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Abstract

This paper sheds new light on the desirability of the minimum wage in the presence of an optimal non-
linear income tax. Using a search-and-matching framework, | derive a novel condition that links the
desirability of the minimum wage to three sufficient statistics: (1) the macro or general equilibrium labor
force participation response to the minimum wage by low-skilled individuals; (2) the macro employment
response to the minimum wage for low-skilled individuals; and (3) the welfare weight on low-skilled
workers. This condition shows that the minimum wage is welfare improving if it pushes the labor market
tightness — the ratio of the aggregate number of vacancies to low-skilled job seekers — closer to its
efficient level. Guided by the theory, | estimate the first two sufficient statistics using an event study
design, as well as state and federal minimum wage variation between 1979-2014. | estimate a macro
participation elasticity of -0.24 and a macro employment elasticity of -0.32. The former represents new
evidence on a previously overlooked margin of the minimum wage. With these estimates in hand, |
simulate the total welfare gains from introducing a minimum wage beginning from the optimal income tax
allocation. The simulations show that the minimum wage is welfare improving only if the government has
very strong redistributive tastes.
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1 Introduction

Stagnant real wages among low-skilled workers and rising income inequality are defining fea-
tures of the U.S. labor market over the past three decades (Kopcziik, Saez, and Song (P010), Gould
(2014)). As a response, policy makers have turned to minimum wage legislation as a way to boost
incomes.! However, wage regulation may increase unemployment, creating a trade-off between
higher after-tax incomes and fewer employment opportunities. Some argue that governments
can avoid this trade-off by using the income tax system (e.g. the EITC) to increase the income
from work (Neumark (2016)). Redistribution using the tax system, however, is limited by fiscal
constraints. Policy makers must therefore consider the trade-offs and interactions between the
minimum wage and income taxation when developing the optimal redistribution scheme.

This paper analyzes the desirability of minimum wage legislation in the presence of labor
market frictions and optimal redistribution through the income tax system. Using a search-and-
matching framework, I derive a novel condition that links the desirability of the minimum wage to
its effect on low-skilled labor force participation and employment, as well as the welfare weight on
low-skilled workers. The key insight from this condition is that the minimum wage can improve
both labor market efficiency and redistribution even if income taxes are set optimally.? I then
estimate the causal effect of the minimum wage on labor force participation and employment for
U.S. low-skilled adults and discuss the policy implications.

I adopt a static search-and-matching framework in which individuals vary along two dimen-
sions: ability and a fixed participation cost. This framework is relevant because search frictions
are often used to justify the minimum wage (Flinnl (2006), Dube, Tester,_and Reich (2016)). The
fixed participation cost varies both within and between skills, implying that two individuals with
the same ability may make different labor force participation decisions. Labor markets are skill-
specific, and the participation decisions of individuals and firms are not observed by the govern-
ment. The government chooses a non-linear income tax schedule and possibly a minimum wage
to maximize a social welfare function of individuals” expected utilities.

The labor market tightness — the ratio of the number of vacancies to job seekers — equalizes
supply and demand in each of the low- and high-skilled labor markets. The tightness is important
because it affects the probabilities that job seekers and firms match. In turn, these probabilities af-
fect participation decisions, net output, and ultimately, the resources available for redistribution.
However, the level of the tightness is usually not efficient, even when income taxes are set opti-
mally® There are two reasons why this is the case. First, redistributive income taxation distorts

1For example, 16 states and several U.S. cities introduced or increased their statutory minimum wage in 2016 (Whit:
fen (ZUTH)).

2This paper complements research in the labor economics literature that derives the conditions under which the
minimum wage is desirable using search models without taxes, or in the presence of fixed (not necessarily) optimal
tax instruments (Swinnertor (1996), Cang-and Kahn (T998), Manning (2004), Elinn (2006), Gravrel (2015)). By allowing
the government to set income taxes optimally, I am able to illustrate what the minimum wage does that an optimal
non-linear income tax system cannot.

3Given that the focus of this paper is on the desirability of minimum wage legislation (which only affects the low-
skilled labor market), all references to the tightness from now on refer to the low-skilled labor market unless otherwise
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the labor market tightness, creating an equity-efficiency trade-off. Second, absent any government
intervention, externalities caused by search frictions may push the tightness above or below its ef-
ficient level. This is because job seekers and firms do not internalize the effect of their participation
decisions on the likelihood that other agents find a match (Hosios (1T990)).

In the case where the labor market tightness is inefficiently high (absent any government inter-
vention), the government can lower it by setting a positive tax liability or unemployment benefits
for low-skilled workers, as in Landais, Michaillat,_and SaeZ (2()16).2' Intuitively, a higher income
tax liability reduces the number of vacancies firms are willing to create because it allows workers
to negotiate a higher wage. The magnitude of the tax increase is limited by the fact that a higher
tax rate lowers labor force participation. This behavioral response shrinks the tax base and limits
the ability of the government to push the tightness all the way toward is efficient level. Thus, the
distortions to the tightness caused by search frictions and redistribution leaves open the possibility
that other policies — notably the minimum wage — can be welfare improving.

In this context, I analyze whether introducing a minimum wage improves total welfare be-
ginning from the optimal income tax allocation. My theoretical contribution is to show that the
total welfare gain or loss due to the introduction of a minimum wage can be expressed in terms
of three reduced-form parameters®: (1) the macro or general equilibrium labor force participation
response to the minimum wage by low-skilled individuals; (2) the macro employment response to
the minimum wage for low-skilled individuals; and (3) the welfare weight on low-skilled workers.
The macro participation and employment responses differ from micro or partial equilibrium re-
sponses in that the former incorporate the change to the equilibrium job finding rate caused by
the minimum wage.

The intuition for my sufficient statistics condition is the following. First, the minimum wage
alleviates the distortion to the tightness caused by search frictions if it increases equilibrium low-
skilled labor force participation. Intuitively, the minimum wage increases the cost of low-skilled
labor, thereby discouraging vacancy creation just like income taxes. However, unlike a higher
employment tax, the effect of the minimum wage on the tax base is relatively small if it increases
labor force participation (i.e. a positive macro participation response). As a result, the minimum
wage pushes the labor market tightness downwards at a lower fiscal cost than income taxes.

The minimum wage also alleviates the distortion caused by redistributive income taxation if
the welfare weight on low-skilled workers is greater than one. In the absence of externalities due
to search frictions, the second-best income tax system features a negative employment tax rate for
low-skilled workers if the government’s welfare weight is greater than one (Saez (20025), Jacquiet;
Cehmann, and Van Der Lindenl (?0T4), Krott, Kucko, Tehmann,_and Schmieded (?0T5)). However,

this creates an equity-efficiency trade-off. Relative to the laissez-faire economy, a negative em-

stated. In general, the tightness in the high-skilled labor market may also be inefficient.

4The case where the low-skilled labor market tightness is inefficiently low (in the absence of any government inter-
vention) is symmetric. In this case, increasing the tightness requires setting a negative employment tax for low-skilled
workers. However, this both increases labor force participation and stimulates vacancy creation. The latter offsets the
effect of more job seekers on the labor market tightness. In this situation, a wage ceiling restores efficiency.



ployment tax increases low-skilled labor force participation and induces firms to create more job
openings. These demand and supply responses push the labor market tightness upwards and
reduce net output because firms expend resources creating vacancies that go unfilled. The min-
imum wage alleviates this distortion by pushing the labor market tightness closer to its efficient
level in the laissez-faire economy. The change in the tightness (and therefore the workers’ job find-
ing rate) due to the minimum wage is captured by the difference between the macro employment
and participation responses. The social value of this change is equal to the change in the tightness
multiplied by (one minus) the welfare weight on low-skilled workers.

Several papers have analyzed the combination of wage regulation and optimal income taxes
under various assumptions about the micro-foundations of the labor market (ATlenl (T987), Giies-
herie and Roberts (1987), Marceaur and Boadwayl (1994), Boadway and Cuff (200T), Cee-and SaeZ
(2008, 2012), Hungerbiihler and Tehmann (?009), Gerritsen_and Jacobs (2016)). In each of these
papers, the minimum wage is desirable only if it alleviates the equity-efficiency tradeoff caused
by redistributive income taxation. The paper most closely related to my analysis is Hungerbiihler
and Lehmann (2009). Using a search-and-matching framework, they show that the minimum
wage is welfare improving if it relaxes the incentive compatibility constraint in the government’s
optimal redistribution problem. Unlike Hungerbiihler and Lehmann (200Y), I model labor supply
responses along the extensive margin. This difference is important because income taxes and ex-
ternalities caused by search frictions distort the tightness in the same direction (upwards) when
labor supply responses are along the intensive margin only. However, these distortions can push
the tightness in opposite directions when labor supply responses are along the extensive margin.
This allows me to distinguish between the distinct labor force participation and redistributive
roles of wage regulation, unlike a model with intensive margin responses.? I also improve upon
earlier research by generalizing the basic desirability condition to allow for unemployment, wage

spillovers and education responses in a tractable sufficient statistics formula.?

Guided by the theory, I estimate the macro labor force participation and macro employment
responses to the minimum wage for unmarried individuals between the ages of 20 and 29 with
less than a high school diploma. Nearly one in five workers in this group work at the minimum
wage, making it a good proxy for low-skilled adults. My empirical contribution is to provide
new evidence on the causal effect of the macro labor force participation response to the minimum

wage, a margin mostly overlooked by the previous literature.®

Using pooled cross-sections from the Current Population Survey (CPS) and an event study
design that exploits state and federal minimum wage increases between 1979 and 2014, I esti-

®Further, I show below that this modeling choice is empirically relevant given that the labor force participation rate
of low-skilled workers responds significantly to the minimum wage.

7This paper contributes to the growing literature in public economics that derives the welfare implications of tax
and transfer policies in terms of sufficient statistics (Saez (2001, 2O02K), Chettyi (2008), Candais, Michaillaf,_and Saez
(2015), Krott, Kucko, Lehmann and Schmieded (2015)).

8To the best of my knowledge, the only causal estimates of the labor force participation response to the minimum
wage in the U.S. are for teenagers (Wessels (2005), Cuna-Alpizad (2015)). I discuss why focusing on low-skilled U.S.
adults is more relevant for welfare analysis below.



mate a macro participation elasticity of -0.24. The negative participation response implies that the
minimum wage increases over this period reduced the expected utility of low-skilled workers,
on average. In line with several recent studies, I also estimate a macro employment elasticity of
-0.32 (Clemens and Withet (2074), Clemend (2015), Monras (?(017)). The macro participation and
employment elasticities imply that the elasticity of the workers” job finding rate with respect to
the minimum wage is -0.09. Therefore, approximately two thirds of the decline in employment
due to the minimum wage is caused by lower labor force participation, with the remaining third
caused by a lower equilibrium job finding rate.

With these estimates in hand, I use the sufficient statistics formula to calculate the marginal
welfare gain from introducing a minimum wage for various values of the welfare weight on low-
skilled workers. This approach improves upon the large ‘reduced-form” empirical literature that
estimates the effect of the minimum wage on labor market outcomes, but does not formally study
the welfare consequences (Neumark and Waschert (1997), Card and Krueget (T994), Dube, Lester;
and Reich (2010, P0T6), Neumark, Salas, and Wascher (20143 h), Belman and Wolfsonl (20T4)). The
sufficient statistics approach also allows me to make precise welfare statements about minimum
wage increases without estimating deep structural parameters, such as individuals” utility func-

Beginning from the optimal income tax allocation, my baseline estimates imply that the min-
imum wage is welfare improving if and only if the welfare weight for low-skilled workers is at
least four times as large as the weight on the average individual. This is because the minimum
wage reduces labor force participation, leading to lower net output. Consequently, wage regula-
tion is only desirable if the redistributive role is large. Given that the decline in the tightness (i.e.
the elasticity of the workers’ job finding rate) is relatively small, the welfare weight on low-skilled
workers must be large to justify the minimum wage.

This paper is organized as follows. Section D sets out the static search-and-matching model. In
Section B, I show how the minimum wage differs from income taxation and derive the sufficient
statistics desirability condition. In Section B, I consider several extensions of the baseline model
and show how the desirability condition is modified. Section B describes the data and empirical
strategy. The main empirical results and robustness checks are reported in Section B. Section
@ shows how the estimated participation and employment responses can be used to calculate
the marginal gain in welfare from introducing a minimum wage. Section 8 discusses the policy
implications and promising avenues for future research.

Elinn (2006) and Ahn, Arcidiacono, and Wesseld (2017) study the welfare effects of the minimum wage when the
government does not have access to other policy instruments.



2 Model

2.1 Individuals and labor markets

This section presents a static search-and-matching model (Diamond (T982); Mortensen and is-
sarides (1999)), closely related to the models in several papers in the minimum wage and optimal
income taxation literatures (Hungerbiihler and Lehmann (200Y9); Cehmann, Parmenfier,_and Van
Der Lindenl (P011); Jacquet, Tehmann,_and Van Der Linden (2014); Kroft, Kiicko, Lehmann, and
Schmieder (2015); Landais, Michaillat_and SaeZ (2016)). Consider an economy with a unit mea-
sure of risk neutral individuals that are heterogeneous along two dimensions: ability, denoted by
a, and a fixed participation (or search) cost, denoted by 6. For simplicity, I assume there are only
two ability levels. An exogenous fraction 7 € (0, 1] of agents have ability a = a; (type-1 agents),
and the remaining fraction have ability 2 = a; (type-2 agents). I assume that +oco > a, > a; > 0,
so that type-1 agents can be thought of as being ‘low-skilled” and type-2 agents as ‘high-skilled’.
Individuals draw 6 from a continuously differentiable and strictly positive conditional distribu-
tion M(6|a) on the semi-open interval [0, +0c0). Labor markets are perfectly segmented by skill.
This means that type-a agents can only participate and work in the labor market that corresponds
to their skill level.® Importantly, conditional on the fixed participation cost 6, all individuals with
the same skill level are homogenous. Before turning to the labor supply decision of a type-(a, 0)
individual, I describe the demand side of the economy.

2.2 Firms

Firms create vacancies v that require paying a fixed cost x. This fixed cost may include the
human resources required to hire a worker or the capital investment necessary for a worker to
be productive. Moreover, a firm may be comprised of multiple vacancies.™ Let Y (a) = a denote
the constant returns to scale production technology that maps skills into output. The profit from
a filled vacancy is a — w, — x,, where w, is the gross wage paid to a worker with skill level a.
Due to search-and-matching frictions, a vacancy may be unfilled. Let h, = H,(v,, k,) denote the
matching function that determines how the number of vacancies and job-seekers k, map into em-
ployment /,. I assume that H,(0,k,) = H,(v,,0) = 0, that H,(.,.) is increasing and continuously
differentiable in both arguments and exhibits constant returns to scale. Let y, € (0,1) denote the
elasticity of the matching function with respect to the number job-seekers.

H, (varka)
Ug

A vacancy for a worker with skill level 2 matches with probability g, = . The constant

returns to scale assumption on the matching function implies that g, can be written solely in terms

of the labor market tightness v,/k,. The firm’s expected profit is q,(a — w,) — x.. I assume free

Xa
a—w,

entry, so expected profits are equal to zero in equilibrium. The free-entry condition 4,(7*) =

19Extending the model to include more than two skills does not affect the results.
The perfect segmentation assumption is common in the literature. See, for example, Lee and Saez (2008) and
Hungerbiihler and Lehmann (2009).

121 implicitly assume that the firm’s aggregate production function is separable in the number of workers.



pins down the equilibrium labor market tightness as a function of the ability of workers and the

gross wage.

2.3 Utility maximization and labor supply

Search frictions lead to involuntary unemployment; some workers willing to work at the mar-
ket wage do not match with a firm. All job seekers with ability a find a match with the uniform
probability p,(£+) = f—: € (0,1). Given that p, is also a function of the labor market tightness, it
only depends on ability and the gross wage (i.e. ps = p(wa; a)).

Individuals take the job finding rate, tax policy and the gross wage as given and make a binary
labor force participation decision. Job seekers that match with a firm receive the gross wage w,,
pay taxes T, = T(w,) and consume ¢, = w, — T(w,). Those that are unsuccessful receive a non-
employment benefit b.2 The gross expected utility from participating in the labor market for an
individual with skill a is: U, = paca + (1 — pa)b; risk neutrality implies that gross expected utility
is equal to expected income. The expected utility received by non-participants is Uy = b. Let

ua - u0 - Pu(ca - b) (1)

denote the expected surplus, or the expected utility gain in from entering the labor market. Par-
ticipating is optimal if 8 < U, — Up. The critical value for the participation cost for type-a agents
is §, = U, — Up. Individuals with a participation cost below 8, find it optimal to search for a job,
whereas those with 6 > 6, maximize their expected utility by remaining out of the labor force.
The participation rate for type-a agents is M(U, — Up|a), and the number of job-seekers can be
expressed as a function of the expected surplus

ko = n, - M(U, — Up|a) 2)

The number of type-a individuals that are employed is h, = p.k,.

2.4 Wage setting

Upon meeting, workers and firms bargain over the total surplus from a match: a — T, — b.
With an outside option of b, the workers’ surplus from a matchis ¢, — b = w, — (T, + b); the firm’s
surplusis a — w,. Let B, € (0,1) denote the worker’s (exogenous) bargaining power. Workers and
the firms choose the gross wage that maximizes the Nash product (¢, — b)P+(a — w,)! P+, In the

absence of a minimum wage, the equilibrium wage satisfies

a—wuzlg—l’&l(ca—b) = w; = Paa+ (1—Ba)(T,+b) 3)

13Gince the model is static, the non-employed do not differ in their job histories. Moreover, the government is as-
sumed not to be able to observe whether an individual searches for a job. Therefore, the assumption that all the
non-employed (non-participants and the unemployed) individuals receive the same benefit seems reasonable. This
assumption is also made in Hingerbiihler and Lehmann (2009) and Lee-and SaeZ (2008, 2012).




It is well understood that wage bargaining does not ensure that the equilibirum allocation is
efficient in search-and-matching models (i.e. the equilibrium allocation may not maximize aggre-
gate output net of the fixed participation and vacancy costs).™ This is because each additional job
seeker imposes a positive externality on firms by making it more likely that a vacancy is filled, and
a negative externality on other workers by making it less likely that they find a match. Moreover,
each additional vacancy makes it less likely that other firms meet a worker, but more likely that
workers find a match.”¥ These externalities offset each other only if the relative importance of job-

seekers to the matching process (given by j,) is equal to the fraction of the match surplus workers

condition.

