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Abstract

The current report provides estimates of: 1) cannabis prices from 2011 to 2015; and 2) the price
elasticity of cannabis demand in Canada. Estimates rely on approximately 9,000 self-reported
cannabis transactions from 2011 to 2015, as reported to the Price of Weed website, an online
platform for cannabis users to anonymously submit the price, size, perceived quality, and location
of their most recent transaction. Across this period, the average national price of high quality
cannabis was $7.69 per gram, medium quality cannabis $7.14 per gram, and low quality cannabis
$7.26 per gram. Prices varied by geographical location, with regions associated with higher
cannabis production reporting lower prices. Price also varied according to the size of the
transaction, with larger transactions fetching a lower price per gram. Estimates of the price
elasticity of cannabis demand ranged from -0.42 to -0.60, suggesting that a 10 percent drop in
prices could lead to a 4 to 6 percent increase in the total amount of cannabis consumed. However,
these estimates should be interpreted with caution, given the limitations of the data. To conclude,
findings from the analyses are used to discuss ways forward for measuring cannabis prices,
potential implications of transitions from prohibition to legalization for the cannabis market, and
research and policy recommendations.
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Introduction

Despite representing one of the country’s most commonly used illegal drugs, relatively little is
known about the cannabis market in Canada. Recent surveys of Canadians have reported that 12
percent of Canadians aged 12 years or older have used cannabis in the past year (CTADS, 2016),
a rate that has been found to be higher among at-risk populations, including homeless youth
(72%) and homeless adults (54%) (Krausz, 2011). Since the implementation of regularly
administered national surveys on drug use, cannabis use prevalence rates have shown little
variation. From 2004 to 2015, past-year cannabis use prevalence ranged from a high of 14 percent
(2014) to a low of 9 percent (2011), averaging 9.29 percent over this period.* However, while
surveys have begun to regularly track Canadians’ past-year cannabis use, there is little empirical
data on measures of the Canadian cannabis market, including prices, potency, and quantity
consumed.

The lack of empirical data is concerning given shifts in cannabis policies over the past few
decades. In 1997, the Canadian government passed the Controlled Drugs and Substance Acts,
which increased sanctions for drug offences, and, in 2012, the Safe Streets and Communities Act,
which led to mandatory minimum sentences for cannabis trafficking. More recently, policy
reform efforts have shifted towards approaches favouring the legalization of cannabis. In 2015,
the majority government of Canada stated that it would “legalize, regulate, and restrict access to
marijuana”.? Yet, despite the shift from a punitive to more permissive stance on cannabis, little

empirical evidence to inform either perspective is available.’

Knowing the price of cannabis is essential for assessing the consequences of current cannabis
laws and making projections about policy changes. Under prohibition, the retail price is critical
for measuring total cannabis expenditures, which can then be used to help estimate the amount of
money being diverted to organized crime and other market participants. Data about the retail
price in the illegal market can also be informative for governments or licensed producers for price
setting for legal medical cannabis products. For jurisdictions like Canada that are considering
cannabis legalization, knowing the price before the policy change is essential for making
reasonable predictions and encouraging informed debates. Many of the major outcomes discussed
in cannabis legalization debates—the size of illegal markets, tax revenues, and consumption
(which will have implications for public health)—will be shaped by what happens to the retail
price after the policy change.

! The LeDain Commission represented one of the first national general population surveys on cannabis use
(as well as other drugs) in Canada (LeDain, 1973). Conducted in 1970, it was followed by the National
Alcohol and Other Drugs Survey in 1989 (Eliany, Giesbrecht, & Nelson, 1990), and Canada’s Alcohol and
Other Drugs Survey in 1994 (MacNeil & Webster, 1997). However, it was not until 2004, following the
implementation of the Canadian Alcohol Survey, that data necessary to derive national averages on drug
use began to be regularly collected. The Canadian Alcohol Survey subsequently evolved into the Canadian
Alcohol and Drug Use Monitoring Survey (CADUMS) (2008-2012), and eventually the Canadian Tobacco,
Alcohol and Drugs Survey (CTADS) (2013; 2015).

2 See https://www.liberal.ca/realchange/marijuana/ (Accessed November 30, 2016).

® For some exceptions, see “Legalized Cannabis: Fiscal Considerations” (Parliamentary Budget Officer,
2016).
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This report aims to fill this gap by presenting an overview of cannabis prices in Canada. First, a
review of the literature on the determinants of cannabis prices, estimates of cannabis prices, and
the price elasticity of cannabis demand is conducted. Second, trends in illegal cannabis prices
from 2011 to 2015 are presented, breaking down prices by the quality and quantity of the
transaction. Third, cannabis prices reported to the Price of Weed are compared to cannabis prices
set by licensed medical marijuana producers. Fourth, estimates of the price elasticity of cannabis
demand in Canada are calculated, estimating the degree to which changes in prices influence
cannabis use. To conclude, findings from the analyses are used to discuss ways forward for
measuring cannabis prices, potential implications of transitions from prohibition to legalization
for the cannabis market, and additional research and policy recommendations.

Literature Review

This section reviews prior work on cannabis price estimates, with a focus on the aspects that
fulfill the objectives of this report.* The first two sub-sections examine the determinants of
cannabis prices and previous efforts to estimate cannabis prices. The third sub-section turns to the
relationship between cannabis prices and cannabis use, with a specific focus on how changes to
cannabis prices influence demand.

