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Abstract

In the Great Contraction, regions of the United States that experienced the largest
declines in household debt to income also experienced the largest drops in consumption
and employment. We develop a search and matching model that reproduces such pat-
terns. Tighter debt constraints raise workers’ and firms’ discount rates, thus reducing
match surplus, vacancy creation, and employment. Two ingredients of our model, on-
the-job human capital accumulation and worker debt constraints, greatly amplify the
drop in employment. On-the-job human capital accumulation implies that the returns
to posting a vacancy are backloaded: the surplus from a match is thus more sensitive to
changes in firm discount rates. Worker debt constraints amplify these effects further by
preventing wages from falling too much. We show that the model reproduces the salient
cross-sectional features of the U.S. data, including the comovement between consump-
tion, house prices, debt-to-income as well as tradable and non-tradable employment.
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1 Introduction

We develop a Diamond-Mortenson-Pissarides model with risk averse consumers, borrowing
constraints, and upward sloping wage-tenure profiles and investigate its ability to account
for some key features of the Great Contraction of the United States. This contraction was
associated with a large fall in household debt to income, consumption, and employment.
Moreover, as Mian Sufi (2009) and Midrigan and Philippon (2011) have noted, in the most
recent recession, regions of the United States that experienced the largest swing in household
borrowing also experienced the largest drops in output and employment. Finally, in the
regions that experienced this large drop in employment, the drop was disproportionately
larger in the nontraded goods sector. We show that our model can reproduce the salient
features of this contraction.

A first key feature of our model is human capital accumulation through employment,
which allows us to generate realistic wage-tenure profiles of the type documented by Buchin-
sky, Fougere, Kramarz, and Tchernis (2010). The returns to posting vacancies are backloaded
with such upward-sloping wage and human capital profiles, and thus more sensitive to changes
in debt constraints that alter an agent’s discount rate. Vacancy creation and therefore em-
ployment is thus much more volatile in our framework than absent on-the-job human capital
accumulation.

A second key feature of our model is that a tightening of debt constraints simultaneously
changes both the firms’ and workers’ discount rates. Even though most of the drop in
employment is accounted for by the firms’ decision to post fewer vacancies, worker discount
rates play a crucial role in equilibrium. Absent a change in worker discount rates, the fall in
firm discount rates is offset by a sharp drop in equilibrium wages. This drop in wages mutes
the response of vacancy creation and thus employment. In contrast, the drop in wages is
much smaller when the worker’s discount rate falls as well. Since debt-constrained workers
value future human capital less, the wage that results from Nash bargaining between firms
and workers does not fall as much and this amplifies the reduction in employment. Thus,
worker-level debt constraints act as an endogenous source of wage stickiness and considerably
propagate the effect of credit shocks.

As emphasized by Hall (2014), the key unresolved aspect of the Mortensen and Pissarides
model is the nature of the force that depresses the payoff to job creation in recessions. In
most of the papers in this tradition, the key force is a drop in productivity. As Hall also
emphasizes, that explanation runs into two problems when applied to the recent recession.
First, productivity did not fall much in the Great Contraction. Second, given that small fall

in productivity, it is exceedingly difficult for the model to generate a large drop in output and



employment. The driving force that we and Hall (2014) emphasize instead is an unexpected
change of the consumer and firm discount rates. As noted, one key feature we add to the
framework studied by Hall (2014) is human capital acquisition during employment. This
feature greatly increases employment volatility in an otherwise standard search and matching
model in which wages are continuously renegotiated.

Our work is related to a small literature that tries to link increases in financial frictions
on the consumer side to economic downturns. In particular, Guerrieri and Lorenzoni (2010),
Eggertson and Krugman (2011), and Midrigan and Phillipon (2011) study macroeconomic
responses to a household-side credit crunch. All three of these papers find that a credit crunch
has only a minor, if any, negative effect on employment unless wages are extremely sticky:.
Our analysis complements this work by studying a particular mechanism that prevents wages
from falling in the aftermath of a consumer-side credit crunch.

Finally, our work is also related to the empirical analysis of Mian and Sufi (2011, 2013,
2014) who have documented a very robust relationship between changes in household balance
sheets, consumption, employment and house prices in a cross-section of U.S. counties. Two
key findings emerge from their work. First, consumption and employment positively comove
from 2007 to 2009, a feature that is at odds with the predictions of standard models. Second,
most of the reduction in employment associated with a tightening of household balance sheets
in this period is accounted for by industries that sell non-tradable goods. The decline of
tradable employment is large, but unrelated to measures of household debt or consumption.
We show, in an extension of our model that allows for multiple goods, that our model
successfully replicates these features of the data.

This paper is organized as follows. We first present a one-good, small open-economy ver-
sion of the model. We think of the responses to a credit crunch in this model as representing
those of an economy-wide shock that affects all regions in the U.S. and thus has no effect
on relative prices. We then study an extension of the model with tradable and non-tradable
goods in which relative prices respond to a credit crunch. We think of this extension as
capturing the responses of an individual region of the U.S. and confront this version of the

model with the Mian and Sufi evidence.

