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Abstract
Economists often advise against gross receipts taxes (GRT) because, in theory, they
incentivize inefficiently high levels of vertical integration. However, in the absence of
empirical evidence of the magnitude of the welfare costs from a GRT, more and more
jurisdictions are adopting such taxes. We quantify these effects for the first time using
data from the Washington state cannabis industry, which has two distinct advantages:
(1) we are able to track the entire vertical supply chain at a daily frequency – normally
an insurmountable obstacle – and (2) there was a 25% GRT imposed on cannabis
firms for one year that was subsequently replaced by an excise tax at retail, creating a
clean natural experiment. We find the short-run elasticity of vertical integration with
respect to the intermediate good after-tax price is -0.15 and the long-run elasticity is
more than twice as large. We find the main welfare cost of a GRT relative to an excise
(or sales) tax is its additional reduction in output. Production increases by 23 percent
in response to the elimination of the GRT and these increases are concentrated among
firms that engage in the non-vertical market. Small firms with limited capacity to
produce their own intermediate goods are particularly harmed by the GRT.
JEL Codes: H20, H30, H70.
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Introduction

Gross receipts taxes (GRT) are taxes on firm revenue with no opportunities to deduct costs.
Because there is no opportunity to deduct input costs, a GRT creates tax pyramiding –
taxing the same final good multiple times at different stages of production. This incentivizes
firms to vertically integrate to avoid some of these layers of intermediate good taxation. The
vertical integration incentives are predicted to be substantially larger than those created
by value added taxes because tax pyramiding is so much greater for the GRT (Kopczuk &
Slemrod, 2006). The GRT has historically been opposed by tax economists for this reason
as well as the inequities of this tax across sectors with different profit margins (e.g., McClure
(2017); Pogue (2007); Testa & Mattoon (2007)).
However, it has been difficult for economists to provide empirical evidence of the incentives created by a GRT to vertically integrate and the ensuing welfare costs due to the
absence of production data covering the entire supply chain for a sizeable product combined
with a plausible natural experiment. Providing such evidence is exceedingly important because GRTs have begun to re-emerge in policy debates in recent years (Kaeding, 2017) and
eight U.S. states now have such taxes (see Table 2). This re-emergence is partly because the
large tax base means a low rate can generate large revenues, partly because the GRT taxes
services and retail sales taxes generally do not (and other tax-base related issues), and partly
because the GRT tax base provides limited opportunities for firms to engage in tax evasion
(Best et al., 2015). This last issue is important in environments with limited enforcement
capacity, such as developing countries (Best et al. (2015); Carrillo et al. (2017)) or in markets
with many small businesses (Slemrod et al., 2017).
Our paper provides the first empirical evidence of the real costs associated with implementing a gross receipts tax. Our evidence comes from the marijuana market in Washington
state where, after a 2012 vote, recreational marijuana became available at retail stores beginning on July 8, 2014. Washington’s regulations created a supply chain with three types
of firms: producers, who grow the cannabis plant; processors, who transform the raw plant
material into usable marijuana1 , and retailers, who sell products to end-users. To comply
with state law, firms must provide detailed information about their operations to the state
government. These unique “seed-to-sale” administrative records track the entire legal supply
chain, and are verified through frequent government audits.2 We have obtained this data,
1

Here and throughout, we discuss only ‘usable marijuana’, which consists of the dried and cured flowers of
the cannabis plant, and is consumed by smoking. Different ‘products’ consist of different strains of marijuana,
which are analogous to the different cultivars of apples commonly available in supermarkets. While other
derivatives of the cannabis plant are available, usable marijuana comprises the vast majority of the market
by transaction count and revenue.
2
While Colorado, which legalized marijuana at roughly the same time as Washington, maintains a similar
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which allows us to observe the quantity, prices, quality, and variety of marijuana products
in the marketplace throughout the entire supply chain.
We take advantage of a tax policy reform in Washington state. Prior to July 1, 2015, a
25% gross receipts tax was assessed at each transfer of marijuana (i.e., between producers
and processors, processors and retailers, and retailers and consumers).3 After July 1, 2015,
the only tax collected was a 37% excise tax at retail (it was approximately a revenue-neutral
tax reform). This change was unexpected by market participants: the reform was passed
during a special session of the Washington Legislature on June 27, 2015, and signed by the
Governor on June 30. Contemporaneous media reports suggest that, although the change
was supported by the industry, it was not expected to pass, and market participants did
not have confidence in their forecasts of future prices at the time of the change (LaCorte,
2015). We estimate the effect of this exogenous change on vertical integration activity and
production.
We benchmark the GRT relative to an excise (or sales) tax on the same activity (just
at different points in the supply chain). In this case, there are only welfare costs (no gains)
associated with the choice of a GRT over an excise tax. Part of the GRT tax base is
lost to excess vertical integration. This excess vertical integration can lead to production
inefficiencies, which we can capture in the form of higher prices or lower output. We then
go on to consider whether other issues that are often on states minds, such as the taxation
of services and tax evasion could ever make a gross receipts tax optimal.
We find that the GRT encouraged excess vertical integration between producers and
processors (Washington bans vertical integration between retailers and other firm types). We
define vertically integrated marijuana as product for which the producer and processor were
the same firm. We find that vertical integration fell by 4.6 percentage points immediately
following the elimination of the GRT and the long-run decline is more than twice as large.
The elasticity of vertical integration in the long-run (once fixed costs have been overcome)
with respect to the intermediate good after-tax price is -0.38.
Increased levels of vertical integration decreases the tax base of the GRT. Moreover, the
taste to be less vertically integrated suggests that the excess levels of vertical integration we
observe in the presence of a GRT are inefficient. We examine two main channels through
which excess vertical integration can lead to lost welfare: (1) whether excess vertical integration leads to higher (or lower) consumer prices via changes in quality or production costs,
and (2) whether excess vertical integration leads to lower output. We find vertical integration
set of administrative records, they are legally proprietary.
3
Note that transfers between producers and processors owned by the same entity are not considered
transfers for tax purposes.
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has no effect on prices, but it leads to substantially lower output. We estimate a production
elasticity with respect to the intermediate good after-tax price of 0.68. Only producers that
participate as sellers in the non-vertical market increase their production. And we provide
evidence that our estimates are not biased by tax evasion (or other reporting inaccuracies).
Lastly, we explore heterogeneity in the response of firms by their production capacity. We
find that processors with little or no production capacity (as determined by the existence
or size of a producer license) bear the brunt of this gross receipts tax policy. When the
gross receipts tax is eliminated, they dramatically increase their reliance on non-vertically
integrated intermediate goods and are able to expand their sales immediately by about 80
percent. Producers across all sizes of production capacity increase their long-run output by
similar percentages.
We proceed as follows. In Section 2, we discuss the history of marijuana and the marijuana tax system in Washington. In Section 3, we provide some background on gross receipts
tax as well as compare the GRT to other feasible taxes. In Section 4 we discuss the administrative data we utilize and the methods we use to estimate responses to the policy change.
We present our results in Section 5. We conclude in Section 6 with some policy and economic
implications of our findings.

2

Marijuana Background

Prior to 1938, marijuana was legal in the United States. Indeed, it was listed in the United
States Pharmacopeia as a prescription for labor pains, nausea, and other conditions. Since
the passage of the Marijuana Taxation Act of 1938, the consumption of marijuana has
been illegal. The advent of Scheduled substances in the Controlled Substances Act of 1970
significantly strengthened the prohibition against marijuana, as it was quickly classified a
Schedule I substance with a ‘high potential for abuse and little known medical benefit.’4
In 1996, California became the first state to legalize marijuana for medical use. In
1998, Washington voters also legalized medical marijuana through Initiative 692. Currently,
33 states and D.C. permit the cultivation and use of marijuana for medical reasons. In
response to the growing acceptance of medical marijuana, in October 2009, the United States
Department of Justice issued a memorandum to United States Attorneys (Ogden, 2009)
discussing the allocation of resources in states with legal medical marijuana markets. The
memo specified that “federal resources in your States” should not be focused “on individuals
whose actions are in clear and unambiguous compliance with existing state laws providing
for the medical use of marijuana.” though the memo also emphasized a need to investigate
4
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and prosecute “drug traffickers who hide behind claims of compliance with state law” (Ogden
(2009), p. 2). This has been broadly interpreted as an effort to defer to states’ choices in
the absence of federal consensus (Stout & Moore, 2009).
In the election of November 2012, Washington voters approved Initiative 502, which
legalized the possession and recreational consumption of marijuana for adults over 21.5 The
law created three types of licenses: one for producers, who are permitted to grow and harvest
cannabis plants; another for processors, who transform the harvested plant material into
usable marijuana and other products for wholesale distribution; and a third for retailers, who
may sell the final products that they obtain at wholesale prices to consumers. The Initiative
specified a tax structure with a 25% tax on the revenue of each marijuana transaction. This
included the sale of grown marijuana to processors who convert the harvested plant material
into usable marijuana6 and other products, the sale by processors of usable marijuana to
retailers, and the sale of final products by retailers to end consumers.
Producer licenses come with capacity constraints, meaning that each producer is allocated
one of three sizes of plant canopy7 Tier 1 producers can have less than 2,000 feet of plant
canopy, Tier 2 producers can have between 2,000 to 10,000 feet of plant canopy, and Tier 3
producers can have between 10,000 to 30,000 feet of plant canopy.
Producers may also have a license to process the material into usable marijuana, and
vice versa. Firms involved in the production or processing of marijuana, however, are forbidden from owning or operating a retail location. Under the original tax regime, vertically
integrated producers and processors did not owe any taxes on internal transfers of marijuana.
In August 2013, the federal Department of Justice responded to the changing environment in Washington and Colorado8 with a memo commonly known within the industry as
the Cole Memo (Cole, 2013). As with its response to changing views on medical use, the
Department emphasized the prohibition on production and consumption of marijuana under federal law, but provided guidance as to specific enforcement priorities. These included
concerns about the diversion of products from the legal market to illegal markets or juris5

