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Abstract
Media and empirical research have massively documented delayed employment recoveries relative to output in the U.S., by which many have been puzzled, many explanations have emerged. However, little theoretical modeling of
the phenomenon exists. This paper develops a quantitative cyclical mechanism
generating jobless recoveries for a closed economy under technology and financial shocks. I compute a dynamic stochastic general equilibrium (DSGE) model
where intensive and extensive labor margins and endogenous employment benefit
cost are introduced to explain recent jobless recoveries. At the beginning of a recovery firms tend to make existing workers work longer hours and increase their
benefit; as production further goes up, firms then start to hire more workers.
When facing easier option to adjust per worker hours and an extra cost (benefit)
to alternatively adjust employment, this simple model offers two main improvements over the standard case of no such arrangements: 1) lagging employment
movement to NBER defined business cycles and real output recoveries, and 2)
well matched volatilities for employment and per worker hours. It contributes
∗

Gu: Department of Economics, Cornell University, 401A Uris Hall, Ithaca, NY 14850,
wg62@cornell.edu.

1

to literature by capturing recent changes in the U.S. labor market, particularly
flexible work hours, increasing employment benefit cost and its cyclicality, and
showing how they can affect employment movement and generate jobless recoveries, especially under financial crises. This paper also concludes that financial
shocks are positively associated with employment movement and contribute to
jobless recoveries. An extension (not included in this version yet) of this basic
model also incorporates heterogeneous workers to better match aggregate wage
movement.

1
1.1

Motivation
Definition and Facts of Jobless Recoveries

A surge in employment used to be a reliable sign of the end of a recession before
1990s–but not any longer. When the National Bureau of Economic Research (NBER)
designated June 2009 as the end of U.S. latest recession, it based its decision largely
on the growth of output (GDP). Just as the NBER Business Cycle Dating Committee
stated, in previous several business cycles, employment have reached their troughs
significantly later than the troughs of real GDP and the NBER trough dates. In
particular, during 2001-03, the trough in payroll employment occurred 7 quarters later.
In 1992 and 2009, the NBER trough dates are 3-4 quarters before the troughs in payroll
employment. In both the 1990, 2001 and 2007 cycles, household employment also
reached its troughs later than the NBER trough dates. From Figure 1 and Figure 2
below, we can see that employment growth is significantly behind NBER troughs and
real output growth for the last three recessions. This paper defines a jobless recovery
as that 1) employment reaches its trough at least two quarters later than that of real
GDP and 2) later than the NBER trough date. These two criteria are also used to
evaluate how well this paper’s model can describe jobless recoveries. The last three
recessions 1990, 2001 and 2007 are considered those that experienced jobless recoveries.

1.2

Many Explanations of Jobless Recoveries and My Focus

A ten-million-dollar question is: why have the recoveries from the recent recessions
brought no growth in jobs? There are many explanations. If not all, possible reasons
include, comparing with other non-jobless recoveries, decreasing worker bargaining
2

Figure 1: Employment Growth After NBER Troughs
Source: NIPA, CES and author’s calculation.

Figure 2: Employment Growth After Output Troughs
Source: NIPA, CES and author’s calculation.
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Figure 3: Employment Growth After Per Worker Hours Troughs
Source: NIPA, CES and author’s calculation.

power (induced by higher cost of employment benefit package, increasing imports and
immigration, union declination), increasing use of temporary help and flexible work
hours (with part-time and over-time), more automation, industry reallocation, cleansing effect, and changing nature of exogenous shocks (persistency, uncertainty, different
types of shocks) 1 . Given employment is such a complex issue, all these factors may
contribute to jobless recoveries. This paper focuses on three of such contributors: increasing employment benefit cost, flexible per worker hours adjustment, and financial
friction with financial shocks, and argues for their significant impacts on employment
movement.
Media and empirical research have massively reported that at the early stage of the
latest recession a growing number of employers, hoping to avoid or limit layoffs, were
introducing four-day workweeks, unpaid vacations and voluntary or enforced furloughs,
along with wage freezes, benefit cuts and flexible work schedules (Richtel, 2008; Hallock,
Strain and Webber, 2012). Employers were still cutting labor costs, but hanging onto
the labor. However, as the recession deepened, eventually firms had to fire workers. In
the wake of the recovery, to protect themselves from uncertainty and extra employerbased benefit cost, firms have continued flexible work schedule and can easily adjust
1

Literatures that addresses possible causes of jobless recoveries include but not limit to Daly et al
(2009), Gomme (2005), Gordon (2010), and Kolensnikova and Liu (2011).
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Figure 4: Employment and Per Worker Benefit Cost
Source: NIPA, CES, BLS and author’s calculation.

