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Avinandan Chakraborty1, Jacqueline Doremus2 and Sarah Stith3,*

The effects of recreational cannabis access 
on labor markets: evidence from Colorado

Abstract
Recreational cannabis markets possibly increase labor demand through investments in facil-
ities for growing, processing, and retail sales of cannabis, as well as through other industries 
such  as manufacturing, leisure, and hospitality. However, this increase in labor demand may 
vary substantially across counties within a state as most states with legal recreational canna-
bis allow individual counties to ban commercial cannabis sales. Meanwhile, labor supply may 
change through positive and negative effects from cannabis use. Using county-level Colorado 
data from 2011 to 2018 and exploiting variation across counties in the existence and timing 
of the start of dispensary sales, we test for changes in the unemployment rate, employment, 
and wages, overall and by industry subsector. Consistent with an increase in labor demand, 
we estimate that the sale of recreational cannabis through dispensaries is associated with a 
0.7 percentage point decrease in the unemployment rate with no effect on the size of the labor 
force. We also find a 4.5% increase in the number of employees, with the strongest effects 
found in manufacturing. We find no effect on wages. Given the lack of a reduction in labor 
force participation or wages, negative effects on labor supply are likely limited, in line with the 
existing literature. The decrease in unemployment, coupled with an increase in the number 
of employees, indicates that labor demand effects likely dominate effects on labor supply. Our 
results suggest that policymakers considering recreational access to cannabis should anticipate 
a possible increase in employment.
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1  Introduction
In 2014, the first recreational cannabis dispensaries opened in Colorado. Today, recreational 
cannabis dispensaries outnumber Starbucks and McDonald’s locations combined (Colorado 
Department of Revenue [CDOR], 2019). As the number of recreational dispensaries grew 
between 2014 and 2019, so did the value of their sales, dwarfing those of the existing medical 
cannabis market. When comparing recreational and medical cannabis sales during this time 
period (Figure 1A), medical cannabis sales stayed around $35 million, while recreational can-
nabis sales increased 10-fold, from $10 million to $110 million.1

As in most other legal recreational cannabis markets, legalization in Colorado occurred 
at the state level, but individual counties and municipalities can choose to ban cannabis busi-
nesses, from growing facilities through retail dispensaries. Of the 64 counties in our sample, 
only 37 experienced entry of dispensaries between 2014 and the end of our sampling period in 
2018. Many local areas continue to ban cannabis, including El Paso County, in which Colorado 
Springs, the second largest city in the state, is located.2

This paper is the first to analyze the effects of recreational dispensary access on labor mar-
ket outcomes beyond workers’ compensation benefits, to use a county-level approach to explore 
the effect, and to identify demand-side effects, rather than supply-side effects. Using monthly 
data from the Local Area Unemployment Statistics (LAUS) and quarterly data from the Quar-
terly Census of Employment and Wages (QWEC) for the period 2011–2018, we test for changes 
in the unemployment rate, the number of people unemployed, the total labor force, the number 
of employees (overall and by major industry), and wages (overall and by major industry) in Col-
orado counties in response to the entry of recreational cannabis dispensaries. We investigate 
the effects on labor market outcomes by exploiting quasi-random variation in the timing of the 

1	 These are retail (recreational) and medical cannabis sales, as reported to the Colorado Department of Revenue.
2	 https://www.visitcos.com/travel-tools/local-services-information/recreational-marijuana/. Accessed 07/16/21.

Figure 1 � Cannabis sales in Colorado counties, by year.

Notes: (A) Sales of medical and recreational cannabis. Data were obtained from the Colorado Department of 
Revenue and are in U.S. dollars. (B) The number of new counties selling cannabis, based on sales data obtained 
from the Colorado Department of Revenue.
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entry of recreational cannabis dispensaries at the county level. With a difference-in-differences 
(DID) research design, we compare labor market outcomes within and across counties and 
across industries, before and after counties began selling recreational cannabis, controlling for 
the county, month, and year fixed effects and the number of medical cannabis patients.

We find that the opening of recreational cannabis dispensaries is associated with a decrease 
in the number of unemployed people and the unemployment rate, with no significant effect on 
the total labor force. We further find an increase in the total number of employees overall, with 
effects being the strongest in the manufacturing sector. For wages, we find no significant effect 
on average weekly wages overall or by industry. Our results suggest that labor demand effects 
dominate any impact on labor supply. Because of potential spillovers across counties within a 
state and possible endogeneity in dispensary entry, we corroborate the robustness of our results 
in multiple ways, including capitalizing on institutional factors limiting entry, attempting to 
predict pretreatment using pre-trends, assessing the existence and magnitude of county-level 
spillovers using a nearest-neighbor, distance-based approach, and using the generalized syn-
thetic control (GSC) method presented by Xu (2017).

That the creation of a newly legal industry affects local labor markets, either directly or 
indirectly, is supported by the broader literature on new industry entry. Benefits associated 
with the arrival of new casinos to local areas include doubling of earnings in the local gambling 
industry and indirect spillover effect on employment growth in closely related local industries 
(Cotti, 2008; Humphreys and Marchand, 2013). With respect to abrupt increases in the size 
of legal industries, a study found that the opening of an ethanol plant in a county increases 
employment opportunities, labor earnings, and demand for land and housing, with spillover 
effects on other industries (Low and Isserman, 2009), while Black et al. (2005) found that spill-
over effects from coal booms increase employment but not wages in the construction and ser-
vices sectors. The empirical evidence from these two industries supports that positive benefits 
also arise in the cannabis industry, with a direct increase in labor demand within the cannabis 
industry and spillovers across other industrial sectors.

The fact that demand-side effects seem to dominate labor supply-side effects matches a 
literature that finds ambiguous and limited effects on health and productivity. Older studies 
using survey data have typically identified negative associations between cannabis use and 
health-and-productivity-related outcomes (Van Ours, 2007; Hanson et al., 2010; Van Ours et 
al., 2013; Volkow et al., 2014; Williams and Van Ours, 2020; Winward et al., 2014; Kaestner, 
1994; Register and Williams, 1992; Irons et al., 2014), or no association (MacDonald and 
Pudney, 2000). More recent studies of medical cannabis legalization indicate potential posi-
tive health and productivity effects, often through substitution away from more harmful sub-
stances (Ullman, 2017; Nicholas and Maclean, 2019; Bonn-Miller et al., 2007; Vigil et al., 2017; 
Doremus et al., 2019; Bradford et al., 2018; Bradford and Bradford, 2018; Anderson et al., 2018, 
2014; Chu, 2015; Baggio et al., 2018; Anderson et al., 2013; Choi et al., 2019).

The limited literature on how medical marijuana laws (MMLs) affect labor supply shows 
mixed results as well. On the one hand, medical cannabis dispensaries’ entry may have potential 
positive employment and earnings effects, at least in older populations (Nicholas and Maclean, 
2019), and for more extreme outcomes, such as workplace deaths (Anderson et al., 2014), work-
ers’ compensation claims (Ghimire and Maclean, 2020), and job absences (Ullman, 2017). On 
the other hand, Sabia and Nguyen (2018) find a small decrease in wages among males aged 
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20–39 years. Older studies, using survey data on cannabis use rather than the introduction of 
legal medical cannabis, found that cannabis use reduced wages (Van Ours, 2007). These effects 
were the strongest among men (Kaestner, 1994) and, within men, among younger men (Regis-
ter and Williams, 1992), although Kaestner (1994) found some evidence of positive effects for 
women. How much these studies relate to our study depends on the extent to which medical 
and recreational uses are similar. Medical legalization and associated dispensary access affect 
a significantly smaller, but potentially sicker, population than does recreational access. Med-
ical legalization limits use to those with severely debilitating symptoms, typically for a lim-
ited range of conditions. Recreational access facilitates use not just for recreational purposes, 
but for medical use as well among those with conditions not previously approved for medical 
cannabis authorization, whose conditions were insufficiently severe to qualify, or with severe 
approved conditions but who were unwilling to join a registry.

The literature on the effects of recreational legalization on labor-related outcomes is even 
more nascent. The possibility that cannabis legalization may improve labor supply is supported 
by recent work finding reductions in disability claims (Maclean et al., 2021) and workers’ 
compensation benefits (Abouk et al., 2021) following recreational cannabis legalization. This 
reduction in worker injuries and injury severity could translate into positive effects on labor 
market outcomes more generally, but our results suggest that such effects are not large enough 
to translate into measurable changes in employment or wages. A recent working paper focuses 
on the demand-side effects in agriculture and retail sectors following recreational legalization 
in Washington and Colorado and, similar to this study, generally finds increased employment 
with limited wage effects (Jiang and Miller, 2021).

In summation, this paper explores the effect of entry of recreational cannabis dispensaries 
on local labor markets, using Colorado county-level data on employment and wages. We begin 
by providing a brief summary of cannabis legalization and detailing the potential effects of 
cannabis on labor supply and labor demand. The paper then proceeds to present our empirical 
analysis before discussing our results and concluding.

2  Background
2.1  Cannabis legalization

Cannabis is classified as a Schedule I substance3 and federal law continues to prohibit the culti-
vation, possession, and consumption of cannabis and related products. However, most of states 
have either decriminalized cannabis possession or have begun to legalize cannabis through a 
regulated market. As of December 2018, the end of our sample period, 33 states and the District 
of Columbia allowed for medical cannabis in some form, and this number has been increasing 
ever since. In 2012, Colorado and Washington became the first states to legalize commercial 
cultivation and sales of recreational cannabis to adults 21 years or older. Since then, other states 
have followed, and by December 2018, recreational cannabis was legal in 11 states and the Dis-
trict of Colombia (Figure A1). Significant heterogeneity exists across states in how recreational 

3	 The federal government defines a Schedule I drug as having no medical use, significant potential for abuse, and a 
high probability of dependence. Cannabis containing >0.3% tetrahydrocannabinol (THC) is considered Schedule I 
under federal law. For comparison, cannabis popular in legal recreational cannabis dispensaries often contains THC 
exceeding 20% (Stith and Vigil, 2016).
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cannabis has been legalized, from differences in taxes and limits on purchase quantity to the 
legality of home cultivation.

Colorado legalized recreational cannabis in 2012, with the law going into effect in Decem-
ber 2012. Home cultivation became legal in 2013, with the first indoor harvest cycle likely end-
ing around May 2013.4 Dispensary sales began in January 2014, allowing anyone 21 years and 
older to purchase, possess, or consume commercially cultivated cannabis. The law permits can-
nabis consumption anywhere other than in public places, with a buying limit of 0.03 kilograms 
(1 ounce) of cannabis at a time. Counties and municipalities are allowed to restrict commer-
cial cultivation and sales, including banning these activities altogether. Initially, licenses were 
restricted to previously licensed medical cannabis businesses, with most jurisdictions opening 
up retail licenses to other applicants by the end of 2014. Over the past several years, access to 
recreational cannabis across counties has increased, but with heterogeneity in the timing of 
commencement of sale. Figure 1B plots the number of counties with dispensaries selling rec-
reational cannabis by month from 2014 through 2018, while Figure A2 in the Appendix uses 
maps to depict the geographic variation in the number of counties with dispensaries in January 
2014 through December 2018. Many counties with dispensaries first entered in January 2014, 
and by the end of January 2014, out of a total of 64 counties in Colorado, 15 counties were 
selling recreational cannabis (Figure A2a in the Appendix). Dispensaries continued to enter 
counties with no preexisting dispensaries throughout 2014 regularly. Entry into new counties 
thereafter is more limited. By the December 2018, 37 counties had recreational dispensaries 
(Figure A2b). Except for four counties, all counties with recreational dispensary access also 
have medical dispensary access (Figure A2c).

2.2  Cannabis and labor supply

Cannabis access increases cannabis use,5 which may affect labor supply. Increased cannabis 
consumption has varied effects on individuals, depending on the intensity, amount of use, and 
even individual-specific characteristics. Suppose the effects of cannabis on health are nega-
tive. In that case, increased use should manifest in worse labor market outcomes, including 
decreased labor force participation, a higher likelihood of being unemployed, and lower wages 
resulting from lower productivity. Suppose, instead, that the effects of cannabis on health are 
positive, either through direct effects or indirectly, such as through substitution away from 
more harmful substances. In that case, an increase in labor market participation, likelihood of 
employment, and wages should be expected. We first summarize the literature on the health 
and wage effects of cannabis use and then describe in greater detail results from the literature 
on the effect of MMLs on labor supply.

When investigating the effect of cannabis use on health, earlier studies tended to find nega-
tive effects from consumption, generally in contexts in which cannabis is not legal and based on 
retrospective survey data. These studies found that cannabis use may lead to increased suicidal 

4	 Residents are allowed to grow up to six cannabis plants for personal use.
5	 A recent study on the effect of recreational legalization on cannabis use found increased use among adults over the age 

of 25 years, although use among adults 18–25 years old did not change (Cerd á et al., 2020). Wen et al. (2015) found that 
MMLs are associated with an increase in cannabis use of 15%–25%, with some increase in the incidence of cannabis 
dependence as well. Choi et al. (2019) found a 2–3 percentage point increase in cannabis consumption among adults. 
Chu (2014) showed that MMLs increase arrests for cannabis possession by 10%–20%.
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ideation for males (Van Ours et al., 2013), adverse mental and physical health (Van Ours and 
Williams, 2011, 2012), and a decrease in cognitive functioning (Volkow et al., 2014; Winward 
et al., 2014). With respect to labor market outcomes, earlier studies documented that recent 
cannabis use is associated with a wage penalty among men (Kaestner, 1994), especially young 
men (Register and Williams, 1992). However, perhaps foreshadowing the more positive effects 
found in recent papers on medical marijuana, Kaestner (1994) and Register and Williams (1992) 
found some evidence of positive effects on wages, specifically among women reporting recent 
use and in overall population estimates, respectively. Studies suggest that the timing of the start 
of cannabis use may be important, with an earlier start to cannabis use associated with a larger 
negative wage impact (Van Ours, 2007), reduced likelihood of returning to education following 
entry into the workforce (Williams and Van Ours, 2020), lower acquisition of human capital 
(Chatterji, 2006; Williams and Van Ours, 2020), a decrease in concentration and mental func-
tioning (Hanson et al., 2010; Volkow et al., 2016), and an increase in laziness (Irons et al., 2014).

To date, we are aware of no published studies on the effects of recreational cannabis 
legalization and access on labor market outcomes beyond disability claims (Maclean  et al., 
2021), but studies on labor market-related effects of medical cannabis legalization and access 
do exist. These studies have found that legal medical use successfully treats adverse health con-
ditions (Bonn-Miller et al., 2007), decreases pain (Li et al., 2019; Nicholas and Maclean, 2019), 
improves disease symptoms (Vigil et al., 2018; Stith et al., 2019), leads to better self-assessed 
health (Nicholas and Maclean, 2019), and encourages substitution away from opioids and other 
medications (Smith, 2020a; Vigil et al., 2017; Bradford et al., 2018; Doremus et al., 2019; Stith et 
al., 2019).6 Furthermore, studies have found that legal medical cannabis lowers rates of work-
place fatalities for workers aged 25–44 years (Anderson et al., 2018), decreases job absences by 
8.4%–8.7% among workers aged 15–65 years (Ullman, 2017), and reduces suicide rates among 
young men aged 20–39 years (Anderson et al., 2014). These outcomes could be associated with 
increases in labor productivity, which, in competitive labor markets, should lead to higher 
wages. Whether the positive effects found by these prior studies on medical cannabis legal-
ization and access are likely to arise from recreational cannabis legalization and access is an 
unanswered question.

Along with an increasing number of studies documenting the direct benefits from can-
nabis consumption (Stith et al., 2018), indirect benefits may also be significant and arise from 
individuals substituting away from other substances toward cannabis. For example, Chu (2015) 
found that with the legalization of medical cannabis, arrests for cocaine and heroin posses-
sion combined decreased by 0%–15%, and admissions for heroin-related treatment decreased 
by 20% (Chu, 2015). Other studies have found that alcohol consumption decreases (Baggio et 
al., 2018), alcohol-related traffic fatalities decrease by 13%–15% (Mark Anderson et al., 2013), 
and the number of cigarettes consumed by smokers also decreases, leading to cost savings of 
$4.6–$6.9 billion per year in tobacco-related health care (Choi et al., 2019).

Although short-term impairment effects may be similar, the long-term consequences of 
chronic cannabis consumption appear to be better than those from long-term opioid, alco-
hol, or tobacco use. In particular, no deaths have been documented as a result of the negative 
health consequences of cannabis. Meanwhile, opioid overdoses have killed 47,000 people in 

6	 Carrieri et al. (2019) find – from Italy – that even legalization of light cannabis led to a decrease in cannabis confiscations 
and drug-related offences.
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2017 (Scholl et al., 2019), and on average, 88,000 people die from alcohol-related causes annu-
ally (Centers for Disease Control & Prevention, 2013). Cigarette smoking is accountable for 
>480,000 deaths per year in the United States, including >41,000 deaths caused by secondhand 
smoking exposure (U.S. Department of Health and Human Services, 2014).

Although potential health benefits from legal medical use have been documented, only 
a handful of previous studies have focused on the effects of MMLs on the labor market. Sabia 
and Nguyen (2018), using data from the Current Population Survey (CPS) Outgoing Rotation 
Groups, found no evidence of MMLs affecting working-age adult employment and work hours. 
Even though they found a decrease in wages among young men (aged 20–39 years) of 2%, there 
is no evidence of a reduction in the overall hourly wage. Using Health and Retirement Study 
data, Nicholas and Maclean (2019) found that state MMLs led to an increase in labor supply 
among older adults, both on the intensive and extensive margins, implying that MMLs may 
increase both whether and how much older adults work.

Although studies have documented increased reporting of cannabis use from legalization, 
the lack of a negative effect on labor market supply in the literature may be because the majority 
of cannabis users were already consuming cannabis prior to recreational cannabis legalization. 
In other words, even if cannabis use (and not just reporting) increased, a significant portion of 
recreational cannabis sales after legalization still may come from individuals who previously 
purchased cannabis on the illicit market. Due to prior use, these individuals may be less likely 
than new users to experience significant changes in health or labor productivity as a result of 
legalization. Supporting that those who previously bought on the illicit market are now purchas-
ing legally, Hunt and Pacula (2017) report responses from a survey on cannabis purchase before 
and after recreational cannabis legalization in Colorado; all survey respondents who had pre-
viously bought their cannabis from a “dealer” or “friend” reported purchasing cannabis from 
either a medical or recreational dispensary after legalization. In other words, the existence of an 
illicit market probably limits the magnitude of labor supply-side effects from legal recreational 
dispensary entry relative to effects that would be experienced in the absence of the illicit market.

