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Abstract

I document that the volatility of persistent idiosyncratic shocks to wages varies
inversely with inter-industry wage differentials. I then show that this striking feature
of the data arises naturally in a general equilibrium, incomplete markets, life cycle
model which allows for inter-industry mobility. There are two key forces at play in the
model. On one hand, since agents are risk averse and markets are incomplete, they
must be compensated for taking on increased wage risk. On the other hand, given that
agents can always switch to another industry in which they are more productive, they
value wage volatility because it offers the potential for faster wage growth with limited
downside risk. For plausible calibrations, the option value of mobility dominates the
risk premium effect, leading to a negative relationship between wage volatility and
inter-industry wage differentials on the order of that observed in the data. A decrease
in credit market imperfections like that observed since the early 1980°s leads to an
increase in measured productivity and can account for much of the increase in risk-
taking by young workers in the labor market and steepening in the risk-return trade-off
across industries observed in the data over this same period.
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1 Introduction

It is well known that there exist large and statistically significant wage differentials for
observationally equivalent workers employed in different industries. The pattern of these
differentials has proven remarkably stable over time, is similar across a diverse set of coun-
tries with varied labor market institutions, is much the same for both union and non-union
workers, and is also highly correlated across occupations.! One strand of the literature,
beginning with the seminal work of Krueger and Summers (1988), argues such differentials
are only compatible with non-competitive theories of wage determination. Another strand
of the literature, building on the work of Gibbons and Katz (1992), contends measured
inter-industry wage differentials result from differences in workers’ productive abilities not
captured by individual-level data sets.? Although there is still no consensus in the academic
literature, identifying the underlying source of these differentials is of primary importance for
evaluating the ability of competitive markets to efficiently allocate labor across industries.
In this paper, I explore an alternative explanation for the emergence of inter-industry
wage differentials. Specifically, I investigate both the empirical and theoretical relationship
between inter-industry wage differentials and the volatility of long-term, persistent, uninsur-
able, and idiosyncratic shocks to wages. While standard economic reasoning implies that
workers should be compensated for exposure to higher wage volatility, using individual-level
wage data for working age males from the University of Michigan’s Panel Study of Income
Dynamics (PSID), I document that precisely the opposite is true — the volatility of shocks
to wages varies inversely with inter-industry wage differentials. In other words, industries
which offer the least (most) wage risk are those which pay the highest (lowest) wages. The

average worker employed in the personal services industry, for example, will earn a wage

1Slichter (1950) was one of the first to provide empirical evidence in support of the existence of inter-
industry wage differentials. Dickens and Katz (1987) offer a comprehensive review of the early empirical
literature on this subject. More recently, Caju, Ktay, Lamo, Nicolitsas, and Poelhekke (2010) provide an
updated literature review with an emphasis on studies of labor markets outside of the U.S.

2For example, workers with higher unobserved abilities will earn higher wages. Industries which employ
proportionately more of these workers will then appear to pay higher average wages to what are observa-
tionally equivalent workers.



that is 13 log points lower and 25% more volatile than an observationally equivalent worker
employed in the manufacturing sector. Moreover, I find that variations in the volatility of
shocks to wages across industries can explain 60% of inter-industry wage differentials.

Theoretically, I demonstrate that this rather striking feature of the data actually arises
naturally within the context of a general equilibrium, incomplete markets, life cycle model
which allows for inter-industry mobility. In the model, risk averse agents are endowed with
a vector of industry-specific idiosyncratic productivities. Industries differ in their wage rates
and the volatility of the idiosyncratic uninsurable productivity shocks that workers face.
Each period, agents optimally decide which industry to work in subject to an exogenous
resource cost of switching industries. Conditional on their industry choice and realized
productivity, agents make labor supply and savings decisions. There are two key forces at
play in the model. On one hand, since agents are risk averse and markets are incomplete,
they demand compensation for exposure to higher wage volatility. But because agents in the
model can always switch to another industry in which they are more productive, industries
with higher wage volatility offer the potential for rapid wage growth with limited downside
risk. Inter-industry wage differentials and the allocation of workers across industries are
jointly determined in equilibrium by the relative strength of these opposing forces. For
plausible calibrations of the theoretical model, the option value of mobility dominates the
risk premium effect leading to a negative relationship between wage volatility and inter-
industry wage differentials on the order of that which I observe in the data.

Agents in the model have three ways in which to insure themselves against labor market
risk in addition to precautionary savings: borrow in credit markets using one-period uncon-
tingent bonds, adjust their labor supply, or switch industries of employment. In order to
quantify the relative importance of each insurance channel, I sequentially remove them from
the calibrated baseline model and compute the resulting equilibrium risk-return trade-off
across industries. My results suggest that inter-industry mobility is an important insurance

channel against labor market risk which accounts for between 29% and 98% of the difference



in the risk-return trade-off between the calibrated baseline model and a model in which the
only insurance channel against labor market risk is precautionary savings. Moreover, I find
that inter-industry mobility is critical for generating a negative relationship between wage
volatility and inter-industry wage differentials like that which I observe in the data.

The model has sharp predictions for patterns of inter-industry mobility and wage growth
over the life cycle which I use as external validation for the model. In particular, young
workers value wage volatility more than their older counterparts since they have more time
before retirement to either realize large productivity gains or exercise the option to switch
industries. For this reason, young agents in the model disproportionately choose to work in
high volatility industries. Over the life cycle, those who receive positive shocks remain, while
those who don’t choose to move to another industry in which they are more productive. While
wages are initially lower for young agents who choose to work in a high volatility industry,
on average they will grow faster and eventually exceed the wages earned by young agents
who choose to work in a low volatility industry. Critically, I am able to demonstrate that
these predictions of the model are consistent with the patterns of inter-industry mobility
and expected wage profiles over the life cycle present in the data.

Another striking feature of the data is that the slope of the risk-return trade-off across
industries became 41% more negative since the early 1980’s. Over this same period, the
fraction of young individuals choosing to start their working life in a high volatility industry
increased by 25%. In the model, inter-industry wage differentials and the allocation of
workers across industries are intimately related to the cost of borrowing in credit markets,
both against the realization of positive persistent idiosyncratic productivity shocks and to
finance the resource cost of switching industries. Given the broad consensus that consumers’
access to credit has increased dramatically since the early 1980’s, I use the calibrated model
to quantify the extent to which a decrease in the spread between borrowing and lending

rates on the order of that estimated in the literature can explain these facts.? I find that this

3Many explanations for this observation have been put forth in the literature. Campbell and Hercowitz
(2006), for example, point to credit market innovations resulting from the Monetary Control Act of 1980



decrease in credit market imperfections can account for 43% of the increase in risk-taking
by young workers in the labor market and 94% of the steepening in the risk-return trade-off
across industries observed in the data over this period. Interestingly, this decrease in credit
market imperfections also leads to a 1.4% rise in measured productivity.

The remainder of this paper proceeds as follows. Section 2 reviews related literature
and describes the contribution of this paper. Section 3 illustrates the risk premium effect
and the option value of mobility using a simple two-period example. Section 4 lays out the
full theoretical model. Section 5 describes my calibration strategy. Section 6 characterizes
the stationary equilibrium and compare its predictions to the data. Section 7 analyzes the
role of inter-industry mobility as an insurance channel against labor market risk. Section
8 explores the extent to which decreased credit market imperfections since the early 1980’s
can explain the increase in risk-taking by young workers in the labor market and steepening

of the risk-return trade-off across industries observed over this period. Section 9 concludes.

2 Related Literature

The existing literature on inter-industry wage differentials suggests that neither a simple
unmeasured ability explanation nor a pure rent-based theory is fully consistent with the
data.* This paper adds to the literature by documenting that variations in the volatility of
long-term, persistent, idiosyncratic, and uninsurable shocks to wages across industries can
explain a large portion of the observed pattern of inter-industry wage differentials. Mine is
not the first, though, to consider variations in risk as a source of compensating wage differ-
entials. Murphy and Topel (1987) analyze two-year panels of individuals in the 1977 — 1984

Current Population Survey (CPS) and document wide differences in the volatility of hours

and the Garn — St. Germain Act of 1982, Sanchez (2010) argues that information technology improved
the capacity of credit card companies to assess risk, Drozd and Nosal (2008) cite a reduction in the cost of
screening and soliciting credit customers, while Luzzetti and Neumuller (2012) contend that lenders reduced
credit spreads as an endogenous response to the decreased frequency and severity of aggregate fluctuations.

