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1. Introduction 

Tax incidence involves the study of the pass-through rate of a tax. For example, 

a researcher might want to know if a 1 percent increase in the tax on a commodity will 

cause the consumer price to go up by 1 percent (full-shifting), less than 1 percent 

(under-shifting), or more than 1 percent (over-shifting). Theoretical models in 

economics predict that any one of these outcomes can occur depending on demand, 

cost and strategic conditions. Tax incidence is important in markets where 

policymakers want to use a price increase to reduce consumption (e.g., in markets for 

alcohol, cigarettes, sugar-sweetened beverages and marijuana). Since alcohol, 

cigarettes, and sugar-sweetened beverages are legal and heavily taxed in the US, there 

is a considerable amount of tax incidence literature available. However, recreational 

marijuana has become legal only recently in some states and is a relatively “new 

candidate” for sin taxes.2 Thus, policymakers and health economists are interested in 

the impact of these taxes on the prices and resulting consumption levels of marijuana.  

Recently, eight states (Washington, Oregon, Colorado, Alaska, California, 

Massachusetts, Maine and Nevada) and the District of Columbia have legalized the sale 

of recreational marijuana by popular vote. An additional 25 states permit medical 

marijuana or have decriminalized marijuana possession (NY Times, Statista chart in 

Appendix “A”). Beginning in 2011, Gallup polls and Pew data have consistently shown 

that 60 % of Americans support legalizing marijuana (Gallup Survey on Illegal Drugs, 

Appendix “B”). At least seven other states are likely to consider legalization ballot 

                                                           

2 A tax on items considered socially undesirable or harmful, such as tobacco or alcohol 
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initiatives or legislative measures in the next few years, as shown in Appendix “C”. 

With marijuana legalization, state governments may impose taxes to raise revenues and 

reduce consumption. While many excise taxes on other products have equaled a 

specific amount regardless of the retail price, the fact that marijuana can be purchased 

in many forms (e.g., a cigarette, an edible, a liquid, or a vapor), all with a wide variety 

of concentrations, makes this form of taxation difficult. Each state thus far has imposed 

an ad valorem tax (i.e., a certain percentage of the retail or wholesale sale price), as 

shown in Appendix “D”.  The presence of differential tax rates and the different 

regulations for both medical and recreational marijuana makes it difficult to determine 

an optimal level of excise taxation that simultaneously generates revenues and curtails 

consumption.  

Since marijuana legalization is a new phenomenon, there are no previous 

studies that estimate the impact of excise taxation on marijuana prices. This paper looks 

at the case of Oregon, where retail marijuana sales began on October 1, 2015, after 

voters approved Measure 91 that legalized marijuana in November 2014 (56 percent in 

favor).3 Because of its geographical proximity and similar social characteristics, the 

essay takes Washington State as a control. In Washington, retail marijuana sales began 

on July 8, 2014, after the same percentage of voters as Oregon (56 percent) voted to 

approve Initiative 502 in November 2012.4 

In Oregon, sales originally were not expected to start until fall 2016, but 

legislators decided to allow existing medical marijuana facilities to begin sales in July 

2015. This was done to thwart the black market. Marijuana possession also became 

                                                           

3 http://www.oregon.gov/OLCC/Pages/index.aspx 

4 http://lcb.wa.gov/marj/dashboard 
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legal in July 2015. Measure 91 specified a harvest tax to be imposed on growers. 

However, concern over the enforceability of such a tax, legislators instead chose to 

impose a temporary 25 percent tax, effective January 1, 2016. Sales prior to that date 

were untaxed.  

The tax rate changed again in September 2016 falling from 25 percent to 17 

percent, when Oregon Liquor Control Commission (OLCC) started overseeing retail 

sales of recreational marijuana. Counties were also given the right to tax. In January 

2016, Oregon collected $3.48 million in taxes on $14 million in recreational marijuana 

sales, three times official revenue projections (Darling, 2016). At that time, only 253 

of 309 licensed dispensaries made tax payments as some chose not to sell recreational 

marijuana. The marijuana market in Oregon provides an excellent natural experiment 

that can be used to determine the effect of taxes on the retail price of marijuana. 

This essay aims to determine the impact of a 25 % tax-rate on the retail price of 

marijuana in Oregon, while using the State of Washington as the control group. Based 

on the technique of Difference-in-Differences (DD), the null hypothesis of zero effect 

in favor of the alternative hypothesis is rejected. Specifically, an increase in the tax rate 

from 0 to 25 % causes the price of smokable marijuana to increase by 0.01 % per gram, 

while the price of consumable marijuana decreases by 5.4 % per unit. This research 

speaks to the effectiveness of marijuana taxes in Oregon. This is a common form of 

taxation that is used by the state governments to raise tax revenue and protect public 

health through reduced consumption. From a policy perspective, it is crucial to 

understand how marijuana taxes are passed on to consumer prices if higher taxes are 

levied. Because economic theory predicts that there can be over or under-shifting, the 
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amount of the tax pass-through is an empirical question. Therefore, the main goal of 

this study is to provide estimates of marijuana tax pass-through to prices in Oregon. 

2. Literature Review 

Because marijuana has been recently legalized in just a few states,5 the literature 

examining the impact of taxes on the retail prices of marijuana is non-existent. 

Nevertheless, there is a substantial literature on tax incidence in general, and sin taxes 

on alcohol and tobacco in particular. Since a tax on marijuana is a sin tax, the sin tax 

literature may provide insight into marijuana tax incidence.  

Bergman and Hansen (2010) note that many factors determine how taxes are 

shifted in a competitive industry. These include the price elasticity of demand and 

supply.6 Theoretical models show that the degree of shifting can range from over-

shifting to under-shifting. Shrestha and Markowitz (2016) verify the textbook result by 

asserting that with competition, after-tax prices increase by just the amount of the tax 

if the long-run supply curve is horizontal, and by less than the amount of tax if the 

supply curve is upward sloping. 

In an oligopolistic industry, Fullerton and Metcalf (2002) point out that over-

shifting is possible due to both the existence of market power and the strategic behavior 

of firms. Under-shifting is also possible when the burden of higher taxes is shifted to 

labor in the form of lower wages or to other factors of production. The next section 

                                                           

5 Legalization: Colorado (passed 2012, in effect 2014), Washington (passed 2012, in effect 2014), 

Oregon (passed 2014, in effect 2015), Alaska (passed 2014, in effect 2016), California, Maine, 

Massacheusettes and Nevada (passed 2016, yet to take effect) and the District of Columbia (passed 

2014, non-sales features in effect 2015, sales features on hold due to congressional opposition).  

6 In addition, recent work has paid much attention to the consequences of market structure [for 

example, (Tremblay and Tremblay, 2016), (Tremblay and Tremblay, 2005), (Kenkel, 2005), (Stehr, 

2007) and (Besely and Rosen, 1999)]. An important implication of this literature is that in an 

imperfectly competitive market, varying degrees of shifting are possible in the long run. 
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summarizes results of the tax-incidence studies in cigarette, tobacco, sugar-sweetened 

and wine markets to examine the full-shifting, over-shifting and under-shifting 

hypotheses.  

2.1 Tobacco and Cigarette Taxes 

Estimates of the incidence of tobacco and cigarette taxation show a wide range 

of results from over-shifting to under-shifting. Harris (1987) and Keeler et al. (1996) 

used state level data and found that the burden of tobacco taxation was over-shifted to 

consumers, although their estimates of the amount of over-shifting differed 

dramatically by state. Sumner and Wohlgenant (1985) contend that only the amount of 

the tax is passed on to consumers, while Ashenfelter and Sullivan (1987) suggest that 

excise tax increases do not consistently act to increase retail prices. Hanson and 

Sullivan (2009) use micro-level data on cigarette prices from retail locations in 

Wisconsin and bordering states. Employing difference-in-difference technique they 

find that Wisconsin’s $1.00 tobacco tax increase was over-shifted to consumers. The 

price rose by $1.08 to $1.17 per pack.  

2.2 Beer, Wine and Spirits 

Beer is the most prevalent type of alcohol consumed in the US. Studies by 

Shreshtha and Markowitz (2016), and Tremblay and Tremblay (2005), categorize the 

market for beer as an oligopoly. Using quarterly state-level data from 1982 to 1997, 

Douglas and Kwapisz (2002) find that taxes on beer, spirits and wine are over-shifted. 

