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1. Introduction

The opening of legal markets for electronic cigarettes (e-cigarettes or electronic nicotine
delivery systems, “ENDS”) and marijuana has dramatically increased access to these substances in
the United States. Along with the immediate pleasure-related utility generated from recreational
consumption (i.e., a “buzz” or “high”), their use may also generate potentially important health
benefits. Increased access to ENDS has been found to curb combustible tobacco product use
(Abouk & Adams, 2017; Abouk, Courtemanche, et al., 2023; Anderson et al., 2020; Pesko &
Warman, 2022), which may be an effective tobacco harm-reducing strategy (Dave et al., 2019;
National Academies of Sciences, 2017; Saffer et al., 2020)." Marijuana use may allow consumers to
treat a variety of painful symptoms associated with chronic and acute health ailments (National
Academies of Sciences 2017)* and has been documented to induce substitution away from other
potentially more harmful health behaviors such as problem drinking (Anderson et al., 2013) and
opioid misuse (Bachhuber et al., 2014; Bradford & Bradford, 2018; Bradford et al., 2018; McMichael
et al., 2020; Raman et al., 2023; Sabia et al., 2021; Vigil et al., 2017; Wen & Hockenberry, 2018).”

Despite these potential benefits, public health advocates caution that increased access to
ENDS — particularly in a policy environment characterized by liberalized access to marijuana —
may renormalize smoking and have unintended “gateway” effects on marijuana and other substance
use that adversely affect health (Gorman, 2016; U.S. Department of Health Human Services, 2016).
For instance, frequent and heavier marijuana use has been found to increase the risk of respiratory
disease (National Academies of Sciences, 2017). Moreover, joint consumption of ENDS and
marijuana products during the 2019-2020 “e-cigarette, or vaping, product use associated lung injury”
(EVALI) outbreak was responsible for 68 deaths and nearly 3,000 hospitalizations for severe
respiratory problems (Centers for Disease Control and Prevention, 2023a). Many of these injuries
occurred to youths, who often jointly consume marijuana and ENDS, sometimes with the same

vaping device (U.S. Department of Health and Human Services, 2019; Zhong et al., 2010).

! Combustible tobacco product use is the leading cause of preventable death in the U.S. and is associated with 480,000
deaths each year (Centers for Disease Control and Prevention, 2020), and causes 40 percent of all cancer diagnoses
(Centers for Disease Control and Prevention, 20106), suggesting that increased smoking would worsen public health.

2 These may include anxiety, pain, fibromyalgia, nausea, and side effects of cancer and HIV treatments (Blake et al.,
2006; Chaves et al., 2020; Chu, 2015; National Academies of Sciences, 2017; Nicholas & Maclean, 2019; Nurmikko et al.,
2007; Powell et al., 2018; Rog et al., 2005; Ullman, 2017).

3 These benefits may be substantial, as excessive alcohol use has been shown to cause 90,000 deaths each year (Stahre et
al., 2014) and the U.S. is in the midst of an opioid epidemic that has killed well over 500,000 Americans since 1999 and
shows no signs of abating (Maclean et al., 2022).



Marijuana use among youths and young adults is of particular concern to leading public
health and medical organizations (American Medical Association, 2021; American Public Health
Association, 2020) for broader reasons than the tisk of severe lung injury.* Early initiation of
marijuana use has been linked to diminished neuro-psychological and neuro-developmental
function, increased risk of psychotic disorders, and increased risk of suicide behaviors (U.S.
Department of Health and Human Services, 2019). Because the brain continues to develop through
one’s early 20s — most notably in regions linked to executive function, reward, and impulse control
(Gruber & Koszegi, 2001) — substance use during this developmental stage may persistently
damage longer-run cognition and adversely affect outcomes that rely on these regions of the brain
for functioning (Scheier & Griffin, 2021). In addition, early initiation into marijuana use more than
triples the risk for cannabis use disorder (CUD), a chronic and costly condition affecting over 16
million Americans (Fergusson et al., 2003; Substance Abuse and Mental Health Services
Administration, 2023), and could increase the risk of harder drug use if younger users are seeking a
more intense recreational “high” (National Institute on Drug Abuse, 2021).

This study contributes to a growing literature that explores the spillover effects of e-
cigarette-inclusive tobacco control policies on substances that carry substantial private and external
health costs (Abouk, Adams, et al., 2023; Abouk, Courtemanche, et al., 2023; Dave et al., 2023;
Hansen et al., 2021; Pesko & Warman, 2022). We focus on ENDS taxes, an increasingly popular
policy strategy to curb nicotine vaping, particularly among youth and young adults, as well as a tool
that can, when optimally set, correct for market externalities and internalities (DeCicca et al., 2022)
associated with e-cigarette use. However, evaluating the efficacy of a Pigouvian tax requires assessing
general equilibrium effects, particularly those with potentially large social benefits or costs.

As of December 2023, 31 states and the District of Columbia had an e-cigarette tax in place
(Public Health Law Center, 2023). Minnesota was the first state to adopt a statewide ENDS tax in
August 2010, with a $0.45 per ml of e-liquid (in 2019%). Given the scope (i.e., more than half of
states have adopted ENDS taxes) and size (i.e., taxes range from $0.01 to over $2.50 per ml of fluid)
of ENDS taxes and the potentially important general equilibrium effects of these policies,

understanding the effect of ENDS taxation on marijuana and harder drug use is crucial.

#In addition, the Substance Abuse and Mental Health Services Administration (SAMHSA) calls youth marijuana use “a
major public health concern” (2021).

5 Some states have adopted an ad valorem tax, which is a percentage of the retail price, while others have adopted a tax
per milliliter (ml) of the nicotine-containing fluid (“e-liquid”) inside the e-cigarettes that is heated into the vaped aerosol.
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Conceptually, ENDS taxes may affect marijuana use through a number of channels. ENDS
and marijuana may be economic complements, perhaps because (1) the utility-enhancing “buzz” of
one product’s consumption is enhanced by consumption of the other,’ (2) because vaping nicotine
serves as a gateway to marijuana use, (3) joint consumption enhances social capital acquisition (e.g.,
demonstrating one’s “coolness” to peers), or (4) since nicotine and marijuana can both be vaped,
investing in the fixed cost of a nicotine vaping device reduces the cost of vaping matijuana.” These
biological, social and economic channels may also explain the high degree of co-engagement,
particularly among youth, in both activities.® In this case, an increase in ENDS taxes would decrease
demand for marijuana.

On the other hand, if the two goods are substitutes, perhaps serving as competing ways to
attain utility from a buzz or even the act of vaping, then ENDS taxes will increase demand for
marijuana. Substitution responses could also result as a tax-avoidance strategy, particularly across
products that serve a common purpose ot have similar psychoactive effects.” ENDS taxes could also
affect marijuana use via an income effect, whereby consumers of ENDS will simply have less
income to purchase marijuana. Or it may be that ENDS taxes serve as an information shock about
the dangers of smoking or vaping a menu of products that include ENDS and marijuana. Finally,
ENDS taxes could affect marijuana use through “second order” spillover effects: that is, through the
effects of ENDS taxes on alcohol (Dave et al., 2022) or combustible tobacco product use (Abouk &
Adams, 2017; Abouk, Courtemanche, et al., 2023; Anderson et al., 2020; Pesko & Warman, 2022),
which could also be related to marijuana consumption decisions.

With respect to recreational consumption of harder drugs such as opioids (i.e., fentanyl,
heroin, or nonmedical use of prescription painkillers), cocaine, or methamphetamine, the pathways
through which ENDS taxes may affect such outcomes are conceptually similar to the above.

However, the effects are likely to be smaller given that harder drugs are much less likely to be

¢ Such reinforcing cross marginal utility effects have been indicated for the consumption of ENDS and alcohol (see:
Thrul et al. (2019) and Dave et al. (2022)).

7 Over 87 percent of middle- and high-school students who consumed e-cigatettes over the past 30 days reported doing
so using devices (tank systems, mod systems, pods) which could also be readily used for vaping marijuana, based on the
2019 National Youth Tobacco Survey.

