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Abstract

Proponents of recreational marijuana legalization have argued that it would increase
state tax revenues. However, if marijuana and other legal substances (e.g. alcohol and
tobacco) are substitutes, tax revenues from marijuana may cannibalize revenues from
these goods. We study the change in substance tax revenues caused by legalizing
marijuana in Washington state, accounting for potential substitutability and comple-
mentarity between marijuana, alcohol, and tobacco as well as price responses in these
markets. We combine administrative data on marijuana sales and scanner data on
alcohol and tobacco sales and exploit the fact that retailers opened in different areas
at different times. By estimating a demand system for legal substances and controlling
for prices, we find that substances are substitutes. The legalization of marijuana itself
leads to a 5% decrease in alcohol and a 12% decrease in tobacco demand. Liquor and
cigarette products are affected most. After total substance expenditures increase and
tobacco and alcohol prices adjust, 40% of state marijuana tax revenue is cannibalized
by reductions in alcohol and tobacco revenues. Since marijuana is untaxed at the fed-
eral level, legalization reduces federal tax revenues by 13%. Though Washington has
the highest marijuana tax rate in the country, it is on the left-hand side of the Laffer
curve — a 1% increase in the marijuana tax increases total state tax revenues 0.2%.
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1 Introduction

The median American voter supports legalizing marijuana for recreational use (Motel, 2015)
and several jurisdictions around the world have legalized marijuana in some form. Advocates
for legalization have pointed to the potential for tax revenue: Washington state, which we
study here, earned $150 million from marijuana taxes in 2015, the first full calendar year after
its market opened. However, legalization and subsequent changes in marijuana prices may
decrease tax revenues from other legal substances — sales of alcohol and tobacco in our data
contributed over $500 million to Washington’s coffers in 2013. If alcohol, marijuana, and
tobacco products are substitutes, the gains to total tax revenue from marijuana legalization
could be smaller than expected.! If they are complements, the gains could be larger.

We evaluate the extensive margin effect of legalizing recreational marijuana on state
and federal substance tax revenues for the first time, taking into account the potential for
substitution and complementarity effects between marijuana, alcohol, and tobacco products.
In addition, we estimate intensive margin changes to revenues in response to changes in the
tax rates on each substance product post-legalization (i.e. the gradient of the Laffer curve),
which is particularly policy-relevant given Washington’s high substance tax rates relative to
the rest of the country (Drenkard, 2015, Hansen et al., 2017a, Scarboro, 2017).

We collect a panel dataset of the retail prices and quantities of each substance at the
county level from 2013-2016 in Washington, where recreational marijuana sales begin in July
2014. We combine alcohol and tobacco data from the Nielsen Retail Scanner Dataset with
marijuana data from Washington’s regulatory ‘traceability’ system. Our data captures a
variety of product types: flower, edibles, and concentrates within marijuana; beer, wine, and
liquor within alcohol; and cigarettes and other tobacco products (OTP) within tobacco. We
document declines in both prices and quantities of most alcohol and tobacco products after
marijuana became available.

The legalization of marijuana could influence demand differently at the substance level

(e.g. consumers purchase marijuana instead of alcohol) than at the individual product level

'For example, prior to legalization, Washington officials projected that a recreational marijuana mar-
ket would generate $389 million in taxes under the assumption that other markets would be unaffected
(Washington Office of Financial Management, 2013).



(e.g. consumers consume flower with beer). These product-level substitution patterns affect
tax revenues because products are taxed at different rates. For example, the effective tax
rate on beer in 2015 was 10.2%, while the effective rate on liquor was 30.5%. To capture
patterns of substitution and complementarity at both the product and category levels with a
micro-foundation connecting the two we model demand for legal substances with a multistage
budgeting approach inspired by Deaton and Muellbauer (1980) and Hausman et al. (1994).
Our model allows for flexible cross-price elasticities both across substance categories and
across product types within each category. The model allows the legalization of marijuana
to affect each product differently and coherently aggregates the effects across products up
to the substance level.

To identify the extensive margin effect of legalizing marijuana, we use the fact that mar-
ijjuana retailers opened at different times in different counties and account for the potential
endogeneity of store opening dates with an instrument derived from local entry bans. We
identify the intensive margin effects of price changes across substances post-legalization by
instrumenting prices with wholesale marijuana prices, local tax rates, and Hausman in-
struments. We include county fixed effects to account for local heterogeneity in tastes for
substances, political views, etc. and year-month fixed effects to account for the evolution of
these markets, such as changes in black market activity or trends in consumer preferences
between substances (Washington, 2018).

On the extensive margin, after controlling for price changes in alcohol and tobacco as
well as county- and time-specific demand shocks, the legalization of recreational marijuana in
isolation decreases the quantity of alcohol (tobacco) demanded by 5% (12%), mostly through
changes in demand for liquor (cigarettes). The total tax revenues collected by Washington
from sales of legal substances increased 23% ($526 million to $647 million) from 2013 to
2015. We find that 40% of the $150 million in marijuana tax revenues in 2015 came from
a cannibalization of alcohol and tobacco tax revenues. Without taking substitutability into
account, the increase in total revenues would be overestimated by 9.3%, or $63 million.

Our estimates of the intensive margin relationships between the price of marijuana and
the quantity demanded of alcohol and tobacco are noisy, but support the hypothesis that

marijuana products and cigarettes are substitutes. Despite Washington’s high substance tax



rates, the gradient of the Laffer curve is positive — a 1% increase in the marijuana, alcohol,
and tobacco tax rates leads to a .19%, .50%, and .43% increase in total state tax revenues,
respectively.

We contribute to a growing interdisciplinary literature on the relationships between mar-
jjuana and other substances. Subbaraman (2016) and Guttmannova et al. (2016) survey
studies on these relationships and find inconsistent results. Our approach differs from this
literature in multiple dimensions. Many studies rely on survey data (Miller et al., 2017a)
or proxies for substitution such as crime (Morris et al., 2014) or emergency room reports
(Model, 1993). In contrast, we use administrative data on the universe of recreational mari-
juana purchases with minimal measurement error. Additionally, previous work has generally
focused on the impact of medical marijuana laws. For example, Baggio et al. (2017) shows
that legalizing medical marijuana leads to a 15% reduction in alcohol sales. To the best of
our knowledge, we are the first to estimate the effect of a legal recreational marijuana market
on state and federal tax revenues from multiple substances. Furthermore, our micro-founded
model allows us to estimate cross-price elasticities at both product as well as category levels.

We are also connected to the literature on the Laffer curve for substance taxes. Miravete
et al. (2018) show that firm market power leads to a “flatter” Laffer curve in the liquor
industry. Two recent working papers find, as we do, that Washington’s marijuana tax rate
is on the upward-sloping part of the Laffer curve — Hollenbeck and Uetake (2018), who
study tax incidence with respect to market power, and Hansen et al. (2017a), who estimate
the pass-through rate. In contrast to these papers, we explicitly incorporate the possibility
of substitution across substances and calculate the Laffer curve with respect to the total
substance tax revenues collected by the state.

In addition, we contribute to a public finance literature studying the trade-offs created
by federal systems and the devolution of taxation powers (Musgrave, 1959, Inman and Ru-
binfeld, 1996, Oates, 1999). Common questions include understanding vertical tax competi-
tion between local jurisdictions and the federal government (Keen and Kotsogiannis, 2002,
Briilhart and Jametti, 2006, Devereux et al., 2007) and horizontal tax differentiation and
competition across jurisdictions (Jacobs et al., 2010, Agrawal, 2012, 2015). The vast major-

ity of this literature focuses on a single good — we show that the legalization of marijuana



changes the federal tax base for alcohol and tobacco and that therefore the competition
between jurisdictions can take place over a range of markets.

We proceed by providing background information on Washington’s marijuana market
and substance taxation in Section 2. We discuss our data and provide descriptive statistics
in Section 3. We describe our model of demand for recreational substances in Section 4.
Section 5 details the particulars of our approach to identification and estimation. We present
the results in Section 6. We conclude in Section 7 with a discussion of policy implications

and suggestions for further research.

2 Background

Washington was one of the first states to legalize marijuana for recreational use.? Washing-
ton voters approved Initiative 502 in the election of November 2012, legalizing the sales of
marijuana for recreational use to all adults over the age of 21.3 Though the market opened
in July 2014, only 26 retail locations across Washington’s 39 counties opened in the first
month. 85 stores across half of Washington’s counties were open by the end of the year
and the number of stores grew to 352 by the end of 2016. Figure 1 illustrates Washington’s
counties with the month of first entry by retailers.

This variation in the timing of entry provides an opportunity to identify the effect of
legal marijuana by comparing counties with local retail access to counties without access.
Though retailers may have wished to enter faster in areas with higher expected demand,
which would create endogenous entry, the entry process was strictly controlled. Regulators
initially capped the number of retail licenses at 334* and apportioned those licenses across
geographies based on the local population share. Lotteries were held in areas where the
number of applicants exceeded the quota (Thomas, 2018), which partially alleviates concerns
that entry is correlated with demand shocks. Furthermore, entry in some areas was initially

limited by local authorities.® Figure 2 illustrates the percentage of the population in each

2Colorado legalized recreational marijuana at the same time as Washington but does not release county-
level data on its marijuana industry.
3Voters had previously created a medical marijuana market in 1998 (Sanna, 2014, p. 88).
4Fach license entitles a retail firm to open up to three locations.
®See http://mrsc.org/Home/Explore-Topics/Legal/Regulation/Marijuana-Regulation-in-Washington-State.



Washington county living in an area with an entry ban in July 2014. In Section 5 we discuss
the use of these moratoria as instruments in our identification strategy.

Washington assesses an excise tax on marijuana sales of 37% of the retail price — effectively
the highest in the U.S. (Hansen et al., 2017a). Washington’s high marijuana taxes are
consistent with its treatment of other substances which are among the highest in the U.S.
(Drenkard, 2015, Scarboro, 2017). Liquor sold for off-premise consumption is subject to a
20.5% tax on the retail price as well as an per-liter tax of $3.7708. Beer and wine are subject
to smaller per-liter excise taxes collected from wholesalers. Cigarettes faced a per-pack excise
tax of $3.025 during the period we study, while other tobacco products faced a 95% tax on
the wholesale price. All marijuana, tobacco, and alcohol products, except for liquor, are
subject to the state’s general 6.5% ‘sales and use’ tax, in addition to locality taxes which
may vary at the quarterly level.

