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Abstract

We explore the effect of e-cigarette taxes enacted through 2017 in eight states and two large
counties on e-cigarette prices, e-cigarette sales, and sales of other tobacco products. We use the
Nielsen Retail Scanner data for the years 2011 to 2017, comprising approximately 35,000 retailers
nationally. We calculate a Herfindahl-Hirschman Index of 0.251 for retail-based purchases of e-
cigarettes, indicating high market concentration. We estimate a tax-to-price pass-through of 1.55
(»<0.01) and an e-cigarette own-price elasticity of -2.6 (p<0.01) for the average e-cigarette tax.
We also estimate a positive cross-price elasticity of demand for e-cigarettes and traditional
cigarettes of roughly 1.1 for the average tax, suggesting that e-cigarettes and traditional cigarettes
are economic substitutes. Our results suggest that higher e-cigarette taxes would increase e-
cigarette prices and reduce e-cigarette sales, with an unintended effect of increasing traditional
cigarette sales. We simulate that for every one standard e-cigarette pod (a device that contains
liquid nicotine in e-cigarettes) of 0.7 ml no longer purchased as a result of an e-cigarette tax, the
same tax increases traditional cigarettes purchased by 6.2 extra packs.
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1. Introduction

According to the Centers for Disease Control and Prevention (CDC), nearly 3% of adults
in the United States used electronic cigarettes (‘e-cigarettes’) in 2017 (Centers for Disease Control
and Prevention 2018). Use of e-cigarettes (‘vaping’) among adolescents has grown even more
rapidly, with nearly 27.5% of high school students using e-cigarettes in 2019 (U.S. Food & Drug
Administration 2019). The rapid rise in vaping has led to concerns among public health officials
and a focus on tobacco control policies aimed at curbing e-cigarette use. As of June 15, 2019, 15
states had enacted an e-cigarette tax (Public Health Law Center 2019). Despite the rapid increase
in e-cigarette use, very little is known about the effects of these policies on the use of e-cigarettes
or other tobacco products.

In this paper, we provide evidence of the effects of e-cigarette taxes on the prices and sales
of e-cigarettes and other tobacco products using the Nielsen Retail Scanner Data (NRSD) over the
years 2011 to 2017. The NRSD tracks weekly sales of a national panel of approximately 35,000
retailers and covers a large percentage of total sales among drug stores, mass merchandisers, food
stores, dollar stores, and club stores.

We identify purchases and sales of e-cigarettes and other tobacco products in the NRSD,
and we match 93.5% of e-cigarette product sales to detailed product characteristics, including
product type, liquid volume, and nicotine content. These additional characteristics allow for a

detailed investigation of the impacts of taxation on ingredient consumption as well as a more

"' We use the NRSD instead of the Nielsen Consumer Panel Data because the NRSD provides approximately a 4.8%
sample of national e-cigarette sales, whereas the Nielsen Consumer Panel data covers only a 0.05% sample of e-
cigarette sales (Allcott and Rafkin 2019).



accurate standardization of the e-cigarette taxes themselves, which are often levied based on the
quantity of liquid or nicotine contained in the products.

We first estimate the pass-through of e-cigarette and traditional cigarette taxes to the prices
of these goods, finding that e-cigarette taxes are more than fully passed through to e-cigarette
prices. We then estimate how sales of e-cigarettes and other tobacco products respond to changes
in e-cigarette taxes. We find that the demand for e-cigarettes is elastic, with an estimated price
elasticity of demand of -2.6. We also estimate that traditional cigarette sales increase following a
rise in e-cigarette taxes, suggesting that e-cigarettes and traditional cigarettes are economic
substitutes with a cross-price elasticity of demand of 1.1. We estimate a price-elasticity of demand
for traditional cigarettes of -0.6, which is in line with previous estimates (for reviews, see
Chaloupka & Warner 2000, and DeCicca et al. 2018).