8 Almost 52 percent of teens who currently use vaping products, also consume marijuana (2019 National Youth Risk
Behavior Survey).

9 Marijuana and nicotine have addictive potential. Research has shown that each of these can produce both stimulant and
sedating effects depending on dose and the user (Henningfield & Woodson, 1989; Murray, 1986). Hence, for some
subset of youth users, who derive similar psychoactive effects from matijuana and nicotine, higher ENDS taxes may lead
them to substitute towards marijuana use either at the intensive margin or at the extensive margin.
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economic complements or substitutes for e-cigarettes.'’ Rather, we might expect that a relationship
between ENDS access and harder drugs, if present, is likely to be explained by income effects or,
perhaps, longer-run gateway effects through marijuana use.

This study is the first to examine the spillover effects of ENDS taxes on marijuana and
harder drug use. Using data from five national datasets (State and National Youth Risk Behavior
Survey, Behavioral Risk Factor Surveillance Survey, National Survey on Drug Use and Health, and
Treatment Episode Dataset) spanning the period 2000 to 2019, and a generalized difference-in-
differences approach, we document four key findings. First, we confirm earlier studies and show
that ENDS taxes are effective in curbing ENDS use, particularly among teens and younger adults.
Specifically, we find that a one-dollar increase in ENDS taxes (in 2019$) leads to a 5.4 to 7.6
percentage-point (20 to 34 percent) reduction in teenage ENDS use and a 1.1 to 3.1 percentage-
point (13 to 23 percent) reduction in younger (18-to-30 years) adult vaping. Both the sign and
magnitude of our “first stage” effects are in line with findings form earlier studies (Abouk,
Courtemanche, et al., 2023; Pesko et al., 2020). Second, we find consistent evidence of spillover
effects of ENDS taxes on marijuana use. A one-dollar increase in ENDS taxes leads to about a two
percentage-point (10 percent) reduction in marijuana use among high school students and a 0.8
percentage-point (11 percent) reduction in marijuana use among adults ages 18-and-older. Our
“second stage” effects are approximately 70 percent smaller in absolute magnitude relative to the
first stage effects on e-cigarette use, suggesting that second stage spillover effects are plausible. A
causal interpretation of these findings is supported by event study analyses, including those
generated from both two-way fixed effects and stacked difference-in-differences approaches, which
in the latter case adjust for any potential biases due to heterogeneity in the treatment effects
dynamically or spatially across the treated units.

Third, we find no evidence that ENDS taxes affect other discretionary purchases (i.e., soda,
fast food, juices, contraception), consistent with the hypothesis that the underlying mechanism
driving the observed relationship between ENDS and marijuana use is unlikely an income effect.
Back-of-the-envelope calculations also corroborate that the income effect generated by a one-dollar
increase in the ENDS tax is not nearly large enough to explain the estimated reduction in marijuana
use. Our estimated effects of ENDS taxation on marijuana use also cannot be fully explained by any

secondary effects on marijuana use margins that operate through ENDS tax-induced shifts in

10 After alcohol use, nicotine vaping and cannabis use constitute the most reported substance use and early onset use
among teens in the 2019 Monitoring and Future Survey and 2019 Youth Risk Behavior Survey.
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cigarette smoking. These findings support the hypothesis that ENDS and marijuana are economic
complements, and the relationship is particulatly strong during adolescence and young adulthood,
stages of development when the use of substances (including both ENDS and marijuana) can have
negative and persistent impacts on a wide range of well-being measures."'

Finally, we find no evidence that ENDS taxes affect more frequent marijuana use,
marijuana-related drug treatment admissions, or use of “harder” (non-marijuana) drugs. To the
contrary, the results indicate that ENDS access affects marijuana use largely on the margin of lighter
or moderate consumption. Broadly, our findings underscore the importance of examining spillover
effects of ENDS taxes and access generally on related outcomes in order to fully assess their
efficacy. With respect to public health concerns surrounding youth substance use, our findings
suggest that ENDS taxation can generate important and beneficial spillover effects in terms of

reducing marijuana use as well as joint use of e-cigarettes and marijuana among teens.

2. Background

2.1 Health and Cognitive Effects of Marijuana Use

In 2021, marijuana was the most commonly used recreational drug in the U.S. with 19.6
percent of adults (18 years and older) and 10.5 percent of youth (ages 12-to-17 years) reporting past-
year use of this product (Substance Abuse and Mental Health Services Administration, 2023)."
Public health advocates raise concern that marijuana consumption, particularly when initiated at
earlier ages and consumed frequently at heavier doses, increases the risk of addiction, marijuana-
related psychosis, respiratory problems, and exposure to toxic ingredients such as arsenic (National
Academies of Sciences, 2018; Wang et al., 2022).

Marijuana use among youths and young adults is also associated with cognitive impairment
such as memory loss (Levine et al., 2017); psychological conditions including mood disorders,

hallucinations, delusions, and psychosis (Levine et al., 2017; Scheier & Griffin, 2021; Van Ours &

1 In addition to the discussed health implications of marijuana use, youth ENDS use (absent use of matijuana) can
potentially have negative implications such as impeded brain development associated with nicotine that is found in the
vast majority of ENDS products (Cotti et al., 2022; U.S. Department of Health Human Setvices, 2016).

12 This statistic excludes alcohol, which was consumed by 17.8 percent of youths under the age of 18 and 66.9 percent of
young adults ages 18-and-older.



Williams, 2015); increased risk for motor vehicle accidents (Hingson et al., 1982);" and CUD (Hasin
et al., 2015), with 30 percent of current marijuana consumers having a CUD. Frequent or heavy
marijuana smoking can cause important respiratory and lung related injuries such as chronic cough,
bronchial episodes, increased phlegm productivity, chronic bronchitis symptoms, airway
inflammation, and airflow obstruction (Joshi et al., 2014; National Academies of Sciences, 2017),
and long-term marijuana smoking has been found to be associated with increased respiratory
symptoms suggestive of obstructive lung disease (Tetrault et al., 2007).

The health harms of marijuana use are particularly concerning for youth due to important
biological and social developmental changes that occur during this life stage. For example, the
teenage period is an important time for human capital accumulation (i.e., through educational
investments) and marijuana use can impede such accumulation through direct cognitive impairment,
hangover effects, and adverse physical and mental health effects (Van Ours & Williams, 2009).
Given the theoretical and empirical importance of human capital for earnings and labor market
success (Becker, 2009), marijuana use could have long-term consequences for financial stability."

Furthermore, youths may discount the longer-term costs of current consumption decisions
over addictive goods (Gruber & Koszegi, 2001; Scheier & Griffin, 2021; Steinberg, 2008), which
may be large. Early marijuana use disproportionally increases the likelthood of a CUD, as 16 percent
of people who initiate marijuana use during youth develop a CUD at some point in their lifetime
versus just five percent of those who initiate at later ages (Fergusson et al., 2003).

Many major mental health disorders also emerge during youth (Kessler et al., 2005), and
marijuana use may exacerbate development of a mental health disorder or potentially cause youth to
avoid secking treatment for fear of disclosing marijuana use. The prefrontal cortex area of the brain,
which is associated with impulse control and judgement, continues to develop through the early 20s
(Gruber & Koszegi, 2001) and substance use during this period can persistently damage brain
development (Pfefferbaum et al., 2018; Salmanzadeh et al., 2020; Volkow et al., 2014). Youth
marijuana use is linked to increased risk of mental illness such as anxiety, depression, and

schizophrenia (Salmanzadeh et al., 2020; Scheier & Griffin, 2021; Szczepanski & Knight, 2014).

13 A substantial portion of high-school students, 16 years and older, who currently use marijuana, report having driven a
car or vehicle in the past month when they had been using marijuana (53 percent based on 2017 National Youth Risk
Behavior Survey).