Specifically, the authors estimate that a $1 increase in the tax per barrel of beer 

increases the retail beer price by at least $1.67. Kenkel (2005) uses the 2002 tax hike 

in Alaska to perform before-after analyses to conclude that alcohol taxes are more than 
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fully passed through to prices. Kenkel finds that for a $ 1 increase in tax, the average 

pass-through rate for off-premise consumption is $2.14, $2.03 and $1.57 for 

Budweiser, Bud Light and Heineken, respectively. 

Stehr (2007) uses price data from the third quarter editions of the American 

Chamber of Commerce Research Association (ACCRA) from 1990 to 2004. He finds 

that the magnitude of the pass-through of beer taxes to prices is 0.94. This estimate 

suggests that beer taxes are almost fully passed-through to prices. Stehr’s study only 

includes state and year fixed effects in the sales model as additional control variables 

and excludes other potential determinants of both alcohol prices and sales. In a recent 

study, Shreshtha and Markowitz (2016), use state level increases in beer taxes (between 

2000 and 2014) by implementing a difference-in-differences strategy. They find that a 

10 cent increase in beer taxes raises retail prices by about 17 cents. 

The tax incidence in other countries have also been investigated. Bergman and 

Hansen (2010) analyze the tax pass-through rate in Denmark using the liquor tax cut in 

2003, the beer tax increase in 1997, and the beer tax cut in 2005. The authors find 

evidence of over-shifting following tax hikes and under-shifting following tax cuts. 

Carbonnier (2013) studies differences between the ad valorem taxes and per unit excise 

taxes in France and finds that the per unit excise taxes are over-shifted whereas ad 

valorem taxes are under-shifted to prices.  

2.3 Sugar-Sweetened Beverages (SSB) 

SSBs include soda, energy, sports drinks and sweetened water while non-SSBs 

include diet drinks, reduced fat milk, water and 100 % fruit juices. Falbe et al. (2015) 

examined pre- to post-tax price changes of SSBs and non-SSBs for a variety of retailers 
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in Berkeley California, using the neighboring cities of Oakland and San Francisco as 

controls.7 They examined price changes by beverage, brand, size and retailer type. 

Approximately 3 months after the tax was implemented, SSB retail prices increased 

more in Berkeley than in nearby cities, marking a causal pathway between the tax and 

reduced SSB consumption. Also empirical studies by Grogger (2015) and Bergman & 

Hanson (2013) on SSB excise taxes in Mexico and Denmark, respectively, indicate that 

the pass-through rates range from approximately 63% to more than 300%, depending 

on beverage type, brand, and retailer.  

2.4 Marijuana Taxes 

Empirically, there is evidence of both over- and under-shifting of taxes in 

cigarettes, alcohol and SSBs’ markets. Because marijuana legalization is a recent 

phenomenon in just a few states, there is no empirical evidence on how a tax on 

marijuana will be passed-through to consumers in the United States. Oregon is unique 

as it levied a high tax several months after marijuana became legal. This is a natural 

experiment, the first of its kind in the marijuana market place. Building on studies on 

alcohol and tobacco markets that employ difference-in-differences (DD) techniques, 

this study also uses a DD strategy on aggregated sales of marijuana across dispensaries 

in Oregon.  

3. Theoretical Model 

This section is divided into four parts. Subsections 3.1 and 3.2 discuss the effect 

of a tax when there is stockpiling vs. when there is no stockpiling. Subsections 3.3 and 

                                                           

7 Measure D has been recently passed in Berkeley, California. It enacts a 1-cent-per-ounce specific 

excise tax on the distribution of SSBs. 
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3.4 bring formal comparative static analyses and thoughts about rational expectations 

to illustrate the expected price effects of a marijuana tax when there is stockpiling.  

3.1 Tax incidence when there is no stockpiling8  

The incidence of a tax can be explained by the basic demand and supply model, 

which assumes perfect competition and no stockpiling. Marijuana taxes can be levied 

on either consumers or producers. Economic theory suggests that in either case, 

quantity demanded decreases and the price the consumer pays goes up. This is shown 

in figures 1 and 2.  

Figure 1: The Demand and Supply Model when there is a Tax on Consumers  

                 

 

Figure 1 describes the case of a tax on consumers. Before the tax (𝓉), the equilibrium 

price and quantity are P* and Q*. The tax causes the demand curve to shift down by 

the amount of the tax. This causes a fall in quantity demanded from Q* to Q’. 

                                                           

8 This section is relevant for perishable commodities that cannot be stored for later consumption.  
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Consumers pay a price (Pc) which is higher than the pre-tax equilibrium price (P*). 

Producers receive price (Pp). The difference between the two prices (Pc-Pp) is equal to 

the size of the tax.  

Figure 2: The Demand and Supply Model when there is a Tax on Producers 

  

Figure 2 describes a tax on producers. Again, the pre-tax equilibrium price and quantity 

are P* and Q*. Tax on producers causes the supply curve to shift up by the amount of 

the tax. With the tax, consumers pay a price (Pc) higher than initial equilibrium price 

(P*) and producers receive a price Pp. The difference between the two prices (Pc-Pp) 

is equal to the size of the tax (𝓉). In both cases, the post-tax consumer price and 

producer price are the same.  

3.2 Consumer stockpiling 

Because marijuana is storable (i.e., it can be consumed long after it is 

purchased), there may be stockpiling in response to the tax. Hendel and Nevo (2006b) 
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and Wang (2014) document evidence of stockpiling behavior during periods of price 

reductions. Using scanner data on laundry detergent as an example, Hendel and Nevo 

find that as time-since-sale (i.e., the period since a price reduction) lengthens, total 

quantity of detergents purchased increases. Wang established this for the sale of Coca-

Cola. Wang concluded that if consumers expected a longer period of high prices, they 

purchase and store larger amounts in the current period. Chiou and Muehlegger (2010) 

use a rich dataset of weekly cigarette sales to examine how consumers adapted their 

behavior before and after an excise tax increases in Chicago. They found evidence of 

substantial stockpiling for discount cigarettes. In the month prior to a ten-cent tax 

increase, they estimated that cigarette sales rose forty to forty-five percent.  

Marijuana stockpiling is likely for two reasons. First, marijuana is storable. 

Second, consumers knew well ahead of time that the tax would be levied on January 1, 

2016 and that sales tax increases generally lead to higher prices. Therefore, this paper 

takes into account stockpiling in the comparative static prediction. Post-enactment, 

quantity demanded for marijuana falls, with or without stockpiling. However, prices 

may rise or fall depending upon the degree of stockpiling. If there is heavy stockpiling, 

there will be a substantial decrease in the quantity demanded following the tax increase, 

which can cause consumer prices to fall. On the other hand, if there is minimal 

stockpiling, a tax increase will lead to a slight fall in the quantity demanded and an 

increase in the consumer price. 

Since consumers pay marijuana taxes and dispensaries taxes, we focus on 

consumer taxes. Now with stockpiling, the two scenarios are discussed next.  
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3.21 Sufficient Stockpiling 

Without a tax, the equilibrium price and quantity are P* and Q*. When a tax 

increase is expected to increase the future price, and there is sufficient stockpiling, the 

stockpiling effect causes demand to fall from D1 to D2 in Figure 3.  The combined 

stockpiling and tax effects cause demand to fall from D1 to D3. After the tax, the 

consumer price is Pc and the producer price is Pp. In this case the tax causes Pc to fall 

because the stockpiling effect is dominant. Quantity demanded falls from Q* to Q’.  

Figure 3: The Effect of an Excise Tax on the Consumer Price Pc, when there is 

sufficient stockpiling (𝓽 decreases Pc)  
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3.22 Little Stockpiling 

Without a tax, the equilibrium price and quantity are P* and Q*. When a tax increase 

causes little stockpiling, the stockpiling effect causes demand to fall from D1 to D2 in 

Figure 4. The combined stockpiling and tax effects cause demand to fall from D1 to 

D3. After the tax, the consumer price is Pc and the producer price is Pp. In this case the 

tax causes Pc to rise, because the tax effect is dominant. Quantity demanded falls from 

Q* to Q’.  

Figure 4: The Effect of an Excise Tax on the Consumer Price Pc, when there is little 

stockpiling (𝓽 increases Pc)  
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3.3 Formal Comparative Statics  

 

The above comparative statistic results can be shown more formally using the 

implicit function theorem (Chiang, 1984). The tax is levied on consumers. There are 

two periods: period t-1 is the period before the tax increase; period t is the period of the 

tax increase.  