Recreational use of marijuana remained illegal in Oregon, Idaho, and British Columbia, Washington’s
neighbors, until October 1, 2015, when retail stores in Oregon opened. The effects of legalization in Oregon
on Washington’s market is discussed by ?.
6
“Usable marijuana” is defined by Washington state law as “dried marijuana flowers, [excluding]
marijuana-infused products [and] marijuana concentrates.” In practice, usable marijuana is consumed either through the use of a fixed apparatus or by rolling the flower into a “joint” with paper produced for
the purpose. As other product categories include different, difficult-to-distinguish levels of value-add at the
processor level, we focus on the “usable marijuana” category exclusively.
7
According to Washington law (WAC 314-55-010), “ ‘Plant canopy’ means the square footage dedicated
to live plant production, such as maintaining mother plants, propagating plants from seed to plant tissue,
clones, vegetative or flowering area. Plant canopy does not include areas such as space used for the storage
of fertilizers, pesticides, or other products, quarantine, office space, etc.”
8
Colorado voters also approved a legalization effort in November, 2012.
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dictions without legal markets, as well as public health concerns associated with marijuana
consumption. Importantly, the Department established a clear expectation that “states and
local governments... will implement strong and effective regulatory and enforcement mechanisms.” To comply with the enforcement priorities laid out in the Cole Memo, Washington
implemented a “traceability” system to track the cultivation, testing, processing, and retail
sales of marijuana. We provide more details on the administrative data gathered from this
system in Section 4.
The tax reform analyzed in this article was part of House Bill 2136 introduced during the
2015 Regular Session of the Washington Legislature. The reform eliminated the 25% taxes
within the supply change and increased the retail tax rate from 25% to 37%. This reform
was intended to be approximately revenue neutral. The other regulatory details described
above were left unchanged. Our baseline assumption throughout the paper is that there was
no anticipation of the tax reform. Although its ultimately an empirical question whether or
not this is appropriate, it is helpful to start with the details of the bill’s history. Table 3
provides a summarized time line of the bill’s progress through the Washington Legislature.
The bill originated in the House midway through the 2015 Regular Session and accumulated
a number of amendments and substitutions before being passed by the full House. While
a Senate committee recommended passage on the last day of the session, the full Senate
declined to consider the bill during the session. A similar pattern occurred when the bill was
reintroduced in the First Special Session: the House quickly passed the bill, and the Senate
chose not to take action. Finally, at the very end of the Second Special Session, June 27, the
bill received a full Senate vote. The Governor signed it on June 30, and the law went into
effect the next day. Contemporaneous media reporting portrayed the industry as unprepared
for the change, with one retail store manager quoted as follows: “This is supposed to happen
tomorrow. You have a few hours to change an entire market’s pricing structure. It is an
exceptionally short window for such a tremendous change” (La Corte 2015).
While the tax change is the most relevant part of the bill for our purposes, the bill, along
with companion legislation, contained a number of other measures that arguably may have
played a larger role in the internal political process leading to its eventual passage. Increased
funds from recreational market tax collections were made available to local jurisdictions, on
the condition that they allow firms to enter the market within their geography. Local jurisdictions also obtained greater zoning flexibility for marijuana businesses. Finally, Washington’s
medical marijuana market, previously legal though essentially unregulated, was brought into
the regulatory framework created by the original initiative legalizing recreational use.
In addition to the difference in tax rates and calculation methods, states also differ in regulatory requirements for testing, data collection, zoning, and vertical integration. Washington
5

and Colorado provide extreme examples: Washington bans vertical integration between retailers and all other firms, whereas Colorado requires retailers to grow a large percentage of
all product they sell. The administrative data collected by Washington is publicly accessible,
whereas Colorado’s data is proprietary.
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Gross Receipts Taxes Background

Eight U.S. states have gross receipts taxes. These taxes, once in decline, have made a recent
comeback. Oregon is the most recent state to introduce such a tax – they signed their gross
receipts tax into law in May 2019 and it will go into effect in January 2020. The GRT rate
is typically low – often less than 1 percent. However, a few are as high as a typical sales
tax (see Table 2). As seen in Table 2, most gross receipts taxes in U.S states are impure in
the sense that they do not tax all activity in all sectors at all stages of production at the
same rate and allow no deductions for costs. Hawaii and Washington both have separate
rates for retail and wholesale – in Hawaii, this is clearly to mitigate tax pyramiding as the
wholesale rate is 0.5% while the retail rate is 4%.9 And New Mexico has many special
rates to address this as well. Delaware, Nevada, Texas, and Washington, vary their tax
rate by industry to mitigate the otherwise large inequities across sectors with different profit
margins.10 Partially addressing the same issue, Oregon and New Mexico exclude grocery
stores. Most states provide a standard deduction, and two states – Oregon and Texas– allow
firms to deduct some costs. All of these modifications make a GRT more like a net-income
based tax.
In this paper, we want to identify the welfare effects of a GRT relative to another feasible
tax. The main benchmark we consider is an excise (or sales) tax that is taxing the same
activity (just at different points in the supply chain). This benchmark is simple and matches
our empirical setting. In this case, there are only welfare costs (no gains) associated with
the choice of a GRT over an excise tax. When we introduce a gross receipts tax, we tax at
each point in the supply chain, which creates tax pyramiding. Taxing at each point in the
supply chain introduces a new distortion: firms can choose whether to vertically integrate in
order to avoid the tax. The choice to vertically integrate decreases the tax base making it
more similar to an excise tax and creating other distortions in the process. Excess vertical
integration can lead to production inefficiencies. We will capture the production inefficiencies
from a GRT in this setting as potentially coming from two sources: lost output or higher
9

This does not appear to be the goal for Washington as their wholesale rate is slightly higher than their
resale rate.
10
Sometimes these are also carve outs for special interests, such as the aerospace and timber industries in
Washington.

6

prices for the same output. It could also change employee wages or firm profits, but we are
unable to identify these effects given our data set.
We can also consider other comparisons with the GRT. We first relax the assumption
that the tax will always be over the same activity (due to GRT’s taxation of services or
intermediate goods that are used as inputs for final goods that are sold in another state
and thus not taxed by the sales tax). In this case, a GRT can be preferred over a sales or
excise tax only if the taxable activity of the GRT is substantially larger, such that the total
market distortions from taxing a narrower base are larger than the additional production
distortion from taxing intermediate goods directly. If taxable activity is the only concern, a
net-income based tax such as a VAT is strictly preferred to the GRT, because both share the
same taxable activity, but net-income based taxes avoid the additional production distortion
from taxing intermediate goods by allowing costs to be deducted. So, the only possible
scenario in which we prefer a GRT is one in which the tax base captured by the GRT and
net-income taxes is significant relative to a sales tax, but the evasion rate from a net-income
tax is too high. Best et al. (2015) study Pakistan and find that a switch from a net-income
based tax to a gross receipts tax decreases evasion by 60-70 percent. If evasion is this high
under a net-income based tax, even with the output effects we find in this paper, their
model demonstrates that a GRT is preferred over a net-income based tax. In this case, the
estimates in our paper will highlight the real costs of poor enforcement.

4

Data and Methods

Our data consist of administrative records from the “traceability” (or seed-to-sale) system
maintained by the Washington State Liquor and Cannabis Board (WSLCB). The system’s
purpose is to track each step in the legal marijuana supply chain, enabling regulators to collect taxes and prevent diversion to the black market. Informational reporting compliance is
enforced through frequent audits, backed by penalties that include inventory seizure and destruction. Processors are audited an average of three or four times per year.11 The end result
is data that tracks the planting, harvest, and production of cannabis plants into usable goods,
the sale of those goods to a retailer, and final retail sale of marijuana products. Along the
way, products are tested for potency via the concentration of tetrahydrocannabinol (THC),
tetrahydrocannabinolic acid (THC-A), and cannabidiol (CBD), the primary psychoactive
components in marijuana.
11

If the processor is vertically integrated with a producer, this includes the audits of the producer as well
as these cannot be separately identified, and presumably both the production and processing facilities were
audited at the same time.

7

We utilize an extract of the state’s database that includes all plants and products, but
removes information that is subject to security or privacy concerns.12 Firms, locations,
and production rooms are given unique identifiers. Each plant is registered at the time of
planting. Firms record the provenance of the plant material (e.g., a clone or a seed) as well
as the strain.13 Once harvested, flowers and other plant material are collected and converted
into a new “inventory lot” that is assigned a unique identifier (ID); products or material
within a single inventory lot are assumed to be homogeneous. These intermediate products
may progress through several processing steps before wholesale distribution.
The last processing step is the division of a large wholesale inventory lot into multiple
smaller lots for sale to individual retail stores. Each retail lot consists of multiple sealed
packages of a specific weight of marijuana (e.g. 1 gram, 2 grams, or 3.5 grams) which are
considered identical. When lots are sold to retailers, the tracking system records the date,
quantity, and price of the transaction and assigns a new lot ID. Consequently, the observation
of a retail lot ID uniquely identifies the retailer, processor, and producer, as well as the strain
and package size. Transfer manifest identifiers allow us to observe wholesale transactions that
comprise multiple product lots. Similarly, the system tracks individual retail transactions,
linking the prices and quantity of different items, as well as the transaction time,14 in a retail
transaction to the relevant inventory lots.
We merge this data with a data set on every audit conducted as well as any violations
given during the audit. This will allow us to confirm that our estimates are not driven by tax
evasion (or other reporting inaccuracies). Our primary flag for whether a firm is engaging in
tax evasion (or other reporting inaccuracies) is a flag for whether they have ever received a
reporting violation during the sample period. Reporting violations are either for tax evasion
or for misreporting to the traceability system.
Because retailers and processors were not allowed to vertically integrate, we do not analyze retail firms in this paper. We focus exclusively on the producer-processor link and
the inefficiencies that result. We are thus estimating welfare losses from introducing a GRT
when there is a single link in the supply chain. For each additional link, the welfare costs
will increase. Therefore, the estimates in this paper are a clear lower bound on the welfare
consequences of a GRT.
We focus our analysis at three different points within the producer-processor production
12