4Gibbons, Katz, Lemieux, and Parent (2005), for example, argue that comparative advantage combined
with learning can explain the observed wage premia in some industries but not others.



worked and annual earnings across industries. The authors conclude, though, that the lack
of a valid instrument calls into question estimates of compensating wage differentials based
on industry differences in job characteristics. My approach improves upon this work in two
ways. First, by using the PSID which offers a longer panel structure I am able to disentangle
transitory fluctuations in wages from long-term, persistent shocks. Second, employing a gen-
eral equilibrium structural model to estimate the pattern of inter-industry wage differentials
that is consistent with the data avoids issues related to instrument exogeneity.

Using a similar empirical strategy to the one I apply here, Cubas and Silos (2012) find
a positive relationship between wage volatility and the average wage across industries in
data from the Survey of Income and Program Participants (SIPP). The authors then con-
struct a general equilibrium model of sorting in the labor market in which agents are ex-ante
heterogeneous in terms of their comparative advantage to work in each sector in order to
decompose how much of the variation in average earnings across industries can be attributed
to compensation for earnings risk as opposed to sorting on unobserved ability or compar-
ative advantage. While their model abstracts from inter-industry mobility, we know from
Kambourov and Manovskii (2008) that workers change their industry affiliation frequently
and at a rate that has been steadily increasing over time. Motivated by these facts, I ex-
plicitly model inter-industry mobility and find that this feature of the model is crucial for
understanding the negative relationship between wage volatility and inter-industry wage
differentials that I observe in the data.

This paper also contributes to the existing literature by demonstrating that the option
to switch industries is an important insurance channel against labor market risk. In a re-
lated studies, Kaplan (2012) shows that the option to move in and out of the parental
home allows young individuals to pursue risky jobs which offer the potential for high wage
growth, Vereshchagina and Hopenhayn (2009) demonstrate that the implicit option owned
by entrepreneurs to close down their business and enter the workforce acts as an insurance

mechanism against the realization of low entrepreneurial returns, while Ruffino (2012) con-



tends that the option to switch employers is equivalent to holding a put option on one’s own
company stock, meaning that workers need to allocate a relatively large share of their finan-
cial assets to their own company’s stock simply to restore their overall portfolio balance.’
My work differs from these previous studies in that I explicitly model the sectoral allocation
problem faced by workers over their life cycle, which is an important factor for understanding
the negative relationship between wage risk and inter-industry wage differentials in the data.

The theoretical model I develop here is closely related to the multi-armed bandit problem
analyzed by Miller (1984) to characterize the optimal series of occupational choices over the
life cycle for the case in which individuals have prior uncertainty over their innate job-specific
abilities and rates of learning are allowed to vary across jobs. While I abstract from explicitly
modeling learning dynamics, I introduce endogenous labor supply and savings decisions, as
well as the equilibrium determination of wages and the return on capital, to his framework
which allows me to address the puzzle of inter-industry wage differentials. Also related is
the work of Dillon (2012) who structurally estimates a model of occupational choice over the
life cycle using data from the PSID and concludes that compensation for earnings risk is a
key factor in explaining variations in expected lifetime earnings across careers.

This paper is also related to Hsieh, Hurst, Jones, and Klenow (2012) who quantify the
effects of changes in the labor market outcomes of minorities between 1960 and 2008 on
aggregate productivity and wages. While their analysis focuses on the role of discrimination
in shaping human capital accumulation and occupational choice, my work highlights the
importance credit market imperfections for the allocation of workers across industries. In a
related study, Buera and Moll (2012) use a model of entrepreneurship to analyze the impact

of financial frictions on aggregate productivity.

5 Abbring and Campbell (2005) find that the largest component of a new firm’s value is actually embedded
in the option to exit.



3 A Two-Period Example

In this section, I analyze a simplified partial equilibrium version of the full theoretical model
for which I can sharply characterize the risk premium effect and the option value of mobility,
as well as their roles in determining inter-industry wage differentials. Formal proofs of the

results described below are gathered in the appendix.

3.1 Overview

Consider the decision problem of a worker who lives for two periods, discounts the future at
rate 3, has CRRA preferences over consumption in each period with coefficient of relative
risk aversion 7y, and is restricted from saving or borrowing in credit markets. I represent
industries as islands. Suppose the worker is endowed with island-specific log efficiency units
of labor z € R’, where J is the number of islands and z; ~ N (—%0]2-, 0]2-) is learned upon
arrival on island j. For simplicity, I assume that j € {1,2}, where oy = 0 and o5 > 0. The

worker has one unit of time each period which she supplies inelastically to the representative

firm on the island of her choosing.

3.2 Case 1: No Mobility

Suppose the worker must remain on her initial island of choice for both periods. In this case,

the value of selecting island 1 is deterministic and given by
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where w; is the wage rate on island 1 in units of consumption per efficiency unit of labor.

The value of selecting island 2, on the other hand, is given by




where wy is the wage rate on island 2. It is easy to show that the log wage differential,

In(wy /ws), which makes the worker indifferent between selecting islands 1 and 2 is given by

2
In{—|=——=
a(2) -2

which is strictly less than zero for all v > 0. It follows that w; < wy, meaning that the

worker will demand a premium to work on the island with an uncertain payoft.

3.3 Case 2: With Mobility

Now consider the case in which the worker is allowed to switch islands after the first period
of employment. If the worker initially selects island 1, then she will never find it optimal to
switch to island 2 after the first period. It follows that the value of selecting island 1 in the
first period is unchanged from Case 1:
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The value of selecting island 2 in the first period, on the other hand, is now given by

where the max operator represents the option to switch islands after the first period of
employment. This choice is characterized by a threshold z3 such that if 2z, > 23, then the
worker will remain on island 2. Otherwise, the worker will find it optimal to exercise her

option to switch islands. The value of zJ is defined by the following indifference condition:

W, = Wee™2.



It can be shown that the log wage differential, In(w; /ws), which makes the worker indifferent

between selecting islands 1 and 2 in the first period solves the following fixed point problem:

2
In <“’—) =2 4G (ﬁ,%%ln (w—)> ,
’LU2 2 w2

where the first term on the right hand side is the risk premium effect and the second repre-
sents the option value of mobility.

Figure 1 plots the risk premium effect, the option value of mobility, and the resulting
log wage differential separately as functions of oy for the case in which g = 0.5 and v = 2.
While the risk premium effect is negative and decreasing for all oo > 0, the option value
of mobility is positive and increasing. The resulting log wage differential is positive for all
o9 € (0,0.16). In this range of volatilities, the option value of mobility dominates the risk
premium effect, meaning that the worker is willing to accept a relatively low wage in exchange
for the possibility of realizing a large positive productivity shock. In my quantitative model,
I will show that for empirically plausible parameterizations, a similar negative relationship

arises between wage volatility and inter-island wage differentials.

4 Theoretical Framework

In this section, I outline the general equilibrium life cycle model which I use to study the
relationship between wage risk and inter-industry wage differentials, as well as the aggregate

implications of changes in the degree of credit market imperfections.

4.1 Overview

The economy consists of overlapping generations of ex ante identical agents who live for
N + R periods and have time separable preferences over consumption and leisure. There
are J islands, each representing an industry and containing a representative firm which

hires labor to produce a differentiated intermediate good. A representative firm combines
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intermediate goods and capital to produce a homogeneous final consumption good. There
is also a financial intermediary which rents capital to the final goods producer and borrows
and lends to agents using one-period risk-free bonds subject to a proportional transaction

cost 7 of issuing debt.

4.2 Problem of an Agent

Each agent is endowed with a vector of island-specific idiosyncratic productivities z € R”,
where z; is the log efficiency units of labor the agent has available to supply to the repre-
sentative firm on island j.° While working on island j, z; follows a random walk, while zj;
remain fixed. Islands differ in the volatility of the idiosyncratic productivity shocks that
workers face. Agents decide on which island to work optimally each period during their first
N periods of life subject to a resource cost x > 0 of switching islands. During their final
R periods of life, agents are restricted from working and therefore simply enjoy leisure and
consume from their savings.