This study addresses many limitations in the literature examining the market for e-
cigarettes. First, our paper is among the first to estimate the pass-through rate for e-cigarette taxes.
In part, this dearth in the literature is due to the fact that examination of the intensive margin
requires standardizing different forms of e-cigarette taxes to measure the magnitude of the tax.
This standardization is complicated give the heterogeneous ways in which localities have elected
to tax e-cigarettes. Many e-cigarette taxes are not levied per-unit as are traditional cigarette taxes,
but rather are ad valorem taxes or excise taxes levied on the liquid amount of each e-cigarette
product. The resulting difficulty in measurement has led the few papers that examine the effects
of e-cigarette taxes to focus primarily on the extensive margin of the presence of a tax, rather than

try to estimate the effect of changes/differences in taxes on the intensive margin of taxation (e.g.



Abouk et al. 2019).2 Exploration of the intensive taxation margin is an important limitation of
previous work, as the standardized magnitudes of existing e-cigarette taxes vary widely, from
$0.05 per milliliter (ml) of nicotine in Kansas and Louisiana to $1.85 per ml in Minnesota. Since
the smaller tax rates (generally from excise taxes) are much closer to zero than to the larger tax
rates (generally from ad valorem taxes), combining the taxes in a single indicator (tax vs. no tax)
creates an issue akin to treatment misclassification and could lead researchers to underestimate the
potential impacts of higher levels of taxation.

To estimate the pass-through of e-cigarette taxes to prices and estimate a price elasticity of
demand, we match e-cigarette Universal Product Codes (UPCs) in the NRSD to the product type,
volume of liquid, and nicotine content of these e-cigarettes using internet searches,
correspondences with companies, and visits to retailers. Although the database of characteristics
was developed by Cotti et al. (2018), we are the first study to use it to study the effects of any e-
cigarette-related policies. These additional product characteristics allow us to move beyond simply
measuring the presence of an e-cigarette tax and instead incorporate the magnitude of the e-
cigarette tax. Thus, we are among the first research groups in the economics literature to estimate
the dollar-to-dollar pass-through rate of e-cigarette taxes to e-cigarette prices and the price
elasticity of demand for e-cigarettes.

Using the NRSD allows us to examine e-cigarette purchases much earlier than is possible
with other datasets of adults, which is another contribution of our paper. In particular, we track e-
cigarette purchases beginning in 2011 in the NRSD, while adult survey datasets did not begin

asking about e-cigarette use until several years later (e.g., 2016 in the Behavioral Risk Factor

2 In binary specifications, localities with excise and ad valorem taxes are treated the same, even though the typical
excise tax is so small that those localities are effectively much closer to the comparison group of non-tax adopting
localities than to the ad valorem tax group.



Surveillance Survey and 2014 in the National Health Interview Survey). Use of this early time
period enables us to leverage additional policy variation and a more rigorous investigation of pre-
treatment trends between localities that adopted and did not adopt an e-cigarette tax.

Finally, we provide the first estimate of e-cigarette market concentration available in the
literature by calculating a Herfindahl-Hirschman Index for the e-cigarette retail-based market. We
find a high degree of market concentration, which is in line with over-shifted taxes.

The rest of this paper is organized as follows. Section 2 provides background and a review
of the literature surrounding e-cigarette use, Section 3 summarizes our data sources, Section 4
describes our methodology, Section 5 reviews the results, and Section 6 concludes.