per worker hours as a buffer (Schreft, Singh and Hodgson, 2005). Firms also regained
benefits for existing and near-future employees along with per worker hours and output
increases, but have been reluctant to hire full-time and permanent workers, for whom
firms have to pay benefit. Data show the same pattern: in recent three recessions, per
worker hours recovered 2 to 3 quarters earlier than employment (Figure 3). Moreover,
data also demonstrate that employment benefit cost indeed moves along business cycles
and is positively associated with employment changes. As in Figure 4, I plot hp-filtered
per worker benefit cost and employment, we can see that when employment declines
in recession, benefit falls below trend, and employment usually recoveries about the
same time as benefit cost moves above trend. To see this clearer, in Figure 5, I further
plot hp-filtered per worker benefit cost with employment changes (not growth rate).
Again, employment starts to have gains about the time when benefit cost moves above
its trend.

1.3

Employment Benefit Cost Cyclicality

From above, we can see there exists such cyclicality in per worker benefit cost and a
relationship between employment and benefit cost cyclical movement. This may be
new to macroeconomists but not entirely to labor economists. Though this paper does
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Figure 5: Employment Changes and Per Worker Benefit Cost
Source: NIPA, CES, BLS and author’s calculation.

not intend to explain the reasons for this cyclical pattern of benefit, it is useful to
look more closely at labor market to understand this. In fact, cyclical marginal cost
is not a recent behavior in labor market. Bils (1987) documents that marginal wage
increases significantly with hours, an increase in average hours per week from 40 to 41
can lift the marginal wage up by about 4.6 percent, using two-digit level manufacturing
data for after 1956. But he further raises the question why variations in hours would
be observed if the marginal wage increases significantly with hours. He infers that
the answer is that marginal employment adjustment cost would be cyclical as well.
Moreover, as labor market gets tighter, firms also provide better benefit package to
attract workers, which can induce benefit cost cycles as well.2 Figure 6 shows hp2

Looking at health insurance cost, there is a big literature in underwriting cycle and related premium fluctuations. For example, Kipp et al (2003) writes that strong economic growth generally leads
to more rapid growth in health care expenditures. This effect played into the cycle experienced in
the mid to late 1990s when a growing economy led to low unemployment and significant competition among employers for workers. During the economic boom, employers responded to backlash by
pressuring insurance plans to relax restrictions and expanding benefit offerings to include less restrictive options like PPOs and Point of Service Plans. As a result, claims costs rose. They also state
that government programs such as Medicare and Medicaid can also have a significant impact on nongovernment health insurance trends. When government payment levels fall relative to costs during
economic booms, providers must look to private payers to make up the difference. When government
payment levels rise relative to costs during recessions, private payers benefit. At the hardening of job
market, employers were not passing on full premium cost increases to their employees.
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Figure 6: Per Worker Hours and Benefit Cost
Source: NIPA, CES, BLS and author’s calculation.

filtered per worker benefit cost and per worker hours, we can see how they fluctuate
together. As hours and benefit recovery from a recession, it becomes more expensive
to hire an extra worker.3

1.4

What Has Changed

Hence, we can clearly see benefit cost’s cyclicality, and how it may delay employment
recoveries. However, it still does not necessarily explain recent jobless recoveries. Back
to our beginning question: why have the recoveries from the recent recessions brought
no growth in jobs, what has changed? Let’s look at Figure 5 again, it depicts hpfiltered per worker benefit cost and employment changes (not growth rate). In general,
employment recoveries about the same time as benefit moves above trend. But a
difference between pre-1989 and post-1989 periods, given the available data, is that
employment recoveries become more sensitive to benefit’s move above trend. That is,
per worker benefit cost sensitivity of employment has changed: employment grows at
smaller steps than before given the same percentage increase above its trend in benefit
3

