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Abstract

I develop and estimate a model of the labor market in which precautionary
savings interacts with labour market frictions to produce substantial inequality in
wealth among ex ante identical workers. I show that a model of on-the-job search,
in which workers are risk averse and markets are incomplete, provides a direct
and intuitive link between the empirical earnings and wealth distributions. The
mechanism that generates the high degree of wealth inequality in the model is
the dynamic of the “wage ladder” resulting from the search process. There is an
important asymmetry between the incremental wage increases generated by on-the-
job search (climbing the ladder) and the drop in income associated with job loss
(falling off the ladder). The behavior of workers in low paying jobs is primarily
governed by the expectation of wage growth, while the behavior of workers near the
top of the distribution is driven by the possibility of job loss.

*This work has benefited greatly from discussions with seminar participants at the following uni-
versities and conferences: Amsterdam, UBC, Cambridge, Essex, Georgetown, Mannheim, Marseilles,
Minnesota, NYU, Paris 1, U Penn, Penn State, Queen’s, Rochester, Simon Fraser, UCL, Western On-
tario, Wisconsin, Yale, Zurich, the Cleveland and Richmond Feds, the ECB, the 2006 SED meetings,
and the 2006 NBER Economic Fluctuations summer meetings. I am particularly grateful to Richard
Blundell, Tom Crossley, Chris Ferrall, Allen Head, Jean-Frangois Houde, Susumu Imai, Ken Judd, Ash-
ley Kurtz, James MacKinnon, Costas Meghir, Krishna Pendakur, Jean-Marc Robin, Shannon Seitz,
Katsumi Shimotsu, Kjetil Storesletten, Randy Wright, and to three anonymous referees for questions
and comments that have certainly improved the paper. Financial support from the Social Sciences and
Humanities Research Council of Canada (SSHRC) is appreciated.



1 Introduction

In this paper I provide a framework that accounts for both employment transitions and
savings behavior at the micro-level and the distributions of wealth and earnings at the
aggregate level. 1 do so by developing and estimating a labor search model with sav-
ings, where the distributions of earnings and wealth are the result of a labor market
characterized by informational frictions and the possibility of job destruction.

Labor markets feature a surprisingly large degree of wage dispersion across workers,
even within narrowly defined markets. This leads to earnings inequality that is large, and
exists even within groups of observationally similar individuals. Accompanying the large
dispersion in wages is an even larger dispersion in wealth. In industrialized countries,
wealth is much more unequal than earnings. The distribution of wealth is characterized
by a long right tail; a very large amount of wealth is held by a small fraction of individuals.
Many households, and in some countries the majority of households, never accumulate
much private wealth.!

Although wealth dispersion is not usually considered a labor market feature, it is the
cumulative result of decisions made by individuals who live in an environment character-
ized by substantial wage dispersion and high job turnover, both in terms of transitions
between employment and unemployment, and also in terms of transitions between jobs.
There are numerous theories for why earnings are so unequal relying on ex ante produc-
tivity differences across workers.? Mortensen (1990) and Burdett and Mortensen (1998)
provide an alternative model of earnings dispersion, primarily aimed at addressing the
question “Why are similar workers paid differently?” This framework focuses on differ-
ences in firm productivity and recruiting or wage policies combined with informational
frictions that make it costly for workers to become fully informed about the wage policies

of all firms. This framework, generally referred to as the Burdett-Mortensen model, is

!The empirical regularities of income inequality have been documented by Gottschalk and Smeeding
(1997) for OECD countries and by Boudria Rodriguez, Diaz-Giménez, Quadrini, and Rios-Rull (2002)
for the United States. Davies and Shorrocks (2000) outline the stylized facts for wealth inequality.

2See Neal and Rosen (2000) for an overview.



attractive because it provides a unified theory of job turnover and earnings inequality,
and implies a dispersed wage offer distribution, even when workers are ex ante identi-
cal.®> Search models of the labor market provide a rigorous yet tractable framework for
addressing questions of the dynamics associated with labor market experiences, including
individual workers’ wage dynamics and wage dispersion.* In this paper I demonstrate that
search models are also well suited to analyzing workers’ precautionary savings behavior
and the resulting wealth inequality.

The mechanism that generates the high degree of wealth inequality in the model
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is the dynamic of the “wage ladder” resulting from the search process. There is an
important asymmetry between the incremental wage increases generated by on-the-job
search (climbing the ladder) and the drop in income associated with job loss (falling off
the ladder). This feature of the model generates differential savings behavior at different
points in the earnings distribution. The behavior of workers in low paying jobs is primarily
governed by the expectation of wage growth, while the behavior of workers near the top
of the distribution is driven by the possibility of job loss. The wage growth expected
by low wage workers, combined with the fact that their earnings are not much higher
than unemployment benefits, causes them to dis-save. As a worker’s wage increases,
the incentive to save increases: the potential for wage growth declines and it becomes
increasingly important to insure against the large income reduction associated with job
loss. The fact that high wage and low wage workers have such different savings behavior
leads to a wealth distribution that is much more unequal than the wage distribution.
This paper contributes to the recent literature that attempts to account for wealth
inequality, such as Krusell and Smith (1998) and Castanieda, Diaz-Giménez, and Rios-
Rull (2003). Both of these papers study wealth inequality within a framework of ex
ante identical individuals who behave optimally in the face of uninsurable idiosyncratic

shocks to income. They find that it is difficult to jointly reconcile the individual income

3Mortensen (2003) provides a complete development of the Burdett-Mortensen model, including many
of the extensions that make the framework well suited to empirical analysis of labor markets.

1A recent survey of search theory is provided by Rogerson, Shimer, and Wright (2005). A survey of
the empirical search literature is provided by Eckstein and van den Berg (2007).



dynamics with aggregate income and wealth inequality. Krusell and Smith (1998) find
that the fit to wealth inequality can be improved dramatically if heterogeneity in the
rate of time preference is used. Small differences in the rate of time preference across
individuals results in large differences in savings behavior over time. Castaneda, Diaz-
Giménez, and Rios-Rull (2003) adopt an alternative approach. Instead of using an income
process estimated from the data, they target the Lorenz coordinates for income and wealth
inequality, and let the income dynamics be whatever is necessary to generate the observed
inequality. As a result, the model can replicate the cross sectional income and wealth
distributions found in the data, but the dynamics of the model’s income process do not
have a direct empirical counterpart. Qualitatively, the model I develop can be viewed
as a micro-foundation for the exogenous stochastic discount factor of Krusell and Smith
(1998) and the particular exogenous income process of Castaneda, Diaz-Giménez, and
Rios-Rull (2003). I estimate the dynamics of the income process within a labor search
model, and aggregate up earnings and wealth to check whether the inequality in earnings
and wealth from the model replicates that observed in the data. This exercise requires
the model to fit both the dynamics of individual labor market histories and the cross-
sectional implications for the distribution of earnings and assets. The model preforms
well on many dimensions, although there is a tension when fitting employment dynamics
and wage dynamics simultaneously.

This paper also contributes to the literature on search models that include a savings
decision.® This literature has been primarily concerned with the effect of an individual’s
wealth level on his search effort or reservation wage decision. I fully develop a theory

for optimal savings in this environment, and show that the parameters characterizing the

5Direct empirical support for a positive effect of wealth levels on unemployment durations is provided
by Card, Chetty, and Weber (2007). The theoretical literature includes the original contribution on
risk aversion and reservations wages by Danforth (1979), and the recent contributions of Acemoglu and
Shimer (1999), Costain (1999), Lentz and Transes (2005), Rendon (2006), Browning, Crossley, and Smith
(2007), and Lentz (2009). One of the innovations of the current paper is the incorporation of on-the-job
search, which I show to be an important mechanism for delivering a very dispersed wealth distribution.
Recent work incorporating savings into a Mortensen-Pissarides type model with aggregate fluctuations
includes Bils, Chang, and Kim (Forthcoming), Krusell, Mukoyama, and Sahin (2010), and Bayer and
Wilde (2010a,b).



frictions in the labor market have a direct and intuitive interpretation in the workers’
optimal savings decision, which implies that wealth will be much more unequal than
earnings.

The remainder of the article is organized as follows. Section 2 presents the model and
characterizes the optimal search and savings decisions of workers. I discuss estimation
challenges and a strategy for identification of the model parameters using simulation-
based estimation in Section 3. Estimation results and the quantitative implications of
the model are presented in Section 4. Section 5 concludes and provides directions for

further research. All proofs are collected in the Appendix.%

2 A Model of On-The-Job Search and Savings

Time is continuous and there is no aggregate uncertainty. Within a well-defined labor
market workers are homogeneous in terms of productivity. Workers are ex ante identical,
but will differ ex post due to differing labor market histories. Workers are risk averse
and derive utility from consumption and disutility from the effort of searching for a new
job. Markets are incomplete in the sense that workers cannot trade a complete set of
contingent claims for consumption. Workers are restricted to self-insure against income
loss by accumulating assets.