If B, < U, then the ratio of the number of vacancies to the number of job-seekers v, /k, is too
high. In this case, resources are wasted due to too many unfilled vacancies. Net output and the
expected utility of workers can be increased by reducing the number of vacancies and increasing
the number of job-seekers. The opposite is true if B, > u,. Externalities due to search-and-
matching frictions provide one rationale for government intervention in the economy:.

2.5 Government

The government’s objective is to maximize an increasing and quasi-concave social welfare
function of individuals” expected utilities. Specifically, I assume that the government chooses sets

a non-linear income tax schedule (b, T;, Tz) and possibly a minimum wage w to maximize

a2 0a N

SW(Up, Uy, Up) = ) na{ /0 d(U, —0)m(0|a)dd + (1 — M(0a|a))d>(uo)} (4)
a=aq

where ®'(.) > 0 and ®”(.) > 0. The more concave the social welfare function, the more the

government would like to redistribute income from type-2 to type-1 workers. The government

maximizes SW(.) subject to the following budget constraint

B=(Ti+bh+(Ta+bh—b—E=0 )

where E is an exogenous government spending requirement. The Lagrange multiplier on the
government’s budget constraint, A, is the marginal cost of public funds. Let g, denote the marginal

social welfare weight for type-a workers.

4Given that individuals are risk neutral, an allocation that maximizes aggregate output net of vacancy costs also
maximizes the sum of individuals” expected utilities.

15put another way, given that wage bargaining takes place after firms and workers meet, the specific investments
incurred by workers (the fixed participation cost 0) and firms (the fixed vacancy cost x;) may be held up if their
investments are not appropriately rewarded at the bargaining stage.

16T implicitly assume that the optimal non-linear income tax does not generate pooling (i.e. w, > wy). Jacquet)
Lehmann, and Van Der Linden (2014) derive assumptions on the primitives of the model and the income tax system
lead to this result.
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The marginal social welfare weight captures the increase in social welfare from a small increase

in the consumption of type-a workers. This value is scaled by the marginal cost of public funds.

3 When does the minimum wage improve welfare?

In this section, I derive the conditions under which introducing a minimum wage is welfare
improving when the government sets non-linear income taxes optimally. The analysis proceeds in
several steps. First, I show that the sign of the effect of the minimum wage on the expected utility
of low-skilled workers can be inferred if the labor force participation response to a higher wage
floor is known. Second, I show that the increase in consumption from introducing a minimum
wage can be replicated by reducing the income tax liability faced by type-1 workers appropriately.
Moreover, I show that this policy increases expected utility by more than the minimum wage. As
a result, the minimum wage will only be welfare improving if it is less fiscally costly than a similar

transfer using the tax system. I derive conditions under which this is the case.

3.1 The expected utility of low-skilled workers and the minimum wage

The introduction of a binding minimum wage has two effects on the expected utility of type-1
workers. On one hand, a higher gross wage increases expected consumption by p1dc; = pidw. On
the other hand, the higher gross wage lowers the demand for low-skilled labor. This affects the job
finding rate faced by type-1 workers (through a decline in the labor market tightness). Holding
the surplus from working ¢; — b constant, a decline in the job-finding rate is costly for workers
because it reduces their expected utility by %%(cl —b). Using (3), the decline in the job finding

rate due to the introduction of a minimum wage is™
ow T ' == . <0 6
OW |5y — g 1o m —wy u(1—B1) ag—Ti—b (6)

The minimum wage increases (resp. decreases) U if the consumption effect p1dc; = pidw is
larger than (smaller than) the loss in expected surplus due to a lower job finding rate.™® Using

equations (B) and (B), the change in U; due to the introduction of a small minimum wage is:

aut™ = p
w = wy

opici—b|. i~ B
1+3w " ]dw_pllm(l—ﬁﬂ]dw (7)

Equation (@) shows that a minimum wage increases the expected utility of type-1 workers if

17This derivation is due to lacquef, Lehmann, and Van Der Linden (2014) (Appendix 1).
18This logic holds regardless of how wages are determined and whether or not the government has access to taxes
(including whether or not taxes are set optimally).



Intuitively, if the bargaining power is too low, the labor market tightness (and the job finding
rate) is too high. Consequently, workers are willing to trade-off a lower job finding rate for a
higher wage. If the worker’s bargaining power is equal to the matching function elasticity, then
the minimum wage has no effect on U;. If B; > 1, imposing a wage ceiling increases U;.
Borrowing the terminology from [Candais, Michaillat, and SaeZ (?016) and Kroft, Kiicko, Lehmann)

and Schmieded (2015), equation (i) should be interpreted as the macroeconomic (macro) or general
equilibrium expected utility response to the minimum wage. The macro expected utility response
differs from a micro or partial equilibrium response because it incorporates the equilibrium change
to the labor market tightness, and therefore the job finding rate. Unlike the partial equilibrium re-
sponse, a higher wage does not necessarily imply that macro expected utility response is positive.

If the minimum wage has a non-zero effect on expected utility, it also affects participation deci-

sions. The macro (general equilibrium) participation response to the minimum wage also depends

k1 = nyM(U; — Upla;) with respect to the minimum wage yields the macro participation response

2—2 =mm(U; — ll0|a1)6;—li1 = nym(Uy — Uplar)pa [lmy(ll;—ﬁﬁ;l)] 8)

Intuitively, if the minimum wage increases the expected value of being in the labor force, the
number of participants will increase.™ As shown in Appendix BT, the link between the signs
of % and % does not depend on the assumptions of the static search framework or the level
of taxes. This result, mostly overlooked by the empirical literature, is useful for policy makers
determining whether minimum wage legislation increases the expected utility of low-skilled in-
dividuals (Wessels (2005); Flinnl (2006)). Equation (8) shows that the macro participation response
to the minimum wage — not the employment response — is proportional to the (expected) utility

change.

micro
Let 24 = nym(.|a;)p1 > 0 denote the micro (partial equilibrium) participation response to

Jw
the minimum wage.” This response is the change in the number of low-skilled job-seekers due to
an increase in the gross wage, holding the job finding rate constant. The following Lemma shows
that the macro and micro participation responses are sufficient statistics for calculating the change

in the social welfare function SW(.) due to the introduction of minimum wage legislation.

Lemma 1. Beginning from any allocation, the change in social welfare due to the introduction of a mini-
mum wage is

9This insight is related to an observation by Mincet (T976), who noted that the flows into or out of sectors covered
by minimum wage legislation are theoretically ambiguous. Also, papers in the labor and urban economics literatures
show that whether new immigrants avoid states that recently increased their minimum wage is theoretically ambiguous
(Cadend (2014); Monrad (2017)).

20 . dy Y micro .
The notation z; refers to macro responses while 5= refers to micro responses.
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In the special case when the government does not have access to taxes and transfers (i.e. b = T} =

&[akl

dw | dw

micro ] ‘ dw (9)

T, = 0), total welfare is given by STW +B = STW In this case, a minimum wage is desirable if and
only if it increases U; and, therefore, SW(.). A sufficient condition for this is % > 0.2

3.2 The minimum wage versus taxes as tools for redistribution

Opponents of minimum wage legislation argue that the income tax system is a better tool for
redistribution. This is because the increase in consumption due to the minimum wage can be
replicated by a tax reform that reduces the income tax liability faced by type-1 workers. I call
this reform a “consumption-equivalent tax cut” (CETC). In the absence of a minimum wage, a
CETC must take into account the fact that the gross wage is increasing in T;. From equation (8),
%—%l = 1 — B1. This implies that the income tax liability must be reduced by more than one dollar
to provide the same increase in consumption as a one dollar increase in the minimum wage. This
will be important for understanding the differences between the fiscal costs of the two policies

below. Formally, a CETC is defined as follows

dc§ETC — [% - 1] dTCETC = dw = de™
1

o dTEETC = — Ly

1
The effect of a CETC on the expected utility of low-skilled workers differs from that of the min-
imum wage. Although both policies increase consumption by the same amount, a CETC reduces
the gross wage, leading firms to create more vacancies (see equation (B)). This increases the labor
market tightness and the job finding rate.”? Consequently, a CETC increases the expected utility
of type-1 workers (and therefore SW(.)) by more than a minimum wage. This is formalized by the

following Lemmas.
Lemma 2. Beginning from any allocation, the change in social welfare due to a CETC is

1

3 ASWCETE = ¢ by - %dw >0 (10)

Moreover, a CETC unambiguously increases labor force participation.

2l1n a derivation available upon request, I show that the sign of the labor force participation response is sufficient to
test the Hosios (I990) and the form of equation (I4) is unchanged if job seekers choose search intensity as well as their
participation status. This is because both the macro labor force participation response to the minimum wage and the
macro search effort response to the minimum wage are proportional to the macro expected utility response. Given that
labor market participation responses are easier to estimate than search intensity responses, it is reasonable to include
the former in an empirically implementable formula for the welfare effect of minimum wage increases.

22 ; (At . 4pCETC _ 9p1 3 CETC _ _ _(1=p)p CETC _— _(=ppr_ 1
Totally differentiating p; leads to: dpf™'“ = 0L S7Ld T} = 7#1[“1*7%1*1571 -dTy = M[Tlﬂjb]ﬁdm > 0.

11



Lemma 3. Beginning from any allocation, the minimum wage increases social welfare (and therefore the
expected utility of type-1 workers) by less than a CETC. Formally,

1-—
(1—51)

Equation (IT) shows that taxes have better redistributive properties than the minimum wage.

ASWMW _ dSWEETE — oy [ dw < 0 (11)

This result holds in any model in which a tax cut and the minimum wage have opposing effects
on the job finding rate.” However, the government also faces a revenue constraint and cannot de-
crease the income tax liability of type-1 workers without regard for the tax revenue consequences.
Given that taxes have better redistributive properties, wage regulation can only be part of the
policy optimum if it achieves the same increase in consumption as a CETC at a lower fiscal cost.

3.3 The fiscal consequences of the minimum wage and taxes
3.3.1 Fixed taxes

Income taxes and the minimum wage have different fiscal costs. Before considering the case
where income taxes are set optimally, I first describe how the two policies differ for any (fixed) tax
system. This exercise shows how taxes interact with minimum wage legislation. Recall that the
government’s budget constraint is B = } 2, (T; +b)h; + To — E = 0.

The change in net tax revenue due the minimum wage is dBMW — (Ty + b)dh{ww. The fiscal

hMW

cost depends on the sign and magnitude of the macro employment response dh}"", as well as the

sign and magnitude of the employment tax faced by low-skilled workers. Given that both the

hMW

employment tax and dh;""" may be positive or negative, the sign of the net revenue effect of the

minimum wage is ambiguous and is ultimately an empirical question.™

Similarly, the change in net tax revenue due to a CETC may be positive or negative. Beginning
from an allocation with no minimum wage, the fiscal cost of a CETC is dB“ETC = hdTFETC +
(T1 + b)dh$ETC. The first term corresponds to the mechanical decrease in tax revenue; each type-
1 worker is transferred an additional dTFETC = — ,Bl’ldy units of the consumption good. The
second term corresponds to the behavioral (employment) response to taxes. Both labor supply and
demand responses to a tax cut lead to higher employment.”® However, the sign of the behavioral
response (and ultimately dBETC) is ambiguous because the initial employment tax faced by type-

1 workers may be positive or negative.

-1
2To see this in a more general set-up, note that ASWMW — dSWCETC — p, (clp—:b) [aﬂ — g% (%—% — 1) }dw. This

expression is negative if a tax cut increases the job finding rate (i.e. g < 0), while a minimum wage reduces the job
ap1
finding rate (i.e. w <0).

2*Employment may increase with the minimum wage if the macro participation response is positive and larger than
the decline in the job finding rate.

2To see this, note that dthTC = g—%dTCETC = [p g’% + Kk am}dTCETC. The term in square braces is negative

because g’}l = f%nlm( la1)p1 < 0and g ai(l — B1) < 0. Moreover, dT{ETC = — g Law < 0.
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The difference between the fiscal costs of the two policies is dBMW — dB“ETC, Beginning from
any allocation where the employment tax faced by type-1 workers is non-positive Ty + b < 0, the
minimum wage increases c; at a lower revenue cost than a CETC. This is because the positive
employment response to a CETC reduces the tax base. Since the fiscal cost of the minimum wage
is always less than that of a CETC whenever T; + b < 0, there are also positive values of the
employment tax for which dBMW — dBCETC > 0.

3.3.2 Optimal taxes

In the absence of a minimum wage, the government sets a non-linear income tax to redistribute
income from type-2 to type-1 workers (redistribution goal), and to reduce the externalities asso-
ciated with inefficient search and vacancy decisions (efficiency goal). To see why the minimum
wage may be desirable, it is useful to check how well the income tax system achieves the redis-
tribution and efficiency goals in the absence of wage regulation. The following Lemma, due to
lacquet, Lehmann, and Van Der Linden (?014) and Kroft, Kiicko, Tehmann, and Schmieder (20T5),

shows that the optimal employment tax for type-1 workers depends on the bargaining power, the
elasticity of the matching function, and the government’s marginal social welfare weight.

Lemma 4. The optimal employment tax liability for type-1 workers is given by

-1
e ey (M= Bigr ) Al

Successively setting g1 = 1 and By = p; isolates the efficiency and redistribution roles of
the optimal income tax system. If the social welfare function is utilitarian, then g; = 1, and the
government’s goal is to use the income tax system to move the labor market tightness closer to the
level that maximizes individuals” expected utilities. Given that % < 0, the sign of the optimal

employment tax depends only on p; — B1. If the worker’s bargaining power is below the value

is positive. Intuitively, the government sets a positive tax liability to increase the gross wage and
lower the labor market tightness. However, in addition to reducing the number of vacancies, a
higher employment tax discourages labor force participation. The lower level of participation
reduces the tax base, thereby raising the fiscal cost of lowering the labor market tightness.

If B1 = w1, the tightness in the laissez-faire economy maximizes the sum of individuals” ex-
pected utilities. In this case, the government’s goal is to redistribute income from type-2 to type-1

However, redistribution leads to an equity-efficiency trade-off. The larger

workers if g1 > 1.
is g1, the more negative the government would like to set the employment tax liability for type-

1 workers (5aeZ (2002H)). However, a negative tax liability encourages labor force participation,

26By rearranging the first-order condition for the non-employment benefit b, it is possible to show that gohg + g1h1 +
gohy =1 (see Saez (ZO0ZH), facquet, Lehmann, and Van Der Lindenl (2014), and Kxoff, Kiicko, Lehmann, and Schmieder
(2015)). In words, the weighted average of the welfare weights is one at the optimal income tax allocation.
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increases the labor market tightness, and reduces net tax revenue.” Since redistributive income
taxation distorts the labor market tightness (relative to the laissez-faire economy), policy instru-
ments that alleviate this distortion may be desirable.

The following Lemma derives the sufficient conditions under which the minimum wage is less

tiscally costly than a CETC, beginning from the optimal income tax allocation.

Lemma 5. Beginning from the optimal income tax allocation without a minimum wage, the minimum
wage is less fiscally costly than a CETC if 4 > 0 and g1 > M1.

Proof

Subtracting dBETC from dBMW and using Lemma B leads to

-1
MW CETC _ —
B s~ _ _h1<dh1> [ din  dk )1 op =g | g

dw  dw a1, p%_pldlel(l—,Bl) 18@ M

Since dkl < 0Oand dhl < 0, (I3) is positive whenever dkl w > Oand g1 > py. U

To understand the first condition in Lemma B, first consider the case where the government
does not care about redistribution (i.e. assume a utilitarian social welfare function and g; = 1). In
this case, the second and third terms in square brackets are positive, so the sign of (I3) depends on
the macro participation response to the minimum wage. Whenever $; < 1, the macro participa-
tion response is positive. Intuitively, the increase in labor force participation mitigates the decline
in employment (and the tax base) due the the minimum wage, so that the fiscal cost of wage
regulation is relatively small. In contrast, introducing a CETC always reduces net tax revenue.

To understand the second condition, re-introduce redistribution and assume that the low-
skilled labor market is efficient in the absence of taxation or wage regulation (set f; = p1). In
this case, the sign of (I3) depends on the third term in square brackets. A larger value of g; means
that the government values redistribution towards type-1 workers, pushing the employment tax
downwards and the tightness in the low-skilled labor market upwards. In this case, the employ-
ment (behavioral) response to the minimum wage reduces the tax base by less than a CETC.

Lemma B shows that taxes are a better redistributive tool than the minimum wage in the ab-
sence of fiscal considerations. On the other hand, Lemma B shows that redistribution through
the minimum wage can be less fiscally costly than than taxes. Therefore, a minimum wage (resp.
wage ceiling) will be part of the policy optimum whenever the fiscal savings are larger than (resp.
smaller than) the utility effect.

?’In the case where B; < p1 and g; > 1, there is a tension between the government’s desire for redistribution and
efficiency. On one hand, the government would like to set a positive employment tax to increase the gross wage and the
lower the labor market tightness (efficiency). On the other hand, the government would like to lower the employment
tax to transfer more income to type-1 workers; this leads to a tighter labor market. The case where 81 > 1 is symmetric.
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3.4 Desirability condition for the minimum wage

I now combine the results from the previous two sections. Let .#* denote the maximal value
of the government’s (constrained) objective function at the optimal income tax allocation in the

absence of a minimum wage. The change in social welfare due to the introduction of a minimum

wage is ATldSWMW = o1y { 4 ’(1 _f}ﬂl )] dw. The net revenue effect of the minimum wage is ABMW —

(T} 4 b*)dhMW. Therefore, the change in total welfare is }\ leZ v }Lds %A "4 d
!

of these two terms is non-zero, then wage regulation is part of the policy opt1mum. To check

the conditions under which the sum of these terms is non-zero, I compare total welfare effects

of the minimum wage and a CETC reform, beginning from the optimal income tax allocation.”™

Since the income tax is optimal, the CETC has no first-order effect on total welfare: %%

dB;ziTC = 0. As a result, the change in total welfare due to the minimum wage can be expressed as

px MW CETC MW CETC
% d;lf; = %dsz‘;, - %dsvgw + dljlw dB . Subtracting (I3) from (IT) leads to the main
Y= wi* w w w

theoretical result in the paper.

