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Disclaimers

▪ Funding statement: This project is funded by the National Institutes of Health 
(NIH)/National Institute on Drug Abuse (NIDA) with grant number R01DA053294 (PI: Ce 
Shang). The content presented here does not necessarilly represent the views of the 
NIH/NIDA.

▪ Funding over the Past 10 years (presenter): National Institute on Drug Abuse.

▪ Researcher(s)’ own analyses calculated (or derived) based in part on data from Nielsen 
Consumer LLC and marketing databases provided through the NielsenIQ Datasets at the 
Kilts Center for Marketing Data Center at The University of Chicago Booth School of 
Business. The conclusions drawn from the NielsenIQ data are those of the researcher(s) 
and do not reflect the views of NielsenIQ. NielsenIQ is not responsible for, had no role in, 
and was not involved in analyzing and preparing the results reported herein.
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Background: Considering cannabis in tobacco research 

▪Legalization of recreational cannabis:

• As of August 2023, 24 states and the DC 
legalized recreational cannabis (Hansen et 
al., 2023)

➢ 20 states established retail dispensaries

• 43% of adults aged 19-30 used in 2021 in 
the U.S. (Patrick et al., 2022)

• 27.8% of high schoolers used in the U.S. 
(Hoots et al., 2023)
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Cannabis and tobacco taxation share similar frameworks 
▪ Taxation of cannabis (similar to tobacco) has two purposes:

• Reduce cannabis consumption for public health objectives

• Fund government functions to provide services to citizens (i.e., tax 
revenue)

▪ Similar to e-cigarettes, no federal guidelines in taxing cannabis

• Significant heterogeneity in state tax laws 

▪ Std. e-cigarette taxes (closed/open) available (Cotti et al., 2024)

▪ Std. excise cannabis tax measure to evaluate the tax implications on 
consumption and relevant outcomes (Park et al., 2024)
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Standardized cannabis excise tax measure derived (Park et al., 2024)
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Cannabis tax levels per flower oz as of Q1/2023 (Park et al., 2024)
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The relationships among multiple substances  
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▪ Mostly studied in a two-product system:

➢Cannabis and cigarettes…

➢Cannabis and alcohol…

➢Cannabis and e-cigarettes…

▪ No studies investigated a three-product system incorporating 
taxes and sales of cigarettes, e-cigarettes, and cannabis 



Previous studies on the relationship between cigarettes 
and e-cigarettes 
▪ Growing evidence on the relationships

• Cigarettes and e-cigarettes are substitutes (Pesko et al., 2020; Friedman and 
Pesko, 2022; Abouk et al., 2023; Cotti et al., 2022; Deng and Zhang, 2024)

• Cigarettes and e-cigarettes are complements (Diaz et al., 2023; Friedman and 
Pesko, 2022; Cotti et al., 2016; Dave and Saffer, 2013) 

• Non-significant estimates (Independence) (Pesko et al., 2020; Adda and 
Comaglia, 2013; Deng and Zhang, 2024; Jin et al., 2024)

• The economic relationship may differ based on the direction of taxes influencing 
sales

▪ While the relationship remains empirically debatable (based on tax 
elasticity), more evidence suggests substitutability. 
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Previous studies on the relationship between cannabis 
and tobacco products 
▪ Lacking evidence of cannabis price/tax impacts on other substances

• Due to the lack of standardized cannabis tax measure

▪ Yet, some evidence of how the prices or taxes of other products impact cannabis use:

• E-cigarette and cannabis are complements (Dave et al., 2024)

➢ $1 increase in e-cig tax => 1-2%p (0.8%p) decline in teen (adult) cannabis use

• Cigarette and cannabis are independent (Cooper et al., 2023)

➢ Minimal impact of cannabis prices on cigarette consumption

• Cannabis and alcohol may be complements or substitutes (mixed) (Subbaraman, 2016; O’Hara 
et al., 2016)

➢ Depends on environmental factors, motives, and individual characteristics
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Own tax elasticities of tobacco products need updates  
▪ Recently cigarette taxes to be “less” effective in reducing smoking:

▪ Backed by Callison and Kaestner (2014); Hansen et al. (2017); Kalousova et al. (2020); 
Kaneko and Noguchi (2020)

▪ Pesko et al. (2020) still argues the effectiveness of price/tax hike policies.

▪ More empirical evidence is needed 

▪ All existing studies using std. e-cigarette taxes from Cotti et al. (2023), which did 
not distinguish close vs. open system e-cigarettes, may have different tax 
implications in several states. 

▪ Std. e-cigarette taxes (closed/open) available (Cotti et al., 2024)

▪ No tax elasticities have been estimated for cannabis  
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Summary of evidence gap

▪ No existing studies have: 

▪ Jointly studied the own and cross tax (price) elasticities in a three-
product system (i.e., cannabis, cigarettes, and e-cigarettes)  

▪ Used the Seemingly Unrelated Regression (SUR) given correlated 
errors in each of the substance consumption equation by taxes

▪ Evaluated the novel tax measures of cannabis and e-cigarette
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Objective of this study
▪ (R-Q) Estimating the own and cross tax elasticities of 

substance demand in the U.S.  