2. Literature Review and Background

In a perfectly competitive market, the rate at which a tax change impacts the after-tax
price (i.e., the ‘pass-through’) is a function of the elasticities of both supply and demand and
ranges from zero and one. The pass-through will be zero if consumers have perfectly elastic
demand (suggesting that suppliers pay the full incidence of the tax) or one if consumers have
perfectly inelastic demand (consumers pay all of the tax). However, over-shifting — when the
pass-through is greater than one — is possible in imperfectly competitive markets (e.g. Stern
1987, Besley 1989, Hamilton 1999) and has been observed in the traditional cigarette market.
For example, one study uses American Chamber of Commerce Research Association data and
differences-in-differences (DD) modeling to examine the effect of sales taxes on after-tax prices
of 12 common consumer products. The authors find negative pass-through estimates for two of
12 products, pass-through estimates between zero and one for five of 12 products, and pass-
through estimates of >1 for five of 12 products. Bread has the highest pass-through of 2.42

(Besley and Rosen 1999).



Several recent studies use national-level data and DD modeling to evaluate the effect of
traditional cigarette tax increases on traditional cigarette prices. Lillard and Sfekas (2013) use
state-level prices from the Tax Burden on Tobacco from 1995 to 2007 and estimate a pass-
through of 1.03 when including state and year fixed effects. DeCicca, Kenkel, and Liu (2013)
use consumer-reported prices from the 2003 and 2006 to 2007 Current Population Survey
Tobacco Use Supplements (TUS) to estimate the pass-through of excise taxes to consumer prices
ranging from 0.91 to 1.18, with some evidence that pass-through is lower for higher intensity
smokers. Rozema and Ziebarth (2017) use individual-level data on prices paid for traditional
cigarettes from 2001 to 2012 in a sample of low-income, food stamp eligible households and
estimate a pass-through of 0.80. Hanson and Sullivan (2009) use micro-level data on traditional
cigarette prices from retail locations in Wisconsin and border states to evaluate the effects of
large increases in traditional cigarette taxes, estimating a pass-through between 1.08 and 1.17.
Finally, Harding, Leibtag, and Lovenheim (2012) use Nielsen Homescan data for 2006 and 2007
to estimate a UPC-level traditional cigarette tax pass-through of 0.85. The authors use a UPC-
level rather than a state-level model to hold product quality constant. Overall, their findings
provide a series of pass-through estimates ranging from 0.80 to 1.18 when studying traditional
cigarette taxes.

Researchers have also estimated pass-through rates for other ‘sin goods:’ alcohol and
sugar-sweetened beverages. At least two studies find that alcohol taxes are more than fully
passed through to prices (Kenkel 2005, Shrestha and Markowitz 2016). Recently, Cawley et al.
(2019) reviewed 15 studies on pass-through for sugar-sweetened beverages, concluding that

trends in prices after nationwide tax implementations are in line with the hypothesis that prices



rise by the full amount of the tax; however, local taxes generally have lower estimated pass-
through, potentially due to tax evasion opportunities created by cross-border shopping.

Relatedly, a growing literature examines the relationship between e-cigarettes and
traditional cigarettes. Because variation in e-cigarette policies, particularly e-cigarette taxes, is
recent and data on e-cigarettes have not been readily available, much of the research to date on
the relationship between e-cigarettes and traditional cigarettes has examined the effects of e-
cigarette restrictions (rather than taxes) on the demand for traditional cigarettes (rather than e-
cigarettes). For example, Friedman (2015) uses the National Survey on Drug Use and Health and
finds that states implementing restrictions on youth access to e-cigarette products see increases in
youth smoking rates as measured by traditional cigarette smoking in the past 30 days, suggesting
that e-cigarettes and traditional cigarettes are substitutes among adolescents. Similarly, Pesko,
Hughes, and Faisal (2016) and Dave, Feng, and Pesko (2019) use the Youth Risk Behavior
Surveillance System data and restrictions on youth access to e-cigarettes, finding evidence that
the two products are substitutes for this population. Pesko and Currie (2019) have comparable
findings for pregnant adolescents using birth record data. Contrary to these findings, Abouk and
Adams (2017) use the same restrictions on youth access to e-cigarettes and individual-level data
for underage high school seniors from Monitoring the Future Survey (MTF) to find that the
products are economic complements. Finally, Dave et al. (2019) finds that exposure to e-
cigarette advertising helps adult smokers quit smoking.