Proposition 1. Beginning from the optimal income tax allocation, the change in total welfare from the

introduction of a minimum wage is given by

. dk
— +k1—w(1—81) (14)

& 1

Participation effect ~ Redistribution effect

Sufficient conditions for the minimum wage to be desirable are % >0(B1 < pr)and g1 > 1.

The proof is presented in Appendix BT3. Equation (I4) shows that the minimum wage plays
two distinct roles alongside income taxes as part of the policy optimum. I refer to the first term in
(T2) as the Participation effect of the minimum wage and the second term as the Redistribution effect.
The former is positive if dkl > 0, and the latter term is positive if g; > 1. Introducing a minimum
wage (resp. wage Celhng) is desirable if the sum of these two terms is positive (resp. negative).
Successively setting g1 = 1 and B1 = y; isolates the two roles of the minimum wage.

The first role is to increase net output by acting as a corrective tax on the tightness in the
low-skilled labor market. This Participation effect When ,31 < yl, the tightness is above the level

fewer vacancies and encourages labor force part1c1pat1on. The increase in participation reinforces
the decline in vacancies, thereby lowering the tightness and increasing net output. The expected
increase in net output due to the minimum wage is proportional to p1%. To contrast, lowering

the labor market tightness using the income tax system is inefficient because taxes have opposing

ZMathematically, this is equivalent to introducing a minimum wage while simultaneously increasing the tax liability
for type-1 workers so that consumption (redistribution) is unchanged. This approach is adopted by Gerritsen_and
lacobs (2016) for the case of the minimum wage in a model in which the labor market is competitive. This approach is
also common in the literature on the desirability of non-uniform commodity taxation (Saez (20024)). See also Kaplow
(2012) on the desirability of Pigouvian taxation in the presence of externalities and income taxes.
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effects on vacancies and participation. Although a higher employment tax also reduces the aggre-
gate number of vacancies, it reduces labor force participation. The latter is fiscally costly because
it leads to a smaller tax base.”

The minimum wage also alleviates the distortion to the labor market tightness caused by re-
distributive income taxation; this is the Redistribution effect. To see this, suppose B1 = p1, so that
the laissez-faire economy is efficient. In this case, if the government values redistribution towards
low-skilled workers (i.e. g1 > 1), then the employment tax rate faced by type-1 workers is neg-
ative. However, a negative employment tax distorts the labor market tightness upwards. Intro-
ducing a minimum wage alleviates this distortion by moving it closer to the level in the efficient
laissez-faire economy. As a result, net output increases, thereby increasing the resources available
for redistribution. The Redistribution effect is proportional to the effect of the minimum wage on
the job-finding rate faced by low-skilled workers k; aa%.

Proposition [ generalizes the results in Marcean and Boadway (1994) and Leeand SaeZ (2012)
by deriving the sufficient conditions under which the minimum wage is welfare improving in an
economy with search frictions. In Marceaurand Boadwayl (1994) and Lee and SaeZ (2012) the labor
market is perfectly competitive and labor supply responses are along the extensive margin. If the
labor market is perfectly competitive, the minimum wage is welfare improving only if it undoes
the distortion to the tightness in the low-skilled labor market caused by the second-best income
tax system. This is the Redistribution effect described earlier.® Proposition I shows that relaxing
the assumption of competitive labor markets leads to an efficiency role for the minimum wage
that depends on the participation response %. This additional efficiency role implies that the
minimum wage may be welfare improving even if the second-best employment tax rate faced by
type-1 workers is positive, contrary to Proposition 3 in Cee-and SaeZ (2012).

The two roles of the minimum wage can be understood as an application of the theory of
the second best (Lipsey and Lancaster (1956)). An implication of this theory is that if the first-
best allocation in an economy is not attainable, otherwise distortionary policies may be welfare
improving. As discussed earlier, search frictions and redistributive income taxes imply that the
laissez-fare equilibrium allocation may not maximize net output. Equation (I4) shows that the
minimum wage is welfare improving if it increases low-skilled labor force participation (thereby
mitigating externalities due to search frictions), reduces the fiscal cost of redistributive income
taxation, or both.

' Conversely, a negative employment tax encourages vacancy creation and participation, which increases the tight-
ness. In this case, higher labor force participation reduces net-tax revenue because of the positive behavioral (macro
employment) response. It is also possible to show that beginning from an allocation with no taxes, introducing a

minimum wage increases welfare by more than a tax cut (or tax increase) if % >0 (B1 < 1)

30In an economy with competitive labor markets, the Redistribution effect is positive if the optimal employment tax
rate on the low-skilled is negative. Thus, the minimum wage and negative tax rates on the low-skilled are complemen-
tary policies. Proponents of the minimum wage argue that the two policies are complementary because a wage floor
prevents the incidence effect of negative tax rates on firms (Rothstein (2010)). However, the analysis in this section
shows that it is not the wage incidence effects of taxation per-se that make the two policies complements (changes to
wages and other prices represent a transfer between firms and workers). Rather, it is the equity-efficiency trade-off
generated by redistributive income taxation that distorts allocations that makes a policy tool that reduces this distortion
desirable.
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The fact that labor supply responses are modeled along the extensive margin explains why the
minimum wage plays two distinct roles, unlike the main result in Hungerbiihler and Tehmann
(2009). They develop a search-and-matching model in which the primary response to income tax
and minimum wage changes is along the intensive margin in the spirit of Mirrlees (T971). In
their intensive margin model, making the tax system more progressive may induce high ability
individuals to mimic the reported wage of low ability individuals. Consequently, at the opti-
mal income tax allocation, high ability workers receive an information rent. Hungerb{ihler and

Cehmann (2009) show that the minimum wage may allow the government to reduce this rent.

It is well-known that the optimal marginal income tax rate at the bottom of the wage distri-
bution is positive when labor supply responses are along intensive margin only (Mirrleed (1971),
SaeZ (20025), Hungerbiihler and Lehmannl (2009)). Although a higher marginal tax rate increases
progressivity, it also reduces the gross wage, increases the number of vacancies, and pushes the
labor market tightness upwards (Hungerbfiiler, Lehmann, Parmentier, and Van Der Lindenl (2006),
Hungerbiihler and Lehmann (2009)).57 Therefore, the second-best tax system reinforces the up-
ward distortion to the tightness in the low-skilled labor market when workers” bargaining power
is too low when labor supply responds along the intensive margin only. Consequently, if the min-
imum wage improves labor market efficiency it also improves redistribution. However, if labor
supply responses are along the extensive or participation margin only, as in this paper, the second-
best income tax system distorts the tightness in the low-skilled labor market downwards if g; < 1.
Therefore, the minimum wage can have opposing effects on efficiency and redistribution. For ex-
ample the minimum wage reduces (increases) efficiency but improves (reduces) redistribution if
dw <0Oand g; > 1(@1 >0and g1 < 1).

The Participation effect of the minimum wage can be replicated by other policies. For exam-
ple, a subsidy to type-1 workers that is financed by a payroll tax on firms that hire these workers
replicates this effect. This is the idea behind the ‘proportional profit tax” in Boone and Bavenberg]
(?002). The key assumption required for implementing such a tax system is that the government
can observe the fixed vacancy cost x,.¥ In contrast, enforcing minimum wage legislation only
requires information on individuals” earnings. This is the same information required for imple-

menting the optimal non-linear income tax.

Given that k; 3 I dhl 4 ddkl and letting e; = Z’; fand = ZZ} ;l” denote the macro partic-

ipation and employment elasticities with respect to the minimum wage, I can express the desir-

ability condition in terms of the elasticities that have been the focus of the empirical literature.

Corollary 1. Introducing a binding minimum wage at the optimal income tax allocation is desirable if and

31This economic intuition is somewhat clouded by the mechanism design set-up of the optimal redistribution prob-
lem developed by Himngerbiihler and Tehmann (200Y). Viewing the problem through the extensive margin versus
intensive margin lens highlights the economic forces underlying the desirability of the minimum wage.

$28pecifically, the government must ensure that firms do not claim a wage cost that is @; = w; — x; to reduce their
payroll tax liability Moreover, if a firm is comprised of multiple vacancies for workers with different skill levels, the
government must also be able to distinguish between the flow profits from each filled vacancy.
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only if
e1+(m—e)(l—g1)>0 (15)

The desirability condition (I5) shows that both the macro participation and employment elas-
ticities with respect to the minimum wage are important for welfare analysis. The participation
elasticity is positive only if the policy increases the expected utility of the type-1 workers. It also
captures the increase in expected output due to lowering the labor market tightness. Surprisingly,
the participation response to the minimum wage has been mostly overlooked by the empirical lit-
erature. Below, I provide evidence that recent state and federal minimum wage increases lowered

labor force participation for those at the bottom of the wage distribution.

4 Extensions

The static search-and-matching framework facilitates the intuition for why the minimum wage
may be part of the polciy optimum. This framework, however, relies on several simplifying as-
sumptions. Explicit assumptions include: the lack of interactions or spillovers of the minimum
wage on the wages and labor market outcomes of high-skilled workers, the fact that the only la-
bor supply decision is along the extensive margin and that individuals are risk neutral. In this
section, I discuss how relaxing these assumptions modifies (I4), while retaining the intuition for

the role of the minimum wage described earlier.™

4.1 Wage spillovers

Several recent papers have argued that minimum wage legislation affects the wages and the la-
bor market outcomes of those earning above the prevailing minimum (Aufor, Manning, and Smith
(20186), Dube, Giuliano, and Leonard (2015), Cengiz, Dube, Linder, and Zipperer (2017)). This sec-
tion shows how (I4) is modified when the baseline model is extended to allow for wage spillovers.
In order to focus on the role of spillovers, I continue to assume that job-seekers make labor supply
decisions along the extensive margin only. Unlike the baseline model, I allow low-skilled wages
to arbitrarily affect the wages of high skilled workers in the absence of wage regulation, and vice
versa (i.e. g% < Oand S—Zg < 0).

As with the model in Sections B and B, I assume that the conditional job finding rate at each skill
level, p,, only depends (directly) on the gross wage w, and is continuously differentiable. Taxes,
the non-employment benefit and wages at other skill levels may affect the job finding rate, but
only through changes to the gross wage. Specifically, I assume that the wage-setting mechanism
is such that w, = w(T,, b, w_,;a) is a continuously differentiable function of T, b and w_,. This

33n Appendix BT8, I consider another extension in which I allow for a non-constant returns to scae matching func-
tion. Although the empirical literature supports the constant returns to scale approximation (Petrongoloand Pissarides
(2001, 2008)), relaxing this assumption has important implications for the desirability of the minimum wage. In this
case, I show that the desirability condition depends on three additional sufficient statistics if the matching function is
not constant returns to scale. These are the macro participation and employment responses to faxes and the effect of
taxes on the gross wage.
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setup implies that raising (or lowering) taxes on workers at one skill level affects the gross wage
and conditional job finding rates of workers at other skill levels. Wage spillovers also lead to labor
supply responses at other skill levels. Similarly, changes to the minimum wage will affect the
wages, conditional job finding rates, participation decisions and employment outcomes of high-
skilled workers.

Proposition 2. Suppose that taxes and minimum wage changes lead to spillovers at other skill levels.
Beginning from the optimal income tax allocation, the change in total welfare from the introduction of a

minimum wage is given by

1d% dk,q ap1 dko ap2 dwy
XA |y Al[pd_“‘la (I=g)| + A2 p Fhog o (1-&2) (16)
-1 m -1
where A1 = —p2 a% h1 [j—%j—% — %%} > 0and Ay = p1 % hy [Z—’Eﬁ—’% — %%} > 0.

The proof is presented in Appendix AT 4. Proposition @ shows that equation (I4) is modified
by two terms in the presence of spillovers. The third and fourth terms (second set of squared
brackets) capture the efficiency and redistributive effects of the minimum wage for high-skilled
workers. To isolate the efficiency effect, consider the case of a utilitarian social welfare function.
This implies that g = g» = 1 and (I8) reduces to a weighted sum of the labor force participation
responses of low- and high-skilled workers.

1dy dk dk
X dw |y = NP TPy

W |yt d
The reveled preference intuition described in section B4 applies in the presence of wage spillovers.
If the minimum wage increases the expected utility of low- and high-skilled workers, labor force
participation by both groups will increase. To isolate the redistributive effect, assume that min-
imum wage legislation has no effect on the expected utility and labor supply of both low- and
high-skilled workers (i.e. dkl = ‘fj;% = 0). In this case, (I8) reduces to

apz aZUZ 1

:Alk ow zay( _gZ)

— *
w=w;

ad.< Iy
@ ap_ (1_g])+A2k2

>

and the effect of the minimum wage on total welfare depends on the unemployment responses

ap1 9p2 dwy
T ow and — ow, 0w

increasing unemployment improves the equity-efficiency tradeoff of the tax schedule. If the par-

and the welfare weights. The minimum wage is welfare improving only if

ticipation and unemployment responses to the minimum wage of high-skilled workers are small,
then the third and fourth terms in equation (I8) are quantitatively unimportant and (I4) is a good
approximation for evaluating the welfare effects of minimum wage legislation. In an economy
with more than two skill levels, equation (I8) is modified only by the extra terms that capture the
spillover effects at each skill level.
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4.2 Endogenous ability distribution

Appendix A3 shows how ([4) is modified when the model is extended to allow individuals
to vary their education level and labor market participation. In particular, I assume that searching
for a job in the high-skilled labor market requires a paying a fixed education cost in addition to
the fixed participation cost.™ Participating in the low-skilled labor market only requires paying
the fixed participation cost. The labor demand side of the economy, as well as the government’s
policy tools are identical to the model described earlier. This framework generalizes the model in
Gerritsen_and Jacobs (P016) in that it allows for search frictions as well as changes in education

choices due to the minimum wage.®

In this case, the form of (I4) is the same except for an additional term that captures the tax
revenue gains or losses due to changes in skill decisions because of the minimum wage. Allow-
ing labor supply to respond along the intensive or education choice margin reduces the welfare
gains from introducing a minimum wage for two reasons. First, if the minimum wage raises
low-skilled labor force participation, it also induces some individuals that would otherwise have
been high-skilled to forgo their investment in education. This distortion reduces tax revenue from
high-skilled workers, lowering welfare. Second, if labor supply responses are stronger along the
intensive margin than the participation margin, the optimal employment tax rate faced by low-
skilled workers is more likely to be positive (SaeZ (2002H), Kxatf, Kiicko, Lehmann, and Schmieder:
(2015)). A positive (negative) employment tax rate for low-skilled workers pushes the tightness
in the low-skilled labor market downwards (upwards).®® Since the minimum wage lowers the

tightness, a positive employment tax implies that the Redistribution effect is negative.

The total welfare gain or loss from the education choice distortion is proportional to the sen-
sitivity of skill choices to policy changes. If the effect of the minimum wage on education choices
is small (large), then the welfare cost of distorting skill decisions is quantitatively unimportant
(important). In a recent review of the literature, Belman and Wolfson (2014) (chapter 6) conclude
that the effect of the minimum wage on human capital decisions is likely small. I also find that
minimum wage increases have no statistically significant effect on the probability of graduating
from high school for most demographic subgroups (see Appendix Table ??). This suggests that
abstracting from the education choice margin in the baseline model described earlier is reasonable

for calculating the welfare consequences of minimum wage increases.

341 do not make assumptions about the correlation between the fixed participation and education costs.

35 Another important difference between Gerrifsenand Jacobs (2016) and the model described here is that the former
also consider the welfare consequences of the minimum wage for an arbitrary rationing schedule. I assume that that
job rationing due to the minimum wage is uniform and that all workers in the same labor market are identical after
having paid their fixed (sunk) participation and education costs.

36If the optimal employment tax rate is negative (positive), redistributive concerns distort the tightness upwards
(downwards).
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4.3 Fixed (not necessarily optimal) income tax rates

The sufficient statistics approach can also be used to evaluate the welfare gains or losses from
increasing the minimum wage beginning from any fixed (not necessarily optimal) tax system. This
is policy-relevant because the current federal and state income tax schedules may not be second-
best optimal. In the absence of spillovers, the gain in total welfare from increasing a minimum

diy [ 9y [T o + (T, + b)% for any fixed tax schedule {T1, Tp, b}. The

wage is given by: ¢1h1 7} { 50
tirst term captures the social welfare effect of a minimum wage increase and has the same sign as

the macro participation response %Ul. The second term captures the net tax revenue gains or losses
due to introducing a minimum wgge. Given that the participation and employment responses
to the minimum wage are endogenous to the tax system and labor market institutions, they vary
across jurisdictions and over time. Consequently, minimum wage legislation may be desirable in

one country or state but not another.

44 Risk aversion

Allowing for risk aversion does not affect the form of (I4). If individuals are risk averse, the
allocation that maximizes aggregate output net of fixed participation and vacancy costs is not
the same as the allocation that maximizes individuals” expected utilities. Intuitively, individuals
care about smoothing consumption between the unemployment and employment states, and are
willing to trade-off lower output (and therefore a lower after-tax wage) for a higher job finding
rate. In this case, income taxation plays a social insurance role in addition to the redistributive and
efficiency roles.™ If the minimum wage increases labor force participation or reduces the efficiency
cost of taxation, then it leads to higher net output. Alleviating distortions to the tightness caused
by search frictions and redistribution does not (directly) compete with the social insurance role of

the tax and transfer system.®

5 Data and empirical strategy

5.1 Data

The sufficient statistics to be estimated are: (1) the macro participation, and (2) the macro em-
ployment elasticities with respect to the minimum wage. Annual state-level minimum wage data
come from Dube, Tester,_and Reichl (2016). Individual-level information on labor market out-
comes are from the monthly extracts of the Current Population Survey (CPS), downloaded from

the Minnesota Population Center web site.™ The advantage of using the CPS is that it provides

37Note, however, that the social insurance role of taxation is a substitute for a missing market for (private) unem-
ployment insurance (Chettyi (2008)). In the presence of perfect insurance markets, workers could enter into insurance
contracts prior to the realization of their employment outcome.

38Risk aversion does indirectly affect the macro labor force participation response by increasing the utility cost of a
lower job finding rate. It also affects the sign of the optimal employment tax liability faced by low-skilled workers.