14 Marijuana use could, in theory, also increase criminal behavior through their psychological effects as well as the need
to finance addiction (Popovici et al., 2014). Having a criminal record early in the life course can have cascading negative
effects on labor market success.



Concerns around youth joint use of marijuana and ENDS were heightened in 2019 and 2020
when the Centers for Disease Control and Prevention (CDC) documented numerous cases of
EVALI (2021). Between August 2019 and February 2020, the CDC recorded 68 deaths and over
2,800 EVALI hospitalizations with symptoms ranging from shortness of breath, coughing, chest
pains, and general respiratory problems, with youth and young adults representing a
disproportionate share of those affected (Centers for Disease Control and Prevention, 2021). ENDS
were initially suggested by CDC as a likely cause of EVALI because the majority of patients had
used an ENDS product in the three months prior to the death or hospitalization (Centers for
Disease Control and Prevention, 2021). Over time, researchers determined that most affected
persons had tampered with commercially produced ENDS products, in particular adding vitamin E
acetate, and using the ENDS product to vape marijuana which is not recommended by ENDS
producers (Blount et al., 2020). Thus, the EVALI outbreak is most directly linked to vaping

marijuana rather than ENDS use per se among youth and young adults.

2.2 Policy Environment for Marijuana

Marijuana possession and distribution have been prohibited at the federal level since the
Marihuana Tax Act of 1937 and marijuana is currently a Schedule I drug (i.e., no accepted medical
use and high potential for abuse) under the Controlled Substances Act of 1970. However, beginning
with California in 1996, a number of states have legalized marijuana for first medical and later
recreational use. By November 2023, 38 states and the District of Columbia had legalized the
medical use of marijuana for patients who receive a recommendation from a healthcare professional
for treatment of a “qualifying” health condition such as chronic pain or anxiety (ProCon, 2023a),
and 24 states and the District of Columbia had legalized recreational marijuana (ProCon, 2023b). All
legalizing states prohibit sales to youth: the minimum legal sales ages range from 18 to 21 for
medical laws (ProCon, 2023a) and are uniformly age 21 for recreational marijuana (ProCon, 2023b).

Federal marijuana reforms are also part of the current policy debate. At the time of writing,
the Drug Enforcement Agency (DEA) is evaluating a recommendation from the Department of
Health and Human Services (HHS) that marijuana be reclassified from a Schedule I to Schedule 111

drug, which would recognize that marijuana has “some accepted medical use” and “moderate to low



potential for physical and psychological dependence” (Congressional Research Service, 2024)."
Further, in 2022 and 2023, President Biden pardoned persons convicted of select federal crimes
related to simple possession of marijuana (U.S. Department of Justice, 2023), signaling a further
softening of the federal government’s “war on marijuana.”

Previous research suggests that medical and recreational marijuana legalization leads to
increases in marijuana use among adults. For example, following a recreational marijuana law, adult
use of this product increases by 25 percent to 40 percent (Abouk, Ghimire, et al., 2023; Cerda et al.,
2020; Hollingsworth et al., 2022; Maclean et al., 2021). Changes in use stemming from medical laws
are somewhat more modest in size given that these policies impact a smaller share of the population
(Hollingsworth et al., 2022).

Spillover effects of recreational marijuana legalization on youths is, a priori, difficult to sign.
On the one hand, increased supply of marijuana through legal dispensary sales and home cultivation
could reduce the price of marijuana in illicit markets (i.e., from local drug dealers), leading to an
increase in youth consumption. Additionally, and in practice, the legalization of recreational
marijuana has been accompanied by robust taxation, and regulations and administrative burdens for
licit marijuana businesses (ProCon, 2023b). New marijuana taxes may expand the illicit market as
sellers attempt to avoid marijuana taxes while regulations and administrative burdens may inhibit the
ability of legal sellers to enter the new market; an unintended effect may be an increase in sales to
minors via such reinvigorated illicit markets. On the other hand, the opening of new licit marijuana
markets and falling competition-driven marijuana prices may dry up the illicit market as sellers move
to more profitable endeavors (including selling of other illicit substances). Empirical evidence on the
effects of recreational marijuana laws on youth marijuana use is quite mixed, with studies

documenting increases, decreases, and stable use post-policy (O’Grady et al., 2022).

2.3 Rise of the ENDS Market

The first commercially successful ENDS were developed by Hon Lik, a pharmacist in China,
as a harm reduction product for addicted smokers in 2003 (CASAA, 2023)." The first recorded
ENDS sale in the U.S. occurred in August 2006 (CASAA, 2023). These products quickly became

popular among Americans with current use of ENDS products among adults increasing from 3.3

15 If the DEA follows the recommendation of HHS, this re-scheduling could increase use of marijuana as federal
prohibition will be removed, which will reduce some penalties for sellers and consumers, and reduce some costs of
supplying marijuana to the market.

16 Commercially unsuccessful ENDS products date back as far as 1930 (CASAA, 2023).
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percent in 2010 to 4.4 percent in 2014 and 5.1 percent in 2020 (Boakye et al., 2022; King et al.,
2015)."" Of particular relevance to our study, youth vaping increased exponentially after the entrance
of ENDS to the U.S. tobacco market. In 2011 1.5 percent of high school students reported current
use of ENDS and this share had increased to 20.8 percent in 2018 (Cullen et al., 2018). By 2022,
32.1 percent of high school seniors reported using ENDS in the past year (Miech et al., 2023).

Optimal regulation of ENDS is challenging given the heterogenous reasons consumers use
these products and the health implications stemming from such uses. On the one hand, and in line
with their original purpose, some smokers who cannot quit smoking turn to vaping as a less harmful
way to consume nicotine (the addictive ingredient in tobacco products). Utility may increase if
consumers are better able to match consumption with their preferences and public health may be
improved by such “harm reduction” use as ENDS are believed by most experts to be substantially
less damaging to health than combustible cigarettes. For example, in a survey of 137 tobacco control
experts, Allcott and Rafkin (2022) report that the mean (median) expert believes that the impact of
ENDS use on quality-adjusted life expectancy is only 37 (20) percent as large as the impact of
smoking. Alternatively, public health advocates contend that access to ENDS encourages youth and
young adults, who would not otherwise use tobacco products, to vape and, potentially through
gateway effects (Dai et al., 2018), smoke. Such use of ENDS is likely harmful to public health
(Scheier & Griffin, 2021; U.S. Department of Health Human Services, 2016; Zhong et al., 2010).

Despite evidence of important harm reduction-related benefits of ENDS, regulations aimed
at reducing access to ENDS products have been increasing over time. By 2016, all U.S. states and
the District of Columbia implemented a minimum legal sales age (“MLSA”) of 18 or higher and in
December 2019, a federal Tobacco-to-21 (“T-217) law, which raised the minimum legal purchasing
of all tobacco products (i.e., ENDS, combustible tobacco products, smokeless tobacco products) to
age 21, was adopted. As of March 31, 2023, 17 states and the District of Columbia had adopted
clean indoor air laws that extended to ENDS (Centers for Disease Control and Prevention, 2023),
five states had adopted statewide ENDS flavor bans (Campaign for Tobacco-Free Kids, 2023), and
34 states and the District of Columbia had adopted ENDS licensure laws (Centers for Disease

Control and Prevention, 2023).