Each period, the problem of an agent is divided into two stages. In the first stage, the
agent selects an island j on which to work conditional on their age a, bond holdings b,

productivity vector z_1, and previous island of employment m:

a ) = E a 1
Vm<b7z 1) jEI{rll,E.l.?(,:J} Ce [W],m(baz>e>} ( )

subject to

2j=2z,1+¢ (2)

6While Gibbons et al. (2005) assume that a worker’s performance in one industry is perfectly correlated
with their ability in others, I assume that a worker’s ability is both independent across industries and
evolves only with industry-specific experience. These assumptions are consistent with Jovanovic (1979)
who develops a model of learning about job-specific ability to explain the negative empirical relationship
between job turnover and job tenure. Neal (1995) analyzes wage data from Displaced Worker Surveys and
concludes that industry-specific human capital is an important factor in explaining the observed relationship
between wages and seniority. Parent (2000) finds similar patterns in data from the PSID and the National
Longitudinal Survey of Youth (NLSY79) and concludes that what matters most for the wage profile is the
accumulation of industry-specific human capital.
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and

2k = 2,1 for all k # 7, (3)

where W, (b, z,e) is the value of working on island j conditional on the realizations of
an idiosyncratic island-specific permanent productivity shock ¢ ~ N (—%aéj, agyj) and an

idiosyncratic transitory productivity shock e ~ N (—102

29,5 Uﬁ,j).7 Importantly, the volatility

of both productivity shocks is allowed to vary across islands.®
In the second stage, the agent first draws ¢ and e, and then optimally selects the bond
holdings o’ to carry into the following period and the fraction of time to spend working in

the current period h subject to their time endowment h:

W]{zm(ba Z, 6) = max U(C, h’) + /B‘GaJrl(b/? Z) (4)
’ he[0,R] b
subject to
c+ bV +xXIj#m]=1+r+7Ib<0])b+ w;p;h, (5)
and
Ing; = f(a) + 2, +e, (6)

where 7 is the interest rate, w; is the wage on island j in units of consumption per efficiency
unit of labor, and ¢; is the efficiency units of labor the agent has available to supply to the
representative firm on island j, which itself is a function of the agent’s age a, island-specific

productivity z;, and transitory shock e. For agents in their first N periods of life, h =1,

I assume that both productivity shocks have bounded support, ¢ € [¢,{] and e € [e, €], which, when
combined with my assumption that agents cannot work during retirement, leads to an endogenous borrowing
constraint that varies with age a, industry of employment 7, and productivity vector z.

8Industry-specific productivity shocks are intended to capture a multitude of factors which affect the
wages earned by an individual in their current industry of employment. Such factors include changes in the
relative demand for the individual’s skill set (occupation, experience, education, etc.) within the industry in
which they are currently employed, learning about industry-specific ability (think of the consulting industry,
for example, in which many enter but only a select few have both the talent and desire to become partner),
or varying degrees of insurance against aggregate, industry, and firm-level shocks provided by employers.
Lagakos and Ordoez (2011), for example, use a model of limited commitment to demonstrate that workers
who are employed in industries with high displacement costs get more insurance from their employer, and,
as a result, wages are smooth for workers in these industries even when firm productivity is volatile.
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while for agents in their final R periods of life, h = 0. The interest rate r will be determined
in equilibrium by the market clearing condition for capital, while the wages {w;}7_; will be

pinned down by the market clearing condition for labor on each island.

4.3 Intermediate Goods Producers

The representative firm on island j produces a differentiated intermediate good according to
a technology that is linear in efficiency units of labor L;. The firm chooses the quantity of
labor that maximizes their static profits taking the wage on their island w; and the price of
their output p; as given:

Ty = max p;r; — w;L, (7)
J

subject to the production function

zj=Lj. (8)

The first order condition for profit maximization implies that the equilibrium wage on island

j is equal to the price of the intermediate good produced on island j:

4.4 Final Goods Producer

A representative firm produces a homogeneous final consumption good using capital and a
CES aggregation of the differentiated intermediate goods produced on islands j € {1, ..., J}.

Each period, the firm maximizes their static profits taking the rental rate » and the prices

of intermediate goods {p; JJ=1 as given:
J
IT = Y-(r+0K - X 10
K7&3§:1 (r ) ij J (10)

J=1
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subject to the production function

J (1-a)/p
Y = K*® (Z Xf) : (11)
j=1

where § is the depreciation rate of capital and 1/(1 — p) is the elasticity of substitution
between intermediate goods. The first order conditions for profit maximization pin down

the equilibrium interest rate

J (1-a)/p
r=aK*! (Z X;) —4 (12)

j=1

and the equilibrium price of each intermediate good j € {1, ..., J}

J (1—a—p)/p
pj=(1—a)X/ ' K° (Z ij) . (13)

j=1
4.5 Market Clearing

Let T'(b,z_1, 2, e; a,m) be the distribution of agents over states. There are markets for labor
on each island, capital, intermediate goods, and the final consumption good, all of which
must clear in equilibrium.

The market clearing condition for labor on each island j € {1, ..., J} is given by:
/dj(b,z_l;a, m)¢;(b,z, e;a,m)h(b,z,e;a,m)dl(b,z_1,2z,e;a,m) = L, (14)

where d;(-) is equal to one if the agent is employed on island j and zero otherwise. This
condition states that the total efficiency units of labor supplied by agents to the represen-
tative firm on island j must be equal to the total efficiency units of labor demanded by the
representative firm on island j. The relative wages {wj}jzl adjust to clear the market for

labor on each island.
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Assuming that risk-free bonds are in zero net supply, the market clearing condition for

the capital market is given by:
/b’(b,z,e; a,m) dU'(b,z_1,z,e;a,m) = K. (15)

The interest rate r adjusts to clear the market for capital.

The market for each intermediate good j € {1, ..., J} clears when the quantity produced
by the representative firm on island j is equal to the quantity demanded by the final goods
producer:

X; = ;. (16)

The price of each intermediate good p; adjusts to clear the market for the intermediate good
produced on island j.
Finally, the market for the final consumption good clears when the aggregate quantity

demanded by agents equals the total quantity produced by the final goods producer:
/c(b,z,e; a,m) dU(b,z_1,2z,e;a,m) =Y. (17)

Note that by Walras’ Law, if the markets for labor, capital, and intermediate goods clear,

then the market for the final consumption good also clears.

4.6 Defining a Stationary Equilibrium

A stationary equilibrium is a set of decision rules for agents {d;(b,z_1;a,m),b (b, z, e;a,m),

J

I(b,z,e;a,m)}, demand for labor by intermediate goods producers {L;};_;, demand for

capital and intermediate goods by the final goods producer { K, {X; }3-]:1}, wages and output

J

prices on each island {wj,p;}j_,, an interest rate 7, and a distribution of agents over states

['(b,z_1,2,€;a,m) such that:
e Taking {wj}}]:l and r as given, {d;(b,z_1;a,m),b'(b,z,e;a,m),l(b,z,e;a,m)} solve

15



each agent’s optimization problem.

J

e Taking {w;,p;}/_, as given, {L;}7_, maximizes the static profits earned by the inter-

mediate goods producer on each island j = {1, ..., J}.

e Taking r and {p;}/_, as given, {K,{X;}/_,} maximizes the static profits earned by

the final goods producer.

e Given I'(b,z_1,2, e;a,m) and the decision rules for agents and firms, the markets for

labor, capital, and intermediate goods clear.

5 Calibration

I start by selecting those parameters which can be reasonably calibrated outside of the model.
I then turn to micro-level wage data in order to identify the within industry volatility of
persistent and transitory idiosyncratic shocks to wages. Finally, I use the model to calibrate

the remaining set of parameters in my baseline calibration.

5.1 Parameters Selected Outside of the Model

I assume agents are born at age 18, retire at age 58, and die with probability one at age 78.
Each period in the model represents one year, and therefore I take N = 40 and R = 20. I

assume agents have the following period utility function:

AU i

u(c,h) = T

(18)

where v is the coefficient of relative risk aversion and v governs the time spent enjoying
leisure relative to consumption. As is standard in the literature, I set v equal to 2 and
the discount factor [ equal to 0.96. I assume all agents start life with zero assets and

productivity vector z = (0,...,0). I set the depreciation rate § equal to 0.06 and follow
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Hsieh et al. (2012) in setting the parameter governing the elasticity of substitution between
intermediate goods, p, equal to 0.75. The remaining parameters to be calibrated are the
resource cost of switching industries x, the age-earnings profile f(a), the shock volatilities
{o¢, O'e,j}}]:p the proportional transaction cost 7, and the preference parameter v. Next, I
describe the micro-level wage data that I use to guide my selection of f(a) and {o¢ ;, 0c;}7_;.

Later I describe how values for y, 7, and v are chosen.

5.2 The Data

The University of Michigan’s Panel Study of Income Dynamics (PSID) is a longitudinal
household survey that began in 1968 with a nationally representative sample of over 18,000
individuals living in 5,000 families in the United States. Of these families, about 3,000 were
representative of the US population as a whole (Survey Research Center Sample) while the
remaining 2,000 were an over-sampling of low-income families (Survey of Economic Oppor-
tunity). Information on individuals and their descendants was collected annually through
1997 and biennially thereafter. At the time of the most recent survey, the PSID has grown
to include more than 22,000 individuals living in 9,000 families.

The PSID survey is comprehensive and includes questions pertaining to employment,
income, wealth, education, and health, as well as numerous other topics. I use data from the
merged family— and individual-level files on age, years of education, labor force participation,
self-employment status, labor income, hours worked, union membership status, and job
tenure.” The PSID also reports each individual’s occupation and industry affiliation at the
three-digit level. Between 1968 and 1980, this information is based on the Retrospective
Occupation-Industry Files, while from 1981 onward it is based on the main survey data.'’