PFlood, King, Ruiggles, and Warren (2015).
King, Riiggles,
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information on labor force participation as well as employment. I pool the CPS monthly cross
sections for the 1979 to 2014 period (inclusive). In addition to labor market outcomes, the CPS
has rich information on individuals” demographic characteristics and (reported) hourly wages;
the latter is available only for individuals in the monthly outgoing rotation group (MORG). The
information on wages is primarily used to identify individuals who expect to earn near the mini-
mum wage. Throughout the analysis, I use the sample weights provided by the CPS.®? All dollar
amounts are deflated to 2014 dollars using the BLS Urban CPI.

Each month CPS respondents are asked about their labor force activities for the week preceding
the interview, known as the ‘reference week’. I classify an individual as employed if they report
being at work, or report being employed but temporarily absent from work (i.e. due to an illness)
during the reference week. A respondent is classified as being a labor force participant if they
report being employed, or if they report being unemployed and actively searching for work.

In the theoretical model, the government’s objective is to maximize a social welfare function by
setting tax policy and a minimum wage in an economy comprised of single-person households.
To better relate the empirical analysis to the theory, I restrict the sample unmarried adults between
the ages of 20 and 65 that report not being in school full-time. This restriction excludes teenagers,
a group that is the focus of much of the empirical literature on the minimum wage.® I exclude
this group because most teenagers are not heads of household, and because teenagers are not the
intended recipients of tax and transfer policies.™

Among unmarried adults, younger, less-educated workers are more likely to earn the mini-
mum wage than older educated workers (conditional on working). Using information on reported
hourly wages, I construct an indicator variable equal to one if an individual in state s and year ¢
reports a wage is within $0.25 of the prevailing real minimum wage for their state in the following
year. Formally, for each wage earner in state s in year ¢ in the MORG sample I construct:

MW bite;;) = 1{real wage; ;) — real MWy g < 0.25}

Table [ reports the fraction of workers that satisfy this condition for 16 age-education groups.
Unsurprisingly, the minimum wage is most binding for adults between 20 and 29 years of age
with less than a high school diploma. Table [ also shows that the bindingness of the minimum
wage monotonically decreases in both age and educational attainment. Using this information,
the proxy for type-1 workers in the empirical analysis below is individuals between the ages of 20
and 29 with less than a high school education. As a robustness check, I estimate the effect of the
minimum wage on labor force participation and employment using variation in wage bites across

age-education groups.

40In particular, when estimating the participation and employment responses to the minimum wage, I use the vari-
able wt finl to weight individuals. When estimating the effect of the minimum wage on hourly wages, I use the variable
earnwt, as recommended by the BLS.

#IMarried individuals are also excluded because policy changes may lead to different labor supply responses for
dual-earner households.

“Nevertheless, Online Appendix Table B3 report estimates of the effect of the minimum wage on labor force and
employment rates of teenagers.
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Table D reports additional summary statistics for CPS respondents between the ages of 20 and
29 for all education categories. A few important statistics stand out. First, educated workers
are significantly more likely to participate in the labor force and be employed. Second, and per-
haps more importantly, the unemployment rate is much higher for those with less education.

For example, the unemployment rate for high school dropouts is % = 0.21, compared to
0862975 — (.13 for high school graduates, %8-382 — 0.08 for those with some college (or an asso-

0.93—-0.89
d 0.93

ciate’s degree), an = 0.04 for those with a bachelors degree or higher. This suggests that

labor market frictions may be more important for workers with lower levels of education.

5.2 Empirical strategy
5.2.1 Event study design

The macro participation and employment responses to the minimum wage are identified using
state and federal minimum wage changes between 1979 and 2014. I assume that labor markets
are defined by an individual’s age, education, state and year as in Table ??. Letting i denote

individuals and using equation (2), the basic empirical relationship of interest takes the form:

ki(u,e,s,t) = ICi(a,e,s,t) @; ae,s, t)

There are two challenges with identifying the causal effect of the minimum wage on labor
market outcomes. Both stem from the fact that there is no variation in the minimum wage across
individuals in the same labor market. The first challenge is that minimum wage increases may
be correlated with labor market-specific shocks to labor supply and demand (Dube, Lester,_and
Reich (2010, POTK)). For example, states tend to increase their minimum wage near the top of
the business cycle when employment growth is strong (Baskaya and Rubinsfein (2017)). In this
case, comparing labor market outcomes of individuals in states that increase their minimum wage
relative to those that do not may underestimate the effect of the minimum wage.

The second challenge with identifying the causal effect of the minimum wage on labor market
outcomes arises because the ‘treatment status’ of states changes over time (Meerand West (2015)).
To illustrate, suppose state A increases its minimum wage in period t and state B increases it’s
minimum wage in period t + 1. For simplicity, assume that these are the only two states and that
the two states have identical labor market outcomes period to period t. Because state B switches
from a “control state” to a “treated state” at period t + 1, the effect of the minimum wage is iden-
tified by the difference between the labor market outcomes of individuals in state A and state
B between t and t 4 1. If the minimum wage affects the growth rate of outcomes (rather than
changes in levels), or if the effect of the minimum wage plays out over time (i.e. labor demand
responses may be delayed if firm’s production plans are fixed in the short run), then the differ-
ence in outcomes between state A and state B between t and t 4 1 will understate the effect of the
minimum wage.

A solution to these challenges is to adopt an event-study research design around minimum
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(2017)). This addresses the issue of states’ time-varying treatment status because treated and con-
trol units are compared in event time. Event study designs also permit a graphical presentation of
the data. This allows researchers to assess the importance of differential pre-trends and delayed
responses to the minimum wage. For these reasons, I adopt an event-study research design to
estimate the macro participation and employment responses to the minimum wage.™

I pool all federal and state minimum wage events between 1979 and 2014. Over this period,
there were 768 state-years in which the statutory nominal minimum wage increased from one year
to the next. 614 of these events were due to federal minimum wage increases that were binding,
and 154 were due to state minimum wage increases. Appendix Figures AT, A2, and [A3 report the
frequency of minimum wage events by state and year.

The event time variable, event,;, denotes time (in years) relative to a minimum wage increase
for state s. This variable is coded as follows. First, I set event;; = 0 for all state-years when the
prevailing nominal state minimum wage increases between t — 1 and ¢. Since many events are due
to legislated minimum wage increases that come into effect over two or three years, it is common
for events; to be equal to zero for multiple consecutive years.m Second, state-years that are T years
before an event are coded as event;; = —7. Similarly, state-years that are 7 years after an event
are coded as events; = 7. All state-years more than four years before (resp. four years after) a
minimum wage event are coded as as events;; = —4 (resp. eventy = 4).

Table B lists an example of how the variable events; is coded for Wisconsin for the years 1986-
1996. Wisconsin increased its minimum wage in 1989 prior to three federal minimum wage in-
creases between 1990 and 1992. As a result, the variable event,; is equal to zero for all four years
between 1989 and 1992. Table B also illustrates how the events; variable ‘re-sets” at every minimum
wage event. While 1993 is coded as event;; = 1 (following the 1992 federal minimum wage in-
crease), 1994 is coded as events; = —2 because it precedes another federal minimum wage increase
in 1996.

Figure [ shows the variation in the events variable across states in 2003 and 2004. A clear
pattern in this figure is that in any given year, states in close proximity to each other are at similar
points in event time. For example, states in the Pacific census division (Alaska, California, Hawaii,
Oregon and Washington) are all either in event period 0 or 1 in 2003, and in event period 0, 1 or 2
in 2004. These states all experienced at least one event between 2002 and 2004.

5.2.2 Estimating equation

Let postss = 1{events; > 0}. The estimating equation for outcome Yi(ae,s) 18t

BIn Appendix B3, I replicate the findings in [Allegretto, Dube, Reich, and Zippered (2016) using the log of the real
minimum wage as the independent variable of interest. Unlike the estimates reported in Tables B and B, the estimates
using this approach are generally small and statistically significant, especially once commonly used geographic controls
are used.

441 discuss how this affects the interpretation of the graphical and regression results below. Moreover, I show in
Appendix Tables Bl and B2 that estimates of the effect of the minimum wage on participation and employment are
similar if only the first year of a series of state minimum wage increases is labelled as events = 0.
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Yi(aest) = &0 +aq - posty, +az - pre*eventst + Xz{(u,e,s,t)“:” + 05 +0r + Ci(aest) (17)

where pre*event; = (1-posts) X events, Xi(a,e,s,t) is a vector of demographic characteristics: a quar-
tic polynomial in age, and dummy variables for race, gender, and immigrant status. Js and ¢; are
state and year fixed effects, respectively. The former controls for all time-invariant characteristics
that are common to individuals in the same state; the latter for common shocks to the U.S. econ-
omy that affect labor market outcomes. The coefficient a; is an estimate of the (linear) trend in
participation and employment in the years leading up to a minimum wage increase.

The coefficient of interest, a1, is an estimate of the macro participation (or employment) re-
sponse to the minimum wage. This estimate is unbiased if, in the absence of a minimum wage,
labor force participation would have evolved following the trend implied by the pre-event years
(i.e. the ay coefficient). This identification assumption is violated if the path of labor market out-
comes change beginning in the year of an event for reasons other than minimum wage increases.
The estimate of ;1 should be interpreted as a macro or general equilibrium response because it is
identified using variation in minimum wage increases across labor markets. It captures the net
effect of the minimum wage on outcomes, allowing for changes in the equilibrium job finding rate

faced by job-seekers.

The variable pre*event,; allows states to have different linear trends before a minimum wage
increase. Conceptually, allowing for a (linear) trend in outcomes before an event addresses the
concern that minimum wage increases may be correlated with pre-existing employment trends
(Dube, Lester, and Reichl (2010)). I show in the next section that labor force participation and em-
ployment are trending upwards in the years leading up to an event. Moreover, I experiment with a
quadratic pre-trend specification and find that the results are quantitatively similar to the baseline
linear specification. I also report estimates of the short-run (one-to-two years) and medium-run
(three to four years) effects of the minimum wage on participation and employment. Sorkin (2015)
provides a theoretical justification for this specification when firms face adjustment costs for labor.
Although imprecise, the medium-run estimates are larger in absolute value than the short-run es-
timates, suggesting that after accounting for pre-trends, labor force participation and employment

respond gradually to minimum wage changes.

6 Results

6.1 Graphical evidence

This section presents graphical evidence of the effects of minimum wage legislation on low-
skilled labor force participation and employment. I construct figures that show how labor market
outcomes evolve before and after a minimum wage increase by plotting the a/ coefficients from

the following regression
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Yi(aest) = 4@ + Z a - 1{event5t = ]} + Z a - 1{event5t = ]} + Xl((u,e,s,t)/\ + s+ 7+ Ui(a,e,s,t) (18)
=4 =0

where 1{eventy; = j} is an indicator variable equal to one if the state-year st is in event time j, and
equal to zero otherwise. This specification is a non-parametric version of equation (I7).

Figure D plots the a/ coefficients when the dependent variable is the real minimum wage. The
real minimum wage is stable during the years leading up to an event, and then increases by ap-
proximately $0.68 or 9.1%, on average. Within three years of an event, the real minimum wage in
‘control” states converges to that in ‘treatment’ states. In particular, the value of the real minimum
wage is only $0.09 higher in treatment states than control states by the third year following an
event. This shows that the window over which to estimate minimum wage effects is small.

Figures 3a and 3b plot the a/ coefficients when the dependent variable is labor force participa-
tion and employment, respectively. Both outcomes are trending upwards in the years preceding
a minimum wage increase. This is especially true for employment. The employment rate of low-
skilled adults between the ages of 20 and 29 increases by nearly two percentage points in the three
years leading up to a minimum wage event. Relative to a mean of 56 percent over this period (see
Table D), this represents a 3.5 percent increase. Participation and employment drop immediately
following an event (from period -1 to 0) by more than a percentage point. Also, the upward trend
in participation and employment reverses following a minimum wage increase. This suggests
that the minimum wage may have an effect on both the level and growth rate of labor market
outcomes.

The trends in participation and employment growth before a minimum wage event support
the inclusion of the pre*event,; variable in equation (). Figure @ provides an illustrative example
of how the inclusion of this variable affects the estimate of #1. The solid blue line plots hypothetical
a/ coefficients; the values were chosen so that the figure would resemble the patterns in Figures
3a and 3b. The dashed line plots the counterfactual estimates for the outcome variable that would
be observed had the trend in the years preceding the minimum wage increase continued. In any
given period, the gap between the two lines is the effect of the minimum wage in that period. The
causal effect of the minimum wage on labor market outcomes, a1, is the average of these gaps over
the post-treatment years.

Figures 5a and 5b plot the a/ coefficients after fitting and removing a linear trend for the years
before a minimum wage event.® After removing the pre-trend, the patterns from Figures 3a and
3b become clear. The labor force participation of 20-29 year old high school dropouts falls by
a statistically significant 2 percentage points immediately following a minimum wage increase.

45The figures are constructed as follows. I first regress the outcome of interest on a linear trend (pre*events) and
state and year fixed effects for the years preceding a minimum wage event. The fitted values from this regression
are saved. For each observation, I subtract the fitted value from the outcome variable to create a new ‘de-trended’
outcome variable. This ‘de-trended” outcome is used as the dependent variable for the estimation of equation (I8) and
the construction of Figures 5a and 5b.
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Relative to a mean of 70 percent over the sample period, this represents an economically signifi-
cant 3 percent decline. The participation rate falls by an additional 2 percentage points over the
following three years, suggesting an even larger long-run response to the minimum wage. The
pattern for employment is similar, except the decline is larger. This is not surprising because the
general equilibrium employment response to the minimum wage is the sum of the general equilib-
rium participation and job finding rate responses. The estimates in the following section quantify

the patterns in Figure 5.

6.2 Main estimates

Table @ reports the coefficient estimates from the estimation of (I7). In panel A, the dependent
variable is the labor force participation indicator, and in panel B it is employment. The specifica-
tion in column 1 omits the pre*event,; variable. The coefficient on the post,; variable implies that
the average minimum wage event is associated with a 0.5 percentage point decline in the labor
force participation rate of age 20-29 high school dropouts. This estimate is not statistically sig-
nificant at conventional levels (p-value 0.15). The specification in column 2 adds the pre*events;
variable. As suggested by Figure 3a, the coefficient estimate for the former variable is positive;
participation is increasing by 0.5 percentage points per-year prior to a minimum wage increase
(p-value 0.13). The estimate for «; implies that the average minimum wage event leads to a 1.6
percentage point decline in the labor force participation rate.

To better understand the economic magnitude of this decline, I convert the estimate for a; into
an elasticity as follows. The average labor force participation rate for the sample of adults age
20-29 without a high school diploma is 70 percent. This implies that the average minimum wage
increase lowers the labor force participation rate by 1.12 percent (—0.016/0.7 = —0.012). Since the
average event increases the real minimum wage by $0.68 or 9.1 percent (0.091 = 0.68/7.49), this
implies a macro participation elasticity of e; = —0.24.%

The baseline specification in column 2 allows states to have different linear trends before a
minimum wage increase. In column 3, I check whether the estimate for a; changes if I allow states
to have different linear and quadratic trends before a minimum wage increase. The coefficient
estimate for a1, -0.018, is not statistically different from column 2 (p-value 0.33). This suggests that
the linear approximation is reasonable; all remaining robustness checks adopt this specification.
Columns 4 and 5 report estimates of a specification that augments (I7) by checking whether the
short and medium run effects of the minimum wage differ. In particular, these specifications re-
place the posts; variable with post*shorts; and post*mediums; variables. The variable post*shorts;
is a dummy variable equal to one for the year of and the year following the most recent minimum
wage increase (i.e. events; = 0 or events; = 1), and zero otherwise. The variable post‘mediums; is
a dummy variable equal to one for the third and fourth years following a minimum wage increase

46This elasticity is calculated using the nlcom command in Stata. This allows me to calculate standard errors for the
participation and employment elasticities. The standard error for the participation elasticity is 0.093; the 95% confidence
interval is (—0.422, —0.058).
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(i.e. eventy = 2 or eventy; = 3). In column 5, the estimates of post*shorts; and post*mediums;
suggest that the medium-run participation response to the minimum wage is more negative than
the short-run response (-0.017 versus -0.015). However, the difference between these estimatess is
not statistically significant (p-value 0.85).

The dependent variable in panel B the employment indicator. In the specification that excludes
the pre*event,; variable, the estimate for a; implies that the minimum wage has no effect on em-
ployment (column 1). Unsurprisingly, the estimate for a; decreases to a statistically significant
-0.015 in the baseline specification (p-value 0.06). The macro employment elasticity implied by
this estimate is 77; = —0.32 (p-value 0.03).*

The estimate for ay is 0.008 and is statistically significant at the 5 percent level. Similar to ev-
idence in Baskaya and Rubinstein (2012) and Monras (2017), this implies that, prior to an event,
employment is growing by almost one percentage point per year faster in states that experience a
minimum wage increase than states that do not. Similar to panel A, allowing states to have differ-
ent quadratic employment trends does not have a statistically significant effect on the estimate for
a1 ® Estimates of the short- and medium-run effects of the minimum wage are similar.

Appendix Table AT reports specifications identical to those above when the dependent variable
is the (real) hourly wage reported by CPS MORG respondents. Minimum wage events increase
the hourly wage of young high school dropouts by a $0.22, on average (implied elasticity of 0.25).
Together with Figures B-f and Table 8, this suggests that minimum wage events are binding on the
wage distribution of unmarried adults 20-29 without a high school diploma. Furthermore, labor
force participation and employment decline following minimum wage increases; the decline in

the former implies that the expected utility of this group falls.

6.3 Robustness

Table B reports estimates for #; when equation (I4) is augmented to include commonly used
geographic controls. In Panel A, the dependent variable is the labor force participation indicator;
in Panel B, the dependent variable is the employment indicator. Column 1 reports the baseline
estimates from Table @ as a benchmark. The specification in column 2 adds state-specific linear
time trends to equation (). The estimate for the macro participation response increases slightly
in magnitude from -0.016 to -0.012, however, this difference is not statistically significant (p-value
0.37). In column 3, state-specific linear and quadratic time trends are added to equation (7).
The estimate for a; increases slightly but is less precise. I am unable to reject the null hypothe-
sis that the estimate in column 3 is statistically different from the baseline estimate in column 1.
Thus, after allowing states to have different (linear) trends in the years leading up to a minimum
wage increase, adding state specific time trends does not significantly affect the estimate for the
macro participation response. This contrasts sharply with standard two-way fixed effects regres-

4The 95% confidence interval for the macro employment elasticity is (—0.601, —0.041).
48 The difference between the estimates for a7 in columns 2 and 3 of panel B, Table B is 0.006 with a standard error of
0.010 (p-value 0.55).
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sion models, where the inclusion of state specific time trends typically leads to minimum wage
effects that are small in magnitude and statistically insignificant (Allegrefto, Dube,_ Reich,_and
Vipperer (2016)).