As part of the ballot process, the State predicted the annual tax revenues from recre-
ational marijuana could be as high as $389 million by using estimates of the marijuana
consumption rate produced by the U.S. Department of Health and Human Services and
the United Nations Office on Drug and Crime (Washington Office of Financial Management,
2013). However, this estimate did not account for changes in the prices and quantities of other
goods and in the price of recreational marijuana products over time. In reality, Washington
collected $150 million in marijuana tax revenues in 2015, less than 40% of their estimate.
Moreover, in our data from 2013 to 2015, alcohol and tobacco tax revenues decreased by
2.3% and 12.5%, respectively (see Table 1).

To understand changes in federal taxes which stem from the legalization of marijuana,
we focus on the federal excise taxes applied to alcohol and tobacco sales,® which remained
constant during the period we study. Beer was taxed at $0.05 per 12 oz. can, while wine

was taxed at rates between $0.21 and $0.67 per 750ml bottle based on the type of wine and

aspx for a list of entry regulations.

6Marijuana retailers must pay federal income taxes, just as alcohol and tobacco retailers do. Marijuana
retailers are allowed to deduct their cost of goods sold from their income when calculating the taxes they
owe, just as alcohol and tobacco retailers can (see Chief Counsel Advice from the Internal Revenue Service
201504011). The difference comes elsewhere: marijuana retailers may not deduct any other expenses, such
as labor and capital costs. As a consequence, the marginal federal income tax rate paid by marijuana,
alcohol, and tobacco firms is similar, assuming the firms file taxes under similar organizational structures.
We therefore exclude income taxes from our analysis of federal tax revenues.



its alcohol content. Liquor was taxed at $2.14 per 750ml bottle at 80 proof. Cigarettes were
taxed at $1.01 per pack of 20, cigars faced a unit tax of $0.4026 each, and other tobacco

products were subject to a variety of tax rates based on the weight of the product.

3 Data and Descriptive Evidence

We combine administrative data on marijuana sales obtained from the Washington State
Liquor and Cannabis Board (WSLCB) with tobacco and alcohol sales data from the Nielsen
Retail Scanner Dataset.” The WSLCB data comes from Washington’s ‘seed-to-sale trace-
ability’ system that tracks each marijuana product from cultivation to the final retail trans-
action.® The data are reported to the state by firms as a condition of licensing. Compliance
and accuracy is enforced through frequent random audits — an average of eight audits per
location per year (Hansen et al., 2018). We observe prices and quantities for each product,
by retailer and day from July 2014 to December 2016. We also observe the wholesale price
paid by the retailer for each product and the product’s potency as measured by the concen-
trations of tetrahydrocannabinol (THC) and cannabidiol (CBD). We observe each retailer’s
entry date, and separately collect data on county- and municipality-level bans on entry.

The Nielsen Retail Scanner Dataset provides sales data from participating retailers which
include four major grocery store chains, two major discount store chains, and two drug store
chains in Washington. We observe the price and quantity sold of each tobacco and alcohol
product (defined by a UPC) offered by each retail location each week from 2013 to 2016.°
Retailer locations are observed at the county level; we observe sales for 37 out of Washington’s
39 counties. We aggregate both datasets to the monthly level for analysis.

The Nielsen data represents approximately 48% of Washington’s grocery sales (Lazich
and Burton, 2014). Seo (2017) uses tax data from Washington’s Department of Revenue

“We do not use the Nielsen Consumer Panel Dataset because the observations are too sparse to construct
reliable measures of prices and quantities — even after aggregating to the quarter level, there are multiple
counties with zero observations of tobacco or alcohol purchases.

8This system was implemented to comply with the informal federal requirements laid out in the Cole
Memo (Cole, 2013) which implicitly authorized states to legalize recreational marijuana despite continued
federal prohibition.

9We begin our analysis in 2013 to isolate the impact of Washington’s privatization of the retail liquor
industry in June 2012. While the simultaneous entry of marijuana and liquor retailers could pose a threat
to our identification strategy, Seo (2017) shows that 98% of liquor retailers entered by the end of 2012.



to show that liquor sales from the Nielsen data captures half of the sales in the state, and
that this fraction is constant over time. As long as the legalization of marijuana does not
change consumer preferences for stores included in the Nielsen dataset, or change the pricing
behavior of Nielsen stores compared to non-Nielsen stores, the Nielsen data can be viewed as
representative and will not introduce bias into the estimated effect of marijuana legalization
on alcohol and tobacco sales.

Table 1 summarizes the retail sales of alcohol, tobacco, and marijuana captured by our
data by year.!® The first panel reports the total sales in dollars by year. From 2013 to 2015,
total substance expenditures increased 15.8% from $2.5 billion to $2.9 billion. At the same
time, tobacco sales decreased 11% and alcohol sales experienced a smaller decrease of 1.1%.
In 2015, marijuana captured 16% of the total expenditures on recreational substances. The
second and third panels show that the decreases in sales for alcohol and tobacco were driven
by both decreases in quantities and prices. The fourth panel shows that the introduction
of legal marijuana increased tax receipts from 2013-2015 by 23% from $526 million to $647
million, though receipts from both alcohol and tobacco sales fell, by 2.8% and 12.8% respec-
tively. Finally, the fifth panel reports that the federal excise taxes collected from substances
in Washington decreased 2.5% from 2013 to 2015.

The overall pattern of decreasing prices and quantities does not translate uniformly across
the product types within each substance category. Table 2 repeats the analysis of Table 1
for beer, wine, and liquor products within the alcohol category and cigarettes and other
tobacco products (OTP), which include cigars, loose-leaf tobacco, and vaping products, in
the tobacco category. Prices for beer and wine were nearly constant from 2013 to 2015,
while the average price of liquor decreased 2.01%. Despite this decrease in the price of
liquor, the quantity of liquor sold also decreased by 1.97%. Cigarettes make up over 90%
of the tobacco sales. Both tobacco product types experienced decreases in both prices and
quantities though quantities decreased more for cigarettes (8.44% versus 5.06%).

Finally, Table 3 reports summary statistics for marijuana from July 2014 through the end

of 2016. We subdivide marijuana into three products: flower, edibles, and concentrates.!!

10Tn Tables 1-3 we calibrate the quantities of alcohol and tobacco sales by multiplying ﬁ ~ 2.083 (Lazich
and Burton, 2014) to account for the non-Nielsen retailers.
UFlower, also known as ‘usable marijuana’ within Washington’s legal framework, consists of the dried



We measure the quantity of flower in grams and the quantities of other products in counts.
Sales for all three products increased substantially from 2014 to 2016. The third and fourth
panels document a decline in the retail and wholesale prices of all three products as retailers
entered in different markets throughout the state. The bottom panel of Table 3 summarizes
our data on retailer entry and local entry bans. From 2014 to 2016, the number of counties
with an entry ban in at least one location decreased from 14 to 11, though the average
population covered by a ban increased from 10% to 17%.

While these descriptive statistics document a decrease in alcohol and tobacco purchases
at the same time that recreational marijuana became legal in Washington, and that, in
general, substance prices dropped after marijuana was legalized, it is not clear from this
alone that the legalization of marijuana caused these decreases. For example, a long term
trend in preferences for tobacco (Nelson et al., 2008) or a change in the popularity of black
market marijuana, combined with own- and cross-price elasticities for those substances could
justify these changes. We therefore proceed to estimate a model of demand for recreational

substances which accounts for these factors.

4 A Model of Demand for Recreational Substances

We model demand for recreational substances using a multistage budgeting approach (Gor-
man, 1971) and the Almost Ideal (AI) demand system (Deaton and Muellbauer, 1980, Haus-
man et al., 1994). Al is often used to identify relationships between products when it is
not known if the products are substitutes or complements. Applications have included esti-
mating the demand for pharmaceuticals (Ellison et al., 1997, Bokhari and Fournier, 2013),
analyses of mergers (Werden and Froeb, 2008, Miller et al., 2017b), intellectual property
rights (Goldberg, 2010), and strategic pricing (Dhar et al., 2005). Within this literature, we
are most related to Hausman and Leonard (2002), who use a similar model to anaylze the

consumer surplus impacts of introducing a new product into a narrowly defined category.

and cured flowers of the cannabis plant. Flower products are generally smoked directly by consumers.
Edibles are processed foods such as brownies or hard candies which include extracts of the cannabis plant
as ingredients. Concentrates consist of extracts of the cannabis plant which have been processed to increase
the concentration of psychoactive chemicals. Concentrates are generally consumed via a vaporizer, similar
to an e-cigarette.



In the model, a representative consumer makes decisions about expenditures at different
levels. The top level models the overall demand for legal substances. The middle level
specifies demand for each substance type m € {mj, alc, tb} and the bottom level models
demand for product ¢ within substance m. Figure 3 provides a diagrammatic view of the
model, illustrating the decisions made in each level and the relationships between the levels.!?

Alternatively, in Appendix A, we estimate the impact of marijuana availability on alcohol
and tobacco products using a differences-in-differences strategy with Oregon as a control.
While we find similar qualitative results, the differences-in-differences strategy may not be
the best approach in our context. First, the absence of liquor in the Oregon data, which
accounts for 37% of alcohol sales in Washington and which experienced the largest drop
in prices, quantities, and sales from 2013-2015, implies that the sales we capture across
the states do not reflect the full variety of products important to consumers. Indeed, if
liquor and marijuana are particularly substitutable, which is what we find in our main
analysis, we would expect an analysis that focused on beer and wine to be biased towards
zero as substitution away from liquor would tend to offset any effects on beer and wine. The
relatively brief period between Washington’s market opening and Oregon’s market opening
implies both that preferences for legalization may be correlated between the states and that
even if the assumptions needed for identification are satisfied, the data have little power to
measure any effect. Furthermore, we exclude Portland, Oregon’s largest city and the source
of much of its substance sales, due to concerns about cross-border shopping effects (Hansen
et al., 2017b). Finally, the differences-in-differences approach does not provide a micro
foundation to calculate cross-price elasticities and aggregate from products to substance

categories, which is key to calculating the slope of the Laffer curve for substances.

4.1 Bottom level: Demand for products

We model the demand for products within substance types using Al. This demand system
is a first-order approximation to any Gorman-class demand function and allows for flexible
patterns of substitution or complementarity. A market is defined by county ¢ and time ¢

measured in months. The representative consumer in the market (c,¢) allocates a share of

12In Appendix B we derive an expression for cross-price elasticities at the product and substance levels.



m
ict

spending s to a specific product type i € {1,---, J™} within substance type m, where J™

is the number of product types within that substance type. Demand is given by

m ‘]m
m m yC m
Sy =B0 + B log (_an) + Yij log pjet + ®iLct1m€{alc, tb}
ct j=1
+FX10+FX“5 + €ict- (1)

In this equation, y} is the expenditure on the substance type, p;. is the price of product
1, and PJ' is a price index for all products within the substance type. Following Hausman
et al. (1994), we use a Stone-weighted price index and define log P} = Z;]:ml st 10g Dict-
log (%) is an index for real quantity and becomes the dependent variable in the middle
level. «;; has the same sign as the Hicksian elasticity conditional on ;.