I admit what we see in Figure 3 the per worker benefit cost cyclicality may well be caused by
worker composition changes through business cycles as well, but it is not likely the full explanation
given the other reasons mentioned earlier. This paper so far does not distinguish worker composition,
so it can not address the benefit movement caused by composition effect.
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cost at the beginning of a recovery4 . This is a result of rising trend value of benefit cost.
Over the last couple of decades, accumulation of dramatic increases has been making
benefit cost to trend upward. Therefore, with the same percentage increase above its
trend, the actual increase of benefit cost becomes larger, firms’ marginal employment
benefit cost burden increases, which I argue alters the way firms adjust employment
as well as per worker hours.
Fortunately I am not alone on this point in literature. Cutler and Madrian (1998)
begins by looking at the effect of health insurance on work hours, controlling for individual characteristics and overall macroeconomic effects. Using data from the Current Population Survey (CPS) and the Survey of Income and Program Participation
(SIPP), they show that rising health insurance costs during the 1980s increased the
hours worked for those with health insurance by up to 3 percent. They further show
that hours increased more rapidly in industries that experienced rapid health insurance cost growth relative to industries with more restrained changes in health insurance
costs. These results persist even when they consider alternative explanations for their
findings. They believe that this occurs because health insurance is a fixed cost, and
as it becomes more expensive to provide, firms face an incentive to substitute hours
per worker for the number of workers employed. Gruber (2000) also surveyed the literature and summaries that research suggests strongly that employers are adjusting to
increases in fixed employment costs by increasing hours. He also cites his earlier work
(Gruber, 1994) that mandated maternity health insurance led to an increase in hours
and a decrease in employment, with total labor input held constant. More recently, Reber and Tyson (2004) also find support for rising health insurance costs as a deterrent
to employment growth. Freeman and Rogers (2005) points out that rising health insurance spending adds a substantial marginal cost to employing workers, and many firms
have sought ways to operate without committing to permanent workers who obtain
such benefits. They cites that the Kaiser Family Foundation finds that between 2000
and 2003, employment of people with employer-sponsored health care coverage fell 2.8
percent, a considerably greater drop than the overall fall in employment in that period. This finding is consistent with my notion that some of the stagnant employment
growth may be associated with rising health care costs. Baicker and Chandra (2006)
estimates the effect of rising health insurance premiums on wages, employment, and
4

note, it is not percentage increase from the past in benefit cost, so strictly speaking, it is not
elasticity.
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the distribution of part-time and fulltime work. They find that a 10 percent increase
in health insurance premiums reduces the aggregate probability of being employed by
1.2 percentage points and increases the likelihood that a worker is employed only part
time by 1.9 percentage points.
After all, benefit cost is not a fringe cost anymore, it increased to 14919 dollars
per worker per year in 2007 from 6627 dollars in 19815 , growing faster than average
consumer price index (Aaronson, 2004a). The U.S. Chamber of Commerce also documents increases in per worker benefit cost’s share of payroll as well, from 36.6 percent
in 1984 to 42.7 in 2008. If we look at just health insurance, a major component of
non-mandatary benefit, in the U.S. employers pay nearly half of the nation’s health
care bills, and health care expenditures have recently been increasing at annual rates
around 15 to 20 percent (Milkovich et al, 2011, Chapter 1, Page 13).
Additionally, since health insurance and other benefits are closely linked to employment, and many workers do not have alternative access to these important benefits, rise
of benefit cost burden also weakened labor’s bargaining power. Baicker and Chandra
(2006) finds evidence that companies offer lower wage to shift increasing benefit cost
to workers. They estimate that, for workers covered by employer provided health insurance, increase in premiums results in an offsetting decrease in wages of 2.3 percent.
In Figure 7, we can also clearly see that benefit cost has been growing much faster
than hourly wage. This relative suppression on wage gives firms another incentive to
increasing per worker hours than employment in the wake of recent recoveries.

1.5

Possible Challenges

This paper is closely related to the prominent theory in existing literature that rapidly
rising heath insurance costs are behind the jobless recovery, but is also different from
it. I focus on per work employment benefit cost cyclicality and changes in benefit
cost sensitivity of employment due to rising benefit cost. It is not just the general
trend of benefit cost that ultimately drives jobless recoveries. It is changed benefit cost
sensitivity of employment due to rising benefit cost that is at work.
Yet, I still would like to address several challenges to the theory in the literature
of rising health insurance cost (Aaronson, 2004a). The first one is that employers can
respond to such cost increases by reducing the generosity of health insurance benefits
5