2.3  Cannabis and labor demand

Legal cannabis sales have a long supply chain that includes cannabis cultivators, extraction 
services, product manufacturers, testing facilities, distributors, and retail cannabis stores. 
Technology is exploding in the legal cannabis industry, with innovations in THC and canna-
bidiol (CBD) extraction and concentration, product standardization, and consumption meth-
ods ranging from vaporizing flowers and concentrates to inserting suppositories and ingesting 
pills. At the same time, production methods often can be labor-intensive, with, e.g., hand-trim-
ming of individual cannabis flowers still common among commercial cultivators (Hennings, 
2018). Regulatory requirements also result in demand for packaging and testing materials and 
services. The legalization of delivery services further fuels industry growth.

Although illegal cannabis suppliers existed prior to legalization and continue to exist, 
most of the growth in the cannabis industry likely is driven by new, legal entities. Given licens-
ing restrictions and technology innovation, it is unlikely that the same cannabis suppliers who 
previously operated in the illicit market were able to transition their facilities into producing 
for and selling into the legal market. The state also regularly inspects all commercial cultivation 
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and processing facilities and retail businesses. Product innovation and regulatory requirements 
mean demand for new, more sophisticated growing, processing, testing, and packaging meth-
ods. Similarly, tourism-related expansion is due to legal access. Catering directly to cannabis 
tourism was illegal prior to recreational legalization, and the number of people willing to travel 
to Colorado to buy legal cannabis is surely much larger than the number who were willing to 
travel across the country to illegally buy cannabis in Colorado prior to legalization (Armijo, 
2019; Mitchell, 2019).

In summation, the legalization of recreational cannabis might affect the demand for labor 
via multiple mechanisms. With the increase in demand for cannabis, we expect an increase 
in the labor demanded to support increases in cannabis production and retail sales, with 
spillovers to the tourism industry. Given this increase in the demand for labor, assuming no 
changes in labor supply, we would expect an increase in the number of jobs or employees and a 
decrease in the unemployment rate. If labor markets are sufficiently tight, this could translate 
into higher wages for hired workers as well.

However, forces on the labor supply side may mediate effects from labor demand. On the 
one hand, if the harmful effects of cannabis consumption dominate, then we would expect a 
reduction in labor force participation. (This decrease in labor supply would reduce the unem-
ployment rate without any effect on the number of employees.) If consumption affects produc-
tivity, we might also expect a decrease in the equilibrium wage, although a sufficient decline in 
labor supply also could increase wages among those who are still working.

On the other hand, if the positive effects of cannabis consumption dominate, then we 
should observe an increase in labor force participation and an associated increase in the unem-
ployment rate, in the absence of any demand-side effects. The effect on wages is ambiguous and 
would depend on changes in workers’ distribution and productivity.

An increase in labor demand seems a largely unambiguous prediction from the creation 
of a new market. The effects on labor supply are less clear, increasing the potential range of 
equilibrium outcomes. If both demand and supply for labor increase, the number of employees 
will increase unambiguously; however, the effects of dispensary entry on the unemployment 
rate and wages will depend on the relative size of the shifts in supply and demand. If labor 
demand increases, but labor supply decreases, then we would expect wages to increase and the 
unemployment rate to decrease, but the effect on the number of employees will again depend 
on the relative size of the shifts in supply and demand.

3  Data
We assembled data for all 64 counties in Colorado in terms of labor market outcomes, rec-
reational access, and county characteristics from various federal and state-level agencies. 
Table A1 in the Appendix summarizes a timeline for the period covered by each variable type 
we use and its data sources.

3.1  Labor market outcomes

The data on labor market outcomes are from the U.S. Bureau of Labor Statistics (BLS). The 
employment and labor force participation data are from the LAUS, a joint federal–state 
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initiative that provides monthly estimates of total employment and unemployment. The LAUS 
data’s underlying concepts and definitions come from the CPS, a household survey that is the 
source of the national unemployment rate. The county-level LAUS data are cross-validated and 
updated using data from multiple sources, including the CPS, Community Expenditure Sur-
vey, state unemployment insurance systems, and the American Community Survey.

Data containing the monthly number of employees and average quarterly wages by indus-
try are from the QCEW. The QCEW reports quarterly county-level payroll data on private 
employment and wages for defined industries. In accordance with the national unemployment 
insurance program, these details must be filed by employers. The North American Indus-
trial Coding System (NAICS) defines each industry in the data and then aggregates the data 
by county, industry, and quarter. Specifically, the analysis in this paper uses the number of 
employees and average weekly wage data for each county, overall and by industry category; 
the categories are Natural Resources and Mining (Agriculture, Forestry, Fishing, and Mining), 
Construction, Manufacturing, and Service-Providing (Trade, Information, Financial Activi-
ties, Education, and Health Services).

The county-level data from the QCEW have some advantages. Compared with other data 
sets, QCEW is the only source with census observations of employment and wages reported 
in detail, covering >95% of U.S. jobs. Data on county-level monthly employment and average 
quarterly wages are available by industry and based on mandated quarterly reports filed by 
employers through state unemployment insurance programs.

However, there are some drawbacks to the QCEW data set. The monthly dependent vari-
able, employees, and the quarterly dependent variable, average weekly wage, have data points 
missing for some counties.7 There is also no distinction between part-time and full-time 
employees nor is there a measure of the average hours worked by county, and the unincorpo-
rated self-employed are excluded. The only information on earnings is the average weekly wage 
per worker overall and by industry subgroup, measured at the county level.8 Nonetheless, the 
QCEW provides the most complete and precise county-level data on employment and earn-
ings, with county-level information required for our identification strategy.

3.2  Recreational dispensary and medical cannabis patients

Our key variable of interest, the location and timing of recreational dispensary entry in Col-
orado counties, was compiled from publicly available data of the CDOR. Focusing on dispen-
sary entry rather than legalization alone is important because we are testing for demand-side 
effects generated by dispensary operations, the cannabis dispensary supply chain, and the 
tourism generated by dispensary availability. In addition, even for the effects of medical legal-
ization on outcomes such as opioid use, prior studies have found that dispensary access may 
be the crucial driver of effects rather than cannabis or dispensary legalization alone (Powell et 
al., 2018; Smith, 2020b; Anderson and Rees, 2014). These data come from the Marijuana Sales 
Report (CDOR, 2019) and are available starting in January 2014. The Marijuana Sales Reports 

7	 BLS withholds the release of data to protect the identity and data of cooperating employers when necessary. Since 
QCEW receives reports from each U.S. employer, there are cases where QCEW detailed data could consist of a single 
employer in a county in some industries. In QCEW publications, these data are retained or “suppressed.” State and 
national totals include the undisclosed data suppressed in the county-level data.

8	 Wages include bonuses, stock options, severance pay, the cash value of meals and lodging, tips, and other gratuities.
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reflect sales made in each county by month. Although the data show whether any cannabis 
sales occurred for all Colorado counties, the amount of sales for some counties is not released 
for reasons of confidentiality, i.e., sales data are disclosed only when there are at least three 
taxpayers in a given category, and none of them accounts for >80% of the total. Data on the 
number of medical cannabis patients by month were obtained from the Colorado Department 
of Public Health and Environment (CDPHE). Their website reports medical cannabis patients 
by month for each county in Colorado (CDPHE, 2019).

Using these data sets from the CDOR, the CDPHE, the LAUS, and the QWEC, we con-
struct a county-level panel data set for the period 2011–2018, in order to compare changes in 
labor market outcomes in counties with recreational dispensaries to those counties without.

In Table 1, we present the overall summary statistics for the main dependent and inde-
pendent variables. The full monthly data sample includes 6,144 observations, and the quarterly 
data has 2,048 observations. However, some observations are missing for the construction, 
manufacturing, and natural resource and mining industries due to the reasons mentioned 
in the previous section. In the subindustry analysis, we only include the counties with con-
sistent documentation over time and exclude the counties with missing observations. In this 
way, for each subindustry, we analyze different sets of counties: 34 selling counties9 and 18 

9	 Counties in which legal recreational cannabis was sold at any point of time between 2011 and 2018.

Table 1  County-level summary statistics

Mean SD Min Max N

Panel A: monthly
Unemployment rate (%) 5.23 2.77 1.1 17.4 6,144
Labor force 44,682 90,397 273 417,717 6,144
Unemployed 2,268 5,017 7 33,083 6,144
All industry employees 37,909 84,671 195 524,919 6,144
Construction employees 2,720 5,099 14 24,163 4,992
Manufacturing sector employees 2,929 5,427 10 21,436 4,512
Natural resource and mining employees 802 1,821 8 13,120 5,088
Service-providing employees 26,692 62,824 81 401,921 6,144
Amount of recreational sales 629,296 2,712,311 0 35,343,772 6,144
Number of medical patients 1,622 3,568 2 20,976 6,144

Panel B: quarterly
All industry wages 749.06 200.83 410 2,102 2,048
Construction wages 881.75 227.47 415 2,489 1,664
Manufacturing wages 844.94 339.17 310 2,650 1,504
Natural resource and mining wages 1,071.30 641.53 376 6,475 1,696
Service-providing wages 684.91 216.46 294 2,619 2,048

Notes: The data cover the period from 2011 to 2018. Our monthly sample includes 6,144 
county–month observations, while our quarterly sample includes 2,048 county–quarter 
observations. Subindustry measures are based on fewer observations due to BLS suppres-
sion of county-level information for confidentiality reasons.

BLS, U.S. Bureau of Labor Statistics; Min, minimum; Max, maximum; SD, standard deviation.
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not-selling counties10 for Construction, 32 selling and 15 not-selling counties for Manufactur-
ing, and 32 selling and 21 not-selling counties for Natural Resources and Mining. The differ-
ences between the minimum and maximum values for our outcome variables (other than the 
unemployment rate) are substantial and support using a natural log transformation. (Table A2 
in the Appendix provides further summary statistics, differentiating between counties with 
and without dispensaries, pre- and post-dispensary entry and January 2014, respectively, and 
testing the changes over time.)

In addition to the summary statistics, we include Figures A3, A4, and A5 in the Appendix 
comparing the changes for our dependent variables over time for counties with dispensaries to 
those counties without. Apparent differences in levels exist for most of our variables between 
selling and not-selling counties, which persist over time, indicating the importance of con-
trolling for county and time fixed effects in our regression analysis. An informal evaluation of 
parallel trends suggests that parallel trends exist for the unemployment rate, labor force, the 
number unemployed, and wages. Although we do not see strong evidence of violation of the 
parallel trends assumption for our other outcomes, we do see potentially small differences in 
the pre-trends for employees overall and for the Manufacturing and Natural Resources and 
Mining sectors, as well as for wages in Manufacturing. The obvious seasonality in the data 
supports the inclusion of month fixed effects.

4  Empirical Strategy
In order to estimate the impact of recreational dispensary entry on our variables of interest, we 
use a DID model with fixed effects. The variation in the location and timing of dispensary entry 
across counties in Colorado is exploited to accurately identify local labor market spillovers. We 
analyze the unemployment rate, the size of the labor force, the number of unemployed, and 
the number of employees, as well as the average weekly wages overall and by industry sector. 
All the dependent variables except the unemployment rate have been transformed using the 
natural logarithm to reduce the impact of outliers.

We estimate the following two specifications of our model:

0( ) =  +  +  +  +  +  + cmy cmy cmy y m c cmyln Y R X cα β θ δ δ γ � (1)

1 1 2( ) =  +  + +  +  +  +  + low high
cmy cmy cmy cmy y m c cmyln Y sales sales X cα λ λ θ δ δ γ � (2)

Ycmy is our main outcome variable for county c in month/quarter m and year y. Rcmy in  
Eq. (1) and i

cmysales  in Eq. (2) are the two types of treatment that we consider. Rcmy is a dummy 
variable indicating any recreational cannabis sales, whereas low

cmysales  indicates when $0 < sales ≤ 
$500,000 and high

cmysales  when sales > $500,000. β reports the average effect with the commence-
ment of the sale of recreational cannabis, and λ1 and λ2 report the average effects of lower and 
higher levels of recreational cannabis sales relative to no sales. Thus, β in Eq. (1), and λ1 and 
λ2 in Eq. (2) are our primary coefficients of interest, summarizing the effect of access a recre-
ational cannabis dispensary. Xcmy controls for the natural log of the number of medical can-
nabis patients. δy, δm, and γc are the fixed effects at the year, month/quarter, and county levels, 

10	 Counties in which legal recreational cannabis dispensaries never sold cannabis between 2011 and 2018.
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which capture the year and month/quarter effects that are common across counties and the 
time-invariant county-level factors.

County-level fixed effects enable us to control for population density and demographics 
(e.g., age and socioeconomic status), which do not change over time during our sample period 
from 2011 to 2018. Month fixed effects account for seasonality, which affects all counties and 
differs only in levels, not in terms of which months are peak tourism months. For example, 
even though some counties always have more tourism than others (captured by the county 
fixed effects), most Colorado counties have spikes in tourism in the summer and ski seasons. 
Robust standard errors, ccmy, are clustered at the county (treatment) level to correct for arbitrary 
correlation among observations in a given county.

The opening of dispensaries may be endogenous, although ideological factors probably 
play a role in outright bans (Bradford and Bradford, 2017), and initial licenses were restricted to 
existing medical licensees, potentially limiting the choice of entry location. It is plausible that 
dispensaries open earlier in counties with favorable economic conditions and where expected 
demand for recreational cannabis is high. Therefore, a dispensary opening may not be a ran-
dom event. Although we use county, month, and year fixed effects, they may not fully absorb 
the unobservable differences between treated and control counties leading to the opening of a 
dispensary. We attempt to address this potential endogeneity by using event studies to assess 
pre-trends, attempting to predict entry with preexisting trends in our outcome variables, cap-
italizing on the institutional factor that only existing medical dispensaries were allowed to sell 
initially, and using a GSC method.

Our identification is based on both the timing and location of new dispensaries; thus, we 
use an “event study” research design to ensure that preimplementation factors do not drive 
the heterogeneity in the timing of implementation and to assess effects that change over time 
(Autor, 2003; Lovenheim, 2009; Lee and Mas, 2012). We estimate Eq. (3) for our event study 
model.

∑0( ) =  + +  +  +  +  + k
cmy k cmy y m c cmyln Y k Z X cα τ θ δ δ γ � (3)

More specifically, we regress our outcomes, Ycmy, on a series of “event–time” dummies 
Zk

cmy.
Zk

cmy equals one when county c is k months/quarters from the commencement of recre-
ational cannabis sale in month/quarter m and year y. These indicator variables are set to zero 
for counties that never sell recreational cannabis during our given sample period from 2011 to 
2018. Periods >40 months (10 quarters) before or after dispensary entry are collapsed into the 
first and last periods.

Following Borusyak and Jaravel (2017) and to abstract away from seasonality around the 
time of dispensary entry, the reference period is a half year prior to dispensary entry.11 Thus, 
for our assumption of strict exogeneity to hold, τk = 0 for all k < 0 for event study regressions at 
the month and quarter levels.12

11	 For our event study regressions, we normalize τ−6 = 0 for monthly data and τ−2 = 0 for quarterly data.
12	 To summarize, the τk coefficients represent the time path of our dependent variables relative to the date of 

commencement of recreational cannabis sales. Through this specification, we are able to assess whether trends in our 
outcome variables precede the commencement of recreational cannabis sales or whether the effects change over time 
postdispensary entry.
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An additional reason for using the event study approach is that the DID estimate, i.e., the 
β coefficient in Eq. (1), differentially weights the effects close to the initial timing of the treat-
ment from the effects of later treatment (Borusyak and Jaravel, 2017; Athey and Imbens, 2021; 
Goodman-Bacon, 2021; De Chaisemartin and d’Haultfoeuille, 2020). One way to address this 
concern is to estimate the dynamic treatment effect over the post-treatment period and take the 
average or weighted average of the coefficients (Borusyak and Jaravel, 2017). Therefore, we also 
run our event study including only the τk variables for the post-dispensary entry period, but 
otherwise following Eq. (3). We calculate the simple average and the weighted average with the 
weighted average coefficient calculated as =

42

0k  τk ∗ sk, 
=

∑
42

0k

 where sk is the share of observations 
in the post-dispensary entry period after the counties started selling recreational cannabis.13

Along with the event studies, we test for endogeneity by regressing the binary variable for 
dispensary entry in county c at month/quarter m and year y on preexisting trends in the labor 
market outcome variables used in our study. We create the preexisting trend variable by cal-
culating the change in the variable’s value relative to that 1 year and 6 months prior to entry.14

We conduct additional robustness checks on our main specification, including con-
trolling for population, county-specific seasonality (county–month fixed effects), and county–
year trends; and omitting counties with the highest recreational sales overall (Denver) and 
per capita (Las Animas), both potential indicators of significant sales to out-of-state custom-
ers and potentially much larger demand-side effects than those experienced by counties serv-
ing primarily local consumers. Further robustness checks include comparing early entrants15 
to counties in which dispensaries never entered and comparing later entrants to counties in 
which dispensaries never entered during our sample period. Lastly, we assess the existence 
of spillovers across county lines, evaluating the effects of proximity to existing not-selling or 
selling counties.

The benefits of dispensary opening may spill over to nearby counties, especially to nondis-
pensary counties. For example, dispensary opening in treated counties may draw workers out 
of nondispensary counties so that the employment level declines in nondispensary counties, 
thereby, creating negative spillovers. Similarly, neighboring counties may benefit from posi-
tive spillovers related to improved supply chains. Failure to capture such spillovers may lead 
to biased estimates of the average treatment effect. Therefore, to remove the bias arising from 
average spillovers to both the nearby dispensary as well as nondispensary counties, following 
Butts (2021), we create an indicator variable border,

α β λ θ δ δ γ0( ) =  +  +  *  +  +  +  +  + cmy cmy cmy cmy cmy y m c cmyln Y R R border X c � (5)

which equals one if a county c is within 50 km (approximately 30 miles)16,17 of a treated county 
at month m and year y. We include an interaction of this variable with the treatment variable 

13	 Standard errors are calculated using the delta method.
14	 Rcmy = α0 + βY changecmy + δy + δm + γc + Ecmy� (4)

	 where Y changecmy = Yt − Yt−12 months or Yt − Yt−6 months

 15	 Early entrants are defined as dispensaries opening by June 2014, when only previously licensed medical dispensaries 
were allowed to sell.

16	 Based on the proposal by Jeffrey Beall (2021), the maximum average commute is 29.2 minutes in Colorado. If people 
travel by freeway at 65 m/hour, then the maximum distance they travel is within 30 miles. We also check and confirm 
our results with 60 km (37.82 miles) and 70 km (43.5 miles).

17	 We find the distance between counties using the centered latitude and longitude for each county.
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Rcmy, which partials out the average spillover effects. Therefore, b provides an estimate of the 
direct effect of dispensary opening.

In addition to corroborating the validity of our main results, an absence of spillovers 
would support the use of a county-level GSC method as better approximating our main analy-
ses than a state-level synthetic control approach.