2 One-Good Economy

We consider a version of the Diamond-Mortenson-Pissarides model with risk-averse con-
sumers that can borrow and save but are subject to debt constraints. A continuum of such
consumers face idiosyncratic risks, the history of which we denote with st. The probability

of any history is 7(s'). Let y(s') denote the income of an individual consumer. This income



evolves over time both because of on-the-job human capital accumulation, as well as because
of idiosyncratic productivity shocks. We consider a stochastic OLG environment in which
each consumer survives from one period to another with a constant hazard ¢. A measure
1 — ¢ of consumers replaces those that die each period.

We assume that consumers are organized into families that pool all of their members’
idiosyncratic risks. Though risk-sharing is perfect within the family!, each family faces debt
constraints, changes in the severity of which affect the family’s discount factor. Each member
of the family maximizes the present value of the income it receives using the family’s discount

factor. We first describe the family’s problem and then the problem of its individual members.

2.1 Family Problem

The preferences of the family are

maXZﬁt[u(ct) + Yo (hy)] (1)

Ct
t=0

where ¢; is the consumption of any of its members and h; is the amount of housing consumed.
Because of full risk-sharing all members enjoy the same amount of housing and consumption,
regardless of the idiosyncratic shocks they experience. (This type of risk sharing arrangement
is familiar from the work of Merz (1995) and Andolfatto (1996).)

The family faces a budget constraint
citappr+pihi = (14 r)a+pihy +/yz’tdi+Tt

where a;,1 are the family’s end-of-period financial assets, p; is the price of housing, r is the
exogenously-given interest rate at which the family saves with the rest of the world. The term
[ yidi represents the total income of all the members of the family, which includes wages
for those members that are employed and home production for those that are not employed.
Finally, T} are the profits net of vacancy posting costs the family receives from its ownership
of firms in the economy. As we show below, since firms are owned by families, they discount
future flows using the same discount rate that workers use to discount future wages.
Finally, the family faces a collateral constraint that limits the maximum amount it can

borrow to a fraction x of the value of the family’s home:

a1 = —XPehiga

1We also solved a version of the model similar to that in Krusell et al. (2010) in which consumers can
only save with uncontingent bonds. This model has an unappealing feature. Because of human capital
accumulation, the wage that solves the Nash bargaining problem is non-monotonic in individual assets. In
particular, there is a region of the state space in which higher assets reduce wages. Anticipating this some
consumers are deterred from savings because by doing so will decrease their future wages. This features led
to odd patterns of wages, savings, and sometimes even the existence of equilibrium.



where y is the maximum loan to value ratio.

Our model of houses is very simple. There is a fixed supply of houses, normalized to 1,
and each unit of a house delivers one unit of housing services each period. The housing stock
does not depreciate.

The parameter ¢, in the utility function (1) governs the relative preference for housing.
This parameter varies over time and is the source of changes in house prices and thus (through
the collateral constraint) the amount of debt the family can borrow.? There is no aggregate
uncertainty in this economy: we study the effect of a one-time, unanticipated, sequence of
changes in v, that lead to a drop in house prices, credit and consumption of the magnitude
that we have seen in the U.S. data.

We assume that the rate of time preference is sufficiently small relative to the interest
rate, B(1 +r) < 1, so that the debt constraint binds both in steady state and all of our

experiments. Given a particular path for v, the housing Euler equation,

put’ (cr) — Bpiu (Ctg1) = B0 (hiy1) + XD (Ul (ct) =B +r) U/<Ct+1)) )

together with the borrowing and budget constraints, as well as the equilibrium condition
hiy1 = 1, pin down a path of consumption ¢; and therefore the family’s marginal valuation
of date t output o)
u' (e
Qr = 5tm-
and therefore the one-period discount factor Q;1/Q;. Clearly, a tightening of credit con-
straints that leads to a transitory decline of consumption in period ¢ reduces the one-period
discount factor.
Here, for ease of notation, we have represented the insurance arrangements using a family
construct. It should be clear that we can also represent these insurance arrangements by

having appropriately defined contingent claims markets.

2.2 Individual Employment Problem

An individual member of the family, henceforth worker, chooses whether to work or not,

e(s') € {0,1}, in order to maximize the present value of income
y(s") = e(shw(s") + (1 — e(s))d,

which consists of wages w(s') when employed, and home production b when non-employed.

We assume here that the amount non-employed workers earn is constant and thus independent

2We have also studied a version of the model in which shocks to the loan-to-value ration y are the source
of credit shocks and have obtained virtually identical results.
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of the worker’s characteristics. We relax this assumption in a robustness section below. Since

all members have a constant survival hazard ¢, the objective of the individual member is
max } > ' Qur(s)y(s"): (2)
t=0 st
The constraints on this problem are the search and matching frictions we describe below.

2.3 Human Capital and Output

A worker is characterized by a productivity level z which gives the amount of output the
worker produces if matched with a firm. We think of z as representing the individual worker’s
human capital. We let w,(z) denote the wage received by a worker with productivity z. The
wage is the solution to a Nash bargaining problem described below. Newborn workers enter

the economy endowed with a draw of z from a log-normal distribution:
log(2) ~ N (0,0%/(1— 42)).
An employed worker’s human capital evolves according to:
log 2 = (1 — p.)p. + p.logz + 0.’ (3)

where p, determines the persistence, o, the volatility and p, the mean of the process, while
¢’ is a Gaussian disturbance with zero mean and unit variance. A non-employed worker’s
human capital evolves according to a similar AR(1) process with the same persistence and

volatility but with a mean equal to 0:
logz' = p,logz + o0.¢ (4)

We represent below the Markov processes in (3) and (4) as F.(2'|z) and F,(Z|2).
Intuitively, a newly-born worker’s initial productivity is drawn from a distribution with
the lower mean and thus gradually increases over time whenever the worker is employed with
a speed determined by p,. The employed worker’s productivity thus drifts up over time.
In contrast, a worker that has been employed for a number of periods and has a relatively
high productivity will experience on average a loss of human capital whenever non-employed
since its productivity will drift down over time. By setting appropriately the parameters of
the two processes for z;, we can match the gains from tenure and experience as well as the
loss in wages a worker experiences upon separation. (Here we do not formally distinguish
between unemployment and non-participation but when quantifying the model, we think of

non-employment as capturing both states.)



