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1 Executive Summary

Key Findings

The minimum wage in Saint Paul increased by 41 percent from 2017 to 2022. The increase in

the minimum wages between 2018Q1 and 2022Q4 was associated with an average increase

in hourly wages of 0.7 percent, an average decline in jobs of 1.1 percent, an average decline

in hours worked of 1.3, and an average decline in wage earnings of 0.9 percent. The largest

effects are concentrated in the restaurant and the retail industries, in low-paying establish-

ments, and among low-paid workers.

Overview of Analysis

Background. This report examines the effects of minimum wage increases on the labor mar-

ket outcomes of hourly wages, jobs, hours worked, and wage earnings between 2018Q1 and

2022Q4. The administrative data for our analyses come from the Department of Employment

and Economic Development (DEED). This report updates results discussed in the 2023 report

and will be followed by five additional evaluation reports to be provided to the City of Saint

Paul. The study will last until May 1, 2029.

What’s New in This Report? Due to delays in receiving new rounds of data, the scope of

this report is limited to extending the results of the previous report by adding one additional

year of data and providing more robustness results. This additional year of data allows us

to examine the effects of the policy change as the economy saw further recovery from the

pandemic in 2022.

Using the same methodology as the previous report, our aggregate estimates suggest that

higher minimum wages increased wages and lowered employment. Industries with a lower

median wage in 2017 experience more positive wage responses and more negative jobs re-

sponses. Similarly, the effects were larger for establishments and workers that were more
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exposed to the minimum wage. In this report, we collect additional data and extend our

methodology to directly adjust our estimates for pandemic and civil unrest conditions in the

sample of other U.S. cities and find that these adjustments make very little difference for the

estimated effects of the minimum wage on jobs.

The stability and robustness in our estimates give us confidence that our empirical evi-

dence is capturing the effects of the minimum wage increase rather than the potential effects

stemming from other developments, such as the pandemic or the civil unrest of 2020. Our

current establishment-level and worker-level analyses point to significant differential effects

of minimum wage increases across groups. Further exploration of similar effects, such as

those on workers of different skills or on businesses of different sizes, will provide a more

comprehensive assessment of the differential effects of this policy change.

Future Reports. Using additional data received from the Department of Human Services

(DHS) and the Department of Revenue (DOR), we will examine several outcomes at a disag-

gregated level, such as establishments’ substitution of labor with other factors of production,

the substitution of employees with contractors, and changes in firms’ profits. Moreover, our

analysis of changes in social benefits following the minimum wage increases will begin to

shed light on the fiscal implications of the policy change.

2 Purpose and Scope of the Study

Due to delays in receiving new rounds of data, the scope of this report is limited to extending

the results of the previous report by adding one additional year of data and providing more

robustness results. This report examines the labor market effects of the minimum wage or-

dinance in Saint Paul up to 2022Q4. We document the effects on hourly wages, jobs, hours

worked, and worker earnings. We use two methods to estimate the causal effect of the min-

imum wage increase on these labor market outcomes. First, following a standard approach

in the minimum wage literature, we use time series variation to compare these outcomes in
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Table 1: Minimum Wage Changes in Minnesota 2000-2022 (Dollars)

Youth Small Firms Large Firms
(Annual Revenue in Dollars) (< 500,000) (≥ 500,000)
2000-2005 4.25 4.90 5.15
2006-2013 4.90 5.25 6.15
2014 6.50 6.50 8.00
2015 7.25 7.25 9.00
2016 7.75 7.75 9.50
2017 7.75 7.75 9.50
2018 7.87 7.87 9.65
2019 8.04 8.04 9.86
2020 8.15 8.15 10.00
2021 8.21 8.21 10.08
2022 8.42∗ 8.42∗ 10.33∗

Notes: ∗ denotes that the minimum wage is scheduled to increase every year according to the price deflator for
personal consumption expenditures produced by the Bureau of Economic Analysis.

Saint Paul with those of appropriate control cities within Minnesota or the rest of the country.

This analysis provides us with aggregate effects of minimum wage increase on these out-

comes in Saint Paul. Second, we exploit differential exposure of establishments and workers

to the minimum wage increase within Saint Paul to estimate the labor market effects at the

establishment and worker levels.

This analysis is based on data received from the Department of Employment and Eco-

nomic Development (DEED). This is the third of a series of annual reports we will be pro-

viding to the City of Saint Paul; the final report will be delivered in 2029. The future reports

will use additional data received from the Department of Human Services (DHS) and the De-

partment of Revenue (DOR). Our ability to merge the DEED-DHS-DOR datasets will allow

us to examine several outcomes at a disaggregated level, such as effects on social benefits re-

ceived by workers, the establishments’ substitution of labor with other factors of production,

the substitution of employees with contractors, and changes in firms’ profits.

Policy context. In 2022, the state minimum wage increased to $8.42 for small firms (firms

with an annual revenue less than 500,000 dollars) and $10.33 for large firms. In July of 2022,

the minimum wage in Saint Paul increased to 15 dollars for macro firms (more than 10,000
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Table 2: Minimum Wage Policy Change in Saint Paul (Dollars)

Date Micro Firms Small Firms Large Firms Macro Firms
(5 or fewer
Employees)

(6 to 100
Employees)

(101 to 10,000
Employees)

(More than
10,000 Emp.)

2020 (Jan) 12.50
2020 (July) 9.25 10.00 11.50
2021 (July) 10.00 11.00 12.50
2022 (July) 10.75 12.00 13.50 15.00∗

2023 (July) 11.50 13.00 15.00
2024 (July) 12.25 14.00 Equal to macro

firms
2025 (July) 13.25 15.00
2026 (July) 14.25 Equal to macro

firms
2027 (July) 15.00
2028 (July) Equal to macro

firms

Notes: ∗ denotes that the minimum wage is scheduled to increase every year according to the price deflator for
personal consumption expenditures produced by the Bureau of Economic Analysis.

employees), to 13.5 dollars for larger firms (101 to 10,000 employees), to 12 dollars for small

firms (6 to 100 employees), and to 10.75 dollars for micro firms. Table 1 provides the de-

tails of changes in Minnesota’s minimum wages over time while the details of the phased

implementation of the Saint Paul minimum wage ordinance, which began in January 2018,

are presented in Table 2. The minimum wage will be indexed to inflation once the target

level of 15 dollars per hour is reached. This makes the changes both large and permanent.