17 Most major U.S. health surveys of adults did not include questions related to ENDS use until 2011. The Tobacco Use
Supplement to the Current Population Survey added a question in 2011 but ENDS questions were not added to the
National Health Interview Survey until 2014 and the BRFSS until 2016.
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One of the most popular policy strategies to curb ENDS use is to tax its sale via an excise
tax (per ml of e-liquid) or an ad valorem tax. As of November 2023, 31 states and the District of
Columbia had adopted an ENDS tax (Public Health Law Center, 2023). Minnesota was the first
state to adopt an ENDS tax (August 1, 2010), imposing an excise tax of 35 percent, later raised to 95
percent in 2013. In 2015, two more states (Louisiana and North Carolina) and the District of
Columbia adopted an ENDS tax followed by two more states (Pennsylvania and West Virginia) in
2016, two more in 2017 (California, Kansas), two more in 2018 (Delaware, New Jersey), eight in
2019 (Connecticut, Illinois, New Mexico, New York, Ohio, Vermont, Washington, and Wisconsin),
and 13 more (Colorado, Georgia, Indiana, Kentucky, Maine, Maryland, Massachusetts, Nevada, New
Hampshire, Oregon, Utah, Virginia, and Wyoming) by the end of 2022. In addition, over this period
two large counties also adopted ENDS taxes: Cook County, Illinois (in 2016) and Montgomery
County, Maryland (in 2015). Figure 1 shows the geographic and temporal variation in ENDS taxes
over the period 2010-2019, which corresponds to the last year of data we use in our analysis.
Appendix Table 1 shows the dates of the policy changes and the precise magnitudes of the tax

changes we exploit in our empirical analyses.

2.4 Mechanisms Through Which ENDS' Taxes May Affect Substance Use

There are various pathways through which ENDS taxes could impact marijuana use. These
channels may be re-enforcing or offsetting. Previous research shows that ENDS taxes are nearly
fully passed through to prices faced by consumers (Allcott & Rafkin, 2022; Cotti et al., 2022)"* and
that vaping declines substantially post-tax (Abouk, Courtemanche, et al., 2023; Cotti et al., 2022).
For example, a one-dollar increase in ENDS taxes reduces ENDS retail sales by 51.9 percent (Cotti
et al., 2022). If ENDS and marijuana are economic substitutes, then the decline in the quantity of
ENDS demanded should lead to an increase in the demand for marijuana. Alternatively, if the goods
are economic complements, then demand for marijuana will decline following taxation of ENDS.

By increasing the price of ENDS (and nearly one-for-one based on the findings of Cotti et
al. (2022)), ENDS taxes could reduce available income and therefore “crowd out” other purchases
(Busch et al., 2005). That is, even if consumers partially reduce ENDS purchases in response to the
tax, the tax increase could limit resources available for other goods, leading to a (“mechanical”)

decline in the use of marijuana products even if the goods are neither complements or substitutes.

18 In particular, Cotti et al. (2022) document a pass-through rate of 0.90 in retail stores. This estimate implies that for
every one-dollar tax increase, ENDS prices in retail stores increase by $0.90.
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Income effects may be particularly salient for youth who tend to have tighter budget constraints
than adults and for whom co-use of marijuana and ENDS is common. For example, youth who use
marijuana have a six times higher odds of using ENDS than other youth (Hershberger et al., 2020),
which could suggest that crowd-out is plausible."” Relatedly, most e-cigarette users consume e-
cigarettes using devices (e.g., pods, tank systems, and mod systems) which incur a fixed buy-in cost
and that can be adapted to also vape marijuana; hence, having invested in such devices to consume
nicotine reduces the cost of vaping marijuana. This pathway may be particularly salient for new
initiates of e-cigarettes; by deterring initiation (Abouk, Courtemanche, et al., 2023) and thus the
purchase of vaping devices, higher e-cigarette taxes would increase the cost of consuming marijuana
through vaping, implying economic complementarity between nicotine and marijuana consumed
through a common delivery mode.

ENDS taxes could serve as “signal” about the relative risk of vaping specifically and
substance use generally (Rees-Jones & Rozema, 2023). Thus, post-tax consumers may re-evaluate
risks associated with the use of all substances, and demand for substances overall may decline
through a chilling effect. Furthermore, if marijuana and ENDS are used in social settings (Reboussin
et al., 2021), that is their combined use with peers enhances the utility from use of both products,
then post-ENDS taxation, there may be less social utility from consuming marijuana as there is a
reduction in ENDS use by the overall peer group, suggesting a decline in the demand for marijuana.
With respect to combustible tobacco use, marijuana use, and alcohol use, there is consistent
evidence of significant and positive peer effects (Kremer & Levy, 2008; Lundborg, 2006; Powell et
al., 2005). The presence of peer effects in ENDS and marijuana consumption would magnify the
impact of ENDS taxes by generating a social multiplier effect. If ENDS taxes increase (decrease) the
demand for marijuana, then the shift in marijuana use at the peer group level would lead to
reinforcing increases (or decreases) in the demand for marijuana through the feedback loop between
peer groups and the individual. Finally, there may be a biological link between ENDS and marijuana
use. That is, if the use of one product increases the “high” or euphoria associated with the use of the
other product (Reboussin et al., 2021), then ENDS taxes may lead to a reduction in marijuana use

for those consumers who choose to use the products in combination due to the enhanced utility.

19 In our State YRBS sample (described in Section 3), neatly 12 percent of youth report using both ENDS and
marijuana. Among current (past month) e-cigarette users, over half (51.8 percent) of the surveyed teens in the 2019
National YRBS reported also using marijuana.
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ENDS taxes may also affect marijuana use through their second-order effects on
combustible tobacco products or alcohol. For instance, there is evidence that marijuana and
combustible cigarettes are substitutes among adults (Choi et al., 2019; Dave et al., 2023) and that
marijuana and alcohol are also substitutes among adults (Anderson et al., 2013; Anderson & Rees,
2023). Given evidence that ENDS taxes increase combustible tobacco product use (Abouk &
Adams, 2017; Abouk, Courtemanche, et al., 2023; Anderson et al., 2020; Pesko & Warman, 2022)
and decrease heavier drinking (Dave et al., 2022), the net marijuana effects from these second-order
spillover channels are difficult to sign.

With respect to harder (non-marijuana) drug use, increases in ENDS taxes could impact
such use through similar pathways as outlined above for marijuana. That is, through economic
complementarity or substitutability, income effects, social network effects, information shocks, or
longer-term gateway/secondary spillover effects. However, we conjecture that such relationships, if
present, are likely weaker as fewer youth and young adults consume harder drugs overall (Substance
Abuse and Mental Health Services Administration, 2023), and joint use of these products is much
less common: for example, just 1.1 percent of youth 12 to 18 years report past-month ENDS use
and ever use of cocaine or heroin the State Youth Risk Behavior Survey (described in Section 3.1).
Previous clinical research also suggests much weaker associations between youth tobacco product

use and harder drugs such as cocaine and heroin than with marijuana (Silveira et al., 2018).

2.5 Laterature on Tobacco and Marijuana Use

Public health experts often claim that tobacco may be a gateway drug to marijuana (Dai et
al., 2018), but the evidence using methods designed to estimate causal effects to support this
hypothesis is decidedly mixed, with different studies reaching distinct conclusions on the direction
and strength of this relationship. The literature assessing this pathway has largely focused on
combustible cigarettes.

In an early study, Pacula (1998) uses data from the 1983 and 1984 National Longitudinal
Survey of Youth and documents that as cigarette prices (including taxes) increase, youth marijuana
use declines.” Using data from the National Household Survey on Drug Abuse for the period 1990—
1996, Farrelly et al. (2001) find that higher cigarette taxes are associated with decreases in the

intensity of marijuana use among 12-to-20-year-olds. Applying a similar empirical approach with

20 A concern with using prices is that they are determined by market forces that are difficult to fully account using
regression methods. Thus, results based on prices could be vulnerable to omitted variable bias.
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data from Monitoring the Future over the period 1992 to 1994, Chaloupka et al. (1999) find that
cigarette taxes are negatively related to intensity of marijuana use among users. These studies suggest
that marijuana and combustible cigarettes are complements for youths, but findings are based on the
U.S. tobacco market in the 1980s and 1990s, which is quite different from the current market.