Columns 4 and 5 augment equation (I4) by including census region by year and census divi-
sion by year fixed effects, respectively. In these specifications, minimum wage effects are identified
by comparing states that experience a minimum wage increase to other states in the same census
region (or division). Relative to the baseline estimates in column 1, adding census region-by-year
tixed effects leads to a less negative macro participation response. The estimate for a; implies
that the average minimum wage event lowers participation by -0.7 percentage points. However,
precision falls significantly and I cannot reject the null hypothesis that this estimate is the same as
the baseline estimate in column 1. The same is true for the specification in column 5.

In Panel B, the dependent variable is employment. The patterns are largely similar to those in
panel A. The one exception is that the inclusion of census region-by-time and census division-by-
time fixed effects significantly affects the estimate for a;. For example, in column 4, the coefficient
estimate falls (in absolute value) from -0.015 to -0.000 (standard error (0.008)).

Comparing the labor market outcomes of individuals in neighboring states could lead to bi-
ased estimates of the macro participation and employment responses if the migration decisions of
low-skilled workers respond to minimum wage legislation. Consistent with evidence in Cadena
(?014) and Monrad (P017), I find that immigrants avoid states that experience minimum wage in-
creases. In particular, the fraction of age 20-29 high school dropouts in a state that are immigrants
declines by 2.2 percentage points following a minimum wage increase (see Appendix Table &2).™
Relative to a sample mean of 59 percent, this represents a statistically significant 3.7 percent de-
crease. However, the migration response to the minimum wage is even stronger when comparing
states within the same census division; minimum wage increases lead to a 4.8 percentage point or
8.1 percent decline in the fraction of immigrants (see Appendix Table [A3).

The decline in the fraction of immigrants affects the interpretation of the macro participation
and employment responses from specifications with census region or census division-by-year
fixed effects. In particular, a large inflow of low-skilled workers from a state that increases its
minimum wage may lower the job finding rate and depress labor market outcomes in a neighbor-
ing state, at least in the short run. This general equilibrium response attenuates macro estimates
of the labor force participation and employment responses to the minimum wage.

Comparing groups of individuals in the same state that are differentially affected by minimum
wage increases is another way to check whether state-specific economic shocks are driving the
negative baseline estimates in Table B. Table B reports estimates from a regression that augments
equation (I7) by comparing individuals in different age-education groups within the same state
that are differentially affected by minimum wage increases. For example, nearly 17 percent of

unmarried high school dropouts age 20-29 earn within $0.25 of the minimum wage, compared

“The participation and employment rates of low-skilled immigrants are higher than those of low-skilled natives (see
Appendix Table B3). This implies that the migration response to the minimum wage explains approximately 9 percent
of the macro participation and 14 percent of the macro employment responses to the minimum wage, respectively.
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to fewer than 3 percent of college graduates over the age of 50 (Table ). A similar identification

increases during the Great Recession.™

Let ¢ denote an age-education group (high school dropouts age 20-29, high school graduates
age 20-29,..., college graduates age 50+), and Bite, denote the fraction of workers (across all states
and years) in group g that earn within $0.25 of the prevailing minimum wage. The estimating
equation for this difference-in-difference-differences (DDD) strategy is

Yaest = &o + &1 - Biteg X post,, + &> - Biteg x pre*event,, + ds; + dsg + Otg + €qe st (19)

where Jgt, dsg, and d;¢ denote the state-year, state-group, and year by group fixed effects, respec-
tively. The coefficient &; captures the (average) differential effect of a minimum wage increase on
the outcomes of individuals in different age-education groups. It will be negative if the minimum
wage lowers labor force participation (or employment) more for individuals in age-education
groups where the minimum wage is more binding. The Bite;x pre*events; variable allows la-
bor force participation and employment to vary across age-education groups before an event. For
computational ease, I collapse the data to age-group-education group-state-year means before es-
timating equation (I9).5?

Column 1 of Table B reports the coefficient estimate for &; for a simplified version of equation
(T9) that omits the Bite, X pre*events; variable. Similar to Column 1 of Table B, the estimate for &;
from this specification suggests that the minimum wage leads to a small, statistically insignificant
decline in the labor force participation rate. After including these variables, the estimate for &; falls
to -0.08 and is statistically significant at the one percent level (column 2). This estimate implies
that increasing the fraction of workers in an age-education group that work at the minimum wage
from zero to 100 percent will lower the labor force participation rate for that group by 8 percentage
points. The estimate for &; cannot be directly compared with the baseline estimate for a; in Table
@ because the minimum wage is not binding on 100 percent on unmarried dropouts age 20-29.
However, using the variation in the ‘bite” of the minimum wage in the data, I can re-scale the
estimate in column 2 of Table B as follows. From Table [, the minimum wage is most binding for
unmarried dropouts between the ages of 20-29, and least binding for college graduates age 40-49.
The difference in the minimum wage ‘bite” between these groups is 14 percentage points (0.166 -
0.023 = 0.143). Multiplying 0.143 by -0.080 yields -0.011, close to the estimate for a; from column
2, Table B. The patterns for the effect of the minimum wage on employment is similar (panel B).

Table @ and Appendix Tables A3-[A8 explore additional robustness checks. I briefly summarize
these here. In Table [4, I interact the posts; variable with the magnitude of an event, ‘min wage

S0Estimates of the macro participation and employment elasticities are qualitatively similar when using the 2007-2009
federal minimum wage changes as policy variation and correcting for pre-trends (equation (IZ)). These estimates are
available upon request.

51In the regressions, each cell is weighted by the number of CPS respondents in that cell.
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increases;”. Minimum wages are increased the most in jurisdictions with initially low wage floors
(column 1). Moreover, larger minimum wage increases have more negative effects on low-skilled
labor force participation (column 2) and employment (column 3). Minimum wages do not have a
statistically significant effect on the labor market outcomes of higher skilled workers (Appendix
Table [A3), suggesting that any spillover effects are small in magnitude. Also, the minimum wage
has more negative effects on the participation and employment of women and immigrants. This
is not surprising because these groups are more likely to be minimum wage workers. More recent
(post-1997) minimum wage changes had a less negative impact, although the fraction of the pop-
ulation with less than a high school diploma has been steadily declining over time. Finally, the
baseline estimates in Table B are robust to not using the sample weights and to restricting the sam-
ple to the MORG respondents for whom information on hourly wages is available. Based on the
evidence in Tables B-7 and the appendices, I conclude that the estimates for the macro labor force
participation response to the minimum wage are reasonably robust to the inclusion of geographic

controls. Estimates of the macro employment response are less robust.

7 Numerical simulations

Numerically implementing the sufficient statistics desirability condition for the minimum wage
(equation (I5)) requires knowledge of three parameters. The first is the macro labor force partic-
ipation elasticity e;. This parameter captures the Participation effect — the change in total welfare
due to labor force entry (or exit) due to the minimum wage. The second parameter is the change in
the job finding rate due to the minimum wage #; — ;. The third parameter is one minus the gov-
ernment’s marginal social welfare weight for low-skilled workers, 1 — g;. Multiplying the second
and third parameters gives the Redistribution effect. Using the estimated macro participation and
employment elasticities from the previous section, I calculate the marginal gain in total welfare
from introducing a minimum wage as a function of g;*2.

Figure B plots the gain in total welfare from introducing a minimum wage at the optimal in-
come tax allocation. The vertical axis measures the change in total welfare per individual in units
of the consumption good. The horizontal axis measures the government’s welfare weight for
low-skilled workers, g1. The dashed vertical line corresponds to the case where the social wel-
fare function is utilitarian. Values to the right of the vertical line represent stronger redistributive
tastes: values to the left represent regressive tastes. Figure B shows that the minimum wage is
only desirable for values of g; greater than 4. In other words, the government would have to be
indifferent between giving $1 to type-1 workers and $4 of public funds (to be distributed to other
agents) in order for the minimum wage to be desirable.

There are two reasons why the estimates from the previous section imply that redistributive

tastes must be very strong to justify the minimum wage. The first is because the minimum wage

52Figure &8 in the Appendix shows the results from a second policy experiment: calculating the welfare gains from
introducing a minimum wage beginning from any fixed income tax system.
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reduces labor force participation and, therefore, output net of participation and vacancy costs.
The second reason is because the reduction in the job finding rate, and the labor market tightness,
implied by the difference #; — e; is relatively small. Consequently, the second-best correction is
also small.

It is important to remember that the desirability condition (IH) assumes that: workers of a
similar ability are homogenous after paying the fixed participation cost 6, and that small minimum
wage changes do not lead to spillovers on the wages (or job finding rates) of high-skilled workers.
Relaxing either of these assumptions would affect the desirability of the minimum wage for any
(e1,11, 1) triple. For example, if spillovers increased the expected utility of high-skilled workers
(net of fiscal effects), then the curve plotting the total welfare gain due to the minimum wage
would shift upwards. While I find that the minimum wage raises the hourly wages of workers
higher in the skill distribution, its effect on labor force participation and employment are small
and statistically insignificant (Appendix Table [&4). Proposition D shows that only the latter are
relevant for welfare analysis, suggesting that using equation (I5) is a reasonable approximation of
the welfare effect of the minimum wage.

Figures 7a and 7b show how the desirability of the minimum wage varies with the macro par-
ticipation and employment elasticities, respectively. Figure 7a shows how the total welfare gain
due to the minimum wage is affected by varying the macro participation elasticity. Importantly,
the employment elasticity is held constant. A larger macro participation response increases both
the Participation effect and the Redistribution effect of the minimum wage. The Redistribution effect
increases because a more positive participation response implies a larger decline in the tightness
(and therefore job finding rate).

Figure 7b shows how the total welfare gain due to the minimum wage varies with the macro
employment elasticity. Holding the participation elasticity constant, more negative values of #; ac-
tually increase the desirability of the minimum wage. The intuition for this somewhat surprising
result is as follows. Holding e; constant implies that the expected utility of low-skilled work-
ers is unchanged. A more negative employment response implies that the decline in the labor
market tightness ( %) is larger, increasing the Redistribution effect. In other words, the more neg-
ative employment eiasticity (holding the participation elasticity constant and assuming g1 > 1)
the more the minimum wage alleviates the distortion induced by redistributive income taxation.
This increases the resources available for redistribution. For values of ¢g; < 1, reducing the labor
market tightness lowers welfare so a more negative employment elasticity does not increase the

desirability of the minimum wage.

8 Conclusion

This paper contributes to the normative and empirical literatures on the minimum wage. I de-
rive a condition under which the minimum wage complements optimal income taxation in terms

of three sufficient statistics. This condition highlights two distinct roles for the minimum wage.
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First, the minimum wage acts as a corrective tax on the tightness in the low-skilled labor market.
This is the case if the minimum wage increases the labor force participation rate of low-skilled in-
dividuals. Second, wage regulation alleviates the distortion to the labor market tightness caused
by redistributive income taxation. My theoretical analysis shows that both the macro labor force
participation and employment elasticities with respect to the minimum wage are important for
welfare analysis. Surprisingly, the former has mostly been overlooked by the empirical literature.

I also provide new evidence on the labor force participation response to the minimum wage
using U.S. state and federal minimum wage variation from 1979-2014. Using a event study design,
I estimate a macro participation elasticity of -0.24. This implies that the average minimum wage
increase lowered the net output and the expected utility of low-skilled workers. My baseline
estimate of the macro employment elasticity is -0.32. These estimates imply that approximately
two-thirds of the decline in employment caused by minimum wage increases is due to lower labor
force participation, and the remaining third is due to a lower equilibrium job finding rate.

My results have important implications for the current debate about the desirability of mini-
mum wage legislation. First, evaluating the effect of minimum wage increases on the well-being
(expected utility) of low-skilled individuals should be determined by estimating the macro labor
force participation response. Furthermore, using estimates of the macro employment response sig-
nificantly understates the effect of the minimum wage on well-being. For example, my baseline
elasticity estimates imply that using the macro employment response to approximate the change
in expected utility of U.S. low-skilled adults would overstate the negative impact of the minimum
wage by approximately one third.

Second, the approach in this paper can be extended to incorporate other arguments in the
debate about the desirability of the minimum wage. For example, in the model described earlier
the minimum wage may be welfare-improving even though it increases unemployment among
low-skilled individuals. Agents in the model only care about the pecuniary benefits and costs
of working and being unemployed. In reality, however, unemployment may have non-pecuniary
costs or decrease the likelihood of finding a job in the future. Incorporating these costs is important
for understanding the welfare effects of wage regulation.

Opponents of minimum wage legislation also argue that it targets low-income households
poorly compared to other policy instruments. This is because many minimum wage workers do
not belong to low-income households. Therefore, studying the conditions under which the min-
imum wage is desirable with multi-person households in which some low-wage workers belong
to affluent households is another interesting extension. I leave this question for future research.
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Figure 1: Event Time Variation Across States
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Notes: This figure shows the spatial variation of the event time variable for 2003 and 2004.
Lighter shades correspond to years before a minimum wage event, and darker shades
correspond to years after an event.
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Figure 2: Evolution of the Real Minimum Wage
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Notes: This figure reports estimates of the effect of nominal minimum wage increases on the real
minimum wage. The vertical lines indicate the year before a minimum wage increase and the
year of a minimum wage increase, respectively. Each marker is an estimate of the a/ coefficient
from equation (I8). All dollar amounts are deflated to 2014 dollars using the BLS Urban CPL
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Figure 3: The Effect of the Minimum Wage on Labor Market Outcomes

(a) Labor Force Participation
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Notes: This figure reports estimates of the effect of nominal minimum wage increases on the labor
market outcomes of age 20-29 unmarried high school dropouts. In Figure 3a, the dependent
variable is a labor force participation status indicator; in Figure 3b, the dependent variable is an
employment status indicator. The vertical lines indicate the year before a minimum wage
increase and the year of a minimum wage increase, respectively. Each marker is an estimate of

the a/ coefficient from equation (I8).
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Figure 4: Intuition for Allowing States to Have Different Pre and Post-Event Trends
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Notes: This figure illustrates the intuition for the inclusion of the events; and events X posts;
variables in equation (7). The blue solid line and blue markers represent hypothetical realization
of the data for the case where the outcome variable is trending upwards in states that experience
a minimum wage increase. The dashed line corresponds to the counterfactual estimate for the
evolution of the outcome variable under the assumption that the pre-existing trend continued.

41



Figure 5: De-trended Participation and Employment Responses to Minimum Wage Increases
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Notes: This figure reports de-trended estimates of the effect of nominal minimum wage increases
on the labor market outcomes of age 20-29 unmarried high school dropouts. In Figure 5a, the
dependent variable is a labor force participation status indicator; in Figure 5b, the dependent
variable is an employment status indicator. The vertical lines indicate the year before a minimum
wage increase and the year of a minimum wage increase, respectively. Each marker is an
estimate of the a/ coefficient from equation (I8) after fitting and removing a linear trend for the

years before a minimum wage event.
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Figure 6: Marginal Welfare Gains from Introducing a Minimum Wage
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Notes: This figure plots the marginal gain in total welfare from introducing a minimum wage at
the optimal income tax allocation using the baseline estimates for the macro participation and
employment elasticities. The vertical axis measures the gain in total welfare per individual in
units of the consumption good. The horizontal axis measures the government’s marginal social
welfare weight for low-skilled workers (relative to the marginal cost of public funds). The
dashed vertical line indicates the case where the government’s welfare function is utilitarian.
Values to the right of the dashed line correspond to a government with more redistributive tastes;
values to the left of the dashed line correspond to regressive tastes.
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Figure 7: Marginal Welfare Gains from a Minimum Wage: Sensitivity Checks
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Notes: This figure shows how the marginal welfare gain from introducing a minimum wage
varies for different values of the macro participation and employment elasticities. Figure 7a
checks plots marginal gains in total welfare for various values of the macro participation
elasticity; Figure 7b does the same for various values of the macro employment elasticity. The
vertical axis measures the gain in total welfare per individual in units of the consumption good.
The horizontal axis measures the government’s marginal social welfare weight for low-skilled
workers (relative to the marginal cost of public funds). The dashed vertical line indicates the case
where the government’s welfare function is utilitarian. Values to the right of the dashed line
correspond to a government with more redistributive tastes; values to the left of the dashed line

correspond to regressive tastes.
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Table 1: Fraction within $0.25 of Next Year’s Minimum Wage

Age/Ed. Group Education Group
HS Dropouts HS Graduates Some College College Total

20-29 0.166 0.105 0.106 0.064 0.105
30-39 0.132 0.067 0.051 0.033  0.062
40-49 0.127 0.050 0.036 0.023 0.051
50+ 0.124 0.050 0.034 0.024 0.055
Total 0.140 0.075 0.068 0.040 0.075

Notes: This table reports the fraction of workers in each age-education group cell that report a
nominal hourly wage within $0.25 of the following year’s nominal minimum wage. The sample
is all unmarried individuals in the CPS MORG samples between the ages of 20 and 65 that report
not being in school full time. Each observation is weighted by its inverse sampling probability
provided in the CPS.

