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Abstract

What is the impact of the real minimum wage on wages and inequality? I develop a
theory that nests “The Race Between Education and Technology.” The theory predicts
that the impact of changes in minimum wages is initially small but grows over time. I
present empirical evidence of these dynamic effects: the elasticity of real wages grows
substantially over a three-year period. I additionally show that minimum wages help
rationalize a considerable decline in real wages of low-education workers in the 1980s

and play a role in shaping the evolution of the U.S. college premium.
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1 Introduction

What are the dynamic impacts of minimum wages on real wages and inequality? I present
a theory in which the elasticity of real wages with respect to the real minimum wage is
small on impact—with an increase in the minimum wage raising only the wages of work-
ers whose wages are below the new minimum—and grows over time. I present empirical
evidence consistent with these dynamic effects. And I use the model and empirical ev-
idence to document that minimum wages—together with supply and demand—play a
central role in shaping the evolution of the U.S. college wage premium and that declining
real minimum wages in the 1980s in the U.S. caused a considerable decline in the real
wages of workers without a high school degree.

To motivate the analysis, in Section 2 I show that the real minimum wage helps shape
even a very aggregated measure of inequality—the college wage premium—even at the
national level.! The Race Between Education and Technology or the canonical model—introduced
by Tinbergen (1974) and Freeman (1976), operationalized by Katz and Murphy (1992), and
named by Goldin and Katz (2008) and Acemoglu and Autor (2011)—provides the central
organizing framework for studying the evolution of the college premium. It straightfor-
wardly relates relative wages of more and less educated workers to their relative supply
and the skill bias of demand. I estimate an extended version of the empirical canonical
model, incorporating the real minimum wage. I find that the elasticity of the national
college premium with respect to the real minimum wage is approximately —0.13, imply-
ing (for example) that the 26% decline in the real minimum wage between 1979 and 1989
increased the college premium by 3.4%, which is about a quarter of its observed increase.

Introducing the real minimum wage additionally alters a standard conclusion in the
literature, that the rate of skill-biased technical change has declined dramatically in the
1990s and thereafter. The canonical model estimated on data spanning 1963 — 1987 (the set
of years used in the seminal work of Katz and Murphy, 1992) predicts substantially more
rapid increases in the college wage premium than actually occur in the data thereafter.
Through the lens of the canonical model, this problem with its out-of-sample fit implies a
substantial decline in the rate of skill-biased technical change. This issue is mitigated by
incorporating the real minimum wage; its rise in the later period reduces the predicted
growth rate of the college premium in the absence of changes in the rate of skill-biased
technical change.

In Section 3, I present a generalized version of the canonical model that microfounds

!T focus in Section 2 on the college premium because its evolution plays a central role in shaping over-
all U.S. wage inequality. For instance, Autor, Goldin and Katz (2020) find that increased returns to post-
secondary schooling generate 57% of the observed increase in wage variance between 1980 and 2017.
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the national regression analysis of Section 2; rationalizes its findings of a substantial elas-
ticity of the college premium with respect to the real minimum wage in spite of the small
share of workers actually earning the minimum wage; introduces novel predictions on
the dynamic implications of changes in the minimum wage on which the results in Sec-
tion 2 are silent; and guides the subsequent empirical analysis in Sections 4 and 5, which
uses disaggregated data and focuses directly on these dynamics. My objective is to main-
tain the simplicity and tractability of the original framework yet facilitate the study of the
dynamic implications—both across steady states and in transitions—of real minimum
wages on real wages and inequality. In addition to supply and demand, the model in-
corporates monopsony power, minimum wages, a job-ladder, dynamics, and unemploy-
ment. As in the canonical model, an aggregate constant returns to scale production func-
tion combines the output of different skills. Unlike the canonical model, the labor market
is frictional. A worker who meets a potential new employer bargains over her wage with
her current wage (or unemployment benefit) serving as her outside option.

In equilibrium, a worker exits unemployment at the minimum wage and slowly moves
up the job ladder to higher wages as she matches with new employers over time.? In the
steady state, the average real wage of a given skill group is a weighted average of the real
minimum wage and that group’s real value marginal product of labor. I characterize how
changes in supply, demand, and the minimum wage affect real wages across steady states.
I focus on a baseline case in which the minimum wage has no effect on unemployment,
in which case changes in supply and demand shape value marginal products of labor
(exactly as in a frictionless and competitive model with the same aggregate production
function) whereas changes in the minimum wage affect wage markdowns; I addition-
ally consider the case in which unemployment depends on the minimum wage. I show
that, for any aggregate production function and any number of worker skills, the steady-
state elasticity of a skill group’s average real wage with respect to the real minimum
wage can be expressed as the product of the share of that group’s wage income earned
at the minimum wage (the minimum wage bite) and a term that is strictly greater than one,
which I refer to as the steady-state magnification elasticity. Under the additional assump-
tions of the traditional canonical model—two skills, a CES aggregate production function,
constant factor-biased productivity growth rates—I micro-found the extended canonical
model estimating equation of Section 2, to a first-order approximation. Theoretically, the

elasticity of the college wage premium with respect to the real minimum wage estimated

2Here, I describe model implications focusing on workers in a skill group that exits unemployment at
the minimum wage. In the model, other worker groups may exit unemployment at a wage higher than the
minimum wage. The case described here is particularly relevant for lower-education and younger workers
in the data.



in Section 2 equals the product of the long-run magnification elasticity and the difference
between the minimum wage bite of college-educated and non-college-educated workers.

I also characterize the transition in response to a one-time increase in the real mini-
mum wage. On impact, its increase raises real wages only for workers whose initial wage
is bound by the new minimum wage. Hence, on impact the elasticity of a skill group’s
average real wage equals its minimum wage bite. Over time, however, workers initially
at the new minimum wage slowly rise up the new job ladder, and the elasticity of the
average real wage rises monotonically over time, with the time-varying magnification
elasticity starting at one and converging to its steady-state level.

The model in Section 3 micro-founds and helps interpret the regression results not
only in Section 2, but also in Sections 4 and 5, where the analysis is conducted at a more
disaggregated level and focuses on dynamics. In Section 4 I show that the model of Sec-
tion 3 implies that the change in the real wage of any group between period t — T and
period t in response to a one-time change in the real minimum wage can be expressed
as a distributed lag model in which the independent variables are interactions between
the time-varying initial minimum wage bites and lagged one-period changes in the real
minimum wage. The lag weights to be estimated are exactly equal to the corresponding
time-varying magnification elasticities for lagged shocks that occur between periods t — T
and t.

I estimate this regression defining a skill group in the data by the interaction of 100
labor groups (defined by age, gender, race, and education) and 50 regions (the U.S. states)
and defining time periods in the data as half-year periods between 1979 and 2016. The
dependent variable is the three-and-a-half-year change in the real wage of each of the
region-group pairs for each time period. I instrument for the independent variables by
replacing the time-varying minimum wage bite for a given region and group with its
median value across time periods (leaving out the current period) to address issues of
measurement error similar to those emphasized in a related context by Autor, Manning
and Smith (2016). Finally, I use a “design-based” specification in the spirit of Borusyak
and Hull (2023), controlling for the expectation of treatment under an assumption on the
process of real minimum wage changes.

On impact, the magnification elasticity is 0.6. It rises slowly, peaking at 2.9 at a two- to
three-year time horizon. Through the lens of the theory, this is consistent with a long-run

magnification elasticity 2.9.% I then consider the implications of this magnification elastic-

31 consider sensitivity analyses that fit into three broad categories: I check for heterogeneity in magnifi-
cation elasticities across worker groups by replicating the baseline empirical analysis separately for workers
with different observable characteristics, I consider alternative sample years, and I include a broader set of
controls.



ity for the college premium, revisiting the question in Section 2. Model results in Section
3, the average minimum wage bite across workers with and without a college education,
and the long-run magnification elasticity of Section 5 together imply an elasticity of the
college premium with respect to the real minimum wage of approximately —0.13, consis-
tent with the estimates in Section 2. From both exercises, I conclude that the elasticity of
the college premium with respect to the real minimum wage is sizable.

The theoretical and empirical results in Section 3 and 5 shed light on the impact of
minimum wages not only on relative wages, but also on real wage levels. In the U.S,,
real wages of workers without a high school degree declined dramatically starting in the
1980s and into the early 1990s. In the extended canonical model a sizable decline in the
real minimum wage (as occurred in the 1980s) substantially reduces the real wage of any
labor group with a large minimum wage bite (as is the case for workers without a high
school degree). According to the model and estimated long-run magnification elasticity,
the 26% decline in the real minimum wage between 1979 and 1989 caused more than the
entirety of the observed decline in the real average wage of workers without a high school
degree between 1979 and 1992.

