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Today’s lecture

• Background on the minimum wage
• Brainstorming research questions
• Dube, Lester, and Reich (2010)
• Neumark, Salas, and Wascher (2014)
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The minimum wage, past and present

• First federal minimum wage: 1938 Fair Labor Standards Act
◦ Initially 25 cents per hour, many sectors uncovered
◦ Gradual expansions in coverage, periodic increases
◦ Not indexed to inflation =⇒ declines b/w updates

• As of March 2019:
◦
◦
◦
◦

$7.25 federal minimum wage
29 states (+ DC) have higher minimums
City-wide minimum wages including $15 in places
Sub-minimums for teenagers, tipped workers
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Sawtooth adjustment of the federal minimum wage

Pew Research Center (2017)
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Binding state minimums are spatially clustered

(Department of Labor, 2019: states with above-federal minimum wages)
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Gradual phase-in of California’s $15 minimum wage

(CA Department of Industrial Relations)
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Research questions
• Central question: how does w affect employment?
◦ Does increasing w increase earnings in affected population?
◦ Does increasing w create or reduce deadweight loss?
◦ How does increasing w affect who gets hired?

• Theory is ambiguous (see Brown 1999)
◦ Competitive model: minimum wage reduces L∗
◦ Monopsony model: minimum wage might increase L∗
◦ Additional issues related to incomplete coverage, search

• Other angles?
◦
◦
◦
◦
◦

Working conditions
On-the-job training
Compliance
Product prices
Political economy
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Three big issues in the literature on employment effects

1. Choosing the right target population
2. Constructing a valid counterfactual
3. Static vs. dynamic responses

7

Defining the affected population
• Two populations typically studied:
◦ Teenagers
◦ Restaurant workers

• Why are these sensible groups to study?
◦ Fraction affected by minimum wage
◦ Data availability
◦ Comparability with prior studies

• Why not just look at aggregate employment?
◦ Overly broad populations dilute effects
◦ Overly narrow populations miss labor-labor substitution
◦ Chosen groups are (hopefully) a reasonable middle-ground
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Three big issues in the literature on employment effects

1. Choosing the right target population
2. Constructing a valid counterfactual
3. Static vs. dynamic responses
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First generation: time-series evidence
• Aggregate time-series regression:
ln yt = α + η ln(w t ) + xt0 δ + εt
where yt is teen employment, w t is the federal minimum
• Tends to yield negative effects
◦ Demand elasticity ≈ −0.1 to −0.3
(Brown, Gilroy, and Kohen 1982)

• Problems?
◦ Omitted variables bias
◦ Measurement error due to state minimums
◦ Serial correlation in the error term
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Second generation: state panel estimates
• Exploit cross-state variation in minimum wage
◦ Changes in state minimum
◦ Changes in federal minimum, differential “bite”

• Typical specification (Neumark and Wascher, 1992):
ln yst = α + η ln(w st ) + xst0 δ + φs + τt + εst
• Remaining concerns?
◦ Differential trends
◦ Dynamic effects
◦ Spatial correlation
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Alternative approach: case studies
• Some prominent case studies:
◦ New Jersey: Card and Krueger (1994)
◦ San Francisco: Dube, Naidu, and Reich (2007)
◦ Seattle: Jardim et al. (2017)

• Numerous disadvantages . . . what are the advantages?
◦ Transparent, easy to explain
◦ Easier to understand the policy context
◦ Feasible to collect more-detailed data

• Card and Krueger study 1992 NJ wage hike from $4.25 to $5.05
◦ Compare fast-food restaurants in NJ to eastern PA
◦ Compare low to high-wage restaurants within NJ
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Card and Krueger (1994): the main result
780 THE AMERICAN ECONOMIC REVIEW SEPTEMBER 1994
TABLE 3-AVERAGE EMPLOYMENT PER STORE BEFORE AND AFTER THE RISE
IN NEW JERSEY MINIMUM WAGE
Stores by state Stores in New Jerseya Differences within NJb
Difference, Wage = Wage = Wage 2 Low- Midrange-

PA NJ NJ - PA $4.25 $4.26-$4.99 $5.00 high high

Variable

(i)

(ii)

(iii)

(iv)

(v)

(vi)

(vii)

(viii)