2.4 Matching Technology

We assume a standard aggregate matching function M (uy, v¢), which represents the measure
of matches in a period with u; non-employed workers and v; vacancies. We assume M is
given by

M (u,v) = Buv'™",
where B is the efficiency of the matching technology. Let 6; = v;/u; denote the market
tightness. The probability that a vacant job is filled in the current period is

M n
App = Mlusv) g (U_) _ po

7 UVt Ut
Similarly, the probability that a non-employed worker finds a match is
A = L) _ (ﬂyn — BO, .
Uy Uy

We assume that individual matches are exogenously destroyed with probability o. In
addition, since home production b is constant while z evolves over time, some matches, those

that no longer have a positive surplus, are endogenously destroyed as well.

2.5 Worker Values

The value of an employed worker is given by its current wage as well as the discounted sum

of future output:

W (2) = we (2) + Qt“ / max [Wier (2), Uper ()] dF, (/]2)
¢ng / Upis () dF. (<]2).

Notice the max operator which reflects the decision of whether to continue a relationship, as
well as the family’s discount factor Q;1/Q; with which the workers discount future output.
Similarly, the value of a non-employed worker is given by the amount it produces at home, b

as well as the discounted sum of future output:
U, (z) = b+¢Qt+1 Awt / max [Wiy1 (), U (2))] dF, (7]2)

Qt+1
Q

Notice here that the worker may choose to turn down an offer even in the event it matches

+¢

(1= M) [ Ui () dFw (12)

with a firm which occurs with probability A, ;.



2.6 Firm Values

Each firm pays a vacancy cost to form a match, produces output when matched, and pays
dividends to the family. The objective of each firm is to maximize the discounted value of
dividends using the discount factor (); of the family it belongs to. The value of a vacancy
is given by the firm’s current profits, output net of wages, as well as the present discounted

value of future wages:

Ji(2) =2 —wy (2) + Qt“ 1—J/maXJt+1 ,0]dF, (#]2) .

Notice again that this formulation captures the possibility that a match no longer yields a
positive value to the firm and is thus destroyed.

There is a large number of potential entrants that can post a vacancy cost x to create
a new vacancy. Let n}j( ) denote the measure of non-employed workers at the beginning
of period t. Let ny(z) = n{/ [ dny (z) denote the distribution of productivity among the

non-employed. Free entry drives the expected value of posting a vacancy to 0:

Qi1

0= —n oy, / max i (), 0] dF, (2]2) diig (2)

The free entry condition pins down the vacancy-unemployment ratio ; and thus the flows

out of non-employment.

2.7 Wage Bargaining

We assume that wages are renegotiated period by period and are set by a generalized Nash
bargaining protocol and thus solve
max [W(2) — Ui(=)]" Ju(2)"

or ., 1o
Wi(z) = Ui (2)  Ji(z)

Here ~ represents the worker’s bargaining weight.

3 Quantification and Results

We next discuss how we have chosen parameters for our model, the model’s steady state
implications, and the responses of the economy to a credit crunch. We show that employment
falls sizably in response to a credit crunch in our model. We then argue that two key

ingredients account for the employment drops: on-the-job human capital accumulation and



the fact that not only firms but also workers are subject to the credit shock. Absent any
of these two ingredients, the employment responses are very small. Finally, we study a
robustness check on our model in which we assume that home production is proportional to

a worker’s productivity.

3.1 Quantification

The model period is one quarter. We set the discount factor equal to 5 = 0.94'/4 and the
interest rate equal to 1 + 7 = 0.96'/4, thus corresponding to a 4% annual rate. We set the
survival rate ¢ so that 1 — ¢ = 1/160 so that households are in the market for 40 years on
average. The probability of separation ¢ = .1 is set so that the average employment spell is
about 2 and 1/2 years as in Shimer (2005). The bargaining weight ~ is set to 1/2 and we set
the elasticity of the matching function n = ~.

The utility function is

11—«
Cy

uler) = 1 -«

A large literature (see Guvenen 2006 and the references therein) finds that the elasticity
of intertemporal substitution (EIS) is very low when estimated using data on households,
on the order of 0.1 to 0.2. We follow this literature and set this elasticity, 1/a, equal to
0.2. We have found that the responses of employment in our model to a credit shock are
approximately linear in the size of the shock: doubling (halving) the value of o would lead
to doubling (halving) the employment responses.