See The U.S. Chambers of Commerce Employee Benefit Study.
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or by altering other aspects of compensation such as the level of wages and salaries
assuming no rigidity (Summers, 1989). Thus, an increase in premiums does not have
to lead to higher total employment costs. Indeed, empirical evidence has shown that
firms do shift benefit cost to workers (Kipp et al, 2003), and it happens at both booms
and recessions. But what really matters to employment movement is per worker employment benefit cost’s cyclicality as shown in Figure 4, as well as comparison between
marginal employment cost and marginal hour cost. It is the cyclical benefit cost rising during recoveries and changes in per worker benefit cost sensitivity of employment
that drive jobless recoveries in this paper. Moreover, no matter how wage changes in
respond to benefit cost, marginal employment cost and marginal hour cost still differ
due to per worker benefit cost for employment. As argued in Cutler and Madrian
(1998), it is the fact that health insurance is a fixed cost of employment whereas wages
are a marginal cost per hour worked. Consequently, an increase in the cost of health
benefits, even if offset by wage reductions, will alter the tradeoff that firms face in
allocating labor input between hours per worker and the number of employees hired.
In particular, it will lead firms to substitute workers for additional hours of work per
employee. Recent trends in the labor market suggest that such a shift has occurred.
They suggests that at least some of this substitution results from an increase in benefits
costs. In addition, as I mention earlier, wage suppression due to increased benefit cost
further gives firms incentive to increasing per worker hours than employment in the
wake of recent recoveries.
Another challenge to the theory that rapidly rising heath insurance costs are behind
the jobless recovery is that the recent growth of total labor compensation costs has not
been particularly rapid, especially when judged relative to productivity growth. In
particular, looking at unit labor cost from BLS and hourly compensation (Aaronson,
2004a; Schweitzer, 2004), their growth has been minimal in 2001 recession’s expansion,
far lower than occurred even in the 1991 expansion. Thus it seems that opportunities
to profitably expand should exist, so the rising health insurance cost hypothesis is false.
But, BLS unit labor cost is labor cost per output rather than per worker, its slow growth
could be of multiple reasons. What matters here is marginal labor cost and how it
compares with past recoveries’ cases. Also, though hourly compensation may be able to
speak for hours worked, it can not help determine employment. This paper emphasizes
the importance of both labor margins. For employment, the extensive margin, what
counts is its marginal cost including per worker employment cost. Aaronson (2004a)
10

Figure 7: Employment Costs
Source: BLS and author’s calculation.

points out the same later in their paper about fixed cost per worker.6
Therefore, I argue that accumulated increases of benefit cost has changed per worker
benefit cost sensitivity of employment: employment growth has become more vulnerable to positive benefit cyclical fluctuations. I study seven NBER identified recessions
since 1964, with focus on the last three. I impose different employment benefit cost
and sensitivity of employment for before 1990 and post 1990 periods.
In this paper, I incorporate free adjustment to per worker hours and dynamic benefit
cost into a simple model to explain jobless recoveries. That is, to have an additional
net increase in workers, firm has to pay not only hourly wage but also a benefit package
that does not vary with the worker’s hours. This benefit cost can be seen as a timevarying cost (or saving) to have a net hire (or fire). Note that this quasi-fixed cost
is not exactly the same as labor adjustment cost. Labor adjustment cost includes
searching, hiring, firing and production disruption, and it could be gross or net cost of
adjusting employment, lumpy or quasi-fixed (Hamermesh and Phann, 1996). Changes
6

However, they also counterexample with sluggish growth in per worker hours that should have had
increased much faster according to this rising quasi-fixed cost theory. Figure 6 gives us a good idea
about per work hours movement, it follows output and NBER dates closely and leads employment in
Figure 3.
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in benefit cost can be seen as part of net labor adjustment cost, a quasi-fixed cost, but
not the same concept. Benefit cost is a significant part of employment cost, which has
largely been ignored in macroeconomics literature but can have important impact on
employment decisions.

1.6

Financial Factors

Recent 2007 crisis suggests that the financial sector is playing an increasingly crucial
role as a source of business cycle fluctuations. Hence, in this paper I also ask: how have
financial shocks played its role in jobless recoveries? My hypothesis is that when firm’s
financial constrain becomes tighter, it could adjust its financing structure, investment
and labor choices. But with presence of financial friction, a firm has to resort to shrink
investment and labor cost. Figure 8 (from Jermann and Quadrini, 2011) suggests
that firms’ adjustments in financing structure indeed fluctuate together with business
cycles. Recessions lead firms to restructure their financial positions by cutting debt
and reducing dividend to stock shareholders. Financial friction kicks in when firms
tend to keep a steady stream of dividend flow and find it costly to adjustment equity
payout (Lintner, 1956). Therefore, they have to adjust investment and labor input
instead. In this way, financial shocks can have its influence on labor market. In later
section, we can see that financial friction and shocks are important factors in latest
jobless recoveries.
In summary, this paper includes both intensive and extensive labor margins, dynamic employment benefit cost, and financial friction with financial shocks. It asks:
how much can flexible hours, dynamic employment benefit cost and financial frictions
explain employment movement, especially jobless recoveries?