We further address how endogeneity may be affecting our results, using a GSC method 
to corroborate our results. The aim of this additional specification is to address potential 
endogeneity due to the violations of the parallel trends assumption, as observed from Figure 2,  
and improve the credibility of our estimates by utilizing the GSC methodology suggested by 
Xu (2017). This method is used to minimize the bias by creating an appropriate comparison 
group, especially in cases when the parallel trends assumption does not hold and data have 
untreated units serving as control units. The GSC method combines the synthetic control 
method proposed by Abadie et al. (2010) with linear fixed effects models and allows the 
treatment to be correlated with unit and time unobservables. This method is appropriate 
for our case as we have multiple treated units with heterogeneous treatment periods. It uses 
a parametric bootstrap procedure that provides valid inference. A cross-validation scheme 
selects the number of factors in the interactive fixed effect (IFE) model automatically and 
thus reduces the risk of overfitting. Similar to the synthetic control method (SCM), GSC uses 
the pretreatment outcome data for the treated units to choose weights for the control units 
and correlations between the control and treatment groups to predict the counterfactual. As 
units move from the control group to the treatment group over the study period, with some 
units untreated at the end of the period, GSC addresses the breakdown of the units into the 
treatment and control groups.

The GSC model from Xu (2017) has the following functional form:

 =  + ct ct ct c t cty R + μδ fγ � (6)

where the treatment dummy indicator Rct lets different counties experience the treatment in 
different years, δct is the heterogeneous treatment effect on county c at time t; γc is the vector of 
unobserved common factors; and ft denotes unknown factor loadings.18 xct is the time-varying 
log number of medical patients, similar to the DID model, β = [β1, βk] is a (k × 1) vector of 
unknown parameters, and μct is the idiosyncratic error term with E(μct) = 0. To estimate the 
impact of dispensary opening–induced changes in recreational cannabis on our outcomes, we 
need to identify the counterfactual path of outcomes that would have occurred in the absence 
of the dispensary opening. The estimation of the counterfactual ŷ0 involves three steps:

Step 1. �Estimate the interactive fixed effects model19 using the observations from the control 
group only and obtain β̂ (Bai, 2009),

μ = .ct ct t cty x + c +β l fγ �

18	 The time-varying coefficients are the (latent) factors, while the unit-specific intercepts are factor loadings in the paper 
by Xu (2017).

19	 Our outcome variables may be spatially correlated across counties. Interactive effect models not only control for spatial 
correlations but also allow for cross-sectional dependence on account of similarity in economic dimensions other than 
geographic characteristics (Gobillon and Magnac, 2016). Another issue is that the treatment might be correlated with 
unobservables affecting the outcome. Interactive effect models allow the set of unobserved heterogeneity terms or factor 
loadings.
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Step 2. �Estimate γc (factor loadings) by minimizing the mean squared prediction error 
(MSPE) of each treated outcome in the pretreatment period:

= − − − −
^ ^ ^ ^^

1 1 1 1 1arg min( ) ( )ly y1 1γ β γ β γX F X F

−= −
^ ^^ ^1

1 1( ) ( ),l lF F F y X β

= …, = ,…, = …,
^ ^ ^

where ( , ), ( ) ,  and ( , ) .T Ty y1 11 1 1 11 1
l ly F f f X x x

Step 3. �Compute counterfactuals for the treated units using the estimates β̂, F̂ , and γ̂1.

Therefore, an estimate for the treatment effect on the treated group is given by

∆ = −
^ ^ O ,  for  > .ct ct Oy y t T

Because the optimal number of included factors in the vector γc is unknown, GSC imple-
ments a leave-one-out cross-validating procedure before calculating the causal effect [for more 
details, see Xu (2017)]. As discussed by Xu (2017), the GSC estimation framework has one key 
limitation, namely, the “incidental parameters” problem if the number of pretreatment peri-
ods is small or if there are too few control units. In our case, such concerns are minimized as 
almost half our counties are never treated and we have relatively long pretreatment periods.

This method combines the synthetic control method with IFE models and is less sensi-
tive to small sample size than the traditional synthetic control method. It is being used by a 
rapidly growing literature using panel data models with U.S. county-level treatment (Cook, 
2021; Cengiz and Tekgüç, 2018; Nguyen, 2020), or with treatment measured in similar smaller 
geographic areas in other countries (Skorobogatov, 2021; Mäkelä, 2017). As the GSC elimi-
nates confounding factors that violate the identifying parallel trends assumption in event study 
designs, particularly for unemployment rate in our case,  our use of the GSC provides causally 
interpretable results.

5  Results
We first report the results from event study models to assess pre-trends, then turn to DID 
regressions, and finally, we present our GSC model results that estimate the average treatment 
effect on the treated (ATT) of recreational cannabis dispensary entry.

5.1  Event study

The event study allows us to assess whether trends in labor market outcomes determine or 
even simply precede dispensary entry rather than dispensary entry affecting labor market out-
comes. In other words, we expect that the coefficient τk for the pretreatment period, −40 ≤  
k ≤ 0 for monthly data and −10 ≤ k ≤ 0 for quarterly data, would be clustered around zero in the 
absence of pre-trends. Figures 2–4 plot the estimated τk coefficients from Eq. (3).

For Figures 2–4, we generally observe no pretreatment trend in the coefficients except for 
the unemployment rate. For the natural logs of the total labor force, unemployed, all industry 



Page 16 of 86�   Chakraborty et al. IZA Journal of Labor Economics (2021) 10:05

employees, and employees in manufacturing, construction, service-providing industries, and 
natural resource and mining, and for the average wages overall and by industry sector, our 
assumption of no pre-trends holds. Because of its usefulness as a policy benchmark, we con-
tinue to include the unemployment rate as an outcome. Even for the unemployment rate, we 
still observe a significant change. From Figure 2, we observe that the unemployment rate is 
higher in the preimplementation period, whereas it declines post-dispensary entry in recre-
ational cannabis-selling counties. Similarly, the number of unemployed appears to be declin-
ing post-dispensary entry, while no obvious changes in labor force exist over time. The declines 
in unemployment and the number unemployed begin in anticipation of the market opening, 
about 6 months prior to dispensary entry. In order to stock stores on the day dispensaries open, 
growing and processing must begin in advance.20

20	 Growing cannabis can take 3–8 months, with additional processing time that varies by product type. https://www.
leafly.com/learn/growing/marijuana-growth-stages. Accessed 07/16/2021.

Figure 2 � Effect of recreational cannabis entry on the unemployment rate, Ln(labor force) and Ln(unemployed) – 
event study.

Notes: The points represent the τk coefficient estimates from the estimation of Eq. (3), omitting τ−6. The bars extend-
ing from each point represent a 95% confidence interval calculated from the standard errors that are clustered at 
the county level. There are no standard error bars for the relative half-year k = −6 as the plot reflects that zero is 
imposed rather than estimated. The x-axis denotes time with respect to the commencement of the sale. Period 0 is 
when the sale begins. All regressions include county, month, and year fixed effects. Standard errors are clustered 
at the county level and are reported in parentheses.

https://www.leafly.com/learn/growing/marijuana-growth-stages
https://www.leafly.com/learn/growing/marijuana-growth-stages
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From the event study in Figure 3, we observe that the number of employees for all indus-
tries combined has a sustained and significant increase after dispensary entry for treated coun-
ties. The increase in employees overall appears to be driven by the manufacturing sector, which 
experiences a sustained increase about 10 months post-dispensary entry for treated counties. 
These results also show that the sector arguably least likely to be affected by recreational canna-
bis dispensary entry, namely, Natural Resources and Mining, shows no trend pre- or post-dis-
pensary entry, as expected.

Figure 4 shows some evidence of an increasing trend in wages, but the differences in the 
coefficients are not generally statistically significant.

Figure 3 � Effect of recreational cannabis entry on Ln(employees), by industry – event study.

Notes: The points represent the τk coefficient estimates from the estimation of Eq. (3), omitting τ−6. The bars extend-
ing from each point represent a 95% confidence interval calculated from the standard errors that are clustered at 
the county level. There are no standard error bars for the relative half-year k = −6 as the plot reflects that zero is 
imposed rather than estimated. The x-axis denotes time with respect to the commencement of the sale. Period 0 is 
when the sale begins. All regressions include county, month, and year fixed effects. Standard errors are clustered 
at the county level and are reported in parentheses.
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5.2  DID analysis

With the exception of the unemployment rate, our event study results show no significant pre-
trends. Instead, they provide evidence that the commencement of recreational cannabis sales 
is associated with an increase in the total number of employees overall, driven by the manu-
facturing sector. This is again confirmed in Table 2, where we do not find any change in the 
probability of recreational dispensaries entering a county in response to preexisting trends in 
the labor market outcome variables. The only statistically significant results are for the unem-
ployment rate. Contrary to the possible pre-trend suggested by the event study, Table 2 indi-
cates that dispensary entry is more likely to occur in counties with growing rather than falling 
unemployment rates. Therefore, we proceed with our DID analysis, presenting our results in 

Figure 4 � Effect of recreational cannabis entry on Ln(wage), by industry – event study.

Notes: The points represent the τk coefficient estimates from the estimation of Eq. (3), omitting τ−2. The bars extend-
ing from each point represent a 95% confidence interval calculated from the standard errors that are clustered at 
the county level. There are no standard error bars for the relative half-year k = −2 as the plot reflects that zero is 
imposed rather than estimated. The x-axis denotes time with respect to the commencement of the sale. Period 0 is 
when the sale begins. All regressions include county, month, and year fixed effects. Standard errors are clustered 
at the county level and are reported in parentheses.



Page 19 of 86�   Chakraborty et al. IZA Journal of Labor Economics (2021) 10:05

Tables 3–5, each of which are split into two panels. Panel A presents our results using our {0,1} 
dispensary entry variable, and Panel B shows how the intensive margin or level of sales affects 
our outcomes. As a check on the robustness of the DID results, the simple average and the 
weighted average of the τk coefficients from the event study including only the post-dispensary 
entry period are reported after the DID results in Panel A of Tables 3–5. (The underlying coef-
ficients are reported in Tables A3–A5 in the Appendix.)

We begin by first discussing the results from Panel A of Tables 3–5 before exploring the 
intensive margin results from Panel B of those tables.

Table 2  Effect of preexisting county-level economic conditions on dispensary entry

Dependent variable=Rcmy 6-month change 1-year change
Pop change 0.000* 0.000

(0.0000) (0.0000)
Unrate change 0.013* 0.039*

(0.0050) (0.0191)
Ln(labor force change) –0.049 –0.379

(0.0497) (0.3405)
Ln(Unemp change) 0.021 –0.005

(0.0256) (0.0554)
Ln(All Emp change) 0.007 –0.032

(0.0345) (0.1537)
Ln(Cons Emp change) 0.022 0.026

(0.0478) (0.0593)
Ln(Manu Emp change) 0.097 0.149

(0.0839) (0.0926)
Ln(NR Emp change) 0.028 0.030

(0.0381) (0.0874)
Ln(Service Emp change) –0.002 –0.122

(0.0186) (0.1650)
Ln(All wage change) 0.053 0.084

(0.0549) (0.1125)
Ln(Cons wage change) 0.022 0.019

(0.0473) (0.080)
Ln(Manu wage change) –0.009 –0.028

(0.0407) (0.0875)
Ln(NR wage change) –0.011 –0.100

(0.019) (0.0697)
Ln(Service wage change) –0.024 –0.001

(0.0310) (0.1016)

Notes: Each cell indicates a separate regression of dispensary entry in county c at month/
quarter m and year y on the preexisting trends in the labor market outcome variables used 
in our study. Columns 1 and 2 show results with 6-month and 1-year changes of each labor 
market variable, respectively. All regressions include county, month, and year fixed effects. 
Standard errors are clustered at the county level and are reported in parentheses.
+p < 0.1, *p < 0.05, **p < 0.01.

Cons, construction; Emp, employment; Manu, manufacturing; NR, natural resources; 
Unemp, unemployment; Unrate, unemployment rate.
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The effect of recreational cannabis law implementation on the unemployment rate, labor 
force, and number of unemployed are presented in Table 3. From Panel A, our results provide 
evidence that after recreational dispensary entry, there is a significant decrease in unemploy-
ment with a 0.684 percentage point (p < 0.01) decrease in the unemployment rate and a 6.6% 
(p < 0.01) decrease in the number of unemployed. The lack of a statistically significant effect on 
the labor force indicates that an increase in the number employed is driving the effect. In Panel 
A of Table 4, estimates for employees, overall and by sector, suggest that demand for labor has 
increased employment; recreational sale is associated with a 4.4% (p < 0.01) increase in overall 
employment, driven by a 12.9% (p < 0.01) increase in the number of manufacturing sector 

Table 3 � Effect of recreational dispensary entry and sales on the unemployment rate 
(Unrate), Ln(labor force), and Ln(unemployed) – regression analysis

Unrate Ln(labor force) Ln(unemp)

(1) (2) (3)

Panel A: start of sales
Recreational sale –0.684** 0.001 –0.068**

(0.2522) (0.0115) (0.0194)
Ln(number of medical patients) –0.621* –0.006 –0.025

(0.2692) (0.0126) (0.0249)
Linear combination
  Coefficient –0.407* 0.008 –0.068**
  SE (0.2264) (0.0125) (0.0238)
Weighted linear combination
  Coefficient –0.339 0.008 –0.060*
  SE (0.2433) (0.0133) (0.0243)
R2 0.881 0.999
Observations 6,144 6,144 6,144

Panel B: amount of sales
$0 < sales ≤ $500,000 –0.727** 0.003 –0.058**

(0.2803) (0.0109) (0.0223)
Sales > $500,000 –0.630** –0.001 –0.081**

(0.2641) (0.0144) (0.0245)
Ln(number of medical patients) –0.613** –0.006 –0.027

(0.2724) (0.0128) (0.0261)
R2 0.882 0.999 0.995
Observations 6,144 6,144 6,144

Notes: Panel A uses a {0,1} any sales as the treatment variable, while Panel B compares 
counties with sales between $0 and $500,000 or sales >$500,000 with counties with zero 
sales. All regressions include county, month, and year fixed effects. Each column represents 
a separate regression. Below each column in Panel A, we report the average and weighted 
average of the τk coefficients from the event study, including only the τk coefficients for the 
periods post-dispensary entry. Standard errors are clustered at the county level and are 
reported in parentheses.
+p < 0.1, *p < 0.05, **p < 0.01.

SE, standard error.
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employees and a 3.8% (p < 0.05) increase in the number of service sector employees. The effects 
on employees are larger than those predicted by the change in unemployment, suggesting that 
cannabis-related labor markets are drawing from not just the unemployed, but that individuals 
are taking on additional jobs or transitioning out of self-employment and becoming employees. 
Based on the logged whole-sample averages, the logged unemployed results suggest a decline of 
about 64 unemployed individuals with dispensary entry, while the results for logged employees 
indicate an increase of 407 jobs. The estimated increases for the manufacturing and service 
sectors are 59 and 206 employees, respectively. In Panel A of Table 5, we find no effect from 
dispensary entry on wages, which is consistent with some level of continued unemployment or 
excess supply of labor, i.e., the labor market has tightened but not so much as to increase wages.

Table 4 � The effect of recreational dispensary entry and sales on employment – regression 
analysis

Ln(All) Ln(Cons) Ln(Manu) Ln(NR) Ln(Service)

(1) (2) (3) (4) (5)

Panel A: start of sales
Recreational sale 0.044** 0.058 0.129** –0.015 0.038*

(0.0151) (0.0546) (0.0352) (0.0665) (0.0153)
Ln(number of medical patients) –0.022 –0.175+ –0.187** 0.172 –0.026

(0.0144) (0.0914) (0.0597) (0.1163) (0.0183)
Linear combination
  Coefficient 0.047* 0.080 0.134** 0.028 0.042*
  SE (0.0145) (0.0542) (0.0333) (0.0563) (0.0188)
Weighted linear combination
  Coefficient 0.054** 0.086 0.142** 0.046 0.044*
  SE (0.0154) (0.0657) (0.0328) (0.0642) (0.0204)
R2 0.998 0.989 0.996 0.970 0.988
Observations 6,144 4,608 3,936 4,608 6,144

Panel B: amount of sales
$0 < sales ≤ $500,000 0.029+ 0.054 0.147** –0.031 0.025

(0.0155) (0.0486) (0.0379) (0.0659) (0.0173)
Sales >$500,000 0.063** 0.062 0.108** 0.003 0.056**

(0.0177) (0.0662) (0.0370) (0.0804) (0.0169)
Ln(number of medical patients) –0.019 –0.174+ –0.192** 0.175 –0.024

(0.0149) (0.0918) (0.0582) (0.1168) (0.0180)
R2 0.998 0.989 0.996 0.970 0.998
Observations 6,144 4,608 3,936 4,608 6,144

Notes: Panel A uses a {0,1} any sales as the treatment variable, while Panel B compares 
counties with sales between $0 and $500,000 or sales >$500,000 with counties with zero 
sales. All regressions include county, month, and year fixed effects. Each column represents 
a separate regression. The industry subsectors are Construction, Manufacturing, Natural 
Resources and Mining, and Service. Below each column in Panel A, we report the average 
and weighted average of the τk coefficients from the event study, including only the τk 
coefficients for the periods post-dispensary entry. Standard errors are clustered at the 
county level and are reported in parentheses.
+p < 0.1, *p < 0.05, **p < 0.01. SE, standard error.
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We observe that the DID estimates and the average and weighted average coefficients are 
similar in magnitude, except in the case of the unemployment rate, for which the weighted 
coefficient is negative but insignificant.21

Expanding our {0,1} dispensary entry treatment variable to account for the amount of 
sales in Panel B of Tables 3–5, we do not find that effects are strictly increasing with sales.22 
The reduction in the unemployment rate and the increase in manufacturing sector employees 
are greater with entry than with subsequent expansion, as measured by the amount of sales. 

21	 We note that the tables report R-squared values of ≥0.97 for all outcomes except the unemploy ment rate. Year, month, 
and county fixed effects together account for an R-squared value of about 0.88 across specifications (other than 
unemployment), leaving ~10% of the variation accounted for by the other variables.

22	 Results are robust to other thresholds ($400,000, $600,000, and 1,700,000) and are available upon request. (1,700,000 
corresponds to the 75th percentile in sales).