Let the workers’ planning horizon be infinite and let streams of consumption and

search effort be ordered according to

E, /000 e u(cy) — e(sy)]dt, (1)

where p is the subjective rate of time preference, ¢; is the instantaneous consumption flow

at time t, and s; is the search effort at time t. Period utility has the Constant Relative

SExtended derivations, some numerical details, and robustness exercises are collected in the companion

Web Appendix.



Risk Aversion (CRRA) form,

log(c;), v=1,

where v is the coefficient of relative risk aversion. Search costs have the power form,

where 1 > 1 is the elasticity of search costs with respect to effort, and p > 0 is a scaling
parameter. Workers are impatient in that the subjective rate of time preference exceeds
the risk free rate, p > r.

At any time ¢t the worker may be unemployed or employed. Workers search for jobs and
make consumption decisions both when unemployed and when employed. The probability
of finding a job is described by a Poisson arrival process, where the arrival rate depends
positively on the intensity of the worker’s search effort: As. Upon contacting a job, the
workers face a known stationary offer distribution F(w), w € [w,w], where the offer
is a constant wage for the duration of the job. Jobs end when either a worker finds a
higher paying job or is exogenously separated at exponential rate §. W (a,w) denotes the
expected present value of being employed with assets a and a wage w, and U(a) denotes
the expected present value of being unemployed with asset level a.

The budget constraint can be described by the asset accumulation equation and the

stochastic process governing labor income. A worker accumulates assets according to

da = [ra+1i— c]dt subject to a > a, (2)

where r is the risk free interest rate, a is the current asset level, ¢ is income from wages or

unemployment benefits, ¢ is consumption, and a is the lower bound on assets. A worker’s



wage or benefit income changes stochastically according to

dgs1(W(a,z) > Ula))[z — b], when unemployed, .
di = 3

dgs1(W(a,z) > W(a,w))[z — w| + [b — w]dgs, when employed,

where 1(-) is the indicator function that takes a value of one when the argument is true
and zero otherwise, x is drawn from the wage offer distribution F(w), dgys = 1 when a
job offer arrives and 0 otherwise, and dgs = 1 when a job is exogenously destroyed and 0
otherwise.”

Consider the problem of a worker who is currently unemployed with assets a. At
each instant the worker faces the possibility, which is increasing in search effort s, of
a job offer with Poisson probability As. When an offer arrives, he will accept it if the
value of working at the offered wage W (a, w) exceeds the value of remaining unemployed
U(a). Since both the time until a job offer arrives and the potential wage once an offer
is received are uncertain, the problem facing the unemployed worker is to decide how
much to consume at each instant while unemployed, how hard to search for work, and
the minimum acceptable wage offer, w(a), that will induce a move from unemployment
to employment. In general all of these decisions may depend on current assets a.

When employed, workers engage in on-the-job search, and face an exogenous proba-
bility ¢ of job destruction.

The problem outlined in equations (1), (2), and (3) can be conveniently represented
using the continuous time Bellman equations for the value of being unemployed with

assets a and the value of being employed with assets a and wage w:

pU(a) =  max {u(c) —e(s) + Ula)[ra+b— ¢

0<c<La—a,0<s

+ )\s/max{W(a, x) — U(a),O}dF(x)}, (4)

7A general model with additional stochastic non-labor income is outlined in Web Appendix B.1.



pW(a,w) =  max {u(c) —e(s) + Wa(a,w)[ra +w — ¢

0<c<La—a,0<s

+ )\s/max{W(a, z) — Wi(a,w),0}dF(x) + 0[U(a) — W(a, w)]} (5)

The flow value of being unemployed with assets a is given by the utility flow from con-
sumption u(c) less the disutility of search effort e(s) plus the expected change in the
value of unemployment. The latter has two parts. First, the value of unemployment
changes because assets change due to accumulation (or decumulation). This is the term
U,(a)[ra + b — ¢]: the marginal value of assets times the instantaneous change in as-
sets. Second, the value of being unemployed changes in expectation by the product
of the arrival rate of job offers and the expected net gain associated with job offers:
As [ max{W(a,z) — U(a),0}dF(x). When employed, the flow value of employment will
additionally change in expectation by the product of the job destruction rate and the net
loss associated with losing wage w: §[U(a) — W (a, w)].

The lower bound on assets a is taken to be the self-imposed borrowing limit a = —b/r,
where 7 is the risk free rate (Aiyagari, 1994). A worker will never choose to borrow an
amount in excess of what he can service and maintain positive consumption, even if
unemployed indefinitely.®

I now turn to the discussion of optimal search effort and optimal consumption choices
for workers. The first order necessary conditions for optimal consumption and search

effort when unemployed and employed are:

u(c) = Uila), (6)
dls) = A / max{W (a,z) — U(a), 0}dF(z), (7)
u'(c) = Wyla,w), (8)
dls) = A / max{W (a, ) — W(a, w),0}dF (). 9)

8Making use of the self imposed borrowing constraint simplifies the derivation of optimal consumption
since the marginal utility of consumption can always be equated to the marginal value of wealth.



Conditions (6) and (8) require the marginal utility flow of consumption to be equal to the
marginal value of assets, both when unemployed and unemployed. This is the standard
inter-temporal result that expected utility cannot be increased by additional savings or
borrowing. Conditions (7) and (9) require the marginal cost of search effort to be equal
to the expected change in value associated with an accepted wage offer. Search effort is
chosen such that expected utility cannot be increased by exerting more or less effort.

In addition to making consumption and search effort decisions, unemployed workers
must decide on the minimum wage offer that will induce a move from unemployment to

employment. This reservation wage is the unique solution to W(a,w(a)) = U(a).

Proposition 1. The reservation wage for unemployed workers is independent of assets

and equal to the unemployment benefit: w(a) = b.
Proof. See Appendix A.1. n

The constant reservation wage is a direct consequence of the fact that the job contact
rate A and the disutility of search e(s) do not depend on the worker’s employment status.
Since there is no option value associated with remaining unemployed, any wage higher
than the unemployment benefit is acceptable. Although the reservation wage is constant
and independent of assets, the transition rate out of unemployment varies with assets
because search effort varies with assets. Optimal search effort is characterized by the

equation

_ Y (c) + [u"(c)cw)ra+ x — ] =
Y (A/w p+6+ \sF () F(m)dw) ) (10)

where ¢ is the inverse function for the marginal cost of search €'(s).
Finally, optimal consumption growth for the periods between job transitions can be

characterized by the differential equation for consumption

S = % (r —p— s <F(w) = /ww Z:Eiidl?(x)> ) (Z:Eg = 1)) RNGEY




the equation for asset accumulation

a=ra+w-—c,

and the present-value budget constraint

lim e "a(t) > 0, (a.s.), (12)
t—o00
where © = dz/dt, v = —u"(c)c/u/(c) is the coefficient of relative risk aversion, and I

make use of the shorthand F(w) = [1 — F(w)], ¢ = c(a, ), and ¢ = c(a,w) = c(a,b).
Since all workers will reject wage offers below the common reservation wage b, we can
always normalize the wage offer distribution to have w = 0. Equations (10)—(12) must
hold at all times, meaning that at the instant a new wage offer is accepted, or a job is
destroyed, search effort and consumption must change discretely to ensure the worker is
on the saddle path implied by the new wage. In other words, equation (11) describes
consumption growth between jumps, when dgys1 (W (a,w’) > W (a,w)) = dgs = 0.

The consumption growth equation (11) provides a direct and intuitive link between
the labor market frictions A and ¢ and the motives for saving or dis-saving of workers
at various points in the earnings distribution. To highlight the direct effect that the
“job ladder” has on savings behaviour, I first consider the case in which search effort is

exogenous, s = 1.

Proposition 2. In the case where search effort is exogenous (s = 1) the job contact and
job destruction rates have opposing influences on the incentive to save or dis-save, and
the tension from these opposing forces results in a target level of savings that depends on

the current wage.

Proof. See Appendix A.1. n

9Indeed, in an equilibrium version of the model, optimization by firms would ensure this is the case
since offers below b would never be accepted.



Examination of equation (11) reveals the effect of the “wage ladder” on the savings

behavior of workers at different points of the earnings distribution.

1. As in an environment with perfect certainty, » — p represents the importance of the

rate of time preference relative to the interest rate in determining savings.

2. X represents the potential for wage growth and induces additional impatience over
and above the pure rate of time preference p. The influence of expected wage growth
is greatest at the lowest wage w and falls monotonically as the wage increases, having
no effect at the highest wage w. As the current wage increases, the probability of
receiving a higher wage offer falls. Similarly, as the current wage increases, the
expectation of any change in the marginal utility of consumption (due to ex post

Euler equation errors) also falls.