We have six additional parameters that are jointly chosen so that the model matches ex-
actly six statistics in the data. These parameters are: x, the fixed cost of posting a vacancy;
B, the efficiency of the matching function; p,, the persistence of productivity shocks; o, the
standard deviation of productivity shocks; u., the parameter governing the evolution of z
for an employed worker and thus the returns to employment; and b, the home production
parameter. The targets we use to pin down these moments are: a vacancy-unemployment
ratio of 1 (as in Shimer (2005), this simply reflects a choice of units and is otherwise incon-
sequential), an employment-population ratio of 80%, a ratio of home production to mean
wages of 40%, following Shimer (2005), a standard deviation of the log of initial wages (in
the first year of a given employment spell) of 0.94, which we compute using the PSID data,
and a standard deviation of changes in log wages of 0.21 per year, as computed by Floden
and Linden (2001). The final statistic we require the model to match are the average returns
to employment in the data which we calculate using an indirect inference approach that we
discuss in detail next.

We calculate average returns to employment using the parameter estimates of Buchin-



sky, Fougere, Kramarz, and Tchernis (2010) who estimate a structural model of worker job
participation and mobility decisions allowing for rich sources of heterogeneity among workers
in the PSID. The structural model allows these researchers to identify the parameters of a
Mincerian wage equation that relates a worker’s wages to its demographic characteristics,
education, as well as the history of past employment, including its tenure (number of years
with a given firm) and experience (number of years in the labor market) at the current and

its previous jobs:
log(wy) = ¢; + 25,8 + f(experience;,) + g(tenure;;) + Ji + €4

where

My 4
Jit = Z Z (¢} + ¢jtenure} + ¢fexperience}) dj;
I=1 k=1
summarizes the history of the worker’s past employment. We use these estimates, together
with the profiles for experience and tenure implied by our model, to evaluate a predicted
wage

— -~

log(w;:) = f(experience;,) + g(tenure;) + Ji

for all individuals in our model’s simulation. We use the average growth rate of these pre-
dicted wages as our sixth target in the calibration and thus choose parameters so as to ensure
that the growth rate of actual wages in our model is equal to the growth rate of the predicted
wages, about 5.2% per year in our benchmark parameterization.

Intuitively, some parameters in the model have relatively more importance for some statis-
tics in the data. Roughly, the fixed cost of posting vacancies pins down the steady state
vacancy-to-unemployment ratio, the efficiency of the matching function pins down how often
non-employed agents are matched with firms and thus the employment-population ratio, the
parameter governing the law of motion of z for employed workers, u., pins down the average
growth rate of wages, while the persistence and standard deviations of shocks to z determines
the unconditional dispersion and the volatility of changes in wages.

Table 1 summarizes our parameterization strategy and shows the moments used in our
calibration, the parameters that we assigned and those that we endogenously chose. As the
table shows, the model matches all 6 parameters exactly given that the model is exactly
identified.

Figure 1 illustrates our model’s implications for returns to employment by showing the
path of wages of a typical worker that experiences several non-employment spells over the
life-time, and contrasts the model’s wage paths with those predicted by the BFKT (2010)
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estimates. We initialize the simulation in Figure 1 for an agent with zero experience, a mean
productivity equal to the mean of newborn workers’ productivity and assume no shocks to
productivity over the lifetime. Notice that our model’s wage path tracks that implied by the

empirical estimates fairly closely.

3.2 Steady State Implications

Table 1 also shows several additional implications of the model. Notice in the lower-left
panel of Table 1 that 18% of workers have a level of productivity below the amount they
would produce at home. This reflects the backloaded nature of returns to working in this
environment. Also notice that very few, 0.2% of matches are voluntarily destroyed, reflecting
the fact that a worker’s productivity typically drifts up. However, since worker’s productivity
is very dispersed, a substantial fraction, 0.278 of matches yield negative surplus and are thus
not formed.

Our model also predicts , since productivity of the non-employed gradually drifts down
over time, that wages typically fall after a non-employment spell. In our model, the typical
wage drop after a non-employment spell is about 2%, reflecting the fact that non-employed
workers do not stay non-employed too long. In contrast, workers that are non-employed for
a year (two years) experience much larger drops of 6.1% (8.8%). While the wages drops
predicted by the model are somewhat smaller than those in studies of the earnings losses of
displaced workers, they are consistent with micro-economic estimates that study all employ-
ment to non-employment to employment transitions. For example, as Figure 1 shows, the
estimates of Buchinsky, Fougere, Kramarz, and Tchernis (2010) which are based on all such
transitions, are similar with those predicted by our model.

Consider next the four panels of Figure 2 which display the policy and value functions.
The upper-left panel shows that when a firm hires a worker the profits z — w(z) are negative
for a range of human capital z. The bottom left panel shows that the value of a newly
filled vacancy J(z) increases as the productivity of the worker in that vacancy increases.
Comparing the top and the bottom left hand panels show that a firm creates matches with
consumers even for levels of productivity in which profits are initially negative. The reason
again is the backloading of returns to employment. In this sense, there is an additional
investment aspect to the relationship between firms and consumers in a match in addition
to the cost of posting the vacancy.

The upper-right panel shows the value w(z) of wages for different values of human capital
z . The bottom right panel shows the value of working relative to that of being unemployed.
As the graph shows, an unemployed consumer accepts jobs even when its wages are below

the current value of home production b, so that “worker profits” are negative. As discussed

10



above, the consumer finds it optimal to do so because as z increases with time in the job
the value of wages will tend to increase above b. Here also, in contrast to standard search
models, there is also an investment component to the consumer from forming a match with
the firm.