Our analysis will examine the economic impact of the minimum wage increases in Saint Paul

since 2018. Throughout our period of study, the state minimum wage applies to all cities in

Minnesota outside of the Twin Cities.

3 Data Sources

We use two main sources of data on workers and firms for our analyses of the effects of

the minimum wage increase on labor market outcomes. Both sources are administrative and

non-publicly-available data that were made available to us by Minnesota’s Department of

Employment and Economic Development (DEED). The first is individual-level data of work-
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ers from Unemployment Insurance (UI). Minnesota requires most employers to file quarterly

unemployment wage detail reports for the purpose of estimating the amount of unemploy-

ment insurance tax they owe. These reports provide us with data on quarterly earnings and

hours worked for each worker. We calculate hourly wages for each worker by dividing total

quarterly earnings by quarterly hours.1 Minnesota collects these data for each employee of a

firm at the level of the establishment where they work. This feature of the data is especially

important in studying the minimum wage effects, as a large part of employment is generated

in multi-establishment firms.

The UI data do not contain information on the location of the establishments, which is

necessary in order to identify which establishments were affected by the minimum wage in-

crease. To overcome this problem, we merge the UI data with establishment-level data from

the Quarterly Census of Employment and Wages (QCEW). The QCEW records jobs that ac-

count for roughly 97 percent of employment in the state of Minnesota. From these data, we

observe the six-digit North American Industry Classification System code for the industry

that the establishment operates in, the location of the establishment, and the firm to which the

establishment belongs. The location data consist of both the city and the zip code in which

the establishment operates.

The merged data result in a quarterly dataset that spans 2001Q1 to 2022Q4 and provides

us with information on workers’ hours and wages, as well as the establishments at which they

are employed, by industry, zip code, and city. Our dataset improves measurement relative

to that of previous studies along three dimensions. First, using administrative sources, we

provide estimates for the effects of minimum wage increase on hours worked.2 Second, Min-

nesota is unique in that it records employee hours worked at the establishment level within

firms. Thus, we include in our analysis firms with multiple establishments across city bor-

ders. Finally, we leverage detailed location data at the zip code level to increase the precision

1For calculating hourly wages, we exclude roughly 5 percent of observations that reported zero hours
worked. We keep these observations for calculating other outcomes.

2Oregon, Rhode Island, and Washington are the three other states in the U.S. that collect hours worked in
the matched employer-employee administrative data.
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of our estimates.

4 Time Series Analysis: Aggregate Effects

In this section, we use a standard approach in the minimum wage literature that exploits time

series variation to estimate the effects of a minimum wage increase. The main challenge of

causal inference in our context is that we observe wages, employment, hours, and worker

earnings in Saint Paul before and after the policy change but do not observe what the eco-

nomic outcomes in Saint Paul would have been in the absence of an increase in the minimum

wage. To answer the question of what the effect of the minimum wage increase is, one needs

to know the difference between the actual outcomes (which are observed) and the counter-

factual outcomes (which are not observed).

We use two approaches in creating the counterfactual. The first approach creates a com-

parison group using zip codes in Minnesota outside of Minneapolis and Saint Paul. The

second approach uses cities from the rest of the country that are similar in size to Saint Paul.

In both cases, the comparison group is constructed by choosing weights across geographic

regions so that the weighted average across regions approximates as closely as possible Saint

Paul before 2018 on the observable dimensions that are relevant for the analysis. The details

of our methodology are explained in our previous report Karabarbounis et al. (2023).

The time series analysis focuses on the two-digit industries in which 30 percent or more

of workers earned below 15 dollars per hour in 2017. The six industries that satisfy this cri-

terion are retail trade (44); administration and support (56); health care and social assistance

(62); arts, entertainment, and recreation (71); accommodation and food services (72); and

other services3 (81). As requested, we separately analyze full-service restaurants (722511)

and limited-service restaurants (722513). These industries have a high fraction of potentially

3The other services sector consists of repair and maintenance shops, personal and laundry services, and
various civic, professional, and religious organizations.
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Table 3: Effects of the Minimum Wage Increase

Wage Jobs Hours Earnings
Retail Trade (44) 9.3 −13.8 −20.7 −21.9

(0.0) (16.4) (1.6) (3.6)
Administration and Support (56) 8.6 −8.8 1.8 −10.4

(0.6) (53.5) (83.7) (39.8)
Health Care and Social Assistance (62) −0.6 3.5 10.8 1.2

(54.7) (60.1) (21.4) (91.3)
Arts, Entertainment and Recreation (71) −0.5 9.0 −5.4 −12.4

(78.9) (34.4) (51.3) (3.2)
Accommodation and Food Services (72) 4.8 −17.0 −36.6 −15.5

(0.0) (2.2) (0.0) (8.0)
Other Services (81) −3.3 22.3 −1.9 3.2

(1.0) (0.0) (96.3) (50.9)
Full-Service Restaurants (722511) 1.9 −22.2 −18.0 −19.1

(18.6) (2.8) (13.8) (12.0)
Limited-Service Restaurants (722513) 0.7 −37.6 −35.2 −46.9

(71.3) (0.2) (0.6) (0.0)
Notes: Average hourly wage, excluding the highest-paying 10 percent of jobs. The estimates are in log points,
multiplied by 100, and represent cumulative effects of minimum wage until 2021Q4. Entries in parentheses are
p-values using the placebo method.

impacted workers and have been studied extensively in the literature.4

Table 3 presents results for these low-wage industries and those for restaurants. In this

table, Saint Paul is compared with a synthetic control consisting of cities outside of Min-

neapolis and Saint Paul but within Minnesota. Entries are equal to the log point change in

outcomes in 2021Q4 due to the minimum wage increase.5 The columns present different

outcome variables. For example, the first row shows that the increase in the minimum wage

in Saint Paul caused a 9.3 log points (roughly 10 percent) increase in the wage and a 13.8 log

points decrease in the number of retail jobs.