Our extract does not include data on individual employees or detailed information on transfer logistics
such as delivery routes and times.
13
Strains are defined by the producer.
14
Washington does not require retailers to have a constant connection to the tracking system. Some
connect to the system at the end of their business day and upload their transactions within one session. To
ensure consistency across firms, we choose the daily level as our most granular view of industry activity.
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process: (1) planting, (2) non-vertical transfers from producer to processor (which we will
call the producer-processor market), and (3) all transfers from processor to retailer (which
we will call the processor-retailer market) which we can split by whether the marijuana being
transferred came from a vertically integrated producer-processor pair or not.
Our vertical integration analysis focuses on the processor-retail market because here we
are directly able to measure the fraction of vertically integrated activity over time and it is
less cyclical than the non-vertical producer-processor market. We do provide a figure and
some summary statistics on the producer-processor market at the beginning of Section 5.1 to
provide some details about participation and the immediate shift in that market in response
to the elimination of the GRT.
An inventory lot of marijuana in the processor-retail market is considered “vertically
integrated” marijuana if it was cultivated and processed by the same firm. An inventory
lot is considered “vertically dis-integrated” marijuana if it was cultivated and processed by
different firms.15 Although there is some inventory which could enter the market quickly after
the elimination of the GRT, the total amount of marijuana is mostly fixed in the immediate
after-math of the elimination of the GRT. So our short-run estimates are focused on and
capture a change in the mix of vertically and non-vertically integrated marijuana, rather
than any change in total output.
We also use the retailer-processor market to capture the effect of the elimination of the
GRT on prices to test whether the prices processors charge to retail firms varies by whether
the marijuana was produced non-vertically. In order to pin down the ultimate effects this
change will have on output, we want to look at the first stage of production – planting –
which will change immediately or soon after the elimination of the GRT.
We conduct our analysis through a series of figures and regressions. In the planting
market, we restrict our analysis to plants that were not subsequently deleted (because, for
example, they died, were thinned out, or were the male of a hybrid and were thus not
harvested) or converted to clones.16 And we focus on the indoor-only market to eliminate cyclical effects.17 For the producer-processor market, we analyze the market for flower
product, which most directly maps to the “usable marijuana” category we consider in the
15

Capacity constraints or ebbs and flows in production may lead a producer which is part of a vertically
integrated firm to contract with a different processor which is part of a separate vertically integrated firm.
16
Our estimates exclude these because we want to identify the ultimate effect on actual production;
however are estimates are not sensitive to this choice.
17
Indoor-only producers account for approximately 50 percent of the total production market. One
reassuring fact that makes us think the indoor only market is at least a plausible proxy for the entire market
is that one year later outdoor production remains more than 50 percent of the market – in fact it is closer to
60 percent.18 If indoor growers responded to the tax reform but outdoor growers did not, we would expect a
decline in the share of outdoor production. The fact that we observe the opposite, suggests that, if anything
our estimates are conservative.
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processor-retail market. The “usable marijuana” product category captures 74.5% of the
total processor-retail market transactions in our data.19 The data on the rest of the market
is mostly unusable because while we observe revenue from each sale, we have no information
on quantity or weight, which is important for capturing changes in activity separately from
compositional changes. We collapse the data by firm location-week – while we could collapse
by firm location-day, this mostly just serves to increase noise and introduce within week
volatility because most processors do not sell to retailers every day of the week. To minimize
the effects of changes in composition on our estimate of prices, we collapse our price measure
by the producer firm location -processor firm location-strain-week. We keep all processors
that sell in more than one week during our data time span.20
We examine two main outcomes as measures of vertical integration: the fraction of
processor-retailer marijuana transactions that are vertically integrated and the weight of
vertically dis-integrated marijuana. Neither of these measures should be expected to change
immediately in response to the tax change because, on average, it takes six weeks after
processors purchase raw material from producers before the resulting products are sold to
retailers. Therefore, we exclude the six weeks following the tax change to differentiate the
actual effect from the adjustment period. Our main outcome for output is plantings. These
can change immediately, so we do not exclude the six weeks following the tax change for this
analysis.21
Our main regressions for the vertical integration and output analysis are in the spirit of an
interrupted time series regression or one could think of them as a regression discontinuity in
time. Because the change took place within the broader context of the market’s evolution,
our estimating equations include controls for time. Because market participants did not
expect the change and we see no visual evidence of an anticipatory response, we do not
exclude any weeks before the GRT was eliminated. We check the sensitivity of this choice
in a robustness check. Our window of analysis spans the 16 weeks before and after the
elimination of the gross receipts tax for the vertical integration analysis and 32 weeks for the
planting analysis (the planting data is noisier than the processor-retailer data). We examine
the robustness of our estimates to this time window.
Our vertical integration and output analyses, therefore, use the following template (the
first six weeks after the tax reform are excluded from the regression for the processor-retailer

19

Due to limitations of the traceability system, the “usable marijuana” category we consider contains two
types of products: both raw dried flowers and pre-rolled joints, which include some small additional value.
20
The estimates are not sensitive to this restriction.
21
We do consider this as a robustness check.
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analysis):
log(yit ) =α0 + α1 T axRef ormt + α2 runt + α3 T axRef ormt · runt + uit .

(1)

where yit is our outcome variable for firm i at week t, T axRef ormt is an indicator variable for
the tax change that is one after July 1, 2015 and zero before, and runt is a running variable in
weeks (=week-week of the tax reform). In interrupted time series analysis, it is important to
have a balanced panel of firms; without it, compositional changes in the marketplace due to
firm entry and exit can bias estimates. Our baseline estimates for planting and non-vertical
analysis is restricted to firms that opened at least eight weeks before the tax reform and
closed at least eight weeks after the tax reform. We consider a fully balanced panel as a
robustness check.
Our vertical integration and output dependent variables are not best-suited to an OLS
regression specification. When we estimate changes in non-vertically integrated weight or
plantings, we estimate a linear hurdle model, which is the same as a Tobit model but allows
for the covariates to have different effects on the extensive and intensive margin decisions.
We take the logs of these outcomes because they are essentially log-normally distributed
(with the added benefit of allowing us to interpret the estimated coefficients on the binary
regressors as semi-elasticities). Weight and plantings sometimes take on a value of zero, so
our dependent variable is the log of 1 + outcome. We could make the same distributional
assumptions and estimate an exponential hurdle model for the outcome in levels, which would
allow us to avoid the log of 1 + outcome transformation. The estimates are highly robust to
this choice. However, we choose to present results with a logged dependent variable because
they can be interpreted as semi-elasticities without having to present additional calculations
in the text, which makes the text easier to read. When we examine the fraction of vertically
integrated marijuana, we estimate a fractional probit regression. Because this fraction is
only observed when a processor sells something in a given week, the panel is not balanced
across time, so firm fixed effects may be important. Because this is a probit model, fixed
effects are not valid, but we can use correlated random effects, which achieves the same
result.22 We present the mean marginal effects from these specifications. We will check
whether our estimates from the hurdle and fractional probit models are robust to using OLS
instead. Standard errors are clustered by firm.23 To convert our semi-elasticity estimates
22

The estimates with fixed effects and correlated random effects are identical in an OLS model.
While it is common in the RD literature to cluster on the running variable, that is in a setting where
there is not a panel of firms. Here, clustering on the processor organization is far more important to allow
for autocorrelation of the dependent variables across time. The results are robust to a twoway cluster in the
processor organization-firm and running variable.
23
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to an elasticity with respect to the intermediate good after-tax price, we divide our semielasticity estimates by the change in the after-tax price in the intermediate goods market.
The price changed from P (1 − τ ) to P after the tax reform, which is a percent change of
τ /(1 − τ ) or 33.33% (=0.25/0.75).
Additional regression specifications that use non-tax reform variation (at least partially)
to pin down the coefficient of interest are presented separately in the results section when
those coefficients are estimated. These regressions include analyses to pin down the long-run
effect of the elimination of the GRT on vertical integration as well as the effect of vertical
integration on prices.

5

Results

In this section, we provide the first empirical evidence for how firms respond to the elimination of a gross receipts tax. We first pin down the effects of the GRT on non-vertically
integrated activity in the short run and long-run in Sections 5.1 and 5.2. We then trace
out its effects on long-run output and prices to pin down the welfare costs of the GRT in
Sections 5.3 and 5.4. We estimate heterogeneous effects on vertical integration and long-run
production by firm size in Section 5.5. This setting is ideal for this analysis because we have
data on each link in the supply chain and it is a closed system,24 , the gross receipts tax rate
is extremely large, and we can observe immediate and long-run responses to the tax reform
that eliminated the GRT.