2

Theoretical Literature and Contributions

Although there has been numerous empirical research about jobless recoveries and
recent labor market changes, theoretical modeling of the phenomenon is still relatively
scarce. So far I have found Andolfatto and MacDonald (2006)7 , Bachmann (2009),
7

Andolfatto and MacDonald (2006) argue that new technology diffusion is slow and it takes time for
labor market to adjust to such technological changes. But they do not give much empirical evidence
to support this hypothesis.
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Figure 8: Financing Structure Changes
Source: Jermann and Quadrini (2011).

Berger (2012), Shimer (2010)8 , Cantore et al (2011)9 , Garin et al (2011)10 , and Riggi
(2012)11 . A closely related one to mine is Bachmann (2009). Extending the model by
Hansen and Sargent (1988), he calibrates and solves a DSGE model of heterogeneous
firms with intensive and extensive margins. Imposing fixed adjustment costs to the
extensive margin, aggregate employment at the end of a short and shallow recession
is still relatively high and the need for new hires is weak. Moreover, firms increase
average hours per worker in the early phase of a weak recovery, before they start
hiring new workers later on. He finds that this mechanism can explain approximately
8

Shimer (2010) argues that wage rigidity is the cause of jobless recoveries. After a negative transitory shock, wage does not fall making employment growth sluggish. But it is still unclear whether
wage really has become more rigid in recent decades to cause jobless recoveries. See Haefke et al
(2009) and Kudlyak (2010).
9
Cantore et al (2011) argue that deep consumption habit formation and increasing capital and
labor complementarity have been driving jobless recoveries. But readers will need more evidence on
these two assumptions.
10
Garin et al (2011) is a story of sectoral reallocation which takes time, which could explain jobless
recoveries. But controversial empirical evidence has emerged in the literature that it is difficult to
reach a conclusion of rising sectoral reallocation during recent recessions. See Aaronson et al (2004b),
Groshen and Potter (2003), and Lilien (1982).
11
Riggi (2012) argues that a discipline device role of unemployment may account for sharp declines
in employment and jobless recoveries driven by exceptional increases in the work effort of employees.
She also applies wage rigidity in the model.
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half of the differential behavior of aggregate employment in the the 1991 and 2001
recoveries compared with previous ones. His model, however, needs more refinement
on matching the volatilities of hours per worker and wage. Moreover, it focuses only
on jobless recoveries after short and shallow recessions, it is unclear about the model’s
power in explaining the jobless recovery after the latest Great Recession. His model
also excludes capital investment and financial markets. This current paper attempts
to improve on these aspects by replacing the fixed employment adjustment costs with
a dynamic employment benefit cost that depends on endogenous employment changes,
and by adding capital, bond market and stock market.
Recent job market paper by Berger (2012) tries to explain jobless recoveries and
changing pattern of average labor productivity (ALP) through cyclical cleansing effect. He points out jointly that since the mid-1980s ALP has become less cyclical at
the same time as employment recoveries have become markedly more jobless. Hence,
he argues that firms enter the recovery with a greater ability to meet expanding demand without hiring additional workers. His model explains generates a 4-quarter
jobless recovery after the Great Recession. However, has ALP really changed for recent crises? Manovskii and Bruegemann’s Labor Productivity Data Project doubts
that. Manovskii shows figures on his website12 that the behaviors of labor productivity
in 1981-82 and 2007-09 recessions do not appear very different. Moreover, even if ALP
has changed to be stronger during recent recoveries, it still does not mean that firms
have to continue laying off workers after output starts to recovery, which is the fact for
the past three jobless recoveries. This paper incorporates both labor margins featuring
easier increasing of per worker hours than employment during recent recoveries, and is
able to generate 2-7 quarters long delay in recent jobless recoveries.
Another branch of research that is relevant to the current paper has to do with
financial frictions. While lots of macroeconomic literature modeling financial frictions
has focused on the role of financial sector in propagating shocks that originate in other
sectors of the economy, the importance of financial shocks themselves that is, perturbations that originate directly from the tightening of financial sector has been pervasive
in the economy but has started to be explored only recently in the literature. Particularly, latest research has incorporated both technology shocks to a firm’s productivity
and financial shocks to its ability to borrow combined with rigidities in the adjustment
12

Available and access on February 25, 2012 at http://economics.sas.upenn.edu/ manovski/
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of its financial structure. It has been able to show that a trio of borrowing constraint,
financial shocks and financing structure adjustment cost plays an important role in
capturing not only financial flow data but also real business cycle movements, especially fluctuations of total hours worked (Jermann and Quadrini, 2010). However, little
has been explored about the impact of financial shocks on employment (rather than
total hours) and latest lead-lag relationship between output and employment. In this
paper, I intend to make progress along this dimension.
With financial constraint and shocks, this current paper presents a simple DSGE
model where intensive and extensive labor margins and dynamic benefit cost are introduced to explain employment, especially recent jobless recoveries. The hypothesis
under test is that at the beginning of a recovery firms tend to increase per worker hours
and employees’ benefit, which delays hiring; as production further goes up, firms then
start to hire more workers. This paper contributes to the literature with better fit to
employment data, especially jobless recoveries, by exploring causes to recent employment movement pattern changes, particularly, financial frictions, flexible work schedule
and cyclical employment benefit cost.