Table 5  The effect of recreational dispensary entry and sales on wages – regression analysis

Ln(All) Ln(Cons) Ln(Manu) Ln(NR) Ln(Service)

(1) (2) (3) (4) (5)

Panel A: start of sales
Recreational sale 0.001 0.008 0.010 0.025 0.004

(0.0100) (0.0264) (0.0192) (0.0316) (0.0126)
Ln(number of medical patients) 0.003 –0.082+ –0.035 0.063+ 0.002

(0.0112) (0.0466) (0.0268) (0.0337) (0.0175)
Linear combination
  Coefficient 0.011 0.009 0.022 0.019 0.008
  SE (0.0076) (0.0239) (0.0265) (0.0269) (0.0093)
Weighted linear combination
  Coefficient 0.013 0.017 0.022 0.026 0.004
  SE (0.0092) (0.0314) (0.0298) (0.0323) (0.0105)
R2 0.937 0.777 0.932 0.909 0.925
Observations 2,048 1,536 1,312 1,536 2,048
Panel B: amount of sales
$0 < sales ≤ $500,000 0.006 0.009 0.026 0.029 0.010

(0.0106) (0.0254) (0.0248) (0.0293) (0.0138)
Sales > $500,000 –0.006 0.007 –0.010 0.022 –0.003

(0.0116) (0.0331) (0.0190) (0.0376) (0.0132)
Ln(number of medical patients) 0.002 –0.082+ –0.039 0.063+ 0.001

(0.0109) (0.0467) (0.0276) (0.0334) (0.0172)
R2 0.937 0.777 0.933 0.909 0.925
Observations 2,048 1,536 1,312 1,536 2,048

Notes: Panel A uses a {0,1} any sales as the treatment variable, while Panel B compares coun-
ties with sales between $0 and $500,000 or sales >$500,000 with counties with zero sales. All 
regressions include county, month, and year fixed effects. Each column represents a sep-
arate regression. The industry subsectors are Construction (Cons), Manufacturing (Manu), 
Natural Resources and Mining (NR), and Service. Below each column in Panel A, we report 
the average and weighted average of the τk coefficients from the event study, including only 
the τk coefficients for the periods post-dispensary entry. Standard errors are clustered at 
the county level and are reported in parentheses.
+p < 0.1, *p < 0.05, **p < 0.01. 
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For the number of unemployed and the number of employees in the service sector, we find that 
larger recreational cannabis markets generate more significant effects on these outcomes. One 
possible explanation for the difference across sectors is that labor may be more of a variable 
cost in the service sector but more fixed in manufacturing. Concerning our primary control 
variable, the natural log of the number of medical cannabis patients, we find that counties with 
growing populations of medical patients experience even greater unemployment reductions. 
However, for manufacturing employees, the natural log of the number of medical patients 
decreases the effect of dispensary entry, which is consistent with generally smaller effects from 
expansion of sales than from entry, i.e., newer markets experience greater returns to entry in 
terms of employment in manufacturing, an industry that may have relatively less variable labor 
costs. Although the coefficients are similar in some cases for dispensary entry and for the nat-
ural log of the number of medical patients, the magnitude of the effect is substantially smaller 
for the number of medical patients. For example, an increase of 1% in the number of medical 
cannabis patients leads to a decrease of 0.187% in the number of employees in the manufactur-
ing industry. For this decrease to completely negate the positive effect of recreational access, the 
number of medical patients would have to increase by 68.9%, which never occurs during our 
sampling period and seems unlikely more generally given the lack of evidence of major changes 
in the medical market during our sample period, as shown in Figure 1A.

We test the sensitivity of our DID results by considering alternative specifications and 
samples with the results available in the Online Appendix. More specifically, we run regres-
sions including the natural log of the population (Tables A6–A8 in the Appendix), county–
month fixed effects (Tables A9–A11), and a county–year trend (Tables A12–A14), restricting 
our sample to omit Denver (Tables A15–A17) and Las Animas (Tables A18–A20). We fur-
thermore include a specification splitting sales into four bins: $0 (base); $0 < sales < $250,000; 
$250,000 < sales < $500,000; sales > $500,000 in Tables A21–A23. We find that our results are 
generally robust to these alternative specifications. Including population increases the stan-
dard errors for the outcomes for overall and service-providing employees; reduced precision is 
consistent with population changing in response to cannabis access (Zambiasi and Stillman, 
2020).23 County–month fixed effects have little effect on the statistical significance or magni-
tude of the coefficients. However, even though including a county–year trend may be excessive 
(Angrist and Pischke, 2008; Borusyak and Jaravel; 2017), it does affect the statistical signifi-
cance and magnitude of some of our coefficients. More specifically, for our dichotomous dis-
pensary entry measure, we lose magnitude and statistical significance for all outcomes except 
the log of unemployment, which is marginally significant. The sign of the effect continues to be 
negative for the unemployment rate and the number unemployed and is positive for employees, 
overall and by sector. The results using sales intensity indicate that, even after controlling for 
county–year trends, large enough cannabis markets still experience a decrease in the unem-
ployment rate and the number unemployed and show increases in overall employment and 
employment in the service sector. Our results for manufacturing are statistically insignificant 
for both treatment measures, although the coefficients are still positive in the presence of a 
county–year trend. Our results are robust to omission of Denver and Las Animas. Splitting 
our sales intensity into four bins suggests that an inverted U-shape may exist. Higher sales are 

23	 We consider migrants as part of the general equilibrium effect on Colorado’s labor market.
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associated with a greater effect up to a certain point, after which increasing sales has a dimin-
ishing effect on labor market outcomes. We have additional regressions comparing the entrants 
in the first six months of 2014 with never-selling counties, as well as entrants within the rest 
of our sample with never-selling counties (Tables A24–A26 and A27–A29 in the Appendix, 
respectively). Corresponding event studies for early and not-selling counties are shown in 
Figures A6–A8 and those for late and not-selling counties are shown in Figures A9–A11. These 
results indicate little difference across these groups of entrants, supporting the consistency of 
our results over time and documenting that entry effects are similar, even when institutional 
factors do not constrain entry to specific locations. The effects of early entry appear to exhibit 
more seasonality, perhaps reflecting a shift toward indoor growing over time. The pre-trend in 
the unemployment rate does not exist for later entrants, but the beneficial effects of entry are, 
though still significant, more muted for the number of employees.

Across specifications and subgroups, we see consistent evidence that recreational canna-
bis dispensary entry leads to a decrease in the unemployment rate and the number of unem-
ployed, as well as an increase in the number of employees overall and for the manufacturing 
and service sectors, with no effect on wages.

Our results assessing spillovers are presented in Tables 6–8. 24 These spillover results sup-
port the idea that cross-border spillover effects are unlikely to affect our estimates substantially 
and that using Colorado counties to build our GSC is a valid approach.

24	 We run additional analyses using cut-points of 60 and 70 km as shown in Tables A30–A35. We find limited evidence 
of positive wage spillovers for the seven counties with dispensary entry that lie within 60 km of a selling county. The 
positive wage effect is driven primarily by construction. Manufacturing wages are unaffected.

Table 6 � The effect of recreational dispensary entry and sales on the Unemployment Rate 
(Unrate), Ln(labor force), and Ln(unemployed) – regression analysis

Unrate Ln(labor force) Ln(unemp)

(1) (2) (3)

Panel A: amount of sales
Recreational sale –0.689* –0.002 –0.073**

(0.2745) (0.0131) (0.0210)
Recreational sale=1 × < 50km not-sellingmy=1 0.014

(0.3418)
0.010

(0.0132)
0.015

(0.0369)
Ln(number of medical patients) –0.622* –0.006 –0.026

(0.2704) (0.0126) (0.0255)
R2 0.881 0.999 0.995
Observations 6,144 6,144 6,144
Month FE
Year FE
County FE

Notes: Table reports the τk coefficients for k ≥ 0 from the event study regressions. Each col-
umn represents a separate regression. Below the table, we report the average and weighted 
average of the τk coefficients from the event study, including only the τk coefficients for 
the periods post-dispensary entry. Standard errors are clustered at the county level and 
reported in parentheses.
+p < 0.1, *p < 0.05, **p < 0.01.

FE, fixed effect.
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As a final check on our DID estimates, we address the issue that testing many hypotheses 
on the same data increases the probability that at least one test will reject a null hypothesis 
incorrectly (a false-positive result).25 To control for the false discovery rate (FDR), we present 
the sharpened q-values with the original p-values noted by Benjamini et al. (2006). We show in 
Tables A36–A40 that the conclusions of our hypothesis testing do not significantly change after 
the adjustment of p-values controlling the FDR. Therefore, our results are robust to adjusting 
for multiple inferences.

5.3  GSC method

Results from the SCM26 are shown in Figures 5–7. We observe that, prior to opening a dispen-
sary, the treated and the control counties follow the same trajectory. However, after dispensary 
opening, the trajectory for our counterfactual counties starts to diverge for unemployment rate 
and manufacturing sector employees. The gaps become significant approximately 1 year after 
the recreational cannabis sale started. These effects are similar to the effects we observed from 
our event study graphs. Moreover, from Tables A37–A39 in the Appendix, we observe that the 
ATT for the unemployment rate is 0.566, which is close to our DID coefficients from Table 3. 

25	 Anderson (2008) describes the FDR as the expected proportion of rejections that are Type I errors.
26	 We also conduct a falsification test by assigning the treatment to 1 year post-dispensary opening. We find from  

Figures A10–A12 that our results still hold and the gap between the treated counties and counterfactual starts to 
increase exactly from “0” (1 year post-dispensary opening).

Table 7 � The effect of recreational dispensary entry and sales on employment – regression 
analysis

All Cons Manu NR Service

(1) (2) (3) (4) (5)

Panel A: amount of sales
Recreational sale 0.048** 0.064 0.139** –0.021 0.043*

(0.0172) (0.0599) (0.0407) (0.0750) (0.0167)
Recreational sale=1 × < 50km 
not–sellingmy=1

–0.012 –0.019 –0.037 0.021 –0.013
(0.0202) (0.0630) (0.0487) (0.0995) (0.0228)

Ln(number of medical patients) –0.022 –0.176+ –0.186** 0.170 –0.026
(0.0144) (0.0906) (0.0609) (0.1154) (0.0180)

R2 0.998 0.989 0.996 0.970 0.998
Observations 6,144 4,608 3,936 4,608 6,144
Month FE  
Year FE  
County FE  

Notes: Table reports the τk coefficients for k ≥ 0 from the event study regressions. Each col-
umn represents a separate regression. Below the table, we report the average and weighted 
average of the τk coefficients from the event study, including only the τk coefficients for the 
periods post-dispensary entry. Standard errors are clustered at the county level and are 
reported in parentheses. The industry subsectors are Construction (Cons), Manufacturing 
(Manu), Natural Resources and Mining (NR), and Service.
+p < 0.1, *p < 0.05, **p < 0.01. 

FE, fixed effect.
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Although we do not find any significant effect for all industry employees, we find manufac-
turing sector employees in dispensary counties to increase by 13.7%. In addition to the event 
studies and DID regressions, these results provide evidence of a positive effect of a dispensary 
opening on the unemployment rate and manufacturing sector employees.

6  Discussion
While prior studies have focused on the effects of self-reported cannabis use or state-level 
medical cannabis legalization on labor outcomes, this study contributes to the literature by 
exploring the relationship between recreational cannabis dispensary access and labor mar-
ket outcomes, distinguishing between supply- and demand-side effects. In addition, rather 
than focus on state-level differences, which a variety of unobservable factors may mediate, we 
exploit county-level variation in the timing of commencement of sale in Colorado, lending 
potentially greater internal validity to our results. Furthermore, we assess changes in labor 
market outcomes across industries, as this has not yet been explored in the literature on illegal, 
medical, or recreational cannabis legalization and use.

Using a DID estimation strategy and event studies, corroborated by a GSC model, we find 
consistent evidence of a decrease in unemployment and increases in the number of employees 
in manufacturing. A large decrease in the unemployment rate suffers from pre-trends in our 
event studies, but this is supported by the results of the GSC method. Our results showing a 

Table 8 � The effect of recreational dispensary entry and sales on wages – regression 
analysis

All Cons Manu NR Service

(1) (2) (3) (4) (5)

Panel A: amount of sales
Recreational sale 0.002 0.018 0.007 0.041 0.002

(0.0114) (0.0269) (0.0229) (0.0326) (0.0136)
Recreational sale=1 × <50km 
not-sellingmy=1

–0.004 –0.035 0.014 –0.051* 0.006
(0.0114) (0.0363) (0.0385) (0.0227) (0.0140)

Ln(number of medical patients)	 0.004 –0.084+ –0.035 0.066+ 0.002
(0.0113) (0.0459) (0.0271) (0.0340) (0.0173)

R2 0.937 0.778 0.932 0.910 0.925
Observations 2,048 1,536 1,312 1,536 2,048
Quarter FE  
Year FE  
County FE  

Notes: Table reports the τk coefficients for k ≥0 from the event study regressions. Each col-
umn represents a separate regression. Below the table, we report the average and weighted 
average of the τk coefficients from the event study, including only the τk coefficients for 
the periods post-dispensary entry. Standard errors are clustered at the county level and 
reported in parentheses. The industry subsectors are Construction (Cons), Manufacturing 
(Manu), Natural Resources and Mining (NR), and Service.
+p < 0.1, *p < 0.05, **p < 0.01. 

FE, fixed effect.
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decrease in the number of unemployed and increases both in the number employed overall and 
in the service sector are only weakly supported by the synthetic control method results and, in 
the case of the overall effects, may be somewhat transient. We did not find any effect on the size 
of the labor force or on average wages overall or by industry sector.

The decrease in unemployment without a change in the size of the labor force suggests a 
tightening of the labor market driven by demand-side effects rather than by a decrease in labor 

Figure 5 � The effect of recreational dispensary entry on the unemployment rate, Ln(labor force), and  
Ln(unemployed) – GSC.
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Notes: This figure shows the estimates for the main GSC results with the same set of controls as in the DID estima-
tions. The x-axis denotes time with respect to the commencement of the sale. Period 0 is when dispensaries start 
selling. The path of counties where recreational sale started and counterfactuals are on the left column. The right 
column shows the difference between the two from the column in terms of months relative to the dispensary sale 
starting. The standard errors are bootstrapped, and in the mean squared prediction error (MSPE), there is an opti-
mal number of unobserved factors (r*) selected from the model. DID, difference-in-differences; GSC, generalized 
synthetic control.
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Figure 6 � The effect of recreational dispensary entry on employment – GSC.

Notes: This figure shows the estimates for the main GSC results with the same set of controls as in the DID estima-
tions. The x-axis denotes time with respect to the commencement of the sale. Period 0 is when dispensaries start 
selling. The path of counties where recreational sale started and counterfactuals are shown on the left column. The 
right column shows the difference between the two from the column in terms of months relative to the dispensary 
sale starting. The standard errors are bootstrapped, and in the mean squared prediction error (MSPE), there is an 
optimal number of unobserved factors (r*) selected from the model. DID, difference-in-differences; GSC, general-
ized synthetic control.
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Figure 7 � The effect of recreational dispensary entry on wages – GSC.

Notes: This figure shows the estimates for the main GSC results with the same set of controls as in the DID estima-
tions. The x-axis denotes time with respect to the commencement of the sale. Period 0 is when dispensaries start 
selling. The path of counties where recreational sale started and counterfactuals are shown on the left column. The 
right column shows the difference between the two from the column in terms of quarters relative to the dispensary 
sale starting. The standard errors are bootstrapped, and in the mean squared prediction error (MSPE), there is an 
optimal number of unobserved factors (r*) selected from the model. DID, difference-in-differences; GSC, general-
ized synthetic control.
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supply. The lack of an effect on wages most likely arises from labor supply continuing to exceed 
labor demand in excess of frictional unemployment. These results match those found by Sabia 
and Nguyen (2018) in that we find no overall effect on wages. The lack of an effect on wages 
also means the tighter labor market is unlikely to negatively affect firms in unrelated industries 
(Black et al., 2005). Unlike Nicholas and Maclean (2019), we do not find an effect on the size of 
the labor force. However, this could be explained by their smaller affected population (elderly 
adults), a likely higher prevalence of medical conditions potentially treatable by cannabis, and 
a different treatment variable, namely, state-level medical cannabis access, rather than coun-
ty-level recreational dispensary access in Colorado.

The predominance of the labor demand-side effect could be explained by the limited effects 
of cannabis on health and labor productivity, but it could also be influenced by the amount of 
cannabis-related tourism and an illicit market that existed prior to legalization. Tourists do not 
fill jobs, but they increase demand for primarily recreational, nonmedical cannabis, which – in 
turn – increases labor demand from recreational cannabis suppliers. Cannabis use by tourists 
has no effect on the health and productivity of the local labor supply. With respect to the illicit 
market, if individuals legally purchasing cannabis after legalization previously purchased on 
the illicit market and did not substantially change their consumption habits, then one would 
expect little effect on labor supply. As reported by Hunt and Pacula (2017), respondents from 
the Colorado survey, who had previously bought their cannabis from a “dealer” or “friend”, 
reported purchasing cannabis from either a medical or recreational dispensary after legaliza-
tion. Potentially reconciling our results with the increased labor supply documented by Nicho-
las and Maclean (2019), older medical cannabis users may be less likely to be tourists and may 
be less likely to previously have bought cannabis on the illicit market than those purchasing 
cannabis from legal recreational dispensaries.

Our findings that cannabis dispensaries can trigger employment growth are in keeping 
with employment effects from the legalization of another previously illegal activity, namely, 
gambling. Opening a casino connects residents to a potentially addictive entertainment option 
while, at the same time, attracting even distant tourists, leading to spillovers into the service 
sector through effects on leisure and hospitality markets (Cotti, 2008; Reece, 2010; Humphreys 
and Marchand, 2013; Garrett et al., 2004).

Our industry-level results indicate that the increase in labor demand arose primarily 
from changes in demand for manufacturing sector employees. Manufacturing effects seem 
to primarily arise with entry, which could be explained by labor being a relatively a fixed cost 
in manufacturing. The fact that the magnitude of the effect on employees is larger than the 
apparent effect on the unemployment rate suggests that self-employed individuals are becom-
ing employed by others. Considering that employees tend to experience greater financial sta-
bility, this could be an additional benefit from the labor demand shock induced by recreational 
cannabis dispensary entry.

This study does have limitations with respect to cross-border travel, substitution between 
medical and recreational cannabis, and the generalizability of results for future recreational 
legalization. Although we attempted to assess the magnitude of spillovers by controlling for 
selling in nearby counties, it is possible that we may still not have completely accounted for 
all spillovers, somewhat influenced by the manner in which our data were collected. On the 
demand side, we expect that increased employment occurs through the cannabis industry itself 
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and spillovers to related industries that are geographically proximate. However, for the supply 
side, the potential for cross-county border travel to contaminate our results is much higher. 
Firms are more localized to a specific county than are workers or the labor force more gen-
erally, and cannabis users seem likely to cross borders to purchase cannabis, perhaps affect-
ing labor markets in which dispensaries are not located. The different data sources we use 
could also lead to differing precision levels with respect to demand versus supply. Our data on 
employees are derived from payroll information reported by firms in a county, but our data 
on unemployment and labor force participation rely on household reporting, meaning some 
affected households may not be showing up as treated because they live in an untreated county 
but work in a county in which a dispensary entered.

The medical market for cannabis in Colorado was quite mature at the time of rec-
reational cannabis legalization, and graphing sales over time for medical cannabis shows 
little change with recreational legalization. However, we did find that, while increases in 
the number of medical patients may augment the effect of recreational dispensary entry on 
the unemployment rate, an increase in the number of medical patients is associated with a 
reversal of some of the increase in the number of manufacturing sector employees associ-
ated with recreational dispensary entry. The magnitude of the effect from increases in the 
number of medical patients is much smaller than for recreational dispensary entry, but the 
opposite sign associated with the number of manufacturing sector employees suggests that 
markets in which the number of medical patients is growing may experience fewer benefits 
from dispensary entry, perhaps through market saturation or heterogeneity in the quality 
of dispensary entrants. Future studies should be conducted to understand the level of sub-
stitution between recreational and medical cannabis and how differences in the preexisting 
structure of the market into which a dispensary enters could lead to different labor market 
effects from entry.