L. is an indicator which is equal to one if we observe sales of marijuana (ygj) in county
¢ at time ¢t — in other words we define

L 1 ify >0, )
0 otherwise
O captures the effect of legalizing marijuana on product shares within the alcohol and tobacco
substance types.

We include county-product fixed effects F.X;. and time-product fixed effects F X; to
control for demand shocks across geographic areas and over time (we return to these fixed
effects in Section 5.1). Despite these fixed effects, the demand shock €;; may still include a
component which is unobserved to econometricians but is observed by firms and consumers
(e.g. advertising) which implies the timing of entry L and the price of each product p;
may be correlated with €;,;. Moreover, if the shock influences pricing decisions of firms that
sell products 7 # i, the “own price” p; is likely to be correlated with the shocks for other
products €;. As a consequence, all prices in Equation 1 may be endogenous depending on
the magnitude of substitutability or complementarity. As these prices are used to construct

price indices for the other levels of the model, these endogeneity concerns exist in the other

levels as well. We discuss our instruments for price in Section 5.2 and L in Section 5.3.
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4.2 Middle level: Demand for substance types
The middle level models demand for substance type m € {mj, alc, tb} with a log-log form:
10g( ZZ) =y + Ay, 1Og §/ct + HmLct + Oé,/m 10g Y;:tht + 5m,mj 1Og Pcl?cht

+ Opm.ale log P2 4 6, 1 log PP + K, O Ry (3)

+ Fch + Fth + Emct-

The dependent variable Q7 = %% is the real quantity of substance m. Y, is the nominal
expenditure on all legal substances, which becomes the dependent variable in the top level.
We interact log Y,; with the marijuana availability indicator L because the overall expenditure
on substances increases substantially from the sum of tobacco and alcohol expenditures to the
sum of tobacco, alcohol, and marijuana expenditures.!® The § parameters are Marshallian
own- and cross-price elasticities conditional on nominal expenditures Y. To control for any
cross-border shopping (Hansen et al., 2017b), we include an indicator variable O R.; which is
one if the county c is adjacent to the Oregon border and the time ¢ is after Oregon’s market
opened. Finally, as in the bottom level, we include county and time fixed effects for each
category m.

We set log PWL = 0 if L = 0 as prices for marijuana prior to legalization are not
observable, resulting in a jump in log P™ L from zero to some non-zero number at the same
time that L changes from zero to one. As a result, # includes some effect of the change in
marijuana prices post-legalization in addition to the effect of legalization. We discuss our

approach for estimating the effect of legalization in isolation in Section 5.4.

4.3 Top level: Demand for substances

The top level models the overall demand for legal substances via

log(Y;t) = gb() ‘I— ¢1 log(}_/ct) + )\ log Pct ‘I— X/cgbg + FXt —|— Uet - (4)

/
m?

13For marijuana, the coefficient on the total expenditure on substances becomes ay, + o/, and 6,,L; is

absorbed to the intercept.
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Y,; is the nominal expenditure on all legal substances. Y,; is the average gross income reported
by the Bureau of Labor Statistics at the county-quarter level. log P, = dYom %33 log P}
is the Stone-weighted price index for all substances. We include time but not county fixed
effects due to the short panel. Instead, we control for county characteristics X, such as

population, urban or rural status (population density), average age, and gender ratio.

5 Identification and estimation

One may be concerned about potential endogeneity in pricing and store entry decisions,
long-term trends in the consumption of alcohol and tobacco, and geographic differences in
preferences. We address these concerns with a comprehensive set of fixed effects as well
as instruments for prices and our availability indicator. We discuss the middle level for

simplicity but the same approach applies to the top and bottom levels.

5.1 County and time fixed effects

Preferences for substances are not likely to be constant across counties. For example, the
share of people voting for marijuana legalization at the county level varied from 38% to 68%.
Moreover, the unobservable taste for one type of substance may be correlated with tastes for

e en) # 0 for m,n € {alc, tb, mj}. This implies that the county-

other substances, Corr(el}, ey,

level demand shock for one substance may be correlated with the prices of other substances
Corr(log P, e™) # 0 and the timing of marijuana availability Corr(Le, €X) # 0, m # mj.

To control for any geographic-based heterogeneity in preferences we include county-
substance fixed effects. They account for demographics of the area, such as income, ed-
ucation, political preferences, social norms, distance to retailers, the sophistication of the
black market in the county, and any other unobserved county-specific preferences for each
substance that are constant across time.

Preferences for legal substances are also not likely to be constant over time. Our sample
period experiences a general shift away from tobacco consumption and within the population

of tobacco users and a shift toward e-cigarettes (McMillen et al., 2015, Washington, 2018).

Changes in the black market over time affect demand for legal marijuana. We address

12



concerns with time fixed effects for each substance.!*

5.2 Price endogeneity

If retailers adjust prices in response to county-time specific demand shocks, such as temporary
advertisements, prices may still be endogenous. Prices of other substances can also be
endogenous if preferences for substances are highly correlated, Corr(log Py, el) # 0 for
m,n € {alc, tb, mj}. We instrument own and other prices with time-varying local tax
rates, the wholesale price of marijuana, and “Hausman” instruments.

Our first instrument comes from the fact that Washington allows localities to set sales
tax rates independently. Assuming that counties are not setting tax rates in response to
their own demand shocks at certain points in time, these tax rates are uncorrelated with the
unobservable component of demand.'® Roughly half of Washington’s counties changed their
tax rate at least once during the sample period. 20% changed their tax rate twice or more.

Our data on marijuana sales include the wholesale prices paid by firms. Restrictions on
the scale of marijuana production firms'® imply that no single firm is likely to have sufficient
market power to extract rents from any demand shocks in a systematic way. We therefore
interpret these wholesale prices as exogenous cost shifters for the retail firm and use them
as instruments for marijuana prices. As we aggregate individual UPCs to product types, we
use the average wholesale price of medium potency products sold in a county-month as an
instrument. We restrict to products of medium potency (defined as the products in the 25th
to 75th percentile of THC) to control for changes in the composition of sales.

Lastly, we adopt ‘Hausman’ instruments, which stem from the logic that prices in different

locations are at least partially driven by state-wide cost shocks, such as changes in wages,

14We do not use existing data on the black market to control for changes in the black market for two
reasons. First, there is no consensus on the estimated size of Washington’s black market prior to legalization
— estimates range from 85 to 225 metric tons annually (Washington Office of Financial Management, 2013,
Kilmer et al., 2013). Second, although black market prices can be collected from www.priceofweed.com
and Perfect Price, there are not enough observations to construct a price index by county and month. As a
result, using this data does not add any value given that we include county and time fixed effects.

5 The tax rate for liquor is excluded from the instruments as it is not subject to local sales taxes and is
constant across counties and time. Additionally, although Washington unexpectedly changed the retail tax
rate on marijuana from 25% to 37% on July 1, 2015, our time fixed effects preclude the use of this state-wide
change as an instrument.

16Marijuana production is regulated under a tiered licensing system that restricts the area of ‘plant canopy’
that can be under active cultivation. The largest licensees are limited to 30,000 square feet of canopy.
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wholesale costs, or fuel costs (Hausman et al., 1994, Hausman, 1996, Hausman and Leonard,
2002). As a consequence, the price of a product in one market at a particular point in time
can be used as an instrument for the price of the same product in a different location at the
same point in time.

The Hausman instrument exclusion restriction hinges on the absence of state-wide de-
mand shocks. The most common concern identified in the literature is the possibility of
broad-scale promotional efforts (see Hausman, 1994, and the included response by Bresna-
han), which would simultaneously affect both costs and demand in an unobservable way. In
our model any state-wide demand shocks at any given point in time are controlled for by
the time fixed effects. The concern might still be relevant if demand shocks are correlated
across some counties but not all. However, mass-market advertising of marijuana is effec-
tively restricted to local newspapers and online channels by Washington law and the federal
prohibition of the substance (WAC 314-55-155). State and local boards of health in Wash-
ington have regulated tobacco advertising beyond the nationwide restrictions of the Master
Settlement Agreement (Scott, 2000). Television advertisements for alcohol are allowed, but
Washington restricts joint advertising efforts between alcohol producers and retailers (WAC
314-52-090). Taken together, these restrictions imply that broad-scale promotional efforts
are more expensive in this context than others explored in the literature (e.g. ready-to-eat

cereal).

5.3 Endogeneity in marijuana retail entry

The extensive-margin effect of legalizing recreational marijuana on other substances is identi-
fied by the variation in timing of marijuana retail entry across counties. County fixed effects
account for the potential tendency that marijuana retailers may enter earlier in areas which
have a stronger preference for marijuana products, which can be correlated with alcohol
or tobacco preferences. Time fixed effects, for example, account for the decline in tobacco
consumption and its potential correlation with the popularity of marijuana. Moreover, as
licenses were subject to a population-based quota (see Section 2), the potential correlation
between marijuana availability and county-time specific demand shocks is limited.

Despite these factors, the exact timing of marijuana availability in a given county may
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not be exogenous — i.e. Corr(Ley,el) # 0. We instrument our legalization indicator L
with local bans on entry. We use the percentage of the population living in areas where
entry was banned, which is correlated with the availability of marijuana in a county. This
instrument is valid even if local bans are correlated with local preferences because those local
preferences are accounted for by county fixed effects.!” The bottom panel of Table 3 reports

these percentages across time.

5.4 Other estimation details

To account for any changes in the bottom level price index p; stemming from changes in
the composition of demand, we construct a fixed basket of goods for each product type
1 and estimate demand as a function of the price of this fixed basket. For alcohol and
tobacco products, we use the average per-quantity price for the top sellers within each type
throughout the sample period—the top 40% for cigarettes and OTP and top 15% for beer,
wine, and liquor. For flower, edibles, and concentrates, we use the average price of products
of medium potency. Quantities are measured by count of rolls for cigarettes, count for OTP,
liters for all alcohol products, grams of flower, and counts for edibles and concentrates.