Now assume that the market for marijuana can be described by the following 

demand (D) and supply (S) model.       

  𝐷𝑡 = 𝐷𝑡(𝑝𝑡, 𝓉𝑡 , 𝓈𝑡−1(𝓉𝑡), 𝑥𝐷),           (1)  

  𝑆𝑡 = 𝑆𝑡(𝑝𝑡, 𝑥𝑆),                  (2) 

where: 

 𝑝𝑡 is the price of marijuana in period t, 

 𝓈𝑡−1 is the degree of stockpiling in period t-1, 

 𝓉𝑡 is the sales tax rate in period t, 

 𝑥𝐷 includes all other exogenous D variables, 

 𝑥𝑆 includes all other exogenous S variables.  

Both demand and supply are assumed to have continuous derivatives, and the 

relevant signs are: 

 
𝜕𝐷𝑡

𝜕𝑝𝑡
< 0:   Demand has a negative slope.     (3) 

𝜕𝐷𝑡

𝜕𝓉𝑡
< 0:   Taxes reduce demand.      (4) 

𝜕𝐷𝑡

𝜕𝓈𝑡−1
< 0:   Stockpiling reduces future demand.    (5) 

𝜕𝓈𝑡−1

𝜕𝓉𝑡
> 0:   Future taxes increase stockpiling.         

 (6) 
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𝜕𝑆𝑡

𝜕𝑝𝑡
> 0:   Supply has a positive slope.     (7) 

The goal is to determine effect of the tax on the consumer price (𝑝𝑡
𝑐).  In this 

case, the equilibrium price in the market (𝑝𝑡
∗) is the price that is received by 

producers.  Consumers pay this price plus the tax: 𝑝𝑡
𝑐 = 𝑝𝑡

∗ + 𝓉𝑡.  Assuming that the 

conditions of the implicit-function hold, the procedure is as follows. 

1.  Define the excess demand function (ED):   

𝐸𝐷𝑡 ≡ 𝐷𝑡(𝑝𝑡, 𝓉𝑡 , 𝓈𝑡−1(𝓉𝑡), 𝑥𝐷) − 𝑆𝑡(𝑝𝑡, 𝑥𝑆), where   (8)   

𝐸𝐷𝑡 > 0 when there is an excess demand;          

𝐸𝐷𝑡 < 0 when there is an excess supply;                

𝐸𝐷𝑡 = 0 when the market is in equilibrium (i.e., 𝐷𝑡 = 𝑆𝑡).    

The equilibrium is stable when the following condition holds: 

𝜕𝐸𝐷𝑡

𝜕𝑝𝑡
< 0.             (9) 

This implies that the market price falls (rises) when there is an excess supply 

(demand). This condition holds when D has a negative slope and S has a  

positive slope.  

2.  From the implicit-function theorem: 

 
𝜕𝑝𝑡

∗

𝜕𝓉𝑡
=

−
𝜕𝐸𝐷𝑡
𝜕𝓉𝑡

𝜕𝐸𝐷𝑡
𝜕𝑝𝑡

, where 
𝜕𝐸𝐷𝑡

𝜕𝓉𝑡
=

𝜕𝐷𝑡

𝜕𝓉𝑡
+

𝜕𝐷𝑡

𝜕𝓈𝑡−1

𝜕𝓈𝑡−1

𝜕𝓉𝑡
< 0.    (10) 

Because 
𝜕𝐸𝐷𝑡

𝜕𝑝𝑡
< 0: 

 Sign  [
𝜕𝑝𝑡

∗

𝜕𝓉𝑡
] = Sign [

𝜕𝐷𝑡

𝜕𝓉𝑡
+

𝜕𝐷𝑡

𝜕𝓈𝑡−1

𝜕𝓈𝑡−1

𝜕𝓉𝑡
].      (11) 



19 

 

 

This is always negative, implying that when demand has a negative slope and 

supply has a positive slope, a tax increase causes the equilibrium (producer) 

price to fall.   

3.  Regarding the Consumer Price: 

𝜕𝑝𝑡
𝑐

𝜕𝓉𝑡
=

𝜕𝑝𝑡
∗

𝜕𝓉𝑡
+ 𝓉𝑡.         (12) 

Therefore, 

Sign  [
𝜕𝑝𝑡

𝑐

𝜕𝓉𝑡
] = Sign [

𝜕𝐷𝑡

𝜕𝓉𝑡
+

𝜕𝐷𝑡

𝜕𝓈𝑡−1

𝜕𝓈𝑡−1

𝜕𝓉𝑡
+ 𝓉𝑡].       (13) 

1) Because 
𝜕𝐷𝑡

𝜕𝓉𝑡
< 0,

𝜕𝐷𝑡

𝜕𝓈𝑡−1
< 0,

𝜕𝓈𝑡−1

𝜕𝓉𝑡
> 0, 𝓉𝑡 > 0, the sign of 

𝜕𝑝𝑡
𝑐

𝜕𝓉𝑡
 is   

indeterminate. 

2) With little or no stockpiling (
𝜕𝓈𝑡−1

𝜕𝓉𝑡
 is small), 

𝜕𝑝𝑡
𝑐

𝜕𝓉𝑡
> 0 because the equilibrium 

price falls by less than the tax (i.e., |
𝜕𝑝𝑡

∗

𝜕𝓉𝑡
| < 𝓉𝑡).    

3)  With sufficient stockpiling, 
𝜕𝓈𝑡−1

𝜕𝓉𝑡
 is sufficiently large and 

𝜕𝑝𝑡
𝑐

𝜕𝓉𝑡
< 0.  That is, 

with sufficient stockpiling the tax leads to a decrease in the consumer price in 

period t.     

3.4 Rational Expectation, Stockpiling and Price Effects of a Tax 

The above comparative static analysis begs the question: Why would 

consumers stockpile in period t-1 if they were able to correctly forecast that the 

consumer price would fall in period t?  This could not happen if consumers had rational 

expectations (i.e., consumers are perfectly rational and know the model).  In this case, 

consumers would correctly forecast the future price.  If the future price were expected 

to fall, consumers would refrain from stockpiling.  If consumers did stockpile, 
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stockpiling would be insufficient to cause the price to fall in period t.  Nonetheless, 

evidence from behavioral economics demonstrates that consumer beliefs about future 

prices are not always consistent with rational expectations.9 Such inconsistency is 

especially likely when consumers have limited experience, which would be true for a 

new market like marijuana that does not have a tax history.  Thus, it is certainly possible 

for the price to fall immediately following an anticipated tax increase. 

4. Data and Empirical Model 

 

This essay employs a panel dataset of marijuana retail sales in Oregon and 

Washington State. The daily retail sales data start on October 1st, 2015 and run through 

March 31st 2016. The data are aggregated by day to the state level. The Oregon Liquor 

Control Commission (OLCC) and Washington Cannabis and Liquor Control Board 

(WCLCB) provided data upon request for Oregon and Washington State, respectively.   

 The main goal of this research is to determine how the Oregon tax on marijuana 

will affect the consumer price and quantity consumed of marijuana.  Thus equilibrium 

values are determined by simultaneously solving the demand and supply system for 

price (p*) and quantity (Q*).  They will be a function of all exogenous variables in the 

demand and supply functions: p* = 𝑓(𝓉𝑡, 𝓈𝑡−1, 𝑥𝐷 , 𝑥𝑆) and Q* = 𝑓(𝓉𝑡 , 𝓈𝑡−1, 𝑥𝐷 , 𝑥𝑆).  

Besides the tax, relevant demand variables would include consumer income, the price 

of substitute and complement goods, and consumer tastes. Supply variables would 

include the price of inputs and technological innovations.   

                                                           

9 For a review of the evidence from behavioral economics, see Daniel and Hirshleifer (2015) and 

Grubb (2015a, 2015b, 2015c). 
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 We use daily price and consumption data, however, and data on other 

exogenous variables, except the tax, are unavailable by day. Nevertheless, the data 

cover a very short time period, and their values may have been relatively constant. We 

use a difference-in-difference (DD) technique, which controls for fixed effects.  The 

empirical models are: 

Price of marijuana = α₀+ α₁ tax+ α2OR + α3ORtax+ α4date + u   (1) 

Quantity of marijuana = β₀ + β₁ tax+ β2OR + β3ORtax+ β4date + u   (2) 

Equation 1 models the effect of the tax on the price of marijuana while equation 2 

models the effect of the tax on the quantity (sold) of marijuana. Variables are described 

below: 

a) Price and quantity of marijuana are variables of interest or dependent variables.  

b) Variable tax is a dummy variable. It takes a value of 1, if the tax is in effect. 