On the other hand, using data for a more recent time period (1991-2017) from the Youth
Risk Behavior Survey (which we also use in our analysis), Anderson et al. (2020) find little evidence
supporting the hypothesis of teen marijuana consumption being sensitive to cigarette taxes. The
authors conclude that one possible reason for the null finding is that combustible cigarette taxes
have become less effective at deterring youth combustible tobacco product use because the marginal
smoker in more recent years has a relatively inelastic demand for cigarettes. In an extension to the
main analysis, the authors examine the impact of introducing an ENDS tax on marijuana use and
find evidence of economic complementarity.”' In particulat, following the initial adoption of an
ENDS tax, any use of marijuana among youth declines by 1.3 percentage points (6.6 percent) while
there is no observable change in the probability of more frequent use. Overall, studies exploiting
variation in cigarette taxes suggest that combustible cigarettes and marijuana are economic
complements, or are unrelated goods.

In addition to taxes, researchers have leveraged other policy shocks to explore whether
marijuana and tobacco are related goods. A recent study by Hansen et al. (2021) exploits data from
the 2009-2019 State Youth Risk Behavior Survey to study the effect of T-21 laws on youth tobacco,
alcohol, and marijuana consumption. The authors find evidence that marijuana use declines
following the adoption of state T-21 laws, consistent with the hypothesis that tobacco and marijuana
are complements for teens.

Other studies have examined the effect of changes in access to marijuana on tobacco use.
Dave et al. (2023) find that the adoption of recreational marijuana laws leads to a lagged reduction in
adult vaping and combustible cigarette smoking. Miller and Seo (2021) and Choi et al. (2019) also
demonstrate a similar pattern of results suggesting that marijuana and tobacco may be substitutes for
adults.” There is very little causal evidence on the impact of recreational marijuana legalization on

youth tobacco consumption.

2! The authors use a measure of “any” ENDS tax and therefore do not compensate for the intensity of the tax. Further,
in using data through spring of 2017 (as we describe in Section 2.3), the authors are only able to exploit the introduction
of ENDS taxes in ten states. Finally, the authors only consider just two marijuana use measures, and do not consider the
use of other illicit substances. Thus, we build on this study in important ways.

22 In contrast, a handful of studies find no evidence of an association between matijuana legalization and tobacco use
(Alley et al., 2020; Andreyeva & Ukert, 2019; Veligati et al., 2020).
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This study advances the above literature by being the first to comprehensively explore the
impact of e-cigarette taxation on marijuana and harder drug use. While our focus is on youth and
adult marijuana use, we also explore spillovers to drug treatment admissions and harder drug use,

which could be affected through gateway type spillovers from effects on marijuana consumption.

3. Data
Our empirical analysis draws on five national datasets to measure youth and adult marijuana
use, as well as harder drug use, spanning the period 2000-2019. The datasets include the State and
National Youth Risk Behavior Surveys (YRBS), the Behavioral Risk Factor Surveillance System
(BRESS), the National Survey on Drug Use and Health (NSDUH), and the Treatment Episode
Dataset (TEDS). Fach dataset offers advantages and disadvantages for addressing our research
question, and these data collectively allow us to comprehensively examine the relationship between

ENDS taxes and marijuana use as well as other illicit drug use. We describe each dataset in turn.”

3.1 State and National Youth Risk Behavior Surveys (YRBS)

Our primary data source to measure youth ENDS and marijuana use is the State YRBS, a
pooled cross-sectional dataset spanning the years 2003 through 2019. These biennial surveys are
coordinated by the CDC and are distributed to those attending 9" through 12" grades (in public and
private schools) by state Departments of Health and Education. The State YRBS is a school-based
survey that, when weighted, produces estimates that are representative of the health behaviors of
each state’s high school population and can be weighted to be representative of each state’s 14-to-
18-year-old population.* Because we analyze (primarily)* a state policy change, the use of survey
data designed to generate population-based estimates of szate-/eve/ trends in risky health behaviors of
high school students is an important advantage. Over the 2003-2019 period, the State YRBS were
largely distributed in the Spring of the academic year (January through June), allowing us to identify
the effects of ENDS taxes for eight of 17 treatment states as well as three large localities in two

additional states (see Appendix Table 1). We note that because of the lack of data before and after

23 We truncate the sample in 2019 to avoid confounding from the COVID-19 pandemic.

24 The person-specific sample weights we generate make the sample representative of all 14-to-18-year-olds in the U.S.
Our person-specific sample weights are calculated as the product of the normalized State YRBS person weight
(tenormalized to sum to one in each state-yeat) and the state-by-year-by race/ethnicity-by gender population data on 14-
to-18-year-olds from the National Cancer Institute’s Surveillance, Epidemiology, and End Results Program (SEER).

%5 Two counties have adopted ENDS taxes (see Section 2.3).
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their ENDS tax changes, Minnesota and the District of Columbia do not contribute to the
identification of the effects in our analyses with the State YRBS.

We supplement these State YRBS analyses with the National YRBS. Questions on ENDS
and marijuana use are conveniently identical across the two datasets. Even though both surveys are
coordinated by the CDC, they are, in the main, administered separately, though the CDC reports
that there may be some overlap in high school students who are asked questions for the separate
surveys comprising the State and National YRBS. One of the advantages of the National YRBS is
that the sample is representative of the U.S population of high school students. Moreover, using
these data allows us to exploit tax policy changes in Minnesota for identification. Alternatively, the
National YRBS does not include pre- and post-treatment data from Kansas, and thus we cannot
exploit policy changes from this state. The use of National YRBS data may introduce measurement
error when attempting to estimate the health effects of a state policy, as the survey is not designed to
be representative of state-level trends in ENDS use, marijuana use, or hard drug use (see Maclean et
al. (2023) for a discussion of this issue). For this reason, we view the State YRBS as our preferred
dataset for youth ENDS and marijuana use.

To estimate “first stage” effects of ENDS taxes on nicotine vaping among U.S. high school
students we pool data from the 2015-2019 surveys. Beginning in 2015 and continuing in each

subsequent wave, respondents to the State and National YRBS are asked:

“The next questions ask about electronic vapor products such as JUUL, Vuse, MarkTen, and
blu. Electronic vapor products include e-cigarettes, vapes, vape pens, e-cigars, e-hookahs,
hookah pens, and mods... During the past 30 days, on how many days did you use an electronic

vapor product?”

ENDS Use is set equal to one if the respondent reports using an ENDS at least once in the past 30
days; it is set equal to zero otherwise. We find that 21.1 percent of respondents in the State YRBS
and 23.6 percent of respondents in the National YRBS report prior month ENDS use.

Next, we turn to our marijuana use measure, for which we can turn to earlier YRBS waves
pre-dating the adoption of the first statewide ENDS tax (in 2010 in Minnesota). We draw marijuana

data from the 2003 through 2019 waves when respondents are asked:

“During the past 30 days, how many times did you use marijuana?”
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Marijuana Use is set equal to one if the respondent reports using marijuana at least once in the past
30 days; it is set equal to zero otherwise. We find that 19.9 percent of respondents in the State YRBS
and 22.0 percent of respondents in the National YRBS report prior month marijuana use. If we
examine heavier marijuana use, we find 13.0 percent of respondents in the State YRBS report
consuming marijuana at least three times in the last month and 8.2 percent report consuming

marijuana at least ten times in the last month.*

Appendix Figure 1 shows the time trends in
marijuana use for the full sample period.

In addition, the State YRBS provides some information on how youth typically consume
marijuana. These questions are only available in the years 2015 and 2017 for four states,” but are
descriptively useful in assessing possible mechanisms that could link tobacco and marijuana use
among teens. Analysis of the survey responses (see Appendix Figure 2) reveals that among youth
marijuana users, the vast majority (84.6 percent) consume marijuana by smoking it in joints, bongs,
pipes, or blunts. Smaller proportions report consuming marijuana through edibles (8.8 percent),
beverages (2.0 percent), vaporization (1.9 percent), or other unspecified methods (2.8 percent),
though the prevalence of consuming marijuana specifically through vaping devices has been
increasing in recent years (Harrell et al. 2022).*

With respect to harder (i.e., non-marijuana) drug use, YRBS respondents are asked whether
they have ever consumed cocaine and whether they have ever consumed heroin. We use these
“ever” questionnaire items because the share of prior month hard drug use among U.S. teenagers is
uniformly under two percent (Harder Drug Use). In our analysis sample, 6.5 percent and 3.0 percent
of youths report having consumed cocaine and heroin, respectively. For our difference-in-
differences analysis of the ever-use measure of harder drugs, the treatment effect will, therefore, be
identified off of the znitiation margin of harder drug use (see Dave et al. (2023) for a discussion of
ever use measures in policy analyses). Appendix Table 2 reports summary statistics for the State and

National YRBS.