5.1

Vertical Integration

In this section, we examine how vertically integrated activity (or the opposite, vertically
dis-integrated activity or non-vertically integrated activity) changes in response to the elimination of a GRT. We first provide some descriptive statistics about vertical integration in
this market and then formally estimate the response of vertical integration to the elimination
of the GRT. In this section, we find vertical integration declines by almost 5 percent when
the GRT is eliminated, implying a short-run elasticity with respect to the intermediate good
after-tax price of -0.15.
Before the tax reform, producers and processors had a strong incentive to engage in
vertically integrated activity due to the 25% gross receipts tax that could be avoided for
all vertically integrated activity. From accounts of industry participants, producers often
24

That is, the marijuana producers are not also, for example, selling to cigarette companies in an unobservable way.
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wished they did not have to invest in the equipment to be processors, but could not afford
to do otherwise. Moreover, even if a company was both a producer and a processor, it would
have still liked to sell some of its raw material to other processors or to have been able to
purchase from other producers, but both options were often made too unattractive by the
existence of the 25% tax. These accounts are largely borne out in the data as we will see in
the summary statistics that follow.
When we do observe vertically dis-integrated activity in our data, this originates from
two sources: (1) a firm can be vertically dis-integrated (so a producer but not a processor or
vice versa) – for these firms, every transaction will be vertically dis-integrated. This is fairly
rare in our setting. (2) Firms are vertically integrated, but the producer chooses to sell some
marijuana to another processor and/or the processor chooses to buy some marijuana from
another producer. This is much more common in our setting. Part of this is because the
market began with GRT in place encouraging vertical integration. We will document this in
the summary statistics that follow.
Figure 1 plots how many producers and processors participate each week in the nonvertical producer-processor market. About the same number of producers and processors
participate each week. Almost no producer-processor pairs participate in both sides of the
market in the same week. And, the number of firms participating in the non-vertical market
goes up by more than 50% in the first month after the elimination of the GRT and more
than doubles by three months after the elimination of the GRT.
Table 4 presents statistics for the entire year before (“pre”) and after (“post”) the elimination of the GRT. Processor statistics are in Panel A and producer statistics are in Panel
B. The first row is the average of the number of firms that participate each week in the nonvertical producer-processor market as plotted in Figure 1 divided by the average number of
active firms (both vertical and non-vertical) that year. Just as we saw in the figure, there is
a sizeable increase after the tax reform and less than 1 percent of firms participate in both
sides of the market in the same week both pre and post reform (the last two columns of
Table 4).
The next row of Table 4 presents the same statistics but rather than the weekly average,
presents them for the percent of firms that have ever participated in the non-vertical market
at some point in the entire year. Not surprisingly, these percentages are higher – there are
roughly four times as many firms that participate at some point during the year relative to
the weekly average. But participating in both sides of the market at some point during the
year is still quite rare – only 5.9% of processors do this before the reform. This translates to
18% of processors who participate in the non-vertical producer-processor market participate
in both sides of the market at some point during the year. And the numbers are broadly
13

similar post-reform. We provide the same statistics for producers in Table 4 Panel B and
find similar statistics. This suggests that the vast majority of firms specialize and either
produce extra flower to sell on the non-vertical producer-processor market or specialize as
a processor and purchase extra flower on the non-vertical producer-processor market. That
said, the last row of data comes from the processor-retail market and shows that very few
firms operate exclusively non-vertically (although this number does triple in response to the
tax reform); so firms are specializing, but also keeping some of their own production and
processing capacity.
We now turn to formally estimating the effects of the elimination of the GRT on nonvertically integrated activity using processor location-week level data with equation (1). Our
primary measure of non-vertically integrated activity is the fraction of marijuana sales that
originate from a non-vertically integrated producer-processor pair. This fraction captures
how the mix of non-vertically and vertically integrated marijuana changes for a given firm
when the GRT is eliminated – a 33.3% decrease in the intermediate good after-tax price. We
can also examine the log of non-vertical weight sold, which captures the rise of non-vertically
integrated activity.25
The estimates can be found in Table 5. Figure 2 provides graphical evidence of our
estimates for Columns (1) and (2). In the figure, the hollow circles represent the raw average
across all firms of the dependent variable for each week. The blue diamonds for the six
weeks after the tax change indicate the transition period that we exclude from our main
regressions. We plot the data over 36 weeks, a substantially wider range than our actual
local linear estimates, which gives a better global sense of the data. For this reason, the
solid line is a local polynomial plot of the raw data (leaving out the six week transition
window), rather than a plot of our local linear regression line. In Column (1), we find
that the elimination of the GRT leads to a 4.6 percentage point increase in the fraction of
non-vertically integrated sales (Column 1). This is a 74.2 percent increase in non-vertically
integrated activity in response to a 33.3 percent increase in the intermediate good aftertax price, implying an elasticity of 2.23. Alternatively, it is a 4.90 percent decrease in
vertically integrated activity in response to the same increase in after-tax prices, implying
a vertically integrated elasticity of -0.15.26 In Column (2), we estimate that the elimination
25

This captures both the elimination of the tax wedge between producers and processors as well as the
tax wedge between processors and retail firms if the elimination of the tax wedge between processors and
retail firms led to overall growth in the marketplace. We do not expect that the overall amount of marijuana
will change immediately after the tax change because production hasn’t changed and the supply is limited.
And this is corroborated by the fact that there are no significant changes in total marijuana due to the tax
reform, although these estimates are somewhat noisy.
26
The 4.90 percent decrease is calculated as: .046/0.938 where .046 is the estimated decrease in vertically
integrated activity from Column (1) and 0.938 is the fraction of vertically integrated transactions before the
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of the GRT increases the grams of non-vertically cultivated marijuana sold by 51 percent
– these are all transactions between firms that would have happened in the absence of the
gross receipts tax that now do take place. The implied elasticity is 1.53. Although the
extensive and intensive margin estimates are not separately reported in the table, it’s worth
noting that both are significantly contributing to the 51% increase; that is, firms are both
entering the non-vertically integrated market, and conditional on entering, transacting in
this market in larger quantities. Lastly, non-vertical revenue increases by 58.5% (Column
(3)) — this estimate represents some combination of the weight response, price responses,
and compositional changes. This table provides evidence that the GRT encouraged tax
avoidance via vertical integration. With 94 percent of transactions coming from a vertically
integrated producer-processor pair before the tax reform, there wasn’t much of a producer
base left to tax. What are the real costs of this tax avoidance? We estimate these in Sections
5.3 and 5.4.
With an interrupted time-series style regression, we might worry that we mistakenly found
a break in the trend due to cyclicality or some other problem with our specification. The
figures provide compelling evidence that it’s not a brief cyclical effect. Moreover, the second
row of Table 5 conducts some placebo analysis, by moving the entire regression analysis
one year later. If the regression is well-specified in this context, the estimates should be
approximately zero. This is what we find.
We now consider additional sensitivity checks for our main result in Column (1) of Table
5. Table 6 Column (1) replicates our main results. Column (2) reports OLS coefficients
instead of a fractional probit model. The estimates are very similar. Column (3) drops
the correlated random effects. This increases the magnitude of the estimates slightly, but
otherwise leaves things unchanged. Column (4) allows for a two-week anticipation period
before the tax reform by dropping the two weeks before the tax reform as well. And, Column
(5) adds another three weeks to the transition period after the tax reform. Neither of these
changes to the anticipation and adjustment window have a substantial effect on the estimates.
In our main specification, we have a semi-balanced panel where we drop firms that open or
close within eight weeks of the tax reform. In Column (6), we restrict the sample so our
panel is fully balanced. This also has no substantial effect on our estimates.
In the last column of Table 6, we consider the possibility that tax evasion (or other reporting inaccuracies) biases our estimates. In particular, our estimates would be biased if firms
engaged in these activities for their non-vertically integrated transactions more frequently
before the tax reform when the taxes on non-vertically integrated transfers were non-zero.
We do not observe tax evasion directly, but we do have data on frequent non-random audit
tax reform.
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visits and any violations firms received as a result of these visits. We drop any firm that
experiences a reporting violation during our analysis period. The estimates are larger and
remain significant at the five percent level despite the loss of about 25 percent of firms due
to this restriction.27
Figure 3 plots the coefficient estimates for Table 1 Column (1) across many different
bandwidths (i.e. number of weeks included before and after the tax reform). The estimates
appear stable across the wide range of bandwidths considered.

5.2

Vertical Integration in the Long Run

Everything we have presented up to this point has been about what happens to vertical
integration in the immediate aftermath of the elimination of the gross receipts tax. But
of course what we really want to know about is what happens in the long-run. While we
can observe that the fraction of non-vertical weight continues to increase after the reform
(and was fairly flat in the lead up to the reform) in Figure 2, it is exceedingly difficult to
know whether this is due to a longer-run response to the elimination of the GRT or whether
this is due to other secular factors. We pursue a new identification strategy in this section
in order to pin down the long-run vertical integration response. We find that the long-run
vertical integration response is more than twice as large as the short-run vertical integration
response.
There are two main reasons why the short-run and long-run mix of vertically and nonvertically integrated transactions will be different in this setting: (1) Firms that had already
begun operations before the tax reform had already invested the fixed costs in becoming
both a producer and a processor and so completely de-integrating may not be optimal (or
even if it is optimal may be unappealing due to loss aversion). (2) It may take a while for
firms to adjust (e.g. they may need to stop planting and harvesting their own plants before
they can start buying more from other firms). So, what we would really like to know is how
much less vertically integrated are new firms in the marketplace after the elimination of the
GRT.
To pin this down, we begin by plotting the fraction of non-vertically integrated transactions separately by processors that enter the market before and after the tax reform in the
top panel of Figure 4. We define market entry as the first date that a processor sells to a
retail firm.28 In this figure, the hollow circles plot the weekly average for firms that entered
27