Due to sample size restrictions and reporting practices, I choose to classify individuals using

9Labor income is defined as the sum of wages, bonuses, commissions, and overtime pay.

10Between 1968 and 1980, the PSID recorded occupations and industries using various combinations of
one- and two-digit codes. The 1968-1980 Retrospective Occupation-Industry Files provide 1970 Census
Three-digit Codes for the occupation and industry of each individual’s main job for all sample years prior
to 1981 based on a recoding of handwritten job descriptions.
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the 2000 Standard Occupational Classification System (SOC) and the 1970 Census One-digit
Industry Codes. Descriptions of each classification system are included in Tables 1 and 2.
For the purpose of studying wage risk, the PSID has many advantages and relatively
few disadvantages compared with other longitudinal panels such as the Survey of Income
and Program Participants (SIPP), the National Longitudinal Survey of Youth (NLSY79 and
NLSY97), and the Current Population Survey Merged Outgoing Rotation Groups (CPS).
For example, while the SIPP offers information on income and hours worked at a monthly
frequency, the PSID allows for the analysis of wage changes over multiple years which is
critical for identifying persistent shocks to wages. Although the CPS is much larger than the
PSID and offers a two year panel structure, the lack of a third consecutive observation on each
individual prevents the disentangling of persistent wage shocks from transitory fluctuations.
While the NLSY79 and NLSY97 meet this requirement, the PSID offers data on a wider range
of cohorts within each sample year. The main disadvantage of the PSID is its relatively small
sample size which prevents a finely disaggregated analysis. Moreover, the PSID records the
total labor earnings for each individual within each sample year, prohibiting the study of
high frequency wage changes related to movements into and out of unemployment, which I

abstract from in both my theoretical and empirical analysis.

5.3 Sample Selection

My sample selection procedure is as follows. I keep only heads of household who were in, or
are descendants of, the nationally representative Survey Research Center sample. I also re-
strict my sample to include only those individuals aged 18 to 55 who were in the labor force,
not self-employed, and worked at least 520 hours in the sample year.'! I keep only males, and

therefore abstract from the large increase in female labor force participation rates during my

" The hours worked restriction corresponds to 13 weeks of employment at 40 hours per week. While this
step introduces some bias into my estimates of wage risk by eliminating from my sample all individuals who
were unemployed for more than three-quarters of the given sample year, this fraction of individuals is quite
small, and hence the effect on my estimates is minimal. The main purpose of this restriction is to ensure
that my sample consists primarily of individuals who have a strong attachment to the labor force.

18



sample period. I compute the average real wage for each individual-year observation by first
deflating total labor income using the Consumer Price Index reported by the Bureau of Eco-
nomic Analysis with 1982 taken as the base year and then dividing by total hours worked in
the sample year. In order to reduce errors in either the reporting or recording of labor income
and hours worked, I drop those individual-year observations with real hourly wages less than
$2.50 or greater than $250.' These criteria are similar to the ones used in previous stud-
ies (Abowd and Card (1989), Guvenen (2009), Heathcote, Storesletten, and Violante (2010),
among others). There are a total of 51,059 individual-year observations for which I have
non-missing data on age, years of education, labor income, hours worked, union membership
status, firm tenure, and occupation and industry affiliation.

Some key summary statistics for my base sample are reported in Tables 3 and 4. Table 3
lists the number of observations and the average age, years of education, union membership
rate, hours worked, and real hourly wage for each sample year.'> The number of observations
increases from just over 1,000 to an average of around 2,000 by the end of my sample
period.'* The average age in all sample years is between 34 and 39, while the average years
of education increases gradually from about 12 in 1967 to nearly 14 by 2008, the latter
being broadly consistent with the known increase in college enrollment. Interestingly, the
union membership rate declined by over 50% during my sample period. Table 2 reports the
distribution of individual-year observations across the twelve 1970 census one-digit industries
in each sample year. Notably, the manufacturing industry experienced a sharp decline in
its employment share between 1967 and 2008, while most service industries, as well as the

construction industry, realized gains in their share of employment.

12For reference purposes, the minimum wage in 1982 was $3.36.
13There are no observations for 1977, 1978, or 1979 due to a lack of data on firm tenure.
4The size of the PSID grows as descendants of individuals in the original SRC sample enter the panel.
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5.4 Auxiliary Model of Wage Dynamics

Allowing for inter-industry mobility in my theoretical model leads to self selection — agents
who switch industries are those who have received negative productivity shocks. Controlling
for selection bias, though, in the estimation of wage differentials and wage risk using a reduced
form approach requires a valid instrument. Instead, I use my theoretical model to control
for self selection and employ a calibration strategy based on the method of indirect inference
first introduced by Smith (1993) and later extended by Gourieroux, Monfort, and Renault
(1993)." T proceed by defining the following auxiliary model which I use as a device for

providing a natural set of moments about the actual data:
W j, = & + 245,00 + flaig) + Q5 + 250 + 6?7]-7157 (19)

where

Zigt = Ziga—2 + i (20)

W; j+ is the real wage for individual ¢ employed in industry j at time ¢, & denotes a time
fixed-effect, x; j, is a vector of individual-level controls including years of education, union
membership status, occupation, firm tenure, occupational tenure, and industry tenure, f(a; ;)
is a quartic in age, €); is the fixed-effect of employment in industry 7, Cﬁj’t ~ N ((),agJ)
is a biennial permanent wage shock, and ei?J’t ~ N (O,UZJ) is a biennial transitory wage
shock.'® T assume E[2; j|7; ¢, ai] = 0 which is a necessary condition for identification. If
my theoretical model is the true data generating process, though, this condition will certainly

not hold due to endogenous selection effects. Misspecification, however, is not a problem

for indirect inference as the auxiliary model is merely a lens through which to view both

15See Smith (2008) for an overview of indirect inference and more recent applications.

16Given that the PSID transitioned from an annual to biennial survey after 1997, I focus on two-year wage
changes in order to maintain consistency throughout my entire sample period.
Kambourov and Manovskii (2009) find that returns to occupational tenure are substantial, and that when
occupational experience is accounted for, the importance of industry tenure and firm tenure decline sub-
stantially. In light of this evidence, I include controls for firm tenure, occupational tenure, and industry
tenure.
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actual data and data generated by my theoretical model. Moreover, I will ultimately use my
theoretical model to uncover the true industry-level fixed effects.

Critically, my auxiliary model is chosen to allow for a simple decomposition of wage risk
into its persistent and transitory components following the methods of Moffitt and Gottschalk
(2002), Meghir and Pistaferri (2004), and Low, Meghir, and Pistaferri (2010). I start by tak-
ing first differences of equation (19), after substituting in for z; ;, using equation (20), for
individuals who do not switch industries between dates ¢ and ¢ — 2 to obtain the following

wage growth equation:
Aln wi,j,t =A (ét + xi,j,t?ﬁ + f(ai,t)) + ( ib,j7t + A€?7j7t) s (21)

where Ay, ;1 = Yij+ — Yiji—2- The left hand side of equation (21) is observed wage growth,
while the first term on the right hand side is that which is predicted by the auxiliary model
based solely on observable factors. The second term on the right hand side is the unpredicted
component of wage growth, or the cumulative wage shock g¢; ;+ = f it (e?,j,t — ef7j7t_2).
Computing the variance and first-order autocovariance of g; ;. for individuals employed in

industry j at dates t and ¢t — 2 leads to a system of equations which can be solved for the

biennial permanent wage shock volatility for industry j:

Ug,j = \/E[gzz,j,t] + 2E[gi,j,tgi,j,t—2]a (22)

and the biennial transitory wage shock volatility for industry j:

Ug,j = \/—E[Qi,j,tgi,j,t—Q]- (23)

My calibration strategy is to first choose coefficients for the quartic in age f(a) based on

OLS estimation of equation (19) and then to select values for the annual wage shock volatil-

~b 1J

ities {o¢ ;, Ue,j};]:l such that the estimates {627 i+0¢ ;1= implied by the sample analogues of
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conditions (22) and (23) are similar for both actual data and data generated by the model.

5.5 Estimation of Auxiliary Model using Actual Data

A selection of the results from an OLS estimation of equation (19) using the base sample
of data from the PSID are presented in column (1) of Table 5. The first four estimates
represent the coefficients of the quartic in age f (a), while the final twelve represent the

" Nearly all of the estimated coefficients are statistically

industry-level fixed effects Qj.'
significant, including the industry-level fixed effects, which confirms that industry affiliation
is an important factor in explaining variations in the real wage for observationally equivalent
workers employed in different industries.