3.2 Behavioral Risk Factor Surveillance System (BRESS)
To study adults, we supplement our analysis of the State and National YRBS first with data

from the Behavioral Risk Factor Surveillance System (BRESS). The BRESS is a large comprehensive

26 In the National YRBS, these numbers are 14.5 percent and 9.2 percent respectively.

27 The states are Alaska, Hawaii, Nebraska, and Nevada.

28 Among high-school seniors, data from the Monitoring the Future (MTT) Surveys indicate that past month prevalence
of vaping marijuana increased from 4.9 percent (2017) to 14.0 petcent (2019) to 14.8 percent (2022) (Miech et al., 2023).
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telephone survey administered annually by the CDC that includes data on a broad range of health-
related risk behaviors, chronic health conditions, and the utilization of preventive services among
U.S. residents 18 years and older. The survey is specifically designed to provide a representative
snapshot of health-related factors among all U.S. adults. We use information on adult ENDS
consumption, focusing on individuals ages 18-to-20 (i.e., adults under the minimum legal purchasing
age for marijuana) and adults ages 21-and-older.

Similar to the YRBS, the BRESS captures information on ENDS use but only within a
limited time window spanning from 2016 to 2018. Respondents are asked about their current “usage
of e-cigarettes or other electronic vaping products,” with response options categorized as “some
days,” “every day,” or “not at all.”” ENDS Use is set equal to one if the respondent reports using
ENDS or vaping products on “some days” or “every day;” and zero otherwise. We find that
approximately 13.5 percent of adults ages 18-to-20, 8.1 percent of adults ages 21-to-30, and 2.7
percent of adults ages 31-and-older report current consumption of ENDS. Appendix Table 3
reports summary statistics for BRFSS. An important limitation of the BRFSS data, however, is that
they do not include information on marijuana use in the main survey frame across a large number of
ENDS taxing and non-ENDS taxing states.” For such analyses, we turn to another source, the

National Survey on Drug Use and Health NSDUH), described in the next section.

3.3 National Survey on Drug Use and Health (NSDUH)

The NSDUH, collected and coordinated by SAMHSA, is a household survey representative
of the U.S. non-institutionalized population which is administered in individuals’ homes, including
private homes, public housing, and non-institutional group quarters (i.e., college dorms, rooming
houses, shelters).” Information on health behaviors is collected via an individual audio computer-
assisted self-administered interview to increase privacy and the likelihood of a truthful response.
This is an advantage over the pencil-and-paper YRBS survey and the telephone-based BREFSS
survey, where individuals could worry about privacy surrounding answers. We rely on publicly

available two-year overlapping state-by-year averages following recent economic work (Balestra et

al., 2021; Dave et al., 2022).

2 Beginning in 2016, marijuana use was added as an optional module in the BRFSS. Unfortunately, there are too few
states with and without ENDS taxes that offer this module to their residents.
30 The NSDUH does not include residents of hospitals and jails and homeless individuals living outside of shelters.
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We use data on marijuana and harder drugs consumption prevalence rates among those
ages 12-17 and ages 18-and-older. Marijuana prevalence rates are compiled using a survey item that
asks respondents to report the number of days in the last month on which they “use[d] marijuana
ot hashish.” A calculation of weighted means shows that over the 2002-2019 period, 7.1 percent of
those ages 12-17 and 7.5 percent of respondents ages 18-and-older reported marijuana use on a
positive number of days during the past month.”!

In addition, we also measure illicit drug use other than marijuana (i.e., harder drugs). Such
drugs include “heroin, hallucinogens, inhalants, cocaine, and the nonmedical use of prescription-
type pain relievers, tranquilizers, stimulants, and sedatives.” We find that 4.0 percent of those ages
12-17 and 3.4 percent of individuals ages 18-and-older reported using non-marijuana illicit drugs at
least once during the past year. When we disaggregate the prevalence of non-marijuana illicit drug
use into specific drugs, we find that among individuals aged 12-17, 1.0 percent report using cocaine
during the past year and 0.2 percent report using methamphetamine during the past year. For
individuals aged 18-and-older, these prevalence rates increase to 2.1 percent and 0.7 percent
respectively. Finally, very few youths (0.07 percent of those aged 12-17) and 0.3 percent of
respondents aged 18-and-older report heroin use in the past year.”> Summary statistics are reported

in Appendix Table 4.

31 Prevalence rates for marijuana use for the NSDUH sample are somewhat lower than those computed from the YRBS
(reported in Appendix Table 2). We conjecture several factors that may be driving this difference. First, there are far
fewer 12- and 13-year-olds in the YRBS (0.5 percent) given the sampling of high school students; along the same line,
about 14 percent of the YRBS sample includes individuals ages 18-years-or-older. That the age-range represented in the
YRBS (99.5 percent are ages 14-18+ high school students) does not fully overlap with the public-use NSDUH (ages 12-
17) would serve to lower the prevalence numbers in the NSDUH. Second, all students in the YRBS sample are eligible
to answer all questions on marijuana use (including those on current use); in other words, the question on current
consumption is not restricted to only those who reported non-zero lifetime use. In contrast, for the NSDUH, follow-up
questions on current use and frequency of current use are only asked of respondents who answered “yes” to the lead-in
question of ever having used marijuana in their lifetime. If the lack of a lead-in question in the YRBS allows the sampling
to capture marijuana use that is more social, non-recurring, or experimental, then this survey feature would also lead to a
higher prevalence rate; over 42 percent of ever-users in the National YRBS have consumed the substance less than ten
times in their lifetime, and over a third (34 percent) of the current users have consumed the substance only one or two
times in the past month. This pattern of results suggests that reported marijuana use in the NSDUH could possibly be
skewed towards more regular or heavier users. Finally, differences in the sampling design (population of high school
students vs. civilian non-institutionalized individuals; and YRBS is administered in a classroom setting vs. in-home
computer assisted interviewing in the NSDUH) would also be expected to play some role in the variance in the
estimated prevalence.

32 When we disaggregate adult marijuana consumption by age using publicly available NSDUH data,, we find that 18.7
percent of 18-25-year-olds and 5.6 percent of those ages 26-and-older used marijuana in the prior month. Appendix
Figure 3 shows the time trends in marijuana use for each of these age groups over the full sample period. In contrast to
the prevalence rate among youth, which has been largely stable since 2010, use among adults ages 18+ has been steadily
increasing.
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3.4 Treatment Episode Dataset (I'EDS)

Finally, we turn to data on drug treatment admissions from the Treatment Episode Dataset
(TEDS). Drug treatment admissions likely capture heavier, more frequent, and problematic
marijuana use than available in survey sources. The TEDS compiles client-level data for substance
use disorder treatment admissions from state agency data systems. State systems collect data from
facilities about their admissions to treatment and discharges from treatment. The Center for
Behavioral Health Statistics and Quality of SAMHSA coordinates and manages the collection of
TEDS data from U.S. states, territories, and Compact of Free Association partners. TEDS captures
approximately two million admissions to outpatient, residential, and inpatient treatment each year.

Specifically, we use the TEDS-A dataset which collects information on substance use
disorder treatment admissions for individuals who are 12 years old or older.” For every case
demographic information is included, such as age, sex, race/ethnicity, and employment status, as
well as, substance use disorder characteristics, such as substances used, age at first use, route of use,
frequency of use, and number of previous admissions. Each record reports up to three substances
that lead to the treatment episode.”