Additional Literature. In terms of static economic questions, my paper is perhaps most
related to Autor, Katz and Kearney (2008), who estimate a regression very similar to my
motivating empirics in Section 2 leveraging national-time series variation. They contend
that the real minimum wage “does not much alter the central role for relative supply
growth fluctuations and trend demand growth in explaining the evolution of the college
wage premium” and that “institutional factors are insufficient to resolve the puzzle posed
by slowing trend relative demand for college workers in the 1990s.” They reach their
conclusions because they find that the coefficient on the real minimum wage is negative,
significant, and of a similar magnitude to my estimates in one of their two specifications
(with a linear time trend) but smaller and insignificantly different from zero in their other
specification (with a cubic time trend). I conclude differently. I show that my conclusions
differ from theirs for three reasons: I consider a broader set of specifications, I have access
to alonger sample, and I measure the real minimum wage using the average of minimum
wages across states instead of the federal minimum wage (which introduces attenuation
bias). More importantly, my empirical results additionally hold using state-and-worker-
group-level variation. Based on these empirical findings, I conclude that relative supply
growth fluctuations and trend demand growth remain crucial drivers of the college pre-
mium, consistent with Autor, Katz and Kearney (2008), but so too are changes in the real
minimum wage. I also conclude that changes in the minimum wage go some ways to-

wards resolving the puzzle posed by slowing trend relative demand for college workers



in the 1990s. Finally, I also micro-found the regression they and I estimate.

A vast body of work studies the roles of labor-market institutions for shaping inequal-
ity. Much of the focus is on minimum wages (e.g., DiNardo, Fortin and Lemieux, 1996;
Lee, 1999; Card and DiNardo, 2002; Teulings, 2003; Autor, Manning and Smith, 2016; Cen-
giz, Dube, Lindner and Zipperer, 2019; Dube, 2019; Chen and Teulings, 2022) and monop-
sony power (see Manning, 2013 for a summary). The analysis in my paper differs from
this literature in a few ways. First, and most importantly, I focus on the time-varying
impact of minimum wages on real wages and inequality whereas this literature does not
focus on dynamics. Second, this literature often focuses on the impact of minimum wage
changes on wage centiles (or the number of workers in each wage interval), whereas my
empirical focus is on the impact of minimum wages on average real wages for each labor
group. In this respect, my focus allows me to control explicitly for any potential changes
in the observable composition of the labor force that might be correlated with changes
in the minimum wage; but this comes at the cost of not studying within-group inequal-
ity empirically (because the data is too sparse to analyze changes in the distribution of
wages within each labor group and state). Nevertheless, my short-run theoretical and
empirical results are consistent with this literature’s empirical results that the direct effect
is the dominant mechanism through which the minimum wage affects inequality (see,
e.g., Autor, Manning and Smith, 2016; Cengiz, Dube, Lindner and Zipperer, 2019). My
theory, however, implies that the indirect effect strengthens over time. In my empirics,
the indirect effect is stronger than the direct effect two to three years after the minimum
wage change. Moreover, I show analytically that a job-ladder model can rationalize these
empirical findings both across steady states and in the full transition.*

My paper is also related to a recent and fast growing macro-labor literature conduct-
ing counterfactual analyses to study the implications of minimum wage policies for in-
equality, efficiency, and welfare (e.g., Haanwinckel, 2023; Ahlfeldt, Roth and Seidel, 2022;
Berger, Herkenhoff and Mongey, 2022; Hurst, Kehoe, Pastorino and Winberry, 2022; En-
gbom and Moser, 2022; Trottner, 2022). In contrast, I use my qualitative theory to guide
and interpret my empirical analyses of the impact of minimum wages on real wages and
wage inequality. In one respect, my analysis is closest to Haanwinckel (2023), who in-
troduces a model of labor supply, labor demand, and the minimum wage to study the
impact of changes in the minimum wage on inequality in Brazil. In another respect, my

analysis is closest to Engbom and Moser (2022), who use a job-ladder model to study the

“While I show that a job ladder model can rationalize my empirical findings, I neither claim that only job
ladder models are consistent with the data nor do I directly test that the indirect effects I find are generated
by movements up the job ladder; such an exercise would require worker-level wage panel data.
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implications of minimum wages in Brazil. But I am particularly interested in dynamic
effects, from which these papers abstract. In this respect, my analysis is most related to
Hurst et al. (2022). Their dynamics are driven primarily by putty-clay capital as opposed
to job ladders.”

2 Motivation: national time series evidence

The Race Between Education and Technology (also known as the the canonical model)
provides the central organizing framework for studying the evolution of the college pre-
mium. It relates relative wages of more (1) and less (¢) educated workers wy,;/wy; at time
t, to their relative supply Supplyy:/Supply, and demand Ay /Ay Relative demand
captures the extent to which technical change is skill biased. In the typical empirical im-
plementation, wages and supplies are observed, whereas the skill bias of technology is
unobserved. A linear time trend <y x t proxies for smooth changes in the rate of skill-

biased technological change, leading to the following empirical specification

S l
log (Z—Z) =« + v log (—SZZZZ‘ZZD + 9t +u (1)

I consider an atheoretical (for now) extension of the canonical model that incorporates the

value of the real minimum wage, m1;, as follows

Supplyp

+at+ .|+t 2
Supplygt> v+ [+ )

log <%) =« + vy logm; + vy log (
Wyt

I refer to equation (2) as both the race between education, technology, and the minimum wage

and, more compactly, as the extended canonical model.

Measurement. Here I briefly describe how I measure each variable in equations (1)
and (2); Online Appendix A.1 contains details. I restrict my sample to the working-age
population of those between 16 and 64 years old and define more educated workers as
those with 16 or more years of education (college educated) and less educated workers
as those with fewer than 16 years of education (non-college educated). I construct the
composition-adjusted college premium by first measuring the log of the average hourly
wage within each of 100 groups (defined by the interaction of 5 age bins, 2 genders, 2
races, and 5 education levels) in year t and then averaging across those groups with and

those groups without college education using time-invariant weights. I similarly con-

3Clemens and Strain (2021) also focus on dynamics, but dynamic employment rather than wage effects.
They document that medium-run employment effects exceed short-run effects.
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Figure I: National Relative Wages, Relative Supplies, and Real Minimum Wages

Notes: Panels (a) and (b) display the national composition-adjusted college premium and relative supply of
college labor. The relative supply of college labor is measured two ways: hours worked and populations.
Panel (c) displays the baseline real minimum wage series, which averages minimum wages across states,
and the real federal minimum wage; both series are deflated by the GDP deflator. All series are normalized
to zero in 1963.

struct the supply of college and non-college workers as a composition-adjusted average
of efficiency-unit hours worked across each of the groups with and without college edu-
cation. Since hours worked in each year ¢ for high- and low-education workers respond
to contemporaneous deviations from the linear rate of skill-biased technical change, and
since these deviations are included in the residual ¢, I additionally construct an instru-
ment for relative supply, using composition-adjusted populations across groups with and
without college education. I measure these variables using the March Annual Demo-
graphic Files of the Current Population Survey from 1964 to 2017, which report earnings
from 1963 to 2016.

I measure the real minimum wage in year t as the average minimum wage across
states (the maximum of the legislated state and federal minimum wages), using time-
invariant weights. In an alternative approach, I use the federal (Fair Labor Standards
Act or FLSA) minimum wage. I deflate each series using the GDP deflator. I refer to my
baseline measure as the real minimum wage and to my alternative measure as the real
federal minimum wage.

Panels (a) and (b) of Figure I display the college premium and the two versions of the
relative supply of college workers (measured using hours and populations), each normal-
ized to zero in 1963. The particularly steep rise in the college premium starting in the early
1980s coincides with a decline in the growth rate of the relative supply of college workers,
a fact first emphasized by Katz and Murphy (1992). Panel (b) additionally displays the
strong (first-stage) relationship between the hours-worked and population-based mea-
sures of the relative supply of college workers. Panel (c) displays the two real minimum
wage series (one measured using the average across states and the other using the fed-
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Figure II: Residualized Independent and Dependent Variables at the National Level

Notes: Panel (a) displays the national composition-adjusted college premium and relative supply, both
residualized of the real minimum wage and a linear time trend. Panel (b) displays the national composition-
adjusted college premium and real minimum wage, both residualized of composition-adjusted relative
supply and a linear time trend. In each panel, the relative supply of college labor is measured using the
population-based measure.

eral minimum wage), each normalized to zero in 1963. The two series move in lockstep
until the late 1980s and diverge thereafter (especially in the 2000s) as more states set mini-
mum wages above the federal level. Both real minimum wage series decline dramatically
in the 1980s, as fixed nominal minimum wages are eroded by inflation; the real federal
minimum wage experiences sharp swings in the 2000s as well, although these are less
dramatic in my baseline series as states raise their nominal minimum wages to dampen
the impact of inflation. Finally, there is substantial time variation in both real minimum
wage series, which remain even after residualizing on high-dimensional polynomials of
time.

Results. Before providing estimation results, I display the variation in the data that iden-
tifies v, and vy in the extended canonical model in equation (2). Panel (a) of Figure II
displays the college premium and relative (population-based) supply of college work-
ers, each residualized of the real minimum wage and a linear time trend. Panel (b) dis-
plays the college premium and real minimum wage, each residualized of the relative
(population-based) supply of college workers and a linear time trend. The variation in
Panel (a) identifies v; and the variation in Panel (b) identifies v,, when estimating the
reduced-form specification of equation (2), in which the relative supply of college work-
ers is measured using relative populations. There is a clear negative relationship in each
panel.