Table 2: Summary Statistics: Monthly CPS (1979-2014)

(1)

(2)

®)

(4)

()

All HS Dropouts HS Graduates Some College College
Labor Force Participant ~ 0.86 0.71 0.86 0.89 0.93
Employed 0.78 0.56 0.75 0.82 0.89
Real Hourly Wage 12.92 10.79 12.39 12.71 16.81
Real MW 7.46 743 7.45 747 7.49
Age 24.21 23.85 23.86 23.89 25.50
Female 0.45 0.40 0.42 0.48 0.51
White 0.77 0.72 0.76 0.78 0.82
Black 0.17 0.23 0.20 0.16 0.09
Immigrant 0.47 0.59 0.50 0.42 0.42

Notes: This table reports summary statistics for individuals surveyed in the Current Population
Survey (CPS) monthly files between 1979 and 2014. The sample is restricted to all unmarried
individuals between the ages of 20 and 29 that report not being in school full time. Each
observation is weighted by its inverse sampling probability provided in the CPS. All dollar

amounts are deflated to 2014 dollars using the BLS Urban Consumer Price Index.
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Table 3: Example of Coding the Event Time Variable

State | Year | Avg. Nominal MW | Event Time
WI | 1986 3.35 -3
WI | 1987 3.35 -2
WI | 1988 3.35 -1
WI | 1989 3.50 0
WI | 1990 3.76 0
WI | 1991 4.14 0
WI | 1992 4.25 0
WI | 1993 4.25 1
WI | 1994 4.25 -2
WI | 1995 4.25 -1
WI | 1996 4.38 0

46



Table 4: The Effect of Minimum Wages on LFP and EMP

1) 2) (3) (4) ©)

A. LFP (Mean: 0.71)

posts; -0.005 -0.016** -0.018*

(0.003)  (0.006) (0.010)
pre*events; 0.005* 0.008 0.005*

(0.003)  (0.009) (0.003)
pre*event?, 0.001
(0.002)
post*shorts; -0.005 -0.015**
(0.004)  (0.006)

post*mediumy; -0.006  -0.017*

(0.006)  (0.010)

B. EMP (Mean: 0.56)

posts; 0.001 -0.015*  -0.021*
(0.004)  (0.008) (0.011)
pre*events; 0.008** 0.015 0.008**
(0.003)  (0.011) (0.004)
pre*event?, 0.001
(0.002)
post*shorts; 0.000 -0.015*
(0.006)  (0.008)
post*mediumy; 0.001 -0.015
(0.007)  (0.011)
N 562,283 562,283 562,283 562,283 562,283

Notes: All columns include the following controls: dummies for race (white and black, the
excluded category is hispanic/other), linear, quadratic, cubic and quartic age tends, dummies for
immigrant status, state fixed effects and year fixed effects. The sample is all unmarried high
school dropouts between the ages of 20 and 29 that report not being in school full time. Each
observation is weighted by its inverse sampling probability provided in the CPS. Standard errors
are clustered at the state level. * p < 0.1, ** p < 0.05 and ** p < 0.01.
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Table 5: Robustness Check: Spatial Controls

(1)

)

®)

(4)

©)

A. LFP (Mean: 0.71)

posts; -0.016*** -0.012** -0.009 -0.007 -0.006
(0.006)  (0.006) (0.006) (0.008) (0.008)
pre*events; 0.005* 0.003 0.003  0.003  0.002
(0.003)  (0.002) (0.002) (0.003) (0.003)
B. EMP (Mean: 0.56)
posts; -0.015* -0.013  -0.009 -0.000  0.005
(0.008)  (0.009) (0.008) (0.009) (0.008)
pre*events; 0.008**  0.006* 0.006** 0.003 -0.000
(0.003)  (0.003) (0.003) (0.003) (0.003)
State-Linear Trend N Y Y N N
State-Quadratic Trend N N Y N N
Region-Year FE N N N Y N
Div.-Year FE N N N N Y

Notes: N = 562,283. All columns include the following controls: dummies for race (white and
black, the excluded category is hispanic/other), linear, quadratic, cubic and quartic age tends,

dummies for immigrant status and state fixed effects. The sample is all unmarried high school

dropouts between the ages of 20 and 29 that report not being in school full time. Each

observation is weighted by its inverse sampling probability provided in the CPS. Standard errors

are clustered at the state level. * p < 0.1, ** p < 0.05 and ** p < 0.01.
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Table 6: Triple Differences Specification

1) ) 3)
A.LFP
Biteg X posts; -0.015 -0.083***
(0.021) (0.027)
Bitey X pre*events 0.035** 0.036**
(0.014) (0.015)

Biteg X post*shorts; -0.081***

(0.024)
Biteg X post*mediumy; -0.090*

(0.049)
B. EMP
Bite, X posts; -0.007 -0.090***

(0.028) (0.039)
Bite, X pre*events; 0.043*** 0.045%**
(0.015) (0.016)

Bite, X post*shorty; -0.079**

(0.031)
Bite, X post*mediumy; -0.124**

(0.054)
N 11,533,091 11,533,091 11,533,091

Notes: The sample is all unmarried CPS respondents between the ages of 20 and 65 that report
not being in school full time. All columns include the following controls: dummies for race
(white and black, the excluded category is hispanic/other), linear, quadratic, cubic and quartic
age tends, dummies for immigrant status, state-year fixed effects, state—age-education group
tixed effects, and year—-age-education-group fixed effects. Each observation is weighted by its
inverse sampling probability provided in the CPS. Standard errors are clustered at the state level.
*p <0.1,*p <0.05and ** p < 0.01.
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Table 7: Large versus Small Minimum Wage Events

1) 2) (©)
Real MW LFP EMP
posts; 0.021 0.001 0.005
(0.082) (0.009) (0.013)
post*min wage increases;  0.411°*  -0.008* -0.010*
(0.045) (0.005)  (0.005)

min wage increases; -0.427**  -0.002 -0.002
(0.096) (0.005)  (0.006)
pre*event; -0.127%** 0.004 0.007*

(0.025)  (0.003)  (0.004)

N 562,283 562,283 562,283

Notes: All columns include the following controls: dummies for race (white and black, the
excluded category is hispanic/other), linear, quadratic, cubic and quartic age tends, dummies for
immigrant status and state fixed effects. The sample is all unmarried high school dropouts
between the ages of 20 and 29 that report not being in school full time. Each observation is
weighted by its inverse sampling probability provided in the CPS. Standard errors are clustered
at the state level. * p < 0.1, * p < 0.05 and ** p < 0.01.
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A Appendix (not for publication)

A.1 Theoretical appendix
A11 Government

The Lagrangian function for the government’s optimization problem is:

%.ﬁf = %SW(UO, Uy, U,) + B (A1)

A.1.2 Proof of the claim on page 10

Consider a more general model with involuntary unemployment. In particular, assume that
the gross wage for workers with ability a is given by w, = w(T,, b;a), where w(.;a) is a con-
tinuously differentiable function. Similarly the job finding rate is given by p, = p(w,, T,, b;a),
where p(.;a) is also continuously differentiable in its arguments. Assume that workers are risk
averse, with consumption utility given by u(c,). Non-participants and the unemployed receive
utility u(b). Therefore, labor force participants receive the expected utility U, = p,u(c,) + (1 —
pa)u(b). This framework corresponds to the ‘no cross-effects’ model in Section I1.2 of Kroff, Kuicko)
Lehmann,and Schmieder (2015). Suppose that the government introduces a minimum wage just

above the equilibrium wage for type-1 workers, w = w; + dw. The change in Uj is given by

dU1 = plu’(cl)

Since the participation decision depends on U; — Uy = p1(u(cq) — u(b)), the macro participa-
tion response to the minimum wage is

micro

dk dau
e nmym(Uy — Uolal)plu/(cl)—l = [l +

apy u(c1) —u(b) | dky
dw dw

ow pu'(cr) | ow

This proves the claim on page 10.

A.1.3 Proof of Proposition 1

Subtracting (I3) from (1) leads to

l dgMW
A dw

| A | i) L ke (g opy
y:w;_ glhl[ﬂl(l_ﬁl)] ,141<dT1> [Plﬂldw pldTl =) +klag(’“ g1)

-1
Next, factor out —hy (%) > 0 to get
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l dgMW
A dw

-1
d”ll dhl 1-— 1251 dk] dkl 1-— "1 ap1 (“l/l] gl)
=—m| 5] |5% + —H_) ok
w=w 1('”1) [dT1g1< 1(1 ﬁl)) Paw ~Pran® <V1(1 —p1) Yow m

micro

Substituting Z’%l = 211%1 + klg—% =—p 51 %];i +kigr Bp1 and apl = 35)11 (1 — B1), rearranging
the expression above leads to equation (I4).
dhy 1 dgMW dk 0 — 0 1-—
_am 1 — ik Ip1 (111 81)+k1 P1g1< #1)
dTl /\]’ll d@ w=w d 8@ Jow M1
dkq ap1

=P +kla (1—g1)

A.1.4 Wage Spillovers

Several recent papers have argued that minimum wage legislation affects the wages (and also
the labor market outcomes) of those above the prevailing minimum (Aufor, Manning, and Smith
(P016), Dube, Giuliano, and Teonard (?015), Cengiz, Dube, Linder, and Zipperer (2017)). This sec-
tion shows how (I4) is modified when the baseline model is extended to allow for wage spillovers.
I continue to assume that job-seekers make labor supply decisions along the extensive margin only.
Unlike the baseline model, I relax the assumption that wages are determined by Nash bargaining.
Instead, I allow low-skilled wages to arbitrarily affect the wages of high skilled workers, and vice
versa (i.e. < 0and awl < 0).

As in the model in Sections P and B, I assume that the conditional job finding rate at each skill
level, p,, only depends (directly) on the gross wage w,and is continuously differentiable. Taxes,
the non-employment benefit and wages at other skill levels may affect the job finding rate, but
only through changes to the gross wage. Specifically, I assume that the wage-setting mechanism
is such that w, = w(T,, b, w_,; a) is a continuously differentiable function of T,, b and w_,.

micro
Let Z—% and % denote the macro and micro labor force participation responses to taxes for

high-skilled workers. Similar to the micro participation response to the minimum wage, % e
captures the labor force participation response to income tax changes by high-skilled workers if
the gross wage w, and the job finding rate p, are held constant. On the other hand, % is the
macro labor force participation response to increases in the income tax liability faced by high-
skilled workers that takes into account general equilibrium changes to w; and p. Beginning from
the optimal tax system, introducing a binding minimum wage for low skilled workers leads to

SW(.) and B:
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1dSW  ny (& i, | 1—ny (% dll,
- = — @’Ul—emealde + q)/UQ—Q GﬂszX
T = 3 @ emlanas x Gt (U2~ 6)m(Bla)a x T2
op1 u(c1) — u(b) dpo u(cy) —u(b) | ows
=i |1+ 57 ===+ ol 5 , 5
w  piu'(c1) wy  pau’(ca) w
m m
—g1h1dk1 ok _g2h2dk2 oky (A2)
dw | ow d T,
dB dhy dhy
— = (T{ +b")=— + (T5 +b") == A3
where
dky [ ok [Micro =1 N\ g dky [ ok |miere 11 gy dky [ aky |Micro dh dky [ oky M1 =1 gy
x| ok 7h1<17ﬁ[ﬁ ] gl)dTi hldT;[ﬁ ] glﬁ*’”( dTi{aTi ] 82)dﬁ+h24ﬁ[afz } 277
Ty +b dhy dly _ dhy dhy
T, a, ~ dT, a1,
(A4)
and
dk ok micro dn dk ok micro 7 —1 dk ok micro 7 —1 dh dk ok micro 7 —1 a
— _hz( _ﬁ[ﬁ ] gz)dﬂ ha dﬁ[ﬁ ] Q297 +h1( dTHﬁ ] gl)ﬁ;"‘hlﬁ[ﬁ } Qi
T, +b* = diy diy, _ dhy diy
dTy dT, ~ dTp dT;
(A5)
Note that
dwy __ Jwp Jwy dwy _ dw; dwy
* T = oJw dTh and T, = odwy 9Ty
. % micro _ % micro
8T1 ay
Ay kg ok MO gy gy ok |
* dTy, = dw JdTy Jw and dTy — dw 0Ty P1 ow
dly _ dky dwy dwy dhy _ dhy dwy dwy
® de - d@ all]z 8T2 and de - dﬁ wo Tz
dy _ kg dwy dwy | ok M0 gy dhy dwy w2k |
.de_dw (%) T2+ Tz andde_dQ (%) T2+pZaTz
dky _ dky 0wy dhy _ dhy dwy
* dTl - d@ T1 and Tl - dw Tl
o []= Budy i o 0k ™0 w0k [TOT ok | iy b guy
= dn dT, ~ dn, a1, — P2 9T, dw T, — P1 3w P1 3w dw dw, 9T

Substituting A4 and A5 into A3 and simplifying yields
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e R R I et R (

a1y &) dw dw, 9T, dw

]1%> oky | diy
or, SY)P2 91, | dw

] -1 8w1 8w2 dhz awl dhl
1= —— — ——

1 1
1-g1) T[@
dkq 1 9ky

T [

ow 8 dwy 0T, dw 9Ty dw
dk2 akz -1 awl sz dhz awl dh1 dkz 8w1 ok 2 ma-1 dh2 Bwl awz dh1 dkz 8w1 dhl
+h2((1 &)= g, [ T, ] dwy 9T, 2 ) dw aT, dw P dw Ty [ T, ] 8 00 dw, 3T, dw T 2P dw o1, P dw
dky dwy dwsy 1 Ok ™71 N dhy dwy dho dky dwy dwy [ kg ™~ Ay |™ dhy
hz(“ 82) = G 3w, 9T [ o ] )dw Ty dw +h2((1 82) = 3 3w, 9T, { o ] gz)"’l w| dw
ks 9y Ay ™11 diy dwy dw, dhy dky 1 Oky ™ 119w, dhy dwy dwy dhy
Zdw aTl{aTz ] g%fmﬁ%+hl<(l_gl)+%[@ ] aT1g>%W;287T2%
- &%aﬂ[alm] Lo, A 0wy diy dley Jwy dwp  dhy
Vdw ow, 9T, L dw 83w oty dw P dw ow, aT, ' dw

The following terms in curly braces in the expression above cancel out: the first and tenth terms,
the third and eleventh terms, the fourth and seventh terms, and the fifth and ninth terms.

ﬁ_H*l (1 — gy D[ A &[aﬁmr% | BRI i
dw L W8P AT dw  Maw | ow oan P2 o, | dw P w ot S dw
8k1 dhz dkz 8w1 a’(,UQ akz Ma-1 8k1 mdhz dkl 8w1 awz dhz
o0 -2 5| Gy MGy s T | | S G| TP g b T @}
(A6)

Adding equations (A2) and (A#) and simplifying yields the expression on page X.

m

1de dk, { ok,

™ dh
glhl dw 1

dw

ow

My diyp ol
dw ldy Jw

RS g, 2

o1, $1P% o1,

dky dw, dw,  dhy }
+hipr——

dwa » 0T gdw

-1
dky [ ok ™ -1 dky dwy  diy Ak, |™ dhy
gzh2@ [ 3T, + H {hzl?z@aTg 20w +ha(1—g2)p1 o w| dw
_pp, 32 9wn 0ws [ 9ky m} -t Ok |™ dhy
24w 0w, 9T, L 9T, 82P1 50 | dw

Next, factor out —h;[.] 7! and hy[.] 7! to get:
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m

14z
A dw

m 9k,

Ma-1  9ky
} P1 w

m dhl 8w1 dk1 8k1
291, Ty [
2

dw oty $dw | 9w

m__
o }1 oky

PZE

-1 dky 1 ok
R R

dkl E)kl ma-1 akl m d”lz awl 8w2 ak2 m dhl dkl 8k1 ma-1 akz m dhl 8w1 dkl awl 8w2 dh2
8 d@[ w | m ow| dwaw, ol T8I gy, T8 @[ w | 3T, | dw oT,  PVdw 9w, 9T, ' dw
-1
-1 dkz dhl awl dk2 akl m dkz 8k2 m E)kl m dhz 8w1 sz
+ha | { 82P2 G dw a1y T 822 qw P aw| T8 dw | oy P 3w | dw 9w, 0T,
i diy B, O [" by dka ooy o ks "1k [
822w ot T T8I G, | G T dw ow, 0T [ T, | som w| dw

The following terms in curly braces in the expression above cancel out: the first and fifth terms

and the seventh and tenth terms. Simplifying and using the elasticity definitions yields:

1az| [ aa oy, dky . dpdwy .
X dwl, =M\ [Pl T + kq W (1—g1)| +7A2|p2 Tw —i—kzaw2 o (1—-g2)
1 d¥ h h
1 Z - :Alé €1+(771 —61)(1—g1) —|—Az§2 €2+(172—€2)(1—g2)] (A7)
micr -1 micr -1
where A1 = —p2 % Col’ll [:| >OandA2:p1 % Cohz[.} .

Imposing the restriction that there are no wages spillovers (i.e. 36_22 = 0) implies that the par-
ticipation and employment responses to the minimum wage by high-skilled workers are equal to
zero (i.e. % = % = 0). In this case, the second term in ([A7) is equal to zero and the expression

collapses to (I3).

A.1.5 Endogenous Ability Distribution

The theoretical model set out in Section @ assumes that the ability distribution is fixed and that
the only labor supply response to taxes and the minimum wage is along the extensive (labor force
participation) margin. In this section, I relax these assumptions. In particular, I assume that par-
ticipating in the high-skilled labor market requires obtaining an education and that the education
choice is binary. I also assume that individuals are heterogeneous along two dimensions: a fixed
participation (or search) cost 6 and a fixed cost of obtaining schooling . Individuals draw the
fixed participation and schooling costs from a distribution with joint density 77(6, ¢); the support
of both 6 and ¢ is [0, +00).

The timing of the model differs slightly from Section B. Individuals realize their values of (6, 1)
and make a joint decision about whether to obtain schooling and participate in the labor market,

taking the policy variables, gross wages and the job finding rates as given.>® An individual with

531 assume that U, > Uy > Up.
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a participation schooling cost pair (6, 1) obtains schooling if U, — 6 — ¢ > max{U; — 60, Up}. The
number of individuals that obtain schooling and participate in the high-skilled labor market is

U,—U; U, —Uy U,—Uy—60 ,U—Uy
= ky = /O /0 (6, ¥)d0dyp + /0 / (0, ) d6dy (A8)

u, — Uy
The number of individuals that do not obtain an education (low-skilled) is n; = 1 — n. The

number of individuals that participate in the low-skilled labor market is

k= / / B 6, w)dedy (A9)

The labor demand side of the economy is the same as in Section B. The micro (partial equi-
libirum) and macro (general equilibrium) participation responses to the minimum wage by low-

skilled individuals are respectively

8k1 micro Joo U, —Uy
-— = / Tﬁ(l,h — Uy, lP)dl/J + / m(@, u, — Ul)df)
U, -y 0

W p1 (A10)

ow U~y

akl +o0 U, —Uy
% _ / (U — Up, )dy +/O (6, Uy — Uy )do .