Otherwise, it takes a value of zero.  Since January 1, 2016 is the tax day, 

therefore, tax for any day before January1, 2016 is marked as zero. On the other 

hand, tax for any day on or after January 1, 2016 is marked as 1.  

c) Variable OR is also a dummy indicating if the observation is for Oregon 

(OR==1) or Washington State (OR==0).  

d) Interacting the OR and tax variables we get interaction term ORtax. If we are 

talking about an observation in Oregon, post-taxation, ORtax will be equal to 

1, otherwise it takes the value of zero. Coefficients on this interaction term α3 

and β3 are the coefficients of interest as they represent the impact of the tax on 

the price or quantity in OR versus WA.  
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e) Variable date is a time trend. It is coded in the STATA as (1st October 2015: 

20362 through 31st March 2016: 20544).10 Tax was enacted on January 1, 2016 

(day of the tax is coded as ‘20454’) 

As mentioned, the main hypothesis of interest is the value of coefficient α3 and β3.  

When the price is measured in logs, α3 (and β3) is an estimate of effect that a tax increase 

will have on the percentage change in the price of marijuana (and the quantity of 

marijuana) in Oregon. If this parameter is 0, then the tax has no effect on the price (and 

quantity).  If it is positive, then the tax causes the price (and the quantity) to rise by 

100*α3 (and 100*β3) percent.   

 Moreover, the data include average price and average sales by day and county 

for two types of marijuana, smokable and consumable. The sales of smokable 

marijuana are measured in grams and priced in dollars per gram. However, the sales of 

consumable marijuana are measured in units and priced in dollars per unit. Smokable 

marijuana includes dried flower leaves and buds, while consumable marijuana contain 

all other marijuana types, such as edibles, liquids and marijuana extracts in chocolates 

and cookies.11 

                                                           

10 The coding is arbitrary. Statistical software (Stata) does this coding 
11 "Smokable marijuana" is only the dried buds and leaves that one would actually smoke. All of the 

other, including oils (some of which can be smoked), require "processing" of some sort; something to 

extract the active ingredients from the "smokable marijuana" and turn it into "something else".  So any 

topical salve (poultice, etc), edibles, any of the creams etc. would be in this "consumable" category.   

That means there are a lot of products in this "consumable" category.  One can buy bottled soda that is 

infused with cannabis.  Candies, baked goods, various oils that can be consumed in any number of ways. 

These can all produce euphoria, and are still considered "consumable" forms of cannabis.  

 

The topical creams and such do not get one "high" in any way, but is used as the pain relieving component 

of cannabis.  There is simply not enough THC (tetrahydrocannabinol) transferred into the bloodstream 

to cause any "high" effect.  Many of these products come from marijuana strains that have had the THC 

reduced, and the CDB (cannabidiol) component enhanced, specifically to be pain relievers.  
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There are 183 daily observations for both OR and WA. The average quantity of 

smokable and consumable marijuana sold across dispensaries in OR is 49,530 grams 

and 3,503 units a day, respectively. Likewise, average price for smokable marijuana 

and consumable marijuana in OR is $9.5 per gram and $9.3 per unit, respectively. On 

the other hand, the average quantity of smokable and consumable marijuana sold across 

all dispensaries in WA is 745,962 grams and 20,311 units a day, respectively. While 

the average price for smokable and consumable marijuana in WA is $7.2 per gram and 

$17.60 per unit respectively. More detailed descriptive statistics are given in table 

Appendix table A.  

4.1 Treatment and Control group 

In our empirical model, Since Oregon experiences a change in tax rate on 

January 1, 2016 from 0 % to 25 %; it serves as a treatment group. Surrounding the 

period of Oregon’s 25% tax, Washington State did not experience any change in taxes 

(the effective tax rate was approximately 37 percent throughout the period from 

October 1, 2015 to March 31, 2016). This allows Washington State to act as a control 

group in this analysis. Geographical proximity, similar demographics and economic 

conditions are other reasons that allow taking Washington as a control.12 

 

                                                           

 
12 Based on US Census Bureau data from 2009 to 2013, the median house hold income in OR is     $ 50, 

229 and in WA, it is $ 59, 478. Persons below poverty level in OR are 16.2 % and in WA, they are 

13.4 %. Population and education profiles in both states (2009-13) are pretty similar (OR: White- 88 %, 

Black or African American- 2 %, Hispanic or Latino- 12.3 %, Bachelor's degree or higher, percent of 

persons age 25plus- 29.7 % and WA: White- 81 %, Black or African American- 4 %, Hispanic- 11.9 %, 

Bachelor's degree or higher, percent of persons age 25plus- 31.9 %). Home ownership rates are similar 

in both states (OR- 62 % and WA- 63.2 %)  

http://www.indexmundi.com/facts/united-states/quick-facts/compare/washington.oregon 
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4.2 Difference-in-Difference 

The state-level analysis has the advantage of allowing for a Difference-in-

Differences (DD) framework. In this framework, obtaining unbiased estimates require 

that there are no state-specific characteristics influencing prices that are correlated with 

taxes. In a nonexperimental design setting, a DD design is used to ascertain the price 

effect of a tax. The DD design is implemented in this case by considering the day of 

the policy (January 1, 2016) as a threshold or cutoff point. The DD design uses 

observations around the threshold for both Oregon and Washington State. Pre- (i.e. 

October 1, 2015-December 30, 2015) and post- (i.e. January 1, 2016-March 31, 2016) 

differences in prices of marijuana are calculated for both Oregon (POR, after – POR, before = 

ΔPOR) and Washington State (PWA, after – PWA, before = ΔPWA), respectively. Finally, the 

two differences are differenced (ΔPOR – ΔPWA) to get difference in differences (ΔΔP), 

which is actually an estimate of the price effect due to tax.  

4.3 Assumptions of D-D  

The DD design hinges on two assumptions:  

i) That there are no factors other than tax enactment that affect marijuana 

prices between October 2015 and March 2016 in Oregon. This assumption 

is also called the parallel changes assumption.  

ii) That prices in the control state (WA) are not affected by the policy 

enactment in OR.  

Since both states have so much in common and the time elapsed between our 

data points is just a few months, the first assumption of parallel changes or parallel 

trends seems reasonable. The same could be verified by plotting prices over time for 
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each state. This is illustrated in Figure 5 for consumable and Figure 6 for edible 

marijuana.  

Figure 5: Price of Consumable Marijuana by State  

 

Figure 6: Price of Smokable Marijuana by State  

 

10/1/15                11/15/15                    1/1/16                     2/15/16              3/31/16 
      Date 

10/1/15                11/15/15                    1/1/16                     2/15/16                3/31/16 
      Date 
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Looking into observations13 prior to the tax imposition (January 1, 2016) in the figures 

above, we see a similar fall in the prices over period (October 1, 2015-December 30, 

2015) for both marijuana in Oregon and Washington. Hence the parallel trends 

assumption is satisfied. Later on, following the tax imposition, we see the trends 

change, suggesting a potential effect of the tax.  

As for the second assumption quantity changes are examined in zip codes for 

Washington counties that border OR vs. those counties that do not. If the changes are 

little, it could be deduced that the tax in Oregon do not impact quantities (sold) in WA. 

If there is enough of a change, it could be inferred that the tax in Oregon might have an 

impact in Washington.  

Figure 7: Quantity of Smokable Marijuana for Border (1) Vs. Non-border counties 

(0) in WA 

 

 

                                                           

13 October 1, 2015- Coded as 20,362; November 8, 2015- Coded as 20,400; December 28, 2015- 

Coded as 20,450; February 16, 2016- Coded as 20,500; and March 31, 2016- Coded as 20,544 

10/1/15                11/15/15                    1/1/16                     2/15/16                3/31/16 
      Date 
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Figure 7 shows that the trends in quantities of smokable marijuana sold are similar for 

border counties before and after marijuana taxes in Oregon. Looking into trends for 

consumable marijuana: 

Figure 8: Quantity of Consumable Marijuana for Border (1) Vs. Nonborder counties 

(0) in WA 

 

The trends before and after tax are different. Since we do not see post-tax 

increase in demand in border counties, the trends do not support cross-border 

substitution. This mean that there might be other underlying factors worth-exploring. 