Figure 3 displays the measures of employed workers n.(z) and unemployed workers n,,(2)
in the steady state. The top panel shows that reservation human capital level z is less than
one. The lower panel shows that there are two humps in the measure of human capital among
non-employed workers. Any non-employed worker with human capital above z will accept
a job. Such workers are typically ones that have held a job relatively recently. The non-
employed workers with human capital less than Z will not accept a job. Such workers have
relatively longer periods of time before they find jobs and end up with rather long durations

of unemployment.

3.3 A Tightening of Credit

We now turn to our experiment. In it we suppose that there is an unanticipated drop in
the taste for houses v;. This drop is unexpected prior to the first period. Consumers have
perfect foresight afterwards. We choose the size of the drop in preferences for housing so
that in equilibrium the tighter credit leads to an immediate consumption drop of 5% after
which it reverts to its original steady state at a rate of 10% per quarter. Our choice of
a mean-reversion rate of 10% is chosen so as to match the speed of postwar consumption
recoveries in the data.

Figure 4 displays the resulting path of consumption ¢;, house prices, the one-period dis-
count factor SQi1/Qy, as well as the implied annual discount rate. We note that house
prices fall by about 20% on impact and recover much more gradually than consumption.
The quarterly discount factor falls from 0.985 to about 0.960, implying that the annualized
discount rate increases on impact from about 6 to 15%. The size of the discount rate shock
we consider is thus similar to that studied by Hall (2014) who considers the impact of an
increase in the discount rate from 10 to 20% in a standard search and matching model.
Hall (2014) argues that such large swings in discount rates are necessary to rationalize the
behavior of the stock market in recent years.

Figure 5 displays the path for employment relative to that of consumption. The 5% fall
in consumption is accompanied by a 2% fall in employment. Note that the employment
drop is more persistent than the consumption drop. A simple way to measure the relative
persistence is to compare the relative cumulative impulse responses (the area under the im-
pulse responses) for consumption and employment at long horizons. Overall, the cumulative

impulse response for employment is 92% of the cumulative impulse response for consumption.
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The next two figures help shed light on the mechanism behind the impulse response
for employment. The upper panels of Figure 6 shows that the credit tightening leads to a
15% drop in the vacancy-unemployment ratio on impact, which reduces a worker’s matching
probability by about 8% initially. Both of these recover very gradually. The lower panels
of the figure show that the credit tightening is also associated with a transitory spike in the
number of job separations, from about 10% per quarter, to 10.5%. Finally, the fraction of
profitable matches reduces somewhat as well, from about 72.5% to 70% on impact.

We next quantify the importance of each of these three factors in accounting for the
employment drop. We do so using an approach that builds on Shimer (2012). The transition

law for total employment can be written
Et+1 = (1 — St>Et + /\wtat(l — Et>

where the separation rate s; is the sum of exogenous and endogenous separations, A,; is the
probability of any given worker finding a match with a firm, and a; is the acceptance rate.
We construct three counterfactual series in which we vary one of s;, A\,t, and a; leaving the
others at the steady state value. In Figure 7 we see that the decline in the matching rate A,
account for the lion share of the movements in employment while, except for the first couple
of periods, the increase in the separation rate accounts for little. Interestingly, the decline
in the acceptance rate accounts for only a modest share of the decline in employment early
on but is much more persistent and thus accounts for about half of the employment decline

about 10 years after the shock.

3.4 Two Key Ingredients of Our Model

We have introduced two ingredients in an otherwise standard search and matching model,
on-the-job human capital accumulation and worker debt constraints. We argue next that
each of these ingredients is critical in generating sizable employment responses to a credit
crunch.

On-the-Job Human Capital Accumulation. Consider first the role of on-the-job
human capital accumulation. We compare the implications of our model with those of an
otherwise identical model in which z is constant over time and the returns to work are thus
equal to zero. Figure 8 shows that employment responds very little to the credit crunch:
it falls by only about 0.4%, thus about one-fifth of the drop in our Benchmark model with
returns to work.

We note that these results are similar to those of Hall (2014) who studies the effects
of a permanent doubling of the discount rate (from 10% to 20%) in a standard search and

matching framework and finds that steady-state unemployment only increases from 5.8 to
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5.88%. Discount rate shocks thus have very little effect on vacancy creation and employment
in standard search models.

To see why this is the case, consider a simplified continuous time version of our model.?
Assume that employed workers’ productivity increases at a rate g so that dz = gzdt if a
worker is employed and zero otherwise. The values of the employed, non-employed and firms

are characterized by

() = w(z) =0 (W() = U(=) + 290 ()
U() = b X (W(2) - U(2)
pJ(z) = z—w(z)—ocJ(z)+ 29J)'(2)

where p is the discount rate of both firms and workers, ¢ is the separation rate and A, is
the worker’s job finding rate. The terms zgW’(z) and zgJ'(z) reflect the on-the-job human
capital accumulation of those in an existing match. Solving for the surplus of the match,
S(z) = W(z) = U(z) + J(2), under the assumption that the bargaining share 7 is equal to
1/2 gives

where

1
ﬁ:p+0+§)\w

is the effective rate at which agents discount the match surplus and

g—g (1420
9=y 2

depends both on the rate at which productivity grows on the job g as well as the discount
rate p.