Column (1) of Table I displays results of estimating the canonical model of regression



1963-1987 1963-2016 1963-1987 1963-2016

(1) @) ®) 4) () (6) ?)
Relative supply of college workers ~ -0.781 -0.411 -0.687 -0.632 -0.703 -0.608 -0.541
(0.186) (0.064) (0.137)  (0.069) (0.077) (0.104) (0.067)
Real minimum wage -0.311 -0220 -0.199 -0.133
(0.064)  (0.048) (0.059) (0.052)
Real federal minimum wage -0.161
(0.044)
Time 0.027 0.016 0.021 0.021 0.019
(0.006) (0.001) (0.005)  (0.002) (0.002)
Constant -0.004 0.007 0.017 0.009 -0.000 0.033 0.010
(0.021) (0.008) (0.018)  (0.007) (0.014) (0.027) (0.007)
Time Polynomial 1 1 1 1 2 3 1
Observations 25 54 25 54 54 54 54
R-squared 0.271 0.936 0.636 0.957 0957 0966 0.951

Table I: Regression Models for the National College Wage Premium

Notes: Results of estimating (1) in columns (1) and (2) and of estimating (2) in columns (3) — (7). All
regressions are estimated using 2SLS, instrumenting for the “Relative supply of college workers”
measured as the log relative supply of college-to-non-college hours worked using the population-based
measure. The sample is 1963 — 1987 in columns (1) and (3) and 1963 — 2016 elsewhere. “Real minimum
wage” and “Real federal minimum wage” are the logs of the real minimum wage (which averages across
states) and real federal FLSA minimum wage. “Time Polynomial” refers to the degree of the polynomial of
time; the coefficient on the linear trend on “Time” is omitted from the table whenever this polynomial is of
degree 2 or greater.

(1)—which omits the real minimum wage—using 2SLS on the sample 1963 — 1987; I re-
port robust standard errors in all regressions.® This is a similar specification and the same
sample years included in the seminal work of Katz and Murphy (1992). Column (2) repli-
cates this analysis, but using the full sample of 1963 — 2016. Consistent with past work,
estimates are unstable across samples. The growth rate of skill-biased technical change
7 falls from 2.7% per year to 1.6%; and the coefficient on relative supply B rises from
—0.781 to —0.411 when changing the sample from the Katz and Murphy years to the full
sample. Another way to state this result is that the canonical model estimated on the 1963
— 1987 sample systematically deviates from the data thereafter, predicting a sharper rise in
the college premium than actually occurs. This result is well known—see, e.g., Acemoglu
and Autor (2011)—and shown in Figure III. This deviation between the observed growth
of the college premium and the model’s prediction suggests a rapid slowdown in the rate
of skill-biased technical change in the later period.

The extended canonical model goes some way towards fixing this well-known issue

®The first-stage is strong across all specifications in Table I, as suggested by panel (b) of Figure I. The
first-stage KP F statistic is above than 70 across all columns.
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Figure III: Out-of-Sample Predictions of the Canonical Model and Extended Canonical
Model at the National Level

Notes: The observed evolution of the national college premium, in solid blue, and its predicted evolution
from estimating equation (1), in red circles, and equation (2), in green triangles, using 2SLS on the sample
of years 1963 — 1987, instrumenting for the relative supply of college workers measured as the log relative
supply of college-to-non-college hours worked using the population-based measure. The vertical line at
1987 indicates the final sample year in the estimation; all predictions thereafter are out of sample.

with the canonical model. Including the real minimum wage and estimating equation (2)
leads to a substantial improvement in the model’s out-of-sample fit, as shown in Figure
III, reducing the implied slowdown in the rate of skill-biased technical change needed to
match the observed college premium. This results from the fact that the real minimum
wage is high in the 2000s—especially the baseline series that averages across states, as
shown in panel (c) of Figure I—precisely when the growth rate of the skill premium is
low. The extended canonical model also leads to more stable parameter estimates across
samples than the canonical model. Columns (3) and (4) in Table I replicate columns (1)
and (2), but estimating equation (2) instead of equation (1). The growth rate of skill-biased
technical change 7 is 2.1% when estimated on the 1963 — 1987 sample and on the full
sample while the coefficient on relative supply B is —0.687 and —0.632 when estimated
on the 1963 — 1987 sample and on the full sample.

The remaining columns (5), (6), and (7) are estimated on the full sample of years.
Columns (5) and (6) include higher-dimensional polynomials of time. I include these
columns to check if allowing for a more flexible evolution of the rate of skill-biased techni-
cal change dramatically affects estimated elasticities. Whereas the quantitative estimates
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do vary with the polynomial of time, the broad conclusions are robust.” Finally, column
(7) replicates column (4), but replacing the real minimum wage (which averages mini-
mum wages across states) with the real federal minimum wage. Since the federal mini-
mum wage is a noisy measure of the minimum wage workers actually face, it is perhaps
not surprising that the column (7) estimate is attenuated relative to the corresponding
estimate in column (4).

The estimates in Table I highlight the importance of supply (education), demand (the
skill bias of technology), and the real minimum wage in shaping the evolution of the U.S.
college premium. The elasticity of the college premium with respect to the real minimum
wage over the full sample ranges between —0.13 and —0.22, settling down to about —0.13
with cubic, quartic, and quintic polynomials of time, as shown in Table A Il in Online Ap-
pendix A.1. The —0.13 elasticity implies that the 26% decline in the real minimum wage
between 1979 and 1989 caused a 3.4% increase in the college premium over this time pe-
riod (see Figure A.I in Online Appendix A.1), which is one quarter of the observed 13.4%
increase. The incorporation of the real minimum wage does not change the conclusion
that changes in supply and skill-biased technical change remain dominant forces driving

the evolution of the U.S. college premium.

Sensitivity. Here, I briefly describe results of three types of sensitivity exercises. Details
and results are provided in Online Appendix A.1.5

First, I check if the results in Table I are robust to using alternative measures of the rel-
ative supply of college workers. The baseline in Table I instruments for the hours-worked
measure of relative supply with the population-based measure. In Table A.I I estimate the
reduced-form specification of equation (2) using OLS and measuring the relative supply
of college workers with the population-based measure that serves as the instrument in my
baseline. In Table A.II I estimate equation (2) using 2SLS, but replacing the hours-worked
measure of the relative supply of college workers with the dual of wages, choosing supply
of college and non-college workers such that the product of wages and supplies exactly
matches wage income for college and non-college workers in each year. In both cases,
results are consistent with the baseline: (i) the coefficient on the minimum wage is nega-
tive and significantly different from zero in all specifications and (ii) the estimates in the
1963 — 1987 sample are more similar to those in the full sample in the extended canonical

model than in the canonical model.

"Reassuringly, my baseline empirical results in Section 5 are robust to allowing for arbitrary time-
varying national technical change at the level of each of the 100 groups of workers across which I com-
position adjust in this section.

8Because I composition adjust wages and supplies, the baseline analysis controls for (observable)
changes in the composition of the workforce.

11



Second, I aim to understand why my conclusions differ, as described in the Introduc-
tion, from Autor, Katz and Kearney (2008) (henceforth, AKK). AKK estimate a significant
negative coefficient on their measure of the real minimum wage using a linear time trend
and an insignificant negative coefficient using a third-degree polynomial of time. My re-
sults differ in part because I display results across a broader set of specifications, in part
because I have access to a longer time horizon, and in part because I measure the real
minimum wage using the average of minimum wages across states instead of the federal
minimum wage.

Because AKK’s conclusions on the impact of the real minimum wage on the college
premium depend on the polynomial of time included in the regression, I begin by esti-
mating the extended canonical model of equation (2) using my data, but incorporating
higher-dimensional polynomials of time, up to and including a fifth-degree polynomial.
Table A.IIl shows that the coefficient on the real minimum wage remains significantly
different from zero across all specifications and stabilizes at —0.13 across a third-, fourth-,
and fifth-degree polynomial of time. Next, in the top panel of Table A.IV I use data from
AKK's replication package to show that outside of the specification with a cubic time
trend, results that can be obtained using their data are similar to my results. I then show,
in the bottom panel of Table A.IV, that the coefficient on the real minimum wage tends
to be larger when I replace their federal minimum wage with my baseline measure of the
minimum wage, similar to the comparison between columns (4) and (7) in my Table I. As
there, using the federal minimum wage introduces bias, since it doesn’t apply in many
states, especially starting in the late 1990s.

To this point, I have studied the elasticity of the college premium—rather than the
real wage of either education group—with respect to measures of supply, demand, and
the real minimum wage, in keeping with the literature focusing on supply and demand.
In Table A.V I decompose the estimated elasticities of the college premium into separate
elasticities of college and non-college real wages. To do so, I estimate equation (2) re-
placing log (wy,; /wy;) with log wy,; and, separately, with log wy;. Each resulting elasticity
of the college real wage minus the corresponding elasticity of the non-college real wage
equals the elasticity of the college premium. Across each specification (linear, quadratic,
and cubic), a higher real minimum wage raises the average real wage of workers without
a college education, wy;; and this effect is statistically significant in each specification. The
impact of the real minimum wage on the average real wage of college-educated workers,
wyy, is not robust across specifications, varying from negative and statistically significant
in the linear specification to positive and statistically insignificant in both the quadratic
and cubic specifications. I conclude that increases in the real minimum wage robustly
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raise non-college-educated workers’ real wages and have ambiguous effects on college-

educated workers’ real wages.’

Summary. Supply, demand, and the real minimum wage each appear to help shape the
evolution of the U.S. college premium. Moreover, the extended canonical model (2) im-
proves on the out-of-sample fit of the canonical model (1), implying a smaller slowdown
in the rate of skill-biased technical change in the U.S. in the 2000s.