In the bottom level, we impose homogeneity of degree zero in prices and expenditures,
> Bi=0,> ;% = 0, and Slutsky symmetry, 7;; = ;. The bottom level is then reduced
to J™ — 1 equations and estimated simultaneously with two-step multiple equation GMM.
We use two-stage least squares to estimate the middle and top levels. We estimate the
top level using observations where we observe positive marijuana sales (L, = 1) because
legalization caused a large increase in the level of expenditures on substances and our purpose
in estimating this equation is to recover the impact of marginal changes in the prices of
substances on the overall level of expenditures.

Since log P,,,; L changes from zero to some positive number in the middle level, the esti-

mated coefficient on L alone does not represent the full effect of legalization. To properly

"In Appendix A, our differences-in-differences comparison with Oregon, we define marijuana availability
in Washington with L and instrument it as described here and also explore an alternative state-level definition
L which is one if the county is in Washington after July 2014. L is free of concerns about the correlation
between local bans and local preferences. We find similar results across the two specifications, which provides
evidence that our instrument is valid.
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account for this simultaneous movement, we start from the actual data on prices and quan-
tities in the year before legalization, and “turn on” the L and P™ L terms throughout
the model, holding the prices of other goods constant. Since the dependent variables of
the top and middle level become independent variables in the middle and bottom levels,
respectively, we pass-through any changes in those upper-level variables when calculating
lower-level changes. We also use this approach to decompose the other effects captured by
the model and explore the price responses of other industries to the opening of Washington’s
marijuana market.

Finally, we report standard errors for coefficients that are robust to heteroskedasticity. As
our estimates of cross-price elasticities, the effects of marijuana legalization, and the Laffer
curve are non-linear functions of parameter estimates across multiple estimating equations,
we form these estimates with 2,000 Wild bootstrap replications of our parameter estimates

and report means and standard errors.

6 Results

Table 4 presents estimates of Equation 4 (the top level). Column (1) estimates the equation
without any county-level covariates included. The coefficient on the log of the price index
for substances indicates that substances are elastic. Column (2) adds the log of the county
population as a control. Column (3) presents our preferred specification, which, in addition
to the log population measure, also includes the percentage of the population which is male,
which is between the ages of 15 and 34, and which identifies as white. Per Equation 9, the
overall price elasticity of legal substances in our preferred specification is -0.40.

We next estimate Equation 3 (the middle level) for each of our substance categories. The
results are reported in Table 5. All substance segments are price elastic, with marijuana
(-1.94) more price elastic in the point estimate than tobacco (-1.75) or alcohol (-1.46), con-
ditional on the overall level of expenditures. The negative point estimates on the indicators
for legal marijuana availability implies that marijuana reduced the quantity of tobacco sig-
nificantly. While the quantity of alcohol also decreased, the effect is imprecisely estimated.

The coefficients on marijuana price, which aggregate different forces at the product level,
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are imprecisely estimated and so we draw no general conclusion about the intensive mar-
gin relationship between marijuana and the alcohol and tobacco substance categories. The
coefficient on the indicator for Oregon legalization is significant and negative for marijuana
which is consistent with the results of Hansen et al. (2017b).

Table 6 reports estimates of Equation 1 (the bottom level) for each of our substance
categories. The first two columns report estimates for the alcohol category (with liquor as
the excluded product), the next two columns report estimates for the marijuana category
(concentrates are excluded), and the last column reports estimates for cigarettes within the
tobacco category (OTP is excluded). An increase in real expenditures on alcohol leads to
an increase in the expenditure share of beer and decreases in the share of wine and liquor.
Increasing expenditures on marijuana leads to an increase in the share of flower at the cost of
edibles, and an increase in tobacco expenditures leads to an increase in the share of cigarettes.
An increase in the relative price of each good results either in a decrease in the expenditure
share of that good or a change indistinguishable from zero. Marijuana availability leads to
a decrease in the share of wine, liquor, and cigarettes. Oregon’s market opening affects the
share of flower more than edibles, consistent with the results of Hansen et al. (2017b).

With the estimates of each stage of the model in hand, Table 7 presents a matrix of
own- and cross-price elasticities for all products in the model per Equation 6. We find that
the own-price elasticities for marijuana flower (-1.53) and concentrate (-1.26) products are
higher in the point estimate than the elasticity of edibles (-0.93). The cross-price elasticities
between cigarettes and all three marijuana products are positive and significant — marijuana
and cigarettes are substitutes. Our estimate of the own-price elasticity for beer, -1.17, is
comparable to the -1.36 estimated by Hausman et al. (1994).

We use these results to analyze the effect of the legalization of marijuana itself (as op-
posed to subsequent changes in substance prices) on substance product purchases in Table 8
unconditional on the level of total expenditures. We decompose the overall change in the
quantity demanded of each product from 2013 (in the first column) to the 2015 (in the last
column) into several parts. The second column isolates the effect of legalization holding
prices and other demand characteristics fixed. Legalization decreases the quantity sold of

liquor by 22% and cigarettes by 12%. The third column reports the effect of increasing legal
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substance expenditures from pre-legalization to post-legalization levels. The fourth and fifth
columns update the prices of alcohol and tobacco products, respectively, to their 2015 levels.
The price changes work to offset the effects of legalization, with the tobacco price changes
leading to larger changes in quantities than changes in alcohol prices. The difference between
the changes captured by the model and the last column come from changes in time fixed
effects and any remaining unobservable components of demand.

Table 9 reports an analogous decomposition with respect to state and federal tax rev-
enues.'® The first and last columns indicate the tax revenues captured in the 2013 and
2015 data, respectively. The four middle columns follow the steps of Table 8. The results
indicate that the legalization of marijuana has the largest effect on tax revenues from liquor,
even after the liquor industry adjusts their prices. If marijuana was legalized and the other
determinants of demand had been fixed, Washington would have earned $170 million in tax
revenue from marijuana. However, the total tax revenue from all substances would have
only increased by $89 million to $614 million. In that scenario, federal excise tax revenue
falls by 16%. Alternatively, if we adjust for the increase in legal substance expenditures (but
not changes in alcohol or tobacco prices), we find that Washington would have earned $205
million in revenues from marijuana, but revenue from all substances would have increased
by $135 million to $660 million. Under those assumptions, federal excise tax revenue falls
by 14%. Finally, after adjusting for the change in expenditures and prices (but not time
fixed effects), Washington would have earned $150 million in tax revenue from marijuana,
but total tax revenue would have increased by $87 million to $612 million. We conclude
that between 35% and 50% of the state tax revenue that comes from legalizing marijuana
is cannibalized from alcohol and tobacco revenues and that legalization reduces federal tax
revenue by about 15%.

Table 10 reports the effects of a 1% increase in the effective tax rate of each product
on the tax revenue collected by the state for each product in 2015.1% To calculate these

effects, we turn to the literature to find the rate at which tax increases are passed through

18In Appendix A we perform a similar decomposition via the differences-in-differences framework. The
results are qualitatively similar.

19For example, the effective tax rate on wine in 2015 was 11.81% — the table reports the effects of an
increase in the effective tax rate to 11.93%.

18



to consumers for different products. Hansen et al. (2017a) study a tax change within the
marijuana industry and find a pass-through rate of 0.44. For tobacco, we adopt the rate of
0.85 found by Harding et al. (2012). Kenkel (2005) estimated tax pass-through rates for a
variety of alcohol products. We use the average off-premise rate for each product type.2’ We
use these rates to calculate new prices, and then combine our model estimates to calculate
the change in the quantity purchased of each substance. The first panel reports the effect of
increasing the tax rates on individual products and the second panel raises the tax rate on
all products within a substance category simultaneously.

Overall, we find that Washington is on the left-hand side of the Laffer curve for each prod-
uct, both in isolation and when considering the total tax revenues across all products. The
largest potential gains at the product level come from increasing the tax rate on cigarettes
and liquor. At the substance category level, alcohol offers the largest gains — a 1% increase
in the tax rate on all alcohol products leads to a .501% increase in revenues. This is driven
by the outsized role alcohol plays in the overall substance market — the product-level rev-
enue increases generated by a 1% increase in the tax rate on marijuana are similar to those
generated by an alcohol increase, but alcohol has a greater share of substance expenditures.
As Washington substance tax rates are among the highest in the country, this result implies

that other states are likely on the left-hand side of the Laffer curve as well.

7 Conclusion

As voters shift toward supporting the legalization of marijuana, in part due to a desire for
increased state tax revenues, it appears likely that more jurisdictions in the United States
and elsewhere will remove long-standing prohibitions on the substance. The public finance
consequences of such a policy depend on the interaction between the marijuana industry
and other substance industries. We present a model that places the legal marijuana industry
in the context of other legal recreational substances, alcohol and tobacco, and that allows

products within different substance segments to be substitutes or complements.

20The average rate for beer is 1.67, and the average rate for liquor is 1.89. Kenkel (2005) does not report
off-premise rates for wine, so we use the average over beer and liquor, 1.78.
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We find that marijuana and cigarettes are substitutes on both the intensive and extensive
margins, and while marijuana and alcohol are substitutes on the extensive margin, we draw
no conclusion on the intensive margin. Liquor and cigarette products are most affected by
the availability of legal marijuana. We also find that more than one-third of the tax revenues
that come from legalizing marijuana are cannibalized from other substance revenues. Finally,
we find that despite Washington having the highest retail tax rate on marijuana in the United
States, 37%, further increases to marijuana taxes would still lead to higher revenue collections
by the state.

Our results suggest that it is important for policy-makers to incorporate substitution
across industries into analyses of marijuana legalization and tax policies. For example, as
additional jurisdictions choose to legalize, differences in taxation rates across substances and
borders may interact to result in either greater or lower levels of cross-border shopping in a
way that is not captured by analyses of a single product (Lovenheim, 2008, Merriman, 2010,
DeCicca et al., 2013), price (Chandra et al., 2014), or tax instrument at a time (Einav et al.,
2014). If and when the federal government chooses to legalize marijuana and apply its own
excise tax, it is likely that states will respond by lowering tax rates; Fredriksson and Mamun
(2008) find that cigarette taxes in states come down by roughly 48 cents in response to a $1
increase in the federal excise tax rate.

Our model can serve as a starting point for studying the broad consumption patterns
of substances when product characteristics aren’t comparable across substance categories or
when micro-level consumption data aren’t available. We discuss how our model could be
extended to understand the relationship between legal and illegal substances, and discuss a
method for determining the optimal tax regime.