We have also confirmed that there are no changes in the audit visit and violation rates as a result of
the tax reform. These results are available from the authors upon request.
28
While this is not the true date they first begin their operation, we don’t observe that date. If anything,
our definition of market entry will lead us to underestimate the long-run effect because a few of the firms
that we define as entering after the reform will have already paid some of the fixed costs in a regime in which
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the market before the tax reform, and the hollow blue diamonds plot the weekly average for
firms that entered the market afterwards. We see a clear rise in non-vertically integrated
activity by firms that were already in the market, which we have previously estimated. And
then a substantially larger fraction of non-vertically integrated activity among new firms
that entered the market after the reform. Both of these statements are about what happens
after the six week transition period. For the former, the firms are transitioning their mix
to include less vertically integrated marijuana. For the latter, brand new firms have less
non-vertically integrated marijuana as a rule for the first four to six weeks before reaching
a stable equilibrium. We plot the data for one year after the reform, but the relationship
continues to hold approximately the same through the end of our data set. The fact that the
gap is so persistent over time suggests that most of the difference between our long-run and
short-run estimates is driven by the first factor we described above – firms that had already
begun operations had invested fixed costs into both processing and production capacity such
that substantial de-integration is not optimal. And, it highlights that the market will probably never recover from the policymakers initial choice of a GRT – this market will always
be more vertically integrated than it would have been in the absence of the original choice
of a GRT.
To quantify the gap in vertical integration between firms that enter before and after the
reform that we depicted in Figure 4, we turn to Table 7. Column (1) estimates the mean
gap in non-vertically integrated activity before and after the tax reform using the following
regression (estimated as a fractional probit model):
nonverticalit = β0 + β1 entrydatei + runt + uit ,

(2)

where nonverticalit is the fraction of non-vertical marijuana transactions for processor i in
week t, entrydatei is an indicator for whether the firm opens before or after the tax reform,
and runt is a linear time trend. This regression is estimated from one year of data after
the GRT has been eliminated. Our estimation window begins after the six week transition
period. We find that firms that entered post-reform are five percentage points less vertically
integrated than those that entered before.
We might worry that this identification strategy is just an artefact of the time firms have
been in business. Firms actually tend to be more vertically integrated when they first open,
so if anything our estimates in Column (1) understate the true long-run effect. We do two
things to address this concern. First, we provide a placebo test by repeating all estimates
in this table but instead of splitting on the entry date at the time of the tax reform we
the GRT was still in place.
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examine only firms that entered before the tax reform and split them into two halves – those
that entered in the first six months of the market opening and those that entered in the
second six months of the market opening. These estimates are near zero. Second, in Column
(2), we add experience fixed effects so that we are identifying the gap off of firms with the
same experience level. We also replace the time trend with weekly fixed effects to control
more flexibly for time. As expected, these estimates are slightly larger (but also somewhat
noisier because we have absorbed some of our identifying variation). We find that firms
that entered post-reform are 7.4 percentage points less vertically integrated than those that
entered before. The long-run response can then be calculated as the sum of the short-run
response for firms that were already in the market (as estimated in Table 5 Column (1))
plus the additional response of new firms that entered after the GRT was eliminated – after
the elimination of the GRT, firms are 12 percentage points less vertically integrated in the
long-run (=.046+.074). This is a 12.8 percent decrease in vertically integrated activity in
response to a 33.3% increase in the intermediate good after-tax price, implying an elasticity
of -0.38.
A related question we may want to consider using the same identification strategy is
what is the likelihood that firms choose to be completely dis-integrated; that is, what is
the probability that a processor chooses not to also be a producer. As noted above, the
probability that existing processors will quit being a producer is probably quite low. But
new processors may well choose to not also produce. The bottom panel of Figure 4 plots the
probability that a firm has no vertically integrated activity over time. The gray circles are
for firms that opened before the GRT was eliminated and the light blue diamonds are for
firms that opened after the gross receipts tax was eliminated. This plot tells us two things:
(1) There is no clear effect of the elimination of the GRT on the existing firms, which we
expected. (2) New firms choose to be completely de-integrated at more than double the rate
of existing firms. We estimate the exact difference between firms that entered before and after
the reform in Columns (3) and (4) of Table 7. They are analogous to our estimates of nonvertical activity in Columns (1) and (2) – the only difference is that the dependent variable is
now an indicator for whether the firm has only non-vertically integrated activity that week.
We find that those that entered after the tax reform are 8.7 percentage points more likely to
operate exclusively non-vertically. This is from a base of 3.47 percentage points, implying a
251 percent increase in the probability of operating exclusively as a processor. This converts
to an elasticity of 7.53.
Now that we have clearly established the large long-run effects of a GRT on welfare, we
turn to considering how much these substantial shifts in vertically integrated activity matter
for welfare. For welfare, it’s not the level of vertical integration itself that matters, but
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rather what this indicates about the overall efficiency of the market in the presence of excess
vertical integration. We cannot pin down every avenue through which inefficiencies may
occur. However, we can estimate two important statistics for the welfare changes that result:
(1) Whether total output increases. The most likely story behind such an output increase
is that some firms are constrained on either the producer or processor side and introducing
a tax free non-vertical market allows firms to address this constraint by buying/selling in
this market, thereby allowing total output by these firms to increase. (2) Does the price
change when firms move from vertically integrated to non-vertically integrated marijuana?
Perhaps the same marijuana can now be produced more efficiently resulting in lower prices.
Or the marijuana produced/processed is now of higher quality and so marijuana value rises
and thus prices rise. Or if the market is imperfectly competitive, it is possible that vertical
dis-integration introduces an extra markup (double marginalization) and thus raise prices.
Hence, what happens to prices is an empirical question. The next subsections examine each
of these effects in turn.

5.3

Production

In this section, we consider whether the shift towards non-vertically integrated activity after
the elimination of the GRT led to increased production. To examine the immediate response,
we look at the first stage of production – plantings – which will be the first to adjust to the
tax reform. This response will then slowly propagate through the rest of the market (it
takes an average of about 4 months from planting to harvest). We find that production
increases by 23 percent and this response comes from producers that sell in the non-vertical
producer-processor market in the year after the GRT is eliminated.
Our baseline regression repeats equation (1) for plantings. Our baseline estimate is in
Table 8 Column (1) and an associated figure is provided in the top panel of Figure 5. We
find that the elimination of the GRT leads to a 22.9 percent increase in plantings, or said
differently, a 22.9 percent increase in production. This is in response to a 33.3 percent
increase in the after-tax price, which implies a production elasticity of 0.68.
We are claiming that the 23 percent production increase is due to producers ramping
up production because they can now sell to other processors without a 25 percentage point
tax penalty. To provide further evidence of this claim, consider the estimates in Table 8
Column (2) and the associated figure in the bottom panel of Figure 5. The figure now
separately plots plantings for firms that sell some of their product in the non-vertical market
in the year after the elimination of the GRT and those that do not. This plot shows that
before the tax reform, producers who participate in the non-vertical market after the reform
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(blue hollow diamonds and black solid line) were planting less than those that do not (gray
hollow circles and black dashed line). And then it is only these participating firms that
respond to the elimination of the GRT. The production gap is erased immediately upon the
elimination of the GRT and eventually production is higher among those that participate in
the non-vertical market. This suggests that those that participate in the non-vertical market
after the elimination of the GRT have less processor capacity. Without the ability to sell to
another processor, the existence of the GRT forced them to produce at an inefficiently low
level. These graphical results are confirmed in Table 8 Column (2). Firms that participate in
the non-vertical market increased their production by 36.8 percent (statistically significant
at the 1 percent level),29 whereas firms that do not increased their production by only 6.5
percent (statistically insignificant).
Table 8 Column (3) considers whether firms that buy on the non-vertically integrated
market in the year after the elimination of the GRT respond by decreasing their own production. This would happen if firms had excess processing capacity and chose to produce at an
inefficiently high rate before the elimination of the GRT to fill this capacity. We don’t find
any evidence of this. Table 8 Column (4) combines the interaction terms from Columns (2)
and (3) and finds very similar estimates to the previous columns when each was considered
separately. As in Section 5.1, we repeat our estimation one year later as a placebo analysis
below our estimates in Table 8. The placebo estimates are all approximately zero as they
should be if our specification is valid.
Table 9 and Figure 6 provides some robustness checks on our main estimate. These
robustness checks are analogous to those we conducted for our analysis of the processor
market in Section 5.1. Column (1) repeats the estimate from Column (1) in Table 8. Column
(2) estimates an OLS regression model instead of a hurdle model. Column (3) includes
correlated random effects. Column (4) excludes two weeks before the tax reform to allow
for an anticipation response. Column (5) excludes six weeks after the tax reform to allow
for a delayed response, Column (6) restricts the regression to firms that were in business
across all 64 weeks included in the regression so that the panel is fully balanced,and Column
(7) excludes all firms that receive a traceability violation at any point during our analysis
window.30 The estimates are highly robust to these different robustness checks. In Figure 6,
we consider a wide range of different bandwidths and confirm that our estimates are robust
to this choice.

29

This is the sum of the following coefficients: Tax Reform + Sell Non-Vert x Tax Reform (=0.303+0.065).
We also find similar estimates if we drop firms with any violation. And, we have confirmed that there
are no significant changes in the audit or violation rate for producers after the tax reform.
30
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5.4

Prices

As we discussed toward the end of Section 5.1, the effect on prices of moving to non-vertically
integrated marijuana is theoretically ambiguous. Vertical integration behavior does change
with the tax reform, so it might seem natural to look at what happens to prices in response
to this change. However, prices also shift because taxes are now levied exclusively on retail
firms, so if tax invariance holds, processors should decrease their prices to pass along their
tax savings to retail firms that are now paying more in taxes. And this effect has nothing to
do with the welfare effects that we are interested in. We need a different source of identifying
variation to pin down the effect of non-vertically integrated activity separately from secular
trends or firm-specific price characteristics. We present two such identification strategies
in this section and we find that, on average, there is no effect of non-vertically integrated
marijuana on the price charged to retail firms by processors. This suggests that while the
GRT encouraged vertical integration as documented in Sections 5.1 and 5.2, this does not
induce a welfare change by changing the prices faced by consumers for marijuana.
Our first identification strategy compares non-vertically integrated marijuana prices to
vertically integrated marijuana prices (this is the price charged to the retail firm by the
processor). To do this, we estimate the following regression for all processor firm-weeks in
which the processor is active in both the vertical and non-vertical markets:
priceit = β0 + β1 nonverticalit + γs + γt + γexp + γproc + γprod + uit ,