Each entry in parentheses is the p-value associated with the estimated treatment effect,

4We also analyzed other industries and did not find statistically or economically significant responses. As
we explain in section 5, we use data from these other industries in our analysis of the cross section.

5Log point changes approximate percent changes when changes are small.
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which is the probability of obtaining a treatment effect as extreme as the point estimate under

the null hypothesis that the treatment effect is zero. To infer the statistical significance of the

estimated effects, we use the “placebo method.” Continuing the retail example, note that the

placebo method produces a p-value of 0 for the wage and thus we conclude that the wage

effect is precisely estimated. The p-value for job effects in retail is 16.4 and thus we conclude

that the jobs effect is not very precisely estimated and cannot be statistically distinguished

from zero at conventional levels of significance.

We estimate wage increases with low p-values for retail, administration and support, and

accommodation and food services. Among industries with statistically significant increases,

we document increases that range between 5 and 9 log points. For all other industries, except

other services, we find statistically insignificant wage changes. We find this result intuitive

because Saint Paul announced the minimum wage increase in 2018 but did not implement it

until 2020, so there are only twelve quarters of data under the new minimum wage policy.

Moreover, many workers are not close to the minimum wage, even in low-wage industries,

and thus the estimated effects of the minimum wage increase on the wage are expected to be

smaller than the change in the minimum wage.

Turning to the second column, we find negative job effects for accommodation and food

services and restaurants. For accommodation and food services, there is a 17 log points de-

cline. Within accommodation and food services, we find a 22 log points jobs decline for

full-service restaurants and a 38 log points jobs decline for limited-service restaurants. In

contrast to all other industries, we find a positive and statistically significant jobs effect in

other services.

The third column presents results for total hours. There is a large and statistically sig-

nificant decline in hours (21 log points) for retail industry. The accommodation and food

services sector experiences a larger and statistically significant change in hours compared

with the change in jobs while the two effects are similar in limited-service restaurants. The

hours effect in full-service restaurants and other services is statistically insignificant.
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The last column of the table presents results for worker earnings. We detect statistically

significant declines in earnings for retail trade; arts, entertainment, and recreation; accommo-

dation and food services; and limited-service restaurants. Given the modest wage gains for

most industries and the significant negative effects on jobs and hours for some industries, it

is not surprising to find a statistically significant decrease in earnings for these industries.

The above results describe the effects of minimum wage until 2022Q4. In the Appendix,

we present the time series over the period 2001Q1 to 2022Q4 for wages and jobs in Saint

Paul, for the Minnesota average of other cities, and for the synthetic control. See Figure A.1

for retail; Figure A.2 for administration and support; Figure A.3 for health care and social

assistance; Figure A.4 for arts, entertainment, and recreation; Figure A.5 for accommodation

and food services; Figure A.6 for other services; Figure A.7 for full-service restaurants; and

Figure A.8 for limited-service restaurants.

We next examine the time variation of the estimated effects for the two industries with

the most negative job effects, the restaurant industries. Figure 1 plots the quarterly cumula-

tive wage and job effects of the minimum wage increase for full-service and limited-service

restaurants in Saint Paul. Along with our estimated effects, we plot placebo effects for 1000

collections of units that were not subject to the minimum wage increase. Since we know

that these placebo units did not experience an increase in their minimum wage, any effect we

estimate for these units is due only to random noise.

The top panels of Figure 1 show that the hourly wage for full-service restaurants in Saint

Paul did not increase until second quarter of 2021, while limited-service restaurants saw an

increase in cumulative wage increases from mid-2019 onward. The bottom panels plot the

quarterly cumulative job effects of the minimum wage increase. In contrast to the cumulative

wage effects, jobs in Saint Paul declined before the implementation of the minimum wage.

This evidence of advance notice is consistent with our cross-sectional results in the next sec-

tion, which also show job declines in Saint Paul before 2020.
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Figure 1: Time-Varying Effects in Saint Paul Restaurants
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Our results are robust when we repeat our estimates in a sample of cities that excludes

cities bordering Minneapolis and Saint Paul. It is conceivable that the implementation of

a higher minimum wage reallocated jobs from Saint Paul to neighboring cities. From the

perspective of a city that implements a minimum wage increase, the policy-relevant statistic

is its change in jobs, irrespective of whether these jobs disappeared or were reallocated to

neighboring cities. Therefore, we do not merge neighboring cities with the Twin Cities in

estimating the effects of the minimum wage change. However, to the extent that jobs were

reallocated to neighboring cities and these cities are part of the synthetic control, we could

be double-counting the effects of the minimum wage because cities in the control group ex-

perience jobs growth. Table A.2 shows that this is not the case, because our estimates do not
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change significantly when we exclude bordering cities from the sample of cities that form the

synthetic control.

Our results are also robust to an alternative method of constructing the comparison group.

In the above analysis, the control group is constructed by choosing weights across geographic

regions so that the weighted average across regions approximates as closely as possible Saint

Paul before 2018 on the observable dimensions that are relevant for the analysis. In the ro-

bustness analysis, time weights are used in addition to weights across geographic units. The

time weights are chosen to make the control group’s average pre-treatment growth as similar

as possible to the average post-treatment growth. Thus, this exercise allows us to examine the

robustness of our results when we place more weight on periods when the synthetic control

experiences large negative growth, like the pandemic. Even when we re-weight the data, the

results in Table A.3 are similar to the baseline results, though there are two differences worth

emphasizing. First, the jobs and earnings effects in limited-service restaurants are no longer

statistically significant while the hours worked now show an increase in this industry. Sec-

ond, the decline in earnings for the administration and support industry is now statistically

significant while the effect on earnings for arts, entertainment and recreation is no longer sta-

tistically significant.