Legal and illegal substances. Marijuana, tobacco, and alcohol are not the only sub-
stances consumed for recreational purposes. Opioids, stimulants, psychedelics, and other
substances are available through black-market channels and are estimated to be consumed in
significant quantities (Substance Abuse and Mental Health Services Administration, 2017).
Indeed, previous research has found that medical marijuana laws reduce the number of
painkiller prescriptions and deaths from overdoses (Powell et al., 2018). Our framework of-

fers an opportunity to extend that work by incorporating illegal substances into the resource
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allocation decision made by the representative consumer. The challenge in doing so is in
obtaining reliable data on both prices and quantities of these black-market substances.
Optimal tax rates. While we use our framework to understand the impact of a marginal
change in tax rates, determining the optimal tax regime is more challenging. Our model offers
a view into demand behavior but we do not model supply-side decisions. It is possible that
large-scale changes in tax regimes may result in significant changes in the competitive conduct
of firms, leading to different pass-through rates for consumers. We propose adding a model of
the supply of recreational substances to our demand model and defining a Nash equilibrium
in prices. One could estimate the supply parameters and then simulate equilibrium outcomes
as a function of tax rates. The challenge lies in defining an appropriate model of supply for
the different substance industries. While the marijuana industry is highly differentiated and
is likely best described as having a monopolistically competitive environment with significant
barriers to entry, the tobacco market is closer to an oligopoly, with the mass-market alcohol

industry somewhere in-between.

References

David R Agrawal. Games within borders: are geographically differentiated taxes optimal?
International Tax and Public Finance, 19(4):574-597, aug 2012. ISSN 1573-6970. doi:
10.1007/510797-012-9235-y. URL https://doi.org/10.1007/s10797-012-9235-7.

David R. Agrawal. The tax gradient: Spatial aspects of fiscal competition. American
Economic Journal: Economic Policy, 7(2):1-29, May 2015. doi: 10.1257/pol.20120360.
URL http://www.aeaweb.org/articles?id=10.1257/pol.20120360.

Michele Baggio, Alberto Chong, and Sungoh Kwon. Helping settle the marijuana and alcohol
debate: Evidence from scanner data. Working paper, 2017. URL https://ssrn.com/
abstract=3063288.

Farasat A. S. Bokhari and Gary M. Fournier. Entry in the adhd drugs market: Welfare
impact of generics and me-too’s. The Journal of Industrial Economics, 61(2):339-392,
2013. ISSN 1467-6451. doi: 10.1111/joie.12017. URL http://dx.doi.org/10.1111/
joie.12017.

Marius Briilhart and Mario Jametti. Vertical versus horizontal tax externalities: An empir-
ical test. Journal of Public Economics, 90(10):2027 — 2062, 2006. ISSN 0047-2727. doi:
https://doi.org/10.1016/j.jpubeco.2006.04.004. URL http://www.sciencedirect.com/
science/article/pii/S0047272706000594.

21



Ambarish Chandra, Keith Head, and Mariano Tappata. The economics of cross-border
travel. The Review of Economics and Statistics, 96(4):648-661, 2014. doi: 10.1162/
REST\_a\_00404. URL https://doi.org/10.1162/REST_a_00404.

James M. Cole. Memorandum for all United States attorneys. https://www. justice.gov/
iso/opa/resources/3052013829132756857467 . pdf, 2013. Accessed: 2017-07-20.

Angus Deaton and John Muellbauer. An almost ideal demand system. The American
Economic Review, 70(3):312-326, 1980. ISSN 00028282. URL http://www.jstor.org/
stable/1805222.

Philip DeCicca, Donald Kenkel, and Feng Liu. FExcise tax avoidance: the case of state
cigarette taxes. Journal of health economics, 32(6):1130-1141, dec 2013. ISSN 1879-1646
(Electronic). doi: 10.1016/j.jhealeco.2013.08.005.

M.P. Devereux, B. Lockwood, and M. Redoano. Horizontal and vertical indirect tax compe-
tition: Theory and some evidence from the usa. Journal of Public Economics, 91(3):451
— 479, 2007. ISSN 0047-2727. doi: https://doi.org/10.1016/j.jpubeco.2006.07.005. URL
http://www.sciencedirect.com/science/article/pii/S0047272706001125.

Tirtha Dhar, Jean-Paul Chavas, Ronald W. Cotterill, and Brian W. Gould. An econometric
analysis of brand-level strategic pricing between coca-cola company and pepsico. Journal
of Economics & Management Strategy, 14(4):905-931, 2005. ISSN 1530-9134. doi: 10.
1111/§.1530-9134.2005.00087.x. URL http://dx.doi.org/10.1111/3j.1530-9134.2005.
00087 . x.

Scott  Drenkard. How high are cigarette taxes in your state? Techni-
cal report, Tax Foundation, 2015. URL https://taxfoundation.org/
how-high-are-cigarette-taxes-your-state/.

Liran Einav, Dan Knoepfle, Jonathan Levin, and Neel Sundaresan. Sales taxes and internet
commerce. American Economic Review, 104(1):1-26, January 2014. doi: 10.1257/aer.104.
1.1. URL http://www.aeaweb.org/articles?id=10.1257/aer.104.1.1.

Sara Fisher Ellison, lain Cockburn, Zvi Griliches, and Jerry Hausman. Characteristics of
demand for pharmaceutical products: an examination of four cephalosporins. The RAND
Journal of Economics, 28(3):426-446, 1997.

Per G Fredriksson and Khawaja A Mamun. Vertical externalities in cigarette taxation: Do
tax revenues go up in smoke? Journal of Urban Economics, 64(1):35-48, 2008. ISSN 0094-
1190. doi: https://doi.org/10.1016/j.jue.2007.08.001. URL http://www.sciencedirect.
com/science/article/pii/S0094119007000927.

Pinelopi Koujianou Goldberg. Intellectual property rights protection in developing countries:
The case of pharmaceuticals. Journal of the European Economic Association, 8(2-3):
326-353, 2010. doi: 10.1111/j.1542-4774.2010.tb00506.x. URL +http://dx.doi.org/10.
1111/3.1542-4774.2010.tb00506 . x.

22



W. M. Gorman. Two stage budgeting. Mimeo, London School of Economics, 1971.

Katarina Guttmannova, Christine M. Lee, Jason R. Kilmer, Charles B. Fleming, Isaac C.
Rhew, Rick Kosterman, , and Mary E. Larimer. Impacts of changing marijuana policies

on alcohol use in the united states. Alcoholism: Clinical and FExperimental Research, 40
(1):33-46, 2016.

Benjamin Hansen, Keaton Miller, and Caroline Weber. The taxation of recreational mari-
juana: Evidence from washington state. Working Paper 23632, National Bureau of Eco-
nomic Research, July 2017a. URL http://www.nber.org/papers/w23632.

Benjamin Hansen, Keaton Miller, and Caroline Weber. Drug trafficking under partial pro-
hibition: Evidence from recreational marijuana. Working Paper 23762, National Bureau
of Economic Research, August 2017b. URL http://www.nber.org/papers/w23762.

Benjamin Hansen, Keaton Miller, and Caroline Weber. Auditing and enforcement in the
recreational marijuana industry. Technical report, 2018.

Matthew Harding, Ephraim Leibtag, and Michael F. Lovenheim. The heterogeneous geo-
graphic and socioeconomic incidence of cigarette taxes: Evidence from nielsen homescan
data. American Economic Journal: Economic Policy, 4(4):169-98, May 2012. doi: 10.
1257/pol.4.4.169. URL http://wuw.aeaweb.org/articles?id=10.1257/pol.4.4.169.

Jerry Hausman, Gregory Leonard, a/nd J. Douglas Zona. Competitive analysis with dif-
ferenciated products. Annales d’Economie et de Statistique, (34):159-180, 1994. ISSN
0769489X, 22726497. URL http://www. jstor.org/stable/20075951.

Jerry A Hausman. Valuation of new goods under perfect and imperfect competition. Working
Paper 4970, National Bureau of Economic Research, December 1994. URL http://www.
nber.org/papers/w4970.

Jerry A Hausman. Valuation of new goods under perfect and imperfect competition. In The
economics of new goods, pages 207-248. University of Chicago Press, 1996.

Jerry A Hausman and Gregory K Leonard. The competitive effects of a new product in-
troduction: A case study. The Journal of Industrial Economics, 50(3):237-263, 2002.
ISSN 1467-6451. doi: 10.1111/1467-6451.00176. URL http://dx.doi.org/10.1111/
1467-6451.00176.

Brett Hollenbeck and Kosuke Uetake. Taxation and market power in the legal marijuana
industry. Working Paper, 2018.

Robert P. Inman and Daniel L. Rubinfeld. Designing tax policy in federalist economies:
An overview. Journal of Public Economics, 60(3):307 — 334, 1996. ISSN 0047-2727. doi:
https://doi.org/10.1016/0047-2727(95)01554-X. URL http://www.sciencedirect.com/
science/article/pii/004727279501554X. ISPE Conference on Tax Reforms and Tax
Harmonization: Public choice versus public finance.

23



Jan Jacobs, Jenny Ligthart, and Hendrik Vrijburg. Consumption tax competition among
governments: Evidence from the united states. International Tax and Public Finance, 17
(3):271-294, 2010. URL https://EconPapers.repec.org/RePEc:kap:itaxpf:v:17:y:
2010:1:3:p:271-294.

Michael J. Keen and Christos Kotsogiannis. Does federalism lead to excessively
high taxes? American  Economic Review, 92(1):363-370, March 2002.  doi:
10.1257/000282802760015784. URL http://www.aeaweb.org/articles?id=10.1257/
000282802760015784.

Donald S. Kenkel. Are alcohol tax hikes fully passed through to prices? evidence from alaska.
American Economic Review, 95(2):273-277, May 2005. doi: 10.1257,/000282805774670284.
URL http://www.aeaweb.org/articles?id=10.1257/000282805774670284.

Beau Kilmer, Jonathan P. Caulkins, Gregory Midgette, Linden Dahlkemper, Robert J. Mac-
Coun, and Rosalie Liccardo Pacula. Before the grand opening: Measuring washington
state’s marijuana market in the last year before legalized commercial sales. Technical

report, RAND Drug Policy Research Center, 2013.
Robert S. Lazich and Virgil L. Burton. Market Share Reporter. Gale, 2 edition, 2014.

Michael F. Lovenheim. How Far to the Border?: The Extent and Impact of Cross-Border
Casual Cigarette Smuggling. National Tax Journal, 61(1):7-33, March 2008. URL https:
//ideas.repec.org/a/ntj/journl/v61y2008i1p7-33.html.