Consider first an economy in which g is equal to 0 so that there is no on-the-job human
capital accumulation. The surplus of the match does fall when p increases, but not very
much. Since p is much smaller than ¢ and A, (empirical separation and job finding rates are
much greater than discount rates), a doubling of p does not change p and thus the surplus
from a relationship very much. The free entry condition then implies that market tightness
and thus employment changes little with changes in discount rates. Intuitively, if separation
and job finding rates are high, the surplus from a match is very transitory: an employed
workers is very likely to lose its job and a non-employed worker is very likely to find a match.
Since the surplus is transitory, its valuation does not depend much on the rate at which agent

discount future flows.

3The expressions we derive below convey a similar intuition but are much more complicated in a discrete-
time setting.
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In contrast, when g is positive, the discount rate p also affects the effective rate at which
the agents value the future increases in productivity arising from employment, g. Notice
that when )\, is sufficiently large relative to p, a doubling of the discount factor approxi-
mately halves g and thus the surplus from a match, leading in equilibrium to a large drop in
employment.

A numerical example may clarify this intuition further. Suppose z = 1, b = 04, g =
p = 0.05, ¢ = 0.25 and A\, = 2 as it is approximately the case in an annual calibration of
our model. Consider the effect of a doubling of the discount rate to p = 0.10. The effective
discount rate p barely changes in this experiment, from 1.3 to 1.35. Hence, if g were equal to
zero, the surplus from the match would only fall by several percentage points. In contrast,
doubling the discount rate approximately halves the effective growth rate g from 1.05 to 0.55,
thus reducing the match surplus four-fold, from 3.69 to 0.95.

Clearly, allowing for on-the-job human capital accumulation is critical for credit shocks
to have a sizable impact on employment.

Worker Credit Constraints.

A second key ingredient of our model, in contrast to a sizable literature in macroeconomics
that focuses solely on the effect of firm-level credit frictions, is that both firms and workers
are affected by discount rate shocks in our environment. We show below that credit frictions
on the workers prevent wages from falling too much in response to firm-level shocks and are
thus a source of endogenous wage stickiness.

To see this, we consider next a version of the model in which only firms are subject to the
change in discount rates. Figure 9 shows that employment responds very little, by only about
0.5% in this version of the model, thus about one-fourth the drop in our Benchmark model.
Figure 10 shows that the reason for the much smaller employment drop is that wages fall a
lot, by about 5%, when firms only experience a change in discount rates. Intuitively, absent
a wage change firms are the ones bearing the entire loss of surplus from the credit shock.
Nash bargaining requires, however, that the surplus of the firms and workers is equated and
this requires a large drop in wages. The drop in wages makes hiring workers relatively more
attractive and vacancy creation and employment does not fall much, despite the firm-level
credit shock.

Indeed, one simple way to amplify the volatility of employment in models with firm-only
frictions is to assume that wages are exogenously sticky. As Figure 11 shows, doing so (we
simply impose that w;(z) = we(z) during the transition) triples the drop in employment in
the model with firm-level shocks alone. Recall, however, from Figure 9, that wages respond
much less to the credit crunch in our model with both firm and worker discount rate changes,

despite the fact that they are continuously renegotiated. Intuitively, since both workers and
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firms are now affected by the credit friction and face backloaded returns to employment,
both the worker and firm surplus falls a lot even if wages do not change. Since workers
are also adversely affected by the shock, there is not much room for wages to fall under
Nash bargaining and firms cannot pass on the losses from the credit shock to their workers.
Worker credit shocks thus act as a source of endogenous wage rigidity and amplify the effect
of firm-level credit shocks.

Another way to see why wages are sticky in our Benchmark model is to notice that the
credit crunch has two offsetting effects on the equilibrium wage. From the worker’s viewpoint,
at the higher discount rates the original upward sloping path of wages is less valuable. This
force tends to push up wages. From the firm’s standpoint, at the higher discount rate the
original upward sloping path of profits from attracting the worker are lower than before. This
force tends to push down wages. The net result of these offsetting movements is that the

wage barely moves.

3.5 Robustness: Economy with Proportional Benefits

As discussed above, the drop in employment in our model is accounted for by several forces:
an initial spike in job separations, a reduction in the acceptance rate of new matches as well as
the drop in vacancy creations. One may argue that the first two forces are unappealing since
they imply that workers willingly turn down job offers during recessions which is perhaps
counterfactual. We show next that our results are very similar in an environment in which
we shut down fluctuations in the separation and acceptance rate.

We formalize this argument by studying an alternative version of our model in which the
amount of output a non-employed worker produces is proportional to its productivity. That
is, we now assume that b(z) = Az, where A\ < 1 and is chosen to ensure that home production
is equal to 40% of the average wage. Clearly, in this version of the model all matches produce
positive surplus and are accepted. Similarly, all employed workers choose to stay employed.

Figure 12 compares the response of employment in this model to that in our Benchmark
model. Clearly, the responses are not too dissimilar: employment drops by about three quar-
ters as much as in our Benchmark model, and by almost the same amount as our Benchmark
model would predict if we were to shut down fluctuations in the acceptance and separation
rate (Figure 6). This suggests that general equilibrium effects arising from fluctuations in
the acceptance and separation rates, (e.g., firms not hiring since they anticipate to be turned
down by workers), do not explain much of the drop in vacancy creation in our Benchmark

model.
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4 An Economy with Traded and Nontraded goods

We consider an economy that consists of a continuum of islands each of which produces a
nontraded good that can only be consumed on the island and a traded good that is consumed
in all islands. Each island also has a fixed stock of houses. Labor is immobile across islands
but can switch sectors. We first discuss the setup of the model and then results from our

quantitative experiments.