The inter-industry wage differentials presented in column (1) of Table 6 are computed
as the difference between Qj for each industry 5 and the employment weighted average of
Qj across all industries. The magnitude and pattern of these estimated wage differentials
are similar to those previously reported in the literature. In particular, workers employed in
the mining, manufacturing, and transportation, communications, and utilities industries earn
higher wages on average than observationally equivalent workers employed in the agriculture,
forestry, and fisheries, wholesale and retail trade, and personal services industries. A typical
worker employed in the mining industry, for example, earns a wage that is, on average, 27%
higher than that of an observationally equivalent worker employed in the agriculture, forestry,
and fishing industry. Moreover, the weighted standard deviation of these differentials is 0.061,
which is roughly equivalent to the effect on wages of 1-2 additional years of education. Hence,
wage differentials, as viewed through the lens of the auxiliary model, are large and vary quite
substantially across industries.

The estimated volatilities 627 ; and 627 ; reported in column (1) of Table 7 for each industry
were obtained using the sample analogues of equations (22) and (23). The employment

weighted average and standard deviation of 6’& are 0.187 and 0.020, respectively. Thus,

TIndustry-level fixed effects are estimated relative to Public Administration.
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through the lens of the auxiliary model, there is also substantial variation in the volatility
of biennial permanent shocks to wages across industries. Perhaps surprisingly, it is the
manufacturing industry which offers workers the lowest permanent shock volatility of 0.164,

which is more than 32% less than that offered to workers by the entertainment and recreation

b

c.j» on the

services industry. The employment weighted average and standard deviation of &
other hand, are 0.150 and 0.008, respectively. Hence, there is far less variation in the volatility
of biennial transitory shocks to wages across industries.

My estimates for the volatility of transitory shocks to wages also captures measurement
error in either the reporting or recording of total labor income and hours worked. Given that
my empirical strategy does not allow for the disentangling of true transitory wage shocks
from measurement error, I rely on external estimates of the magnitude of measurement
error in the data. Bound, Brown, Duncan, and Rodgers (1994) conduct a validation study
of the PSID data on earnings and conclude that measurement error explains 22 percent of
the overall variance in the rate of earnings growth in the PSID. Given that my estimates
for the volatility of transitory shocks to wages are relatively constant across industries, I
set 0.; = 0.083 for each industry j € J, which is equal to 78 percent of the annualized
employment weighted average of 7 .

In order to verify whether or not the results presented here are robust to sample selection,
I repeat my analysis of the auxiliary model for the following sub-groups of individuals in the
PSID: non-union (those not affiliated with a labor union), unskilled (those with at most a high
school diploma), skilled (those with at least a 4 year college degree), 1967-1984 (individual-
year observations in the first half of my sample period), and 1985-2008 (individual-year
observations in the second half of my sample period). Results for each of these sub-groups
are presented in columns (2) — (6) of Tables 5, 6, and 7. While there is some variation in my
estimates of the volatility of the permanent shocks across sub-groups, the rank correlation
of each subgroup with the base sample is always positive and significant at the 1% level

with the notable exception of skilled workers. There is substantially more variation in my
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estimates of the volatility of the transitory shocks across sub-groups, but the rank correlation

of each subgroup with the base sample is still always positive.'®

5.6 Parameters Selected Inside of the Model

I simulate the model in order to calibrate the island-specific shock volatilities {o ; }3’:1, the
resource cost of switching islands y, the transaction cost of issuing debt 7, and the preference
parameter v. The target moments are a combination of those implied by the auxiliary model
described above and three additional moments in the data which I describe in detail below.
In order to reduce the computational burden involved in simulating my general equilib-
rium model, I set the number of islands J equal to 2. Without loss of generality, let island 1
be the low volatility island and island 2 be the high volatility island. Mapping this simpli-
fying assumption to the data, I divide the twelve 1970 Census one-digit industries into two
mutually exclusive groups based on the value of &IC)J for each industry relative to the em-
ployment weighted average across all industries. Following this approach, the low volatility
group accounts for 48.5% of the individual-year observations in my base sample and includes
the following three industries: (1) manufacturing, (2) transportation, communications, and
utilities, and (3) public administration. The remaining nine industries then make up the high
volatility group which accounts for the remaining 51.5% of the individual-year observations
in my base sample. My target moments for the annual permanent shock volatilities o ;
and o¢ o are then the within group weighted averages of the estimated volatility of biennial
permanent shocks to wages, which are given by &2’1 = 0.168 and o/, = 0.204, respectively.

One of the three remaining model parameters, v governs the average fraction of time

18As an alternative, earnings risk can be estimated using annual income (labor income plus transfers).
While there is more variation across industries in the volatility of transitory shocks to income than wages,
perhaps due to differences in the frequency and duration of unemployment spells across industries, the
correlation between the volatility of transitory shocks to income and wage differentials estimated using the
auxiliary model is -0.24. Thus, workers employed in industries that pay relatively high wages suffer from
less severe transitory variations in annual income. It follows that controlling for unemployment risk would
merely reinforce the results presented above. Furthermore, the correlation between wage differentials and
annual income differentials estimated using the auxiliary model is 0.94, while the correlation between the
estimated volatility of biennial permanent shocks to wages and biennial permanent shocks to income is 0.87.
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agents spend working relative to leisure. Individuals in my base sample worked an average
of 2,224 hours per year. Assuming a time endowment of 16 hours per day, individuals worked
an average of 38% of their free time. I choose v to match this moment in the data.

The resource cost of switching industries, y, directly impacts the option value of inter-
industry mobility, which, in turn, affects the equilibrium allocation of workers across in-
dustries. Given that young agents have more time before retirement to either realize large
productivity gains or exercise the option to switch industries than their older counterparts,
their choice of industry is more sensitive to the value of xy. In my base sample, 68% of
individuals started their working life in one of the nine high volatility industries. I select
x such that an equivalent fraction of 18 year olds in my model choose to work on the high
volatility island.

The final remaining model parameter is the proportional transaction cost, 7, which affects
the cost of borrowing in credit markets. Given that credit markets are an important source
of insurance against labor market risk, I choose 7 to match the ratio of median net worth
to median disposable income. According to the 2004 Survey of Consumer Finances, this
moment in the data is equal to 1.19.*

I look for the set of parameters {o¢1,0¢ 2,7, x, 7} which minimize the weighted sum of
the square deviations of each moment implied by the model from its target in the data as
described above. This procedure yields the following set of model parameters: o.; = 0.12,

oco=0.15, v =0.33, x = 1.4, and 7 = 0.020.

6 Characterizing the Stationary Equilibrium

In this section, I explore the predictions of my calibrated theoretical model for the risk-return
trade-off across industries, patterns of inter-industry mobility, and expected wage growth. I
then quantify the effects of the observed decrease in the degree of credit market imperfections

since the early 1980’s for the risk-return trade-off across industries and allocative efficiency.

19See Mitman (2011).
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6.1 The Risk-Return Trade-off across Industries

Table 8 lists the prices that characterize the stationary equilibrium of my baseline model.
The true underlying wage differential implied by the model, In(w; /ws), is equal to 0.060, from
which we can immediately infer that the option value of mobility dominates the risk premium
effect, as in the simple two-period example. The true risk-return trade-off, expressed as the

wage differential per unit of excess annual wage volatility, is given by:

In(w /ws)

0¢1 — 0¢2

= —2.00.

Thus, in the calibrated theoretical model, for every 1.0% increase in the volatility of annual
permanent shocks to wages that a worker accepts, their expected wage falls by 2.0%.
Alternatively, we can view simulated data generated by the calibrated theoretical model
through the lens of the auxiliary model described in the section above. This approach
facilitates a direct comparison between the model-implied risk-return trade-off and that
which is present in the actual PSID data. Re-estimating the auxiliary model on simulated

data yields a measured wage differential, Q’I" — le, of 0.106, and risk-return trade-off:

Lt 2.89
b~ 409
O¢1 7 0¢2

which is expressed as the wage differential per unit of excess biennial wage volatility. Using
actual data from the PSID, the measured wage differential, Q1 — Q,, is 0.081, where € is
the employment weighted average of Qj for industries in the low volatility group and Q,
is the employment weighted average of Qj for industries in the high volatility group. The

risk-return trade-off present in the actual data is thus given by:

Q1 —Q
O¢1 7~ %2

While the measured risk-return trade-off implied by the theoretical model is steeper than
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that which is present in the actual data, both convey a similar negative relationship between
the volatility of persistent shocks to wages and inter-industry wage differentials.