Few studies estimate the effect of tobacco control policies on e-cigarette use itself. One
exception is Cotti, Nesson, and Tefft (2018). The authors examine the effects of traditional
cigarette taxes and other tobacco control policies, including indoor vaping restrictions (IVRs)

and indoor smoking restrictions (ISRs), on adult households’ purchases of e-cigarettes and other



tobacco products using the Nielsen Consumer Panel data. The authors document that traditional
cigarette tax increases induce households to purchase fewer e-cigarette products, suggesting a
complementary relationship between e-cigarettes and traditional cigarettes. Both Abouk and
Adams (2017) and Dave, Feng, and Pesko (2019) provide evidence from a single wave of data
that age purchasing restrictions reduce e-cigarette use.

Recently, however, increasingly available data and the presence of new e-cigarette
policies have led to additional examinations of e-cigarette tax effects. One working paper finds
that e-cigarette tax adoption leads to a 6.3% increase in prenatal smoking (Abouk et al. 2019), a
second study provides some evidence that the e-cigarette tax increase in Minnesota in 2013
reduces e-cigarette use and increases traditional cigarette use among teenagers (Pesko and
Warman 2019), and a third study documents that e-cigarette tax adoption reduces current vaping
by 13.9% among adult men (Pesko, Courtemanche, and Maclean 2019). The final study also
documents that traditional cigarette taxes increase e-cigarette use. One limitation of these studies
is that they use the presence of a tax (i.e., extensive margin) rather than the magnitude (i.e.,
intensive margin) of the tax as in the current paper. Additionally, these studies do not use as long
a time period or as much policy variation as we use in our work.

A new working paper by Saffer et al. (2019) also uses survey data, the TUS from 1992 to
2015, in conjunction with e-cigarette taxes in Minnesota (which increased from 35% to 95% in
2013) and synthetic control methods to assess how e-cigarette taxes impact adult smokers in a case
study analysis. Estimates suggest that the e-cigarette tax rate increases adult smoking and reduces
smoking cessation in Minnesota, relative to the synthetic control group, and imply a cross elasticity
of current smoking participation with respect to e-cigarette prices of 0.13. Assuming a retailer

markup of 33% over the wholesale costs, the authors estimate a tax-pass-through to price in



Minnesota of 1.33. Relative to this paper, we utilize substantially more policy variation, as we
leverage the experiences of all e-cigarette tax adopting localities to date rather than a single state,
and explore outcomes beyond traditional cigarette smoking.

Other studies estimate the effect of e-cigarette prices, rather than taxes, on e-cigarette
demand. The NRSD is used in two studies to study the effect of e-cigarette prices on e-cigarette
and traditional cigarette sales. Huang et al. (2018) use data from 2007 to 2014 to document e-
cigarette own-price elasticities for rechargeable e-cigarette sales of —1.4 and for disposable e-
cigarette sales of —1.6. Using data over the period 2009 to 2013 Zheng et al. (2017) estimate an
e-cigarette own-price elasticity of demand of —2.1, a cross-price elasticity of traditional cigarette
prices on e-cigarettes sales of 1.9, and a cross-price elasticity of e-cigarette prices on traditional
cigarette sales of 0.004. Using European data over the period 2011 to 2014, Stoklosa, Drope, and
Chaloupka (2016) document an e-cigarette own-price elasticity of demand of —0.8 and a cross-
price elasticity of traditional cigarette prices on e-cigarette sales of 4.6. Pesko et al. (2016), using
a discrete choice experiment, estimate e-cigarette own-price elasticity among current adult
smokers of 1.8.