4.1 Model Setup

Most of the details of the model are identical to those of the one-good model and are omitted
for brevity. We only discuss the additional ingredients that we introduce. Preferences are

defined now over the consumption of a composite good that aggregates purchases of non-

traded (N) and traded (T') goods:

—1 1 —1 _
e = |77 (ex) T+ (1=7)7 (er) T |7

Traded goods are imported from the rest of the world. Since an individual island is infinitesi-
mal and we consider the effect of a shock on one island in isolation, the price of traded goods
is constant over time and we normalize it to 1. Let py; denote the price of nontraded goods.

The demand for nontradable goods on the island is

PNt B
CNe =T <?t> Ct (5)

where
1

Py= [rpn + (1 —7) ()]
is the composite price index on the island.

We consider a credit crunch that is identical to that we have studied in the one-good
model: a reduction in the preference for housing that causes a tightening of the credit limit
and thus a reduction of consumption of 5% on impact. Importantly, we assume that firms
are owned by households on all islands. Firm discount rates are thus unaffected by credit
shocks on an individual island, only worker discount rates are.

There are two additional forces that shape the response of employment to a credit crunch
in this model. First, as (5) makes it clear, a drop in consumption on the island leads to
a drop in nontraded goods prices (since output is initially determined by the measure of
agents that are employed in the nontradable sector and is thus predetermined). The drop
in nontraded goods prices thus leads to a flow of employment from the nontraded sector to

the traded sector. Second, since the island’s aggregate price index falls as well, the discount
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factor changes by more then in the one-good model, since it now reflects the anticipation of
an increase in the price level in future periods. That is, the one-period discount factor is now
5Qt+1/Qt, where Q; = U'(Q)/Pt-

The matching technology is the same as in the one-good model. There are two sectors
now and firms post vacancies in each of the two sectors. Non-employed workers search in
both sectors but receive an offer from at most one firm. The matching functions in the two

sectors are therefore
Mr; = Br(u)" (UT15)1_77 and My = By (uy)" (UNt)l_na

where Mp; and My, are the number of matches in each sector and vy and vy, are the number
of vacancies post by firms in each sector. The number of matches then determines the flows
into each of these sectors. For example, the probability that a non-employed worker matches
with a firm in each of the two sectors is:
1-n
At = Br <1;T:) = Br (Or:)' "

and

1-m

)\N By (UNt) — By (9Nt)17
Uy

Consider next the value functions that characterize the worker’s problem. Let wy;(2)

and wry(z) denote the wages received by workers in the two sectors. We assume that non-

employed workers produce b units of the composite good, so the value of home production is

P;b. The value of a worker employed in the traded sector is

Wre(2) = wn <z>+¢%j (1-0) / max [Wree (2) U (2)] dFs (2)2)
as%j / Upr () dF. (2)7)

The value of a worker in the nontraded sector is
Wre (2) = wye(2) + ¢Qt+1 (1-o0) / max [Wyi (2), Upsr ()] dF, (2']2)

on
Qg; / Uit (2)dF, (7']2) .

Finally, the value of an unemployed worker reflects the possibility of joining any of the two

+¢

sectors:

U, (z) = Ptb+¢Qt“

Qt—i—l

w / max [Wrest ('), Usss ()] dF, (/]2)

o / max [Wyeer (), Unes ()] dF, (2/]2)

Qt+1 (1_>\th A )/Ut—l—l( VdF, (?|z).

70,
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The production technology is the same as earlier: a worker with productivity z produces z
units of the nontradable good if matched in the nontradable sector and z units of the tradable
good if matched in the tradable goods sector. One key difference between this model and
the one-good model is that we now assume that firms are owned by consumers on all islands
and thus discount future flows at a constant rate 1/8 — 1. Nevertheless, firms operating on
an island that experiences the credit shock are indirectly affected by two forces: i) the drop
in the relative price of nontraded goods makes posting vacancies in the nontraded sector less
profitable and ii) the drop in worker’s surplus from a given relationship prevents wages from
falling as much as they would have done otherwise.

The value of a matched firm in the tradable sector is
Jri (2) = 2z —wre (2) + 9B (1 — o) /max (Jree1 (2),0)dF,. (2']2)
and that in the nontradable sector is:
T () = pwez = o (2) + 68 (1 = 0) [ max (Jyuss (2),0) dF. (2])
The free-entry conditions into the traded sector is
0=—rr+ ¢/3)\£7t / max [Jri1 (2'), 0] dF, (2']2) diy: (2)
while in the nontraded sector is
0= —ry + OB, / max [Jyie1 (1,2), 0] dF, (2/|2) it (2) -

Notice that we are implicitly assuming that the cost of posting vacancies is denominated in

units of the tradable good.