3. 0 represents the risk of job loss, and induces precautionary savings. The effect on
savings of unemployment risk is greatest at the highest wage w and falls mono-
tonically, having no effect at the lowest wage w. Intuitively, the cost of having no
savings, in terms of the required change in the marginal utility of consumption, is
zero for a worker who looses a job which pays w = b, since his flow budget constraint
has not changed. If we consider a worker who initially has zero savings but is lucky
enough to receive the highest wage offer w, the cost of not saving in the event of
a job loss is a change in the marginal utility of consumption from «’ (@) to ' (b).
Faced with this possibility, a worker lucky enough to obtain the highest wage offer

will save at a very high rate in an attempt to smooth out any such change.

4. Given any wage w there is a target asset level a*(w) that balances the competing
influences in 1) 2) and 3). Once a*(w) is attained, the worker will maintain a
constant consumption level, equal to wage plus interest income, until he either

switches jobs or becomes unemployed.!°

0Carroll (2004) proves the existence of a target level of savings in a discrete time framework, a result
that had previously been a robust feature of simulations but not proved generally.

10



The key to generating heterogeneity in savings is that expected gains and losses in income
are not symmetric, and differ according to the current wage. Workers in the lowest paying
jobs expect to gain much more when offered a new job than they expect to lose if that
job is lost; this results in a desire to bring future income forward. Conversely, workers at
the highest paying jobs have very little expectation of wage growth, but will lose a lot in
the event of job loss, resulting in a strong motive to build up precautionary savings as a
means to insure consumption across this transition.

I now return to the case of endogenous search effort. The advantage of modeling search
effort is that it allows for the possibility that both unemployment and job durations are
increasing in current assets, with job durations also increasing in the current wage, a
feature that turns out to be empirically relevant. While it is straightforward to establish
Proposition 2 for the case of exogenous search, I have not established that this will hold

generally with endogenous search.

Proposition 3. When search effort is endogenous, consumption is monotonically in-
creasing in assets (cq (a,w) > 0) and search effort is monotonically decreasing in the
wage (s, (a,w)). Additionally, either consumption is increasing in the wage and search
effort is decreasing in assets (¢, (a,w) > 0, s, (a,w) < 0), or consumption is decreasing

in the wage and search effort is increasing in assets (¢, (a,w) < 0, s, (a,w) > 0).
Proof. See Appendix A.1. O

In order for Proposition 2 to continue to hold with endogenous search effort, it must be
the case that the marginal value of assets is decreasing in the wage, implying that at least
part of any wage increase is consumed (wage increases do not decrease consumption).
In a two state model with no on-the-job search Lentz and Tranaes (2005) prove that
when utility is separable in consumption and search effort, the marginal value of assets
is higher when unemployed than when employed, which implies that consumption is
higher when employed than when unemployed and that search effort decreases with assets.

It is straightforward to demonstrate that in the current model with on-the-job search

11



consumption is higher at the maximum possible wage than at any other wage. What I
have not established are assumptions on the primitives that guarantee that for any wage
w’ > w we have ¢ (a,w') > c¢(a,w). However, this implication is very natural and does
hold at the parameter estimates in this paper (and in all simulations I have conducted).

w'(c(a,w’))

w'(c(a,w))

effort is monotonically decreasing in both wages and assets.

Remark 1. When search effort is endogenous, if < 1 for all w’ > w, then search

Proof. See Appendix A.1. n

In the next proposition, the target asset level of a worker employed at the highest wage
is examined. This level determines the upper bound on assets (and does not depend on

whether search effort is endogenous or exogenous).

Proposition 4. Under the assumption that workers are sufficiently impatient (p > r),

the upper bound on desired assets is finite, and defined implicitly by the equation

(13)

wera - o (2EL)),

p+o—r
where ¢ is the inverse function of the marginal utility of consumption. In the limit as
(p—1) /6 tends to zero, this tends to

w+ ra = c(a,w). (14)

Proof. See Appendix A.1. m

The upper bound on assets is determined endogenously by the desire to smooth the
marginal utility of consumption across employment states. When (p —r) /0 is small,
workers at the highest wage save up to the point at which they can minimize any discrete

change in consumption at the instant of a job loss.!!

11See Web Appendix B.5 for a characterization using phase diagrams.
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3 Identification and Estimation

To solve the model requires knowledge of the wage offer distribution F (w), the risk
free rate r, the rate of time preference p, the coefficient of relative risk aversion ~, the
elasticity of search costs with respect to effort n, the scale of the disutility of search p,
the arrival rate of job offers A\, and the job destruction rate §. I fix the risk free rate at
three percent, the rate of time preference at five percent, and the scale of the disutility of
search effort at one. This leaves F' (w), 7, 1, A, and § to estimate. It is possible to directly
identify F' (w) using wages accepted out of unemployment. This approach makes use of
the fact that, as outlined in Proposition 1, workers only reject wage offers if they fall
below their current wage. I normalize the wage offer distribution to have lower support
w = b so that there are no offers below the common reservation wage of the unemployed
b; unemployed workers never reject wage offers.!? The distribution of wages accepted out
of unemployment is a consistent estimate of the wage offer distribution F'(w), and can
be estimated non-parametrically (Bontemps, Robin, and van den Berg, 1999, 2000). The
weekly employment-to-unemployment transition rate is a direct estimate of ddt. Given
F (w), the elasticity of search cost with respect to effort 7 is identified (up to the scale
factor \) from the unemployment-to-employment and job-to-job transition probabilities,

conditional on assets and wages as they tell us directly about

OAs (a,w) F (w) and OAs (a,w) F (w)
da ow '

Given §, F (w), and 7, the age profile of employment rates is directly informative about

A through the equation describing the evolution of employment for the cohort

E=(1-0)E,+(1 —Etl))\/s(a,b) he (a) da,

12In general, the job contact rate and the mass of offers below the reservation rate are not separately
identified without adding further structure, for example, by modelling wage posting behaviour of firms.

13



where h; (a) is the distribution of asset holdings among the unemployed when the cohort
is age t.

Finally, I turn to identifying the coefficient of relative risk aversion . Equation (11)
indicates that the most informative moments here would involve consumption growth. In
the absence of panel data on consumption, I use panel data on assets. Consumption and
asset growth are linked in a direct manner through the budget constraint. To pin down
7, T use the moments describing asset accumulation, Aay, var (Aa;), cov (Aay, Aas_1),
and the age profile for mean assets @;.

In addition to the moments described above, which are sufficient to identify all the
parameters of the model, I also use the moments describing wage growth Aw,, var (Awy),
cov (Awy, Aw;_1), which impose the over identifying restriction that the model is also
consistent with the reduced form for wage dynamics. The information on wage levels is

already captured in the non-parametric estimation of the wage offer distribution.

3.1 Indirect Inference

The data for this analysis are from the National Longitudinal Survey of Youth 1979
(NLSY). I use the white male sample for the years 1985 to 2002. The restriction of
attention to white males is motivated by an attempt to create a relatively homogeneous
subgroup that is well described by the model developed in the paper. The NLSY data
provides weekly information on each individual’s current employment status, wage, and
whether the worker continued the next week at the same job, a new job, or transited to
unemployment. The asset data are provided at the interview date, which is at most once
a year. I use indirect inference (Smith, 1993; Gourieroux, Monfort, and Renault, 1993) to
overcome the fact that assets are only partially observed, at irregularly spaced interview
dates. Indirect inference proceeds by estimating descriptive (as opposed to structural)
models on both the actual data and on data simulated from the structural model, and
estimating the structural parameters by minimizing the distance between the coefficients

from these auxiliary regressions. I choose the auxiliary models to capture the dynamics

14



of assets and wages, and labour market transitions conditional on these state variables.
Specifically, they correspond to the following twelve regressions (estimated separately by

education group):

Employment Dynamics

E2U;,,, = B+ Xé,mal,x + a1+ €1im (15)
J2Jim = 0o+ Baalim + PowWim + X;mO@,x + a9 +€2im (16)
U2E17m = a3+ ﬁ37aai7m + X;}mOégyx + Qs ; + €3.4i,m (17)

Wage Dynamics

Aw;y = Z Badi + €444 (18)
t
2
(sz‘,t - Awt) = Z Bs,tds + €4 (19)
t
(Aw; e — Awy) (Awig—y — Awy_y) = Z Bordi + €63 ¢ (20)
t
Asset Dynamics
Aa;y = Z Bridy + €7, (21)
t
2
(A@i,t - Aat) = Z Bsidi + €sit (22)
t
(Aai,t - A_at) (Aai,tfl - Aatfl) = Z Boidi + €9.i ¢ (23)
t
(Aaz‘,t - A_Clt) (sz‘,t - Awt) = Z Biods + €10, (24)
t
Employment and Asset Levels
Eiy = Z Brisde + €11, (25)
t
iy = Z Biz,tdy + €12,i ¢ (26)
t
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Table 1: Conditional Transition Probabilities

High school College

Data I II Data I I1

E2U constant 0.0423  0.0417  0.0418 0.0190  0.0189 0.0171
(0.0009)  [0.63] [0.56] (0.0007)  [0.04] [2.41]
U2E assets -0.0810  -0.078 -0.0762 -0.0939  -0.0448 -0.0305
(0.0321)  [0.10] [0.15] (0.0463)  [1.06] [1.37]

J2J  assets -0.0167  0.0046  0.0046 -0.0039  0.0115  0.0054
(0.0019) [11.17] [11.14] (0.0014) [10.67]  [6.47]
wage -0.0149  -0.0255 -0.0256 -0.0134  -0.0537 -0.0197
(0.0017)  [6.10] [3.14] (0.0017) [22.94] [3.55]

Note: The standard errors for the auxiliary model estimates from the data are in parenthesis. All

coefficients and standard errors have been multiplied by 10. The t-statistic for a test that the each
coefficient estimate from the data is equal to the estimate from the model is presented in square brackets.
The subscript m refers to a week and ¢ refers to a year. E2U,,,, J2J;,,, and U2E;,,
are binary indicators for employment-to-unemployment, job-to-job, and unemployment-
to-employment transitions between weeks m and m + 1. d; is a dummy variable for
the year t. E;; is equal to the number of weeks worked by individual ¢ during year ¢.
Details describing the NLSY, the sample used for estimation, and variable construction
are presented in Appendix A.2.