In order to verify whether or not the results presented here are robust to sample selection,
I re-estimate the auxiliary model on the following sub-groups of individual-year observations
in the PSID: non-union (those not affiliated with a labor union), unskilled (those with at
most a high school diploma), skilled (those with at least a 4 year college degree), 1967
1984 (individual-year observations in the first half of my sample period), and 1985-2008
(individual-year observations in the second half of my sample period). Results for each
of these sub-groups, along with the base sample, are presented in Table 9. While there is
modest variation across sub-groups, the measured wage differential is always positive and the
risk-return trade-off is always negative. Thus, the qualitative nature of my estimates from
the auxiliary model using the base sample of individual-year observations from the PSID are
robust to sample selection. Moreover, they are also fully consistent with the results obtained
by estimating the auxiliary model on data generated by the calibrated theoretical model.

Figure 2 (a) plots the inter-industry wage differentials versus the volatility of permanent
biennial shocks to wages, both of which are estimated using the auxiliary model on actual
data from the PSID. Each data point in the figure represents the risk-return trade-off offered
by one of the twelve 1970 Census one-digit industries. The solid blue line depicts the risk-
return trade-off between the low and high volatility industry groups present in the actual
data, while the dashed red line represents that which is implied by the theoretical model.
Thus, through the lens of the auxiliary model, there exists a strong negative relationship
between the volatility of persistent idiosyncratic shocks to wages and inter-industry wage
differentials. Moreover, the theoretical model captures this feature of the data quite well.

For comparison, Figure 2 (b) depicts the relationship between the volatility of transitory
biennial shocks to wages and inter-industry wage differentials, both of which are estimated
using the auxiliary model on actual data from the PSID. As in the previous figure, each data

point represents the risk-return trade-off offered by one of the twelve 1970 Census one-digit
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industries. Aside from the personal services industry, which is the lone data point to the
right in the figure, there is little variation across industries in this measure of wage risk. This
supports my assumption that the estimated transitory shocks to wage growth predominantly

represent measurement error in the data.

6.2 Patterns of Inter-industry Mobility

The frequency with which workers move between industries at the one-digit level is substan-
tial. Moreover, the majority of these movements represent switches between the low and high
volatility groups defined above. In particular, between 1967 and 1996, the average annual
inter-industry mobility rate at the one-digit level in my sample was 11.1%, nearly 60% of
which is accounted for by the movement of workers between the high and low volatility indus-
try groups.?’ If the movement of workers between industries was random, then roughly half
of all industry switches at the one-digit level should have occurred between these volatility
groups since each contains about half of the individual-year observations in my sample.

In addition, the net flow of workers between these volatility groups over the life cycle
is far from random. In the first 5 years of their working life, individuals in the PSID were
14.3% more likely to transition from a high volatility industry to a low volatility industry
than vice versa.?! Examining the average fraction of workers employed in a high volatility
industry by age conveys a similar story. On average, 68% of workers enter the workforce in
a high volatility industry, while only 45% of workers are still employed in a high volatility

industry at age 50.%?

20In order to identify genuine industry switches in the PSID data, I count only those changes in industry
affiliation that are accompanied by a concurrent change of employer. This procedure, when combined with
using the 1968-1980 Retrospective Occupation-Industry Files, has been shown by Kambourov and Manovskii
(2012) to greatly reduce the impact of industry affiliation coding errors in the PSID data.

21T assume unskilled workers enter the workforce at age 18, while skilled workers enter the workforce at
age 23. This approach is intended to eliminate the influence of individuals who both entered the workforce
and were employed while in college during the same sample year.

22These patterns of inter-industry mobility are reminiscent of Miller (1984) who argues that because young
workers are less experienced than their older counterparts, they are more willing to try out jobs for which
success is rare. This notion of “young and foolish” was also put forth by Adam Smith who wrote “The
contempt of risk and the presumptuous hope of success, are in no period of life more active than at the age
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The calibrated model has sharp predictions for patterns of inter-industry mobility that
can be compared directly with the data. To start, I consider the implications of the model
for inter-industry mobility over the life cycle. Figure 3 depicts the average fraction of agents
working in a high volatility industry by age in the model and in the actual data from
the PSID for both unskilled and skilled workers, respectively. The slope and asymptotic
behavior generated by the model match the patterns observed in the data quite well. The
delay in inter-industry mobility predicted by the model for agents younger than 22 years
old results from the resource cost of switching islands — given that agents enter the model
with zero assets, those who receive negative shocks face a trade-off between borrowing to
finance switching islands and biding their time to see if their island-specific productivity
improves. Since the resource cost of switching islands in my baseline calibration represents
about 2.2 times median annual income, it is perfectly reasonable that young agents prefer
to wait before borrowing in credit markets against their future income.*

On average, 1.3% of agents in the model move between islands each period compared
with the 6.6% of individuals in the data who move between the broad volatility groups
defined above. Thus, the model generates about 20% of the mobility between volatility
groups observed in the data. Given that productivity shocks are only one of many reasons
for which individuals might choose to switch industries of employment, it would be quite

troubling if the calibrated model generated the same level of mobility observed in the data.

6.3 Expected Wage Profiles

Young agents will only be willing to work a low paying job today if they can credibly expect
to earn more in the future than they otherwise would. Figure 4 (a) depicts the expected log
wage as a function of age generated by the model conditional on the agent’s initial island

of employment. While the expected wage profile for agents who initially select the high

at which young people choose their professions.” (Smith (2009))

23 Artug and McLaren (2012) structurally estimate a model of occupational and industry mobility and find
that industry switching costs of 1.0-1.5 times average annual income are needed to explain the patterns of
inter-industry mobility observed in CPS data.
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volatility island (j = 2) starts out lower than that for agents who initially select the low
volatility island (j = 1), eventually the wage profiles cross. In other words, young agents who
choose the high volatility island do so knowing that their expected wage will initially be lower
than that of their peers, but that exposure to higher wage volatility offers the opportunity
for large productivity gains with limited downside risk. Given that agents always have the
option to switch to another island in which they are more productive, those who remain on
the high volatility island can expect to earn higher wages on average than agents of the same
age who are employed on the low volatility island.

Critically, this implication of the model is corroborated by the data. Figures 4 (b) and (c)
depict the average log wage as a function of age for unskilled and skilled workers, respectively,
in the PSID conditional on the individual’s initial industry of employment (either the low
or high volatility group).” Both figures depict a similar single-crossing pattern in which
the expected wage profile for individuals who initially select a high volatility industry starts
off lower but eventually exceeds that for individuals who initially select a low volatility
industry. Models which abstract from inter-industry mobility will fail to generate these

same systematic patterns, and thus are firmly rejected by the data.

6.4 Sensitivity Analysis

In this section, I explore the robustness of my results to changes in the resource cost of
switching industries x. Figure 5 depicts the average fraction of agents working on the high
volatility island by age for various values of y relative to median annual income, where
2.2 represents the baseline calibration. The pattern in the figure is clear — increasing y

results in less risk-taking by young workers and less net inter-industry mobility over the life

24Unskilled workers are classified based on their first industry of employment before age 20, while skilled
workers are classified based on their first industry of employment between ages 23 and 25. I allow for a
range of ages so that individuals who enter the PSID at age 19, for example, can still be included in my
analysis. To construct these figures, I first divide my base sample into skilled and unskilled workers, and
then again by first industry of employment. Finally, I regress log wages on a set of year dummies, years of
education, union membership status, and a quartic in age, the latter of which is depicted in the figures for
each stratification of the data.
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cycle. Figures 6 (a) and (b) plot the inter-island wage differential and risk-return trade-
off, respectively, as functions of x relative to median annual income. The solid black lines
represent the true values implied by the theoretical model, while the dashed blue lines
represent those measured by estimating the auxiliary model on simulated data. The higher
is x, the more expensive it is to exercise the option to switch islands and the lower is the
value of exposure to wage volatility. Thus, as x rises, working on the high volatility island
becomes relatively less attractive for any given inter-island wage differential. In equilibrium,
the wage on the high volatility island must rise relative to that on the low volatility island,
which reduces the inter-island wage differential. For sufficiently high values of y, inter-island
mobility is prohibitively expensive and the option value of mobility goes to zero. As long
as x is less than 3.5 times median annual income, both the true and measured risk-return
trade-offs are negative, implying that the qualitative results of my theoretical model are

robust to reasonable alternative parameterizations of y.

7 The Option Value of Inter-island Mobility

Individuals in my model have three ways in which they can insure themselves against labor
market risk in addition to precautionary savings. First, they can borrow in credit markets
using one-period uncontingent bonds. Second, they can adjust their labor supply. Third,
they can switch islands of employment. I compute the stationary equilibrium in which these
three insurance channels are shut-down (no borrowing, no labor supply decision, no inter-
island mobility) and find that the resulting risk-return trade-off is 0.56, meaning that for
every 1.0% increase in wage volatility that a worker accepts, they can expect to see their
wage rise by 0.56%. Thus, when the only available insurance channel against labor market
risk is precautionary saving, risk-averse agents demand a wage premium in exchange for
exposure to higher wage volatility.