Robert C. McMillen, Mark A. Gottlieb, Regina M. Whitmore Shaefer, Jonathan P. Winickoff,
and Jonathan D. Klein. Trends in electronic cigarette use among u.s. adults: Use is
increasing in both smokers and nonsmokers. Nicotine & Tobacco Research, 17(10):1195-
1202, 2015. doi: 10.1093/ntr/ntu213. URL http://dx.doi.org/10.1093/ntr/ntu213.

David Merriman. The micro-geography of tax avoidance: Evidence from littered cigarette
packs in chicago. American Economic Journal: Economic Policy, 2(2):61-84, May 2010.
doi: 10.1257/pol.2.2.61. URL http://www.aeaweb.org/articles?id=10.1257/pol.2.
2.61.

Austin M. Miller, Robert Rosenman, and Benjamin W. Cowan. Recreational marijuana
legalization and college student use: Early evidence. SSM - Population Health, 3:649 —
657, 2017a. ISSN 2352-8273. doi: https://doi.org/10.1016/j.ssmph.2017.08.001. URL
http://www.sciencedirect.com/science/article/pii/S2352827317300125.

Nathan H. Miller, Marc Remer, Conor Ryan, and Gloria Sheu. Upward pricing pressure as
a predictor of merger price effects. International Journal of Industrial Organization, 52
(C):216-247, 2017b. doi: 10.1016/j.ijindorg.2017.0. URL https://ideas.repec.org/a/
eee/indorg/v52y2017icp216-247 .html.

Eugenio J. Miravete, Katja Seim, and Jeff Thurk. Market power and the Laffer curve.
Econometrica, 86(5):1651-1687, 2018. URL https://www.econometricsociety.org/
publications/econometrica/2018/09/01/market-power-and-laffer-curve.

24



Karyn E Model. The effect of marijuana decriminalization on hospital emergency room drug
episodes: 1975-1978. Journal of the American Statistical Association, 88(423):737-747,
1993.

Robert G. Morris, Michael TenEyck, J. C. Barnes, and Tomislav V. Kovandzic. The effect
of medical marijuana laws on crime: Evidence from state panel data, 1990-2006. PLOS
ONE, 9(3):1-7, 03 2014. doi: 10.1371/journal.pone.0092816. URL https://doi.org/10.
1371/journal.pone.0092816.

S. Motel. Six facts about marijuana. 2015. URL http://www.pewresearch.org/
fact-tank/2015/04/14/6-facts-about-marijuana/.

Richard Musgrave. The theory of public finance. McGraw-Hill, 1959.

David E Nelson, Paul Mowery, Kat Asman, Linda L Pederson, Patrick M O’Malley, Ann
Malarcher, Edward W Maibach, and Terry F Pechacek. Long-term trends in adolescent

and young adult smoking in the united states: metapatterns and implications. American
Journal of Public Health, 98(5):905-915, 2008.

Wallace E. Oates. An essay on fiscal federalism. Journal of Economic Literature, 37(3):
11201149, September 1999. doi: 10.1257/jel.37.3.1120. URL http://www.aeaweb.org/
articles?id=10.1257/jel.37.3.1120.

David Powell, Rosalie Liccardo Pacula, and Mireille Jacobson. Do medical marijuana laws
reduce addictions and deaths related to pain killers? Journal of Health Economics, 58:
29 — 42, 2018. ISSN 0167-6296. doi: https://doi.org/10.1016/j.jhealeco.2017.12.007. URL
http://www.sciencedirect.com/science/article/pii/S0167629617311852.

E.J. Sanna. Marijuana: Mind-Altering Weed. Simon and Schuster, 2014. ISBN
9781422292990.

Morgan Scarboro. How high are spirits taxes in your state? Technical report, Tax Founda-
tion, 2017. URL https://taxfoundation.org/states-spirits-taxes-2017/.

Alan E Scott. The continuing tobacco war: state and local tobacco control in washington.
Seattle UL Rev., 23:1097, 2000.

Boyoung Seo. Firm scope and the value of one-stop shopping in washington state’s deregu-
lated liquor market. Working paper, 2017. URL https://sites.google.com/a/iu.edu/
boyoung-seo/research/seo_JMP.pdf.

Meenakshi Sabina Subbaraman.  Substitution and complementarity of alcohol and
cannabis: A review of the literature. Substance Use & Misuse, 51(11):1399-1414, 2016.
doi: 10.3109/10826084.2016.1170145. URL https://doi.org/10.3109/10826084.2016.
1170145. PMID: 27249324.

Substance Abuse and Mental Health Services Administration. Key substance use and
mental health indicators in the united states: Results from the 2016 national sur-
vey on drug use and health. Technical report, Center for Behavioral Health Statistics

25



and Quality, Substance Abuse and Mental Health Services Administration, September
2017. URL https://www.samhsa.gov/data/sites/default/files/NSDUH-FFR1-2016/
NSDUH-FFR1-2016. pdf.

Danna Kang Thomas. License quotas and the inefficient regulation of sin goods: Evidence
from the Washington recreational marijuana market. Working Paper, 2018.

Julie Washington. Smoking rates decline, but at slower pace for minorities and poor, cdc
says. The Plain Dealer, March 2018. URL https://www.cleveland.com/healthfit/
index.ssf/2018/03/smoking_rates_decline_but_at_s.html.

Washington Office of Financial Management. [-502 fiscal impact statement. Technical report,
Washington office of Financial Management, 2013.

Gregory J. Werden and Luke Froeb. Unilateral competitive effects of horizontal mergers.
In Paolo Buccirossi, editor, Handbook of Antitrust Economics, pages 43-104. MIT Press,
2008.

26



8 Figures and Tables

Figure 1: Washington counties by month of first marijuana sales
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Figure 2: Percentage of population with retail entry banned by Washington
county, July 2014
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Figure 3: Multistage budgeting for legal substances

(a) Levels model different decisions made by consumers

Top level: Expenditures on legal substances
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Middle level: Demand for substance types

Bottom level: Demand for products
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(b) Price indices link lower levels to higher levels
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(d) Decisions are also affected by same-level prices
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Table 1: Washington legal substance sales, prices, and taxes, 2013-2016

Sales ($1M)
2013 2014 2015 2016 %A13-15

Alcohol 2,128 2,127 2,104 2,244 -1.12

Tobacco 389 371 346 343 -11.07
Marijuana 44 464 1,003

Total 2,517 2,542 2914 3,590 15.79

Quantity (1M)
2013 2014 2015 2016 %A13-15

Alcohol 300 307 298 304 -0.85
Tobacco 643 626 H8&8 575 -8.42
Marijuana 2 33 86

Sales-Weighted Average Price ($ per Q)
2013 2014 2015 2016 9%A13-15

Alcohol 12.90 12.60 12.57 13.00 -2.52
Tobacco 0.95 0.87 083 0.84 -11.98
Marijuana 2548 17.40 14.96

State Tax Revenue ($1M)
2013 2014 2015 2016 %A13-15

Alcohol 392 389 381 407 -2.83

Tobacco 133 126 116 114 -12.82
Marijuana 14 150 305

Total 526 528 647 826 23.12

Federal Excise Tax Revenue ($1M)
2013 2014 2015 2016 %A13-15

Alcohol 150 151 148 156 -1.21
Tobacco 34 33 31 30 -8.30
Total 183 183 179 186 -2.51

Notes: Prices and sales are in 2015 dollars and include all applicable taxes. Quantities for alcohol, tobacco,
and marijuana are in units of liters, counts, and grams, respectively. All figures are state-wide; figures for
alcohol and tobacco are calibrated from the Nielsen sample (Lazich and Burton, 2014). State tax revenues
include both sales and use tax, locality taxes and any applicable retail or wholesale excise taxes. Marginal
federal income tax rates are identical across substance retailers and are therefore excluded.
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Table 2: Summary statistics for alcohol and tobacco products, 2013-2016

Sales ($1M)
2013 2014 2015 2016 %A13-15

Beer 619 621 613 639 -1.10
Wine 713 727 727 770 2.01
Liquor 795 779 764 835 -3.94
Cigarettes 367 352 329 325 -10.48
OTP 22 19 17 18 -20.92

Quantity (1M)
2013 2014 2015 2016 %A13-15

Beer 190 194 186 188 -1.89
Wine 77 80 79 81 2.22
Liquor 34 33 33 35 -1.97
Cigarettes 639 623 586 572 -8.44
OTP 3.0 2.9 2.9 3.1 -5.06

Average Price ($ per Q)
2013 2014 2015 2016 %A13-15

Beer 326 3.20 3.29 3.40 0.80
Wine 928 9.13 9.26  9.54 -0.20
Liquor 23.64 23.33 23.17 23.54 -2.01
Cigarettes  0.57  0.57 0.56  0.57 -2.23
OTP 724 6.54 6.01 5.82 -16.71

State Tax Revenue ($1M)
2013 2014 2015 2016 %A13-15

Beer 63 63 62 65 -0.62
Wine 84 86 86 90 2.20
Liquor 246 239 233 252 -5.12
Cigarettes 123 117 108 105 -12.13
OTP 11 9.3 8.4 8.7 -20.90

Federal Tax Revenue ($1M)
2013 2014 2015 2016 %A13-15

Beer 27 27 23 27 -1.89
Wine 27 28 27 28 2.22
Liquor 96 96 95 102 -1.97
Cigarettes 32 31 29 29 -8.44
OTP 1.4 1.3 1.3 1.4 -5.06

Notes: Prices and sales are in 2015 dollars and include all applicable taxes. All figures are state-wide and calibrated from
the Nielsen sample by ﬁ (Lazich and Burton, 2014). Quantities of alcohol products are in liters, cigarettes and OTP are
in counts. State tax revenues include both sales and use tax, locality taxes, and any applicable retail excise taxes. Marginal
federal income tax rates are identical across substance retailers and are therefore excluded.
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Table 3: Summary statistics for marijuana products and retailers, 2014-2016

Sales ($1M)

2014* 2015 2016
Flower 36 344 676
Edible 3 47 89
Concentrate 4 70 208
Total 44 464 1,003
Quantity (1M)
2014* 2015 2016
Flower 1.7 29 73
Edible 1 2.0 4.6
Concentrate 1 1.8 6.6
Average Price ($ per Q)
2014* 2015 2016
Flower 21.54 11.95 9.28
Edible 34.43 23.62 19.30
Concentrate  54.43 39.93 31.62
Wholesale Price ($ per Q)
2014* 2015 2016
Flower 9.07  3.70 3.04
Edible 12.62  7.39 6.11
Concentrate  17.51 12.45 10.57
State Tax
Revenue ($1M)
2014* 2015 2016
Flower 11 120 257
Edible 1.0 16 34
Concentrate 1.2 25 79
Retailer statistics
2014 2015 2016
Number of retailers 85 203 352
Retailers per county 1.38  4.38 7.80
% of mkts with availability 054 0.84 0.91
No. counties with ban 14 12 11
% of pop. under ban' 0.10 0.13 0.17

Notes: Prices and sales are in 2015 dollars and include all applicable taxes. Quantities are in units of grams
for flower and counts for concentrates and edibles. A market is a county-month.