Survey data are used in four studies to estimate the effect of e-cigarette prices on e-cigarette
use rather than sales. Saffer et al. (2018) use data on adults from the 2014 to 2015 TUS to estimate
an e-cigarette price elasticity of vaping participation of —1.2. Pesko et al. (2018) use two years of
the MTF data on middle and high school students and find a —1.8 own price elasticity of days
vaping. Finally, Cantrell et al. (2019) use national longitudinal cohort data on a sample of 15- to
21-year-olds from 2014 to 2016 and find no effect of e-cigarette prices on vaping, but a traditional

cigarette cross-price elasticity of 0.9. Of course, the endogeneity of prices is an obvious potential



limitation of these papers, and we aim to overcome this challenge by using plausibly exogenous
variation from the implementation of taxes.

Lastly, a new working paper, Allcott and Raftkin (2019), use a different identification
strategy to estimate whether e-cigarettes and traditional cigarettes are economic substitutes or
complements. Using all known available survey data for the U.S., the authors use the pre-2013
smoking propensities for 800 adult demographic cells and 56 youth demographic cells to
implement a ‘shift-share’ strategy to examine what impact wide use of e-cigarettes starting in the
year 2013 had on smoking trends. Point estimates suggest that e-cigarettes cause a 4% reduction
in smoking for adults and a 24% reduction for youth.

Allcott and Rafkin’s paper was written concurrently to and independently from ours and,
while their primary objectives and ours are notably different, there is some overlap in the
contributions, such as using NRSD, standardizing e-cigarette tax sizes, examining the relationship
between e-cigarette taxes and prices, and estimating the price elasticity of e-cigarettes. However,
there are important differences in the nature of these contributions. First, their interest in the
relationship between taxes and prices is as a first stage in an instrumental variable (IV) model
estimating the price elasticity of demand for use in welfare calculation, rather than as an attempt
to measure the pass-through rate. Accordingly, Allcott and Rafkin use a logarithmic, rather than
linear, functional form for both taxes and prices, which implies that their estimate relates
percentage changes in taxes to percentage changes in prices, which is not informative about over-
versus under-shifting. Second, they use the 2013 to 2017 NRSD whereas we use data over the
period 2011 to 2017, allowing us to examine longer pre-treatment trends. Third, Allcott and Rafkin
standardize e-cigarette taxes as ad valorem taxes, whereas we standardize the e-cigarette taxes as

specific excise taxes by taking advantage of Washington D.C.’s ad valorem tax that is set to parity



with the traditional cigarette tax. Finally, Allcott and Rafkin estimate the own-price elasticity of
e-cigarettes but do not examine the cross-price elasticity between e-cigarettes and traditional
cigarettes. Instead, their primary evidence for substitutability comes from the shift-share approach
described above. Our paper and theirs, therefore, complement each other in that both find evidence
that e-cigarettes and traditional cigarettes are substitutes using very different approaches.

3. Data

a. Nielsen Retail Scanner Data (NRSD)

Our main data source is the NRSD between 2011 and 2017. The NRSD comprises a sample
of approximately 30,000 to 35,000 retailers, including grocery stores, drug stores, mass
merchandise retailers, and other types of stores. In 2017, the NRSD included between 15% and
26% of all food store, mass merchandiser, dollar store, and club store sales, and over 50% of drug
store sales. The NRSD contains a smaller percentage of sales in convenience stores and liquor
stores (approximately 2% each). The volume of each UPC purchased at each store is recorded
weekly, as well as the average price paid, including all taxes except sales taxes. We construct a
sales-weighted e-cigarette price at both the UPC-locality-quarter level and locality-quarter level,
where a locality is defined as a state or county (depending on the geographical location of a tax)
and a quarter refers to a quarter-by-year.