The vector of [-coefficients in (15) to (26) are matched in estimation. The a-
coefficients are treated as nuisance parameters used to control for unmodeled hetero-
geneity; the vector x;,, includes controls for marital status, number of children, ru-
ral/urban and region of residence. Identical regressions are estimated on the NLSY data
and data simulated from the model, with the exception that for the model ay x = a; = 0,
k=1{1,2,3}.13

Auxiliary models (15) to (17) capture job destruction plus the relationship between
assets and wages and the probability of exiting unemployment or of making a job-to-job
transition. The [-coefficients from these regressions are presented in the columns labeled

Data in Table 1. There is a negative relationship between assets and the probability

13The model is one of homogeneous workers and is not designed in the current form to account for
differences in outcomes across workers due to ex-ante worker heterogeneity. The interpretation of the
results are conditional on the assumption of ex-ante homogeneous workers. I leave to future work the
explicit modelling of potential heterogeneity in preferences, costs, or productivity, and the potential
effects on aggregates of such heterogeneity.
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of exiting unemployment or changing jobs, and there is a negative relationship between
wages and the probability of changing jobs. In the model this pattern can be replicated
via search effort decreasing in both assets and wages.

The dynamics of wages and assets are captured by auxiliary models (18) to (24). In
addition to the labor market transitions and wage and asset dynamics, I use auxiliary
models (25) and (26) to capture the aggregate employment rates and asset accumulation
as the cohort ages. In Figures 1 and 2, panels (a) to (i), I plot the coefficients that
correspond to the age profiles for the mean, variance and autocovariance of wage and asset
changes, for low and high education groups respectively, along with the the covariance
between wage and asset changes, the employment rate and the age profile for assets. The
wage moments are sufficient to identify the variances in a reduced form model of income
dynamics with a permanent and transitory shock, where the variance of the permanent
shock is time varying (see Meghir and Pistaferri 2011 for details). Between the ages of 23
and 39, mean wage growth is relatively low and stable for low educated workers, while it
is slightly higher for young highly educated workers, and decreasing with age. For both
education groups the variance of wage growth decreases with age, and the autocovariance
is slightly negative and relatively stable. Turning to mean changes in assets, the age
profile is positive and stable for the low education group, and positive and decreasing
for the high education group. The variance and autocovariance of asset changes are
quite noisy, and do not appear to have a strong age profile. The covariance between
wage changes and asset changes is positive, but fairly noisy. For both education groups
employment rises very rapidly at early ages, and then remains fairly stable, and mean
assets increase with age.

Key to the estimation strategy is sampling from the model simulated data in a manner
consistent with how the actual data were sampled. I do this by simulating data for the
same number of individuals as I observe in the NLSY, and for the same number of
years as recorded in the NLSY. To ensure the initial conditions are matched, I start the

simulation using the initial employment status, wage (if employed) and asset levels of
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Figure 1: Data and Model Moments: Low Education

Note: The thin dashed line and the thin dotted lines are the data, plus and minus two standard errors.

The thick dashed lines are for model specification I, and the thick solid lines are model specification II.
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Data and Model Moments: High Education

Note: The thin dashed line and the thin dotted lines are the data, plus and minus two standard errors.

The thick dashed lines are for model specification I, and the thick solid lines are model specification II.
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the NLSY workers at the beginning of 1985. Additionally, from the simulation, I sample
assets at an annual frequency and wages at a weekly frequency. Further details regarding

estimation are presented in Appendix A.3.

4 Quantitative Results

I present estimates for two model specifications that differ, essentially, by the number of
estimated parameters and the number of moments used to fit the parameters. The first
set of estimates fix the coefficient of relative risk aversion at two and assume search costs
are quadratic. This leaves only the job destruction rate o, and the job contact rate A,
as free parameters. These are estimated by matching only the empirical employment-
to-unemployment transition rate and the age profile of employment rates, E; (auxiliary
models (15) and (25)).

The model, not surprisingly, provides a near perfect fit to these targeted moments
for both the low and high educated workers (see Table 1, the last row of column I and
Figures 1 and 2, panel (h)). The ability of this restricted model to fit the other moments
will be discussed below in relation to the second set of estimates.

The second set of parameter estimates also estimate the elasticity of search costs with
respect to effort 7, and the coefficient of relative risk aversion . In this case I use the 12
auxiliary regressions (15) to (26). The estimated coefficients from the first three auxiliary
models are presented in Table 1. The estimated coefficients from the last nine auxiliary
models are presented in Figures 1 and 2, panels (a) to (i). There is little difference in
terms of the estimate of d between the two approaches, which is not surprising since this
parameter is so tightly linked to the empirical employment-unemployment transition rate.
In terms of search costs, the estimated version turns out to be substantially lower than
quadratic; 1.17 and 1.27 for the low and high education groups respectively. The lower
elasticity of search costs is offset by a smaller estimate of the job contact rate, implying

more scope for endogenous search effort than what one obtains by assuming quadratic
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Table 2: Parameter Estimates

High school College
I IT [ IT
r: risk free rate 0.03
p: time preference 0.05
w: search costs scale 1.0
0: job destruction 0.221 0.216 0.0989 0.0893
rate [0.219, 0.224] [0.215, 0.219| [0.097, 0.101] [0.089, 0.090|
A: job contact rate 0.615 0.192 0.407 0.144
[0.588, 0.643] [0.184, 0.194] [0.387, 0.434] [0.141, 0.147|
n: elasticity of search 2.0 1.168 2.0 1.268
costs w.r.t. effort - [1.166, 1.176] - [1.258, 1.274|
~v: relative risk 2.0 1.455 2.0 1.249
aversion - [1.441, 1.487] - [1.204, 1.284]

Note: 95 percent confidence intervals in square brackets (2.5 and 97.5 quantiles of the quasi-posterior
distribution). Specification I targets the age profile of employment and the job destruction rate (auxiliary
models (15) and (25)). Specification II uses all the auxiliary models (15) to (26).

search costs. Surprisingly, estimating the search costs does very little to change the fit to
the conditional transition probabilities other than improving the fit of the effect of the
wage on the job-to-job transition rate, as indicated in Table 1. Similarly, the estimates for
the coefficient of relative risk aversion are well below two for both low and high educated
workers at 1.46 and 1.25 respectively. The higher estimated risk aversion for low relative
to high educated workers is driven by the lower asset growth of the former (recall the
pure rate of time preference is assumed to be common for both groups).

Turning to the model fit between the two specifications, we can see clearly where
the model does well, and also where the tensions lie. As already mentioned, when only
targeting the employment transitions, the model matches the age profile of employment
almost exactly (Panel (h) in Figures 1 and 2). This fit, however, comes at the cost of a
poor representation of wage dynamics. Looking at panels (a) and (b) of these same figures
we see that the model overstates both the mean and variance of wage growth. Conversely,
when these moments are included in estimation, the model is able to describe well the
wage dynamics, but at the cost of understating the employment rates (by approximately

ten and five percentage points for the low and high educated worker, respectively). The
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tension here arises from the fact that the model puts a lot of structure on how wages can
change. Indeed, the model requires wages to rise only when workers change jobs, and to
fall only when workers experience a spell of unemployment. In order to match the low
rate of wage growth in the data, the model requires a low job-to-job transition rate. Since
the technology for changing jobs is assumed to be the same as the technology for finding
jobs, this also results in workers leaving unemployment at a lower rate, resulting directly
in a lower employment rate. The model is well suited to jointly reproducing employment
dynamics and the cross-sectional distribution of wages, but is somewhat less successful
at also reproducing wage dynamics.'4

With the exception of the age profile of employment and mean asset holdings, the
moments used in estimation are all in differences (individual labour market transitions
and wage and asset changes). In panels (j), (k) and (1) I plot the implications for three
macro moments that are not used in estimation: the age profiles of the variance of assets,
the variance of wages and the covariance of assets and wages. Qualitatively, the model
reproduces the rising variance of assets with age and the rising covariance between assets
and wages, although to a slightly higher level than what we see in the data. The age
profile of the variance of wages from the model is at odds with the increasing empirical
profile. The model implies that the variance of wages falls during the first five years
before increasing, while the data is more consistent with a monotonic increase with age.