* Washington’s legal marijuana market opened on July 14, 2014.

! This figure is calculated for counties with bans.
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Table 4: Estimates of the demand for legal substances

(1) (2) (3)

Intercept  1.9758  -0.1717  1.5619
(1.2906) (0.3801) (2.5610)

Log income  1.7948  0.2241 0.2602
(0.0951) (0.0607) (0.0599)

Log price index -0.1300  0.4976 0.5978
(0.5560) (0.1450) (0.1347)

Log population 1.0859 1.1121
(0.0303) (0.0335)
Percent male -6.3042
(4.2198)
Percent aged 15-34 -0.6220
(0.4690)
Percent white 1.0095
(0.4539)

Year FX Yes Yes Yes

N 383 383 383

1st stage adj. R-sq  0.7306 0.7433 0.7663
1st stage F-stat  190.54 196.81 166.47

Notes: This table reports 2SLS estimates of Equation 4. An
observation is a county-month. The dependent variable is
the log of the nominal expenditures on all substances. Haus-
man, tax, and wholesale instruments are used to instrument
for the price index. The observations for these estimates
came from the period after Washington legalized marijuana.
Robust standard errors are in parentheses.
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Table 5: Estimates of the demand for substance categories

Alcohol  Tobacco Marijuana
Intercept 11.2073  7.0232 -1.3892
(0.4514)  (0.4720)  (1.6958)
Log substance expenditure  0.1147 0.2201 1.3141
(0.0218)  (0.0240)  (0.0568)
Log P4¢  -1.4646  -0.4642 -0.3928
(0.1565)  (0.1586)  (0.5449)
Log P 0.6394  -1.7516 2.5419
(0.1367)  (0.1542)  (0.7041)
MJ available * Log P™  -0.0407  0.0411 -1.9400
(0.0545)  (0.0694)  (0.1996)
MJ available -0.0848  -0.4200
(0.1416)  (0.1906)
MJ available * Log substance expenditure  0.0104 0.0175
(0.0043)  (0.0054)
Oregon available  0.0075 0.0197 -0.1439
(0.0138) (0.0165)  (0.0486)

County FX Yes Yes Yes
Time FX Yes Yes Yes
N 1252 1252 610

1st stage adj. R-sq  0.9976 0.9983 0.9575
1st stage F-stat 11521.94 27677.17 601.03

Notes: This table reports 2SLS estimates of Equation 3. An observation is a county-month. The depen-
dent variable for each of these regressions is the log of the quantity of the particular substance in that
county month. Hausman, tax, and wholesale instruments are used to instrument for prices in each regres-
sion. The percentage of population in areas in which marijuana retail is banned is used as an instrument
for the MJ availability indicator, L. The Oregon available indicator is one if the county borders Oregon
and the date is October 2015 or later and is zero otherwise. Robust standard errors are in parentheses.
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Table 6: Estimates of the demand for specific substance products

Alcohol Tobacco Marijuana
Beer Wine  Cigarettes Flower  Edible
Intercept  0.0727  0.4306 0.5192 0.6466  0.1854
(0.0772) (0.0656)  (0.0816)  (0.0378) (0.0219)
Log category expenditure 0.0281  -0.0100 0.0395 0.0142  -0.0136
(0.0070) (0.0062)  (0.0089)  (0.0045) (0.0033)
Log beer price ratio -0.0442  0.0126
(0.0238) (0.0179)
Log wine price ratio  0.0126 0.0169
(0.0179) (0.0198)
Log cig. price ratio -0.0016
(0.0060)
Log flower price ratio -0.0357  -0.0030
(0.0142) (0.0079)
Log edible price ratio -0.0030  0.0117
(0.0079) (0.0060)
MJ available  0.0502  -0.0113 0.0097
(0.0087) (0.0048)  (0.0060)
Oregon available  0.0090  -0.0059 0.0019 -0.0287  -0.0021
(0.0019) (0.0020)  (0.0026)  (0.0064) (0.0039)
Method GMM GMM 2SLS GMM GMM
County FX Yes Yes Yes Yes Yes
Time FX Yes Yes Yes Yes Yes
N 1440 1440 1374 717 17
Ist stage adj. R?  0.9623  0.9623 0.6803 0.9957  0.9957

Notes: This table reports estimates of Equation 1 for each of our substance segments. The
dependent variable is the expenditure share of the product within the substance segment; the
expenditure share of the remaining product is determined by the adding-up restriction of the
model. Price ratios are defined as the ratio of the specified product’s price to the excluded
product’s price. The MJ available indicator L is one if we observe marijuana sales in the county.
The Oregon available indicator is one if the county borders Oregon and the date is October
2015 or later and is zero otherwise. Robust standard errors are in parentheses.
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Table 8: Decomposing the estimated changes in quantity by product and mod-
eled effect

2013 + MJ + substance + alcohol + tobacco + FE + unobs.

Product data  legal  expenditures prices prices (2015 data)

Beer (IM L) 190 194 199 203 184 186
(9.58) (9.41) (9.85) (9.77)

Wine (IM L) 76.8 64.9 66.2 68.4 62.5 78.5
(2.72) (2.65) (2.79) (2.83)

Liquor (IM L)  33.7 26.2 26.7 28.0 25.6 33.0
(1.23) (1.22) (1.30) (1.28)

Cigarettes (1M Ct) 639 564 584 600 753 586
(30.0) (29.6) (30.5) (38.1)

OTP (IM Ct)  3.03 2.86 2.87 2.87 4.07 2.87
(0.33) (0.33) (0.33) (0.36)

Flower (1M g) 0 33.7 40.7 41.6 29.8 28.7
(3.40) (4.06) (4.18) (0.87)

Edibles (1M Ct) 0 1.85 2.23 2.23 1.59 1.98
(0.22) (0.27) (0.27) (0.14)

Concentrates (1M Ct) 0 1.90 2.28 2.32 1.68 1.75
(0.35) (0.42) (0.42) (0.27)

Notes: This table decomposes the effects captured by our model on the quantity demanded of each product. The first column
reports the quantities in our data in 2013. The second column “turns on” the marijuana legalization term in the bottom and
middle levels of the model. Prices of alcohol and tobacco products are maintained at 2013 levels; prices of marijuana and fixed
effects are set to their 2015 levels. The third column updates the “real expenditure” term in the model to the 2015 model.
Prices are equal to those in the second column. The fourth column updates prices of alcohol products to their 2015 levels. The
fifth column updates prices of tobacco products to their 2015 levels. The sixth column adds changes in fixed effects and any
unobservables; it is equal to the realized 2015 quantity in the data. The reported values are means from 2,000 wild bootstrap
replications. Standard errors are in parentheses below each model-estimated number.

37



Table 9: Decomposing the estimated changes in tax revenue by product and
modeled effect

2013 + MJ + substance 4+ alcohol + tobacco + FE + unobs.

data  legal  expenditures prices prices (2015 data)
State taxes ($M)
By product
Beer 63 64 66 68 62 62
(3.2) (3.1) (3.3) (3.3)
Wine 84 71 72 75 68 86
(3.0) (2.9) (3.1) (3.1)
Liquor 246 191 195 198 181 233
(9.0) (8.9) (9.2) (9.1)
Cigarettes 123 108 112 115 139 108
(5.7) (5.7) (5.9) (7.0)
OTP 11 10 10 10 12 8
(1.2) (1.1) (1.1) (1.1)
Flower 0 131 158 161 116 112
(13.2) (15.7) (16.2) (3.4)
Edibles 0 14 17 17 12 15
(1.7) (2.0) (2.1) (1.1)
Concentrates 0 25 30 31 22 23
(4.5) (5.5) (5.6) (3.5)
By substance
Alcohol 392 326 333 341 311 381
(13.0) (12.7) (13.3) (13.5)
Tobacco 133 118 122 125 151 116
(5.7) (5.6) (5.8) (7.0)
Marijuana 0 170 205 209 150 150
(16.0) (19.1) (19.6) (0.3)
Federal taxes ($M)
By product
Beer 27 27 28 29 26 26
(1.3) (1.3) (1.4) (1.4)
Wine 27 23 23 24 22 27
(0.9) (0.9) (1.0) (1.0)
Liquor 96 75 7 80 73 95
(3.5) (3.5) (3.7) (3.7)
Cigarettes 32 28 29 30 38 29
(1.5) (1.5) (1.5) (1.9)
OTP 1.4 1.3 1.3 1.3 1.8 1.3
(0.1) (0.1) (0.1) (0.2)
By substance
Alcohol 150 125 127 133 121 148
(5.0) (4.9) (5.2) (5.3)
Tobacco 34 30 31 31 40 31
(1.5) (1.5) (1.5) (1.9)

Notes: This table decomposes the effects captured by our model on state and federal government revenue from each product
and substance. The first column is the tax revenues collected from sales of products in our data in 2013. The second column
“turns on” the marijuana legalization term in the bottom and middle levels of the model. Prices of alcohol and tobacco products
are maintained at 2013 levels; prices of marijuana and fixed effects are set to their 2015 levels. The third column updates the
“real expenditure” term in the model to the 2015 model. Prices are equal to those in the second column. The fourth column
updates prices of alcohol products to their 2015 levels. The fifth column updates prices of tobacco products to their 2015 levels.
The sixth column adds changes in fixed effects and any unobservables; it is equal to the realized 2015 revenue in the data. All
units are millions of 2015 dollars. The reported values are means from 2,000 wild bootstrap replications. Standard errors are
in parentheses below each model-estimated number.
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Appendices

A Difference-in-Differences Estimates of the Effects of
Marijuana Legalization in Washington and Oregon

We use the differences-in-differences framework to compare sales of alcohol and tobacco in
Washington to sales in Oregon, its neighbor to the south. Let ¢ denote a county and ¢ denote
time measured in months. For each product or substance category 7, we model the log of

the quantity demanded with
In Qi = wo +wn Py + mwaLlly * + norLG" + FX, + FX; + Vi (5)

In this equation, P, is the price of a fixed basket of goods within product type i as
discussed in Section 5.4. As retail stores in Oregon opened in October 2015, ECOtR is an