In order to quantify the relative importance of each of these insurance channels in deter-
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mining the equilibrium relationship between wage differentials and wage risk in my baseline
calibration, I decompose the total change in the risk-return trade-off across islands (from
-2.00 to 0.56) by sequentially eliminating insurance channels and computing the resulting
stationary equilibrium. Since the order in which each channel is removed may influence the
magnitude of its incremental effect, I consider all possible permutations in order to obtain
upper and lower bounds on the relative importance of each. The results of this exercise are
reported in Table 10, where each case represents one of the six unique orderings in which
the three alternative insurance channels can be removed from the model.

I first consider the role of borrowing in credit markets. Young agents who receive positive
permanent productivity shocks respond by borrowing heavily against the increase in their
expected future income. Moreover, this effect is increasing in the volatility of the perma-
nent productivity shocks that agents face. In my baseline calibration, for example, agents
employed on the high volatility island have amassed 40% more debt by age 22, on average,
than agents employed on the low volatility island. Conversely, agents who receive negative
permanent productivity shocks tend to save in order to offset the resource cost of switching
islands, if necessary, in the future. Any remaining resources required to switch islands are
then financed by borrowing in credit markets. The attractiveness of seeking employment
on the high volatility island when young thus depends critically on an agent’s ability to
borrow in credit markets. I find that when agents have the option to switch islands, remov-
ing their ability to borrow in credit markets accounts for between 38.7% and 55.6% of the
total increase in the risk-return trade-off across islands. When the option to switch islands
is eliminated, however, being able to borrow in credit markets has a markedly diminished
effect. In these cases it accounts for merely 0.1% to 1.6% of the total increase in the risk-
return trade-off across islands. Thus, the importance of borrowing in credit markets as an
insurance channel against labor market risk depends critically on whether or not agents are
also allowed to switch islands of employment.

I find that removing the ability of agents to vary their labor supply in response to pro-
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ductivity shocks has a relatively large impact on the risk-return trade-off across islands,
accounting for up to 32.2% of the total change. The intuition for this effect is rather straight-
forward. Agents employed on the high volatility island value the ability to adjust their labor
supply in response to productivity shocks more than their counterparts employed on the low
volatility island. Eliminating this insurance channel thus reduces the relative attractiveness
of employment on the high volatility island, which in turn increases the risk-return trade-off
across islands. The importance of labor supply decisions, however, is significantly diminished
in the absence of inter-island mobility. In these cases, the labor supply channel accounts for
only 0.3% to 1.8% of the total change in the risk-return trade-off across islands.

While the relative importance of being able to borrow in credit markets and adjust
labor supply vary widely across cases, the ability of agents to switch islands of employment
consistently accounts for a significant fraction of the total change in the risk-return trade-off
across islands. As documented in Table 10, this insurance channel against labor market risk
accounts for between 29.2% and 98.1% of the total change in the risk-return trade-off across
industries, depending on the order in which it is eliminated from the model. Moreover, the
risk-return trade-off across islands is always negative if agents are allowed to switch islands.
When this option is removed, the risk-return trade-off across islands is always positive,
indicating that agents demand a wage premium in exchange for exposure to higher wage
volatility. It is not hard to understand why inter-island mobility is an important insurance
channel against labor market risk. When agents are restricted to their initial industry of
choice, they are then fully exposed to the risk of realizing adverse permanent productivity
shocks. This effect is particularly acute for agents employed on the high volatility island
which decreases the relative attractiveness of employment on this island. The net result is
an unambiguous and large change in the risk-return trade-off across industries, regardless
of the order in which this insurance channel is eliminated. We can infer from these results
that the option value of inter-industry mobility is important for understanding the negative

correlation between wage volatility and wage differentials observed in data from the PSID.
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8 Changes in Credit Markets Since the Early 1980’s

There is overwhelming evidence that access to consumer credit in the U.S. has increased
significantly over the past 30 years. Although there is still vigorous debate in the liter-
ature regarding the factors responsible for this dramatic change, there is wide consensus
that the spread between borrowing and lending rates has decreased since the early 1980’s.
Livshits, MacGee, and Tertilt (2010), for example, estimate that this spread would have had
to decline by about 3% in order to explain the near doubling in the consumer unsecured debt-
to-income ratio between 1984 and 2000. From Table 9, we can see that between the pre-1984
and post—1985 periods, the risk-return trade-off across industries steepened by 43%. The
fraction of individuals entering the workforce in a high volatility industry also increased by
25%, rising from 62.9% in the pre-1984 period to 78.6% in the post—1985 period. Given the
relative importance of borrowing as an insurance channel against labor market risk (when
agents are free to switch islands of employment), in this section I explore to what extent a
decrease in the transaction cost of issuing credit can account for these patterns in the data.

Given that my theoretical model is calibrated to match the average state of the U.S.
economy during my entire sample period, I compare the stationary equilibrium of the model
for proportional transaction costs of issuing credit, 7, 2% higher and 1% lower than my
baseline calibration and quantify the resulting differences in the employment decisions of
young workers, wage differentials, the risk-return trade-off, and measured productivity.?”
Figures 7 (a) — (d) depict the results of this exercise. As 7 declines from 4% to 1%, the
cost of borrowing against future income declines which raises the relative attractiveness of
employment on the high volatility island. This leads to a 10.8% increase in the fraction of
young workers employed on the high volatility island. As a result, the wage rate on the high
volatility island falls relative to that on the low volatility island, causing the true model-

implied inter-island wage differential to rise by 41.5%. Given that the volatility of permanent

25The results are nearly identical if I compare the stationary equilibrium of the model for proportional
transaction costs of issuing credit, 7, 1% higher and 2% lower than my baseline calibration.
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productivity shocks is held fixed across simulations, this results in a 40.6% decline in the
risk-return trade-off across islands as measured through the lens of the auxiliary model.
Changes in the allocation of workers across industries also has important implications for
measured productivity which rises by 1.4%.%° Thus, the model predicts that a decrease in the
transaction cost of issuing credit since the early 1980’s can account for 43% of the observed
increase in risk-taking by individuals entering the labor market and 94% of the steepening
in the risk-return trade-off across industries as measured through the lens of the auxiliary
model. In addition, the model implies that this improvement in credit market conditions

contributed meaningfully to the rise in measured productivity.

9 Conclusion

In this paper, I document the existence of a strong negative relationship between wage risk
and inter-industry wage differentials. I then demonstrate that this counter-intuitive feature
of the data can be quantitatively rationalized by a general equilibrium, incomplete markets,
life cycle model in which risk-averse workers are allowed to optimally select their industry
of employment each period. Inter-industry wage differentials arise in equilibrium as young
agents are willing to accept a relatively low wage today in exchange for the possibility of
rapid wage growth in the future. The resulting wage differentials depend on the size of the
option value of mobility relative to the risk premium effect, which, in turn, are determined
by both the resource cost of switching industries and the ability of agents to borrow in
credit markets. My quantitative results suggest the option value of mobility is an important
insurance channel against labor market risk, which generates a negative trade-off between risk
and return across industries on the order of that which is observed in the data. In addition, I

find that a decrease in the spread between borrowing and lending rates since the early 1980’s

26Measured productivity, or the Solow residual, is computed assuming the aggregate production function
is Cobb-Douglas in capital and labor. Specifically, measured productivity is given by the ratio Y/(K*L!~%),
where Y is output of the final consumption good, K is capital rented by the final goods producer, and L is
aggregate hours worked.
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contributed to increased risk taking in the labor market by young workers, a steepening of
the risk-return trade-off across industries, and the rise in measured productivity.

The natural question which then follows is what factors are responsible for variations
in wage risk across industries? Lagakos and Ordoez (2011) take a step in this direction by
showing that under limited commitment, lower skill workers receive less insurance from their
employers against productivity shocks as a result of their relatively low displacement cost.
Differences in the amount of risk sharing between firms and workers might thus be a useful
starting point for understanding why the volatility of persistent, uninsurable, idiosyncratic
shocks to wages vary systematically across industries for both high and low skill workers.

During the recent financial crisis, consumer credit markets exhibited a sharp and pro-
tracted contraction.?’” Given that the allocation of workers across industries in my model
depends critically on the spread between borrowing and lending rates, a shock to the trans-
action cost of issuing credit may have a long-lasting impact on allocative efficiency. Un-
derstanding the empirical relevance of this channel during the recent financial crisis and
quantifying its aggregate implications may prove a fruitful avenue for future research.

Ultimately, jobs are defined by both an occupation and an industry affiliation. Given the
positive relationship between earnings risk and expected lifetime earnings across occupations
documented by Dillon (2012), a natural question to explore is how wage volatility and wage
differentials vary across occupation-industry cells. The answer to this question will likely
hinge on the magnitude of variations in wage risk across occupations relative to that across

industries, as well as the relative costs of switching between occupation-industry cells.