Lastly, while this study finds that the introduction of a legal recreational cannabis mar-
ket has a statistically significant impact on the number of employees in counties with dis-
pensaries, this evidence should be extrapolated carefully because the industry’s long-term 
evolution is uncertain and substantial heterogeneity exists in how states are choosing to 
legalize cannabis (Pacula et al., 2015). If the past is an indicator, states will continue to enact 
heterogeneous state-level policies with respect to cannabis, even in the presence of federal 
legalization, meaning that the effects of state-level recreational cannabis laws likely will dif-
fer from those experienced by Colorado in line with differences in the underlying laws. The 
other factor limiting the generalizability of Colorado’s experience is that Colorado likely 
benefited from being one of the first states to legalize recreational cannabis. Even by the end 
of our sample period in 2018, as we observe from Figure A1 in the Appendix, Colorado was 
the only state among its neighbors with legal recreational cannabis sales. It is also closer to 
the Midwest and East Coast than Washington, California, and Oregon, making it the closest 
cannabis tourism destination for a large portion of the U.S. population. However, by April 
2020, Alaska, Massachusetts, Nevada, Michigan, and Illinois also had legal recreational can-
nabis dispensaries, potentially reducing the labor market benefits of cannabis legalization 
even within Colorado.
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7  Conclusion
In June 2019, Colorado Governor Jared Polis stated concerning the cannabis industry, “It’s 
going very well.... It’s creating tens of thousands of jobs, tax revenue for the state, filling up 
buildings for landlords, and reducing crime...” (Rosenbaum, 2019). Overall, the findings in this 
paper provide evidence that recreational cannabis dispensaries improved county-level labor 
market conditions in Colorado. Although some studies in the literature show adverse effects 
on labor markets, the equilibrium outcomes that we observe suggest that labor demand-side 
effects have a substantial impact on employment through the creation of jobs in the cannabis 
industry and associated spillover effects to other industries.

These positive effects on labor markets should be weighed against potential negative 
effects on public health. However, even the existence of a net negative public health effect from 
cannabis legalization is not consistently supported by the literature. Van Ours (2020) states 
that legalizing cannabis will lead to complex outcomes regarding public health but also will 
increase knowledge of the therapeutic potential of cannabis for mental health. Medical canna-
bis legalization has been shown to increase consumption (Martins et al., 2016), and excessive 
use of cannabis may lead to adverse health issues (Van Ours, 2007; Van Ours and Williams 
2011, 2012; Van Ours et al., 2013; Volkow et al., 2014; Irons et al., 2014). It seems likely that 
recreational cannabis access increases use as well. At the same time, even these documented 
negative effects from use need to be calibrated by the substitution or harm reduction potential 
of cannabis, which has been shown to decrease the use of more harmful substances, such as 
alcohol (Baggio et al., 2018;  Mark Anderson et al., 2013) and opioids (Vigil et al., 2017; Brad-
ford et al., 2018; Stith et al., 2019; Carrieri et al., 2020), with Carrieri et al. (2020) documenting 
this effect even for cannabis containing low levels of THC.

Although this study focuses solely on Colorado and is limited by the data available, it 
represents an important step in understanding the impact of recreational cannabis laws on 
labor markets. Our results suggest that policymakers considering recreational access to can-
nabis should consider employment effects as a potential outcome from recreational cannabis 
legalization but should also account for significant differences for counties with and without 
recreational dispensaries. As more states are likely to consider legalizing recreational cannabis, 
understanding how local effects vary with greater access at the regional and national levels is 
an open question for future research.
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Online Appendix

Appendix A: Online-Only Figures

Figure A1 � State Cannabis Laws in 2018.

Note: Data were obtained from the National Conference of State Legislatures.
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Figure A2 � Counties with cannabis-selling dispensaries.

Note: The underlying data were obtained from the Colorado Department of Revenue.
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Figure A3 � Unemployment rate, Ln(labor force), and Ln(unemployed) over time.

Note: The underlying data were obtained from the Local Area Unemployment Statistics.
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Figure A4 � Ln(employees) over time.

Note: The underlying data were obtained from the Quarterly Census of Employment and Wages.
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Figure A5 � Ln(wages) over time.

Note: The underlying data were obtained from the Quarterly Census of Employment and Wages.



Page 41 of 86�   Chakraborty et al. IZA Journal of Labor Economics (2021) 10:05

Event Study: Early Versus Nonadopters

Figure A6 � Effect of recreational cannabis entry on the unemployment rate, Ln(labor force), and  
Ln(unemployed) – event study.

Notes: The points represent the τk coefficient estimates from the estimation of Eq. (3), omitting τ−6. The bars extend-
ing from each point represent a 95% confidence interval calculated from the standard errors that are clustered at 
the county level. There are no standard error bars for the relative half-year k = −6 as the plot reflects that zero is 
imposed rather than estimated. The x-axis denotes time with respect to the commencement of the sale. Period 0 is 
when the sale begins. All regressions include county, month, and year fixed effects. Standard errors are clustered 
at the county level and reported in parentheses.
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Figure A7 � Effect of recreational cannabis entry on Ln(employees) by industry – event study.

Notes: The points represent the τk coefficient estimates from the estimation of Eq. (3), omitting τ−6. The bars extend-
ing from each point represent a 95% confidence interval calculated from the standard errors that are clustered at 
the county level. There are no standard error bars for the relative half-year k = −6 as the plot reflects that zero is 
imposed rather than estimated. The x-axis denotes time with respect to the commencement of the sale. Period 0 is 
when the sale begins. All regressions include county, month, and year fixed effects. Standard errors are clustered 
at the county level and reported in parentheses.
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Figure A8 � Effect of recreational cannabis entry on Ln(wage) by industry – event study.

Notes: The points represent the τk coefficient estimates from the estimation of Eq. (3), omitting τ−2. The bars extend-
ing from each point represent a 95% confidence interval calculated from the standard errors that are clustered at 
the county level. There are no standard error bars for the relative half-year k = −2 as the plot reflects that zero is 
imposed rather than estimated. The x-axis denotes time with respect to the commencement of the sale. Period 0 is 
when the sale begins. All regressions include county, month, and year fixed effects. Standard errors are clustered 
at the county level and reported in parentheses.
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Figure A9 � Effect of recreational cannabis entry on the unemployment rate, Ln(labor force), and  
Ln(unemployed) – event study.

Notes: The points represent the τk coefficient estimates from the estimation of Eq. (3), omitting τ−6. The bars extend-
ing from each point represent a 95% confidence interval calculated from the standard errors that are clustered at 
the county level. There are no standard error bars for the relative half-year k = −6 as the plot reflects that zero is 
imposed rather than estimated. The x-axis denotes time with respect to the commencement of the sale. Period 0 is 
when the sale begins. All regressions include county, month, and year fixed effects. Standard errors are clustered 
at the county level and reported in parentheses.

Event Study: Late Versus Nonadopters
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Figure A10 � Effect of recreational cannabis entry on Ln(employees) by industry – event study.

Notes: The points represent the τk coefficient estimates from the estimation of Eq. (3), omitting τ−6. The bars extend-
ing from each point represent a 95% confidence interval calculated from the standard errors that are clustered at 
the county level. There are no standard error bars for the relative half-year k = −6 as the plot reflects that zero is 
imposed rather than estimated. The x-axis denotes time with respect to the commencement of the sale. Period 0 is 
when the sale begins. All regressions include county, month, and year fixed effects. Standard errors are clustered 
at the county level and reported in parentheses.
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Figure A11 � Effect of recreational cannabis entry on Ln(wage) by industry – event study.

Notes: The points represent the τk coefficient estimates from the estimation of Eq. (3), omitting τ−2. The bars extend-
ing from each point represent a 95% confidence interval calculated from the standard errors that are clustered at 
the county level. There are no standard error bars for the relative half-year k = −2 as the plot reflects that zero is 
imposed rather than estimated. The x-axis denotes time with respect to the commencement of the sale. Period 0 is 
when the sale begins. All regressions include county, month, and year fixed effects. Standard errors are clustered 
at the county level and reported in parentheses.
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Figure A12 � The effect of recreational dispensary entry on the unemployment rate, Ln(labor force), and 
Ln(unemployed) – GSC.

Notes: This figure shows the estimates for the main GSC results with the same set of controls as in the DID estima-
tions. The x-axis denotes time with respect to the commencement of the sale. Period 0 is 1 year after dispensaries 
started selling. The path of counties where recreational sale started and counterfactuals are shown on the left col-
umn. The right column shows the difference between the two from the column in terms of months relative to the 
dispensary sale starting. The standard errors are bootstrapped, and in the mean squared prediction error (MSPE), 
there is an optimal number of unobserved factors (r*) selected from the model. DID, difference-in-differences; 
GSC, generalized synthetic control.

Falsification
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Figure A13 � The effect of recreational dispensary entry on employment – GSC.

Notes: This figure shows the estimates for the main GSC results with the same set of controls as in the DID estima-
tions. The x-axis denotes time with respect to the commencement of the sale. Period 0 is 1 year after dispensaries 
started selling. The path of counties where recreational sale started and counterfactuals are on the left column. 
The right column shows the difference between the two from the column in terms of months relative to the dis-
pensary sale starting. The standard errors are bootstrapped, and in the mean squared prediction error s(MSPE), 
there is an optimal number of unobserved factors (r*) selected from the model. DID, difference-in-differences; 
GSC, generalized synthetic control.
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Figure A14 � The effect of recreational dispensary entry on wages – GSC.

Notes: This figure shows the estimates for the main GSC results with the same set of controls as in the DID estima-
tions. The x-axis denotes time with respect to the commencement of the sale. Period 0 is 1 year after dispensaries 
started selling. The path of counties where recreational sale started and counterfactuals are on the left column. 
The right column shows the difference between the two from the column in terms of quarter relative to the dis-
pensary sale starting. The standard errors are bootstrapped, and in the mean squared prediction error (MSPE), 
there is an optimal number of unobserved factors (r*) selected from the model. DID, difference-in-differences; 
GSC, generalized synthetic control.
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Table A1  Sources for our variable of interest

Variable type Source Chronology
Unemployed, Labor force, and 
Unemployment rate (2011–2018)

Local Area Unemployment 
Statistics (LAUS) 2010	 2015	 2020

Employees and wages (2011–2018) Quarterly Census of Employment 
and Wages (QCEW) 2010	 2015	 2020

Recreational cannabis sales (2014–2018) Colorado Department of Revenue 
(CDOR) 2010	 2015	 2020

Medical cannabis patients (2011–2018) Colorado Department of Public 
Health and Environment (CDPHE) 2010	 2015	 2020

Population (2011–2018) United States Census Bureau
2010	 2015	 2020

Notes: All variables are monthly, except average wage, which is quarterly.

Appendix B: Tables



Page 51 of 86�   Chakraborty et al. IZA Journal of Labor Economics (2021) 10:05

Table A2  Descriptive statistics by treatment status

All  
counties

Selling Not selling Differences

Before After Before After Diff Diff Diff

(1) (2) (3) (4) (5) (6) = (3)–(2) (7) = (5)–(4) (8) = (6)–(7)

Panel A: monthly
Unemployment rate, % 5.23 7.86  3.59 7.09 3.49 –4.268** –3.605** –0.663**

6,144 1,604 1,948 972 1,620
Ln(labor force) 9.11 9.48  9.74 8.38 8.43 0.258** 0.048 0.21**

6,144 1,604 1,948 972 1,620
Ln(unemployed) 6.02 6.89 6.35 5.68 4.99 –0.539** –0.691** 0.152**

6,144 1,604 1,948 972 1,620
Ln(all industry employees) 8.76 9.11  9.42 8.03 8.07 0.318** 0.035 0.282**

6,144 1,604 1,948 972 1,620
Ln(construction employees) 6.51 6.50  6.94 5.94 6.01 0.436** 0.072 0.364**

4,608 1,416 1,752 540 900
Ln(manufacturing sector 
employees)

6.31 6.06 6.53 6.32 6.31 0.470** –0.007 0.477**

3,936 1,281 1,503 432 720
Ln(natural resource and 
mining employees)

5.78 5.86 5.96 5.55 5.59 0.105 0.046 0.059**

4,608 1,274  1,510 684 1,140
Ln(service-providing 
employees)

8.17 8.58  8.93 7.31 7.36 0.349** 0.056 0.293**

6,144 1,604 1,948 972 1,620
Panel B: quarterly
Ln(all industry wages) 6.59 6.55 6.67 6.49 6.59  0.119** 0.097** 0.021**

2,048 527 657 324 540
Ln(construction wages) 6.76 6.73 6.84 6.63 6.71  0.116** 0.075* 0.041**

1,536 466 590 180 300
Ln(manufacturing wages) 6.70 6.62 6.76 6.65 6.74 0.137** 0.091+ 0.046**

1,312 421 507 144 240
Ln(natural resource and 
mining wages)

6.87 6.86 6.98 6.74 6.82  0.119** 0.081+ 0.038**

1,536 419 509 228 380
Ln(service-providing wages) 6.49 6.44 6.57 6.40 6.50 0.125** 0.098** 0.027**

2,048 527 657 324 540

Notes: The row after each variable represents the number of observations for the respective variable by column. 
Columns (2) and (3) report means for selling counties, before and after they started selling. Columns (4) and (5) 
report means for not-selling counties, before and after 2014. Columns (6) and (7) report differences in means from 
a two-sided t-test. Column (8) tests the statistical significance of the difference in the differences between selling 
counties, μ1 in Column (6), and not-selling counties, μ2 in Column (7) by using a t-test. For the t-test in Column (8), we 
obtain μ1 using unadjusted regressions of outcomes on a dummy variable for the start of sale for selling counties 
and obtain μ2 using unadjusted regressions of outcomes on a dummy variable for post-2014 for not-selling coun-
ties. We then calculate a t-statistic for the null hypothesis μ1 – μ2 = 0 by using the pooled variance and number of 
observations of the two groups.
+p < 0.1, *p < 0.05, **p < 0.01.
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Table A3  Event study estimates post-dispensary entry periods

Unrate Ln(labor force) Ln(unemp)

(1) (2) (3)
event0:treat –0.026 0.017 0.024
event1:treat –0.001 0.018 0.020
event2:treat 0.090 0.018 0.035
event3:treat –0.173 0.012 –0.007
event4:treat –0.085 0.003 0.005
event5:treat –0.414* 0.004 –0.058**
event6:treat –0.373* 0.006 –0.046*
event7:treat –0.365+ 0.011 –0.046+
event8:treat –0.388+ 0.010 –0.057*
event9:treat –0.466* 0.008 –0.074*
event10:treat –0.493* 0.002 –0.079**
event11:treat –0.652** 0.015 –0.103**
event12:treat –0.300 0.020 –0.008
event13:treat –0.285 0.019 –0.011
event14:treat –0.181 0.015 0.006
event15:treat –0.299 0.009 –0.025
event16:treat –0.227 –0.002 –0.015
event17:treat –0.397+ 0.002 –0.055+
event18:treat –0.420+ 0.001 –0.068*
event19:treat –0.429+ 0.005 –0.087*
event20:treat –0.370 0.003 –0.080*
event21:treat –0.532* 0.002 –0.114**
event22:treat –0.578+ –0.002 –0.124**
event23:treat –0.674** 0.013 –0.140**
event24:treat –0.575* 0.011 –0.078*
event25:treat –0.592* 0.016 –0.078*
event26:treat –0.434 0.012 –0.041
event27:treat –0.489+ 0.009 –0.069+
event28:treat –0.473 –0.004 –0.080*
event29:treat –0.563* 0.003 –0.095**
event30:treat –0.511+ 0.001 –0.102**
event31:treat –0.542+ 0.007 –0.132**
event32:treat –0.393 0.003 –0.108**
event33:treat –0.527+ 0.003 –0.137**
event34:treat –0.612* –0.003 –0.165**
event35:treat –0.647* 0.010 –0.164**
event36:treat –0.510+ 0.006 –0.069*
event37:treat –0.454+ 0.011 –0.059*
event38:treat –0.506+ 0.009 –0.098*
event39:treat –0.544+ 0.012 –0.118**
event40:treat –0.545+ –0.000 –0.122**
event>40:treat –0.129 0.009 –0.035

(Continued)

Event Study
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Unrate Ln(labor force) Ln(unemp)

(1) (2) (3)
Linear combination
  Coefficient –0.407* 0.008 –0.068**
  SE 0.2264 0.0125 0.0238
Weighted linear combination
  Coefficient –0.339 0.008 –0.060*
  SE 0.2433 0.0133 0.0243
R2  0.887 0.999 0.995
Observations 6,144 6,144 6,144

Notes: Table reports the τk coefficients for k ≥ 0 from the event study regressions. Each col-
umn represents a separate regression. Below the table, we report the average and weighted 
average of the τk coefficients from the event study, including only the τk coefficients for peri-
ods post-dispensary entry. All regressions include month, year, and county fixed effects. 
Standard errors are clustered at the county level and reported in parentheses.
+p < 0.1, *p < 0.05, **p < 0.01.

FE, fixed effect; SE, standard error; Unrate, unemployment rate.