Evidence from Other U.S. Cities While some of our estimated negative job effects fol-

lowing the minimum wage increase in Saint Paul become apparent by the end of 2019, the

largest yearly decline in jobs for full-service restaurants is observed during 2020, the year

when the pandemic recession began. By design, the synthetic control aims to fit the pre-

treatment series of Saint Paul in both expansions and downturns. However, we acknowledge

that the pandemic recession is quite atypical relative to other downturns observed in our sam-

ple. A potential threat to identification would arise if in 2020 the sensitivity to aggregate

shocks changed for the control group relative to that of Saint Paul. For example, it may be

that the enforcement and economic impact of lockdowns was larger in more densely popu-

lated cities than in smaller cities.
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To address this concern, we now extend our analysis to use variation from other U.S. cities

of similar size to Saint Paul. Using these cities to construct our synthetic control addresses

the concern that our control from Minnesota may not be appropriate during the pandemic

recession, because other large, densely populated U.S. cities faced similar or more stringent

lockdowns than Saint Paul. Additionally, using other U.S. cities allows us to control for na-

tionwide changes in economic conditions such as the substitution of services prone to virus

transmission with online shopping, the rise of gig work, and labor shortages in low-wage

industries.

For our analysis using other U.S. cities of similar size, we use publicly available data from

the Quarterly Census of Employment and Wages (QCEW), produced by the U.S. Bureau of

Labor Statistics.6 The measure of employment refers to the number of workers who worked

during or received pay for a pay period that includes the 12th of the month, as reported by

establishments covered under the unemployment insurance program.

We note two differences between the research design using the QCEW data and that of

our previous analyses using the DEED data. First, the QCEW does not have a measure of

hours, and the wage measure differs from that in the DEED data. Thus, we analyze only jobs

and not hours or wages. Second, the unit of analysis in the QCEW data is other U.S. cities of

similar size to Saint Paul, whereas in the DEED data, we used zip code within a city as our

unit of analysis.

Figure 2 presents our estimates from the QCEW for the restaurants and retail industries,

6Before the minimum wage increases, Saint Paul employment was roughly 150,000. We include in the
control group only cities whose employment is between half and double of that of Saint Paul. This restriction
results in a sample of 42 cities for the control group. Table A.4 shows the U.S. cities included in the control
group. We have also examined results without the size restriction and find similar results when all U.S. cities are
allowed to be included in the synthetic control. The data collection process we followed to construct our control
group before the size restriction is applied is to include municipalities or local government units for which data
could be compiled from the publicly available files. This was possible in the following circumstances: 1) the
city consists of two or more counties; 2) the city is coterminous with a county or is governed by a consolidated
city-county government; 3) the city is independent; 4) the local minimum wage policy is enacted or harmonized
at the county level. To further expand our control group, we also include cities that are the county seat and
whose population accounted for more than 75 percent of their county’s population. In these circumstances, we
use the county as a reliable proxy for the corresponding city.
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Figure 2: Time-Varying Jobs Effects, Cities with Comparable Employment
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using only the unit weights to construct the synthetic control.7 The estimates from the QCEW

tend to be less precise than those from the DEED, which is not surprising given that the

QCEW sample includes a smaller number of control cities and we have only one treated unit.

Despite the differences in the size of the sample and the research design, we continue to esti-

mate negative jobs effects. The magnitude of 2022 jobs declines in the sample of other U.S.

cities using the QCEW are similar to the declines we previously documented in the sample

of Minnesota cities using the DEED. For limited-service restaurants, the declines are smaller

compared to DEED estimates. We find these differences intuitive, because we expect that

using variation from other U.S. cities of similar size to Saint Paul allows us to difference out

other factors affecting jobs that are contemporaneous to the minimum wage change.

To examine more formally how much these other factors affect our estimates, we now

extend our methodology to directly adjust our estimates for pandemic and civil unrest condi-

tions in the sample of other U.S. cities. We use four indicators of pandemic and civil unrest

conditions. The first two come from Chetty et al. (2024) who develop a database tracking eco-

nomic activity in the United States at a granular level. From this database, we use Google’s

COVID-19 Community Mobility Reports to measure mobility in retail and recreation and

in workplaces. These two mobility indicators likely capture both pandemic and civil unrest

conditions. The next two indicators capture only civil unrest conditions and come from the

7In Figure 2, we present results for the three industries for which we previously documented jobs declines
in the DEED data. For all other low-wage industries we find statistically insignificant jobs effects.
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Figure 3: Time-Varying Jobs Effects, Adjusted for Retail and Recreation Mobility
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Armed Conflict Location & Event Data Project that collects information on the dates, actors,

locations, and types of all reported protest events across U.S. cities. We use violent protests

and total protests where Black Lives Matter was listed an affiliated actor because we wish to

adjust for civil unrest conditions similar to those in Saint Paul during 2020.

Our methodology of adjusting for pandemic and civil unrest conditions proceeds in three

steps. First, we regress the mobility or protest variables on outcomes to obtain the direct

effect of these variables on our outcome of interest. Second, we subtract this direct effect of

the pandemic and protests from the outcome to get the adjusted outcome. Third, we repeat

our synthetic difference-in-differences methodology using the adjusted outcomes. Thus, our

methodology allows us to examine the sensitivity of our estimates in the case that jobs for all

cities, including Saint Paul, are adjusted for pandemic and civil unrest conditions.8

Figure 3 presents our estimates in the sample of other U.S. cities when adjusting jobs

for the effects of changes in retail and recreation mobility. The only noticeable difference

between the unadjusted estimates shown previously in Figure 2 and the adjusted estimates in

Figure 3 is that the jobs decline for full-service restaurants in Saint Paul in 2020 is smaller

in the adjusted than in the unadjusted estimates. However, the adjusted estimates by the end

of 2021 and throughout 2022 are very similar to the unadjusted estimates, for all industries

including full-service restaurants. Appendix Figures A.9, A.10, and A.11 also show the sta-

8See Karabarbounis et al. (2022) for the details of this methodology.
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Figure 4: Adjustments for Retail and Recreation Mobility
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bility of our results when adjusting our estimates for workplace mobility, violent protests, and

total protests.