(3)

where priceit is the price per gram for transaction i at date t, nonverticalit is an indicator variable for whether this transaction came from a non-vertically integrated producerprocessor pair, γs are strain fixed effects, γt are date fixed effects, γexp are experience fixed
effects, γproc are processor fixed effects, and γprod are producer fixed effects. In Table 10 Column (1) we include only strain, experience, and date fixed effects. We find that non-vertically
integrated marijuana sells for significantly less than vertically integrated marijuana. But once
we control for the fixed characteristics of the processors and producers in Column (2), the
price difference between vertically and non-vertically integrated marijuana is approximately
zero (with tight standard errors). In Column (3) we include processor-specific strain fixed
effects. In Column (4) we make a further restriction – we only include processor firm-strain
transactions for which that firm is selling both vertically integrated and non-vertically integrated versions in the same week. So, now we are, for example, comparing whether a
given firm sells Blue Dream that it produced itself and Blue Dream produced by another
producer for the same price. We find the difference in prices between what is vertically and
non-vertically produced is approximately zero (again with very tight standard errors).
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Alternatively, we can consider firm transitions between vertically and non-vertically integrated marijuana and estimate what happens to prices when these transitions take place. To
do this, we select all firm-strains that transition from vertically integrated to non-vertically
integrated marijuana and analyze them as an interrupted time series (or regression discontinuity) where the event date is the first week that any of that firm-strain that was sold came
from a non-vertical source.31 This sets up the following regression equation:
priceit = β0 + β1 f irstnonvertit + β2 runit + β3 runit · f irstnonvertit + γps + γt + uit ,

(4)

where priceit is the price per gram, f irstnonvertit is an indicator that is equal to one for
all weeks after the processor-strain has sold non-vertically (and zero before), runit is the
running variable (so it is zero the week of the first non-vertical sale, 1 the week after, -1
the week before, etc), γps are processor-strain fixed effects, and γt are weekly fixed effects.
Figure 7 provides plots of this identification strategy. The top panel plots the average of
nonverticalit each week relative to the first non-vertical date. And the bottom panel does
the same for prices. Note that the prices in the figure have been demeaned by processorstrain to eliminate these fixed effects from the plot.32 The top panel highlights that there is
a large jump in the fraction of non-vertically integrated marijuana at the first non-vertical
date.33 There is substantial attrition – so some firms switch to non-vertical and then quickly
switch back. This has a lot to do with the fact that one important reason firms go to the
non-vertical market is for smoothing – firms may want to smooth out their own supply of a
particular strain and so buy for a while from another producer and then return to producing
it themselves.34 The bottom panel plots the effect of this transition on prices. There is no
observable price effect of this large transition to non-vertically integrated marijuana. We
confirm this conclusion in Table 10 Column (5), where we estimate equation (4).
We can also repeat the same exercise but instead of thinking about processors transitioning a strain from vertical to non-vertical, we can think about producers transitioning
a strain from vertical to non-vertical. We repeat the same figures for these transitions in
Figure 8 and Table 10 Column (6). Again, we find that there are no significant effects of
transitioning from vertically produced to non-vertically produced marijuana. Having con31

Note that we could also go in the opposite direction – transitions from non-vertical to vertically integrated. This is less common, but the estimates from this is also approximately zero.
32
We expect eliminating these fixed effects matters here because each processor-strain does not sell every
week, so the compositional shifts might bias the figure and make it look substantially different from the
estimates we present in Table 10.
33
Note that it does not jump all the way to one because we have selected the transition date as the first
week that there is some non-vertical activity.
34
Strains that begin non-vertical have much lower attrition rates to vertical presumably because the
smoothing mechanism is less likely to be active here.
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cluded that there are no effects of vertical integration on prices, we turn in the next section
to examining whether vertical integration and production responses vary by firm size.

5.5

Heterogeneity by Firm Size

Now that we have documented the main results, we consider whether firms respond differently based on their size. In particular, we consider the effects of firm size on the vertical
integration and production responses to the elimination of the GRT from Sections 5.1 and
5.3. We find processors with smaller production capacity have a much greater increase in
non-vertical activity after the elimination of the GRT. And in the short-run, it’s the producers with the largest production capacity that choose to supply these firms with more
marijuana. In the long-run, firms across all production capacities increase their production
by just under 25 percent.
To examine the distributional effects by size, we split the effect by the tier in which the
producer is in. The producer tier size clearly predicts the producers’ actual activity — total
harvesting activity is about 3 times as large for Tier 2 as Tier 1 firms and about 5 times as
large for Tier 3 firms as Tier 1 firms in the 12 weeks before the tax reform (for producers that
had started harvesting at least 12 weeks before the tax reform). And, producer tier status
significantly influences the processor size. Processor firms with Tier 1 producers are about 3
times as large as processor firms with no producer (Tier 0). Tier 2 firms are about 10 times
as large as Tier 0 firms and Tier 3 firms are about 20 times as large as Tier 0 firms. But tiers
have several distinct advantages over these other measures of firm size: they are not subject
to cyclical fluctuations which makes both these other measures potentially endogenous, tiers
capture permanent capacity constraints rather than just current endogenous production
choices, and we can have a measure of tier status even for new firms before they produce
anything.
The estimates split by tier size for processors are presented in the top panel of Figure
9. These re-estimate our baseline result in Table 5 Column (1) separately by tier size.
For this analysis, we combine Tier 0 and Tier 1 firms because there are too few Tier 0
firms (firms without a producer) for it to make sense to analyze them independently. We
see that the largest increase in non-vertically integrated weight occurs among the smallest
processors (Tier 0 and Tier 1). For these firms, the fraction of non-vertical activity increases
by more than 15 percentage points. The effect declines substantially for the larger tier
sizes; the estimates are slightly smaller than our baseline estimates for all firms and are
not significantly different from zero. Recall that overall we do not expect a substantial
increase in total weight sold immediately after the tax reform because firms have to grow
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more marijuana first; however for these small firms, the increase in non-vertical activity led
to approximately an 80 percent increase in overall activity (i.e. sales from processors to retail
firms).
Now, in the bottom panel of Figure 9 we ask the inverse of this heterogeneity question –
which tier of producer supplies the processors with most of the increased non-vertical weight?
For this, we re-estimate Table 5 Column (1), but we collapse the data by the producer that
supplied the marijuana instead of the processor that bought it and split the producers into
Tiers 1, 2, and 3. We find that the largest firms (Tier 3) seem to have increased the amount of
non-vertically marijuana supplied by the most, although these estimates are not statistically
different from zero. This highlights the following fact: eliminating a gross receipts tax allows
processors with small production capacity to grow and processors with large production
capacity to shrink decreasing the dispersion of the average processor firm size and increasing
the efficiency of the average firm.
Next, we look to see what will happen to production in the long-run across tiers by reestimating our baseline planting estimates from Table 8 Column (1) separately by producer
tier in Figure 10. We find that all firm sizes increase their production by a similar percent.35
This means that across all firm sizes there are some producers that are processor capacity
constrained (either all the time or at peak growing times) and they increase production now
that they have the opportunity to sell to other firms.

6

Conclusion

Given the increased interest in gross receipts taxes by many states as they get desperate
for additional revenue, an empirical assessment of the potential negative effects of the gross
receipts tax on vertical integration and associated welfare costs is long overdue. Previously,
detailed empirical analysis of the effect of a GRT on vertical integration behavior was hindered by the infeasibility of obtaining detailed data on the entire vertical supply chain for
an industry or industries affected by a gross receipts tax.
We are finally able to provide a comprehensive assessment of the GRT by analyzing a
unique natural experiment in the Washington state marijuana industry, where the tax regime
was changed from a three-tiered structure of gross receipts taxes throughout the supply chain
to a single excise tax at retail. We use novel data on the universe of marijuana production
and sales within the state to trace out the entire vertical supply chain and understand how
market participants responded to the elimination of the GRT.
35

However, the Tier 3 estimates are somewhat noisy reflecting the fact that a lot of Tier 3 firms are
outdoor firms and are thus not in this indoor only sample.
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We find that gross receipts taxes increased vertical integration. Relative to an excise tax
on the same activity, we quantify the welfare costs of the gross receipts tax in this paper as
the combination of the effect of excess vertical integration on prices (of which there is none)
and output. The gross receipts tax leads to a 23 percent decline in output. The elasticity
with respect to the intermediate good after-tax price is 0.68.
States are often interested in gross receipts taxes for reasons outside the baseline considered above – most commonly because a GRT can include services (or intermediate goods
that are sold as final goods in other states) and a GRT leaves few opportunities for evasion.
If it’s only an issue of tax evasion, sales and excise taxes have similar opportunities for evasion as the GRT – all these taxes are based exclusively on revenue. And if it’s only about
the tax base, a VAT (i.e. a GRT where you can deduct your costs), would be an obvious
solution because this would provide the tax base that states care about without the welfare
costs documented in this paper. But, if states want the tax base of a GRT, but will have too
much tax evasion under a VAT, then Best et al. (2015) show that GRT is preferred. In this
case, the estimates in our paper capture the real costs of poor enforcement – for every one
percent increase in the gross receipts tax, output falls by 0.68 percent more than if a VAT
or other net-income based tax were imposed.
Moreover, we find that the existence of a gross receipts tax hurt smaller firms with no or
limited production capacity the most. These distributional consequences are important for
policymakers considering whether to adopt a gross receipts tax going forward.
Our estimates are likely lower bounds relative to what we would find for a GRT on all
activity in a state for two main reasons. First, this is a fairly vertically integrated industry
even without a GRT, so the costs of implementing a GRT are lower. Second, there is only
one intermediate good sector that is taxed and can choose whether to respond by vertically
integrating – producers. In other settings where there are many different stages of production
and they can all decide whether to vertically integrate in response to the GRT, the effect
will be larger.
These findings are relevant not only for policymakers considering gross receipts taxes
generally, but also particularly for the regulatory structure of the marijuana market as more
states legalize, given the diverse regulations currently present across the United States. Colorado requires vertical integration (retail firms must produce at least 70% of the marijuana
they sell) and Washington allows some types of vertical integration (between producers and
processors) while forbidding integration between retailers with firms involved in marijuana
production. Our findings suggest that requiring vertical integration decreases efficiency and
hurts the smallest firms.
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Tables
Table 1: Marijuana Taxes by State

State
Alaska

Retail Excise
Tax Rate
–

California

15%

Colorado

10%

Illinois

10%

Additional Taxes
Cultivation tax of $50/oz on dried flowers (unless immature/abnormal; then
$25/oz), $15/oz on for other plant material, $1 for clones. 5% optional local
sales tax.
Cultivation tax of $9.25/oz on dried flowers and $2.75/oz on dried leaves.
Optional locality taxes.
Additional 15% tax applied at wholesale based on average market rate in the
state. Optional locality taxes.
10% tax applies for products with THC <35%, 20% tax on edibles, 25% tax
for products with THC≥ 35% (mostly concentrates). 7% gross receipts tax
(with arms-length transaction rules). Additional optional locality taxes up
to 3.5%.
Localities may impose additional 3% excise tax.