Table A3  Continued
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Table A4 � Event study estimates post-dispensary entry periods for employees, by industry

All Cons Manu NR Service

(1) (2) (3) (4) (5)
event0:treat 0.020 0.017 0.010 0.028 0.024
event1:treat 0.020 0.027 0.006 0.003 0.028
event2:treat 0.017 0.033 0.016 0.020 0.013
event3:treat 0.013 0.032 0.029 0.020 0.006
event4:treat 0.008 0.052+ 0.030 –0.010 0.008
event5:treat 0.015 0.058+ 0.036 0.001 0.018
event6:treat 0.019* 0.050+ 0.030 0.006 0.023**
event7:treat 0.028* 0.042 0.070 0.037 0.027*
event8:treat 0.025+ 0.057* 0.077 0.025 0.026
event9:treat 0.031+ 0.073* 0.093+ 0.020 0.031
event10:treat 0.031 0.093* 0.103* 0.036 0.028
event11:treat 0.048* 0.090* 0.108* 0.030 0.050*
event12:treat 0.052* 0.096+ 0.123* 0.049 0.052+

event13:treat 0.051* 0.088 0.123* 0.053 0.051+

event14:treat 0.044+ 0.072 0.117* 0.069 0.036
event15:treat 0.039+ 0.056 0.126* 0.051 0.036
event16:treat 0.030+ 0.063 0.140** 0.025 0.028
event17:treat 0.039** 0.071 0.152** 0.008 0.037**
event18:treat 0.039** 0.063 0.152** 0.002 0.035**
event19:treat 0.047** 0.046 0.154** 0.006 0.041**
event20:treat 0.044** 0.060 0.160** 0.020 0.038*
event21:treat 0.050** 0.079 0.161** 0.001 0.045*
event22:treat 0.049* 0.080 0.163** -0.010 0.045+

event23:treat 0.066** 0.070 0.158** 0.002 0.066*
event24:treat 0.070** 0.106 0.173** 0.029 0.064*
event25:treat 0.072** 0.090 0.169** 0.013 0.067*
event26:treat 0.063** 0.098 0.172** 0.029 0.051+

event27:treat 0.062** 0.089 0.175** 0.048 0.050*
event28:treat 0.048* 0.101 0.188** 0.034 0.034
event29:treat 0.057** 0.112 0.197** 0.012 0.047**
event30:treat 0.057** 0.102 0.188** -0.003 0.033+

event31:treat 0.063** 0.085 0.185** 0.009 0.040+

event32:treat 0.059** 0.093 0.180** 0.019 0.036
event33:treat 0.067** 0.103 0.189** 0.017 0.054*
event34:treat 0.059* 0.114 0.197** 0.027 0.060*
event35:treat 0.074** 0.103 0.189** 0.042 0.077**
event36:treat 0.073** 0.122 0.179** 0.065 0.067*
event37:treat 0.070** 0.115 0.180** 0.044 0.067*
event38:treat 0.066** 0.117 0.184** 0.062 0.055+

event39:treat 0.067** 0.113 0.193** 0.060 0.057+

event40:treat 0.062** 0.123 0.195** 0.071 0.043
event>40:treat 0.076** 0.107 0.171** 0.105 0.054+

(Continued)
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All Cons Manu NR Service

(1) (2) (3) (4) (5)
Linear combination
  Coefficient 0.047* 0.080 0.134** 0.028 0.042*
  SE 0.0145 0.0542 0.0333 0.0563 0.0188
Weighted linear combination
  Coefficient 0.054** 0.086 0.142** 0.046 0.044*
  SE 0.0154 0.0657 0.0328 0.0642 0.0204
R2 0.998 0.989 0.996 0.970 0.998
Observations 6,144 4,608 3,936 4,608 6,144

Notes: Table reports the τk coefficients for k ≥ 0 from the event study regressions. Each col-
umn represents a separate regression. The industry subsectors are Construction (Cons), 
Manufacturing (Manu), Natural Resources and Mining (NR), and Service. Below the table, we 
report the average and weighted average of the τk coefficients from the event study, includ-
ing only the τk coefficients for the periods post-dispensary entry. All regressions include 
month, year, and county fixed effects. Standard errors are clustered at the county level and 
reported in parentheses.
+p < 0.1, *p < 0.05, **p < 0.01.

FE, fixed effect; SE, standard error.

Table A4  Continued
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Table A5  Event study estimates post-dispensary entry periods for wages, by industry

All Cons Manu NR Service

(1) (2) (3) (4) (5)
event0:treat –0.005 –0.017 –0.006 0.033 0.000
event1:treat 0.008 0.041+ 0.028 0.033 0.009
event2:treat –0.018* –0.018 –0.018 –0.020 –0.003
event3:treat 0.007 0.010 0.005 0.008 0.010
event4:treat 0.011 –0.016 –0.002 0.029 0.015
event5:treat 0.018 0.007 0.026 0.034 0.014
event6:treat 0.004 –0.010 0.027 –0.011 0.012
event7:treat 0.023* 0.010 0.059* –0.027 0.020
event8:treat 0.006 0.012 0.042 0.034 –0.005
event9:treat 0.030* 0.033 0.051 0.025 0.013
event10:treat 0.027* 0.030 0.026 0.045 0.017
event>10:treat 0.018 0.029 0.023 0.039 –0.004
Linear combination
  Coefficient 0.011 0.009 0.022 0.019 0.008
  SE 0.0076 0.0239 0.0265 0.0269 0.0093
Weighted linear combination
  Coefficient 0.013 0.017 0.022 0.026 0.004
  SE 0.0092 0.0314 0.0298 0.0323 0.0105
R2 0.938 0.780 0.933 0.910 0.925
Observations 2,048 1,536 1,312 1,536 2,048

Notes: Table reports the τk coefficients for k ≥0 from the event study regressions. Each col-
umn represents a separate regression. The industry subsectors are Construction (Cons), 
Manufacturing (Manu), Natural Resources and Mining (NR), and Service. Below the table, we 
report the average and weighted average of the τk coefficients from the event study, includ-
ing only the τk coefficients for the periods post-dispensary entry. All regressions include 
month, year, and county fixed effects. Standard errors are clustered at the county level and 
reported in parentheses.
+p < 0.1, *p < 0.05, **p < 0.01.

FE, fixed effect; SE, standard error.
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Table A6 � The effect of recreational dispensary entry and sales on the unemployment rate, 
Ln(labor force), and Ln(unemployed) – regression analysis

Unrate Ln(labor force) Ln(unemp)

(1) (2) (3)

Panel A: start of sales
Recreational sale –0.718** –0.014 –0.078**

(0.2428) (0.0105) (0.0200)
Ln(number of medical patients) –0.607* 0.001 –0.021

(0.2714) (0.0111) (0.0250)
Ln(population) 1.158 0.531** 0.338+

(2.4361) (0.1261) (0.1900)
R2  0.882 0.999 0.995
Observations 6,144 6,144 6,144
Panel B: amount of sales
$0 < sales ≤$500,000 –0.752** –0.009 –0.066**
(0.2720) (0.0099) (0.0224)
Sales >$500,000 –0.669** –0.021 –0.094**
(0.2515) (0.0125) (0.0251)
Ln(number of medical patients) –0.601** 0.000 –0.023

(0.2737) (0.0108) (0.0260)
Ln(population) 1.069 0.543** 0.369+

(2.4483) (0.1276) (0.1872)
R2 0.882 0.999 0.995
Observations 6,144 6,144 6,144

Notes: Panel A uses a {0,1} any sales as the treatment variable, while Panel B compares 
counties with sales between $0 and $500,000 or sales >$500,000 with counties with zero 
sales. Each column represents a separate regression. All regressions include month, year, 
and county fixed effects. Standard errors are clustered at the county level and reported in 
parentheses.
+p < 0.1, *p < 0.05, **p < 0.01. 

Unrate, unemployment rate.

Robustness with Qualifying Sample

Including population
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Table A7 � The effect of recreational dispensary entry and sales on employment – regression 
analysis

All Cons Manu NR Service

(1) (2) (3) (4) (5)

Panel A: start of sales
Recreational sale 0.016 0.020 0.113** –0.066 0.014

(0.0120) (0.0633) (0.0396) (0.0712) (0.0132)
Ln(number of medical patients) –0.010 –0.130 –0.166** 0.205 –0.015

(0.0128) (0.0904) (0.0541) (0.1224) (0.0158)
Ln(population) 0.953** 1.993+ 0.732 1.576 0.834**

(0.1578) (1.0110) (0.5178) (1.0049) (0.1491)
R2 0.998 0.989 0.996 0.970 0.998
Observations 6,144 4,608 3,936 4,608 6,144
Panel B: amount of sales
$0 < sales ≤$500,000 0.007 0.022 0.133** –0.074 0.006

(0.0138) (0.0550) (0.0403) (0.0693) (0.0159)
Sales >$500,000 0.029** 0.017 0.086+ –0.057 0.026+

(0.0136) (0.0757) (0.0434) (0.0860) (0.0142)
Ln(number of medical patients) –0.009 –0.130 –0.171** 0.206+ –0.014

(0.0132) (0.0901) (0.0522) (0.1222) (0.0159)
Ln(population) 0.930** 1.996+ 0.777 1.561 0.813**

(0.1612) (1.0238) (0.5181) (1.0195) (0.1507)
R2 0.998 0.989 0.996 0.970 0.998
Observations 6,144 4,608 3,936 4,608 6,144

Notes: Panel A uses a {0,1} any sales as the treatment variable, while Panel B compares coun-
ties with sales between $0 and $500,000 or sales >$500,000 with counties with zero sales. 
Each column represents a separate regression. The industry subsectors are Construction 
(Cons), Manufacturing (Manu), Natural Resources and Mining (NR), and Service. All regres-
sions include month, year, and county fixed effects. Standard errors are clustered at the 
county level and reported in parentheses.
+p < 0.1, *p < 0.05, **p < 0.01.
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Table A8 � The effect of recreational dispensary entry and sales on wages – regression 
analysis

All Cons Manu NR Service

(1) (2) (3) (4) (5)

Panel A: start of sales
Recreational sale –0.005 0.001 0.019 0.037 –0.004

(0.0093) (0.0290) (0.0192) (0.0347) (0.0116)
Ln(number of medical patients) 0.006 –0.074 –0.046 0.055 0.006

(0.0118) (0.0452) (0.0282) (0.0343) (0.0193)
Ln(population) 0.191 0.359 –0.391 –0.368 0.291+

(0.1207) (0.4475) (0.2890) (0.2931) (0.1620)
R2  0.937 0.778 0.933 0.910 0.926
Observations 2,048 1,536 1,312 1,536 2,048
Panel B: amount of sales
$0 < sales ≤$500,000 0.001 0.003 0.032 0.038 0.002

(0.0100) (0.0273) (0.0245) (0.0318) (0.0127)
Sales >$500,000 –0.014 –0.001 0.000 0.036 –0.014

(0.0108) (0.0364) (0.0173) (0.0420) (0.0125)
Ln(number of medical patients) 0.005 –0.074 –0.049+ 0.055 0.005

(0.0114) (0.0453) (0.0281) (0.0341) (0.0189)
Ln(population) 0.208+ 0.362 –0.358 –0.366 0.310+

(0.1213) (0.4527) (0.2822) (0.2991) (0.1615)
R2 0.937 0.778 0.933 0.910 0.926
Observations 2,048 1,536 1,312 1,536 2,048

Notes: Panel A uses a {0,1} any sales as the treatment variable, while Panel B compares coun-
ties with sales between $0 and $500,000 or sales >$500,000 with counties with zero sales. 
Each column represents a separate regression. The industry subsectors are Construction 
(Cons), Manufacturing (Manu), Natural Resources and Mining (NR), and Service. All regres-
sions include quarter, year, and county fixed effects. Standard errors are clustered at the 
county level and reported in parentheses.
+p < 0.1, *p < 0.05, **p < 0.01.
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Table A9 � The effect of recreational dispensary entry and sales on the unemployment  
rate (Unrate), Ln(labor force), and Ln(unemployed) – regression analysis

Unrate Ln(labor force) Ln(unemp)

(1) (2) (3)

Panel A: start of sales
Recreational sale –0.693** 0.002 –0.070**

(0.2522) (0.0116) (0.0195)
Ln(number of medical patients) –0.588* –0.009 –0.021

(0.2675) (0.0127) (0.0252)
R2  0.915 0.999 0.996
Observations 6,144 6,144 6,144
Panel B: amount of sales
$0 < sales ≤$500,000 –0.807** 0.006 –0.070**

(0.2798) (0.0111) (0.0214)
Sales >$500,000 –0.552** –0.003 –0.070**

(0.2653) (0.0144) (0.0244)
Ln(number of medical patients) –0.568** –0.009 –0.021

(0.2727) (0.0127) (0.0259)
R2 0.915 0.999 0.996
Observations 6,144 6,144 6,144

Notes: Panel A uses a {0,1} any sales as the treatment variable, while Panel B compares 
counties with sales between $0 and $500,000 or sales >$500,000 with counties with zero 
sales. Each column represents a separate regression. All regressions include month, year, 
county, and month x county fixed effects. Standard errors are clustered at the county level 
and reported in parentheses.
+p < 0.1, *p < 0.05, **p < 0.01. 

With County–Month Fixed Effects
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Table A10 � The effect of recreational dispensary entry and sales on employment – 
regression analysis

All Cons Manu NR Service

(1) (2) (3) (4) (5)

Panel A: start of sales
Recreational sale 0.045** 0.056 0.131** –0.018 0.040*

(0.0152) (0.0551) (0.0357) (0.0673) (0.0153)
Ln(number of medical patients) –0.026+ –0.171+ –0.186** 0.170 –0.031+

(0.0142) (0.0917) (0.0604) (0.1165) (0.0179)
R2  0.999 0.989 0.996 0.973 0.999
Observations 6,144 4,608 3,936 4,608 6,144
Panel B: amount of sales
$0 < sales ≤$500,000 0.035** 0.050 0.156** –0.035 0.034+

(0.0158) (0.0493) (0.0394) (0.0675) (0.0173)
Sales >$500,000 0.057** 0.062 0.103** 0.000 0.046**

(0.0176) (0.0670) (0.0366) (0.0814) (0.0166)
Ln(number of medical patients) –0.024 –0.171+ –0.192** 0.173 –0.030+

(0.0147) (0.0922) (0.0581) (0.1169) (0.0179)
R2 0.999 0.989 0.996 0.973 0.999
Observations 6,144 4,608 3,936 4,608 6,144

Notes: Panel A uses a {0,1} any sales as the treatment variable, while Panel B compares coun-
ties with sales between $0 and $500,000 or sales >$500,000 with counties with zero sales. 
Each column represents a separate regression. The industry subsectors are Construction 
(Cons), Manufacturing (Manu), Natural Resources and Mining (NR), and Service. All regres-
sions include month, year, county, and month x county fixed effects. Standard errors are 
clustered at the county level and reported in parentheses.
+p < 0.1, *p < 0.05, **p < 0.01. 
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Table A11 � The effect of recreational dispensary entry and sales on wages – regression 
analysis

All Cons Manu NR Service

(1) (2) (3) (4) (5)

Panel A: start of sales
Recreational sale –0.000 0.006 0.007 0.023 0.004

(0.0100) (0.0264) (0.0189) (0.0319) (0.0125)
Ln(number of medical patients) 0.004 –0.082+ –0.036 0.056+ 0.004

(0.0109) (0.0470) (0.0262) (0.0320) (0.0170)
R2  0.956 0.817 0.950 0.941 0.951
Observations 2,048 1,536 1,312 1,536 2,048
Panel B: amount of sales
$0 < sales ≤ $500,000 0.004 0.004 0.021 0.025 0.009

(0.0107) (0.0253) (0.0247) (0.0300) (0.0141)
Sales > $500,000 –0.007 0.009 –0.011 0.020 –0.002

(0.0119) (0.0332) (0.0187) (0.0376) (0.0131)
Ln(number of medical patients) 0.003 –0.082+ –0.040 0.055+ 0.003

(0.0106) (0.0470) (0.0270) (0.0317) (0.0168)
R2 0.956 0.817 0.951 0.941 0.951
Observations 2,048 1,536 1,312 1,536 2,048

Notes: Panel A uses a {0,1} any sales as the treatment variable, while Panel B compares coun-
ties with sales between $0 and $500,000 or sales >$500,000 with counties with zero sales. 
Each column represents a separate regression. The industry subsectors are Construction 
(Cons), Manufacturing (Manu), Natural Resources and Mining (NR), and Service. All regres-
sions include quarter, year, county, and quarter x county fixed effects. Standard errors are 
clustered at the county level and reported in parentheses.
+p < 0.1, *p < 0.05, **p < 0.01.
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Table A12 � The effect of recreational dispensary entry and sales on the unemployment 
rate (Unrate), Ln(labor force), and Ln(unemployed) – regression analysis

Unrate Ln(labor force) Ln(unemp)

(1) (2) (3)

Panel A: start of sales
Recreational sale –0.230 0.003 –0.038*

(0.1384) (0.0066) (0.0174)
Ln(number of medical patients) –0.550** 0.005 –0.063*

(0.2050) (0.0071) (0.0300)
R2  0.923 0.999 0.996
Observations  6,144 6,144 6,144
Panel B: amount of sales
$0 < sales ≤ $500,000 –0.207 0.002 –0.026

(0.1517) (0.0069) (0.0203)
Sales > $500,000 –0.301** 0.007 –0.077**

(0.1427) (0.0077) (0.0223)
Ln(number of medical patients) –0.555** 0.005 –0.066**

(0.2072) (0.0073) (0.0309)
R2 0.923 0.999 0.996
Observations 6,144 6,144 6,144

Notes: Panel A uses a {0,1} any sales as the treatment variable, while Panel B compares coun-
ties with sales between $0 and $500,000 or sales >$500,000 with counties with zero sales. 
Each column represents a separate regression. All regressions include month, year, county, 
fixed effects and a county-level time trend. Standard errors are clustered at the county level 
and reported in parentheses.
+p < 0.1, *p < 0.05, **p < 0.01.

With Trend
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Table A13 � The effect of recreational dispensary entry and sales on employment – 
regression analysis

All Cons Manu NR Service

(1) (2) (3) (4) (5)

Panel A: start of sales
Recreational sale –0.001 0.022 0.040 0.031 0.001

(0.0097) (0.0332) (0.0545) (0.0441) (0.0097)
Ln(number of medical patients) 0.024* –0.011 –0.028 0.085 0.035**

(0.0095) (0.0520) (0.0504) (0.0955) (0.0102)
R2 0.999 0.993 0.997 0.981 0.998
Observations 6,144 4,608 3,936 4,608 6,144
Panel B: amount of sales
$0 < sales ≤ $500,000 –0.007 0.019 0.040 0.037 0.006

(0.0106) (0.0341) (0.0590) (0.0453) (0.0113)
Sales > $500,000 0.017+ 0.032 0.043 –0.016 –0.025**

(0.0099) (0.0348) (0.0453) (0.0560) (0.0120)
Ln(number of medical patients) 0.026** –0.010 0.028 0.086 0.037**

(0.0101) (0.0521) (0.0494) (0.0955) (0.0106)
R2 0.999 0.993 0.997 0.981 0.998
Observations 6,144 4,608 3,936 4,608 6,144

Notes: Panel A uses a {0,1} any sales as the treatment variable, while Panel B compares coun-
ties with sales between $0 and $500,000 or sales >$500,000 with counties with zero sales. 
Each column represents a separate regression. The industry subsectors are Construction 
(Cons), Manufacturing (Manu), Natural Resources and Mining (NR), and Service. All regres-
sions include month, year, county, fixed effects and a county-level time trend. Standard 
errors are clustered at the county level and reported in parentheses.
+p < 0.1, *p < 0.05, **p < 0.01.