Why does adjusting for pandemic and civil unrest conditions make little difference for the

estimated effects of the minimum wage on jobs? While Saint Paul was more exposed to pan-

demic restrictions and civil unrest than the synthetic control, its observed jobs decline was

large relative to the jobs decline predicted by the cross-sectional relationship between jobs

and pandemic restrictions and civil unrest in the sample of control cities. We illustrate this in

Figure 4 that uses as an example the case of full-service restaurants in 2020. The left panel

displays the relationship between changes in log jobs and changes in retail and recreational

mobility in the cross-section of U.S. cities. As the figures show, Saint Paul experienced a

larger decline in jobs relative to the decline we would expect based on their reduced mobility

during the pandemic and civil unrest. The right panel formalizes this by plotting that adjusted

jobs decline against the observed jobs decline. Even after adjusting for pandemic and civil

unrest conditions, the jobs decline is among the largest in the cross-section of U.S. cities.

Appendix Figures A.12, A.13, and A.14 illustrate that the same result applies when using the

other three indicators to adjust for pandemic and civil unrest conditions.
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5 Cross-Section Analysis: Establishment Effects

In this section, we use variation from the cross sections of establishments within a city to ex-

amine how differential exposure to the minimum wage change affects their outcomes. Unlike

our analysis from the time series, which focuses on industries with a high share of affected

workers, our analysis in this section includes all industries in our sample. This is appropriate,

because even within industries that are relatively less exposed to the minimum wage, there

exist establishments with high exposure to the minimum wage.

Our measure of establishments’ exposure to the minimum wage is the increase in labor

costs they need to incur to adhere to the target increase in minimum wage. More specifi-

cally, we measure the exposure of each establishment to the minimum wage policy with the

increase in its labor cost from having to pay all workers at least 15 dollars, adjusted for infla-

tion. We call this difference for an establishment j in sector s in zip code z its GAPjsz.9 In

our regressions, our GAP measure is calculated in 2017.

We estimate how differential exposure of establishments to the minimum wage affects

their wage, jobs, hours, and workers’ earnings. The establishments we include in our sample

are located only within Saint Paul and have to exist in the sample in 2017 and all the way up

to 2022. Our strategy exploits variation across establishments in exposure to the minimum

wage within industry s, within zip code z, and within year t. This is implemented by includ-

ing a sector–zip code–time fixed effect term in the regression of the outcomes on the GAP

measure. The fixed effect allows us to capture any common shock, such as the pandemic

recession or civil unrest, shared by these establishments.10

9See our previous report for more details (Karabarbounis et al. (2023)).
10In our cross-sectional analysis, we control for establishment dynamics unrelated to exposure that may

introduce a spurious correlation between exposure and various outcomes. For example, smaller establishments
pay lower wages and thus have larger gaps. At the same time, smaller establishments tend to exit at faster
rates, which may exert a negative effect for jobs, hours, and earnings. If we do not take into account these
establishment dynamics, we may incorrectly attribute the observed effects to the variation in exposure. In
order to control for these dynamics, we include a term for exposure in the period before minimum wage was
implemented.
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We measure the outcomes as percent changes with respect to 2017. Specifically, we use

the arc percent change, which is defined as Yjszt = yjszt−yjsz,2017
(1/2)(yjszt+yjsz,2017) . Comparing each

post-treatment period to 2017 allows us to examine the short run and the longer run effects

of the minimum wage. Note that in previous reports, our focus was on three year arc percent

changes and we examined how it changed over time. If we used the three year differences to

examine the effect of the minimum wage period in 2022, then we would be looking at changes

between two years that are both in the post policy period. Since this would not be a mean-

ingful measure, we present results where outcomes are measured using percentage changes

with respect to 2017. For continuity, we also present the results until 2020 for specifications

where outcomes are measured as three-year arc percent changes.

We now present the results from the analysis of cross section of establishments. Table 4

presents estimates for effects of exposure to the minimum wage increase on wage, jobs, hours,

and earnings. The entries are interpreted as the percent change in establishments’ outcomes

when the GAP changes from 0, which is the value for an establishment that is not exposed

to the minimum wage, to 1, which is the value for an establishment that experiences a 100

percent increase in its wage bill due to the minimum wage.11 The maximum GAP is around

100 percent, and the average GAP is around 6 percent. We will later use these statistics of

the GAP to translate the coefficient estimates from the cross section into most extreme and

average labor market effects arising from the minimum wage increase. Entries in parentheses

are p-values in percentages associated with each coefficient. We cluster standard errors at the

establishment level.

The top panel of Table 4 presents the estimates when the arc percent changes in outcomes

are measured with respect to 2017 while the bottom panel presents the estimates when the

outcome is measured in three year arc percent changes. We find that the wage increases are

11Our sample includes many establishments with a zero GAP. The average outcome of these establishments
is absorbed in the estimates of the fixed effect constant. We believe it is appropriate to include non-exposed
establishments in the regression because they are a valid control group for exposed establishments within a zip
code and industry. To examine how sensitive our results are to the linear specification adopted in our main
regression specification, we have repeated our regressions by excluding establishments with a zero GAP. We
find no significant differences in our results.
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Table 4: Labor Market Effects of Minimum Wage Increases: Cross Section of Establishments

Change Since 2017 Wage Jobs Hours Earnings

2017 - 2018 0.6 −17.3 −17.5 −10.5
(80.0) (0.1) (0.2) (8.3)

2017 - 2019 4.9 −18.4 −19.3 −13.3
(19.3) (0.4) (0.4) (7.3)

2017 - 2020 3.5 −22.4 −21.2 −20.3
(43.6) (0.1) (0.2) (0.9)