However, as far assumption II is concerned, the difference in trends is modest. Thus, 

we say that assumption is marginally satisfied for consumable marijuana.  

Two models in equation 1 and 2 are estimated, based on data for smokable and 

consumable marijuana. Further test diagnostics for panel data are conducted. The essay 

10/1/15                11/15/15                    1/1/16                     2/15/16                3/31/16 
      Date 
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will test for time stationarity,14 heteroscedasticity15 and serial correlation,16 before 

returning the values of the estimates, robust standard errors,17 P-values and statistical 

significance of coefficients on 99%, 95% and 90% confidence intervals. Since this is a 

panel regression, coefficients are interpreted similar to standard OLS interpretations.  

 

4. Results18 

Taking natural log of outcome variables (price and quantity), we estimate the 

empirical DD models for both types of marijuana. We take the natural log of these 

variables to account for the presence of outliers and any non-linearity. Outliers distort 

estimates of regression coefficients.19 The presence of outliers could be verified by 

looking into histograms (Figure 9a-d) and descriptive statistic of prices and quantities 

(appendix table A) in both states.  

 

 

 

 

                                                           

14 Time stationarity refers to constancy in mean and variance. If data is non-stationery, it is hard to predict 

and we might get spurious results.  

15 Heteroscedasticity is variation in errors. It leads to biased SE’s.  

16 Relationship between a variable and itself over various time intervals. Serial correlation biases SE’s 

and estimates. 

17 Since it is panel data, sometimes default standard errors overstate estimator precision. Thus it is better 

to take robust standard errors. We don’t take cluster standard errors, since there are only two states.  

18 There is evidence of hetroscedasticity (for all models) and serial correlation (for some models). 

However, taking robust standard errors in all models treat these problems.  

19 Outliers are cases whose values differ substantially from other observations or observation with a large 

residual. Outliers might reflect coding errors in the data or they may be a result of model misspecification 

(variables have been omitted that would account for the outlier). There are number of ways to check for 

outliers. 1.look into histograms of DV’s 2. Look into descriptive statistics of DV’s 3. Post estimation rvf 

plotline: Plotting residuals against fitted values might give variances and sizes of residuals. Bigger 

residuals reflect outliers. 4. Calculating studentized residuals  
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Figure9a:     Figure 9b: 

Histogram of Smokable Prices  Histogram of Consumable Prices  

          

Figure 9c:      Figure 9d: 

Histogram of Smokable Quantity  Histogram of Consumable Quantity 

   

The histograms show the underlying distribution of the data. Here they suggest that the 

frequencies of some observations are more skewed towards the origin. Likewise, we 

might plot residuals (from all regressions where we take prices and quantities as 

outcome variables) against their fitted (predicted) values (Figures 10a-d) to get 

variances and sizes of residuals. The abnormal size of residuals inform about the 

presence of outliers. 
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Figure 10a: Residuals when the Price of Smokable is dependent variable 

   

Figure 10b: Residuals when the Price of Consumable is dependent variable 

 

Figure 10c: Residuals when the Quantity of Smokable is dependent variable 
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Figure 10d: Residuals when the Quantity of Consumable is dependent variable 

  

The post-estimation plotlines in the above figures give sizes of residuals. The bigger 

residuals in all these four graphs indicate the presence of outliers.  

Thus, to smooth the data we might take the natural log of the dependent 

variables. Using the log form of these variables has an additional advantage of allowing 

us to interpret results in percentages. After taking logs, we see the following price and 

quantity regressions: 

Table 1: Price and Quantity Regressions 

 Price Regressions Quantity Regressions 

 VARIABLES  

(Column I) 

Smokable 

(Column II) 

Consumable 

(Column III) 

Smokable 

(Column 

IV) 

Consumable 

(Column V) 

 

Log of 

Smokable 

Marijuana 

Prices 

Log of 

Consumable 

Marijuana 

Prices 

Log of 

Smokable 

Marijuana 

Quantities 

Log of 

Consumable 

Marijuana 

Quantities 

          

tax 0.001 0.039* 0.072 -0.103*** 

  (0.002) (0.020) (0.065) (0.001) 

OR 0.270*** -0.609*** -2.642*** -1.639*** 

  (0.000) (0.000) (0.000) (0.000) 

ORtax 0.001*** -0.054*** -0.134*** -0.196*** 

  (0.000) (0.000) (0.000) (0.000) 

date -0.001*** -0.001*** 0.002 0.004*** 

  (0.000) (0.000) (0.001) (0.000) 

Constant 22.265*** 30.368*** -28.165 -73.264*** 
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  (0.423) (4.475) (14.476) (0.192) 

Observations 366 366 366 366 

R-squared 0.977 0.966 0.961 0.931 

Number of states 2 2 2 2 

Standard errors in parentheses 

*** p<0.01, ** p<0.05, * p<0.1                                 Legend: b/se 

Results for both types of marijuana vary. We are interested into coefficient on 

interaction term (ORtax). This coefficient is an estimate of effect of the Oregon tax on 

the price of marijuana in Oregon relative to the price of marijuana in Washington. An 

estimate of 0.001 in the price regressions (column II) means that the tax caused the 

price of smokable marijuana in Oregon to increase by 0.1 percent per gram compared 

to Washington prices. However, an estimate of -0.054 in column III means that the tax 

caused the price of consumable marijuana in Oregon to decrease by 5.4 percent per unit 

compared to Washington prices.  

Now looking into the interaction term (ORtax) for both marijuana (smokable: -

0.134 and consumable: -0.196) in the quantity regressions (columns IV & V), we see 

there is a negative effect, although it is more pronounced in the case of consumable 

marijuana. Post-tax, compared to Washington, in Oregon, quantity demanded 

(alternatively quantity sold) of both marijuana falls; the sale of consumable drops by 

19.6 percent while the sale of smokable drops by 13.4 percent.  

5. Discussions—Possible Reasons for Different Price and Quantity Effects  

Before bringing explanations for diverging price and quantity effects, it would 

be wise to compare the amount of standardized quantities sold in OR (Figures 11a and 

11c) and WA (Figures 11b and 11d) to check if there is any evidence of stockpiling in 

Oregon before taxes went in effect.  
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Figure 11a: Quanitity sold of Smokable Marijuana in Oregon 

  

 

Figure 11b: Quantity sold of Smokable Marijuana in Washington  

 

While both of the above plots suggest similar trends in OR and WA, there is a sharp 

rise in the quantity sold in OR compared to WA as the day of the tax approaches.  

 

 

 

10/1/15          11/15/15                1/1/16               2/15/16              3/31/16  
          Date                   

10/1/15          11/15/15                1/1/16               2/15/16              3/31/16  
          Date                   
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Now quantitates sold of consumable marijuana in both states are described in 

Figures 11c and 11d.  

 

 

Figure 11c: Quantity sold of Consumable Marijuana in Oregon 

 

 

Figure 11d: Quantity sold of Consumable Marijuana in Washington  

 

10/1/15          11/15/15                1/1/16               2/15/16              3/31/16  
          Date                   

10/1/15          11/15/15                1/1/16               2/15/16              3/31/16  
          Date                   
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Again both plots suggest somewhat similar trends for OR and WA. However, there is 

sharp rise in the quantity sold in OR compared to WA as the day of the tax approaches.  

Overall, it appears from the graphs above that just before the tax was enacted 

in Oregon, Oregon consumers stockpile both kinds of marijuana. Stockpiling helps 

explain diverging price effects of tax for both marijuana as discussed in theoretical 

section. While the amount of marijuana stockpiling is restricted by law, stockpiling is 

still possible. In Oregon there are two types of users under the law, recreational and 

medical.  Medical use requires doctor certification under the “Oregon Medical 

Marijuana Program” (OMMP).  This allows a medical user to keep/store/“stockpile” 

considerably more than a recreational user.  A recreational user may have up to 8 

ounces of marijuana at home, and up to one ounce on their person in public.20 An 

OMMP card holder can have up to 24 ounces of “usable marijuana”,21 but the card 

holder can get other products of marijuana at one time in addition to usable marijuana.22  

                                                           
20 https://www.oregon.gov/olcc/marijuana/Pages/FAQs-Personal-Use.aspx & 

http://whatslegaloregon.com/#8oz-vs-1oz 

The law states the following: 

PUBLIC possession limits for recreational users: 1 ounce usable marijuana (dried leaves and flowers), 

1 ounce cannabinoid extracts or concentrates (must be purchased from a licensed marijuana retailer), 

16 ounces cannabinoid product in solid form, 72 ounces cannabinoid product in liquid form, 10 

marijuana seeds; AND 4 immature marijuana plants. 