P <1+%’°”1 b) (A11)

Policy changes affect the gains from obtaining an education as well as the value of being in
the labor force. The first term in square brackets in equations AT and [ATT represents the change
in low-skilled labor force participation due to entry (or exit) by individuals without an education.
The second term represents the change in low-skilled labor force participation due changes in
fraction of individuals that obtain schooling.

The Lagrangian function for the government’s optimization problem writes

L = SW(U(), U, UZ) — )\(b +E — (T1 + b)hl — (Tz + b)hz)

where

SW (U, Uy, Uy) = / / T e — Oy (0, p)dody + | / (6, $)dedy
U, —Uq U, —Uy U, —Uy—6 Uz Ug

+/0 /0 q>(u2—e—¢)m(9,¢)ded¢+/o /uu ®(U, — 0 — )it (6, ) dody

U —Uy . U,—U; p+oo 5
+/u cp(uo)m(e,¢)d9d¢+/0 /uz_qu>(u0)m(9,1p)d9d¢

h—Uy—0

Individuals can be partitioned into six groups depending on their (privately optimal) educa-
tion and labor market participation decisions. Each term in the SW(.) function corresponds to the

contribution to the government’s social welfare objective by each of these six groups. For example,
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the first term is the contribution to social welfare from low-skilled individuals that participate in
the labor market. The second, fifth and sixth terms are the contribution to social welfare from low-
skilled individuals that do not participate in the labor market. The third and fourth terms capture
the contribution to social welfare from high-skilled individuals that participate in the high-skilled
labor market.

Lemma 6. With an endogenous ability distribution, the level of the optimal employment tax liability for
the low- and high-skilled labor workers are, respectively,

h M ﬁlSl d}lz ’l ;‘2 ,3282 ]’lz
* * ( ' ) ’ ( ’ >

dy dy | diy iy (A12)
dT, dT, " dT, dTy
hq <P‘1_H_/?1gl % _ h2<”2 y€2g2> d_l
G+b = iy dhy | dhy dhy (A13)
aT, dT, T dT, dT;
where
) U —U _
o o Jo T (U — 0)ri(6, ) d6dy - pr
1= Ay
and

R R Uy — 0 — g6, p)dody + [{ET (LR @ (U — 0 — )in(0, p)dodyp | - p2

82= Ay

Lemma B shows that the optimal employment tax liabilities for low- and high-skilled workers
differ from Lemma 8.5 It is well-known that the possibility of labor supply responses along the
skill choice or intensive margin increases the employment tax rate at the bottom of the wage dis-
tribution and decreases the employment tax rate at the top of the wage distribution (5aez (2002H),
Kroft, Kiicko, Lehmann, and Schmieded (2015)). This is because reducing the employment tax rate
faced by low-skilled workers induces some that would otherwise have obtained an education and
participated in the high-skilled labor market to change their education choice. The possibility of
distorting education choices pushes the T} + b* upwards.

As in the main text, the government considers whether to introduce a minimum wage that
is binding in the low-skilled labor market after setting income taxes optimally. To illustrate how
the minimum wage differs from income taxes, I compare the social welfare and fiscal effects of a

minimum wage with a CETC. The following lemma shows that the effects of the minimum wage

541f the cross-effect terms are set to zero (‘ihl = % = 0), equations (BAII) and (BI2) reduce to the optimal employ-

ment tax formula in the main text (equation (UZ'Z)).
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and a CETC on the social welfare function SW(Uy, Uy, U, ) are identical to those from the model in

Section D.

Lemma 7. With an endogenous ability distribution, the changes in social welfare due to the introduction

of a minimum wage and a CETC are, respectively,

MW . ]/ll _ ﬁl . dk ak micro
dSWY™ = g1y [—m(l — ﬁl)]d =g1h— L [ ow dw (A14)
and
ASWCETC — g1h1% dw (A15)
1

Intuitively, those that are induced to switch their education choice due to the minimum wage
or a CETC are initially indifferent between participating in either labor market. Consequently, skill
changes have no first order effect on SW(.) (by the envelope theorem). However, policy-induced
skill changes do have first-order effects on the net tax revenue collected by the government.

Lemma 8. With an endogenous ability distribution, the change in net tax revenue BB due the introduction

of a minimum wage and CETC are, respectively,

dBM"W = (Ty + b)dhY™ + (T, + b)dn)™ (A16)

dBCETC h dTCETC + (T + b>dhCETC T <T2 T b)dhCETC (A17)

Combining Lemmas B, [4, and B and substituting the optimal employment tax formulas (equa-
tions (AT2) and (AT3)) leads to the formula for the change in total welfare from the introduction

of a minimum wage.

Proposition 3. Suppose the ability distribution is endogenous in the way described above. Beginning from
the optimal income tax allocation, the change in total welfare from the introduction of a minimum is

. -1
1 dz* dk1 8p1 - ap dkz 8k2 mero . hz
hn dw e =Y [Pld +kla (1-51)| +¥2 |k 8_ 1— iT, \ 9T, 82 I
. -1
_%% ak micro
de dw 8_
(A18)
-1 -1 -1 micro
dhy dh dh dh dhy | dk ok
where H :TiTi—i—de—l >0and ¥y = — o7 H >Ound‘1’2:—H d—zj[@} Em >0
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Imposing the restriction that the ability distribution is exogenous implies that dkl = % =

’2’;5 = 0. In this case, (BTI8) reduces to ([4). The change in total welfare from the effect of the min-
imum wage on education choices is captured by the third term in (AT8). Importantly, the third
term in (AT8) is proportional to dzz (through ¥5). Therefore, if skill decisions are not responsive
to the minimum wage, the third term in (AT8) will be small. As in the main text, the intuition
for this third term can be understood by considering the distortions to tightness in the low- and
high-skilled labor markets in the absence of the minimum wage. The following two special cases
illustrate how the minimum wage may alleviate or exacerbate distortions to the labor market
tightness beginning from the optimal income tax allocation.

Special Case 1 (Utilitarian SWF and Efficient High-Skilled Labor Market)

Suppose that the social welfare function SW(.) is utilitarian and that the tightness in the high-
skilled labor market is efficient. The former assumption implies that §o = ¢1 = §» = 1 and that

social welfare is maximized if output net of fixed vacancy, participation and schooling costs is
micro

maximized. The latter assumption implies that f, = y, and g—% = % . In this case, the
optimal tax formulas reduce to
—Iy Vl—ﬁl) %
* x H1 2
Tl—l—b—%&_%& (A19)
ATy dT; — dTy dTy
and
(520
* *
Ty, +b = dndn _1 (A20)
dT dT, ~— dT,

Thus, T} + b* > 0and T; 4 b* > 0 if the laissez-faire tightness in the low-skilled labor market
is inefficiently high (i.e. B1 < u1).® As in the main text, if the tightness in the low-skilled labor
market is inefficiently high in the absence of government intervention, the government sets a
positive employment tax liability for low-skilled workers. This reduces the number of vacancies
that firms are willing to create, as well as low-skilled labor market participation. However, unlike
the model with only extensive margin labor supply responses, the optimal policy also involves
a positive employment tax for high-skilled workers. A positive employment tax for high-skilled
workers discourages individuals from switching to the high-skilled labor market. However, this

shrinks the tax base by reducing the supply and demand for high-skilled workers.

In this situation, (ATY) reduces to

d dhy dhy

55Conversely, if B1 > py, then T +b* < 0 and T; + b* < 0. Moreover, note that g'—ﬂ >0, % > 0 an T i

ZIE Z}ﬁ > 0 by assumption.
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. dw

w = wq

. —1 —1 —1
1 az g, dk g dhdky [0k [T dhy | dky  dhy dhy | dhy
A dw 1P 24T, dw \ Jw 1 dan\Pdw  dw dT, | dT,

(A21)

The first term in (B2) is the Participation effect from Section B4. Since % >0, % < Oand
% has the opposite sign as %, the second term in (AZT) is positive whenever the Participation
eﬁ?ect is positive. Intuitively, the second term in (BZT) captures the fact that the raising the value
of participating in the low-skilled labor market also distorts education decisions downward. This
exacerbates the decline in the tax base due to the positive employment tax rate on high-skilled
workers. Conversely, suppose that the tightness in the low-skilled labor market is inefficiently low
in the absence of any government intervention. In this case, although the minimum wage reduces
low-skilled labor force participation, it leads to higher tax revenue from high-skilled workers. This
is because the minimum wage alleviates the disincentive to obtain an education caused by the a
negative employment tax for low-skilled workers.

Special Case 2 (Efficient Low- and High-Skilled Labor Markets)

If both the low- high-skilled labor markets are efficient in the absence of any government in-

, , dky Ok, |0 dk Dy | €T de, _ dky _ dh
tervention then: o = 12, 72 = 37 Br=mqt = - ,and 41 = 92 = &2 —

Since the low- and high-skilled labor markets are efficient (ie. output net offixed}artici}nation
and schooling costs is maximized), the government’s only role is to use the income tax system and

the minimum wage to redistribute income. In this case, the optimal tax formulas reduce to

L (- (-5
vt = Ty di, iy g : (A22)
dTy dT, T, dTy
and
L (- (1 -5
L +b" = diy dhz1 dhy dhy : (A23)

If &1 is large enough, the government wants to set a negative employment tax liability for low-
skilled workers. Relative to the baseline model with no education decision, however, it’s ability
to do so is limited by the fact that this would induce some individuals to switch to the low-skilled
labor market (second term in the numerator of (B22)). Thus, the optimal employment tax rate at
the bottom (top) of the wage distribution is higher (lower) than it would be without an “intensive

margin” response. In this situation, (ATI8) reduces to
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1
)U’l] dw

-1
. dhy dhy B dhy dhy apl B @ %
w=w N [dTl dTl, dT» dT1] kq dw ( hl(l gl)dT + hZ( gz) it (A24)

The term in round braces is the numerator of (A22). This term captures the sign of the em-

ployment tax liability faced by low-skilled workers. If it is negative, then the optimal income tax
system features a subsidy for low-skilled workers. Given that the low- and high skilled labor
markets are efficient in the absence of government intervention, a negative employment tax for
low-skilled workers distorts the tightness upwards through the familiar equity-efficiency trade-

off. In this case, because 8;71

< 0, the minimum wage is welfare improving because it lowers the
tightness in the low—skllled labor market. On the other hand, if the optimal income tax features a
positive employment tax at the bottom, then the term in round braces is positive and optimal tax
system pushes the tightness in the low-skilled labor market further below its efficient (first-best)
level. In that case, introducing a minimum wage exacerbates the distortion to the tightness caused
by the income tax system.

In general, the tightness in the low-skilled labor market is not efficient because of externalities
caused by search frictions and distortions caused by the the income tax system. Corollary D gives
the sufficient conditions under which the minimum wage is desirable in terms of estimable labor

force participation and employment responses to the minimum wage and taxes.

Corollary 2. Suppose the ability distribution is endogenous in the way described above. Sufficient condi-
tions for the minimum wage to be welfare improving are: (i) 3 & >0,i) & >1,and

i -1 micro 7 —1
o ((diy dky diy [ ok, |70 < dhy dky i
(1) ( N dw) (1 T, { 9T, &)W > h dw | tw -

A.1.6 General matching technology and wage setting

This section shows how ([4) is modified when the baseline model is extended to allow for a
non-constant returns to scale matching technology. Although the empirical literature supports
the constant returns to scale approximation (Petrongoloand Pissarides (2001, 20086)), relaxing this
assumption has important implications for the desirability of the minimum wage. In particular, I
assume that the only restriction on p, is that it is continuously differentiable in the gross wage w,,
the tax liability T,, and the non-employment benefit b faced by type-a workers. Moreover, assume
that the wage-setting mechanism is such that w, = w(.; a) is a continuously differentiable function
of T, and b. This framework corresponds to the ‘no cross-effect’ model in Kroft, Kiicko, Lehmann
and Schmieder (2015).58

The equivalents of the changes in SW(.) and B are:

%6This model only assumes that the labor supply response is on the participation margin only and that the minimum
wage and taxes have no spillover effects on the wages and job finding rates in other occupations (separable production
function).
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%dSWMW =1 /0 L@ (Uy — 0)m(0]ay)dodUMY = g1y

ap1 u(c1) —u(b)
1+ 30 PRI ]d@ (A25)

dBW = (T} +b*)dhW = h{1+

ow; 1_1_% (C1)—u(b)]g1}<@> ahl w (A26)

aTl aTl plu’(cl) dTl aw
1 op: (9 e — u(b)
LasweeTe oy ((0wr u(er) —u(b)
TASW il |1+ 3T < 5T, 1) PRI ]dw (A27)

1
dBCETC _ hldTlCETC + (Tl* + b*)dthTc _ _glhl 14+ apl (awl 1) M] dw (A28)

BT 8T1 plu’(cl)

Combining (A25)-(AZ8) and evaluating at the optimal income tax allocation leads to the ex-
pression for the total welfare effect due to the minimum wage:

dhl 1 dng . dk1 8p1 ap1 8w1 8;91
Given that klg = dhl 4 fi’; and kq aa dell = g’ﬁ p1 Z’% (BA29) can be expressed in terms of the

macro participation and employment responses to the minimum wage and taxes.
dhy dkq

N (1—g)+ dhy dky\owy (dh
dw Maw 31 dw Maw ) o, \dm

In this case, the form of (I4) is the same except for an additional term that captures the tax

L L A2k
pdw

revenue gains due to the change in the job finding rate. To illustrate, suppose the matching func-
tion exhibits decreasing returns to scale. This implies that the job finding rate is decreasing in the
number of job-seekers and increasing in the tightness. If the minimum wage increases labor force
participation, the job finding rate falls more than in the constant returns to scale case. As a result,
some matches that would have taken place do not occur. This has a negative fiscal cost propor-
tional to the government’s welfare weight ¢;. In contrast, a CETC has a less negative impact on the
worker’s job finding rate because it encourages vacancy creation. With increasing returns to scale,
the job finding rate may increase with the minimum wage. In this situation, the Redistribution effect
may be negative if % > 0. Consequently, the additional term is positive because employment is

unambiguously increases.

62

okq

pla_Tl

JJs



A.2 Empirical appendix

A.2.1 Appendix figures

Figure Al: Number of Minimum Wage Events by State

Number of Events

W25 -27
W22 -25
W19 -22
W16 -19
W13-16
010-13

Notes: This figure reports the number of minimum wage increases by state, from 1979 to 2014.
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Figure A2: Distribution of Events by Year
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Notes: This figure reports a frequency count of minimum wage increases by year, from 1979 to
2014.

Figure A3: Distribution of Event Time
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Notes: This histogram plots the frequency count for values of the events; (years relative to
minimum wage increase) variable.



Figure A4: The Effect of the Minimum Wage on Real Hourly Wages

Change in Real Hourly Wage

T T T T
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Notes: This figure reports estimates of the effect of nominal minimum wage increases on reported
real hourly wage of CPS MORG respondents. The vertical lines indicate the year before a
minimum wage increase and the year of a minimum wage increase, respectively. Each marker is
an estimate of the a/ coefficient from equation (I8). All dollar amounts are deflated to 2014
dollars using the BLS Urban CPI.

Figure A5: De-trended Real Hourly Wage Response to the Minimum Wage

Change in Real Hourly Wage
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Years Relative to MW Event

’ ——e—— Change in Real Wage (2014 $) 95% confidence interval‘

Notes: This figure reports de-trended estimates of the effect of nominal minimum wage increases
on the reported real hourly wage of unmarried age 20-29 CPS MORG respondents with less than
a high school diploma. The vertical lines indicate the year before a minimum wage increase and
the year of a minimum wage increase, respectively. Each marker is an estimate of the a/
coefficient from equation (I8) after fitting and removing a linear trend for the years before a
minimum wage event. All dollar amounts are deflated to 2014 dollars using the BLS Urban CPL
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Figure A6: Marginal Welfare Gain from Introducing a Minimum Wage: Fixed Income Tax System
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Notes: This figure shows the results from a second policy experiment: calculating the welfare

gains from introducing a minimum wage beginning from any fixed income tax system. To do so,

icroq—1
Ty +b diy [ ok, |THE© dh
Ly o gun it [ 3 + (T +b)%

I calibrate the sufficient statistics formula g; 5—5}1 +
introduced in Section B4. In addition to the macro participation and employment elasticities and

the welfare weight for low-skilled workers, this formula also depends on the micro participation
response to the minimum wage. Given that the micro participation response to the minimum
wage is equal to -1 times the micro participation response to income taxes, I use the estimate

el = 0.6 from Krotf, Kucko, Lehmann, and Schmieder (2015).
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A.2.2 Appendix tables

Table Al: The Effect of Minimum Wages on Real Hourly Wages

) () ) 4) )

postst 0.131* 0.219  0.258
(0.061) (0.140) (0.240)
pre*events; -0.046  -0.089 -0.046
(0.061) (0.271) (0.061)
pre*event?, -0.010
(0.066)
post*shorts; 0.134**  0.220
(0.061) (0.138)
post*mediumy; 0.125 0.215
(0.090) (0.161)
N 42,783 42,783 42,783 42,783 42,783

Notes: All columns include the following controls: dummies for race (white and black, the
excluded category is hispanic/other), linear, quadratic, cubic and quartic age tends, dummies for
immigrant status, state fixed effects and year fixed effects. The sample is all unmarried high
school dropouts in the CPS MORG between the ages of 20 and 29 that report not being in school
full time. Each observation is weighted by its inverse sampling probability provided in the CPS.
Standard errors are clustered at the state level. * p < 0.1, ** p < 0.05 and ** p < 0.01.
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Table A2: Covariates

1) 2) ®) (4) ©)

Age Female White Black Immigrant
A. All unmarried individuals
posts; -0.018 -0.002 0.001 -0.000 -0.016***
(0.095) (0.002) (0.002) (0.002) (0.005)
pre*events; 0.038 0.001 0.000 0.001 0.006***
(0.038) (0.001) (0.000) (0.000) (0.002)
N 11,533,091 11,533,091 11,533,091 11,533,091 11,533,091
B. HS dropouts age 20-29
postsy =0 -0.008 -0.011 0.002 -0.001 -0.030***
(0.059) (0.008) (0.005) (0.005) (0.011)
pre*events; 0.000 0.003 0.000 0.001 0.012%**
(0.024) (0.003) (0.002) (0.002) (0.004)
N 562,283 562,283 562,283 562,283 562,283