1. FTE employment before, 23.33 20.44 -2.89 19.56 20.08 22.25 - 2.69 -2.17

all available observations (1.35) (0.51) (1.44) (0.77) (0.84) (1.14) (1.37) (1.41)
2. FTE employment after, 21.17 21.03 -0.14 20.88 20.96 20.21 0.67 0.75
all available observations (0.94) (0.52) (1.07) (1.01) (0.76) (1.03) (1.44) (1.27)
3. Change in mean FTE -2.16 0.59 2.76 1.32 0.87 -2.04 3.36 2.91
employment (1.25) (0.54) (1.36) (0.95) (0.84) (1.14) (1.48) (1.41)
4. Change in mean FTE -2.28 0.47 2.75 1.21 0.71 -2.16 3.36 2.87

employment, balanced (1.25) (0.48) (1.34) (0.82) (0.69) (1.01) (1.30) (1.22)
sample of storesc
5. Change in mean FTE - 2.28 0.23 2.51 0.90 0.49 - 2.39 3.29 2.88

employment, setting (1.25) (0.49) (1.35) (0.87) (0.69) (1.02) (1.34) (1.23)
FTE at temporarily

closed stores to od
Notes: Standard errors are shown in parentheses. The sample consists of all stores with available data on employment. FTE

Card and Krueger (1994, Table 3)

(full-time-equivalent) employment counts each part-time worker as half a full-time worker. Employment at six closed stores
is set to zero. Employment at four temporarily closed stores is treated as missing.

aStores in New Jersey were classified by whether starting wage in wave 1 equals $4.25 per hour (N = 101), is between
$4.26 and $4.99 per hour (N = 140), or is $5.00 per hour or higher (N = 73).

bDifference in employment between low-wage ($4.25 per hour) and high-wage ( 2 $5.00 per hour) stores; and diff
in employment between midrange ($4.26-$4.99 per hour) and high-wage stores.

CSubset of stores with available employment data in wave 1 and wave 2.

dIn this row only, wave-2 employment at four temporarily closed stores is set to 0. Employment changes are based on the
subset of stores with available employment data in wave 1 and wave 2.
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A unified framework for panel methods and case studies
• Dube et al. (2010) assess state panels vs. case studies
◦ Nest both approaches in a common framework
◦ Test sensitivity to controls, existence of pretrends

• County-level data on restaurant employment over 1990–2006
◦ Quarterly Census of Employment and Wages (QCEW)
◦ Robustness using County Business Patterns (CBP)
◦ Weight all counties equally

• Complete data for 1,380 of 3,109 counties in the continental US
◦ Sounds problematic
◦ But these account for 250m people out of 280m total
(US population in 2000)

• Striking substantive finding:

dlog L∗
dlog w

≈0
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State minimum-wage
policy
with growth rates
MINIMUM WAGE
EFFECTS correlated
ACROSS STATE BOUNDARIES

94

FIGURE 1.—ANNUAL EMPLOYMENT GROWTH RATE, MINIMUM WAGE STATES VERSUS NON–MINIMUM WAGE STATES

Source: QCEW.
Annual private sector employment growth rates calculated on a four-quarter basis (for example, 1991Q1 is compared to 1990Q1). Minimum wage states are the seventeen states plus the District of Columbia
had a minimum wage above the federal level in 2005. These states are Alaska, California, Connecticut, Delaware, Florida, Hawaii, Illinois, Maine, Massachusetts, Minnesota, New Jersey, New York, Oregon, Rh
sland, Vermont, Washington, and Wisconsin.

Dube et al. (2010, Figure 1)

specification tests find cannot be excluded. They obtain
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time-varying differences in the underlying characteristics

Fun with fixed effects (i county, s state, c Census division)
1. County/state × year panel
ln yit = α + η ln(w st ) + xit0 δ + φi + τt + εit
2. Add Census division × year effects
ln yit = α + η ln(w st ) + xit0 δ + φi + τct + εit
3. Add state-specific trends
ln yit = α + η ln(w st ) + xit0 δ + φi + τct + ξs Is · t + εit
4. Switch to MSA × year effects
ln yit = α + η ln(w st ) + xit0 δ + φi + τmt + εit
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A border design
• Idea: compare treated counties to cross-border controls
◦ Earlier example: Holmes (1998)
◦ Pools many individual case studies

• Pros and cons:
◦
◦
◦
◦

+:
+:
−:
−:

transparency, explainability
soak up spatially concentrated shocks
smaller samples, less precision
worry about spillover effects

• Construct a set of “border pairs” p
◦ Contiguous counties in different states
◦ Allow a county to appear in multiple pairs
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The border-pair specifications

5. Traditional spec in border-pair sample
ln yipt = α + η ln(w st ) + xit0 δ + φi + τt + εipt
6. Preferred spec: border-pair × time effects
ln yipt = α + η ln(w st ) + xit0 δ + φi + τpt + εipt
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MINIMUM WAGE EFFECTS ACROSS STATE BOUNDARIES
The border-pair
sample
FIGURE 2.—CONTIGUOUS BORDER COUNTY-PAIRS IN THE UNITED STATES WITH A MINIMUM WAGE DIFFERENTIAL, 1990–2006Q2

Dube et al. (2010, Figure 2)
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Notice the overlap with the map we saw earlier

(Department of Labor, 2019: states with above-federal minimum wages)
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Sources: QCEW; U.S Department of Labor, Employment Standards Administration, Wage and Hour Division. U.S.