L4 is an

indicator which is equal to one if ¢ is in Oregon and t is October 2015 or later.
indicator for marijuana availability in Washington. We use two definitions of this indicator.
First, we define L4 equal to one if we observe sales of marijuana in county c at time ¢
(identical to Equation 2). Second, for consistency with LOF we define IN/Z{A equal to one if
¢ in Washington and the time is after July 2014. We include county- and time- fixed effects
to control for regional differences in preferences and the evolution of preferences over time —
see Section 5.1 for a discussion of the variation which is subsumed by these fixed effects.
We estimate this model with Nielsen data from Washington and Oregon. Oregon does
not allow grocery stores to sell liquor, and so we exclude liquor products from our analysis.
Additionally, Hansen et al. (2017b) study marijuana sales along the Washington-Oregon
border and find evidence of significant cross-border shopping. We therefore exclude all
counties on both sides of the border. The prices of goods are subject to the sources of
endogeneity discussed in Section 5.2 and so we instrument price with time-varying local tax

L4 may be endogenous and

rates and Hausman instruments as described there. Similarly,
so we use the local-ban instrument described in Section 5.3. We do not instrument L4 nor

LO hecause these state-level indicators are uncorrelated with local preferences.
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Table A.1 reports summary statistics for the Oregon Nielsen data by product and mirrors
Table 2. Sales of substances are generally lower than in Washington, as befitting Oregon’s
lower population (3.92 million vs 6.96 million in 2013). Tax-inclusive prices of all goods are
lower than in Washington. As a result, both state and federal tax revenues are lower as
well. Sales and quantities generally decreased from 2013-2015, though the prices of beer,
cigarettes, and OTP increased during the period. This pattern differs from Washington,
where cigarette and OTP prices decreased. Beer and wine prices move in similar directions
in the two states, though the magnitudes are higher in Oregon than they are in Washington.

Table A.2 reports the estimates of the key parameters of Equation 5 for alcohol and
tobacco as categories, and beer, wine, cigarettes, and OTP as individual products. The
first column for each dependent variable uses the L definition of the Washington marijuana
availability indicator while the second column uses the L definition. The results are similar
between the two specifications, which provides evidence that our instrument for L satisfies
the exclusion restriction.

Under our preferred L specification, the point estimates indicate that the legalization
of marijuana in Washington led to an increase in alcohol sales of 1.1% and decreased the
quantity of tobacco sold by 2.1%, though these estimates are noisy. At the product-level,
the estimates suggest that legalization increased the quantity of beer sold and decreased the
quantity of wine and cigarettes. Although these estimates are noisy relative to our main
findings, they qualitatively correspond to the results described in Section 6.

Table A.3 decomposes the changes in tax revenue seen in the data into the effects cap-
tured by the model for each product using our preferred L specification. The first column
reports Washington’s 2013 state and federal tax revenues, and the second column “turns on”
marijuana by setting L equal to one and holding prices and fixed effects at their 2013 levels.
The third column updates prices to their 2015 levels. The fourth column adds changes in
fixed effects and any remaining unobservables and is equal to the 2015 data. As these esti-
mates are functions of the parameter estimates, we report the means and standard deviations
from 2,000 Wild bootstrap replications. Cigarettes are affected most by legalization, with
wine second, though the difference between them is insignificant. The signs of the changes

match the signs of the changes seen in Table 9.

41



Table A.1: Summary statistics for Oregon substances, 2013-2016

Sales ($1M)
2013 2014 2015 2016 %A13-15

Beer 347 353 344 366 -1.04
Wine 380 389 378 410 -0.35
Cigarettes 138 132 118 124 -14.87
OTP 126 121 108 114 -14.28

Quantity (1M)
2013 2014 2015 2016 %A13-15

Beer 120 121 114 117 -4.32
Wine 435 455 438 45.6 0.57
Cigarettes 399 377 332 347 -16.90
OTP 19.0 181 162 171 -14.58

Average Price ($ per Q)
2013 2014 2015 2016 %A13-15

Beer 290 293 3.00 3.12 3.42
Wine 872 855 8.65 898 -0.91
Cigarettes 0.35 0.35 0.36 0.36 2.44
OTP 6.63 6.69 6.65 6.67 0.35

State Tax Revenue ($1M)
2013 2014 2015 2016 %A13-15

Beer 2.66 2.60 242 248 -9.00
Wine 810 820 7.75 8.08 -4.36
Cigarettes 27.5 252 21.7 22.7 -20.99
OTP 44.8 43.0 38.4 40.6 -14.28

Federal Excise Tax Revenue ($1M)
2013 2014 2015 2016 %A13-15

Beer 16.8 17.0 16.1 16.5 -4.32
Wine 15.1 15.8 152 15.8 0.57
Cigarettes 20.1 19.0 16.7 17.4 -16.90
OTP 856 815 731 7.73 -14.58

Notes: Prices and sales are in 2015 dollars and include all applicable taxes. All figures are state-wide and
calibrated from the Nielsen sample (Lazich and Burton, 2014). Liquor is state-controlled and is therefore not
included. State tax revenues include substance-specific sales and excise taxes only; Oregon has no general
retail sales tax. Marginal federal income tax rates are identical across substance retailers and are therefore
excluded.
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Table A.3: Decomposing changes in Washington tax revenue by product and
effect with differences-in-differences estimates

2013 + MJ + 2015 + FE + unobs.

data legal prices (2015 data)
State taxes ($M)
Beer 62.8 66.3 67.3 62.4
(1.08)  (1.15)
Wine 84.0 78.4 78.7 85.9
(1.47)  (1.45)
Cigarettes 122.8  103.7 103.8 107.9
(3.69)  (3.66)
OTP 10.6 10.6 7.4 8.4

(0.44)  (0.38)

Federal taxes ($M)

Beer 26.7 28.2 28.3 26.2
(0.46) (0.48)

Wine 26.6 24.9 24.9 27.2
(0.47) (0.46)

Cigarettes  32.2 27.2 28.3 29.5
(0.97) (1.00)

OTP 1.4 1.4 1.2 1.3

(0.06)  (0.05)

Notes: This table decomposes the effects captured by our differences-in-differences estimates on state and federal government
revenue from each product and substance. We use the ‘L’ indicator specification for each product. The first column is the tax
revenues collected from sales of products in our data in 2013. The second column “turns on” the marijuana legalization term
and keeps prices of alcohol and tobacco products at 2013 levels. The third column updates prices to their 2015 levels. The
fourth column adds changes in fixed effects and any unobservables; it is equal to the realized 2015 revenue in the data. All
units are millions of 2015 dollars. The reported values are means from 2,000 Wild bootstrap replications. Standard errors are
in parentheses below each model-estimated number.
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B Calculating elasticities

In our model, changes in product prices lead to substitution across substance types through
the mechanism of the price index. We follow the approach of Ellison et al. (1997) and Bokhari
and Fournier (2013) and report elasticities that are unconditional on both the substance-type
expenditure y™ as well as the total substance expenditures Y. For simplicity, we focus on
calculating elasticities after marijuana was available (i.e. for L = 1). We derive product-level

cross-price elasticities with the following Proposition.

Proposition 1. Suppose the demand for product i in substance segment m and product j
in substance segment n is given by the system of Equations (1), (3), and (4). Let &, =
am + o). Then, the price elasticity of product i with respect to product j unconditional on

the expenditure is given by

ij

_ Ologg™ _ <ﬂ§”

~ Olog P} s

+ 1) (QmAS, + 5mn)s?

Yii o on
+ (S—,i + 8;-) Lm=n} — Li=jm=n}- (6)

2

Proof. Let L = 1. Let product ¢ be substance type m and product j belong to substance

i a;”

type n. The share of product 7 is given by s = - We take the log of both sides to

obtain log ¢/" = log s* 4+ log y™ — log pi". Taking the derivative of both sides with respect to

log p gives us a general formula for own- and cross-price elasticities:

_ Odlogg® 1 0Osf" +6logym
N dlog p!t s dlogp? = Ologp!

— Liizjm=n}- (7)

Eij

The first term represents the extent to which the share of a particular product within a
segment changes in response to price changes, and the second term represents the change in
expenditures stemming from the price change.

The first term of this expression comes by taking the derivative of Equation (1):

as . [ Ology™  Olog P™ "

dlog p’t S dlog p!t a dlog p’
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Olog P™
Olog p}

Since log P™ = )", sj log p}, we have = 87 1{m=n}. Plugging in gives

1 m=n
+ (0 = B'8]) =2 = Timgmeny.

i

S;

Ologg” _ (6", | logy™
dlog pf m Olog pf

. m .
Since Q™ = £_ we can write
Pm )

dlogy™  OdlogQ™ = dlog P™
dlog p’t N dlog p’ dlog plt

—+ S;-L 1 {m=n}-

Let &, = ay, + of,. Then using Equation (3) we have

dlogQ™ 4 dlogY dlog P"
dlog p! — "Olog 2 " 9log P}
_ OlogY g
=0mF7 mnoj -
dlog p’ J

From Equation (4), we have

dlogY _)\alogP
dlog p’ B dlog p

Plugging in, we get:

dlog Q™ .
a1 n m)\ n 5mn 7‘1
Jlog ! (AmASy + O ) S’
dlogy™ .
= m>\ n 5mn 1 m=n o
Flog 7 (QmAS, + + 1im=n})s}

Finally, plugging this into our expression for elasticity, we get:

+ 1> (dm)\sn + (Smn)S? + <Z% + S?) . 1{m:n} — 1{i:j,m:n}'
[

dlogg™ _ (5"
dlog p! s

K3
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]

Equation 6 captures the way in which products in our model are interrelated. The first
term represents the changes in demand for product ¢ through both changes to the overall
price index of substances in the top level and substitution at the middle level. The second
term captures the degree to which a change in the price of product j directly affects the
share of product ¢ within the segment through ~. Finally, the last term is an adjustment
for the own-price elasticity. In summary, price changes of product j in segment n lead to
changes in the price index P, real expenditures Q", the price index of all substances P,
and the total expenditures on all substances logY. These changes affect the price indices
of other segments m, the relative prices between n and m, the real expenditure on segment
m, and the share of product 7 in segment m. Setting A\ and &,, equal to 0 and ¢ equal to -1
yields elasticities conditional on expenditures.

The substance-type (middle) level elasticities unconditional on substance expenditures

Y are given by

OlogQ™

OlogP" Gm A+ (®)

The overall price elasticity of substances can be easily derived from the top level with

dlogY  Olog P
dlog P Olog P

— -1 9)
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