10.75%
Massachusetts
Michigan
10%
Nevada
10%
Additional 15% tax applied at wholesale on “fair market value.”
Oregon
17%
Localities may impose additional 3% excise tax.
37%
Washington
This table includes every state where recreational marijuana is sold. Vermont, Maine, and Washington D.C.
have legalized recreational marijuana, but have not yet started selling it. States also levy their state and
local retail sales taxes on marijuana sold at retail. Washington initially set a tax rate of 25% both at retail
and for transfers within the supply chain. On July 1, 2015, Washington switched to a single 37% tax at
retail.
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Table 2: Gross Receipts Taxes by State
Notes
“Gross Receipts Tax.” 54 rates. Monthly deductions by industry: $100K - $1.25M.
Hawaii
0.15% - 4%
“General Excise Tax”. 2 main rates: 0.5% for wholesale, 4%
for retail. + county surcharges up to 0.5%.
0.26%
“Commercial Activity Tax”. All businesses with gross receipts
Ohio
above $150,000.
0.57%
“Corporate Activity Tax” for revenue exceeding $1 million. The
Oregon
tax is $250 + 0.57%. May deduct 35% of apportioned cost
of goods sold or labor expenses. Several industries are exempt including grocery stores and utilities. Law goes into effect
1/1/2020.
0.051% - 0.331%
“Commerce Tax” for revenue exceeding $4,000,000 . 26 separate
Nevada
rates by industry.
New Mexico
5%
“Gross Receipts Tax.” + local option taxes 0.125% - 4.25%.
Some “anti-pyramiding deductions” and some exemptions (e.g.
grocery stores).
Texas
0.331% - 0.75%
“Franchise Tax”. 3 rates. Tax is either 70% of revenue (from
federal income tax), or revenue - COGS, or revenue - wage compensation, or revenue - $1 million.
Washington
0.13% - 3.3%
“Business & Occupation Tax”. 35 separate rates by industry.
This table only includes GRT taxes on all industries. Some states have GRT on only one industry. For
example, Alabama, Florida, Pennsylvania, and West Virginia have taxes on some or all utilities and/or other
miscellaneous industries. Note: all states tax based on some notion of nexus (e.g. firms that are located
elsewhere are still subject to the gross receipts tax for activity that occurs in that state and firms located in
that state do not usually owe taxes on goods sold to other states).
State
Delaware

State Tax rate(s)
0.0945% - 0.7468%

Table 3: Summary of Washington House Bill 2136 legislative history
Date
February 17
February - March
April 10
April 24

Activity
Regular Session
Bill introduced
Committee work results in significant changes to bill
Passed by House 67-28, referred to Senate
Regular Session ends without vote

April 29
May 1
May 28

First Special Session
House passes 70-25, referred to Senate
Referred to Senate committee
First Special Session ends without vote

May 29
June 26
June 27
June 30

Second Special Session
Reintroduced in House, referred to committee
Passed by House 59-38
Passed by Senate 36-7
Signed by Governor

July 1
Law takes effect and tax rates change
Source: http://app.leg.wa.gov/billsummary?BillNumber=2136&Year=2015

28

Table 4: Vertical Integration Summary Statistics
Panel A: Processors in Non-Vertical Market

Weekly Average Percent of Firms:
Yearly Total Percent of Firms:
Non-Vertical Only Firms:

Pre
8.94%
32.99%
1.39%

Post
13.71%
45.19%
4.52%

Both Pre
0.16%
5.90%
-

Both Post
0.74%
6.40%
-

Panel B: Producers in Non-Vertical Market

Weekly Average Percent of Firms:
Yearly Total Percent of Firms:
Non-Vertical Only Firms:

Pre
8.84%
38.51%
1.29%

Post
14.23%
70.92%
4.76%

Both Pre
0.15%
5.50%
-

Both Post
0.65%
5.78%
-

These are summary statistics about participation in the non-vertical producer-processor market. The
top panel describes processor activity as a percentage of the total number of firms in the market for
the given time period and the bottom panel does the same for producers. “Pre” is 1 year before the
tax change, “Post” is 1 year after the tax change. When we consider “Both” this is the percentage
of firms in that week or year that participate in both sides of the market (i.e. both sell marijuana
as a producer and buy marijuana as a processor). The “Weekly Average Percent of Firms” is the
average fraction of processors (or producers) that participate in the non-vertical market each week.
And, “Yearly Total Percent of Firms” is the fraction of processors (or producers) that participate
in the non-vertical market at least once that year. The numerators of these two variables are from
the producer-processor data and the denominator is all processors (or producers) that ever have a
transaction sold in the processor-retailer market. “Processor Only Firms” (or producer only firms)
are the fraction of processors (or producers) that have no activity in the producer (or processor)
market according to the processor-retail market data.
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Table 5: Non-Vertical Integration Response
(1)

(2)

(3)

Tax Reform

0.046∗∗
(0.019)

0.510∗∗∗
(0.165)

0.585∗∗∗
(0.195)

Placebo Reform

0.004
(0.007)

0.018
(0.055)

0.016
(0.062)

Tax Reform Observations
4,271
6,227
6,227
Tax Reform Processor Firms
234
238
238
Placebo Observations
9,615
14,325
14,325
Placebo Processor Firms
429
437
437
Standard errors clustered by processor organization are in parentheses.
∗ 10% significance level. ∗∗ 5% significance level. ∗∗∗ 1% significance level.
Each coefficient is the estimated coefficient on T axRef orm from equation
(1). Other variables in that equation are included, but not reported. The
bandwidth is 16 weeks. The estimates in Column (1) are mean marginal
effects from a fractional probit regression for the outcome fraction of nonvertically integrated transactions. The estimates from Columns (2) and (3)
are mean marginal effect estimates from a hurdle model for the outcomes
log non-vertical weight and log non-vertical revenue, respectively. The top
row are the estimates for the tax reform. The bottom row are placebo estimates – this analysis moves the entire regression equation one year forward
in time and re-estimates the regression. All estimates in the placebo row
should be approximately zero if we have a well-specified regression design.

Table 6: Non-Vertical Integration Response Robustness Checks

Tax Reform

Observations
Processor Firms

(1)

(2)

(3)

(4)

(5)

(6)

(7)

0.046∗∗
(0.019)

0.045∗∗
(0.020)

0.051∗∗
(0.022)

0.051∗∗
(0.021)

0.049∗
(0.027)

0.040∗
(0.021)

0.051∗∗
(0.023)

4,271
234

4,271
234

4,271
234

3,947
234

3,788
234

3,503
186

3,227
182

Regression
Non-linear
OLS
Non-linear
Non-linear
Non-linear
Non-linear
Non-linear
Bandwidth
16 weeks
16 weeks
16 weeks
16 weeks
16 weeks
16 weeks
16 weeks
Correlated Random Effects?
Yes
Yes
No
Yes
Yes
Yes
Yes
Pre-Reform Weeks Excluded
0
0
0
2
0
0
0
Post-Reform Weeks Excluded
6
6
6
6
9
6
6
Processors Included
All
All
All
All
All
Balanced
No Viol.
Standard errors clustered by processor organization are in parentheses. ∗ 10% significance level. ∗∗ 5% significance level. ∗∗∗ 1%
significance level. Each coefficient is the estimated coefficient on T axRef orm from equation (1). The outcome is the fraction of
non-vertical transactions. Other variables in that equation are included, but not reported. The non-linear estimates are mean
marginal effects from a fractional probit regression.
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Table 7: Long-Run Non-Vertical Integration Response

Enter Post-Reform

Enter Post-Reform Placebo

Observations
Processor Firms
Placebo Observations
Placebo Processor Firms

(1)

(2)

(3)

(4)

0.050∗∗
(0.025)

0.074∗
(0.045)

0.082∗∗∗
(0.021)

0.087∗∗
(0.037)

−0.013
(0.023)

0.010
(0.049)

0.004
(0.016)

0.016
(0.033)

14,705
548
8,954
280

14,705
548
8,954
280

14,705
548
8,954
280

14,705
548
8,954
280

Time Trend
Yes
No
Yes
No
Week Fixed Effects
No
Yes
No
Yes
Experience Fixed Effects
No
Yes
No
Yes
Standard errors clustered by processor organization are in parentheses. ∗ 10% significance level. ∗∗ 5% significance level. ∗∗∗ 1% significance level. Each coefficient is the
estimated coefficient on EntryDate from equation (2). Other variables in that equation
are included, but not reported. 52 weeks are included in the regression. The estimates in
Columns (1) and (2) are mean marginal effects from a fractional probit regression for the
outcome fraction of non-vertically integrated transactions. The estimates in Columns
(3) and (4) are mean marginal effects from a probit regression for an indicator that is
one if the firm has only non-vertical activity that week. The top row are the estimates
from the tax reform. The bottom row are placebo estimates – this analysis moves the
entire regression equation 28 weeks earlier in time and re-estimates the regression. All
estimates in the placebo row should be approximately zero if we have a well-specified
regression design.
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Table 8: Production Response
(1)