Cross-border variation in minimum wages

FIGURE 3.—NUMBER OF COUNTY-PAIRS WITH MINIMUM WAGE DIFFERENTIAL AND
(Always look for ways to show readers your identifying variation)
AVERAGE MINIMUM WAGE DIFFERENTIAL
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Dube et al. (2010, Figure 3)

To
litera
effec
and
at21 th

TABLE 2.—MINIMUM WAGE EFFECTS ON EARNINGS AND EMPLOYMENT
All-County Sample
(1)

(2)

Contiguous Border County-Pair Sample
(3)

(4)

(5)

(6)

ln Earnings
lnMWt

lnMWt
lnpop or lnpopþ lntotprivatesector
P values for H0:
bs ¼ b1 for s¼ 2,3,4, bs ¼ b4 for s¼ 6
Labor demand elasticity
Controls
Census division & period dummies
State linear trends
MSA & period dummies
County-pair & period dummies
Total private sector

0.224***
(0.033)
% 0.211**
(0.095)
1.04***
(0.060)

0.217***
(0.028)
% 0.176*
(0.096)
1.05***
(0.058)

0.204***
(0.038)
% 0.028
(0.066)
1.04***
(0.048)

0.195***
(0.034)
% 0.023
(0.068)
1.05***
(0.043)

0.219***
(0.037)

0.210***
0.153***
(0.034)
(0.030)
Ln Employment

0.149***
(0.028)

0.054
(0.055)
1.07***
(0.045)

0.039
(0.050)
1.05***
(0.039)

0.032
(0.078)
1.21***
(0.048)

0.022
% 0.114
(0.332)

% 0.787*
(0.427)
Y

Y

0.052
(0.084)
1.30***
(0.065)

0.066
0.183
(0.219)
Y
Y

0.011
0.211
(0.507)

0.232***
(0.032)
% 0.137*
(0.072)
0.95***
(0.073)

0.221***
(0.032)
% 0.112
(0.076)
0.97***
(0.073)

0.200***
(0.065)

0.188***
(0.060)

0.057
(0.118)
1.12***
(0.190)

0.016
(0.098)
1.11***
(0.189)
0.056
0.079
(0.286)

% 0.482**
(0.235)

Y
Y
Y

Y
Y

Y

Y

Y

Y

Y

Y
Y

Sample size equals 91,080 for specifications 1, 2, and 3 of the all-county sample and 48,348 for specification 4 (which is limited to MSA counties) and 70,620 for the border county-pair sample. All of the employment regressions control for the log of annual county-level population. Total private sector controls refer to log of average total private sector earnings or log of employment. All samples and specifications include county fixed effects. Specifications 1, 3, and 5 include period fixed effects. Specification 3 also includes state-level linear trends.
For specifications 2, 4, and 6, period fixed effects are interacted with each census division, metropolitan area, and county-pair, respectively. Robust standard errors, in parentheses, are clustered at the state level for the all-county samples (specifications 1–4) and on the state and
border segment levels for the border pair sample (specifications 5 and 6). Probability values are reported for tests under the null hypothesis that the minimum wage coefficients are equal across specification 1 and specifications 2, 3, and 4 and between specifications 5 and 6. For
the labor demand elasticity, we jointly estimate the earnings and employment equations using seemingly unrelated regression, and the labor demand elasticity is computed as the ratio of the employment effect divided by the earnings effect. The standard errors for the SUR are
clustered at the same level as indicated before. Significance levels: *10%, **5%, ***1%.

Dube et al. (2010, Table 2)
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THE REVIEW OF ECONOMICS AND STATISTICS

quation (6) is identified using the
we do not try to estimate each pairg into account the cross-correlations
eed to do this, as each pair provides
the treatment
effect" based on our
!
that E lnðwitM Þ; eipt ¼ 0. Hence,
ithin-pair variation across all pairs
e estimates.

rrors are subject to three distinct
For all specifications, there is posin employment at the county level,
able (minimum wage) is constant
of these factors cause the standard
nward (see Moulton, 1990; Kedzi,
flo, & Mullainathan, 2004). For estinty sample, we cluster the standard
o account for these biases.
contiguous border county-pairs, the
nty in multiple pairs along a border
anical correlation across county-pairs,
entire border segment.17 Formally,
ei0 p0 t0 Þ 6¼ 0 if i; i0 2 S; or if p; p0 2 B.
dependent if the counties are within
e two pairs are within the same bor-

se sources of correlation in the resir estimates based on the contiguous
ple are clustered on the state and
ely.18 The variance-covariance mansional clustering can be written as
CS\B. Finally, our standard errors
forms of heteroskedasticity.