Page 65 of 86�   Chakraborty et al. IZA Journal of Labor Economics (2021) 10:05

Table A14 � The effect of recreational dispensary entry and sales on wages – regression 
analysis

All Cons Manu NR Service

(1) (2) (3) (4) (5)

Panel A: start of sales
Recreational sale –0.005 –0.018 –0.006 0.003 0.017*

(0.0094) (0.0161) (0.0189) (0.0241) (0.0076)
Ln(number of medical patients) –0.002 0.010 –0.061+ 0.010 –0.007

(0.0098) (0.0284) (0.0329) (0.0511) (0.0153)
R2  0.946 0.844 0.950 0.926 0.936
Observations 2,048 1,536 1,312 1,536 2,048
Panel B: amount of sales
$0 < sales ≤ $500,000 –0.002 –0.013 –0.003 0.007 0.019**

(0.0096) (0.0179) (0.0192) (0.0236) (0.0081)
Sales > $500,000 –0.013 –0.033+ –0.015 –0.015 0.011

(0.0111) (0.0179) (0.0219) (0.0337) (0.0075)
Ln(number of medical patients) –0.002 0.008 –0.062+ 0.009 –0.008

(0.0097) (0.0288) (0.0329) (0.0504) (0.0153)
R2 0.946 0.844 0.950 0.926 0.936
Observations 2,048 1,536 1,312 1,536 2,048

Notes: Panel A uses a {0,1} any sales as the treatment variable, while Panel B compares coun-
ties with sales between $0 and $500,000 or sales >$500,000 with counties with zero sales. 
Each column represents a separate regression. The industry subsectors are Construction 
(Cons), Manufacturing (Manu), Natural Resources and Mining (NR), and Service. All regres-
sions include quarter, year, county, fixed effects and a county-level time trend. Standard 
errors are clustered at the county level and reported in parentheses.
+p < 0.1, *p < 0.05, **p < 0.01.
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Table A15 � The effect of recreational dispensary entry on the unemployment rate (Unrate),  
Ln(labor force), and Ln(unemployed) – regression analysis

Unrate Ln(labor force) Ln(unemp)

(1) (2) (3)

Panel A: start of sales
Recreational sale –0.688** 0.000 –0.069**

(0.2548) (0.0116) (0.0197)
Ln(number of medical patients) –0.618* –0.006 –0.025

(0.2703) (0.0127) (0.0250)
R2  0.881  0.999 0.995
Observations 6,048 6,048 6,048
Panel B: amount of sales
$0 < sales ≤ $500,000 –0.729** 0.003 –0.058**

(0.2809) (0.0109) (0.0223)
Sales > $500,000 –0.634** –0.003 –0.083**

(0.2693) (0.0146) (0.0253)
Ln(number of medical patients) –0.610** –0.006 –0.027

(0.2736) (0.0128) (0.0263)
R2 0.881 0.999 0.995
Observations 6,048 6,048 6,048

Notes: Panel A uses a {0,1} any sales as the treatment variable, while Panel B compares coun-
ties with sales between $0 and $500,000 or sales >$500,000 with counties with zero sales. 
Each column represents a separate regression omitting Denver. All regressions include 
month, year, and county fixed effects. Standard errors are clustered at the county level and 
reported in parentheses.
+p < 0.1, *p < 0.05, **p < 0.01.

Robustness without Denver County
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Table A16 � The effect of recreational dispensary entry on employment – regression 
analysis

All Cons Manu NR Service

(1) (2) (3) (4) (5)

Panel A: start of sales
Recreational sale 0.043** 0.054 0.131** –0.019 0.037*

(0.0152) (0.0552) (0.0360) (0.0674) (0.0155)
Ln(number of medical patients) –0.022 –0.175+ –0.190** 0.170 –0.026

(0.0143) (0.0918) (0.0606) (0.1178) (0.0183)
R2  0.998 0.988 0.995 0.965 0.998
Observations 6,048 4,512 3,840 4,512 6,048
Panel B: amount of sales
$0 < sales ≤ $500,000 0.029+ 0.053 0.148** –0.032 0.025

(0.0155) (0.0489) (0.0381) (0.0661) (0.0173)
Sales > $500,000 0.062** 0.055 0.110** –0.003 0.054**

(0.0181) (0.0677) (0.0387) (0.0829) (0.0172)
Ln(number of medical patients) –0.019 –0.175+ –0.195** 0.173 –0.024

(0.0149) (0.0921) (0.0593) (0.1182) (0.0181)
R2 0.998 0.988 0.995 0.965 0.998
Observations 6,048 4,512 3,840 4,512 6,048

Notes: Panel A uses a {0,1} any sales as the treatment variable, while Panel B compares 
counties with sales between $0 and $500,000 or sales >$500,000 with counties with zero 
sales. Each column represents a separate regression omitting Denver. The industry sub-
sectors are Construction (Cons), Manufacturing (Manu), Natural Resources and Mining (NR), 
and Service. All regressions include month, year, and county fixed effects. Standard errors 
are clustered at the county level and reported in parentheses.
+p < 0.1, *p < 0.05, **p < 0.01.
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Table A17  The effect of recreational dispensary entry on wages – regression analysis

All Cons Manu NR Service

(1) (2) (3) (4) (5)

Panel A: start of sales
Recreational sale 0.001 0.007 0.010 0.028 0.004

(0.0101) (0.0265) (0.0197) (0.0318) (0.0127)
Ln(number of medical patients) 0.004 –0.081+ –0.036 0.061+ 0.002

(0.0113) (0.0469) (0.0271) (0.0341) (0.0176)
R2  0.932 0.768 0.932 0.900 0.919
Observations 2,016 1,504 1,280 1,504 2,016
Panel B: amount of sales
$0 < sales ≤ $500,000 0.006 0.008 0.025 0.029 0.009

(0.0106) (0.0254) (0.0249) (0.0294) (0.0139)
Sales > $500,000 –0.007 0.006 –0.012 0.026 –0.004

(0.0119) (0.0338) (0.0196) (0.0384) (0.0134)
Ln(number of medical patients) 0.002 –0.081+ –0.041 0.061+ 0.001

(0.0109) (0.0469) (0.0280) (0.0339) (0.0173)
R2 0.932 0.768 0.932 0.900 0.919
Observations 2,016 1,504 1,280 1,504 2,016

Notes: Panel A uses a {0,1} any sales as the treatment variable, while Panel B compares 
counties with sales between $0 and $500,000 or sales >$500,000 with counties with zero 
sales. Each column represents a separate regression omitting Denver. The industry sub-
sectors are Construction (Cons), Manufacturing (Manu), Natural Resources and Mining (NR), 
and Service. All regressions include quarter, year, and county fixed effects. Standard errors 
are clustered at the county level and reported in parentheses.
+p < 0.1, *p < 0.05, **p < 0.01.
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Table A18  �The effect of recreational dispensary entry and sales on the unemployment 
rate (Unrate), Ln(labor force), and Ln(unemployed) – regression analysis

Unrate Ln(labor force) Ln(unemp)

(1) (2) (3)

Panel A: start of sales
Recreational sale –0.648* 0.005 –0.064**

(0.2546) (0.0110) (0.0195)
Ln(number of medical patients) –0.543* 0.002 –0.018

(0.2664) (0.0100) (0.0251)
R2  0.880 0.999 0.995
Observations 6,048 6,048 6,048
Panel B: amount of sales
$0 < sales ≤ $500,000 –0.713** 0.004 –0.056**

(0.2831) (0.0108) (0.0225)
Sales > $500,000 –0.561** 0.006 –0.076**

(0.2626) (0.0130) (0.0251)
Ln(number of medical patients) –0.526+ 0.002 –0.020

(0.2690) (0.0101) (0.0267)
R2 0.880 0.999 0.995
Observations 6,048 6,048 6,048

Notes: Panel A uses a {0,1} any sales as the treatment variable, while Panel B compares 
counties with sales between $0 and $500,000 or sales >$500,000 with counties with zero 
sales. Each column represents a separate regression omitting Las Animas. All regressions 
include month, year, and county fixed effects. Standard errors are clustered at the county 
level and reported in parentheses.
+p < 0.1, *p < 0.05, **p < 0.01.

Robustness without Las Animas (Outlier in Per-Capita 
Recreational Cannabis Sales)
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Table A19 � The effect of recreational dispensary entry and sales on employment –  
regression analysis

All Cons Manu NR Service

(1) (2) (3) (4) (5)

Panel A: start of sales
Recreational sale 0.047** 0.077 0.147** 0.001 0.039*

(0.0151) (0.0532) (0.0319) (0.0653) (0.0156)
Ln(number of medical patients) –0.016 –0.120 –0.139** 0.213+ –0.025

(0.0142) (0.0828) (0.0446) (0.1140) (0.0190)
R2  0.998 0.989 0.996 0.970 0.998
Observations 6,048 4,512 3,840 4,512 6,048
Panel B: amount of sales
$0 < sales ≤ $500,000 0.030+ 0.063 0.158** –0.026 0.025

(0.0156) (0.0485) (0.0361) (0.0655) (0.0175)
Sales > $500,000 0.070** 0.091 0.133** 0.032 0.058**

(0.0172) (0.0629) (0.0322) (0.0777) (0.0173)
Ln(number of medical patients) –0.012 –0.117 –0.144** 0.222+ –0.021

(0.0142) (0.0828) (0.0437) (0.1129) (0.0186)
R2 0.998 0.989 0.996 0.970 0.998
Observations 6,048 4,512 3,840 4,512 6,048

Notes: Panel A uses a {0,1} any sales as the treatment variable, while Panel B compares coun-
ties with sales between $0 and $500,000 or sales >$500,000 with counties with zero sales. 
Each column represents a separate regression omitting Las Animas. The industry subsec-
tors are Construction (Cons), Manufacturing (Manu), Natural Resources and Mining (NR), and 
Service. All regressions include month, year, and county fixed effects. Standard errors are 
clustered at the county level and reported in parentheses.
+p < 0.1, *p < 0.05, **p < 0.01.
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Table A20 � The effect of recreational dispensary entry and sales on wages – regression 
analysis

All Cons Manu NR Service

(1) (2) (3) (4) (5)

Panel A: start of sales
Recreational sale 0.003 0.009 0.014 0.031 0.005

(0.0100) (0.0261) (0.0193) (0.0315) (0.0128)
Ln(number of medical patients) 0.007 –0.078 –0.035 0.077* 0.004

(0.0110) (0.0504) (0.0285) (0.0334) (0.0181)
R2  0.938 0.777 0.935 0.911 0.925
Observations 2,016 1,504 1,280 1,504 2,016
Panel B: amount of sales
$0 < sales ≤ $500,000 0.007 0.010 0.030 0.031 0.010

(0.0107) (0.0253) (0.0247) (0.0295) (0.0140)
Sales > $500,000 –0.003 0.009 –0.008 0.031 –0.002

(0.0116) (0.0334) (0.0197) (0.0376) (0.0136)
Ln(number of medical patients) 0.006 –0.078 –0.042 0.077** 0.002

(0.0108) (0.0507) (0.0299) (0.0329) (0.0180)
R2 0.938 0.777 0.935 0.911 0.925
Observations 2,016 1,504 1,280 1,504 2,016

Notes: Panel A uses a {0,1} any sales as the treatment variable, while Panel B compares 
counties with sales between $0 and $500,000 or sales >$500,000 with counties with zero 
sales. Each column represents a separate regression omitting Las Animas. The industry 
subsectors are Construction (Cons), Manufacturing (Manu), Natural Resources and Mining 
(NR), and Service. All regressions include quarter, year, and county fixed effects. Standard 
errors are clustered at the county level and reported in parentheses.
+p < 0.1, *p < 0.05, **p < 0.01.
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Table A21 � The effect of recreational dispensary entry and sales on the unemployment 
rate (Unrate), Ln(labor force), and Ln(unemployed) – regression analysis

Unrate Ln(labor force) Ln(unemp)

(1) (2) (3)

Amount of sales
$0 < sales ≤ $250,000 –0.705* –0.002 –0.045

(0.2983) (0.0115) (0.0291)
$250,000 < sales ≤ $500,000 –0.781* 0.015 –0.089**

(0.3365) (0.0132) (0.0296)
Sales > $500,000 –0.634* –0.000 –0.084**

(0.2675) (0.0145) (0.0251)
Ln(number of medical patients) –0.622* –0.004 –0.032

(0.2787) (0.0130) (0.0285)
R2 0.882 0.999 0.995
Observations 6,144 6,144 6,144

Notes: Each column represents a separate regression. The omitted sales category is  
sales = $0. Each column represents a separate regression. All regressions include month, 
year, and county fixed effects. Standard errors are clustered at the county level and reported 
in parentheses.
+p < 0.1, *p < 0.05, **p < 0.01.

FE, fixed effect.

Table A22 � The effect of recreational dispensary entry and sales on employment –  
regression analysis

All Cons Manu NR Service

(1) (2) (3) (4) (5)

Amount of sales
$0 < sales ≤ $250,000 0.018 0.048 0.141** –0.044 0.013

(0.0155) (0.0504) (0.0383) (0.0648) (0.0175)
$250,000 < sales ≤ $500,000 0.055** 0.068 0.166** –0.003 0.053*

(0.0199) (0.0502) (0.0498) (0.0920) (0.0234)
Sales > $500,000 0.065** 0.064 0.110** 0.005 0.058**

(0.0178) (0.0667) (0.0377) (0.0806) (0.0172)
Ln(number of medical patients) –0.015 –0.171+ –0.187** 0.180 –0.019

(0.0146) (0.0918) (0.0600) (0.1154) (0.0171)
R2 0.998 0.989 0.996 0.970 0.998
Observations 6,144 4,608 3,936 4,608 6,144

Notes: The industry subsectors are Construction (Cons), Manufacturing (Manu), Natural 
Resources and Mining (NR), and Service. Each column represents a separate regression. 
The omitted sales category is sales = $0. Each column represents a separate regression. All 
regressions include month, year, and county fixed effects. Standard errors are clustered at 
the county level and reported in parentheses.
+p < 0.1, *p < 0.05, **p < 0.01.

FE, fixed effect.

Robustness with Different Bins
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Table A23 � The effect of recreational dispensary entry and sales on wages – regression 
analysis

All Cons Manu NR Service

(1) (2) (3) (4) (5)

Panel A: amount of sales
$0 < sales ≤ $250,000 0.006 0.002 0.015 0.029 0.008

(0.0108) (0.0253) (0.0232) (0.0311) (0.0140)
$250,000 < sales ≤ $500,000 0.005 0.021 0.050 0.028 0.012

(0.0125) (0.0301) (0.0341) (0.0425) (0.0158)
Sales > $500,000 –0.007 0.009 –0.007 0.022 –0.003

(0.0116) (0.0334) (0.0198) (0.0379) (0.0134)
Ln(number of medical patients) 0.002 –0.078 –0.031 0.062+ 0.001

(0.0107) (0.0479) (0.0258) (0.0324) (0.0176)
R2 0.937 0.777 0.933 0.909 0.925
Observations 2,048 1,536 1,312 1,536 2,048

Notes: The industry subsectors are Construction (Cons), Manufacturing (Manu), Natural 
Resources and Mining (NR), and Service. Each column represents a separate regression. 
The omitted sales category is sales = $0. Each column represents a separate regression. All 
regressions include quarter, year, and county fixed effects. Standard errors are clustered at 
the county level and reported in parentheses.
+p < 0.1, *p < 0.05, **p < 0.01.

FE, fixed effect.



Page 74 of 86�   Chakraborty et al. IZA Journal of Labor Economics (2021) 10:05

Table A24 � The effect of recreational dispensary entry and sales on the unemployment 
rate (Unrate), Ln(labor force), and Ln(unemployed) – regression analysis

Unrate Ln(labor force) Ln(unemp)

(1) (2) (3)

Panel A: start of sales
Recreational sale –0.425 0.007 –0.067**

(0.2868) (0.0136) (0.0216)
Ln(number of medical patients) –0.505+ 0.001 –0.026

(0.2580) (0.0107) (0.0253)
R2 0.876 0.999 0.996
Observations 4,512 4,512 4,512
Panel B: amount of sales
$0 < sales ≤ $500,000 –0.230 0.008 –0.042

(0.2756) (0.0126) (0.0279)
Sales > $500,000 –0.564+ 0.007 –0.084**

(0.3091) (0.0156) (0.0252)
Ln(number of medical patients) –0.528** 0.001 –0.029

(0.2551) (0.0107) (0.0272)
R2 0.877 0.999 0.996
Observations 4512 4512 4512

Notes: Panel A uses a {0,1} any sales as the treatment variable, while Panel B compares 
counties with sales between $0 and $500,000 or sales >$500,000 with counties with zero 
sales. Each column represents a separate regression. All regressions include month, year, 
and county fixed effects. Standard errors are clustered at the county level and reported in 
parentheses.
+p < 0.1, *p < 0.05, **p < 0.01.

Robustness with Early-Adopting Counties and Not-Selling Counties
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Table A25 � The effect of recreational dispensary entry and sales on employment – 
regression analysis

All Cons Manu NR Service

(1) (2) (3) (4) (5)

Panel A: start of sales
Recreational sale 0.050* 0.101+ 0.180** 0.078 0.037+

(0.0222) (0.0579) (0.0380) (0.0876) (0.0207)
Ln(number of medical patients) –0.016 –0.123 –0.121* 0.299* –0.027

(0.0160) (0.0969) (0.0458) (0.1385) (0.0206)
R2 0.998 0.990 0.998 0.969 0.998
Observations 4,512 3,264 2,592 3,264 4,512
Panel B: amount of sales
$0 < sales ≤ $500,000 0.016 0.078 0.203** 0.027 0.002

(0.0252) (0.0494) (0.0525) (0.1017) (0.0262)
Sales > $500,000 0.074** 0.114+ 0.170** 0.101 0.061**

(0.0220) (0.0648) (0.0362) (0.0924) (0.0199)
Ln(number of medical patients) –0.012 –0.124 –0.122** 0.301** –0.023

(0.0148) (0.0965) (0.0441) (0.1376) (0.0191)
R2 0.998 0.990 0.998 0.969 0.998
Observations 4,512 3,264 2,592 3,264 4,512

Notes: Panel A uses a {0,1} any sales as the treatment variable, while Panel B compares 
counties with sales between $0 and $500,000 or sales >$500,000 with counties with zero 
sales. Each column represents a separate regression The industry subsectors are Construc-
tion (Cons), Manufacturing (Manu), Natural Resources and Mining (NR), and Service. Fixed 
effects (FEs) pertain to both the panels. Standard errors are clustered at the county level 
and reported in parentheses.
+p < 0.1, *p < 0.05, **p < 0.01.
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Table A26 � The effect of recreational dispensary entry and sales on wages – regression 
analysis

All Cons Manu NR Service

(1) (2) (3) (4) (5)

Panel A: start of sales
Recreational sale 0.004 –0.009 –0.009 0.042 0.021

(0.0136) (0.0301) (0.0312) (0.0413) (0.0158)
Ln(number of medical patients) 0.003 –0.120+ –0.040+ 0.079+ 0.006

(0.0120) (0.0658) (0.0196) (0.0436) (0.0213)
R2 0.927 0.770 0.950 0.907 0.911
Observations 1,504 1,088 864 1,088 1,504
Panel B: amount of sales
$0 < sales ≤ $500,000 0.012 –0.028 0.012 0.036 0.038**

(0.0153) (0.0338) (0.0595) (0.0412) (0.0172)
Sales > $500,000 –0.001 0.002 –0.019 0.045 0.009

(0.0150) (0.0345) (0.0234) (0.0449) (0.0163)
Ln(number of medical patients) 0.002 –0.121+ –0.041** 0.079+ 0.004

(0.0119) (0.0651) (0.0196) (0.0434) (0.0206)
R2 0.927 0.771 0.951 0.907 0.911
Observations 1,504 1,088 864 1,088 1,504

Notes: Panel A uses a {0,1} any sales as the treatment variable, while Panel B compares coun-
ties with sales between $0 and $500,000 or sales >$500,000 with counties with zero sales. 
Each column represents a separate regression The industry subsectors are Construction 
(Cons), Manufacturing (Manu), Natural Resources and Mining (NR), and Service. All regres-
sions include quarter, year, and county fixed effects. Standard errors are clustered at the 
county level and reported in parentheses.
+p < 0.1, *p < 0.05, **p < 0.01.
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Table A27 � The effect of recreational dispensary entry and sales on the unemployment 
rate (Unrate), Ln(labor force), and Ln(unemployed) – regression analysis

Unrate Ln(labor force) Ln(unemp)

(1) (2) (3)

Panel A: start of sales
Recreational sale –1.129** –0.013 –0.079*

(0.3478) (0.0159) (0.0334)
Ln(number of medical patients) –0.416 –0.012 –0.003

(0.3879) (0.0179) (0.0397)
R2  0.886 0.999 0.994
Observations 4,224 4,224 4,224
Panel B: amount of sales
$0 < sales ≤ $500,000 –1.245** –0.006 –0.077**

(0.3743) (0.0150) (0.0344)
Sales > $500,000 –0.895** –0.028 –0.081

(0.3789) (0.0225) (0.0498)
Ln(number of medical patients) –0.419 –0.011 –0.003

(0.3888) (0.0175) (0.0396)
R2 0.886 0.999 0.994
Observations 4,224 4,224 4,224

Notes: Panel A uses a {0,1} any sales as the treatment variable, while Panel B compares 
counties with sales between $0 and $500,000 or sales >$500,000 with counties with zero 
sales. Each column represents a separate regression. All regressions include month, year, 
and county fixed effects. Standard errors are clustered at the county level and reported in 
parentheses.
+p < 0.1, *p < 0.05, **p < 0.01.

