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Motivation

• A traditional way of studying wage and employment inequality
relies on worker skills being one dimensional

• Few quantitative modeling tools exist that use information on
multidimensional worker skills and job skill requirements
available in the data in a description of labor market
equilibrium

• Sanders & Taber (2012) use a theoretical model of job search
and investment in multidimensional skills, but no quantitative
analysis

• Yamaguchi (2012) uses a Roy-type model of task-specific
human capital accumulation and occupation choices to find
that higher task complexity results in higher wages and faster
growth of relevant skills, but does not use job-shopping as a
source of wage growth

• No empirical facts – just arguments to fill a gap in the
literature and statistical inference used later in the paper
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Empirical Question

• What are the origins and costs of mismatch along three
dimensions of skills: cognitive, manual, and interpersonal, and
the sources of variation in lifetime output?



Model Environment

• To account for the general and specialized skills workers have
and how those interact with the technology of a firm, output
is represented by a match function:

f (x , y) where x ∈ X ⊂ RK and y ∈ Y ⊂ RL, L ≤ K

• Workers draw initial skills from an exogenous distribution

• Worker’s skills gradually adjust to firm’s technology:

ẋ = g(x , y)

• The market productivity and adjustment of specialized skills
depend on the firm’s technology, but general skills depend
only on experience and have a common effect on output

• Overqualified workers produce more output than qualified
workers

• Difference in firm skill requirement and worker skill reduces
output



Skills Applied

• Data are from O*NET and NLSY97

• Applied to the data, x = (xC , xM , xI , xT )

• xC are cognitive skills
• xM are manual skills
• xI are interpersonal skills
• xT are general efficiency skills

• Initial skills determined by education, ASVAB, social skills in
NLSY97

• Similarly, y = (yC , yM , yI )

• Job skill requirements calculated through O*NET descriptions

• Skills adjust linearly to the job skill requirements

• Adjustment rates can differ between under and over-qualified

• Worker’s specialized skills will adjust to job requirements, but
general skills simply grow at constant rate
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Production Function



Skill Adjustment



Matching and Unemployment

• On-the-job search model

• Workers can be matched to a firm or unemployed

• If matched, lose job at an exogenous rate

• Both employed and unemployed workers receive job offers
from a fixed sampling distribution at different rates

• Workers can exit the market at an exogenous rate
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Worker Utility

• Workers have linear utility in wages and disutility of working

w − c(x , y)

• Disutility depends on the type of match and only occurs when
the worker is overqualified

• Type x unemployed worker receives flow utility b(x) (home
production)

• Unemployment income depends on general skills only



Match Values

• Total private value of a match P(x , y)

• Value of unemployment U(x)

• Value of wage contract W

• Worker’s share of surplus W−U(x)
P(x ,y)−U(x)



Competition between Employers

• Bertrand competition between current employer and potential
employer

• New wage contract worth

W ′ = min{P(x , y),max{P(x , y ′),W }}
• Worker’s renegotiated share of match surplus:

σ (x , y , y ′) = P(x ,y ′)−U(x)
P(x ,y)−U(x) ∈ [0, 1]

• The share of surplus transferred to the worker from a
negotiation remains constant between negotiations and only
affects time profile of wage payments and timing of
renegotiation

• Implies that the rate at which workers collect offers does not
affect the private value of a match
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Value Functions and Wage Equations
• The value function of the total private match between a

worker and employer depends on:
• total output
• disutility from work
• expected value of being unemployed
• amount skill adjustments influence private value

• The value of unemployment is a stream of income plus the
value associated with the speed of losses in certain skills (skill
adjustment towards 0)
• The private value of unemployment is independent of the

frequency at which offers arise

• Wage equation is determined by:
• static sharing of match surplus flow

(σf (x , y) + (1− σ)[b(x) + c(x , y)])
• value of future outside job offers
• subtracting off what the worker gains in skills from the job as

opposed to the skill diminishing effect of unemployment (as a
fraction of the foregone opportunity, i.e. 1− σ)
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Wage Evidence



Results: Parameter Estimates



Skill Mismatch



Social Output

• Social output is the expected present discounted sum of
future output produced by a worker

Qit = E
[∫ +∞

t (`is [f (xis , yis)− c (xis , yis)] + (1− `is) b (xis))

e−(r+µ)(s−t)ds | xi0, edi , ε0i , xit , `it , yit
]



Decomposition of Output Variation – Multi-dimensional



Decomposition of Output Variation – One-Dimensional



Conclusion

• Manual skills have moderate returns and adjust quickly

• Cognitive skills have much higher returns but are much slower
to adjust

• Interpersonal skills have slightly higher returns than manual
skills
• Cost of skill mismatch is highest for cognitive skills

• Employing a worker who is under-qualified in cognitive skills is
more than twice as costly in terms of lost surplus as employing
an over-qualified worker

• A one dimensional model of skill underestimates the
contribution of career shocks in the variation of lifetime output
but overestimates the value of unobserved heterogeneity