3

Model

In this simple DSGE model, a representative firm produces goods, invests in capital
and chooses labor (including current hours per worker and next period employment)
with the need to prepay each future worker employment benefit, and finances through
stock market and bond market subject to a financing structure adjustment cost and a
borrowing constraint; a representative household consumes goods, works at the firm,
lends to the firm, invests in the firm, and pays tax; and a government charges the
household tax and subsidies the firm who borrows. There are two exogenous shocks in
the model, technology and finance.
The firm starts each period with capital k, employment n and liability b. It chooses
hours per worker, h, next period employment, n0 , equity payout, d, investment i =
k 0 − (1 − δ)k, and next period uncontingent debt b0f with a government-subsidized
interest rate R. Using this b0f , the firm partially pays labor cost, investment, stock
share holders and lenders (together called creditors), but promises to pay the rest by
realization of revenue F . Then, the firm produces F . After production, it may default
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on its promise. In fact, an enforcement constraint is imposed, so that the firm will
never choose to default.13

3.1

Firm

There is a representative firm with a production function F (z, k, n, hf ) = zk 1−θ [anγ +
θ
(1 − a)hγf ] γ . Variable z is stochastic level of productivity, k capital input, n employment, and hf hours per worker. Capital depreciates each period with rate δ. It is
worth noting the formulation of production function in this model. This nested CES
in a Cobb-Douglas production function embeds the idea that the substitutability between employment and per worker hours can be adjusted (here in this paper they are
complements, which is consistent with macroeconomic data) while capital is a substitute to labor 14 . To finance production, the firm uses equity and debt. Debt, denoted
by bf , is preferred to equity because of its tax advantage. This is also the assumption
made in Jermann and Quadrini (2011). Given interest rate r , the effective gross interest rate for the firm is R = 1 + r(1 − τ ), where τ represents the tax benefit. To
formulate the rigidities affecting the substitution between debt and equity, this paper
assumes that the firm’s payout is subject to a quadratic adjustment cost. Given equity
payout d , the actual dividend cost for the firm is ϕ(d) = d + κ(d − d)2 , where κ ≥ 0,
and d is the long-run dividend payout target.
Apart from a financing structure adjustment cost, the firm also has to pay benefit
φ(n0 /n)g for each worker hired next period, where φ is a calibrated parameter for steady
state benefit cost value and g is benefit cost sensitivity of employment. This formulation
of benefit cost can not only capture the positive correlation between benefit cost and
employment change as we see in the data, but also delays employment changes as what
I call employment habitual formation. With this benefit cost, if firm firing, a decrease
in next period employment n0 lowers the marginal saving of firing in the current period–
so the firm won’t fire too many workers, but increases it in the next period–so the firm
13
Another way to think about this is as in Jermann and Quadrini (2011): in order to pay workers
etc. before production, the firm has to borrow an intra-period loan, and after the realization of
revenue the firm can decide whether to default on this intra-period loan. An enforcement constraint
over intra-period loan is imposed, so that the firm will never choose to default.
14
Results from a general Cobb-Douglas production F (z, k, n, hf ) = zk θ1 nθ2 hθ3 are also available
upon request. The basic result of employment movement with jobless recoveries does not change,
while hours per worker moves less procyclical becoming more of a substitute to employment. Perri
and Quadrini (2011) uses a similar CES formulation for hours and utilization
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will further firing tomorrow. Intuitively, in the wake of a recovery, firm has been firing
during recession, tomorrow’s employment benefit cost will increase making hiring even
more expensive then; the smaller a firm is today, the more it shrinks tomorrow. In
this sense, this dynamic benefit cost formulation captures the notion of employment
habitual formation. This is an important mechanism to smooth employment growth
(but not necessarily flatten employment) in the paper to generate jobless recoveries.
Moreover, the formulation φ(n0 /n)g gives above-trend benefit cost when employment
increasing and below-trend benefit cost when employment decreasing, which is also
consistent with data.
b0
Firm is also constrained by an enforcement constraint, ε(k 0 − Rf ) > F (z, k, n, hf ),
to exclude its default possibility. This is the same as Jermann and Quadrini (2011).
According to this enforcement constraint and firm’s budget constraint, a negative financial shock requires lower equity payout d and per work hours h. Since it is costly
for the firm to change d because of adjustment cost, the firm then has to decrease per
worker hours at the current period. Additionally, if next period financial constraint
is likely to become tighter, it will decrease next period employment as well. This is
another important endogenous mechanism in this model to generate jobless recoveries.
Now I write the firm’s problem recursively. The endogenous states are capital stock
k, employment n and debt bf . The exogenous states are technology z and finance ε.
The firm chooses per worker hours hf , dividend d, next period employment n0 , capital
k 0 , and debt b0f . The firm’s optimization problem is as below, subject to its budget
and borrowing constraint. The function V is the market value of the firm and m0 is
stochastic discount factor. Variables w is wage rate. The stochastic discount factor,
wage and interest rate are determined in the general equilibrium and are taken as given
by an individual firm.