At this point it is useful to remind ourselves that the model is very parsimoniously
parametrized. There are no time-varying parameters or shocks. The earnings process is
completely characterized by a stationary wage offer distribution, a constant job destruc-
tion rate and a constant job contact rate. The age profiles of the moments generated by
the model are purely the result of the cohort moving from an initial distribution toward

the stationary distribution implied by the steady state of the model. The fit of the model

14Recent work by Postel-Vinay and Turon (2010) finds that an on-the-job search model extended to
feature firm specific productivity shocks and wages renegotiated when it is mutually agreeable to do so
can jointly match the employment and wage dynamics. That said, theirs is is a model with risk neutral
workers, and it is a non-trivial task to incorporate these types of wage contracts when workers are risk
averse and can save.
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to the data suggests that the logic of the job search model, where workers actively search
for better opportunities and save to protect their standard of living in the event of job

can provide a very useful interpretation of the data.

4.1 Aggregate Implications for the Distribution of Earnings, Wealth

and Consumption

Up to this point I have evaluated the model along the same dimensions used in estima-
tion, looking at the implications for employment transitions and the age profiles of wage
growth and asset accumulations within the cohort. The model does a reasonably good
job at reproducing the age profiles for the mean and variance of assets. I turn next to
the question of whether data simulated from the model, and suitably aggregated, pro-
vides a reasonable description of the cross-sectional distributions of wages, wealth, and
consumption for the entire US population.

In order to approximate a cross-section from the economy I pool over education and
age as follows. The model is simulated separately for low and high education groups for
ages 25 to 65, starting with the initial conditions for employment, wages, and assets in the
NLSY. The simulated data is then pooled over age and education, where the number of
simulations within each education group is proportional to its size in the NLSY data. The
pooled data can be viewed as approximating an overlapping generations economy with a
constant age structure, where each new generation starts life with the same distribution of
initial assets. The implications of the model in terms of the aggregate earnings, wealth,
and consumption distributions are presented in Table 3. Here I present the share of
earnings, wealth and consumption held by quintile, plus the top decile broken into the
90-95th, 95th-99th and 99th-100th percentiles. I also present these shares calculated
separately within education group to highlight the effect of aggregating over skill. The
corresponding shares for the US economy are also presented, and are taken directly from

Castaneda, Diaz-Giménez, and Rios-Rull (2003, Tables 7 and 8).
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Table 3: Distributions of Earnings, Wealth and Consumption: Data and Model

Quintile Top Groups
90th— 95th— 99th—
First Second Third Fourth Fifth 95th ~ 99th  100th

(a) Distribution of Earnings
Data -0.40 3.19 12.49 2333 61.39 12.38  16.37 14.76
Model Pooled 1.01 10.62  16.50 23.21 48.66 10.77 13.39 8.38
Low Ed 1.03 11.61  18.11 24.89 44.35 11.20 11.76 4.30
High Ed .17 10.83 16.07 21.31 50.62 11.21 1540 8.88

(b) Distribution of Wealth
Data -0.39 1.74 5.72 13.43  79.49 12.62  23.95 29.55
Model Pooled -6.72 -1.32 4.91 16.66  86.48 16.95 27.81 22.83
Low Ed  -13.77  -5.03 4.85 22.30  91.66 21.71 29.67 14.83
High Ed  -3.45 0.66 5.55 1549 81.74 16.51 28.42 19.38

(c) Distribution of Consumption

Data I 6.87 12.27  17.27  23.33  40.27 9.71 10.30 4.83

Data II 7.19 1296  17.80 23.77 38.28 943 9.69 3.77

Model Pooled 11.51  15.03 17.53 20.84 35.09 799 9.14  5.10

Low Ed 13.60 17.10 19.46 22.01 27.83 6.95 6.33  2.08

High Ed  10.24 14.22 16.98 20.93 37.64 8.60 10.18 5.46
Note: The cells represent the share of earnings/wealth/consumption held by the corresponding quantile;
ie, the shares held by the five quintiles add to 100. The rows labeled data are taken directly from
Castanieda, Diaz-Giménez, and Rios-Rull (2003, Tables 7 and 8), and are based on the US SCF and
the CEX. Consumption definition I is expenditure on non durables. Definition II also includes imputed

service flows of consumer durables.
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The main discrepancy between the model simulation and the US cross sectional data is
that the model is missing the very highest earnings and those who have negative earnings.
This is a direct implication of the sample I selected when estimating the wage offer
distribution, which excludes the self employed. We see in Table 3, panel (a) that in the
data the bottom quintile has a negative share of total earnings -0.4 percent, representing
losses taken by entrepreneurs. Since the model does not admit negative wages (assuming
a positive flow value when unemployed b) it clearly cannot generate a negative share of
earnings for the bottom quintile. The share implied by the model is, however, very low
at just over one percent. Looking at the fourth quintile, the model matches the data very
well with both actual and simulated data giving a share of 23 percent. Turning to the
other three quintiles, we see that the model implies substantially less earnings dispersion
than what is in the data. In the data the top quintile receives 61 percent of earnings
while the model implies 49 percent, with the extra share distributed over the first second
and third quintiles. Looking within the top quintile, we see that the discrepancy is all
coming from the top decile, which receives 43.5 percent of earnings in the data and 32.5
percent in the model.

The cross-sectional distribution of wealth in the US is even more unequal than earn-
ings, as can be seen in Table 3, panel (b). The share of wealth of the bottom quintile is
negative (-0.39 percent) while the top quintile holds 79 percent of wealth, with 30 percent
of total wealth held by the top one percent. The model actually implies a distribution of
wealth that is even more unequal than that in the data. In the model the bottom two
quintiles both hold a negative share; workers borrow much more in the model than in
the data implying the bottom quintile holds -6.7 percent of wealth as opposed to -0.39
percent observed in the data. The top quintile in the model holds an even larger share
of wealth than in the data at 86 percent relative to 79 percent. Even though the model
over predicts the share of wealth of the top quintile, it under predicts the share held by
the top one percent by almost seven percentage points.

Looking next at the cross-sectional distribution of consumption presented in panel (c),
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the model aligns quite well with the data. Using a definition of consumption that includes
non durables plus an imputed consumption flow from durables, the model matches the
third quintile exactly at 24 percent, while implying slightly lower shares than the data for
the top two quintiles (lower by approximately three percentage points each) and implying
slightly higher shares for the bottom two quintiles (higher by four and two percentage
points). Since the model implies a distribution of consumption that is quite similar to
the data, while at the same time implying a more equal earnings distribution and less
equal wealth distribution (looking at the quintile shares), agents in the model are using
borrowing and savings as a way to smooth consumption to a greater extent than ap-
pears to be the case in the data. It should also be noted that the model is constructed
to represent ez ante identical workers (within education groups) and, given the infinite
planning horizon, abstracts from any life cycle motive for saving (such as saving for a
down payment, children’s education, or retirement). In contrast, the raw cross-sectional
distributions contain a substantial amount of individual heterogeneity, which will natu-
rally lead to more dispersion than the homogeneous model can produce. Clearly adding
more heterogeneity to the model, either by pooling over more skill groups, explicitly ac-
counting for permanent differences between workers, or modelling entrepreneurs, would

increase the model dispersion, aligning it closer to the data.

4.2 Further Implications and Related Literature

The ability of the model to produce substantial inequality in wealth is largely attributable
to the effect on savings behavior of the wage ladder induced by on-the-job search. This
mechanism, which arises endogenously in the model, can readily be related to the work of
Krusell and Smith (1998) and Castaneda, Diaz-Giménez, and Rios-Rull (2003). There are
several interesting cross-sectional implications that arise from the workers’ consumption
growth equation (11). Rewrite the consumption growth (equivalently, the asset accumu-

lation) equation in terms of the interest rate and an individual specific “effective discount
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rate” p;, where i indexes individuals and

pi = p+ Asi (mi) -/ ) Md}?(x)) 5 (M - 1) .

w; U (c(ai, w;)) u'(c(ag, w;))

Now the right hand side of equation (11) becomes v~!(r — p;), where individuals are all
“discounting” at a different rate, and as a result, have very different savings behavior.
Written in this form there is a close relationship to the stochastic discount rates used by
Krusell and Smith (1998, KS), where individuals are heterogeneous in their rate of time
preference, which evolves stochastically and leads to a very unequal wealth distribution.
Here, the individual discount rates p; jump at (random) employment transitions. There
is, however, an important distinction between the two setups. In the KS setup, individuals
are poor or rich (in terms of wealth) because they either have a high or low rate of time
preference; they prefer to be poor or rich. In contrast, in the current setup, all workers
have identical preferences, and they would behave identically in the same circumstances;
the differences across individuals arise from different sequences of good and bad luck in
the labor market.

