1—mn) ut (1-9)s—1|+(1 -1 S)p(¢t) + (1 =6)(1—s) [(1—n) (60)

Combine this with Sf = a¥t — p, + (1 —6)(1 — s) (’; y to obtain the repayment equation.
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E Equilibrium systems of equations

E.1 Labor and capital matching with endogenous separations

The equilibrium system is defined by 29 equations identifying 29 variables:

Y zng Okp (1)
po = et (1= 01— ) £ (1= H@]| + (1= )5+ (1= 0)(1— €] + 2
wy n {(1 — ) /at adH(a)n—t + 0 [1 — /at dH(a)]] (3)
+(1—77) b—i—(l—/ath(a))et + Q
k[l — H(a)] A1 [ Yt41 _ k[l — H(at41)
W ﬁEtTt {Nt+1akt+l = pea [1 = H(@1)] + (1 = 0)(1 — se41) P(Prer) %)
— H(a A
e B a1 =) 8w L= H ) )
#0=g0) [ weadt@) + (1= g L)
L (6)
Ct
At BEA+1 + 1 n_rll- H@)l At (7)
-n oN
Wl == F)] = e+ +ref +yof ®)
ki1 (1 =0)(1 = se)ke + q(éy)le (9)
Net1 (1= @p)ne 4 q(0) (1 — ny) (10)
Ut (1 —q(¢)] e (11)
Uiy (1= q(0))uy’ + pyme (12)
l
oN oF (13)
q(¢1) ¢ ° (14)
p(¢t) %_E (15)
vy’
0 = o (16)
abr) = i (17)
plO) = 0" (18)
i?ew lt — Uf - (1 - (S)Stk't (19)
Yea wing + piky + KU} + ) (20)
Yt ay fewmy + pik + /-wf + 7452‘ (21)
Yra, weny + m;f + yuit + ke Wy (22)
o5 /a dH (a) + /0 dH (a) (23)
o " + ¢y (24)



s = s+ Hay) (23)
oo = Hiay)+ H(a) — H(@) (24)
5 :(/ adH (a) (25)

B, = /OoadH(a) (26)

ay

= pH (@)~ (1 =), ~ B~ T~ )agt (27)
W= (1-0) s o |1 (- a(00)PE 29

F Steady state computations

F.1 A simple labor matching business cycle model

The investment Euler equations pins down the steady state return to capital as p = 1/ —1+34.
The firm’s capital demand then determines the steady state capital to output ratio, k/y = «/p.
Given a steady state unemployment rate, the steady state capital stock can be identified using
the production function, k = (w%)ﬁn, which also allows us to determine the steady state
output.

The steady state equality of flows in and out of unemployment, pn = ¢(0)(1 —n), is used to
compute the steady state job finding rate: q(¢) = {=-. The level parameter in the matching
function is then used match the chosen value for the vacancy matching probability. The wage
rate and unemployment benefits are then computed with their respective definitions.

Finally, consumption is computed by using the definitions of firm profits, II = y — wn —

pk — vv", and the government budget constraint to rewrite the households budget constraint

as y = ¢+ dk + +~yo".

F.2 Labor and capital matching with exogenous separations

Just as in the preceding model, the budget constraint can be rewritten as y = c+0k+-+yv"+kvF.

Then, combining the steady state optimality condition for liquid capital with the results from
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Nash bargaining, concerning the splitting of the surplus, and the intertemporal condition for

project postings, the steady state repayment equation can be expressed as

p—6+<;—1>+<1;(‘;§‘”> <;—1>—<1—5><1—6><1—s>].

The steady state capital-output ratio is then computed as k/y = « {p + #@5) (% —(1-=9)(1 - s))} o ,
where g =(1- ﬂ)kT" It is then straightforward to compute the steady state values of capital,
output and the wage rate. Liquid capital is compute as [ = k[1 — (1 — §)(1 — s)] /q(¢).To com-
pute the steady state, first solve for the capital market, then for the labor market. Computing

the remaining steady state values is straightforward.

F.3 Labor and capital matching with endogenous separations

With endogenous separations, the steady state repayment is given by

Loy 22O Ly sy — s _
7Dl e (G =D - 0=80 =01 =) +&/(1—n).

Using the definitions for the thresholds @ and a , the steady state capital-output ratio can be

p=0+(

expressed as
k a—a

y p—V

This yields an expression for the repayment as a function of the parameters and the productivity

thresholds. The numerical strategy is then to solve for the variance of the idiosyncratic shock,
04, such that the definitions for the three thresholds are respected. Once this is the case, the
remaining steady state values are straight foward to compute using the resulting capital-output

ratio.

G Log-linear systems of equations

TO BE COMPLETED
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