This motivating evidence on the relevance of real minimum wages for shaping the
college premium leaves many questions unanswered. How can the minimum wage have
such sizable effects when so few workers earn the minimum wage? If large spillover ef-
fects of changes in minimum wages—to workers not earning the minimum wage—are
required to generate these elasticity estimates, how is this consistent with past empiri-
cal evidence showing stronger direct effects than wage-spillover effects? Finally, is the
national time-series empirical strategy sufficiently compelling? I now turn to a model
that—together with additional empirical exercises motivated and interpreted by it—helps

address these and other questions.

3 Theory

In Section 3.1 I describe a simple job-ladder model with myopic workers and firms that
nests the canonical model. In Section 3.2 I characterize the steady state of this model and
provide comparative static results on changes in the minimum wage and labor supply
and demand across steady states. In Section 3.3 I describe the transition to a one-time

change in the economic environment, focusing on a change in the real minimum wage.

3.1 Setup

Time is discrete and indexed by t. The economy features S labor skills and types of firm,
each indexed by s, with a type s firm hiring only skill s labor to produce type s output. The
exogenous mass of skill s workers is Ls;. There are many firms of each type, and output
across type s firms is perfectly substitutable. Each employed skill s worker produces
Agt units of type s output, where Ay is time-varying factor-specific productivity. Final
output, Y}, is produced by competitive producers. Final output is a constant returns to
scale function of the output, Y;;, of each type s, Y; = Y <{Yst}§:1>. The price of the

9For non-college-educated workers, these empirical results are consistent with my model’s predictions
in Section 3. For college-educated workers, the empirical results in the quadratic and cubic specifications
are also consistent with my theory, although in the linear specification they are not.
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tinal good is the numeraire and Py is the endogenous (real) value marginal product of
employed type s labor (the price of A units of type s output).

A worker can be employed or unemployed. Each period, a skill s worker-firm match
faces an exogenous separation probability J; € [0,1], an unemployed skill s worker
matches with a firm with probability As, € [0,1], and an employed skill s worker meets a
new firm with probability As, € [0,1]. An unemployed skill s worker receives real income
vs < Ps. If a worker meets a new firm, the worker and firm engage in generalized (asym-
metric) Nash bargaining to determine if the worker moves from her current employer to
the new firm and, if so, the worker’s wage, which is fixed throughout the life of the con-
tract (subject to the minimum wage, as described below). The worker’s bargaining power
is Bs € (0,1]. If an unemployed worker meets a firm, her outside option is her unemploy-
ment income v;. If a worker employed at wage w meets a new firm, her outside option is
to continue employment in her existing match at wage w. "

Whereas wages are fixed and not renegotiable, they are also subject to a minimum
wage, m;. If the minimum wage rises above an existing wage contract, the wage in that
match rises to the minimum wage if the firm and worker find it optimal to maintain the
match at this new wage; otherwise, the firm can endogenously fire the worker and the
worker can quit to unemployment. I assume that the minimum wage satisfies m; < Py
for each s and t. This upper bound on m; implies that each worker-firm match generates
positive surplus, so firms always find it strictly profitable to hire workers at the minimum
wage. This implies that changes in the minimum wage do not affect unemployment. I
relax this assumption in Section 3.4.

Within period ¢, I assume exogenous separation shocks occur first and then new matches
are realized for those workers who did not separate in t; bargaining occurs subject to the
minimum wage that prevailed in the previous period. Finally, after matching and bar-
gaining, the new minimum wage is set and employment and worker wages adjust ac-
cordingly.! T focus on the case in which the discount factor is zero, so that each worker
maximizes her current wage and each firm maximizes its current profit.'> This assump-

107 treat the matching probabilities as exogenous, as in, e.g., Postel-Vinay and Robin (2002) and Cahuc,
Postel-Vinay and Robin (2006); this rules out the possibility that an increase in the minimum wage (which
reduces employer profit) might reduce matching probabilities disproportionately more for worker skills
that are more likely to earn the minimum wage. I rule out the possibility that a worker can exploit a
new job offer to raise her wage with her current employer, consistent with counteroffers being uncommon
empirically (see, e.g., Mortensen, 2003). Finally, unlike Shimer (2006), a worker’s outside option is her
current wage rather than unemployment; wages are, therefore, not renegotiation proof.

1T choose these timing assumptions so that the dynamic implications of the discrete-time model are
similar to those in a continuous-time model.

12The model simplifies to the canonical model if 8; = 1 and Js = 0 (in which case worker wages equal
their value marginal product of labor and there is no unemployment), there are exactly two skill groups,
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tion facilitates the analysis of the transition to aggregate shocks. I derive related steady-
state results in a canonical (forward-looking) wage-posting model in Online Appendix
B.3.

3.2 Steady state

In steady state, the exogenous time-varying parameters Lg;, A, and m; are all time in-
variant, as is the endogenous value marginal product of type s labor, Ps;, and the density
of real incomes across workers within each skill s, which I denote by gs(-). Hence, in
what follows, I omit time subscripts and re-introduce them in Section 3.3. I first solve for
the steady-state distribution of wages across workers within skill s for a given Ps (and,
therefore, for any aggregate production function and any number of skills). I then con-
duct comparative statics across steady states, again for given changes in Ps;. Finally, I
show how to solve for changes in Ps given any aggregate production function and derive
the extended canonical model estimating equation (2) as an example. Online Appendix
B.1 contains details and derivations.

Wages along the job ladder. Suppose that an unemployed skill s worker matches with a
firm. If m > (1 — Bs) vs + BsPs, then the bargaining outcome is constrained by the min-
imum wage and the worker’s wage is set to m; in this case, I refer to skill s as being
“bound” by the minimum wage. Otherwise, the bargaining outcome is unconstrained
and the wage is set to (1 — Bs) vs + BsPs. Each time an employed worker at wage w
matches with a new firm, her wage rises to (1 — Bs) w + BsPs.

This process implies the existence of a steady-state wage ladder {w; };021 for each
skill s. The unemployment benefit is what the worker receives when she is below the job
ladder, wg s = vs. The wage on the first “rung” of the job ladder is w; ; = m if s is bound
by the minimum wage and is w;s = (1 — ;) vs + BsPs otherwise. The wage on each
successive rung j + 1 on the job ladder is simply w;,1s = (1 — Bs) wjs + BsPs for j > 1.
Consequently, wages rise as a worker moves up rungs of the job ladder, wj 1, — w;s =
Bs (Ps —wjs) > 0, but proportionally less at higher rungs, d (w;41,s/wj,s) / dw;s < 0. In
Online Appendix B.1 I solve explicitly for all wages on the job ladder, both in the case in

which skill s is and is not bound by the minimum wage.

Distribution of workers across the job ladder and the average wage. In steady state, the
rate at which workers exit a rung of the job ladder equals the rate at which they enter it.
The probability that a skill s worker at any wage w; 1 in period t does not work at this
wage in period f + 11is Js + (1 — ds)yse, Wwhere J; is the probability the worker exogenously

and the aggregate production function is CES.
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separates from her firm and, if she does not, -y, is the probability that she matches with a
new firm. The probability that a skill s worker begins earning wage w; 1, at date t + 1 1is
(1 —0s)vse8s(w;s) if j > 0 and is vsugs(wjs) if j = 0, which is the probability that she was
one rung below j + 1 times the probability that she does not separate (if j > 0) and the
probability that she matches. Hence, the steady-state density across rungs can be defined
recursively as

[55 + (1 - 55)')’56] gs(wl,s) = Ysuls
[6s + (1 — 65)se] 85(wj+1,s) =(1- 5s)’Ysegs(wj,s) for j>1 3)

where us = gs(wp ) is the unemployment rate. Using this recursive system I solve explic-
itly for the steady-state distribution of workers across the job ladder in Online Appendix
B.1. As is apparent from the system of equations in (3), the steady-state distribution of
workers across rungs j is invariant to whether or not the real minimum wage binds and
its level.1

The average real wage among employed skill s workers is ws = 1%% Yi>1Wjs8s(Wjs)-
Using the explicit solutions for the distribution of workers across the job ladder g;(-)—
which is independent of whether or not the minimum wage binds—and wages along the
job ladder w; s—which depends on whether or not the minimum wage binds—I solve for
the average wage in Online Appendix B.1. If skill s is bound by the minimum wage, then
the average wage is given by a weighted average of the minimum wage and the value

marginal product of labor,

’ 55"‘,35(1_55)')’53 (Ss‘l',Bs(l_és)’)’se ’ @

If, on the other hand, skill s is not bound by the minimum wage, then w; is a weighted
average of vs and Ps.

Comparative statics across steady states for given changes in P;. For any skill s that is
not bound by the minimum wage, the partial elasticity (i.e., for a given change in Ps) of
the average real wage with respect to the real minimum wage is zero. On the other hand,

for a skill s that is bound by the minimum wage, the total derivative of ws is given by

13The result that the minimum wage does not affect the distribution of workers across rungs depends
both on the assumption that m; < Py, which implies that the minimum wage does not affect the unem-
ployment rate, and on the assumption that matching probabilities are exogenous.
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The partial elasticity of the average wage with respect to the minimum wage, M;bs, is the
product of two terms, the “magnification elasticity,” denoted by
s + (1 — 0s)vse

M, = >1 6
’ 5s+,35(1_5s)’)/se ( )

and the “bite” of the minimum wage, b; = mg,(m) / [(1 — us)ws], which is the share of all
skill s wage income earned by workers earning the minimum wage.