To generate our state-by-year measure of “primary” marijuana-related admissions rate, we
calculate the ratio of total primary marijuana-related admissions to the population (in thousands) for
minors (those ages 12-17) and adults ages 18-and-older. We also measure “any” marijuana
admissions as the ratio of marijuana admissions (whether marijuana was the primary, secondary, or
tertiary drug mentioned) per 1,000 age-specific population. In regressions, we take the logarithm of
admission rates to account for skewness, and thus coefficient estimates have the interpretation of an
approximation to the percent change.

We also utilize the TEDS data to conduct analyses of admission flows for specific hard
drugs, including cocaine, meth and heroin. Appendix Table 5 provides the means of drug treatment
admission rates for each of these substances.

We note that drug treatment admissions largely capture heavier, frequent, and potentially
problematic drug use, in contrast to our drug use measures on the extensive margin in the survey

data sources. Moreover, while one may be concerned that social desirability bias may bias levels (or

3 e use what is referred to as the TEDS-A, or TEDS admissions. The TEDS system also produces a discharge file
(TEDS-D or TEDS discharges) consisting of discharge records that reports all information included in TEDS-A and (a)
type of service at discharge, (b) length of stay, and (c) reason for discharge or discontinuation of service.

3+ A limitation of TEDS is that this list is not necessatily a complete enumeration of all substances used at admission.
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even trends) in substance use, administrative data on a drug-related outcome will provide an
alternative source of measuring substance use.

In regression analysis of the TEDS, we control for the overall drug treatment admissions
rate among those 18 years and older (i.e., the rate per 1,000 state residents 18 years+). We control
for this rate to capture the capacity of the drug treatment delivery system and differences in
reporting to TEDS (Chu, 2015) across states and over time within states. Many states have excess
demand for drug treatment, in particular drug treatment that is supported by public payers such as
the treatment captured in TEDS (Buck, 2011), and controlling for the overall rate allows us to proxy

for both system capacity and for noted differences in reporting admissions to the TEDS system.

3.5 ENDS Taxes

The main policy variable of interest in this study is the ENDS tax rate in 2019 dollars (we
inflation-adjust the tax rate using the Consumer Price Index). ENDS products are taxed either
through an ad valorem tax on wholesale prices, as an excise tax per unit or fluid ml of e-liquid, or
through a special sales tax. We use the standardized measure of tax per fluid ml produced by Cotti et
al. (2021) that allows comparability across states and over time. The standardization in terms of the
nicotine-containing e-liquid is based on the premise that the demand for all tobacco products is a
derived demand for nicotine (Lillard, 2020).

When there is a local ENDS tax set above the state ENDS tax, our ENDS tax measure is set
equal to the sum of the products of the local binding tax and the share of the state population
covered by each tax following previous studies (Abouk, Courtemanche, et al., 2023; Dave et al.,
2022). Figure 1 and Appendix Table 1 show the rollout of ENDS taxes in the U.S. between 2010

and 2019, along with the magnitude of these increases.
4. Empirical Strategy
We begin our analysis by estimating a two-way fixed effects ('WFE) regression of the

following form using individual-level repeated cross-sectional data from the State YRBS, the

National YRBS, and the BRFSS:

Yist = Yo + VAiENDS taxg+ Xt + Ze6 + a5 + 0, + €, )
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where 7 indexes the individual survey respondent, s the state and # the year of the survey. Yjq;
denotes the consumption of our outcomes of interest (ENDS use, marijuana use, and harder drug
use) for individual 7 in state s in survey wave % The primary independent variable of interest is
ENDS taxg; which is the ENDS tax per fluid ml measured in 2019 dollars. The vector X
includes a set of individual controls, including gender, age, grade-in school (YRBS) or educational
attainment (BRESS), and race/ethnicity. Zg; is a vector of state-level variables including
macroeconomic controls (the unemployment rate and the poverty rate), tobacco policies (T-21 law,
combustible cigarette excise tax, ENDS MLSA, an index for indoor smoking restrictions, and an
index for indoor ENDS restrictions), and policies related to substances that could be complements
ot substitutes for ENDS or marijuana (beer taxes, recreational and medical marijuana laws,
naloxone access laws, and must access prescription drug monitoring programs).” In addition, a; is
a time-invariant state effect, and 8y is a state-invariant (biennial) wave effect. Regressions are
weighted to be representative of U.S. teenagers in the State YRBS or U.S. high school students in
the National YRBS.” Our ENDS tax measure and each of our right-hand side control variables are
measured at the state-by-year-quarter level. Given that the National and State YRBS surveys are
fielded primarily in the Spring semester, we match data based on the average of the first two
quarters of the survey year. For the BRFSS, we have information on the survey month and thus
match by state-year-quarter. In all regressions, standard errors are clustered at the state level
(Bertrand et al., 2004).

Our key parameter of interest, yy, captures the reduced-form relationship between ENDS
taxes and ENDS, marijuana, and harder drug use. The identifying variation that we use to estimate
tax effects comes from within-state introduction in and changes in the level of ENDS taxes.”” The

estimate of our treatment effect will only be unbiased in the absence of (1) state-specific time-

3 Sources for our state-level controls are: unemployment and poverty rate (Hansen et al., 2021); T-21 laws (Hansen et
al,, 2021); cigarette taxes and other tobacco control policies (Centers for Disease Control and Prevention, 2023); beer
taxes (National Institute on Alcohol Abuse and Alcoholism, 2023); marijuana policies (Dave et al., 2023); and opioid
policies (Prescription Drug Abuse Policy System, 2023).

36 As discussed below, in our analysis of the BRESS, we use unweighted regression because our sample is stratified by
respondent age (ages 18-20 and 21+) thus the use of weights may not generate nationally reprehensive estimates, though
we also experiment with weighted regression using survey weights provided by the CDC.

37 For two states, Illinois and Maryland, the within-state variation is generated by local taxes adopted by large localities
(two counties and one city). One concern with analysis of ENDS taxes is that these taxes may be highly correlated with
other tobacco control policies (Maclean et al., 2018) and state characteristics, which might impact our ability to isolate
independent vatiation in these taxes. To explore this possibility, we regress ENDS taxes on other state policies, state
fixed effects, and year fixed effects. The R-squared from this regression is 0.546, which implies a variance-inflation factor
of 2.2 and that over 45 percent of the observed variation in ENDS taxes represents conditional within-state variation,
indicating that we have sufficient variation with which to identify ENDS tax effects (Kennedy, 2008).
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varying unobservables correlated with ENDS taxes and the outcomes, (2) reverse causality, and (3)
the control states serving as a credible set of counterfactuals for the drug use trend that would have
evolved in the absence of an ENDS tax increase.

One descriptive test of the common trends assumption that we undertake is an event study.
We employ the approach developed by Schmidheiny and Siegloch (2023) and Rees et al. (2021) for

specifying an event study for a continuous treatment variable and estimate the following regression:

Yist =Vo + Z];l_lﬂjDst + Zi’:o DiDs +XistB + Zst6 + a5 + 0; + €554, 2

where # represents survey years, / represents event time, Ti; represents the effects of an ENDS tax

increase on the outcome Yjg, and Dg; represents the state-by-year variables equal to the difference in
ENDS taxes between year #and #7. Event time j = -1 to -2 (one two years before the treatment
event) is omitted to normalize the estimates of T; to zero in that wave. If the estimates of T are
small and statistically indistinguishable from zero, this pattern of results would support the common
trends assumption. We estimate the leads for 3-4 years prior to treatment, 5-6 or more years prior to
treatment; we estimate lags for 0-1 years (year of adoption to one year after adoption), and 2 or
more years after treatment.