10 Appendix

In this section, I derive the formulas presented in Section 2 of the paper.

27See Chatterjee and Eyigungor (2012) for an analysis of the effects of the financial crisis on mortgage
markets. See Luzzetti and Neumuller (2012) for a study of its implications for unsecured credit markets.
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10.1 Case 1: No Mobility
The value of choosing island 1 can be simplified as follows:

1—v 1—v 1—v
Wy +5w1 o uy

:1—7 1—y 1—4

Vi (1+6),

while the value of selecting island 2 can also be simplified as follows:

(wpe) ' ™7 (wee) TV wy? 1-
Vo=E, = 1 E,, [e=()
Equating V; and V5 yields:
1—v 1—v
Wy Wy E [ez(lf'y)}
11—y 1-7"7
I—y
w1 _
-1 =, z2(1—7)
(2) = 0

Taking logs, and recognizing that e*2(1=7) is log normally distributed with mean —%3(1 -9)

and variance o3(1 — )2, yields the following expression the log wage differential:

() = 1 In (E [6@(1_7)]) = ! In e‘é(l_wHéuﬂV = —72
Wy 1—7 = 1—x 2

which is strictly negative for any v > 0 and o9 > 0.

10.2 Case 2: With Mobility

The value of choosing island 1 is given by:

Vi = wf” + 8 max { w%*'y E [(w2622)1_1 }

1—7 1—x 1—7
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while the value of selecting island 2 is given by:

(woe™) 1=

1- 29\ 1—
2 + Bmax { A 77 (tge™) ™
1—7 1—v 1—v

First, note that if V; > V5, it follows that

and therefore any worker who chooses island 1 in period 1 will never find it optimal to switch

to island 2 in period 2. Hence, the value of choosing island 1 can be simplified as follows:

1—v 1—v 1—v
Wy +8 Wy Wy

v: =
! 11—~ -y 1-v

(1+0),

Second, for every {w;,wy} there exists a threshold productivity shock zj such that workers
who choose island 2 in period 1 decide to stay on island 2 in period 2 if 2, > 25 and decided
to switch to island 1 in period 2 otherwise. Note that this threshold value is precisely that
for which w; = wye*2, and hence 2} = In(w;/ws). Equating V; and V5 and substituting in

for w; inside of the max operator yields:
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Option Value of Mobility
The first term on the right hand side is the risk premium effect while the second term on
the right hand side is the option value of mobility. This final equation can be expressed as
the following fixed point problem by subtracting z5 = In(w; /ws) from both sides: f(z5) = 0.
Suppose v > 1. When z5 — 400, f(23) — —oo. Alternatively, when z5 — —oo, f(23) —

+00. Given that f(z3) is continuous, there must exist a threshold z5 € R such that f(z3) = 0.
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Table 1: 1970 Census One-digit Industry Classification System

Code Industry Description
01 Agriculture, forestry, and fisheries
02 Mining
03 Construction
04 Manufacturing
05 Transportation, communications, and utilities
06 Wholesale and retail trade
07 Finance, insurance, and real estate
08 Business and repair services
09 Personal services
10 Entertainment and recreation services
11 Professional and related services
12 Public administration

Table 2: 2000 Standard Occupational Classification System

Code Industry Description
11 Management
13 Business and financial operations
15 Computer and mathematical
17 Architecture and engineering
19 Life, physical, and social science
21 Community and social services
23 Legal
25 Education, training, and library
27 Arts, design, entertainment, sports, and media
29 Healthcare practitioners and technical
31 Healthcare support
33 Protective services
35 Food preparation and serving related
37 Building and grounds cleaning and maintenance
39 Personal care and services
41 Sales and related
43 Office and administrative support
45 Farming, forestry, and fishing
47 Construction and extraction
49 Installation, repair, and maintenance
51 Production
53 Transportation and material moving
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Table 3: Sample Summary Statistics

Years of Union Hours Real
Year  Observations Age Education Members Worked Wage*
1967 1,093 37.3 12.0 0.349 2,311 $11.13
1968 1,127 37.5 12.0 0.358 2,283 $11.47
1969 1,184 36.9 12.2 0.354 2,260 $11.73
1970 1,232 36.7 12.2 0.348 2,209 $11.95
1971 1,308 36.1 12.3 0.333 2,225 $11.72
1972 1,374 35.2 12.4 0.322 2,244 $12.03
1973 1,442 34.9 12.5 0.316 2,224 $12.20
1974 1,501 34.6 12.6 0.322 2,189 $11.82
1975 1,472 34,5 12.7 0.314 2,175 $11.54
1976 1,484 344 12.7 0.309 2,210 $12.00
1980 1,618 34,5 12.9 0.297 2,171 $11.75
1981 1,598 34.6 13.0 0.274 2,143 $11.73
1982 1,570 34.7 13.2 0.267 2,130 $11.58
1983 1,613 34.6 13.2 0.241 2,142 $11.62
1984 1,624 34.8 13.4 0.243 2,222 $11.52
1985 1,659 349 135 0.225 2,206 $11.70
1986 1,668 35.3 135 0.234 2,218 $12.06
1987 1,682 354 13.5 0.220 2,232 $12.11
1988 1,711 35.7 13.6 0.208 2,247 $12.03
1989 1,725 36.0 13.6 0.211 2,271 $11.89
1990 1,715 36.3 13.6 0.209 2,269 $11.99
1991 1,711 36.5 13.6 0.212 2,237 $12.03
1992 1,736 36.8 13.6 0.200 2,221 $12.41
1993 1,579 37.5 13.7 0.215 2,203 $13.08
1994 1,435 37.2 13.6 0.194 2,235 $12.34
1995 1,193 379 13.7 0.200 2,235 $12.48
1996 1,430 38.1 13.7 0.202 2,227 $12.82
1998 1,318 38.7 13.7 0.187 2,235 $13.74
2000 1,349 39.0 13.6 0.197 2,217 $14.27
2002 1,999 38.8 13.7 0.190 2,270 $12.78
2004 1,990 38.3 13.8 0.177 2,283 $12.52
2006 2,014 38.2 13.8 0.171 2,251 $12.65
2008 1,905 38.1 13.8 0.160 2,176 $13.38

*The agerage real wage is expressed in 1982 dollars.
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Table 8: Equilibrium Statistics

Statistic Value
r 4.25%
Wy 1.55

W, 1.46

In(wy/ws,) 0.060
In(w,/w,) / (o4 - 0;) -2.00
Q,"-Q,") 0.106
(@,"-Q,") /(0" - 0;) -2.89
Average Inter-industry Mobility Rate 1.26%
Measured Productivity 1.39
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Table 10: Quantitative Significance of Insurance Channels

Insurance Channel In(w,/w,) Percentage of
and Order Removed (0, -0,) Total Change
Case 1

1) Borrowing -0.58 55.6%
2) Inter-industry Mobility 0.55 44.1%
3) Labor Supply 0.56 0.3%
Case 2

1) Borrowing -0.58 55.6%
2) Labor Supply -0.19 15.2%
3) Inter-industry Mobility 0.56 29.2%
Case 3

1) Labor Supply -1.18 32.2%
2) Borrowing -0.19 38.7%
3) Inter-industry Mobility 0.56 29.2%
Case 4

1) Labor Supply -1.18 32.2%
2) Inter-industry Mobility 0.56 67.8%
3) Borrowing 0.56 0.1%
Case 5

1) Inter-industry Mobility 0.51 98.1%
2) Labor Supply 0.56 1.8%
3) Borrowing 0.56 0.1%
Case 6

1) Inter-industry Mobility 0.51 98.1%
2) Borrowing 0.55 1.6%
3) Labor Supply 0.56 0.3%
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Figure 1: Simple model with mobility

53



0.2
0.1
(& 0.0 <
0.10 0.15 8- 0.25 0.30
01 -
02
03 -
< b
O
(a) Permanent Shock
03 -
02
01 .
<37 0.0 +i ‘ ‘
0.10 obre? 20 0.25
01 :t 4
02 -
03
<~ b
Ge,j

(b) Transitory Shock

Figure 2: The empirical relationship between wage differentials and measures of wage risk as
viewed through the lens of the auxiliary model. Error bars depict standard errors. In panel
(a), the red dashed line depicts the model-implied risk-return trade-off while the blue solid
line depicts that implied by actual data.
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Figure 3: Fraction of individuals employed in a high volatility industry by age.
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Figure 4: Expected wage profiles conditional on initial industry of employment.
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Figure 6: Sensitivity to changes in the resource cost of switching industries.
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Figure 7: Effects of varying degrees of credit market imperfections.
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