Notes: The sample in panel A is all unmarried CPS respondents that report not being in school
full time. The sample in panel B is all unmarried high school dropouts between the ages of 20
and 29 that report not being in school full time. Each observation is weighted by its inverse
sampling probability provided in the CPS. Standard errors are clustered at the state level. *

p <0.1,* p < 0.05and *** p < 0.01.
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Table A3: Natives versus Immigrants

Baseline Census Division by Year FE
(1) @) ®) (4) ) (6)
All Natives Immigrants All Natives Immigrants
A. Immigrant
posts; -0.030*** -0.051***
(0.011) (0.016)
Mean 0.592 0.592
B. LFP
posts; -0.016**  -0.011 -0.024** -0.006 0.002 -0.014
(0.006)  (0.009) (0.008) (0.008)  (0.010) (0.009)
Mean 0.706 0.667 0.732 0.706 0.667 0.732
C. EMP
posts; -0.015*  -0.009 -0.027** 0.005 0.004 0.002
(0.008)  (0.010) (0.011) (0.008)  (0.011) (0.011)
Mean 0.559 0.503 0.597 0.559 0.503 0.597

Notes: The sample in columns 1 and 4 is all unmarried CPS respondents with less than a high
school diploma between the ages of 20 and 29 that report not being in school full time. Columns
2 and 5 restrict the sample to individuals born in the U.S. , and columns 3 and 6 restrict the
sample to immigrants. All columns include the following controls: pre*event,;, dummies for race
(white and black, the excluded category is hispanic/other), linear, quadratic, cubic and quartic
age tends, and state fixed effects. The specifications in columns 4-6 include census
division-by-year FE. Each observation is weighted by its inverse sampling probability provided
in the CPS. Standard errors are clustered at the state level. * p < 0.1, ** p < 0.05 and *** p < 0.01.
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Table A4: Effect of the Minimum Wage by ‘Bites’

) (2) ®) 4)
HS Drop HSGrad Some College College+

A.LFP

posts; -0.016***  -0.005 0.003 -0.002
(0.006) (0.003) (0.003) (0.002)

pre*events; 0.005 0.002* -0.000 0.000
(0.003) (0.001) (0.001) (0.001)

B. EMP

posts; -0.015* -0.003 0.003 -0.000
(0.008) (0.005) (0.004) (0.003)

pre*events; 0.008**  0.006*** 0.003 0.001
(0.004) (0.002) (0.002) (0.002)

C. Real Hourly Wage

posts; 0.219 0.269* 0.279** 0.419
(0.139) (0.140) (0.122) (0.330)

pre*events; -0.046 -0.088 -0.130*** -0.163
(0.062) (0.066) (0.049) (0.122)

Notes: The sample is all unmarried CPS respondents between the ages of 20 and 29 that report
not being in school full time. Each column corresponds to a regression for individuals in the
indicated education group. All columns include the following controls: dummies for race (white
and black, the excluded category is hispanic/other), linear, quadratic, cubic and quartic age
tends, dummies for immigrant status and state fixed effects. Each observation is weighted by its
inverse sampling probability provided in the CPS. Standard errors are clustered at the state level.
*p <0.1,*p <0.05and ** p < 0.01.
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Table A5: Pre- versus Post-1997

1) (2) 3)
19792014 1979-1996 1997-2014
A.LEP
posts; 0.016**  -0.018 -0.009
(0.006) (0.011) (0.007)
B. EMP
posts; -0.015* -0.018 -0.012

(0.008) (0.014) (0.009)

C. Real Hourly Wage

post; 0.219 0.170 0.136
(0.140) (0.324) (0.157)

N 562,283 321,955 240,328

Notes: The sample is all unmarried CPS respondents between the ages of 20 and 29 that report
not being in school full time. Each column corresponds to a regression for individuals in the
indicated time period. All columns include the following controls: pre*events;, dummies for race
(white and black, the excluded category is hispanic/other), linear, quadratic, cubic and quartic
age tends, dummies for immigrant status and state fixed effects. Each observation is weighted by
its inverse sampling probability provided in the CPS. Standard errors are clustered at the state
level. * p < 0.1, * p < 0.05 and *** p < 0.01.
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Table A6: Effect of the Minimum Wage on Women and Men

1) ) 3)
All Women Men

A.LFP

posts; 0.016**  -0.047**  0.005
(0.006)  (0.015)  (0.006)

Mean 0.706 0541 0817

B. EMP

posts; -0.015%  -0.040**  0.000
(0.008)  (0.015)  (0.009)

Mean 0.559 0410  0.659

C. Real Hourly Wage

posts; 0219  0.380**  0.133
(0.140)  (0.171)  (0.2200)

Mean 10.788 9.522 11.348

Notes: The sample is all unmarried CPS respondents between the ages of 20 and 29 that report
not being in school full time. Each column corresponds to a regression for individuals of the
indicated gender. All columns include the following controls: pre*events;, dummies for race
(white and black, the excluded category is hispanic/other), linear, quadratic, cubic and quartic
age tends, dummies for immigrant status and state fixed effects. Each observation is weighted by
its inverse sampling probability provided in the CPS. Standard errors are clustered at the state
level. * p < 0.1, ** p < 0.05 and *** p < 0.01.
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Table A7: Baseline, No Sample Weights, MORG Sample only

D () 3) 4)

Baseline Baseline, MORG MORG
No weights sample sample, No
weights
A.LFP
postsy  -0.016*** -0.015** -0.007 -0.009
(0.006)  (0.006) (0.009) (0.009)
Mean 0.706  0.704 0.702 0.700
B. EMP
posts; -0.015*  -0.016** -0.009 -0.010
(0.008)  (0.007) (0.011) (0.010)
Mean 0.559  0.556 0.560 0.557

Notes: The sample in columns 1 and 2 is all unmarried CPS respondents between the ages of 20
and 29 that report not being in school full time. The sample in column 3 is restricted to CPS
respondents in the MORG. All columns include the following controls: pre*events;, dummies for
race (white and black, the excluded category is hispanic/other), linear, quadratic, cubic and
quarticage tends, dummies for immigrant status and state fixed effects. Except for column 2, each
observation is weighted by its inverse sampling probability provided in the CPS. Standard errors
are clustered at the state level. * p < 0.1, ** p < 0.05 and ** p < 0.01.
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Table A8: The Effect of Minimum Wages on LFP and EMP

1) ) ) (4) ©)

A.LFP
posts; -0.005 -0.016** -0.019**
(0.003)  (0.006) (0.009)
pre*events; 0.005 0.007 0.005*
(0.003) (0.009) (0.003)
eventg; X posts; -0.005 0.004
(0.005) (0.012)
pre*event?, 0.000
(0.002)
event? X posts -0.004**
(0.002)
post*shorts; -0.005 -0.015**
(0.004) (0.006)
post*mediumy; -0.006 -0.017*
(0.006) (0.010)
B. EMP
posts; 0.001 -0.015*  -0.023**
(0.004)  (0.008) (0.010)
pre*events; 0.008** 0.014 0.008**
(0.004) (0.012) (0.004)
eventg; X posts; -0.007 -0.002
(0.006) (0.017)
pre*event? 0.001
(0.002)
event? X posts -0.005**
(0.002)
post*shorts; 0.000 -0.015*
(0.005)  (0.008)
post*mediumy; 0.001 -0.015

(0.007)  (0.011)

Notes: All columns include the following controls: dummies for race (white and black, the
excluded category is hispanic/other), linear, quadratic, cubic and quartic age tends, dummies for
immigrant status, state fixed effects and year fixed effects. The sample is all unmarried high
school dropouts between the ages of 20 and 29 that report not being in school full time. Each
observation is weighted by its inverse sampling probability provided in the CPS. Standard errors
are clustered at the state level. * p < 0.1, ** p < 0.05 and ** p < 0.01.
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Table A9: Effect of the Minimum Wage on Education Choices

(1) (2) ®) (4) )
All age 20-29 Women Men Immigrants Natives
posts; 0.005 0.002 0.008 0.008 -0.001
(0.004) (0.004) (0.006) (0.006) (0.003)
pre*eventy; -0.004** -0.003  -0.005*** -0.006** -0.002
(0.002) (0.002) (0.002) (0.002) (0.001)
N 4,358,749 2,033,268 2,325/481 2,365,780 1,992,969

Notes: The sample in column 1 is all unmarried CPS respondents between the ages of 20 and 29
that report not being in school full time. The sample in column 2 (3) is restricted to women (men).
The sample in column 4 (5) is restricted to immigrants (natives). All columns include the
following controls: dummies for race (white and black, the excluded category is hispanic/other),
linear, quadratic, cubic and quartic age tends, dummies for immigrant status and state fixed
effects. Each observation is weighted by its inverse sampling probability provided in the CPS.
Standard errors are clustered at the state level. * p < 0.1, ** p < 0.05 and *** p < 0.01.

B Additional appendices (not for publication)

B.1 Alternative definition of the event time variable

In this section, I report estimates of the causal effect of minimum wage legislation on low-
skilled labor force participation and employment using an alternate definition of the event time
variable. Recall that the event time variable, event;, denotes time (in years) relative to a minimum
wage increase for state s. I set events; = 0 for all state-years when the prevailing nominal minimum
wage increases between t — 1 and t. For states that experience multiple consecutive minimum
wage increase, the variable event;; = 0 only for the first minimum wage increase. State-years that
are T years before the first minimum wage increase are coded as events; = —T and state-years that
are T years after the fist minimum wage increase are coded as event;; = 7. All state-years more
than four years before (resp. four years after) a minimum wage event are coded as as event;; = —4
(resp. events = 4).

Tables BT and B2 report estimates of a; using this approach. Across all specifications, the
estimates of the causal effect of the minimum wage on low-skilled labor force participation are
nearly identical to those in Tables @ and B.
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Table B1: Alternative Event Variable: The Effect of Minimum Wages on LFP and EMP

1) ) 3) (4) ()

A.LFP (Mean: 0.71)

posts: -0.005 -0.016** -0.018*
(0.003) (0.006) (0.010)
pre*events; 0.005* 0.008 0.006*
(0.003) (0.009) (0.003)
pre*event?, 0.001
(0.002)
post*shorts; -0.003 -0.014**
(0.006)  (0.006)
post*mediumy; -0.006 -0.018*

(0.004)  (0.009)

B. EMP (Mean: 0.56)

postst 0.001  -0.015* -0.021*
(0.004) (0.008) (0.011)
pre*events; 0.008**  0.015 0.009**
(0.003) (0.011) (0.004)
pre*event?, 0.001
(0.002)
post*shorts; 0.005 -0.011
(0.008) (0.010)
post*mediumy; -0.002 -0.020%

(0.006)  (0.010)

Notes: All columns include the following controls: dummies for race (white and black, the
excluded category is hispanic/other), linear, quadratic, cubic and quartic age tends, dummies for
immigrant status, state fixed effects and year fixed effects. The sample is all unmarried high
school dropouts between the ages of 20 and 29 that report not being in school full time. Each
observation is weighted by its inverse sampling probability provided in the CPS. Standard errors
are clustered at the state level. * p < 0.1, ** p < 0.05 and *** p < 0.01.
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Table B2: Alternative Event Variable Robustness Check: Spatial Controls

(1) ) ®) (4) ©)

A.LFP

post; 0.016* -0.012** -0.009 -0.007 -0.006
(0.006)  (0.006) (0.006) (0.008) (0.008)

pre*eventy 0.005*  0.003  0.003 0.003 0.002
(0.003)  (0.002) (0.002) (0.003) (0.003)

B. EMP

posts; 0.015% -0.013 -0.009 -0.000 0.005
(0.008)  (0.009) (0.008) (0.009) (0.008)

pre*events; 0.008**  0.006* 0.006* 0.003 -0.000

(0.003)  (0.003) (0.003) (0.003) (0.003)

C. Real Hourly Wage

posty 0222 0161 0108 0161  0.199
(0.137)  (0.121) (0.117) (0.148) (0.157)
pre*eventy; 0.046  -0.030  0.010 -0.041 -0.084

(0.060)  (0.056) (0.058) (0.060) (0.063)

State-Linear Trend N Y Y N N
State-Quadratic Trend N N Y N N
Region-Year FE N N N Y N
Div.-Year FE N N N N Y

Notes: All columns include the following controls: dummies for race (white and black, the
excluded category is hispanic/other), linear, quadratic, cubic and quartic age tends, dummies for
immigrant status and state fixed effects. The sample is all unmarried high school dropouts
between the ages of 20 and 29 that report not being in school full time. Each observation is
weighted by its inverse sampling probability provided in the CPS. Standard errors are clustered
at the state level. * p < 0.1, ** p < 0.05 and *** p < 0.01.

77



B.2 Estimates for teenagers

Table B3: Teenagers: The Effect of Minimum Wages on LFP and EMP

1) (2)

®)

A. LFP (Mean: 0.42)

posts; 0.002 0.002
(0.004)  (0.007)
pre*events; 0.000
(0.002)

pre*event,

0.002
(0.006)
-0.000
(0.005)
-0.000
(0.001)

B. EMP (Mean: 0.34)

posts; 0.005 -0.001
(0.005)  (0.007)
pre*event; 0.003*
(0.002)

pre*event?,

-0.003
(0.007)
0.005
(0.004)
0.000
(0.001)

C. Real Hourly Wage (Mean: $8.42)

posts; 0.144* 0.188**
(0.046)  (0.087)
pre*events; -0.024
(0.029)

pre*event?,

0.398*
(0.204)
-0.261
(0.173)
-0.052
(0.035)

Notes: All columns include the following controls: dummies for race (white and black, the
excluded category is hispanic/other), linear, quadratic, cubic and quartic age tends, dummies for
immigrant status, state fixed effects and year fixed effects. The sample is all CPS respondents
between the ages of 15 and 19. Each observation is weighted by its inverse sampling probability
provided in the CPS. Standard errors are clustered at the state level. * p < 0.1, ** p < 0.05 and ***

p < 0.01.
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B.3 Comparison with Alle

Q9

refto, Dube, , Reich, and Zipperer (2016)

To facilitate a comparison between the estimates in Tables B4 and B3 below and the elasticity
of the dependent variable. For example, using the estimate in panel A, column 1 of Table B4, the
implied elasticity of low-skilled labor force participation with respect to the minimum wage is
-0.049/0.71 = -0.07. The estimate in panel C, column 1 of Table B3 implies that the elasticity of
teenage employment with respect to the minimum wage is -0.092/0.34 = -0.27, nearly identical
to the -0.219 estimate in Panel B, column 1 of Table 2 in [Allegretto, Dube,  Reich,_and Zipperer.
(2018).

Table B4: The Effect of Minimum Wages on LFP and EMP on Low-Skilled Adults

@ ) ®) 4) ©)

A. LFP (Mean: 0.71)

log(real min. wage);; ~ -0.049  -0.018 -0.010 -0.003  0.003
(0.034) (0.023) (0.027) (0.035) (0.038)

B. LFP (Mean: 0.71)

log(real min. wage);  -0.053  -0.017 -0.013 -0.007  0.004
(0.035) (0.029) (0.034) (0.037) (0.039)
pre*event; 0001 -0.000 0.01 0001 -0.000
(0.002)  (0.002) (0.002) (0.002) (0.002)

C. EMP (Mean: 0.56)

log(real min. wage);; ~ -0.065  0.005 0.034 -0.019  0.019
(0.047)  (0.033) (0.043) (0.047) (0.049)

D. EMP (Mean: 0.56)

log(real min. wage)s; -0.083* -0.006 0.017 -0.034 0.013
(0.049) (0.037) (0.049) (0.050) (0.053)
pre*events; 0.004*** 0.002  0.003 0.003*  0.002
(0.002) (0.002) (0.002) (0.002) (0.002)

State-Linear Trend N Y Y N N
State-Quadratic Trend N N Y N N
Region-Year FE N N N Y N
Div.-Year FE N N N N Y

Notes: All columns include the following controls: dummies for race (white and black, the
excluded category is hispanic/other), linear, quadratic, cubic and quartic age tends, dummies for
immigrant status, state fixed effects and year fixed effects. The sample is all unmarried high
school dropouts between the ages of 20 and 29 that report not being in school full time. Each
observation is weighted by its inverse sampling probability provided in the CPS. Standard errors
are clustered at the state level. * p < 0.1, ** p < 0.05 and ** p < 0.01.
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Table B5: The Effect of Minimum Wages on LFP and EMP on Teenagers

@) &) ®) 4) &)

A. LFP (Mean: 0.42)

log(real min. wage)s;  -0.098*** -0.000  0.017  -0.082*** -0.034
(0.020)  (0.023) (0.032)  (0.028)  (0.039)

B. LFP (Mean: 0.42)

log(real min. wage);;  -0.111%* -0.002  0.013  -0.090** -0.037
(0.023)  (0.025) (0.033)  (0.029)  (0.040)

pre*eventy 0.003** -0.000 0.001  0.002  0.001
(0.002)  (0.001) (0.001)  (0.001)  (0.001)

C. EMP (Mean: 0.34)

log(real min. wage)s;  -0.092***  0.015 0.036 -0.065**  -0.009
(0.019) (0.035) (0.047) (0.028)  (0.031)

D. EMP (Mean: 0.34)

log(real min. wage)s;  -0.112**  (0.004 0.024  -0.007*** -0.013
(0.019)  (0.035) (0.045)  (0.028) (0.032)

pre*events; 0.005***  0.002* 0.002*** 0.003***  0.001
(0.002)  (0.001) (0.001)  (0.001)  (0.001)

State-Linear Trend N Y Y N N
State-Quadratic Trend N N Y N N
Region-Year FE N N N Y N
Div.-Year FE N N N N Y

Notes: All columns include the following controls: dummies for race (white and black, the
excluded category is hispanic/other), linear, quadratic, cubic and quartic age tends, dummies for
immigrant status, state fixed effects and year fixed effects. The sample is all unmarried high
school dropouts between the ages of 20 and 29 that report not being in school full time. Each
observation is weighted by its inverse sampling probability provided in the CPS. Standard errors
are clustered at the state level. * p < 0.1, ** p < 0.05 and ** p < 0.01.
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