2017 - 2021 7.2 −12.1 −12.1 −8.7
(15.3) (9.8) (10.8) (33.0)

2017 - 2022 10.5 −24.0 −21.0 −21.7
(4.0) (0.4) (1.2) (3.1)

Three-Year Changes Over Time Wage Jobs Hours Earnings

2015 - 2018 3.8 −11.7 −12.5 −12.1
(30.5) (6.3) (5.1) (9.4)

2016 - 2019 3.9 −22.7 −20.8 -22.6

(38.2) (0.2) (0.5) (0.6)
2017 - 2020 3.5 −22.4 −21.2 −20.3

(43.6) (0.1) (0.2) (0.9)

Notes: The estimates are in percentages. Entries in parentheses are p-values using standard errors clustered at
the establishment level.

largely statistically insignificant until 2022. Five years from the policy implementation, the

wage increase was statistically significant at 10.5 percent. In contrast, we find that jobs, hours

and earnings begin declining significantly in 2018, suggesting the employment and earning

effects began before the policy implementation. The earnings coefficients are generally sim-

ilar in absolute value to employment coefficients, reflecting the null effects we estimate for

the wage. The employment and hours declines in Saint Paul establishments and lack of a

corresponding increase in the wage are consistent with advance notice of the increase in the

minimum wage, which shows up in quantities rather than prices.
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Figure 5: Cross-Sectional Responses Over Time: Three-Year Changes
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Notes: The figure shows estimates for an event analysis regression together with 95 percent confident intervals.
The horizontal line represents the average of the estimated coefficients between 2010 and 2017.

The estimated responses of the wage, jobs, hours, and earnings are above and beyond

those generated by typical establishment dynamics because our regression includes the GAP

measure in the period before the minimum wage increase. However, it could still be the

case that there is a trend in establishment dynamics that increases over time these coefficients

in absolute value, irrespective of the minimum wage policy change. To examine this pos-

sibility, we allow the estimated coefficients for three year changes to vary over time for all

periods. Figure 5 shows that there is no noticeable trend in these estimated coefficients be-

fore the minimum wage increase. The coefficients for all outcomes in 2018, 2019, and 2020

are statistically different from the average coefficient before the minimum wage increase, as

indicated by the horizontal line. Note that the estimated coefficients on all variables are quite

stable between 2019 and 2020. We find the stability of the estimated coefficients reassuring

and conclude that our identification strategy from the cross section of establishments isolates
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differential exposure to the minimum wage rather than other forces contemporaneous with

the minimum wage change.

We provide two robustness checks to our results. The top panel of Table A.5 presents

estimated coefficients in a regression specification in which we add lags of the dependent

variable into the regression. Our estimated coefficients do not change much. In the lower

panel of Table A.5, we include three additional years of data before the minimum wage in-

crease to get a longer pre-policy period. Our main results are not sensitive to this robustness

check.

6 Cross-Section Analysis: Worker Effects

As outlined in our previous report, a challenge in interpreting the results that use variation

from the cross section of establishments is that there may be spillovers from high to low

GAP establishments. These spillovers may be important, given that we use within-zip-code

and within-industry variation in establishments’ outcomes. As an example, if workers moved

from high to low GAP establishments, then we would be double-counting the effects of the

minimum wage increase on establishments’ employment. Another challenge arises from re-

allocation outside of Saint Paul, because our estimates could reveal negative employment

effects from the minimum wage even if all affected workers find jobs outside of Saint Paul.

Thus, while our estimates directly speak to the outcomes of establishments that were located

in Saint Paul before the minimum wage increase, they may not be informative about workers’

labor market outcomes. To address these challenges, we now turn to specifications from the

cross section of workers.

We use variation in wage gaps across workers and track workers’ outcomes directly over

time, irrespective of whether workers moved to other establishments in or outside of Saint

Paul. The treatment is defined at the establishment-level; we regress worker-level outcomes

on their establishments’ gaps instead of workers’ own gaps. This is because using worker-
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level gaps may lead to a concern that any differences in employment effects may capture

low-wage workers’ difficulty in finding jobs due to the pandemic or civil unrest, rather than

their difficulty in finding jobs due to the minimum wage.

Our analysis now includes the fixed effects at the industry-time level, and this intercept ab-

sorbs all time effects common to workers belonging to the same industry. We allow the work-

ers to work multiple jobs across sectors and geographies. Compared with the establishment-

level regressions, this approach results in two differences in the intercept: (1) the fixed effects

do not include the within-zip-code variation, and (2) we interact the fixed effects intercept

with the share of workers’ employment in the industry. The other difference relative to our

specification for establishments is that now we include in the regression the lagged outcome

for workers. Thus, we interpret the coefficients as the percent change in worker outcomes

resulting from a higher exposure for workers with the same growth rate in the period immedi-

ately preceding the wage increase and after differencing out the common effect that workers

in the same industry experience, and any effects we would detect because of typical worker

dynamics.

Table 5 presents estimates of the regression coefficients applied to wages, hours, and

earnings.12 We measure the outcomes as percent changes with respect to 2017. There is no

significant wage increase till 2021. In 2022, the five year wage change was 13 percent. Start-

ing from 2018, we observe statistically significant hours decline. In 2022, the magnitude of

the hours decline is small and statistically insignificant. There was a statistically significant

decline in earnings in 2018 after which we do not observe any further declines. In 2022, we

find an increase in workers’ earnings.

12As in the time series analysis, we exclude workers with a wage below the youth minimum wage for Min-
nesota. For the worker-level analysis, we include only workers with a wage below 45 dollars per hour and run
the regression at the yearly frequency.
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Table 5: Labor Market Effects of Minimum Wage Increases: Cross Section of Workers

Change Since 2017 Wage Hours Earnings

2017 - 2018 −1.8 −7.7 −7.8
(12.1) (5.1) (5.1)

2017 - 2019 0.8 −4.4 −0.6
(59.7) (24.0) (86.6)

2017 - 2020 1.6 −9.6 −4.7
(32.5) (1.0) (21.8)

2017 - 2021 5.6 −8.3 −6.2
(0.1) (2.5) (11.2)

2017 - 2022 12.9 −2.0 7.3
(0.0) (58.9) (6.3)

Notes: The estimates are in percent, multiplied by 100. Entries in parentheses are p-values using standard errors
clustered at the worker level.