We analyze sales data on five tobacco product categories: e-cigarettes, traditional
cigarettes, cigars, chewing tobacco, and loose tobacco. Measuring e-cigarette sales in the NRSD
presents some challenges. First, e-cigarette products in the NRSD are heterogeneous. Some are
disposable e-cigarettes, while others are starter kits or refill cartridges. Further, the quantity of
cartridges, liquid, and nicotine varies widely within products of the same type. Second, many e-

cigarette taxes are levied in proportion to the liquid volume in each e-cigarette product, while

10



others are levied as ad valorem taxes. This regulatory pattern is distinct from traditional cigarette
taxes, which are nearly all levied in terms of dollars per traditional cigarette. Finally, previous
research suggests that measuring traditional cigarette consumption only through the number of
products used provides an incomplete picture of smokers’ behavior in response to policy changes.
In particular, smokers may respond to traditional cigarette taxes by altering the type of traditional
cigarette they smoke or how they smoke the product (Cotti, Nesson, and Tefft 2016, Nesson 2017a,
b, Adda and Cornaglia 2006, Evans and Farrelly 1998). None of these behavioral responses are
captured by the number of products consumed but all are important for evaluating the overall effect
of a tax adoption. Vapers may plausibly display comparable behavioral responses to e-cigarette
policies and we wish to capture such responses.

To address these challenges, we estimate our main models of e-cigarette sales using the
liquid volume in each e-cigarette, as in Cotti et al. (2018). We match UPCs in the NRSD to three
additional product characteristics using correspondences with e-cigarette companies, internet
searches, and in-person visits to retailers conducted by members of the research team. We first
record the type of e-cigarette product for each UPC, classifying products into disposable e-
cigarettes, starter kits, and cartridge refills.® Second, we calculate the milliliters (mls) of fluid in
each e-cigarette UPC and the amount of nicotine in milligrams for each UPC.* We are able to
match 93.5% of the e-cigarette products by the value of sales in the NRSD to tobacco product

characteristics in this way.

3 Starter kits include a reusable battery and atomizer along with a selection of disposable cartridges.

4 There are no regulations for labeling nicotine in e-cigarettes. While nearly all the products we identified label the
nicotine content of their e-cigarettes, some brands directly label the nicotine content in milligrams while others label
the nicotine content as a percent of the total liquid volume. Hence, for products where nicotine content is only
provided as a concentration of nicotine by liquid volume, we convert from liquid volume to milligrams as nicotine
by using the following calculation: (mg)= (%nicotine)*(10)*(liquid volume in ml).

11



For the other tobacco products, we create variables counting the sales for each product in
terms of the units provided by Nielsen. We thus count the number of traditional cigarettes sold,
which we aggregate into packs, the number of cigars, and the ounces of chewing tobacco and loose
tobacco sold.

b. Tobacco Control Policies

We use three policy data sources to construct our e-cigarette tax variable. State-level e-
cigarette tax data is drawn from the Public Health Law Center (Public Health Law Center 2019)
and the CDC State Tobacco Activities Tracking and Evaluation (STATE) System (Centers for
Disease Control and Prevention 2019b). We reconcile discrepancies by directly consulting the
original statutes. We collect sub-state e-cigarette tax data from the Vapor Products Tax website
(Tax Data Center 2019). To date, e-cigarette taxes are primarily levied through an excise tax on
per ml liquid volume or through an ad valorem tax that is paid by the wholesaler or retailer. In our
sample period, Kansas, Louisiana, North Carolina, West Virginia, Cook County, and Chicago levy
an excise tax on liquid volume. California, Minnesota, Montgomery County, Pennsylvania, and
Washington DC use an ad valorem tax. Chicago uses an excise tax on both liquid volume and the
number of disposable or refill units sold. Several Alaskan counties also levy e-cigarette taxes, but
Alaska is not included in the NRSD and is therefore not included in our standardization procedure.
Appendix Table 1 provides information on the effective dates, unit taxed, tax amount, and relative
tax value for each e-cigarette tax law implemented during the time frame of NRSD data utilized
in this study.