Why do I refer to M; as the magnification elasticity? Consider the impact of a change
in m on the average wage of an arbitrary group of workers under the assumption that
the minimum wage has no employment effects (an assumption I am imposing here) and
under an additional assumption that an increase in the minimum wage only raises the
wages of individual workers whose wages are bound by it (leaving all worker wages
above the minimum wage unaffected). Under these assumptions, the elasticity of the
average wage is exactly equal to its bite. This channel is what is often referred to as the
“direct effect” of minimum wages in the literature. In this job-ladder model, the direct
effect is active; however, at least in the long run (i.e., across steady states), there are wage
spillovers up the distribution above the minimum wage.

To understand these wage spillovers, let W;(c) denote the steady-state wage at per-
centile c of employed skill s workers; and consider a skill s that is bound by the minimum
wage. In response to an increase in the minimum wage, W;(c) rises disproportionately
more for lower percentiles,

d [Ws(c) /Ws(c')]
dm

>0 forall Wy(c) < Ws(c)

The intuition for this result and its proof are straightforward. The steady-state share of
workers on each rung of the job ladder is invariant to the value of the minimum wage.
Moreover, in response to an increase in the minimum wage, wages at lower rungs (and,
therefore, at lower centiles of the wage distribution) increase disproportionately more.
Finally, in equation (5) the elasticity of the average wage with respect to the value
marginal product of labor, P, is less than one; this result applies whether or not skill s is
bound by the minimum wage. The reason is that the average wage is a weighted average
of m and P; if s is bound by the minimum wage and is a weighted average of vs and Ps

otherwise. Hence, the average wage responds less than one-for-one to changes in Ps.

Determining changes in P; and micro-founding the extended canonical model. For the
steady-state analysis, it remains only to determine how changes across steady states in

labor supply, labor demand, and the minimum wage affect value marginal products of
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labor, d log Ps. Under the prevailing assumption that m < Ps for all s, the share of workers
who are unemployed is fixed across steady states. This implies that changes in value
marginal products d log Ps depend only on changes in factor supply and demand. Hence,
M;bs in equation (5) is not only the partial elasticity of the average wage with respect to
the real minimum wage, it is also the total elasticity.

This also implies that for any aggregate production function, steady-state value marginal
products are determined exactly as in a competitive static model featuring the same ag-
gregate production function, but with the level of supply in the present model, L, re-
placed with (1 — u,)Ls. Endogenous value marginal products have been considered the-
oretically and empirically in a wide class of aggregate production functions, from the
canonical model, which features a CES aggregate production function combining only
two skill groups, to nested CES models featuring many skill groups as in, e.g., Card and
Lemieux (2001), and beyond. Of course, it should be noted that while the determina-
tion of steady-state values of Ps are not affected by the job-ladder model, the relationship
between the average wage and P is, as shown in equation (4).

Given my objective of studying the college premium and extending the estimating
equation of the canonical model from equation (1) to (2), in the following proposition I
show that imposing the same restrictions on the aggregate production function as in the

canonical model yields equation (2); see Online Appendix B.1 for the formal derivation.

Proposition 1. Suppose the aggregate production function is a CES combination of the output of
two skills, h and ¢, and parameters satisfy 6y, = 6y, Yne = Yee, and By, = By. Then, to a first-order
approximation around an initial steady state, the skill premium, wy; /wyy, is given by equation (2)
under the assumption of linear growth in Ay and Ay across time t, where vy, = M(by, — by) and
by, and by are the minimum wage bites in the initial steady state.

The assumption of common parameters in Proposition 1 is a sufficient condition for
common maghnification elasticities across skills, M = M;. If the minimum wage only
binds for lower-skill workers (for example), then this condition is not necessary to obtain
the result, since in this case only the magnification elasticity for ¢ is relevant and v, =
—Myby. Of course, under the additional assumption that parameters are common across

h and ¢, this is just a special case of the result in Proposition 1, as M (b, — by) = —Mb;.

3.3 Transition dynamics

Consider an economy in steady state entering date 0 that experiences a small, one-time
increase in the real minimum wage from m to m’ > m during date 0. For a skill s that is

not bound by the minimum wage at m’, the change in real minimum wage has no effect.
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The implications for a skill s that is bound by the minimum wage are summarized by the

following proposition.*

Proposition 2. Consider an economy in steady state entering into date 0 that faces a small one-
time change during date O from m to m’ > m satisfying m" < (1 — Bs)m + BsPs for all s. For
any skill s that is bound by m:
i. Forall t > 0, two job ladders coexist, with first rungs m (old) and m’ (new)
ii. At each rung j, the wage on the new job ladder is greater than the wage on the old ladder
iii. The share on each rung j summed across the two ladders is constant across t
iv. The share on rung j of the new ladder weakly increases in t
v. On impact, the elasticity of the average wage with respect to m equals bs

vi. The elasticity of the average wage with respect to m rises in t, limiting to Msbs

I prove Proposition 2 in Online Appendix B.2 and describe its intuition here. An em-
ployed worker’s wage upon forming a new match depends only on her current wage,
bargaining power, and value marginal product of labor; it does not depend on the new
minimum wage unless her current wage equals the new minimum wage. Hence, any
worker who was on the old job ladder and whose wage was not constrained by the new
minimum wage remains on the old ladder until she enters unemployment; whereas any
worker whose wage was constrained by the new minimum wage or who exited unem-
ployment after its imposition is on the new ladder. This implies that each worker’s wage
in all future dates will be a wage that is either on the old job ladder or the new one, as
stated in Result (i). Result (ii) follows from the fact that wages on steady-state job lad-
ders are increasing functions of the corresponding minimum wage (for any skill s that is
bound by the minimum wage).

On impact, the wage on the first rung on the old job ladder, m, becomes constrained by
the new, higher minimum wage. Because surplus in each match remains positive, every
worker earning m moves instantly to the first rung of the new ladder, m’. The increase in
the minimum wage does not constrain the second rung of the old wage ladder or affect
unemployment given the assumption that m’ < (1 — Bs)m + BsP;s for all s, so no other
workers are affected on impact. This implies that the instantaneous, or impact elasticity
of the average wage of skill s with respect to the minimum wage equals bs, as stated in
Result (v). It also implies that, at least on impact, the share of workers on each rung
j summed across the two ladders equals the initial steady-state share. Result (iii) then
follows from a proof by induction: if Result (iii) holds for a particular date t > 0, then

141f the real minimum wage experiences a small decrease (rather than increase), then Results (i), (iii),
(iv), and (vi) of Proposition 2 are unchanged; Result (ii) is reversed, with the wage on rung j of the new job
ladder below the wage on the old ladder; and, finally, the impact elasticity is zero in Result (v).
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it must hold in the subsequent date t + 1. Result (iv) is more complicated, but the basic
intuition is simple: workers are exiting the old job ladder and entering the new one over
time as they exogenously separate from their employers.'

Finally, Result (vi) follows from the previous results: wages on the new job ladder are
higher than on the old one (Result ii) and workers are moving from the old to the new
ladder over time (Result iv) at a fixed composition of workers across rungs (Result iii).
Intuitively, the magnification elasticity grows over time as workers who start at the new
minimum wage (either because their wage increased from m to m’ on impact or because
they exited unemployment after the minimum wage increase) slowly rise up to higher
rungs of the new job ladder, each of which is higher than the corresponding rung on the
old ladder. In the long run, the elasticity of the average wage with respect to the minimum
wage limits to M;bs, as shown in equation (5), where Mg > 1 as shown in equation (6).
These results apply for any number of skills and any aggregate production function.

Results (v) and (vi) of Proposition 2 imply that the elasticity of the average real wage
of skill s between dates 0 and T > 1 (the impulse response) with respect to a one-time

increase in the real minimum wage during date 1, can be expressed as

log (wS’T) / dlogm = Mg1_1 X bs (7)

Ws 0

where b; g is the initial minimum wage bite (in period 0) before the minimum wage in-
crease and where M, r_1 is the T — 1-period magnification elasticity. The magnification
elasticity is one on impact Mo = 1, is increasing over time dM; r/dT > 0, and limits to
the steady-state value limr_,o, Ms 7 = M; from equation (6). Equation (7) applies whether
or not the minimum wage binds for s; but, of course, if it does not bind then the elasticity
in equation (7) is zero, since b; o = 0.

These results also have direct implications for the time-varying elasticity of the skill
premium. Impose the additional assumption in Proposition 1 that é;, = dy, Ye = Y, and
Br = By, so that Mt = M, r for each s. Then equation (7) directly implies

wh,T/wg,T _ -
log (wh,o [0, ) / dlogm = Mr_1 X (bpo —byp) (8)

forany T > 1 in response to a one-time increase in the real minimum wage during date 1.

I5Result (iv) is more complicated because the growth of any rung j on the new ladder depends on the
distribution of workers across rungs of the new ladder rather than the share of workers on the new ladder
overall. The share of workers on rung j (of the new job ladder) in the previous period determines the
number of workers leaving rung j in the present period and the share on rung j — 1 in the previous period
determines the number of workers entering rung j in the present period.
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On impact, the elasticity of the skill premium with respect to the minimum wage equals
the bite of the minimum wage for higher- minus for lower-skill workers. Over time, this
elasticity grows. Equation (8) will help me interpret the estimated elasticity of the college

premium with respect to the real minimum wage displayed in Table I.