Robustness with Late-Adopting Counties and Not-Selling Counties
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Table A28 � The effect of recreational dispensary entry and sales on employment –  
regression analysis

All Cons Manu NR Service

(1) (2) (3) (4) (5)

Panel A: start of sales
Recreational sale 0.042* 0.031 0.113* –0.079 0.041*

(0.0173) (0.0831) (0.0520) (0.0803) (0.0188)
Ln(number of medical patients) –0.026 –0.282* –0.144 0.124 –0.025

(0.0161) (0.1329) (0.1006) (0.1086) (0.0223)
R2  0.998 0.979 0.992 0.953 0.997
Observations 4,224 2,784 2,496 3,168 4,224
Panel B: amount of sales
$0 < sales ≤ $500,000 0.042** 0.056 0.141** –0.055 0.044**

(0.0163) (0.0734) (0.0462) (0.0787) (0.0201)
Sales > $500,000 0.043+ –0.005 0.053 –0.126 0.037+

(0.0244) (0.1138) (0.0626) (0.1007) (0.0209)
Ln(number of medical patients) –0.026 –0.283** –0.146 0.124 –0.025

(0.0161) (0.1280) (0.0919) (0.1059) (0.0224)
R2 0.998 0.979 0.993 0.953 0.997
Observations 4,224 2,784 2,496 3,168 4,224

Notes: Panel A uses a {0,1} any sales as the treatment variable, while Panel B compares coun-
ties with sales between $0 and $500,000 or sales >$500,000 with counties with zero sales. 
Each column represents a separate regression. The industry subsectors are Construction 
(Cons), Manufacturing (Manu), Natural Resources and Mining (NR), and Service. All regres-
sions include month, year, and county fixed effects. Standard errors are clustered at the 
county level and reported in parentheses.
+p < 0.1, *p < 0.05, **p < 0.01.
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Table A29 � The effect of recreational dispensary entry and sales on wages – regression 
analysis

All Cons Manu NR Service

(1) (2) (3) (4) (5)

Panel A: start of sales
Recreational sale –0.004 0.022 0.032 0.018 –0.014

(0.0121) (0.0352) (0.0231) (0.0348) (0.0154)
Ln(number of medical patients) –0.001 –0.124+ –0.052 0.077+ 0.003

(0.0133) (0.0708) (0.0494) (0.0393) (0.0275)
R2  0.919 0.724 0.906 0.902 0.904
Observations 1,408 928 832 1,056 1,408
Panel B: amount of sales
$0 < sales ≤ $500,000 0.001 0.034 0.039 0.031 –0.011

(0.0127) (0.0282) (0.0245) (0.0327) (0.0166)
Sales > $500,000 –0.017 0.002 0.015 –0.012 –0.021

(0.0129) (0.0569) (0.0292) (0.0436) (0.0154)
Ln(number of medical patients) –0.001 –0.124+ –0.052 0.078** 0.003

(0.0129) (0.0706) (0.0491) (0.0375) (0.0274)
R2 0.920 0.724 0.906 0.902 0.904
Observations 1,408 928 832 1,056 1,408

Notes: Panel A uses a {0,1} any sales as the treatment variable, while Panel B compares coun-
ties with sales between $0 and $500,000 or sales >$500,000 with counties with zero sales. 
Each column represents a separate regression The industry subsectors are Construction 
(Cons), Manufacturing (Manu), Natural Resources and Mining (NR), and Service. All regres-
sions include quarter, year, and county fixed effects. Standard errors are clustered at the 
county level and reported in parentheses.
+p < 0.1, *p < 0.05, **p < 0.01.
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Table A30 � The effect of recreational dispensary entry and sales on the unemployment  
rate (Unrate), Ln(labor force), and Ln(unemployed) – regression analysis

Unrate Ln(labor force) Ln(unemp)

(1) (2) (3)

Panel A: Amount of sales
Recreational sale –0.428 –0.005 –0.079**

(0.2914) (0.0158) (0.0252)
Recreational sale=1 × < 60km not-sellingmy=1 –0.403 0.009 0.017

(0.2790) (0.0147) (0.0283)
Ln(number of medical patients) –0.602* –0.006 –0.026

(0.2738) (0.0126) (0.0255)
R2  0.882 0.999 0.995
Observations 6,144 6,144 6,144

Notes: Each column represents a separate regression. All regressions include month, year, 
and county fixed effects. Standard errors are clustered at the county level and reported in 
parentheses.
+p < 0.1, *p < 0.05, **p < 0.01.

FE, fixed effect.

Table A31 � The effect of recreational dispensary entry and sales on employment –  
regression analysis

All Cons Manu NR Service

(1) (2) (3) (4) (5)

Panel A: amount of sales
Recreational sale 0.056** 0.054 0.091+ 0.013 0.040*

(0.0204) (0.0719) (0.0486) (0.0897) (0.0184)
Recreational sale=1 × < 60 km 
not-sellingmy=1

–0.019 0.007 0.064 –0.047 –0.002

(0.0204) (0.0635) (0.0543) (0.0915) (0.0189)
Ln(number of medical patients) –0.021 –0.175+ –0.191** 0.174 –0.026

(0.0148) (0.0910) (0.0581) (0.1161) (0.0183)
R2 0.998 0.989 0.996 0.970 0.998
Observations 6,144 4,608 3,936 4,608 6,144

Notes: Each column represents a separate regression. All regressions include month, year, 
and county fixed effects. Standard errors are clustered at the county level and reported in 
parentheses. The industry subsectors are Construction (Cons), Manufacturing (Manu), Nat-
ural Resources and Mining (NR), and Service.
+p < 0.1, *p < 0.05, **p < 0.01.

FE, fixed effect.

Robustness with Spillover Counties
60 km
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Table A32 � The effect of recreational dispensary entry and sales on wages – regression 
analysis

All Cons Manu NR Service

(1) (2) (3) (4) (5)

Panel A: amount of sales
Recreational sale 0.010 0.037 0.000 0.049 0.009

(0.0129) (0.0285) (0.0208) (0.0351) (0.0125)
Recreational sale=1 × < 60 km 
not-sellingmy=1

–0.015 –0.049+ 0.017 –0.041+ –0.008

(0.0115) (0.0245) (0.0344) (0.0231) (0.0114)
Ln(number of medical patients) 0.004 –0.082+ –0.036 0.065+ 0.002

(0.0117) (0.0471) (0.0287) (0.0345) (0.0177)
R2 0.937 0.779 0.932 0.909 0.925
Observations 2,048 1,536 1,312 1,536 2,048

Notes: Each column represents a separate regression. All regressions include quarter, year, 
and county fixed effects. Standard errors are clustered at the county level and reported in 
parentheses. The industry subsectors are Construction (Cons), Manufacturing (Manu), Nat-
ural Resources and Mining (NR), and Service.
+p < 0.1, *p < 0.05, **p < 0.01.

FE, fixed effect.

Table A33 � The effect of recreational dispensary entry and sales on the unemployment 
rate (Unrate), Ln(labor force), and Ln(unemployed) – regression analysis

Unrate Ln(labor force) Ln(unemp)

(1) (2) (3)

Panel A: amount of sales
Recreational sale –0.365 –0.004 –0.089**

(0.3154) (0.0195) (0.0299)
Recreational sale=1 × < 70km not-sellingmy=1 –0.430 0.006 0.028

(0.2864) (0.0183) (0.0311)
Ln(number of medical patients) –0.580* –0.006 –0.028

(0.2774) (0.0132) (0.0258)
R2 0.882 0.999 0.995
Observations 6,144 6,144 6,144

Notes: Each column represents a separate regression. All regressions include month, year, 
and county fixed effects. Standard errors are clustered at the county level and reported in 
parentheses.
+p < 0.1, *p < 0.05, **p < 0.01.

FE, fixed effect.

70 km
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Table A34 � The effect of recreational dispensary entry and sales on employment – 
regression analysis

All Cons Manu NR Service

(1) (2) (3) (4) (5)

Panel A: amount of sales
Recreational sale 0.054* 0.065 0.094 –0.007 0.035+

(0.0223) (0.0754) (0.0700) (0.1125) (0.0205)
Recreational sale=1 × < 70 km 
not-sellingmy=1

–0.014 –0.010 0.048 –0.011 0.005

(0.0221) (0.0682) (0.0726) (0.1112) (0.0198)
Ln(number of medical patients) –0.021 –0.173+ –0.195** 0.173 –0.027

(0.0153) (0.0946) (0.0648) (0.1135) (0.0184)
R2 0.998 0.989 0.996 0.970 0.998
Observations 6,144 4,608 3,936 4,608 6,144

Notes: Each column represents a separate regression. All regressions include month, year, 
and county fixed effects. Standard errors are clustered at the county level and reported in 
parentheses. The industry subsectors are Construction (Cons), Manufacturing (Manu), Nat-
ural Resources and Mining (NR), and Service.
+p < 0.1, *p < 0.05, **p < 0.01.

FE, fixed effect.

Table A35 � The effect of recreational dispensary entry and sales on wages – regression 
analysis

All Cons Manu NR Service

(1) (2) (3) (4) (5)

Panel A: amount of sales
Recreational sale 0.003 0.036 0.007 0.043 0.006

(0.0148) (0.0288) (0.0214) (0.0368) (0.0135)
Recreational sale=1 × < 70 km 
not-sellingmy=1

–0.004 –0.039 0.004 –0.024 –0.003

(0.0135) (0.0250) (0.0341) (0.0258) (0.0112)
Ln(number of medical patients) 0.004 –0.077 –0.036 0.067+ 0.002

(0.0113) (0.0476) (0.0306) (0.0345) (0.0178)
R2 0.937 0.778 0.932 0.909 0.925
Observations 2,048 1,536 1,312 1,536 2,048

Notes: Each column represents a separate regression. All regressions include quarter, year, 
and county fixed effects. Standard errors are clustered at the county level and reported in 
parentheses. The industry subsectors are Construction (Cons), Manufacturing (Manu), Nat-
ural Resources and Mining (NR), and Service.
+p < 0.1, *p < 0.05, **p < 0.01.

FE, fixed effect.
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Table A36  Multiple inference – adjusted p–value

Dependent variable p–value Sharpened q–values

Panel A: monthly
Unemployment rate 0.009** 0.024*
Ln(labor force) 0.915 1
Ln(unemployed) 0.001** 0.007**
Ln(all industry employees) 0.005** 0.019*
Ln(construction employees) 0.292 0.638
Ln(manufacturing sector employees) 0.001** 0.007**
Ln(natural resource and mining employees) 0.823 1
Ln(service–providing employees) 0.015* 0.031*
Panel B: quarterly
Ln(All industry wages) 0.952 1
Ln(Construction wages) 0.761 1
Ln(Manufacturing wages) 0.594 1
Ln(Natural resource and mining wages) 0.424 0.941
Ln(Service–providing wages) 0.74 1

Panel A: p–values are from Tables 3–4.

Panel B: p–values are from Table 5.
+p < 0.1, *p < 0.05, **p < 0.01.

The Multiple–Inference Problem

Table A37  The effect of recreational dispensary entry – ATT from GSCM

Unrate Ln(labor force) Ln(unemp)

(1) (2) (3)

Start of sales
Recreational sale –0.566* 0.024 –0.006

(0.4191) (0.0334) (0.0332)
Ln(number of medical patients) 0.018 –0.010* 0.043

(0.2547) (0.0084) (0.0713)
Observations 6,144 6,144 6,144

Notes: Each column represents a separate regression with the synthetic control method. 
The standard errors are bootstrapped, and in the mean squared prediction error (MSPE), 
there is an optimal number of unobserved factors (r*) selected from the model.
+p < 0.1, *p < 0.05, **p < 0.01.

ATT, average treatment effect on the treated; GSCM, generalized synthetic control method; 
Unrate, unemployment rate.

Generalized Synthetic Control Model
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Table A38  The effect of recreational dispensary entry on employment – ATT from GSCM

Ln(All) Ln(Cons) Ln(Manu) Ln(NR) Ln(Service)

(1) (2) (3) (4) (5)

Start of sales
Recreational sale –0.035 –0.120 0.137** –0.298 0.042

(0.0203) (0.0804) (0.0562) (0.1314) (0.0587)
Ln(number of medical patients) 0.001 –0.502 0.097 –0.010 0.007

(0.0148) (0.2495) (0.1150) (0.0894) (0.0229)
Observations 6,144 4,608 3,936 4,608 6,144

Notes: Each column represents a separate regression with the synthetic control method. 
The industry subsectors are Construction (Cons), Manufacturing (Manu), Natural Resource 
and Mining (NR), and Service. The standard errors are bootstrapped, and in the mean 
squared prediction error (MSPE), there is an optimal number of unobserved factors (r*) 
selected from the model.
+p < 0.1, *p < 0.05, **p < 0.01.

ATT, average treatment effect on the treated; GSCM, generalized synthetic control method.

Table A39  The effect of recreational dispensary entry on wage – ATT from GSCM

Ln(All) Ln(Cons) Ln(Manu) Ln(NR) Ln(Service)

(1) (2) (3) (4) (5)

Start of sales
Recreational sale –0.003 0.007 0.011 0.036 –0.004

(0.0178) (0.0531) (0.0321) (0.0424) (0.0152)
Ln(number of medical patients) –0.017 0.006 –0.027 0.114** –0.010

(0.0161) (0.1258) (0.0474) (0.0698) (0.0438)
Observations 6144 4608 3936 4608 6144

Notes: Each column represents a separate regression with the synthetic control method. 
The industry subsectors are Construction (Cons), Manufacturing (Manu), Natural Resource 
and Mining (NR), and Service. The standard errors are bootstrapped, and in the mean 
squared prediction error (MSPE), there is an optimal number of unobserved factors (r*) 
selected from the model.
+p < 0.1, *p < 0.05, **p < 0.01. 
ATT, average treatment effect on the treated; GSCM, generalized synthetic control method.
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Table A40  Event study estimates post-dispensary entry periods

Unrate Ln(labor force) Ln(unemp)

(1) (2) (3)
event0:treat 0.382* 0.041* 0.113**
event1:treat 0.320+ 0.043* 0.093**
event2:treat 0.440 0.041* 0.112*
event3:treat 0.179 0.031+ 0.064+

event4:treat 0.192 –0.007 0.025
event5:treat –0.224 –0.003 –0.062**
event6:treat –0.283+ 0.001 –0.060**
event7:treat –0.300 0.009 –0.066*
event8:treat –0.373 0.013 –0.087**
event9:treat –0.486* 0.015 –0.103**
event10:treat –0.393 0.016 –0.085*
event11:treat –0.564* 0.036* –0.105**
event12:treat –0.026 0.040+ 0.042
event13:treat –0.119 0.038+ 0.012
event14:treat 0.133 0.030 0.039
event15:treat 0.058 0.023 0.014
event16:treat 0.227 –0.014 0.010
event17:treat –0.092 –0.014 –0.081*
event18:treat –0.126 –0.011 –0.099**
event19:treat –0.246 –0.004 –0.137**
event20:treat –0.163 –0.004 –0.117**
event21:treat –0.302 –0.003 –0.132**
event22:treat –0.266 –0.002 –0.119**
event23:treat –0.411 0.024 –0.140**
event24:treat –0.263 0.021 –0.030
event25:treat –0.249 0.023 –0.028
event26:treat 0.098 0.019 0.036
event27:treat 0.143 0.008 0.029
event28:treat 0.195 –0.026 –0.000
event29:treat 0.051 –0.017 –0.035
event30:treat 0.040 –0.010 –0.046
event31:treat –0.024 –0.002 –0.069+

event32:treat 0.050 –0.003 –0.058
event33:treat –0.191 –0.003 –0.109**
event34:treat –0.341 –0.003 –0.157**
event35:treat –0.524+ 0.021 –0.200**
event36:treat –0.412 0.015 –0.048
event37:treat –0.499+ 0.019 –0.079**
event38:treat –0.309 0.015 –0.091
event39:treat –0.266 0.011 –0.096*
event40:treat –0.023 –0.024 –0.052
event>40:treat 0.037 –0.002 –0.020

(Continued)

Robustness with Spillover Counties
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Unrate Ln(labor force) Ln(unemp)

(1) (2) (3)
Linear combination
  Combo coefficient –0.117 0.010 –0.046*
  Combo SE 0.2257 0.0139 0.0212
Weighted linear combination
  Combo coefficient –0.073 0.006 –0.038+

  Combo SE 0.2433 0.0148 0.0218
R2 0.880 0.999 0.996
Observations 4,512 4,512 4,512

Notes: Table reports the τk coefficients for k ≥0 from the event study regressions. Each column 
represents a separate regression. Below the table, we report the average and weighted 
average of the τk coefficients from the event study, including only the τk coefficients for 
periods post-dispensary entry. All regressions include month, year, and county fixed effects. 
Standard errors are clustered at the county level and reported in parentheses.
+p < 0.1, *p < 0.05, **p < 0.01.

FE, fixed effect; SE, standard error; Unrate, unemployment rate.

Table A40  Continued