V (z, ε, k, n, bf ) = max0 0 d + Em0 V (z 0 , ε0 , k 0 , n0 , b0f )

(1)

hf ,d,k ,bf

subject to
b0f
n0
+ F (z, k, n, hf ) = k 0 − (1 − δ)k + nwhf + n0 [φ( )g ] + bf + ϕ(d)
R
n

ε(k 0 −

b0f
) > F (z, k, n, hf )
R
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(2)

(3)

in which
θ

ϕ(d) = d+κ(d−d)2 , F (z, k, n, hf ) = zk 1−θ [anγ +(1−a)hγf ] γ and R = 1+r(1−τ ) (4)
From equations (3), we can see that a negative financial shock reduces the firm’s
demand for hours per worker. This, in turn, also increases the firm’s desire to pay
a lower wage for additional working hours. As overall wage level becomes lower, it
deters the firm from hiring new workers because hours becomes relatively cheaper
than workers. Therefore, wage movements work like an endogenized cyclically moving
additional adjustment cost.

3.2

Household

There is a representative household maximizing its expected lifetime utility V subject
to its budget. The household is stock and bond shareholder of the firm. Its optimization
problem is shown recursively below. The household chooses hours it would like to work
hh , consumption c, stock shares to hold next period s0 and debt to hold next period
b0h . q is the market price of stock shares. The household takes q, interest rate r,
employment n, wage w, and tax as given.
Note that in individual household’s utility function U (c, n, hh ) = ln c + nα ln(1 −
0
hh ) + n0 [φ( nn )g ], household’s disutility towards working is only to those who are employed, and benefits contribute to the entire household’s utility but do not go into
budget constraint as disposable income.
V (z, ε, s, bh ) = max
{U (c, n, hh ) + βEV (z 0 , ε0 , s0 , b0h )}
0
hh ,c,s ,bh0

subject to
wnhh + bh + s(d + q) = c + tax +

b0h
+ s0 q
1+r

in which

(5)

(6)

n0 g
) ]
(7)
n
Since the firm’s optimization is consistent with that of household, m0 = βUc0 /Uc .
U (c, n, hh ) = ln c + nα ln(1 − hh ) + n0 [φ(
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3.3

Government

Government collects tax from the household to subsidize the firm that borrows. B here
is the total borrowing in the economy by the firm, and government takes it as given.
tax =

3.4

B0
B0
−
1 + r(1 − τ ) 1 + r

(8)

Market Clearing

In equilibrium, markets clear as below:
Bond market: bh = bf = B
Stock market: s = 1
Labor market: hf = hh
0
Good market: c = F (z, k, n, hf ) − k 0 + (1 − δ)k − n0 [φ( nn )g ] − κ(d − d)2

4
4.1

Computation and Results
Calibration and Computation

Piecewise linear approximation is used to approximate policy functions in terms of the
five-dimensional state vector (z, ε, k, n, b). Using Matlab R2011b and Fortran mex file,
I computed the model with 5 levels for exogenous states of z and ε and 15 grid points
for endogenous states of k, n and b.
Parameters are calibrated to match hours per worker at 13 , employment at 23 , interest rate of 6 percent, capital to output ratio and debt to output ratio at 2.97 and
2.78 respectively. Parameters for tax advantage, depreciation, and financial structure
adjustment cost are from Jermann and Quadrini (2011). Data are collected from 1964
Q1 to 2010 Q4. For description of data sources, please see Appendix.
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Table 1: Parametrization
Discount factor
Tax advantage
Depreciation rate
Elasticity of substitution parameter
Financing structure adjustment cost parameter
Labor share
Utility parameter
Borrowing constraint parameter
Employment share
Employment adjustment friction parameter before 1989
Employment adjustment friction parameter after 1989
Benefit cost sensitivity of employment before 1989
Benefit cost sensitivity of employment after 1989