3.4 The minimum wage and unemployment

A prevailing assumption throughout the theory presented above is that each worker-firm
match generates positive surplus: m; < Py for all t and s. This implies that changes in
the minimum wage do not affect unemployment. Throughout this section, suppose that
m; = Py for s but not for any s’ # s; and consider all but the knife-edge case in which
unemployment is exactly equal to its level when m; < Py.

In this case, the wage ladder collapses for s (and only for s), with all employed s work-
ers earning a real wage equal to m;. This implies that the elasticity of ws; (and of Ps;) with
respect to m; is then exactly one for skill s. Moreover, changes in the real minimum wage
affect unemployment for skill s (and only for skill s). The elasticity of skill s employment
with respect to m; is determined by the elasticity of the residual labor demand curve for
skill s induced by the aggregate production function at fixed employment for all other
skills. That is, an increase in the real minimum wage raises the wage of s one-for-one
and causes a decline in employment of skill s as the economy traces its residual demand
curve for s. This is identical to the wage and employment impacts of a change in a binding
minimum wage in a competitive labor market.

What is the impact of a change in the real minimum wage on the average wage of
other skills? For all s’ # s, equations (4), (5), and (6) continue to hold. However, since
changes in m; affect employment of skill s, they affect the value marginal product of skill
s’ and, therefore, their average wage wy. Specifically, whereas My by remains the partial
long-run elasticity of the real wage of s’ with respect to m, it is no longer the total elasticity,
as m also impacts Py . I return to these issues in Section 5.3.

4 Empirical approach

4.1 From theory to estimation

According to equation (7), if there is a small, one-time increase in the real minimum wage

(starting from a steady state) that occurs during t — T + 1 or any period thereafter, then
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the change in the average real wage of skill s between periods t — T and t is given by

T-1

Wq M
108 4oy = L Mbor-jilog T8

where, by assumption, the log change in the minimum wage is identically zero in all but
one of the periods (indexed by j) in the above summation. The previous expression is a
distributed lag model with lag weights that exactly equal the model’s skill-specific and
time-varying magnification elasticities, M; ;. If the single minimum wage change occurs
earlier than during period t — T + 1, then the above expression must be adjusted. If the
small one-time increase in the real minimum wage occurs during period t — T' 4+ 1 or any
period thereafter, with T’ > T, then the change in the average real wage of skill s between
t — T and t is given by

T —1
Ws M-
log i 7 = 2%%uﬂ%_ﬂ+§WWM”W““mm+l®

This is, again, a distributed lag model. The one change from the previous expression is
that the lag weights equal the magnification elasticities only for lagged shocks occurring
during or after t — T + 1; for further lagged shocks, the lag weights are strictly less than
the corresponding magnification elasticities. This is intuitive. Instead of studying the
entire impulse response to a one-time change in the real minimum wage, for shocks that
are lagged sufficiently the wage change between t — T and t only captures the tail-end of
the response, cutting off the initial periods after the shock.

Equation (9) holds exactly in the model in the presence of a one-time increase in the
real minimum wage. However, in moving from the model to the data, it is important
to remember that reality differs from the model in many respects. Perhaps most impor-
tantly, the real minimum wage does not experience a one-time permanent change in any
empirical context. Instead, it is always changing, driven by a combination of inflation and

minimum wage policy.

4.2 Specification

In my baseline specification, I estimate the following version of equation (9),

w
log —" — Z Wibgrt-j-1 log = — Rlogm | + by, + @ +egrs  (10)
Wert—T =L m”t —j-1
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I define time periods ¢ as half years, January — June and July — December of each year
between 1979 and 2016. Skill groups s in the model are mapped in the data to the com-
bination of labor groups g, which correspond to the same 100 labor groups across which
I composition-adjust wages and supplies in Section 2 (defined in Online Appendix A.2
by the interaction of 5 age bins, 2 genders, 2 races, and 5 education levels) and regions r,
which correspond to the 50 U.S. states. Real minimum wages, m, t, vary across regions
and time whereas minimum wage bites, b , , vary across labor groups, regions, and time.

Relative to equation (9), there are four changes in my implementation of equation
(10). First, I project changes in real wages not only on lagged one-period changes in
real minimum wages, but also on future one-period changes (i.e., the summation begins
with j = —L rather than j = 0); I do this to check for pre-existing trends. Second, I
estimate lag weights, u jr that are common across groups; in robustness, I estimate separate
specifications for different groups.

Third, in estimating equation (10), I instrument for the interaction between the time-
varying bite of the minimum wage and the change in the real minimum wage. I do this
because there is measurement error in the minimum wage bite; moreover, measurement
error in the time-varying bite will be correlated with measurement error in the average
wage in either the numerator or the denominator of the dependent variable for particular
values of j in the summation. This concern is very similar to that emphasized in a related
context by Autor, Manning and Smith (2016). In the instrument, I replace by, with b,
where b, ; is the median value of the time-varying bite for labor group g in region r across
periods, excluding period t.1°

Finally, I include two additional controls—a time effect, a, and the time-varying im-
pact of the median value of the minimum wage bite, by ,—and I subtract from the one-
period change in the real minimum wage in region r between t — j — 1 and t — j the aver-
age one-period change in the real minimum wage across all states and all time periods be-
tween 1979 and 2016 (including 1994 and the first half of 1995), denoted by A log m. Treat-
ment in equation (10) is the interaction between shocks to the real minimum wage and
the minimum wage bite, which fits into the “shock-exposure” framework of Borusyak
and Hull (2023). As they argue, this specification may suffer from omitted variable bias.

In my context, the intuition is simple. In periods in which the real minimum wage
tends to fall systematically over time (e.g., the 1980s) the interaction between changes

in the real minimum wage and the minimum wage bite will be negatively correlated

16Whereas b, depends on t because it is the median across time omitting period t, I have omitted ¢ for
notational simplicity. In practice, given 73 time periods, using the leave-out version of bg, or not makes
little difference.
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with the minimum wage bite. But the minimum wage bite could be correlated with
other shocks in the residual. For instance, because the minimum wage bite tends to be
higher for g, pairs that are lower skill and the economy experiences skill-biased techni-
cal change (pushing up the wages of more skilled groups), expected treatment would be
correlated with the impact of skill-biased technical change on real wage growth. Hence,
there would be endogeneity.

Borusyak and Hull (2023) show that this type of omitted variable bias can be avoided
by re-centering treatment (differencing realized treatment from expected treatment) or
controlling for the expectation of treatment, either of which requires assumptions on the
distribution of expected real minimum wage changes (in my context). Equation (10) re-
centers treatment under the assumption that all one-period changes in real minimum
wages are independent draws from a common distribution; it does so by subtracting
from the realized one-period change in the real minimum wage in each region and time
period its average value taken across all regions and time periods, A log m. This addresses
the endogeneity concern in my above example. The interaction between bg , and a time
effect in equation (10) additionally controls for any national time-varying shocks that are
correlated with the median value of the minimum wage bite for labor group g in region
r.

This approach provides additional benefits in my context. In the reduced-form speci-
fication, the interaction between (a non-leave-out version of) b, , and a time effect absorbs
changes in inflation, yielding identical results to an alternative specification replacing real
minimum wages with nominal values. Moreover, this “design-based” approach addition-
ally avoids negative ex-ante weights; see, e.g., Borusyak and Hull (2024).'7

In robustness, I additionally control for the interaction between bg,T and state effects,
which allows for expected changes in minimum wages to differ arbitrarily across states
in a time-invariant way (since, in practice, different states are systematically more or less
likely to set minimum wages above the federal level), as well as including additional
controls.

I focus on three-and-a-half-year changes in real wages, setting T = 7 in equation (10).
In addition to considering the impact of one-period lagged real minimum wage changes
over this time horizon, I also control for lagged shocks going back farther in time, setting
T'" = 13. And I include three-and-a-half years of one-period lead real minimum wage

changes, setting L = 7. To allow for correlation across time in the error terms, I clus-

7The result on negative weights in Borusyak and Hull (2024) is proven only for regressions with
one treatment variable. I conjecture that the result extends to specifications featuring many treatment
variables—as in regression (10)—if these treatments are uncorrelated with each other, after residualizing
on controls.
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ter standard errors by state. Finally, in all regressions, I weigh each observation by the
product of (g,7) workers in t and t — T divided by their sum.

4.3 Data and measurement

Here, I provide an overview of the data and measurement. Online Appendix A.2 contains
details. To measure m,;, I use the maximum value of the effective nominal minimum wage
in region r in the corresponding half-year period, which I obtain from Cengiz et al. (2019).
I deflate this by the maximum monthly GDP deflator in the same half-year period. To
measure the bite of the minimum wage, I construct the share of wage income earned by
workers at a wage no greater than 1.05 times the minimum wage; I vary this cutoff in
robustness.