7 Summary of Estimates

Table 6 summarizes our estimates. In the first row, we present the average hourly wage in-

creases in Saint Paul in 2022. The average of time series estimates of the wage increase is 0.7

percent. We calculate this number as the average wage increase across all two-digit industries,

where wage gains are weighted with the employment share of the corresponding industry in

total Saint Paul employment before the minimum wage increase. We include only industries

with statistically significant changes in wages. The fourth column presents the estimate of av-

erage wage gains using variation from the cross section. The average estimate is 0.7 percent.

We calculate this number by multiplying the 2022 average of the coefficients from establish-

ments and workers regressions (roughly 12 percent) with the employment-weighted average

GAP (roughly 6 percent) in Saint Paul in 2022. The fifth column takes a simple average of

the average time series estimate in column three and the average cross-section estimates in

column four. Similar calculations are made for average jobs, average hours worked, and av-

erage earnings estimates in the second, third, and fourth rows, respectively.
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Table 6: Effects of Minimum Wage Increases: Summary of Estimates

Outcome in 2022 Estimate Type Time Series Cross Section Average
(1) (2) (3) (4) (5)

Hourly Wages Average 0.7 0.7 0.7
Most Exposed 18.3 11.2 14.8

Jobs Average -0.6 -1.5 -1.1
Most Exposed -28.0 -23.1 -25.5

Hours Worked Average -1.9 -0.7 -1.3
Most Exposed -29.9 -11.1 -20.5

Wage Earnings Average -1.4 -0.5 -0.9
Most Exposed -41.1 -6.9 -24.0

Notes: Average from the time series includes only industries with statistically significant changes, weighted by
employment shares. “Most Exposed” from the time series uses the estimates for the restaurant industries. The
estimates for the cross section multiply the 2021 coefficients from the establishments’ and workers’ regressions
with the weighted average and maximum GAP measure.

For each outcome, "most exposed" summarizes estimates from the industries and estab-

lishments that were most exposed to the minimum wage increase. For the time series, we use

the estimates for restaurants and conclude that the largest wage gains are 18.3 percent. For the

cross section, we multiply the 2022 average of the coefficients from the establishments’ and

workers’ regressions with the maximum GAP in 2022. We use the maximum GAP so that we

can get a comparable estimate of the largest wage gain effects. This yields an estimated wage

gain of 11.2 percent. The fifth column takes a simple average of the time series estimate in

column three and the cross-section estimate in column four. Similar calculations are made for

jobs, hours worked, and earnings estimates in the second, third, and fourth rows, respectively.
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Reconciling the Time Series with the Cross Section. Table 6 shows that the time series

estimates are generally larger in magnitude than the cross-sectional estimates. There are three

reasons why this is the case.13 First, the time series effects of the minimum wage on employ-

ment are at the industry level and sum up employment effects at the intensive margin (existing

establishments hiring fewer workers), effects arising from the exit of establishments, and ef-

fects arising from a reduction in the entry of new establishments. By design, the estimates

from the cross section do not account for the effects of entry, because they use establishments

and workers that exist for at least one period.

Second, any other equilibrium adjustment at the industry level affecting the average es-

tablishment or worker is included in the time series estimates but not in those from the cross

section. Examples of such equilibrium effects are wage spillovers to establishments not di-

rectly exposed to the minimum wage, a shift of product demand away from an industry, or

a shift of labor supply toward an industry. We addressed the concern that non-exposed es-

tablishments changed their employment because of worker reallocation by using the cross

section of workers to infer the effects of the minimum wage increase on employment.

Finally, despite our efforts to difference out other shocks, Saint Paul may have experi-

enced idiosyncratic shocks or had a differential response to an aggregate shock that cannot be

differenced out using other cities during the post-treatment period. We address this directly

by adjusting our outcomes for mobility and protest measures; and find that the adjusted esti-

mates by the end of 2021 and throughout 2022 are very similar to the unadjusted estimates.

The cross-sectional estimates do not suffer from this concern, to the extent that Saint Paul

shocks are differenced out across establishments in the same industry and zip code or across

workers in the same industry.

13See Karabarbounis, Lise, and Nath (2022) for a technical discussion of why time series estimates differ
from those that use variation from the cross section.
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A Appendix

A.1 Additional Figures

Figure A.1: Time Series of Retail Trade in Saint Paul
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Figure A.2: Time Series of Administration and Support in Saint Paul
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Figure A.3: Time Series of Health Care and Social Assistance in Saint Paul
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Figure A.4: Time Series of Arts, Entertainment, and Recreation in Saint Paul
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Figure A.5: Time Series of Accommodation and Food Services in Saint Paul
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Figure A.6: Time Series of Other Services in Saint Paul
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Figure A.7: Time Series of Full-Service Restaurants in Saint Paul
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Figure A.8: Time Series of Limited-Service Restaurants in Saint Paul
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Figure A.9: Time-Varying Jobs Effects, Adjusted for Workplace Mobility
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Figure A.10: Time-Varying Jobs Effects, Adjusted for Violent Protests
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Figure A.11: Time-Varying Jobs Effects, Adjusted for Total Protests
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Figure A.12: Adjustments for Workplace Mobility
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Figure A.13: Adjustments for Violent Protests
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Figure A.14: Adjustments for Total Protests
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A.2 Additional Tables

Table A.1: Pre-Treatment Fit: Synthetic Control versus Differences-in-Differences