PRIVATE possession limits for recreational users: 8 ounces usable marijuana (dried leaves and 

flowers), 1 ounce cannabinoid extracts or concentrates (must be purchased from a licensed marijuana 

retailer), 16 ounces cannabinoid product in solid form, 72 ounces cannabinoid product in liquid form, 

10 marijuana seeds; AND 4 marijuana plants 

21http://public.health.oregon.gov/DiseasesConditions/ChronicDisease/MedicalMarijuanaProgram/Page

s/top20.aspx 

 

22 A patient or caregiver may only possess or purchase from a dispensary in one day: 16 ounces of a 

medical cannabinoid product in solid form; 72 ounces of a medical cannabinoid product in liquid form; 

16 ounces of a cannabinoid concentrate whether sold alone or contained in an inhalant delivery system; 

Five grams of a cannabinoid extract whether sold alone or contained in an inhalant delivery system; 

Four immature marijuana plants; and 50 seeds (interview with a local user of marijuana and verified: 

https://www.oregon.gov/olcc/marijuana/Pages/FAQs-Personal-Use.aspx
http://public.health.oregon.gov/DiseasesConditions/ChronicDisease/MedicalMarijuanaProgram/Pages/top20.aspx
http://public.health.oregon.gov/DiseasesConditions/ChronicDisease/MedicalMarijuanaProgram/Pages/top20.aspx
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While marijuana is storable, it seems that recreational consumers of marijuana 

stockpiled marijuana when they knew that taxes were going to be enacted. While the 

fresher the better, still consumers stocked within the amounts allowed by law (See 

Figures 11a and 11c). Consumers expect the prices to rise in response to a tax increase. 

Consequently, post-tax, quantity demanded for both types of marijuana will fall. 

However, prices might go up or down depending upon the relative size of stockpiling. 

If there is heavy stockpiling, the decrease in quantity may be sufficient for the price to 

fall. This appears to be happened in the case of consumable marijuana when the prices 

fell by 5.4 percent per unit, post-taxation. On the other hand, if there is a slight 

stockpiling, there will be a relatively small decrease in quantity demanded. 

Consequently, the price the consumer pays is higher than the equilibrium price when 

there was no stockpiling. This may explain the increase in prices by 0.1 percent per 

gram for smokable marijuana post-taxation. Given the fact that consumable marijuana 

is sold in different varieties and consumable marijuana is more durable, consumers are 

likely to stockpile more of consumable rather than smokable marijuana.  

In addition to the relative magnitude of stockpiling, the reason why the price of 

consumable decreases while the price of smokable increases might be because of the 

relative elasticity of demand differs between these two different types of marijuana. 

While there is no literature on inter-consumption patterns and elasticities for different 

types of marijuana, Pacula et al. (2003), Clements et al. (2010) and Davis et al. (2013) 

estimate that the price elasticity of demand for marijuana ranges from -0.3 to -0.6, -0.5 

                                                           

http://public.health.oregon.gov/DiseasesConditions/ChronicDisease/MedicalMarijuanaProgram/Pages/

top20.aspx#patientlimits) 
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to -0.6 and -0.3 to -0.6 percent, respectively. Studies (Ding, 2003; Chalaoupka et al. 

2000 & Kenkel et al. 2006) from cigarette and tobacoo consumption suggest that 

teenagers and young adults generally have lower incomes and are less dependent on 

tobacco, which would make them more price sensitive. Based on anecdotal 

testimonials,23  young people and first-time users may be more attracted to consumable 

marijuana as opposed to older, more experienced users who are more likely to choose 

smokable marijuana. If true, then demand for consumable would be relatively more 

elastic. This would be translated into relatively lower prices for consumers of 

consumable marijuana.  

Lastly, the relative variation in prices and the higher price of consumable 

marijuana (OR: $6.2 a unit-$12.7 a unit, WA: $15.8 a unit-$20.2 a unit) compared to 

smokable marijuana (OR: $8.1 a gram-$10.5$ a gram, WA: $6.4 a gram-$8.1 a gram) 

in both states might impact the way taxes are passed-through in Oregon for both types 

of marijuana. Regardless of the higher distribution or variation in the price of 

consumables, the price of consumable on average is much higher in WA ($17.6 a unit) 

than in Oregon ($9.3 a unit) while the price of smokable is comparable in both states 

(approximately $9 a gram). While we assume that market is perfectly competitive, 

perfect competition is hard to imagine in real world. Thus distributers and processors 

in Oregon might absorb part of the tax in the case of consumables such that their prices 

lower, while passing on a part of tax to consumers of smokable marijuana, thus raising 

their prices.  

                                                           

23 This is based on conversations with Sam Lambert, John Tapp and employees working in marijuana 

dispensaries at Corvallis, who wished to be anonymous.  
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6. Sensitivity Analysis 

To confirm and check the accuracy of the results, sensitivity analyses are 

conducted.  

6.1 State-specific time trends (interacting OR with date)  

By interacting OR with date we get interaction term ORdate. These are state-

specific time trends.  Results are shown in table 2; 

Table 2: State-specific time trends 

 Price Regressions Quantity Regressions 

 VARIABLES  

(Column I) 

Smokable 

(Column II) 

Consumable 

(Column III) 

Smokable 

(Column IV) 

Consumable 

(Column V) 

 

Log of 

Smokable 

Marijuana 

Prices 

Log of 

Consumable 

Marijuana 

Prices 

Log of 

Smokable 

Marijuana 

Quantities 

Log of 

Consumable 

Marijuana 

Quantities 

          

tax 0.003*** 0.019*** 0.007*** -0.104*** 

  (0.000) (0.000) (0.000) (0.000) 

OR -0.570*** 8.291*** 26.151*** -1.257*** 

  (0.000) (0.000) (0.000) (0.000) 

ORtax -0.003*** -0.014*** -0.005*** -0.194*** 

  (0.000) (0.000) (0.000) (0.000) 

ORdatee 0.000*** -0.000*** -0.001*** -0.000*** 

  (0.000) (0.000) (0.000) (0.000) 

date -0.001*** -0.001*** 0.003*** 0.004*** 

  (0.000) (0.000) (0.000) (0.000) 

Constant 22.685*** 25.918*** -42.561*** -73.455*** 

  (0.000) (0.000) (0.000) (0.000) 

          

Observations 366 366 366 366 

R-squared 0.977  0.966  0.961 0.931 

Number of states 2 2     

Robust standard errors in parentheses 

*** p<0.01, ** p<0.05, * p<0.1 

 

Although magnitudes of the ORtax parameter are stable for Columns III and V, 

they do change quite a bit for Column III and IV. This further supports our a stockpiling 
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in general and a relative greater stockpiling for consumable marijuana as opposed to 

smokable marijuana. The value of estimate for the quantity of consumable marijuana 

remains the same (-0.194), verifying sufficient stockpiling for consumables. However, 

the value of estimate for smokable drops from -0.134 to -0.005, suggesting little 

stockpiling for smokable marijuana. Moreover, the significance of the estimates further 

lends credibility to our results. 

6.2 Including year as Fixed Effect 

We have data for two quarters (Quarter IV in 2015 & Quarter I in 2016). 

Including time dummy for years into our regressions, we observe similar results.  