Krusell and Smith (1998) find they can get a very good fit to the wealth distribution
with three quarterly discount factors, 0.9930, 0.9894, and 0.9858, which correspond to
annual discount rates of 2.85, 4.35, and 5.89 percent. Individuals spend an average of
50 years with the same discount rate. Using the same pooled simulation discussed in
Section 4.1, I present in Table 4 the first quartile, the median, and the third quartile of
annual effective discount rates from the current model, which are 0.3, 2.5 and 6.2 percent.
The dispersion between the first and third quartile is quite a bit larger than between the
highest and lowest discount rates used by KS. The expected duration spent within the
same quartile is between two and six years, which is substantially less than the 50-year
durations in KS. The dispersion in wealth in KS results from small but very persistent
differences in discounting across individuals, where in the present paper the differences in

effective discount rates can be very large, but are not very persistent. While qualitatively
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Table 4: Effective Discount Rates

(a) Pooled Education

Quantile Pi Bi To
From ql q2 q3 q4
0.25 0.003 0.997 ql 9946 0.21 0.03 0.31
0.50 0.025 0.975 q2 0.02 99.65 0.06 0.28
0.75 0.062  0.940 q3 0.03 0.02 99.65 0.30

q4 0.52 014 0.26 99.09

(b) Low Education

Quantile Di Bi To
From ql q2 q3 q4
0.25 -0.002 1.002 ql 9934 024 0.05 0.37
0.50 0.026 0.974 q2 0.02 99.53 0.08 0.37
0.75 0.066 0.936 q3 0.03 0.04 99.54 0.40

q4 0.63 021 032 98.84

(c) High Education

Quantile pi Bi To
From ql q2 q3 q4
0.25 0.009 0.991 ql 99.64 0.19 0.01 0.16
0.50 0.025 0.975 q2 0.01 99.75 0.07 0.17
0.75 0.052  0.949 q3 0.04 0.01 99.78 0.17

q4 0.33 0.07 0.13 99.46

Note: The transition matrix is calculated at a weekly rate. ql refers to workers with an effective discount

rate in the lowest quartile and g4 refers to workers with an effective discount rate in the highest quartile.
The transition matrix for the pooled group is created by pooling the low and high eduction simulations,

in proportion to their representation in the NLSY, and refers to weekly transitions.
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the current model shares the flavor of stochastic discounting with KS, it does not seem
to play same role quantitatively.

The wage ladder process for earnings, endogenously resulting from on-the-job search,
implies that expected wage growth is declining in the current wage, and the income
loss associated with job destruction is increasing in the current wage. The exogenous
earnings process (more precisely, productivity process) that Castaneda, Diaz-Giménez,
and Rios-Rull (2003, CDR) find is needed to account for the dispersion in wealth shares
these qualitative features; the probability of obtaining a higher wage is decreasing in the
current wage, and the income loss associated with exiting the highest wage is substantial.
To get a feeling for how similar the wage ladder process is to the CDR process I replicate
the corresponding transition matrix based on the current model. In Table 5, panel (a)
I reproduce the transition matrix, relative wages and population shares from Tables 4
and 5 of CDR. Using data simulated from the current model, I bin wages into the same
four population shares, comprising 61.1, 22.4, 16.5, and 0.04 percent of the population.
The CDR process implies that the wages of the four groups, relative to the first group
are 1.0, 3.2, 9.8 and 1061.0; the most productive 0.04 percent of workers earn wages over
1000 times those of the least productive 61 percent. The same calculation in the current
model, presented in Table 5, panel (b), implies the average wages within each group,
relative to the first, are 1.0, 2.8, 5.9, and 41.2. The wages among the top 0.04 percent
are substantially higher than the bottom, however they would still need to be 25 times
greater to match the CDR calibration. In addition to the large difference in relative wage
of the top group, there are also differences in the patterns of persistence in the groups. In
the CDR calibration the probability of exiting the top group is significantly greater than
the probability of exiting the other three groups. This is not the case with the current
model, where the probability of exiting the top group is only slightly greater than at the
bottom, and is actually less than the probability of exiting the two middle groups. The
idea of falling off the wage ladder is clear in this table: conditional on exiting the top

group, a worker will end up in the bottom group with probability one.
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Table 5: Relative Wages and Transition Probabilities

(a) Castaneda, Diaz-Giménez and Rios-Rull

To w'

From w  w) w wy wy Relative w  Share
wy 96.24 1.14 0.39 0.006 1.00 61.11
Wa 3.07 9433 0.37 0.000 3.15 22.35
w3 1.50 0.43 95.82 0.020 9.78 16.50
wy 10.66 049 6.11 80.51 1061.00  0.0389

(b) Model, Pooled Education
To w'

From w  w) w wh wh Relative w  Share
wq 91.03 5.08 3.89 0.008 1.00 61.11
Wa 12.66 86.81 0.53 0.000 2.77 22.35
w3 12.33  0.38 87.29 0.002 5.92 16.50
wy 10.14 0.00  0.00 89.86 41.22 0.0389

(c¢) Model, Pooled Education
To w'

From w  w) wy w4 wh Relative w  Share
wy 65.38 13.81 10.28 10.52 1.00 25.0
Wy 1142 8259 293  3.05 24.53 25.0
w3 11.11 132 86.47 1.10 38.85 25.0
Wy 1152 0.73  0.51 87.24 84.72 25.0

max w 785.70 -

Note: panel (a) is taken directly form Castaneda, Diaz-Giménez, and Rios-Rull (2003, Tables 4 and
5). The model data is computed by pooling a simulation of low and high skilled workers (weighted
according to representation in the NLSY), and pooling over ages 25 to 65. This simulated economy can
be interpreted as an overlapping generations economy with a constant age structure. The transition
matrices in panels (b) and (c) are created by first finding the wage quantiles that correspond to the
shares in the last column, and then finding the fraction of yearly transitions between these quantiles in
the simulated data. The relative wage is calculated as the mean wage in the specified quantile relative to

the mean wage in the first quantile. The last row, labeled maxw, contains the maximum wage relative

to the average wage in the first quartile.
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In Table 5, panel (c¢) I present the same statistics, but with equally sized groups.
Comparing again relative wages, the amount of dispersion becomes clearer; the average
wage in the top quartile is 84.7 times that of the bottom quartile, and the very top wage
is 785.7 times the average in the bottom quartile. The model also implies substantial
movement between the quartiles. Persistence decreases as we move up the quartiles since
the probability of receiving a higher wage offer is declining in wages; search effort is
declining as the workers have both higher wages and more assets; and the probability
of job loss remains constant. In both the CDR model and the current model the top
end of the wealth distribution is driven by the behavior of those who are lucky enough
to receive the highest wage. The relative difference between the top and bottom wage
in these models is very large, and it is the desire to smooth the marginal utility of
consumption in the expectation of losing this wage that drives this small group in the

population to accumulate such a high degree of savings.

5 Conclusions

In this paper, I show that a model of the labor market with on-the-job search and saving
can generate substantial dispersion in both earnings and wealth. In a labor market
characterized by informational frictions and the possibility of job destruction, workers
with different wages will exhibit very different savings behavior. The specific earnings
process generated by the search model implies that only a very few lucky individuals
will reach the highest wage, and once there, a job loss means falling all the way back to
the bottom. Faced with such a large expected income loss, these workers save at a very
high rate and accumulate substantial assets. Qualitatively, the equation characterizing
consumption growth provides a direct and intuitive link between the labor market frictions
and the motives for saving or dis-saving at various points in the earnings and asset
distribution.

Quantitatively, the model performs well on many dimensions, including wage dynam-
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ics and the cross-sectional distributions of earnings, wealth, and consumption. There is
somewhat of a tension when fitting employment dynamics and wage dynamics simulta-
neously, as the parsimony of the model places strong restrictions on the joint evolution
of wages and employment. Understanding these joint dynamics within an equilibrium
search model is on the research agenda, and substantial progress has already been made
in Lise, Meghir, and Robin (2009). The model misses somewhat the extremes of the
earnings distribution, suggesting that the fit could be substantially improved by the in-
corporation of entrepreneurs in the model. In principle it is possible to use the firm
side from an equilibrium version of the model to attribute earnings to this group. That
said, one would need data on firm profits in order to put some discipline on this aspect
of the model. Given the increasing availability of matched employee-employer data this
should prove a fruitful line of inquiry, as already demonstrated in papers such as Cahuc,

Postel-Vinay, and Robin (2006) and Lentz and Mortensen (2010).
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A Appendix
A.1 Proofs

Proof of Proposition 1. Since for all asset levels a, the value of being employed W (a,w) is in-
creasing in w, an employed worker always accepts any wage higher than his current wage. Since
at each asset level a, the value of being unemployed U (a) is independent of w, then for any asset
level a there is a unique reservation wage w(a) above which the value of employment is higher
than the value of unemployment. This reservation wage is the unique solution to

Expanding this relationship gives

pU(a) = wu(c(a,b)) —e(s(a,b)) + Uq(a)[ra+b— c(a,b)] + As(a,b) /( ) —U(a)|dF(x)
= u(c(a,w(a))) — e(s(a, lb(a))l—l- Wa(a,w(a))[ra+ w(a) — c(a,w
+As(a, w(a)) v [W(a, z) = W(a, w(a))]dF (z) + 6[U(a) — W(a, w(a))]

= pW(a,w(a))

Substituting W (a,w(a)) = U(a) using the reservation wage property, and substituting u'(c) =
U, = W, using the first order conditions for consumption we have

u(c(a, b)) — e(s(a, b)) — u(c(a, w(a))) + e(s(a, w(a)))
+ u/(c(a,b))[ra + b — c(a,b)] — u'(c(a, w(aj)[ra + w(a) — c(a,w(a))]
+ [As(a,b) — As(a, w(a))] o [W(a,z) — W(a,w(a))]dF(z) = 0.