▪ What we do in this study:

• Estimate the own and cross tax impacts in a three-product 
system  

• Employ the SUR to address correlated error terms in three 
substance sales equations in response to taxes

• Evaluate the novel tax measures of cannabis and e-cigarettes 
(closed/open)
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Data: Outcome variables

▪Cannabis sales in ounce, 2014-2022

• Derived from state-published data on tax revenue and 
cannabis sales in dollars – available only when legal sales 
available

• Research team hand collected data, cross-checked, and 
contacted state officials as necessary

➢ Sales derived using tax revenue: Tax revenue in dollars 
divided by the std. state-level cannabis tax per flower oz
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Data: Outcome variables (continued)

▪Tobacco sales from the NielsenIQ Scanner Data, 
2014-2022

• State-month level collapsed tobacco sales in count

➢Cigarette sales sold in sticks

➢E-cigarette sales sold in count (not per ml)
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Data: Independent variables

▪Std. cannabis tax per flower oz, 2014-2022

• Standardized different types of cannabis taxes into one 
unified continuous measure (Park et al., 2024) – available 
only when legal dispensaries open & conversion made

• Based on state-published price data & 
CannabisBenchmarks proprietary wholesale price data

➢ Taxes based on varying prices: Std. cannabis taxes per 
oz using time-variant prices of cannabis
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▪ Other substance taxes per unit, 2014-2022

• Cigarette excise tax ($/pack)

➢CDC State Tobacco Activities Tracking and Evaluation (STATE) system / Tax Burden 
on Tobacco

• Std. beer excise tax ($/gallon)

➢Per gallon of beer with a 5% alcohol concentration and sold off-premises for each state 
from the Alcohol Policy Information System (APIS)

• Std. e-cigarette excise tax ($/ml)

➢Specific tax per e-liquid ml (Cotti et al., 2024)

➢35% markup rate assumed

➢Differentiated by closed form vs. open form e-cigarette products/taxation
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Data: Source
▪ State-month level dataset that covers (2014-2022):

• 16 out of 20 U.S. states with retail cannabis dispensaries

• State-level per capita income and seasonally adjusted unemployment 
rates (Bureau of Labor Statistics, 2023 & 2024)

• All tax measures and per capita income were CPI-adjusted using 2022 
dollars

• Final samples vary between 515 and 620 (by varying observations 
across specifications)

➢ Alternative sample included up to 5,340 observations where alternative cannabis tax 
measure is utilized to generate larger sample that covers all time period of 2014-2022
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Summary statistics
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Trend of substance tax in the US between 2014 and 2022
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Sources: Park et al. (2024) & other tax levels based on our analysis sample.



Empirical strategy
▪ OLS regression – TWFE & DID framework:

• Substance sales for cannabis, cig, and e-cig, respectively

• Tax measures in $ per unit of cannabis, cig, e-cig, and beer

• Per capita income & unemployment rate controlled

• State & year FEs with state level clustering 

• SUR framework to include all three equations considered at once for efficiency

   [Pause for questions]
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Main results: TWFE estimation of tax elasticities
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Main results: SUR estimation of tax elasticities
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Main results: SUR estimation of tax elasticities with 
alternative sample
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Consideration of event study using DCDH (2024)
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• Exploratory/suggestive findings at the quarter level in line with TWFE 

results; rounding of tax variables necessary



Conclusion
▪ (R-Q) Estimation of tax elasticities of tobacco and cannabis 

sales in the U.S.

▪ In summary:

• [Own tax elasticities]:

• Cannabis sales to be tax elastic with -1.22 (p < 0.001)

• Cig sales to be non-responsive to own tax with -0.11 or inelastic with -0.12 (p < 0.05)

• E-cig sales may respond to taxes on different systems differently…

➢ -0.17 (p < 0.001) for std. e-cig taxes based on closed system

➢ 0.09 (p < 0.001) for std. e-cig taxes based on open system

➢ The Nielsen data capture mostly e-cigarette sales of closed system, and open and closed 
system e-cigarettes may be substitutes according to a recent VCE study (Ma et al., 2024)
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Conclusion (continued)
• [Cross-tax elasticities]: 

• Cannabis likely be substitutes to cig (: 0.09, p < 0.05) & e-cig (: 0.49, p < 0.01), 
respectively

➢ In the direction of cannabis taxes increasing tobacco sales

➢ Dave et al. (2024) examined the impact of e-cigarette taxes on cannabis use

• Mixed results on cig-e-cig relationships; likely complements

➢ Adding to the debate of whether they are substitutes

➢ A systematic review by Selya (2023) concluded that the evidence on substitutability between 
cigarettes and e-cigarettes using sales data were inconclusive

• Beer tends to be economic complements to other substances

➢ Consistent with literature showing alcohol is a complement to tobacco products yet can be 
either a substitute or complement to cannabis (Dee, 1999; Tauchmann et al., 2008; 
Subbaraman, 2016; O’Hara et al., 2016)

26



Future research
▪ Preliminary findings that need further investigation…

▪ Future approach includes:

➢ E-cigarette sales in e-liquid ml by types of e-cig products

➢ Per capita consumption/sales to consider rather than overall

➢ Beer/alcohol consumption

➢ Coverage of cannabis taxes/sales data for larger sample

➢ Price elasticity using instrumental variable

➢ Further investigation of event study framework
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Questions?

▪Contact information
• Shang Lab (PI: Ce Shang)

• 917-868-8682

• hojin.park@osumc.edu (presenter)

mailto:hojin.park@osumc.edu
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