Table 3: Year as Fixed Effect 

 Price Regressions Quantity Regressions 

 VARIABLES  

(Column I) 

Smokable 

(Column II) 

Consumable 

(Column III) 

Smokable 

(Column IV) 

Consumable 

(Column V) 

VARIABLES 

Log of 

Smokable 

Marijuana 

Prices 

Log of 

Consumable 

Marijuana 

Prices 

Log of 

Smokable 

Marijuana 

Quantities 

Log of 

Consumable 

Marijuana 

Quantities 

tax -0.082*** -0.137*** -0.027 0.215 

  (0.004) (0.044) (0.055) (0.287) 

OR 0.270*** -0.609*** -2.642*** -1.639*** 

  (0.000) (0.000) (0.000) (0.000) 

ORtax 0.001*** -0.054*** -0.134*** -0.196*** 

  (0.000) (0.000) (0.000) (0.000) 

year 0.007** -0.054 -0.288 -0.055 

  (0.004) (0.045) (0.055) (0.291) 

Constant 2.020*** 2.962*** 13.645*** 9.792** 

  (0.004) (0.045) (0.055) (0.291) 

Observations 366 366 366 366 

R-squared 0.977  0.976  0.960 0.917 

Number of states 2 2     

Robust standard errors in parentheses 

*** p<0.01, ** p<0.05, * p<0.1 
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6.3  Including weekend (Fri_Sat) and month as Fixed Effect 

The data are spread over six months. People might purchase more marijuana on 

weekends. Thus we add dummy variables for weekend (Fri_Sat) and months (month).24  

The weekend dummy variable (Fri-Sat) equals 1 if the day is Friday or Saturday, 

otherwise it takes the value of zero. From Table 4 we see that the results are unchanged.  

Table 4: Weekend and month as Fixed Effect 

 Price Regressions Quantity Regressions 

 VARIABLES  

(Column I) 

Smokable 

(Column II) 

Consumable 

(Column III) 

Smokable 

(Column IV) 

Consumable 

(Column V) 

VARIABLES 

Log of 

Smokable 

Marijuana 

Prices 

Log of 

Consumable 

Marijuana 

Prices 

Log of 

Smokable 

Marijuana 

Quantities 

Log of 

Consumable 

Marijuana 

Quantities 

tax -0.028*** -0.006*** 0.071 -0.009 

  (0.001) (0.001) (0.065) (0.060) 

OR 0.270*** -0.609*** -2.642*** -1.639*** 

  (0.000) (0.000) (0.051) (0.040) 

ORtax 0.001*** -0.054*** -0.134** -0.196*** 

  (0.000) (0.000) (0.053) (0.043) 

Fri_Sat 0.001*** -0.011 -0.225*** -0.285*** 

  (0.000) (0.024) (0.038) (0.029) 

February -0.026** -0.048** 0.136*** 0.160*** 

  (0.012) (0.022) (0.020) (0.022) 

March -0.041*** -0.056*** 0.175*** 0.271*** 

  (0.011) (0.015) (0.020) (0.022) 

October 0.079*** 0.098*** -0.125* -0.257*** 

  (0.015) (0.006) (0.065) (0.052) 

November 0.039*** 0.032 -0.126* -0.144*** 

  (0.012) (0.035) (0.073) (0.055) 

December - - - - 

Constant 1.987*** 2.873*** 13.601*** 10.075*** 

  (0.009) (0.030) (0.082) (0.070) 

Observations 366 366 366 366 

R-squared  0.977 0.966  0.967 0.950 

Number of states 2 2     

Robust standard errors in parentheses*** p<0.01, ** p<0.05, * p<0.1 
                                                           
24 The choice of weekend is arbitrary. We can take Sat_Sun as well.  Fri_Sat is taken because most 

people purchase on these two days as informed by anecdotal testimonials. Also in most places the 

stores are close on Sunday.  
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6.4 Including day of week and month as Fixed Effect 

Finally, we take day of the week and month, both as FE’s. We observe the same results. 

Table 5: Day of week and month as Fixed Effect 

 Price Regressions Quantity Regressions 

 VARIABLES  

(Column I) 

Smokable 

(Column II) 

Consumable 

(Column III) 

Smokable 

(Column IV) 

Consumable 

(Column V) 

VARIABLES 

Log of 

Smokable 

Marijuana 

Prices 

Log of 

Consumable 

Marijuana 

Prices 

Log of 

Smokable 

Marijuana 

Quantities 

Log of 

Consumable 

Marijuana 

Quantities 

tax -0.028*** -0.006*** 0.080 -0.002 

  (0.001) (0.001) (0.063) (0.059) 

OR 0.270*** -0.609*** -2.642*** -1.639*** 

  (0.000) (0.000) (0.050) (0.039) 

ORtax 0.001*** -0.054*** -0.134*** -0.196*** 

  (0.000) (0.000) (0.052) (0.042) 

Monday -0.010*** 0.009 0.170*** 0.105*** 

  (0.002) (0.011) (0.015) (0.024) 

Tuesday -0.006*** 0.003 0.178*** 0.128*** 

  (0.001) (0.025) (0.015) (0.025) 

Wednesday -0.004*** 0.020*** 0.198*** 0.126*** 

  (0.001) (0.004) (0.022) (0.028) 

Thursday -0.008*** 0.005 0.209*** 0.162*** 

  (0.001) (0.004) (0.053) (0.039) 

Friday -0.014*** 0.008 0.415*** 0.403*** 

  (0.001) (0.007) (0.069) (0.053) 

Saturday  0.000 0.029 0.337*** 0.376*** 

  (0.002) (0.030) (0.013) (0.023) 

February -0.026** -0.048** 0.131*** 0.156*** 

  (0.013) (0.022) (0.016) (0.022) 

March -0.041*** -0.056*** 0.166*** 0.264*** 

  (0.011) (0.014) (0.016) (0.021) 

October 0.079*** 0.098*** -0.122* -0.256*** 

  (0.015) (0.006) (0.064) (0.051) 

November 0.039*** 0.033 -0.118 -0.137** 

  (0.012) (0.035) (0.073) (0.055) 

Constant 1.994*** 2.854*** 13.220*** 9.683*** 

  (0.009) (0.012) (0.055) (0.052) 

Observations 366 366 366 366 

R-squared 0.977  0.966  0.969 0.952 

Number of state 2 2     

Robust standard errors in parentheses                    *** p<0.01, ** p<0.05, * p<0.1 
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7. Conclusion, Implications, Policy Recommendations and Future Results  

For both types of marijuana, the tax does not pass through completely onto 

consumers. While the price of smokable marijuana increased by 0.1 % per gram, the 

price of consumable fell by 5.4 % per unit. This makes the case for under-shifting, as 

25 % tax is not entirely translated into prices. Because consumable marijuana is more 

durable and could be easily stocked compared to smokable marijuana, consumers 

stockpile more of consumable marijuana than smokable marijuana. The theoretical 

model and the empirical results supported this conclusion. The magnitude of 

stockpiling had an impact on the price of marijuana as well. Because consumable 

marijuana is stockpiled more, we see a greater drop in consumption as a result of the 

tax. This result is observed as a visible fall in demand and a steep decline in price 

compared to smokable marijuana. Differences in the relative demand elasticities may 

also explain how processors and retailers in the case of consumable marijuana absorb 

parts of tax, where the price falls, while parts of tax are passed through to consumers 

in the case of smokable marijuana.  

The results are inconsistent with the rational expectations hypothesis in the case 

of consumable marijuana. If consumers were fully rational and expected the tax to 

lower the price, as with consumables, they would not stockpile. But consumers did not 

appear to have expected this fall, which means that their forecast was inconsistent with 

rational expectations. However, this is a short-term fall in price. It is unlikely that this 

trend would hold true in the long-run. As consumers gain more experience and as 

stockpiles are used up, the trend will probably be reversed.  
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Did the policy work out or not? It is pertinent to look into the short- and long-

run impact of the policy. For a short-run impact, we look into the extent of stockpiling 

and the fall in demand. Assuming the extent of stockpiling (pre-tax) was lower than the 

fall in later purchases (post-tax), this mean that the overall demand/consumption fell 

(post-tax). Thus, in the short-run, the 25 % tax imposition worked out. As illustrated 

by data and the empirical framework, we see a fall in sale for both marijuana (a 13.4 % 

drop in the sale of smokable and a 19.5 % drop in the sale of consumable), post-

taxation.  

Oregon generated revenues more than they projected in the first quarter of 2016. 

In January 2016, the state collected $3.48 million in taxes on $14 million in recreational 

marijuana sales, three times official revenue projections. So in the short-run, the tax 

imposition helped to achieve the dual policy objectives i.e. protecting public health 

through reduced sale/consumption and generating revenues by legalizing the grey 

marijuana market.  

What about the long-run? It is too early to tell with certainty about the long-

term implications of this policy, especially when the market itself is new, evolving and 

may be in the long-run disequilibrium. To answer this question would require 

additional data. Nevertheless, the literature on sin taxes suggests that prices are likely 

to rise in the long-run, resulting in lower consumption. 