(2)

0.229∗∗∗
(0.075)

Tax Reform
Sell Non-Vert x Tax Reform

(3)

(4)

0.219∗∗
(0.088)

0.065
(0.084)
0.303∗∗∗
(0.112)

Buy Non-Vert x Tax Reform

0.040
(0.093)
0.312∗∗∗
(0.111)
0.041
(0.113)

0.014
(0.116)

Placebo Reform

0.018
(0.055)

0.004
(0.071)
0.019
(0.084)

Sell Non-Vert x Placebo Reform

0.035
(0.059)

0.026
(0.072)
0.008
(0.082)
−0.056
(0.091)

−0.056
(0.093)

Buy Non-Vert x Placebo Reform

Tax Reform Observations
10,526
10,526
10,526
10,526
Tax Reform Producer Firms
178
178
178
178
Placebo Observations
17,115
17,115
17,115
17,115
Placebo Producer Firms
282
282
282
282
Standard errors clustered by producer organization are in parentheses. ∗ 10% significance
level. ∗∗ 5% significance level. ∗∗∗ 1% significance level. The estimated coefficient in
Column (1) is the coefficient on T axRef orm from equation (1). The outcome is the log
of plantings. Other variables in that equation are included, but not reported. Columns
(2) - (4) interact the tax reform variable with measures for whether the firm bought or
sold in the non-vertical market in the year after the tax reform. The bandwidth is 32
weeks. The estimates are mean marginal effects from a linear hurdle model. The bottom
row are placebo estimates – this analysis moves the entire regression equation one year
forward in time and re-estimates the regression. All estimates in the placebo row should
be approximately zero if we have a well-specified regression design.

Table 9: Production Response Robustness Checks
(1)

(2)

(3)

(4)

Tax Reform

0.229∗∗∗
(0.075)

0.224∗∗∗
(0.074)

0.230∗∗∗
(0.073)

0.202∗∗
(0.083)

Observations
Producer Firms

10,526
178

10,526
178

10,526
178

10,170
178

(5)

0.303∗∗∗
(0.090)
9,458
178

(6)

0.290∗∗∗
(0.094)
6,300
100

(7)

0.184∗
(0.096)
6,126
104

Regression
Non-linear
Log OLS
Non-linear
Non-linear
Non-linear
Non-linear
Non-linear
Bandwidth
32 weeks
32 weeks
32 weeks
32 weeks
32 weeks
32 weeks
32 weeks
Correlated Random Effects?
No
No
Yes
No
No
No
No
Pre-Reform Weeks Excluded
0
0
0
2
0
0
0
Post-Reform Weeks Excluded
0
0
0
0
6
0
0
Producers Included
8 weeks
8 weeks
8 weeks
8 weeks
8 weeks
Balanced
No Viol.
Standard errors clustered by processor organization are in parentheses. ∗ 10% significance level. ∗∗ 5% significance level. ∗∗∗ 1%
significance level. Each coefficient is the estimated coefficient on T axRef orm from equation (1). The outcome is the log of
plantings. Other variables in that equation are included, but not reported. The non-linear estimates are mean marginal effects
from a linear hurdle model.
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Table 10: Effect of Non-Vertically Integrated Activity on Prices
(1)

Non-Vertical

Observations
Processor Firms
Producer Firms
Restriction

(2)

(3)

(4)

(5)

(6)

0.014
(0.016)

−0.000
(0.015)

0.008
(0.006)

0.020
(0.018)

0.016
(0.016)

61,084
225
538

61,084
225
538

61,084
225
538

3,311
84
209

6,766
127
-

19,296
296

Non-Vert

Non-Vert

Non-Vert

Strain x Non-Vert

16 weeks

16 weeks

−0.069∗∗∗
(0.024)

Week Fixed Effects
Yes
Yes
Yes
Yes
Yes
Yes
Experience Fixed Effects
Yes
Yes
Yes
Yes
Yes
Yes
Strain Fixed Effects
Yes
Yes
Processor Fixed Effects
No
Yes
Processor x Strain Fixed Effects
No
No
Yes
Yes
Yes
Yes
Producer Fixed Effects
No
Yes
Yes
Yes
Yes
Yes
Standard errors are in parentheses. ∗ 10% significance level. ∗∗ 5% significance level. ∗∗∗ 1% significance level. The
dependent variable is price per gram. The reported coefficient is the effect of non-vertical activity on prices. Columns
(1) to (4) are estimated using equation (3). The data in these columns is collapsed by processor-producer-strain-verticalweek. All processor firm-weeks in which there is both some vertical and some non-vertical activity are included in the
regression. In the fourth column, a further restriction is imposed – we keep only processor-firm-strain-weeks in which
there is both some vertical and some non-vertical activity. These four columns are two-way clustered by processor
and producer. Columns (5) and (6) are estimated using equation (4). The data in the fifth column is collapsed by
processor-strain-week. We included 16 weeks before and after the first non-vertical activity for each processor-strain
that began vertically integrated. These estimates are clustered by processor. Column 6 is identical to column 5 except
the collapse and subsequent analysis is done by producer rather than processor.
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Figures
Figure 1: New Firms Enter NV Market When GRT Eliminated

This figure plots the counts of producers (or cultivators) and processors that participate in the non-vertical producer-processor
market each week. The think black line plots the number of producers each week. The thick purple line does the same for
processors. The thick black dashed line plots the number of firms that participate in both sides of the market in the same week.
The dashed vertical line marks the week of the tax reform.
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Figure 2: Vertical Integration Response

These figures plot the outcomes for Table 5 Columns (1) and (2). The hollow circles represent the raw average weekly dependent
variable for each week. The blue diamonds for the six weeks after the tax change indicate the transition period that we exclude
from our main regressions. The solid line is a fourth-order local polynomial plot of the raw data (leaving out the six weeks
transition window). The dashed vertical line marks the week of the tax reform.
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Figure 3: Vertical Integration Bandwidth Choice

This figure plots estimates of Table 5 Column (1) with varied bandwidths. Recall the main bandwidth is 16 weeks. The
estimates plotted are for the coefficient on T axRef orm in the equation (1). The dots indicate the point estimates and the lines
indicate 90% confidence intervals.
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Figure 4: Long-Run Vertical Integration Response

These figures plot the outcomes for Table 7 Columns (1) and (3). The hollow circles represent the raw average weekly dependent
variable for each week for firms that entered before the tax reform. The blue diamonds represent the dependent variable for
each week for firms that entered after the tax reform. The solid line is a fourth-order local polynomial plot of the raw data
(leaving out the six weeks transition window). The dashed vertical line marks the week of the tax reform.
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Figure 5: Production Response

These figures plot the outcome for Table 8 Columns (1) and (2). In the top panel, the hollow circles represent the raw average
weekly log plantings. The solid line is a fourth-order local polynomial plot of the raw data. The dashed vertical line marks the
week of the tax reform. In the bottom panel, the hollow circles and black dashed line represent the weekly log plantings for
firms that do not participate in the non-vertical producer-processor market in the year after the tax reform. The blue diamonds
and black solid line represent the same averages for firms that do participate in the non-vertical producer-processor market in
the year after the tax reform.
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Figure 6: Production Bandwidth Choice

This figure plots estimates of Table 8 Column (1) with varied bandwidths. Recall the main bandwidth is 16 weeks. The
estimates plotted are for the coefficient on T axRef orm in the equation (1). The dots indicate the point estimates and the lines
indicate 90% confidence intervals.
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Figure 7: Processor Transition from Vertical to Non-vertically Integrated Marijuana

This figure plots the identification strategy used in Table 10 Column (5). Only processor firm-strains that transitioned from
being sold vertically to non-vertically are included in this figure. The horizontal axis is centered at zero for the first date a
firm-strain was produced and processed by different firms (a non-vertical transaction). The top panel plots the first-stage of
the identification strategy – what happens to the fraction of non-vertical transactions for these firm-strains as they pass the
first date at which they were non-vertical. The bottom panel what happens to prices for these firm-strains as they pass the
first date at which they were non-vertical.
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Figure 8: Producer Transition from Vertical to Non-vertically Integrated Marijuana

This figure plots the identification strategy used in Table 10 Column (6). Only producer firm-strains that transitioned from
being sold vertically to non-vertically are included in this figure. The horizontal axis is centered at zero for the first date a
firm-strain was produced and processed by different firms (a non-vertical transaction). The top panel plots the first-stage of
the identification strategy – what happens to the fraction of non-vertical transactions for these firm-strains as they pass the
first date at which they were non-vertical. The bottom panel what happens to prices for these firm-strains as they pass the
first date at which they were non-vertical.
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Figure 9: Processor Market Heterogeneity by Producer Tier Size

This figure plots estimates of the fraction of non-vertical transactions by the producer tier. The estimates plotted are for
the coefficient on T axRef orm in the equation (1) and are the estimates in Table 5 Column (1). The dots indicate the point
estimates and the lines indicate 90% confidence intervals. The top panel splits the main result by tier status of the buyer (i.e.
processor). Processors with no producer are included in Tier 1. The bottom panel splits the main result by the tier status of
the seller (i.e. producer).
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Figure 10: Production Heterogeneity by Producer Tier Size

This figure plots estimates of the log plantings by the producer tier. The estimates plotted are for the coefficient on T axRef orm
in the equation (1) and are the estimates in Table 8 Column (1). The dots indicate the point estimates and the lines indicate
90% confidence intervals.
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