Washington DC’s tax is unique in that it set its ad valorem tax rate to match 100% of the
traditional cigarette excise tax, suggesting that each one percentage point of ad valorem tax is 4.3

cents. We use this relationship to convert e-cigarette ad valorem taxes into excise tax equivalents
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for each relevant locality. Please see the appendix for a discussion of our conversion. We convert
all e-cigarette taxes to 2017 dollars using the Consumer Price Index-Urban Consumers [CPI].

Between the end of our study period (end of 2017) and June 15, 2019, eight additional
states enacted new e-cigarette laws: Connecticut, Delaware, Illinois, New Jersey, New Mexico,
New York, Vermont, and Washington (Public Health Law Center 2019). We utilize these
additional taxes when we incorporate future policies into our event study specification following
Ghimire and Maclean (2020).

We collect data on traditional cigarette excise taxes from the CDC STATE System and
transform these into the traditional cigarette excise taxes measured in real 2017 dollars (using CPI)
in each state and quarter (Centers for Disease Control and Prevention 2019b). Two states
(California and New Jersey) enacted Tobacco 21 laws by the end of 2017 and we include an
indicator for this policy (Campaign for Tobacco-Free Kids 2019b).’

Additionally, we collect data on indoor air laws from the American Non-Smokers’ Rights
Foundation (ANR). ANR tracks when municipalities, counties, and states pass indoor air laws for
vaping or smoking in different venues. We use this information to create two separate measures
for the share of the population in each county living with IVRs and ISRs for private workplaces,
restaurants, or bars. For both IVRs and ISRs, we weight laws applying to bars, restaurants, and
private workplaces equally. For ISRs, we also consider laws applying to only part of the
establishment (but not the full establishment) with %> weight.¢

4. Methods

> Hawaii also enacted a Tobacco 21 law before the end of 2017; however, the Nielsen data is limited to the
contiguous 48 states and so Hawaii is not included.

6 These partial laws were uncommon for IVRs.
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We implement a standard DD identification strategy that connects variation in retailers’ e-
cigarette prices to changes in tobacco control policies. That is, we leverage variation in locality-
level tobacco control policies that occur between 2011 and 2017 to identify treatment effects.
Specifically, we estimate:

(1) Yiie = Bo + PeEtax,; + BrTtax;; + Wy By + Xi:x + 01i +Tq + &1t

where Y; ; , the price for e-cigarette product (i.e., UPC Code) i in locality / and quarter . We use
51 localities, one for each state and Washington DC (minus Alaska and Hawaii as these states are
not in the NRSD), but separating Cook County from Illinois and Montgomery County from
Maryland since these localities also adopt e-cigarette taxes during our study period. We aggregate
Y; 1 ¢ to the product-by-locality-by-quarter level by creating an average price for each UPC-locality-
quarter, using each UPC’s sales volume in localities that have not enacted an e-cigarette tax by
June 15, 2019 as the weight.” We measure both e-cigarette taxes (Etax; ;) and traditional cigarette
excise taxes (Ttax;.). Etax;, is a continuous variable measuring the magnitude of e-cigarette
taxes as described in Section 3.b and the online appendix. An exception to this approach is in our
event-study in which we use an indicator for any e-cigarette tax to allow testing of the parallel
trends assumption required for DD models to recover causal estimates of treatment effects. Ttax; ,
is a continuous variable measuring the locality-level traditional cigarette excise tax per pack.

We include additional tobacco control policies in W, a vector of ISR and IVR laws
(measured as the percent of the locality’s population living under an ISR, and separately as the
percent of the locality’s population living under an IVR). We also include locality-level

characteristics in X;,: beer tax (dollars per gallon converted to 2017 dollar using the CPI), the

7 Non-adopting localities are used for the weights to avoid the weights being endogenously impacted by the taxes.
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Affordable Care Act’s Medicaid expansions,® the Bureau of Labor Statistics’ unemployment rate,
and Current Population Survey demographics (e.g., age, sex, and race/ethnicity). We also include
UPC-by-locality and quarter fixed effects in our regression models, represented by a;; and 7,
respectively, following Harding et al. (2013). The product fixed effects hold product availability,
and other attributes such as quality, constant, thus allowing us to study pass-through independent
of manufacturers changing their mix of products offered for sale in response to e-cigarette taxes.
We cluster our standard errors at the locality level in all specifications (Bertrand et al., 2004), and
we weight the data by the share of e-cigarette sales in localities that do not adopt an e-cigarette tax
by 2017. We demonstrate that our main models are robust to a number of alternative specifications,
as well as different analytical samples and aggregations.