While the essay did try to isolate the impact of tax on price at least in the short-

run, there might be other factors that would have been controlled for. These factors 

were left out of the analysis for a number of reasons. First, the empirical estimation 

technique (i.e difference-in-differences), controls for many fixed effects. Second, daily 
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data on other control variables are unavailable. Future researchers might look into other 

factors that were not controlled for with the D-D technique. Moreover, we did not have 

data on the black market. It is important to have data for the black market, because of 

the substitution possibilities. Another limitation was the nature of the data for this 

analysis. We aggregated the data to state level, which might have led to a potential loss 

in variation. Likewise, the analysis did not go beyond the broad categorization of 

marijuana types. In reality, we might have a lot more differentiation for the type of 

marijuana sold in the market. Also, we did not have any information on dispensaries 

other than their number. Finally, this paper overlooked possible supply trends of 

marijuana. It is quite possible that processors absorbed the tax as they had abundant 

stocks of marijuana. As far as consumer prices and consumer taxes are concerned, the 

results of the paper are strong, consistent and significant; yet it would be interesting to 

see those results in conjunction with supply trends.  

As suggested earlier, marijuana is a new market and marijuana legalization is a 

recent phenomenon. As a result, policy implications and policy suggestions are difficult 

to make with confidence. Despite these, legalization is undoubtedly a game changer. 

States and countries are generating substantial revenues. States and countries alike are 

coming to depend on the revenues they collect because of decriminalization and 

legalization. Based on this short-term tax incidence research, the following 

recommendations are put forward; 

1) States need to work around the legal structure. With the Oregon Medical 

Marijuana Program (OMMP), medical users circumvent the legal restrictions 

that are imposed on recreational users. Dispensaries/stores should be 
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electronically connected/networked and the purchasing cards should be made 

computer-readable to keep a track of the quantity sold in all dispensaries. 

2) The Rules/laws are complex. Marijuana oversight is being managed by the 

Oregon Liquor Control Commission (OLCC). One concern is that Commission 

administrators and staff may be entrenched in “liquor” thinking.  The two 

products are different.  There remains considerable opposition to marijuana use. 

Moreover, it is possible that the OLCC contains many marijuana-skeptics, since 

for their entire career they have been servicing the liquor industry.  People’s 

opinions do not change just because a law was enacted.  Linn County still wants 

to ban recreational marijuana shops but is finding that hard to do.  Given this, I 

would suggest that the state simplify rules and laws governing marijuana 

processing, distributing and selling.  

3) The state needs to do this tax-incidence exercise over at least a two-year period 

to come up with the optimal tax rate that not only generates revenue but also 

reduces consumption to its socially optimal level. The price of marijuana has to 

be kept cheap enough so that the public will pay the price (as opposed to just 

purchasing marijuana on the black market). But at the same time the price has 

to be kept expensive enough so that consumption is curtailed and the state can 

derive adequate tax revenue.  That is, if it was $2/gram, the state and 

dispensaries would have to sell a great deal of marijuana to generate $1 in tax 

money.  If it were $50/gram nobody would buy it, and it would drive the market 

underground. 



46 

 

 

4) While the market is fairly new, states need to bring stability to institutional rules 

and policies. The government is changing rules on a near monthly basis, for 

processing (turning “usable MJ” into extracts and such), storage, testing, 

etc. For example, it recently changed regulations on permissible mold and 

pesticide content.25  Even the rollout of an official state-sanctioned law seems 

to have done so without sufficient forethought. The state declared it would be 

legal to buy marijuana but had not completely determined how to implement 

the program. First there was no tax, and then a high tax was imposed. Proper 

assessment and cost-benefit analysis was needed before the rollout of the 

policy. The same could be said of all other facets related to the legalization and 

taxation of marijuana going forward.  

The trend toward legalization and an effective taxation is here to stay; the 

ultimate success of this effort will depend on patience, attention to detail, and a 

willingness to learn from experience. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

                                                           

25 http://www.occnewspaper.com/oregon-proposed-marijuana-pesticide-rules-changes-dangerous/ 
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Appendix A: (From Statista: Marijuana Legalization Status across the US) 
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Appendix B: Gallup Support for legalization from 1969-2013 

 

 

Gallup Support for legalization from May 1970-October 2016 

 

Gallup Support for Legalization by Region (2010-14) 

 

   East 

     West 

   South 

     Midwest 

Percentage yes, should be legal 
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Do you think the use of marijuana should be made legal, or not?  

Yes, legal No, not legal No opinion 
 

% % % 

2016 Oct 5-9 60 39 1 

2015 Oct 7-11 58 40 2 

2014 Oct 12-15 51 47 2 

2013 Oct 3-6 58 39 3 

2012 Nov 26-29 48 50 1 

2011 Oct 6-9 50 46 3 

2010 Oct 7-10 ^ 46 50 4 

2009 Oct 1-4 ^ 44 54 2 

2005 Oct 13-16 ^ 36 60 4 

2003 Nov 10-12 ^ 34 64 2 

2001 Aug 3-5 34 62 4 

2000 Aug 29-Sep 5 ^ 31 64 5 

1995 Aug 28-30 25 73 2 

1985 May 17-20 23 73 4 

1980 Jun 27-30 25 70 5 

1979 May 18-21 25 70 5 

1977 Apr 1-4 28 66 6 

1973 Jan 26-29 16 78 6 

1972 Mar 3-5 15 81 4 

1969 Oct 2-7 12 84 4 

 
^Asked of a half sample (GALLUP)  
http://www.gallup.com/poll/1657/illegal-drugs.aspx 
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Appendix C (From Tax Foundation): Status of marijuana legalization in states 

(Henchman & Scarboro, 2016) 
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Appendix D: Recreational Marijuana Tax Rates by State 

Table 1. Recreational Marijuana Tax Rates by State 

State Marijuana Tax Other Taxes 

Colorado 

15 percent tax on 

wholesale marijuana price 

plus 10 percent state tax 

on marijuana sales price. 

10 percent tax drops to 8 

percent effective July 

2017. 

State and local sales 

taxes; business license 

fees; local marijuana 

taxes. 

Washington 

37 percent excise tax on 

marijuana sales price. 

Previously a 25 percent 

tax on producer sales to 

processors, another 25 

percent tax on processor 

sales to retailers, and a 

further 25 percent tax on 

retailer sales to customers. 

State Business & 

Occupation (B&O) taxes; 

state and local sales 

taxes. 

Oregon 

25 percent excise tax on 

marijuana sales price. 

Dropped to 17 percent tax 

when regulatory structure 

began operation in late 

2016. 

Localities can add 

another 2 percent tax. 

Alaska (not yet in effect) 

$50 per ounce on 

marijuana cultivator, or 

approximately 20 percent 

effective tax rate. May 

change before 

implementation in late 

2016. 

  

District of Columbia 

Federal law currently 

prohibits DC from taxing 

marijuana. 

  

Source: (Henchman, 2016) 
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Appendix E: Binscatters of quantities and prices around policyday 

Smokable marijuana quantity by state 
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Consumable marijuana by state 
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Price of Smokable in Oregon  

 

 

Price of Consumable in Washington `  

 

10/1/15          11/15/15                1/1/16               2/15/16              3/31/16  
          Date                   

10/1/15          11/15/15                1/1/16               2/15/16              3/31/16  
          Date                   

   10/1/15            11/15/15  1/1/16               2/15/16              3/31/16  
          Date                   
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Table A: Descriptive Statistics  

 

 

 

   priceunit         183    17.60878     1.07795   15.82918   20.27571

quantityunit         183     20311.6    6131.746       3326      36897

   pricegram         183    7.277423    .4219883   6.465312   8.193334

quantitygram         183    745961.8      194867   114221.1    1381223

                                                                      

    Variable         Obs        Mean    Std. Dev.       Min        Max

-> state = WA

                                                                                                                                            

   priceunit         183      9.3689    1.072766   6.217558   12.76545

quantityunit         183    3502.966    805.8847     1444.3    6632.05

   pricegram         183    9.540773    .5296498   8.102684   10.58368

quantitygram         183    49530.26     11621.3    4372.58   110473.5

                                                                      

    Variable         Obs        Mean    Std. Dev.       Min        Max

-> state = OR

                                                                                                                                            