4.2 Quantitative Findings

There are several additional parameters in this model. We set the elasticity of substitution p
across traded and non-traded goods equal to 4, consistent with estimates in the trade litera-
ture.? We set 7, the preference weight on non-traded goods equal so that 2/3 of employment
on the island is in the non-traded sector. This is consistent with the evidence in Mian and
Sufi (2013) for the U.S. The costs of posting vacancies rr and ky are chosen so as to ensure
that market tightness 0 and 0y is the same in both sectors, and equal to 1. As earlier, the

choice of 1 is a normalization. Finally, we choose the efficiency of the matching function in

4 The macro literature sets a much lower elasticity, of up to 0.5. Using that elasticity would imply a
much larger drop in prices in the island hit by a credit shock and amplify the employment responses. We
conjecture that such large drops in prices are counterfactual.
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the two sectors, Br and By to ensure i) an employment-population ratio of 80% and ii) the
steady state price of non-traded goods, py is equal to that of traded goods, 1. This latter
restriction implies that workers in both sectors receive identical wages, wr(z) = wy(z) in
the ergodic steady state of our model. Given these choices, workers are indifferent between
which sectors to join and the steady-state predictions of the multi-good model are identical
to those of the one-good model.

Figure 13 shows the response of overall employment to the same credit shock we have
considered in the one-good model. The maximal drop in employment is about 1.75%, slightly
lower than the 2% in the benchmark model, reflecting the fact that firms now are owned by
all islands and are thus not subject to the credit shock. This makes it then clear that having
shocks on the firm side is not critical in our environment: worker-level credit shocks account
for most of the employment drops. Intuitively, since workers keep most of their accumulated
human capital when transiting to a new firm, their horizon is much longer than that of firms
(who lose a separated worker and thus its human capital for good). Workers are thus much
more sensitive to discount rate shocks and fluctuations in the worker’s discount rate account
for most of the employment losses in our model.

We also see in Figure 13 that the drop in employment in the model with no on-the-
job human capital accumulation are much lower than in our model, only about 0.4%. Once
again, backloaded returns to employment are critical for credit shocks to have a quantitatively
significant impact. Figure 14 shows the behavior of wages in the economy with and without
returns to work. Absent returns to work, the standard DMP model predicts a sharp decline
in wages in the aftermath of the credit shock, reflecting the drop in prices on the island and
the fact that matches are now less profitable. But the drop in wages insulates firm profits
from the credit shock and hence employment does not react much. Our model with returns
to work produces, in contrast, a form of wage rigidity: wages fall much less now and this
strongly reduces firms’ incentive to post vacancies.

Figures 15 and 16 show the response of nontradable and tradable employment. Notice
that both models with and without returns to work can generate a sizable drop in non-traded
employment, albeit the model with returns to work predicts a drop that is about twice larger.
The reason non-traded employment falls even in the standard model is the drop in the price
of non-traded goods which makes posting vacancies in that sector particularly undesirable.
Notice, however, in Figure 16, that these relative price effects imply, in the standard model
without returns to work, that employment flows from the non-traded to the traded sector:
tradable employment expands by about 1.5% in response to the credit shock. This prediction
of the model is, however, counterfactual, as documented by Mian and Sufi (2013) and as we

also show below. In contrast, the model with returns to work predicts, if anything, a slight
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drop in tradable employment.

4.3 Comparison with Cross-Section from the U.S.

Mian and Sufi (2011, 2013, 2014) have documented a very robust relationship between
changes in consumption, employment and house prices in a cross-section of U.S. counties.
Two key findings emerge from their work. First, consumption and employment positively
comove from 2007 to 2009, a feature that is at odds with the predictions of standard mod-
els. Second, most of the reduction in employment associated with a tightening of household
balance sheets in this period is accounted for by industries that sell non-tradable goods.
The decline of tradable employment is large, but unrelated to measures of household debt
or consumption. We argue next that our model successfully replicates these features of the
data.

We do so by engineering a fall in the taste for houses in 20 different islands, each of which is
of measure 0 and thus does not affect the price of tradable goods or interest rates. The shock
is chosen so that consumption drops by 1%, 2% ... 20% in each of the 20 islands 2 years after
the shock. Figure 17 plots the response of employment against the drop in consumption
in each of these islands (right panel) and contrasts it with the U.S. evidence (left panel).
Notice that the model implies a linear relationship between the drop in employment and
that in house prices, with a slope of about 0.56. A similar relationship, with a slope of
about 0.5, is apparent in the U.S. data as well. The model thus successfully reproduces the
consumption-employment comovement in the data.

Consider next the response of non-tradable employment. In Figure 18 we plot the drop
in non-tradable employment against the change in house prices in the model (right panel) as
well as in the data (left panel). Notice that in the data the drop in non-tradable employment
is positively related to that in house prices, with a slope of about 0.13. Thus, for every 10%
drop in house prices, nontradable employment fell by about 1.3%. As the right panel of
Figure 18 shows, our model implies a very similar relationship, with an identical slope.

Consider next the response of tradable employment. As the left panel of Figure 19 shows,
there is essentially no relationship in the data between changes in tradable employment and
house prices. Our model replicates this feature of the data as well. In contrast, a standard
DMP model without returns to work would predict a negative relationship between changes
in house prices and tradable employment, due to the flow of labor from the nontraded to

tradable goods sector.
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5 Conclusions

The key insight we have explored in this paper is that since returns to employment are
backloaded in the data, employment is sensitive to changes in worker debt constraints. We
have shown, using a standard DMP model, that this force makes wages endogenously sticky
and amplifies the drop in employment in response to a credit shock. We have argued that
this mechanism is a quantitatively promising avenue for understanding both the evolution
of employment in the U.S. aggregate as well as for accounting for the cross-regional U.S.
evidence documented by Mian and Sufi (2013).
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