We can directly verify that the solution occurs at
s(a,w(a)) = s(a,b), c(a,w(a))=—c(a,b), and w(a)="h.

The reservation wage is independent of assets and equal to the unemployment benefits.
O

Proof of Proposition 2. To prove this we need to show that for all w’ > w we have v’ (¢ (a,w")) <
u' (¢ (a,w)). In other words, we need to show that consumption is increasing in the wage. To
establish this it is convenient to work in discrete time and then let the time interval shrink
to zero. Throughout I will assume that the time interval A is sufficiently short such that
(1= AF (w) A —d0A) >0.1°

The time zero value of worker’s problem can be written as

W (ap,wp) = max Ey ( ) u(c) A, (27)
{Ct}fio +=0 1 + pA
subject to azy1 = (1 +rA) ar + (wy — ) A, a>a.

15See Web Appendix B.4 for a derivation of equation (5) as the limit of the discrete time Bellman
equation.
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Lemma 1. The value function is concave in assets: Wy, (a,w) < 0.

Proof. Let {CZ } be the optimal solution to the workers’ utility maximization problem (27) for
arbitrary wage w and initial assets a’, j = 1,2. For 0 < A < 1, let a* = Aa' + (1 —\)a? Since

{CZ } is a solution to the workers’ utility maximization problem, it satisfies the budget equation
a{H = (1+7“A)a‘z+wt—cz.

Let ¢} = A} + (1 — A)¢? . Then the control variable ¢} satisfy the budget equation
aiyy = (1+78) a) +wy — ),

since the budget equation is linear in the state and control variables. Therefore

- 1 ' 1 2 A _ 1 2
EO§(1+pA> u()\ct—l—(l—)\)ct)AgW(a ,w) =W (Aa' + (1= N)a®,w) .

Since u (¢) is strictly concave,
u(Aef + (1= N)cf) > du(e) + (1 =N u(cf).
It follows that

W (Aa' + (1= ))a® w)

>E0§ <1+1PA> [\u (c%) —i—(l—A)u(c?)] A= \W (al,w) +(1 —)\)W(az,w).

This proves concavity of W (a,w) with respect to assets.

O
Lemma 2. Consumption is increasing in assets, dc/da > 0.
Proof. Differentiating the first order condition (8) with respect to assets we have
Oc
u” (c) 0~ Waa(a, w).
The concavity of W (a,w) with respect to assets and of u (¢) imply that dc/da > 0.
O

Lemma 3. Consumption is increasing is the wage, de/0w > 0.

Proof. The recursive formulation of the value function is:

Wi(a,w) = mgx{u(c(a, w))A + i —|—1pA [)\A /w W(d', z)dF(x)
L OAW (d,w) + [1 — AF (w) A — SAIW (d,w) + O(At)] }

subject to @/ = (1 +rA)a+ (w — ¢) A. Now, the marginal value of assets is
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rA w , ’ - ’
W, (a,w) = 1::——pA [)\A/w Wa (¢, 2) dF () + 6AW, (a',w) + (1 = AF (w) A — 6A) W, (Zzw))
28

Define T' as the operator on the RHS of (28). This operator satisfies Blackwell’s sufficient
conditions for a contraction: monotonicity and discounting (p > r implies (1 +rA) /(1 + pA) <
1). Assume that W, (a,w) is non-increasing in w. We will verify that 7" maps the space of non-
increasing functions into itself.

0 a,w rA , w da’
T(at)u() — 1ipA [)\A [—Wa(a,w)f(w)—i-/w Waa (d',2) dF (z ]—F(SAWM d,w) — 5
FALS () W, (ds w) + (1 AF () A — 6A) [W (a'0) 2 W w)”
rA w , da’ da
- [m/w Waa (o) dF () 9 4 5AWzq () S0
(1= \F (w) A — 6A) {Wm (a') 2 W (o w)”

< 0.

W (@',w) < 0 by strict concavity in a. Wy, (@/,w) < 0 by assumption. In the case where
next period’s assets are non-decreasing in the wage, a‘zu > 0, the marginal value of assets is
unambiguously decreasing in the wage, We,, (a,w) < 0, implying that consumption is increasing
in the wage. Consider the alternative case where next period’s assets are decreasing in the wage.
Dlrect inspection of the asset accumulation equation reveals % =1- g—;, which implies that

5. > 1. This proves consumption is increasing in the wage.

O]

Now, by Lemma 3, for all w’ > w we have v’ (¢ (a,w")) < ' (¢ (a,w)). In equation (11), the
term multiplying X is therefore positive and decreasing in the wage, while the term multiplying
d is positive and increasing in the wage:

0 (e [Tl N [T el ) o w)e(aw)
aw<F() A,'@m,>> (0 (L w(e(a, w))? dF(z) <0,
>
)

0 (Wlelaw) N wlela,w)u’(cla,w))ew(aw)
aw<'<< w) 1)‘ >0

' (c(a,w))?

For any wage level w, there is a target level of assets, a*(w), at which point the savings rate is
zero. The target level of assets is implicitly defined by:

3 (roma(meo [ )+ Gectaraan 1)) =
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Proof of Proposition 3. Differentiation of the first order conditions produces:

cala,w) = W (29)
cwla,w) = W, (30)
swla,w) = _/\F(we);/[(/:,)(a,w)7 (31)
AT Wa(a, ) — Wa(a,w)] dF (x)
Sq(a,w) = 7 (5)
A W (c(a, @) — v (c(a, w))] dF (x)
= e . (32)

Looking at equations (29) to (32) it is clear that consumption is increasing in assets (the value
function is still concave in assets since utility is additively separable in consumption and search
effort, and search effort does not change the linearity of the budget constraint). Search effort
is decreasing in wages (the value function is increasing in the wage). Additionally, either con-
sumption is increasing in the wage and search effort is decreasing in assets, or consumption is
decreasing in the wage and search effort is increasing in assets. The former will be true whenever
the marginal value of assets is decreasing in the wage.
When search effort is endogenous,

Wy (a,w) = i 122 [)\As (a,w) /ww W, (d' (a,w) ,z) dF (z) + 6AW, (' (a,w) ,w) (33)

+ (1= MAs (a,w) F (w) — §A) Wy (' (a,w) ,w) |.

Define T as the operator on the RHS of (33). Assume that W, (a,w) is non-increasing in w.
Differentiating the operator 1" we have that

aT (W,) (a,w) 147

ow 1+p

w / !
As (a,w)/ Waa (a’ (a,w) ,x) dF (z) gz} + W (a' (a,w) ,w) ?)Z;

ad'

/
0 + Waw (a (a,w) ,w)

+ Asy (@, w) /w [Wa (a’ (a,w) ,x) - W, (a' (a,w) ,w)} dF (xz)|. (34)

Under the assumption that W, (a,w) is non-increasing in w, all the terms on the RHS of (34)
are negative, except for the last term which is positive. When search effort is endogenous it
is not possible to unambiguously sign the RHS, leaving open the possibility that the marginal
value of assets is not everywhere decreasing in the wage, and thus we are not able to verify the
conjecture. In order for the marginal value of assets to be everywhere decreasing in the wage it
must be the case that, at the solution, the effect of the last term is not too large.

O
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Proof of Proposition 4. Setting equation (11) equal to zero gives

0 = r—p—2As <F(w) - /ww Z:Ei;dF@:)) +6 (Z:gg - 1> ,

(3 [ w@arw) +50(0)
J(0) — As [ u'(&)d +5u()

F(z)
p+ \sF(w)+ 0 ’
¢)d

. ¢<Asf w( <>+5u<>>,

p+AsF(w) +6 —r

p+AsF(w)+6—r

(35)

where ¢ is the inverse function of the marginal utility of consumption u/(¢). Setting @ = da/dt =
0 (the asset accumulation equation) gives

c=w+ra. (36)

For the existence of a stable saddle-path equilibrium, it is necessary that p > r — § — AsF(w),
which collapses to p > r — § since it must hold at all w € [w,w]. The existence of a finite
upper bound on assets requires more, specifically that p > r. This can be seen by equating
equations (35) and (36), and evaluating at w = w:

WA ra=¢ (52/35?’_7”?) : (37)

Equation (37) can be rewritten as

(p—r)u' (c(@mw)) =6 (u'(c(@w)) — ' (c(@w)),

where ¢ (a,w) > ¢ (a,w) implies the right hand side is strictly positive for any finite @, implying
p — r is strictly positive for finite c.
In the limit, as (p — r) /J tends to zero from above, equation (37) tends to

W+ ra = c(a,w).