I measure the minimum wage bite, by, and average wages, wq,, using the CPS
Merged Outgoing Rotation Groups (MORG). I switch from the March CPS, which I use in
the national analysis in Section 2, both because the MORG CPS includes a larger sample,
which is particularly useful when dividing the data across 50 states and 100 labor groups,
and because individual wages can be measured with less error (see Lemieux, 2006), which
is especially important for measuring the bite of the minimum wage. These benefits come
at the cost of a shorter time frame, starting with 1979 instead of 1963. I additionally
drop all of 1994 and the first eight months of 1995 given missing imputation flags; more
generally, I clean the MORG CPS data following an approach similar to Lemieux (2006).
After cleaning the data, there are approximately 12 (unweighted) worker observations
per g,7,t (with 100 unique values of g, 50 of 7, and 73 of t).!® In my baseline, I use a
balanced panel, only including g, r if there are observations in every ¢ in the estimation
sample. In robustness I include all g, 7. Given outliers, I winsorize average wages at the
2nd percentile within each (g, r) pair.

The final sample year is 2016 because many municipalities begin setting minimum
wages above the mandated state level at this point. For instance, New York City, Nas-
sau, Suffolk, and Westchester counties begin setting minimum wages above the New
York state level on the very last day of 2016 and Minneapolis begins setting minimum
wages above the Minnesota level in 2018. However, some counties were already setting
minimum wages above their states” levels beforehand. For instance, San Diego did so
throughout 2015 and Los Angeles began doing so in the middle of 2016 (for large busi-

nesses). In robustness, I consider ending the analysis after 2010, to minimize the impact

18These small cells imply measurement error both in the dependent variable (where classical measure-
ment error does not imply bias) and in the measure of the minimum wage bite in the independent variable
(for which I instrument).
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of endogeneity from mismeasured minimum wage changes.

5 Results

Section 5.1 displays baseline empirical results and discusses their implications for the
college premium and the real wage of workers without a high school degree. Section 5.2
describes a range of sensitivity analyses for the baseline empirical results. Finally, Section

5.3 briefly discusses certain caveats.

5.1 Results and implications

In all that follows, I display results of estimating equation (10) as follows. For the impact
magnification elasticity, I display the lag weight estimate ¢ and its associated 90% con-
tidence interval. This corresponds to the impact of current changes in the real minimum
wage on real wages over a six month interval. For all other magnification elasticities,
I display the averages of two consecutive lag weight estimates, thereby smoothing esti-
mates across time differences. For j > 0, I display the average of the lag weight estimates
#j—1 and p; and its associated 90% confidence interval. Hence, the reported magnification
elasticity at, e.g., two-and-a-half years corresponds to the average impact on real wages
over the three-and-a-half-year period of changes in the real minimum wage between (i)
two to two-and-a-half years ago and (ii) two-and-a-half to three years ago. I report mag-
nification elasticities in the figures that correspond only to shocks that occurred within
the three-and-a-half-year period of the change in the dependent variable (although I con-
trol for past changes). Hence, all figures show magnification elasticities up to three years,
because the three-and-a-half year lag weight estimate would not correspond to the mag-
nification elasticity, as it includes the impact of shocks that occurred between three-and-a-
half and four years ago (before the time horizon in the dependent variable); see equation
(9). Similarly, for any period j < 0, I display the average of —p; and —p; 1; this both
smooths estimates and also converts pre-trend estimates to their more traditional format,
as discussed in Roth (2024).1° In all that follows, I refer to these (linear combinations of)
estimates as magnification elasticities.

I begin by estimating the reduced-form specification of equation (10), in which I re-

place b 11 in each right-hand-side covariate with bg , and estimate the resulting regres-

9To understand this choice, suppose that there is a negative estimate for j < 0. This would imply that
the real wage declines leading into a future increase in the real minimum wage. Displaying the negative
value of the estimated lag weight (a positive point in the figure associated with this value of j < 0) then
clarifies that the level of the real wage declines leading into the shock.
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Figure IV: Time-Varying Magnification Elasticities
Notes: Results of estimating regression (10) using 2SLS. Results display yg and the linear combinations of
(#j—1+pj)/2for j > 0and of —(p; + pj_1)/2 for j < 0, with corresponding 90% confidence intervals;
robust standard errors are clustered by state.

sion using OLS. Figure A.IIl in Online Appendix A.2 displays the estimation results. On
impact, the reduced-form coefficient is 0.5 (the estimated coefficient at j = 0) and rises to
a maximum of 1.6. Figure A.III also shows no evidence of pre-existing differential trends.

Figure IV displays the baseline empirical results for the time-varying magnification
elasticities, corresponding to the estimates of the lag weights in equation (10) using 2SLS.?°
On impact, the magnification elasticity is approximately 0.6. It rises over time, peaking
at 2.9 over the first two to three years (at j = 2.5). From this, I conclude that the long-run
magnification elasticity is approximately 2.9.

A long-run magnification elasticity of 2.9 implies that the indirect effect of changes in
the minimum wage (the effect on wages above the minimum wage) generates about 66%
(= 1—1/2.9) of the overall wage effect (at their peak) of minimum wage changes. How
do these estimates relate to results in the literature? To my knowledge, this is the first pa-
per to explicitly study the time-varying effects of minimum wage changes on inequality.
However, like this paper, Cengiz et al. (2019) quantify the direct and indirect effects of
changes in the minimum wage on average wages, focusing within a $4 (deflated to 2016)
range around the minimum wage. To do so, they average wage changes over the five
years following a minimum wage increase. They find that approximately 60% of the total
wage effect of a change in the minimum wage is caused by the direct effect, with 40%
caused by wage spillover effects above the minimum wage. My finding that the indirect
effect generates 66% of the overall wage effect of minimum wage changes is a result about
the maximum strength of the indirect effect (which occurs between two and three years

after the shock itself), whereas their result is about its average effect over time. Taking

20The first-stage is very strong, with all SW F stats over 1,000.
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a simple average of the magnification elasticities plotted in Figure IV for j > 0 yields a
value of 1.7. Hence, a back-of-the-envelope measure of the share of the overall wage effect
(averaged across time) accounted for by the indirect effect is about 40% (=~ 1 —1/1.7), in
line with the measure in Cengiz et al. (2019).

While Dustmann et al. (2021) does not focus on the dynamic implications of minimum
wage changes on inequality, they do document that German regions more exposed to a
national increase in the minimum wage experience wage growth for at least two years
relative to less exposed regions. This is perhaps the most directly related empirical result

to my own; and it is consistent with my empirical evidence at the state-and-group level.

Implications for the college premium and the relation to the national estimates. Ac-
cording to the theoretical result in equation (8), the long-run elasticity of the college pre-
mium with respect to the real minimum wage is determined by the product of the long-
run magnification elasticity and the difference between the bite of the minimum wage
between college and non-college workers. The average value of the minimum wage
bite, b, 1, taken across states 7, time ¢, and all worker groups ¢ with a college education
(weighted by the number of workers in the g, 7, t triplet and including only the balanced
estimation sample of g, r pairs) is 0.6% and without a college education is 5.0%; see Table
A.VI in Online Appendix A.2. Using a long-run magnification elasticity of 2.9, this im-
plies a long-run elasticity of the college premium with respect to the real minimum wage
of approximately —.13 (= 2.9 x (.050 — 0.006)). This is squarely in the range of the na-
tional estimates displayed in Tables I and A.IIl. Hence, the national estimates in Section 2
and the estimates in Figure IV are consistent. Both imply sizable elasticities of the college

premium with respect to the real minimum wage.

Implications for real wages of workers without a high school degree. The combination
of the theoretical results in Section 3 and the empirical results in Figure IV shed light not
only on relative wages, but also on real wage levels.

Real wages of workers without a high school degree (HSD) declined dramatically
starting in the 1980s and into the early 1990s; see, e.g., Autor, Katz and Kearney (2008).
This is a natural response to declining real minimum wages in the extended canonical
model. According to equation (7), the long-run implication of the approximately 26%
decline in the real minimum wage between 1979 and 1989 equals 26% times the long-
run magnification elasticity (of 2.9) times the bite of the minimum wage among HSD
groups. The average value of the minimum wage bite, b, 1, taken across states r, time
t, and all HSD worker groups g (weighted by the number of workers in the g, 7, t triplet

28



Magnification elasticities
o) 1 2
| L L
—c—
——
——
00—

® non-college A female
© young B white

-1

-2 -1.5 -1 -5 o .5 1 1.5 2 2.5 3
Event time (in years)

Figure V: Time-Varying Magnification Elasticities: Heterogeneity
Notes: Replicating Figure IV separately on the samples of non-college, female, young (those less than 36
years old), and white workers.

and including only the balanced estimation sample of g,  pairs) is approximately 13.4%;
see Table A.VI in Online Appendix A.2. Hence, according to the model, the 26% de-
cline in the real minimum wage between 1979 and 1989 caused an approximately 10.1%
(= 0.26 x 0.134 x 2.9) decline in the real wage of workers without a high school degree.
This is slightly more than the entirety of the observed decline in their real wages between
1979 and 1992.