Wage Jobs Hours Earnings
(R-squared, percent) SC DD SC DD SC DD SC DD
Retail Trade (44) 61 0 65 0 64 0 69 4
Administration and Support (56) 64 4 66 4 74 5 70 5
Health Care and Social Assistance (62) 96 15 95 0 96 7 98 29
Arts, Entertainment and Recreation (71) 36 12 15 6 35 8 24 0
Accommodation and Food Services (72) 79 40 68 5 55 0 66 11
Other Services (81) 83 34 85 22 87 9 92 12
Full-Service Restaurants (722511) 78 50 76 1 65 1 70 4
Limited-Service Restaurants (722513) 66 44 48 5 41 0 56 8

Notes: Average hourly wage, excluding the highest-paying 10 percent of jobs. SC: synthetic control. DD:
difference-in-differences.
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Table A.2: Excluding Neighboring Cities from the Control Group

Wage Jobs Hours Earnings
Retail Trade (44) 9.3 −13.8 −20.7 −21.9

(0.0) (18.2) (3.0) (3.4)
Administration and Support (56) 8.6 −8.8 3.7 −39.9

(1.6) (51.9) (96.3) (2.6)
Health Care and Social Assistance (62) −0.1 3.3 11.0 0.2

(68.3) (59.7) (20.8) (77.7)
Arts, Entertainment and Recreation (71) −0.5 9.0 −5.4 −12.4

(86.1) (38.2) (28.6) (2.6)
Accommodation and Food Services (72) 4.8 −18.4 −36.6 −13.8

(0.0) (1.6) (0.0) (11.4)
Other Services (81) −3.3 22.4 −2.2 3.3

(2.4) (0.0) (93.3) (53.7)
Full-Service Restaurants (722511) 1.9 −24.2 −26.7 −30.2

(17.2) (2.8) (1.2) (2.0)
Limited-Service Restaurants (722513) −0.7 −37.6 −35.2 −46.9

(51.3) (0.6) (0.6) (0.2)

Notes: The estimates are in log points, multiplied by 100. Entries in parentheses are p-values in percentages
using the placebo method.
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Table A.3: Adding Time Weights in the Synthetic Difference-in-Differences Estimation

Wage Jobs Hours Earnings
Retail Trade (44) 7.4 −9.2 −22.0 −22.1

(0.0) (25.2) (0.0) (0.2)
Administration and Support (56) 9.5 −8.9 −9.4 −37.3

(0.2) (62.1) (44.6) (1.2)
Health Care and Social Assistance (62) −2.9 9.5 5.2 −9.5

(4.4) (15.6) (49.0) (15.0)
Arts, Entertainment and Recreation (71) −3.7 28.4 −5.9 −4.9

(25.0) (11.0) (46.4) (33.0)
Accommodation and Food Services (72) 6.9 −23.9 −37.9 −27.6

(0.0) (0.0) (0.0) (0.0)
Other Services (81) −1.5 9.5 −4.2 6.7

(22.2) (12.0) (63.9) (27.0)
Full-Service Restaurants (722511) 1.7 −24.6 −25.3 −21.7

(31.2) (2.0) (5.2) (14.0)
Limited-Service Restaurants (722513) 1.4 13.4 51.6 15.5

(39.2) (43.6) (0.0) (29.8)

Notes: The estimates are in log points, multiplied by 100. Entries in parentheses are p-values in percentages
using the placebo method.
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Table A.4: Cities of Similar Size to Saint Paul

City Jobs (000’s) City Jobs (000’s)
Aurora, CO 295 Corpus Christi, TX 135
Baltimore, MD 276 Salem, OR 132
Albuquerque, NM 264 Anchorage, AK 120
Greensboro, NC 251 Sioux Falls, SD 115
El Paso, TX 236 Rockford, IL 114
Prince George’s County, MD 232 Richmond, VA 114
Colorado Springs, CO 225 Lubbock, TX 111
Baton Rouge, LA 222 Norfolk, VA 104
Wichita, KS 220 Tallahassee, FL 102
Little Rock, AR 201 Montgomery, AL 97
St. Louis, MO 197 Shreveport, LA 95
Reno, NV 193 Amarillo, TX 90
New Orleans, LA 170 Jackson, MS 86
Fort Wayne, IN 169 Midland, TX 85
Winston-Salem, NC 167 Chesapeake, VA 85
Lexington, KY 159 Newport News, VA 83
Huntsville, AL 155 Fayetteville, NC 83
Saint Paul, MN 149 Augusta, GA 81
Virginia Beach, VA 149 Laredo, TX 79
Springfield, MO 147 Kansas City, KS 78
Lincoln, NE 137 Birmingham, AL 77
Savannah, GA 136
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Table A.5: Robustness: Labor Market Effects from Cross Section of Establishments

Add Lagged Growth Wage Jobs Hours Earnings

2018 −2.8 −17.5 −17.6 −10.9
(25.4) (0.1) (0.2) (6.8)

2019 −0.1 −18.7 −19.4 −12.7
(97.7) (0.4) (0.4) (8.6)

2020 2.1 −22.6 −21.2 −19.4
(68.4) (0.1) (0.2) (1.3)

2021 9.9 −12.4 −12.2 −9.0
(13.8) (9.2) (10.8) (30.5)

2022 10.5 −24.6 −21.3 −20.4
(7.8) (0.3) (1.2) (4.4)

Pre-Sample to 6 Years Wage Jobs Hours Earnings

2018 0.5 −17.2 −17.4 −10.5
(84.0) (0.1) (0.2) (8.1)

2019 5.8 −18.5 −19.5 −13.3
(12.4) (0.4) (0.3) (7.3)

2020 4.4 −21.9 −21.2 −19.4
(32.9) (0.1) (0.2) (1.3)

2021 8.5 −10.9 −12.2 −7.1
(10.2) (13.4) (10.5) (42.3)

2022 11.3 −20.6 −19.6 −17.9
(2.7) (0.9) (1.5) (6.2)

Notes: The estimates are in percentages, multiplied by 100. Entries in parentheses are p-values using standard
errors clustered at the establishment level.
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