A.2 Data

The data for this analysis are from the National Longitudinal Survey of Youth 1979 (NLSY).
The NLSY consists of 12,686 individuals who were 14 to 21 years of age as of January, 1979. The
NLSY contains a nationally representative random sample, as well as an over-sample of black,
Hispanic, the military, and poor white individuals. A complete labor market history, by week,
can be constructed for each individual in the sample. The labor market history provides the
potential of over 1,300 weekly observations per individual, including the current weekly earnings,
transitions to and from unemployment and between jobs. Since 1985, the NLSY contains detailed
questions on the asset holdings of each individual. The asset data are not observed at the same
frequency as the labor market data; asset data are collected at interview dates, providing at most
one observation on assets per year. I discuss the estimation issues arising from this partially
observed state variable in Section 3.
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A.2.1 Construction of Sample Used in Estimation

I use the white male sample from the NLSY data for the years 1985 to 2002. The restriction
of attention to white males is motivated by an attempt to create a relatively homogeneous
subgroup that is well described by the model developed in the paper. Since the schooling
decision is exogenous to the model, I only include data for individuals once they have completed
their education. I also drop individuals who have served in the military, or have identified their
labor force status as out of the labor force. The majority of individuals who are not in the labor
force report being disabled and are clearly not searching for employment. I subdivide the data
into two education groups: those with a high school degree, and those with a college degree. I
do not use data on high school dropouts and college dropouts. The summary statistics for these
groups are too different from either included group to pool them, and the sample sizes are too
small to use on their own. Since not all individuals finished school at the same time, and some
have dropped out of the survey, I am left with an unbalanced panel of 792 high school graduates
(567,895 person weeks), and 581 college graduates (340,264 person weeks). With working and
unemployed as the only two labor force states in the model, I need to choose a cutoff for the
number of hours that qualify as employed. I follow Bowlus, Kiefer, and Neumann (2001) and
define employment as working 35 hours or more a week. The moments used in estimation are
not very sensitive to an alternative definition of 40 hours. See Tables 7 and 8.

Monetary variables are adjusted for inflation using the GDP deflator. To reduce the influence
of outlying observations, I trim the top and bottom one-half-of-one percent of the wage and asset
observations. I follow the definition of total assets used by Keane and Wolpin (2001) and Imai
and Keane (2004). I construct total assets (net worth) by adding up the following variables in the
NLSY: “Total market value of vehicles including automobiles r/spouse own,” “Total market value
of farm /business/other property r/spouse own,” “Market value of residential property r/spouse
own,” “Total market value of stocks/bonds/mutual funds,” “Total amount of money assets like
savings accounts of r/spouse,” “Total market value of all other assets each worth more than
$500.” From this I subtract the total of “Total amount of money r/spouse owe on vehicles
including automobiles,” “Total amount of debts on farm /business/other property r/spouse owe,”
“Amount of mortgages and back taxes r/spouse owe on residential property,” “Total amount of
other debts over $500 r/spouse owe.” As a sensitivity exercise, I also present the moments based
on financial assets only (see Tables 7 and 8).

The model developed in Section 2 assumes that the wage offer distribution is stationary. Since
the NLSY data is based on a cohort, there are two sources of non-stationarity in observed wages.
The first is that we observe this cohort as they are moving toward the stationary distribution,
since they begin life out of employment and are slowly moving up the wage ladder. This aspect
of the non-stationarity can be fully accounted for by thinking of the cohort as a sample of
unemployed workers who we follow forward. The second source of non-stationarity comes from
sectoral growth. Since the model does not have growth, I detrend the data using the following
procedure, designed to ensure a stationary wage offer distribution. Let w§, be the log of wages
accepted out of unemployment. I estimate the growth in the wage offer distribution by the
regression w{, = a+ gt +u;. I then detrend all wages using g. Thus, the wage offer distribution
has the same mean every year by construction, and any increases over time in the mean of
accepted wages are attributed to the effect of on-the-job search. The estimates for sectoral
growth are 1.87 percent for low educated workers and 4.31 percent for high educated workers,
suggesting substantial skill bias over this period.

The model is written assuming workers are single individuals. To approximate this fiction in
the data I project assets off of controls for marital status and number of children, removing the
deterministic component associated with family size. In all the empirical work I define wages
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as log average annual detrended wages and assets are transformed using the inverse hyperbolic
sine transformation, log (a +v1+ a2). This is a log-type transformation that admits zero

or negative values (see Burbidge, Magee, and Robb (1988) for a discussion of the desirability
of this transformation when working with wealth data). When matching moments, the same
transformations are done on both the NLSY data and the model generated data.

The lower bound on wealth used in the model is the self-imposed borrowing constraint:
—w/r. I estimate the lowest possible wage, w, using the lowest 0.5 percentile of the observed wage
distribution by education. This value is also used for the flow income of unemployed workers.
The implied lower bounds on wealth are -85,068 and -169,025 for low and high educated workers
respectively. These values line up reasonably well with the corresponding lowest 0.5 percentile of
the observed asset distributions by education: -75,358 and -153,120 with respective 95 percent
confidence intervals (-76,880, -73,398) and (-181,499, -134,999). It seems that the self imposed
borrow limit provides a reasonable approximation to the empirical lower bound on assets.

In the auxiliary regressions (15) to (17), I define the variables as follows: E2U;,, equals
one if the worker is employed in week m and unemployed in week m + 1, and equal to zero if
employed in both weeks m and m + 1. J2J;,, equals one if the worker is employed at job j in
m and employed at job k # j in week m + 1, and equal to zero if the worker is employed at job
7 in both weeks m and m + 1. In addition, if the worker experiences a spell of unemployment of
two weeks or less between job changes this is coded as J2J;; = 1. This is done in an attempt to
avoid misclassifying short vacation breaks between jobs as unemployment spells. U2FE; ;,, equals
one if the worker is unemployed in week m and employed in week m + 1, and equals zero if the
worker is unemployed in both weeks m and m + 1.

A.3 Estimation

Conditional on the first step non-parametric estimate of F'(w), the structural parameters 6 =
{7,717, A\, 0} can be estimated by minimizing the distance between the regression coefficients es-
timated on the actual data, and the average the same regression coefficients estimated on R
simulated data sets:

A~

0 = arg meinﬁ ),

o (o) o ()

and Q(3) is the diagonal of the covariance matrix for the regression coefficients estimated from
the NLSY data. In practice this extremum estimator is difficult to work with since for any finite
R the objective function is not smooth due to simulation error and the discrete jumps that occur
as a result of search.

To address this issue I use the Markov Chain Monte Carlo (MCMC) method for classical
estimators proposed by Chernozhukov and Hong (2003). Estimation proceeds by simulating a
chain of parameters that (once converged) has the quasi-posterior density

where

eLOr (6)

PO) = T zwr 8y o
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A point estimate for the parameters is obtained as the average of the MCMC chain:
1 B
) —— J
Orcme = 5 Z; ¢,
J:

and confidence intervals are constructed from the empirical quantiles of the sequence of #7. To
simulate a chain that converges to the quasi posterior, I use the Metropolis-Hastings algorithm.
The algorithm generates a chain (90,91, ..,08 ) as follows. First, choose a starting value 6°.
Next, generate £ from a proposal density g (§\6j ) and update #7t! from 67 for j = 1,2, ... using

gitl — ¢ with probability  d(67,¢)
" | ¢/ with probability 1—d(6,¢),

where

L(y)

£ (x) q (y|z)
This procedure is repeated many times to obtain a chain of length B that represents the ergodic
distribution of §. Choosing the prior 7 (#) to be uniform and the proposal density to be a random

walk (¢ (z|y) = q (y|z)), results in the simple rule
d(z,y) = min (eﬁ(y)_ﬁ(m), 1) .

The main advantage of this estimation strategy is that it only requires function evaluations,
and thus the discontinuous jumps do not cause the same problems that would occur with a
gradient based extremum estimator. Additionally, the converged chain provides a direct way to
construct valid confidence intervals for the parameter estimates. The drawback of the procedure
is that it requires a very long chain, and consequently a very large number of function evaluations,
each requiring the model to be solved and simulated. In practice, I simulate 100 chains in
parallel, each of length 10,000, and use the last 2000 elements (pooled over the 100 chains) to
obtain parameter estimates and confidence intervals. Details pertaining to tuning the MCMC
algorithm, a parallel implementation, and related methods in statistics can be found in Robert
and Casella (2004), Vrugt, ter Braak, Diks, Higdon, Robinson, and Hyman (2009), and Sisson
and Fan (2011).
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