5.2 Sensitivity analyses

To what extent are the results presented in Figure IV robust to a variety of alternative
choices? I consider sensitivity analyses that fit into three broad categories: (i) labor groups
included in the empirical analysis, (ii) the years included in the empirical analysis, and
(iii) the particulars of the empirical specification in equation (10). The purpose of (i) is to
investigate the extent to which magnification elasticities are heterogeneous across worker
groups with distinct observable characteristics. The purpose of (ii) is to check if results
are sensitive to the inclusion of sample years (towards the beginning of the sample) in
which much of the variation in real minimum wages is common across states (see Dube
et al. (2024) for a discussion of excluding these early years) and to the inclusion of sample
years (towards the end of the sample) in which some municipalities apply a minimum
wage above the statutory level set by their states. The purpose of (iii) is to check if the
baseline results are broadly robust either to an alternative way of re-centering treatment—
as described in Borusyak and Hull (2023)—or incorporating additional controls.
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Estimation on subsamples of worker groups. The theory in Section 3 explicitly incor-
porates heterogeneity across worker groups in the elasticity of the real wage with respect
to the real minimum wage in two respects: it predicts that the elasticity of the change in a
group’s real wage with respect to the real minimum wage equals the interaction between
that group’s minimum wage bite (which differs across groups) and the time-varying mag-
nification elasticity (which depends on potentially group-specific parameters). The em-
pirical specification directly incorporates the first dimension of heterogeneity by interact-
ing the change in the real minimum wage with the observable group-specific minimum
wage bite. However, in the specification displayed in Figure IV I impose a common lag
weight across groups. To what extent do these estimates hide heterogeneous magnifica-
tion elasticities? To answer this question, I replicate the empirical analysis separately by
gender, by education (those without a college education and those with), by race (white
and non-white workers), and by age (those younger than 36 and those 36 and older).
Figure V displays results on the subsamples of non-college educated workers, female
workers, young workers, and white workers. Each replicates not only the qualitative
patterns in the baseline Figure IV—a lack of pre-trends and an increase in estimated
lag weights over time—but also broadly replicate the quantitative values of these esti-
mates. Figure A.IV in Online Appendix A.2 replicates these results for the male and the
non-white samples. The results for non-white workers are noisier, consistent with much
smaller samples inducing more measurement error in the dependent variable whereas the
results for male workers are very similar to the baseline except for a substantially larger
point estimate at two years out.?! Finally, results for college-educated workers and for
older workers (aged 36 and above) are each insignificantly different from zero for almost
all time horizons, consistent with the theory in which the impact of changes in the min-
imum wage are negligible for labor groups that do not work at the minimum wage; see

Figure A.V in Online Appendix A.2.

Sample years. There are two potential concerns related to the years included in the
baseline sample. The first concern relates to the inclusion of later years, by which point
there are certain municipalities with minimum wages above their states’ statutory levels.
Because my definition of the real minimum wage is state-and-time specific, this measure-
ment error may bias results. The second concern relates to the inclusion of earlier years,
when most of the variation in the real minimum wage is common across states. Whereas

this is not an issue according to my theory, Dube et al. (2024) argue for excluding years

21T exclude each of these results from Figure V because their inclusion dramatically widens the scale of
the y-axis, which makes interpreting estimates more difficult.
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Figure VI: Time-Varying Magnification Elasticities: Sample Years
Notes: Replicating Figure IV separately on sample years 1979 — 2010 and 2000 — 2016.
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Figure VII: Time-Varying Magnification Elasticities: Sensitivity to Specification
Notes: Replicating Figure IV separately incorporating additional controls: the interaction between b, and
state effects, (7, t) fixed effects, and (g, t) fixed effects. Also Replicating Figure IV re-centering treatment by
demeaning all one-period changes in real minimum wages (in the independent variables and instruments)
using the average one period change (averaging across states and time periods).

before 2000. Figure VI replicates Figure IV separately on the sample years of 1979 — 2010
and 2000 — 2016. Results are broadly similar.

Specification in equation (10). In my baseline analysis I control for a time effect and a
time-varying effect of the median value of the minimum wage bite for 7, ¢ across all ¢, by ;.
This controls for expected treatment under the assumption that there is an arbitrary time-
varying national expectation of the change in the real minimum wage. Here I additionally
control for the interaction between b, , and state effects, which—in the shock exposure
setting of Borusyak and Hull (2023)—allows for expected changes in minimum wages to
differ arbitrarily across states in a time-invariant way.

I alternatively consider two distinct sets of controls in addition to the baseline con-
trols. First, I incorporate r,t fixed effects. This absorbs the direct effect of changes in the
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real minimum wage. Second, I incorporate g, t fixed effects. This absorbs national, time-
varying, and group-specific technical change; it also absorbs any changes in real value
marginal products of labor across groups at the national level. Each of these results, dis-

played in Figure VI, is broadly similar to the baseline result in Figure IV.

Additional sensitivity. One concern related to the identification of the lag weights and,
therefore, the magnification elasticities, is that they may not be robust to the definition
of a minimum wage worker being a worker whose wage is no greater than an arbitrary
cutoff (1.05 in the baseline) times the minimum wage.?? Figure A.VI in Online Appendix
A.2 shows that results change as expected when using a lower wage cutoff of 1.00 and
a higher wage cutoff of 1.10. Finally, Figure A.VII in Online Appendix A.2 shows that
results are very similar if I do not restrict to a balanced sample of (g, r) pairs.

5.3 Discussion

All models are abstractions.?® I view the model in Section 3 as a useful abstraction because
it provides insights into and simple intuition for the dynamic effects of the real minimum
wage on real wages and inequality. Here, I first highlight where the empirical results in
Figure IV deviate from the theory. I then discuss how changing my baseline assumption
that minimum wages do not impact unemployment might affect the interpretation of the
empirical results.

Perhaps the main deviation between regression results reported in Figure IV and the
model’s prediction is that the magnification elasticity between two-and-a-half and three-
and-a-half years (f = 3 in Figure IV) is less than the magnification elasticity between
two and three years (t = 2.5 in Figure IV), whereas effects are monotonic in the theory
through t = 3. To understand this empirical non-monotonicity, I consider both a shorter
time difference (three years) and a longer time difference (four years) in the definition
of the dependent variable (whereas the baseline uses a three-and-a-half-year difference).
These results—displayed in Figures A.VIII and A.IX in Online Appendix A.2—show that
the decline in magnification elasticities is a robust result. Yet the timing of the decline
appears to depend on the time difference in the dependent variable, with the decline
occurring earlier when the time difference in the dependent variable is shorter and later

when the time difference is longer.

2In a different empirical context, Derenoncourt and Montialoux (2021) define minimum wage workers
as those earning no more than 1.15 times the minimum wage.

23The model in Section 3 abstracts from many mechanisms, including fairness or efficiency wage con-
cerns (e.g., Grossman, 1983) and endogenous technological change (e.g, Hurst et al., 2022).
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A final empirical concern that I consider is the possibility that the minimum wage af-
fects unemployment. As discussed in Section 3.4, in this case changes in the minimum
wage cause changes in value marginal products of labor. In my baseline empirical analy-
sis, these changes in value marginal products of labor are in the residual. Hence, I iden-
tify the effect of changes in the real minimum wage, including their effects via marginal
products of labor. If I controlled for changes in value marginal products (or changes in
employment induced by the changes in the real minimum wage), then I would instead
identify the partial effect. Since the total elasticity is the object of interest, in this respect
my approach seems reasonable.

Nevertheless, it might be of independent interest to understand the extent to which
the total and partial elasticities differ. Together with the theoretical results Section 3.4, the
empirical literature focusing directly on the impact of minimum wages on unemployment
can help answer this question. If the impact of minimum wages on employment is non-
existent or very small—as in, e.g., Dube, Lester and Reich (2010) and Cengiz et al. (2019)—
then any reasonable elasticity of labor demand will imply non-existent or tiny effects of
minimum wages on value marginal products. In this case, estimated total elasticities will
be very similar to partial elasticities. On the other hand, if changes in the minimum wage
have large effects on unemployment, as might happen for large values of the minimum

wage, then partial effects may deviate meaningfully from total effects.?*

6 Conclusions

What is the impact of the real minimum wage on wages and inequality? I estimated a
version of what Goldin and Katz (2008) refer to as the The Race Between Education and
Technology and Acemoglu and Autor (2011) refer to as the canonical model, extended to
incorporate the real minimum wage, which I refer to as The Race Between Education, Tech-
nology, and the Minimum Wage and the extended canonical model. Using national time-series
data, I found that real minimum wages—together with supply and demand—play a role
in shaping the evolution of the U.S. college wage premium.

I then presented a generalization of the theoretical model underlying the The Race

24Finally, note that the possibility that an increase in the minimum wage causes the least productive
workers to exit employment is explicitly incorporated in the theory in Section 3.4, as the skills that are
pushed into unemployment are precisely those with the lowest wages. If the empirical analysis is con-
ducted after combining worker groups into certain aggregates (such as the college educated), then con-
trolling for the change in the productive composition of these aggregate groups induced by changes in
unemployment requires composition adjusting, as in, e.g., Katz and Murphy (1992), Card and Lemieux
(2001), and my national analysis in Section 2. In my analysis in this Section, I do not aggregate up, and
instead focus on 100 worker groups.
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Between Education and Technology that generates my estimating equation as a first-order
approximation around an initial steady state. The model also has implications for the
dynamic effects of minimum wages on inequality. In the model, the elasticity of real
wages with respect to the real minimum wage is small on impact and grows over time.
Finally, I have provided empirical evidence consistent with these dynamic effects using
data disaggregated across states, labor groups, and time periods. My estimates imply that
declining real minimum wages in the 1980s in the U.S. caused a considerable decline in
the real wages of workers without a high school degree and a substantial increase in the
college premium. More generally, changes in minimum wages play a role in shaping the
evolution of between-group inequality in the US.

While my empirical results are consistent with a job-ladder model, without worker-
level panel data I have not provided direct evidence of the minimum wage affecting

wages along the job ladder. I consider this to be an important avenue for future work.
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