After examining the pass-through of e-cigarette taxes to e-cigarette prices, we next examine
whether e-cigarette prices and traditional cigarette prices affect sales of tobacco products. In these
models, we aggregate our data to the locality-by-quarter level for each category of tobacco
products, which is different from the product-by-locality-by-quarter aggregation in equation (1) to
permit new product offerings to affect overall sales. We examine five categories of tobacco
products: e-cigarettes, traditional cigarettes, cigars, chewing tobacco, and loose tobacco. For e-
cigarette products, our unit of measure is mls of liquid purchased to match our standardized tax
variable that is also per mls of e-cigarette liquid. We examine counts of the products purchased for
the other tobacco product categories. We estimate a similar model to that in equation (1), but at
the locality-by-quarter level:

(2) Yie =vo +veEtax,, + yrTtax,, + Wi yw + Xicax + 6, + xq + ties

8 https://www.kff.org/health-reform/state-indicator/state-activity-around-expanding-medicaid-under-the-affordable-
care-act
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Here, Y, ; represents the sales of a tobacco product in locality ¢ and time ¢, and the other variables
are the same as in equation (1). We weight equation (2) regressions using the population in that
locality and cluster our standard errors at the locality level.

We are also interested in studying the impact of prices on tobacco product purchases. An
obvious problem with estimating this relationship however is that e-cigarette and traditional
cigarette prices are endogenously determined. Therefore, we simultaneously instrument for e-
cigarette and traditional cigarette prices with e-cigarette and traditional cigarette taxes in a two-
stage least squares (IV) regression:

() Yie=ao+agEPc +arTPy + Wyeaw + Xieax + 8+ xg + €y,

where EP,; ; and TP, ; are now replaced with their predicted values, ETDM and T’TDM, from first stage
regressions. Our identifying assumption in the IV model is that e-cigarette and traditional cigarette
taxes affect demand only through their effects on e-cigarette and traditional cigarette prices. Thus,
we assume that there are no other channels though which taxes can influence sales (e.g., signaling
of product risk). We acknowledge that assuming no non-price effects is a strong supposition.

5. Results

a. Summary Statistics

We begin by showing summary statistics and the variation in e-cigarette excise taxes. Table
1 shows summary statistics at the UPC-locality-quarter level. Overall, our sample has 90,730 UPC-
locality-quarter observations, of which 10,248 are subject to an e-cigarette tax. The average e-
cigarette price per ml of liquid is $4.40, and the average price is slightly higher in localities that
adopt an e-cigarette tax (measured before the tax) than in localities that did not adopt a tax by the
end of our timeframe. The conditional (non-zero) mean e-cigarette tax is $0.68 per fluid ml. The

unconditional mean is $0.044 per fluid ml. The unconditional mean is markedly lower than the
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conditional mean as many localities do not adopt a tax during our study period, and those localities
that adopt a tax implement this policy during the latter portion of our study period. Excise taxes
are generally much smaller in magnitude than ad valorem taxes, with the conditional mean value
of excise taxes being $0.17 and ad valorem taxes being $1.06 during the study period. These
differences underscore the importance of accounting for the size of the tax rather than simply using
a dummy variable for any tax. In a binary specification, localities with excise and ad valorem taxes
are treated the same, even though the typical excise tax is so small that those localities are
effectively much closer to the comparison grou