4.2

β = 0.9433
τ = 0.3500
δ = 0.0250
γ = −2
κ = 0.2460
θ = 0.8086
α = 1.0369
ε̂ = 3.3952
a = 0.9291
φ = 0.46
φ = 0.4745
g = 0.98
g=1

Results

From data, I calculate technology and financial shocks that can be found in Figure 9
and Figure 10 respectively15 . In Figure 10 we can see big financial tightening during
expansion periods following post-1989 recessions, which plays a role in jobless recoveries.
Modeled employment for pre-1989 and post-1989 periods under both technology
and financial shocks can be found in Figure 11 and Figure 12 respectively. The model
is able to well match with jobless recoveries for the most recent three recessions (Figure
12), especially the last one. To see this clearer and to compare with data in Figure
1, I plot this model-generated employment growth after NBER troughs in Figure 13.
The model generates between 2 to 7 quarters of delay in employment growth compared
with NBER troughs for the last three recessions. I also compare model generated
employment with output and per worker hours movements for post-1989 period, the
former lags behind the latter (Figure 14 and Figure 15), as in data. In terms of
volatility, this model does as well for employment, per worker hours and output (Table
2).
15

For shock calculation methods, please see Jermann and Quadrini (2011).
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Figure 9: Technology Shocks

Figure 10: Financial Shocks
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Figure 11: Employment under Both Technology and Financial Shocks, pre-1989

Figure 12: Employment under Both Technology and Financial Shocks, post-1989
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Figure 13: Modeled Employment Growth After NBER Troughs, post-1989

Figure 14: Modeled Employment and Output, post-1989
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Figure 15: Modeled Employment and Per Worker Hours, post-1989
Table 2: Model Moments 1964-2010
Pre-1989 Data
Output
0.0237
Employment
0.0166
Per Worker Hours 0.0048

4.3

Pre-1989 Model Post-1989 Data Post-1989 Model
0.0286
0.0150
0.0197
0.0150
0.0144
0.0126
0.0080
0.0042
0.0059

Financial Friction and Benefit Cost

To demonstrate how financial shocks contribute to jobless recoveries, Figure 16 shows
employment movement under only financial shocks. We can see that financial shocks
increased employment volatility and severed jobless recoveries. Additionally, to test
another feature of this paper, when there is no dynamic employment benefit cost at all,
standard RBC model can hardly capture any lagging employment movement (Figure
17).

5

Conclusion

Empirical research has extensively documented delayed employment recoveries relative
to output in the U.S., but little theoretical modeling of the phenomenon exists. This
paper fills the gap with a simple dynamic stochastic general equilibrium (DSGE) model
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where two labor margins, endogenous employment benefit cost and financial frictions
are introduced to explain recent jobless recoveries. It explores recent changes in the
U.S. labor market, particularly flexible work hours, increasing employment benefit cost
and its cyclicality, and shows how they can affect employment movement and generate
jobless recoveries, especially under financial crises. This paper is able to contribute to
the literature with better fit to employment data and volatilities of employment and
per worker hours. I also conclude that financial shocks are positively associated with
employment movement and severed jobless recoveries.
There are several limitations to the current paper. First, in this model, no distinction between part-time and full-time workers and the formulation of benefit cost
constrains its ability to match well with benefit cost volatility in data, though the fluctuations around trend are consistent with data. Secondly, this model performs better
for post-1989 period than pre-1989, further improvement over pre-1989 period could
be pondered upon. Thirdly, this model produces pro-cyclical wage where as in data
aggregate wage is acyclical or even counter-cyclical. Solon et al(1994) find that longitudinal in microdata real wages have actually indeed been substantially procyclical
since the 1960s. They, as well as Prasad and Keane (1993) and Prasad (1996) show
that the true procyclicality of real wages is obscured in aggregate time series because
of a composition bias: the aggregate statistics are constructed in a way that gives
more weight to low-skill workers during expansions than during recessions. Therefore,
an extension (not included in this version yet) of this simple model will incorporate
heterogeneous workers to address this issue.
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Appendix: Data Sources

Federal Reserve System: the U.S. Flow of Funds Accounts
Bureau of Economic Analysis: the U.S. National Income and Product Accounts
Bureau of Economic Analysis: the U.S. Fixed Assets Tables
Bureau of Labor Statistics: Employment Cost Index
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