An important concern with our TWFE estimates (including those used to generate event
study coefficients) is that, in the presence of heterogeneous and dynamic treatment effects, estimates
of y4 in equation (1) and Ttj and @; in equation (2) may be biased (Goodman-Bacon, 2021; Sun &
Abraham, 2021). To account for this possibility, we implement a stacked difference-in-differences
regression (Cengiz et al., 2019) that in a continuous treatment framework makes it possible to
control not only for the presence of the tax, but also for the magnitude of the tax (Abouk,
Courtemanche, et al., 2023). To implement this approach, we select a common event window
around the adoption of an ENDS tax (six years prior to the adoption of the tax and two years
following adoption of the tax), that mitigates concerns related to differential treatment variance
weights given to each treated unit in the standard difference-in-differences estimation. We then
create a cohort for each treatment state (one that implemented an ENDS tax) that includes control
states that never implemented (“never adopters”) and have not-yet adopted an ENDS tax (“not-yet-
adopters”). This choice of counterfactuals ensures that two-way comparisons of “later versus

earlier” adopting states are eliminated from the estimated treatment effect. States which
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implemented different tax rates (even at the same time) are treated as unique cohorts. We then stack

each treatment state cohort and estimate the following regression:
Yiest = Yo + V1ENDS taxs+Xisef + Zse6 + acs + Oc + €icse, (3)

where ¢ denotes the cohort. g is cohort-specific state effects, and 8, is a cohort-specific survey
effect. We also estimate event studies based on the stacked difference-in-differences regression
approach, decomposing the treatment effect over time.

Following the above analyses of individual-level marijuana and harder drug use in the YRBS
and BRFESS, we next turn to state-level data from the NSDUH and TEDS and estimate models of

the following form:

YSt == 50 + 61ENDS taxst + Xstﬁ + 0{5 + et + SSt’ (4)

where sindexes the state and 7 the year. 8, is a vector of year fixed effects and ag represents the
vector of state fixed effects. The list of state-specific, time-varying controls in vector X, includes
those described above plus some demographic variables, including proportion of males, Hispanics,
and Blacks.”™ Regressions are weighted using the age-specific population to recover the treatment

effect for the average treated individual.

5. Results
Our main findings appear in Tables 1 through 9, and Figures 2 through 5. Supplemental

analyses may be found in the Appendix.

5.1 YRBS Findings on ENDS Use and Marijuana Use

First Stage ENDS Use. Table 1 presents “first stage” estimates of the effect of ENDS taxes
on ENDS use among U.S. high school students. We begin in panel I with the State YRBS, our
primary dataset for analysis of youth substance use. Controlling for state fixed effects, wave fixed

effects, and individual demographic characteristics (age, gender, race/ethnicity, grade in school), we

38 The NSDUH data are provided in two-year averages; we align our key treatment variable (ENDS taxg,) and each
control variable with the first year in the data series to ensure that trends in marijuana use do not precede changes in
ENDS taxes. One can interpret the effect, therefore, as a (partially) lagged effect of ENDS taxes in the NSDUH.
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find that a one-dollar increase in the ENDS tax leads to statistically significant 3.5 percentage-point
decline in prior-month e-cigarette use among U.S. high school students (column 1). The inclusion of
macroeconomic controls (state unemployment rate and poverty rate) has very little impact on the
estimated treatment effect (column 2). However, the inclusion of controls for other tobacco policies
(T-21 laws, MLSA laws for ENDS, state excise taxes on cigarettes, an index for indoor smoking
restrictions, and an index for indoor ENDS restrictions) increases the absolute magnitude of the
estimated treatment effect to -0.068 (or 6.8 percentage points).

In our preferred, fully saturated specification (column 6), which also includes controls for
alcohol and marijuana as well as non-marijuana related drug policy controls (medical and recreational
marijuana laws and beer taxes, naloxone access laws, and mandatory must access prescription drug
monitoring programs), we find that a one-dollar increase in e-cigarette taxes is associated with a
statistically significant 7.6 percentage-point decline in e-cigarette use. This corresponds to a 34
percent decline in ENDS use relative to the pre-treatment mean of ENDS use in the treatment
states. This finding suggests that ENDS taxes have their intended effect of reducing youth vaping
and in terms of magnitude is in line with earlier work (Abouk, Courtemanche, et al., 2023).

In panel II, we also present results using the National YRBS. Across specifications, the
pattern of results continues to demonstrate that ENDS taxes are an effective policy tool to reduce
youth ENDS use. TWFE estimates consistently show that a one-dollar increase in ENDS taxes leads
to a 5.4 to 8.5 percentage-point (20 to 32 percent) decline in prior-month ENDS use among U.S.
high school students.

In Table 2 we include a dummy for the first lead of the ENDS tax to test for both the
presence of pre-trends and for the robustness of our first stage.”” Results show no evidence that
ENDS use is declining (or increasing) faster in treatment as compared to control states before the
ENDS tax was implemented. In our State YRBS sample, we find that a one-dollar increase in ENDS
taxes leads to a statistically significant 7.2 percentage-point decline in ENDS use (column 3, panel I).
Similar findings are observed in the National YRBS (panel II).

Marijuana Use. We next turn to our key spillover outcomes for youth and focus on the State
2015-2019 YRBS dataset in Table 3. Panel I shows estimates of the effect of ENDS taxes on ENDS
use using a sample of YRBS respondents that provide non-missing information on both ENDS use

and marijuana use. The findings in panel I are quantitatively similar to those shown in Table 1. In

% We lack sufficient years of ENDS use data in the State and National YRBS to estimate a formal event study. We
follow Abouk, Courtemanche, et al. (2023) and include the tax lead as an alternative.
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panel II, we find strong evidence that marijuana use is negatively related to higher ENDS taxes. The
results in panel I suggest that a one-dollar increase in ENDS taxes leads to a 1.2 to 2.3 percentage-
point reduction in prior-month marijuana use among U.S. high school students. Relative to pre-
treatment means in these outcomes in the treatment states, these effects correspond to a 5.5 to 10.8
percent reduction in marijuana use.* In panel 111, we replicate the marijuana use analysis utilizing a
broader time frame, spanning from 2003 to 2019. The results are very similar to those in our
previous analysis, as we observe a consistent negative relationship between ENDS taxes and
marijuana use. This alignment of findings suggests a complementary relationship between these two
goods among teens. Further, we note that the estimated marginal effects from our preferred
specification (column 6 of panels II and III) show an effect size that is about 70 percent smaller than
the “first stage” effect on ENDS use (column 6, panel I, Table 1), thus suggesting that our estimated
spillover effect sizes that are plausible.” While less precisely estimated, we find a similar pattern of
findings in the National YRBS, with a one-dollar increase in ENDS taxes associated with a 0.6 to 2.8
percentage-point decline in youth marijuana use (see Appendix Table 7). Our results are robust to

controlling for border state ENDS tax policies as well as general state sales tax policies.*

40 One indirect pathway through which ENDS taxation may impact marijuana (and other substance) use is by conveying
an information signal regarding the relative risks of tobacco and other substances. Alternately, ENDS taxes may be an
endogenous marker for concurrent shifts towards pro-health attitudes. In order to assess the importance of this channel,
we test whether higher ENDS taxes are associated with changes in the perceived risk of using marijuana, combustible
cigarettes, or alcohol (Appendix Table 6). There is some evidence for youth (ages 12-17) that increases in the ENDS tax
are associated with lower perceived harm of using marijuana (~0.9 percentage point decrease) and using combustible
cigarettes (~0.6 percentage points decrease), contrary to ENDS taxes being broadly reflective of changing pro-health
state norms regarding tobacco and addictive substances. All else equal, this shift in marijuana use perceived as being less
risky would be predicted to increase marijuana use among teens. While the associations with perceived risk are small in
magnitude, our estimated reduction in marijuana use among teens represents the net effect largely reflective of economic
complementatity but also slightly moderated from this mediating and/ ot confounding informational signal effect.

# The reduced-form estimates of e-cigarette taxes on matrijuana use in Table 3 represent the average causal response,
which is the continuous analog of an “intention-to-treat” (ITT) effect. If we assume that the only pathway through
which these taxes would impact marijuana use is through a change in e-cigarette use, then we can detive a crude version
of “treatment-on-the-treated” (TOT) by taking the ratio of the estimates in Table 3 to the first stage effects in Table 1.
Doing 