arnings and employment effects for
ach one with or without including
ate sector earnings (or total private
ontrols.
ties all range between 0.149 and
efficients are significant at the 1%
at the impact of the minimum wage
cation 1 (0.217) is quite similar to
pecification 6 (0.188) that compares
s result rules out the possibility that

ed as the set of all counties on both sides of

ameron, Gelbach, and Miller (2006). The
ese dimensions exceeds forty, which is large
ence using clustered standard errors.
cification, throughout the paper we refer to
the elasticity. However, for values that are
icity is exp(g )—in this case, exp(0.22) ¼

Progressive addition of finer spatial controls

Three big issues in the literature on employment effects

1. Choosing the right target population
2. Constructing a valid counterfactual
3. Static vs. dynamic responses
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Leads and lags: looking for pretrends

• These are “static” specifications
◦ Can’t assess pretrends
◦ Can’t assess speed of adjustment

• Why might effects take time to manifest?
◦ Employers may shrink by attrition
◦ Reductions in hiring, business creation
◦ Increased rate of business closure

• Sidenote: Dube, Lester, and Reich (2016) analyze impacts on flows

24

Distributed-lag specification
• Explore time pattern using distributed lags
◦ Loosely: generalized event study
◦ Allows for many/overlapping events

• Include 8 quarters of leads and 16 quarters of lags
ln yit = α +

7
X

(η−2j ∆2 ln(w s,t+2j ) + η−16 ln(w s,t−16 )

j=−4

+ xit0 δ + φi + time FEs + εit
• Think through this carefully
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Traditional
specification
employment
pretrends
954
THE REVIEWexhibits
OF ECONOMICS AND
STATISTICS
FIGURE 4.—TIME PATHS OF MINIMUM WAGE EFFECTS, BY SAMPLE AND SPECIFICATION

Dube et al. (2010, Figure 4)
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Border-pair effects (or other controls) kill the pretrends

The cumulative response of minimum wage increases using a distributed lag specification of four leads and sixteen lags based on quarterly observations. All specifications include county fixed effects and control for
the log of annual county-level population. Specifications 1 and 4 (panels 1 and 4) include period fixed effects. Specification 3 includes state-level linear trends. Specification 2 includes census division–specific period
fixed effects, and specification 5 includes county-pair–specific period fixed effects. For all specifications, we display the 90% confidence interval around the estimates in dotted lines. The confidence intervals were calculated using robust standard errors clustered at the state level for specifications 1, 2, and 4 (panels 1, 2, and 4) and at both the state level and the border segment level for our local estimators (panels 3, 5, and 6).

Dube et al. (2010, Figure 4)

on how much earnings ‘‘should’’ rise absent an hours effect,
we can approximate the effect on hours.
Using the 2006 CPS, we find that 23.0% of restaurant
workers (at the three-digit NAICS level) earn no more than

While a full accounting of these effects is beyond the
scope of this paper, we can provide a very approximate
bound for a 10% increase in the minimum wage. About
32.5% of restaurant workers nationally are paid no more
23
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MINIMUM WAGE EFFECTS ACROSS STATE B
Individual case studies are imprecisely
estimated

FIGURE 5.—DISTRIBUTION OF ELASTICITIES FROM INDIVIDUAL BORDER SEGMENTS AND

Both graphs show the (same) kernel density estimate of the distribution of elasticities from each of the 64 border segments with a minim
previous individual case studies (New Jersey–Pennsylvania and San Francisco–neighboring counties) are superimposed as vertical lines.
Card and Krueger (2000), 0.17; and Card and Krueger (1994), 0.34. In panel B, the vertical lines represent specific estimates of the same t
cisco–neighboring counties is 0.20.

Dube et al. (2010, Figure 5)

28

for either overall earnings or restaurant earnings. The cross-

case studies. Pan

Critiques and counter-critiques

• Neumark et al. (2014) critique:
◦ Dube et al. (2010) discard too much identifying variation
◦ Census divisions are arbitrary, state trends are fragile
◦ Synthetic control doesn’t favor neighbors as controls

• Allegretto et al. (2017) counter-critique:
◦ Synthetic control does favor local contrasts
◦ NSW critique is sensitive to specification details

• One takeaway: we need a better understanding of local economic
dynamics and spatial correlation
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Are Census divisions economically meaningful units?
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The next chapter: the $15 minimum wage

• Current frontier: the $15 minimum
◦ Several cities adopting $15 minimum
◦ California by 2022

• Are existing estimates informative?
◦ Out-of-sample prediction
◦ General equilibrium effects

• Next class: Jardim et al. (2017)
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