Determinants of Cannabis Prices

Drug prices are a useful indicator of drug market conditions. Similar to licit markets, drug prices
are moderated according to relative supply and demand. Previous studies have shown that drops
in cannabis prices have been associated with increases in supply. This trend was observed
following the adoption of new and more efficient cultivation techniques (Clements, 2004;
Vanhove, Surmont, Van Damme, & De Ruyver, 2012), as well as increases in the
competitiveness of the market (Bouchard & Dion, 2009). But prices are also moderated by unique
characteristics of the market, including the risks associated with illegal activity, such as law
enforcement apprehension (Reuter & Kleiman, 1986)°, as well as distribution costs (Caulkins,
1995; Caulkins & Baker, 2010; Caulkins & Bond, 2012), quantity discounts (Caulkins &
Padman, 1993; Rhodes, Hyatt & Scheiman, 1994; Storti & DeGrauwe, 2009; UNODC, 2010),
cannabis quality (Ben Lakhdar, 2009; Ben Lakhdar, Vaillant, & Wolff, 2016; Cole et al., 2008;
Goudie et al., 2007; Sifaneck, Ream, Johnson, & Dunlap, 2007), characteristics of the transaction
(Pacula, Kilmer, Grossman, & Chaloupka 2010), and changes to cannabis policies (Andersen,
Hansen, & Rees, 2013). Below, each of the factors that moderate cannabis prices is discussed.

* For a review of the methods used to locate and identify relevant literature, see Appendix A.

® Previous studies have called attention to the inherent risks of drug trafficking, including violence and
theft, as shaping drug prices. For instance, Reuter, MacCoun, and Murphy (1990) estimated the risks of
violence to account for one third of the retail price of cocaine in the 1980s. Scholars have suggested that the
unique characteristics of the cannabis market, including lower value per unit weight (as compared to
cocaine and heroin) (Caulkins & Reuter, 2010) and the less violent nature of the market (Caulkins, Reuter,
& Taylor, 2006) means that these factors do not play as large a role in the retail price of cannabis.

However, studies have yet to empirically examine this relationship.
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The Scale of Local Cultivation and Production

Decreases in cannabis prices have been attributed to the adoption of new cultivation techniques
that have increased both the size and speed of crop yields. Specifically, hydroponic cultivation, an
intensified form of agriculture that brings nutrients and minerals directly to the plant through a
water solution (Roberto, 2005), has allowed for a year-round growing season, more fruitful crop
yields, and faster turnover rates than would otherwise be harvested from seasonal grows through
outdoor cultivation sites (Vanhove et al., 2012). In the United States (US) and Australia, national
drug price data have shown that the widespread adoption of hydroponic cultivation techniques
has coincided with drops in cannabis prices (e.g. Caulkins & Padman, 1993; Clements, 2004;
Clements & Zhao, 2009; Rhodes et al., 1994).° This was shown by Clements and Zhao (2009),
who found a substantial drop in cannabis prices, as compared to other illegal products in Australia
between 1990 and 1999, attributing the decrease to the adoption of hydroponic cultivation
techniques and a reduction in penalties associated with cultivation.

In Canada, increases in the domestic production of cannabis have been associated with the
adoption of hydroponic cultivation techniques. This was demonstrated by Bouchard and Dion
(2009), who found a relationship between the number of hydroponic shops and the number of
cannabis cultivation offences from 1977 to 2006 in Quebec. As the number of hydroponic shops
increased, so did the number of individuals arrested for cannabis cultivation. Interviews with
local growers and analysis of police-reported statistics led the authors to argue that increases in
hydroponic cultivation resulted in a drop in cannabis prices by reducing the barriers to market
entry, increasing competition, and impacting the availability of cannabis.

Law Enforcement

Studies have shown that increases in law enforcement activity have only modestly, if at all,
influenced cannabis prices. Reuter and Kleiman (1986), examining the impact of a federal
government crackdown on cannabis distribution over a five-year period, showed that increases in
cannabis seizures and arrests had only a modest effect on cannabis prices. Comparing the number
of cannabis seizures and arrests made by the Federal Bureau of Investigation from 1980 to 1984
to price and use data, the authors illustrated that, despite fluctuation in interdictions, cannabis
prices remained relatively stable and had no impact on overall use.” Similar results were found by
Kleiman and Davenport (2012), who concluded that despite increases in the number of arrests for
cannabis traffickers from 1980 to 2012, cannabis prices have declined substantially over the same
period.

The lack of a relationship between law enforcement interdiction efforts and cannabis prices may
be attributed to the unique characteristics of the cannabis market. Increases in law enforcement
interdictions are expected to raise prices by causing suppliers to operate inefficiently, referred to
as the “structural consequences of product illegality’ (Reuter, 1983). From this perspective, law
enforcement activity may have less of an impact on the cannabis market, where production is
largely domestic and competition is abundant (Bouchard, 2007). This perspective is supported by

® These trends should be interpreted in the context of US cannabis production during the time in which the
majority of cannabis consumed in the US originated from Mexico and other countries.

"It should be noted that the number of kilograms seized over this five-year period ranged from nearly 1.8
to 3.1 million; therefore, though differences in per gram prices may have amounted to as little as cents on
the dollar, once extrapolated they can represent revenues in the hundreds of millions of dollars.
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Kleiman and Davenport (2012), who argue that the scale and scope of the cannabis market makes
it challenging to effectively target, requiring that law enforcement concentrate their resources on
export-import and high-level domestic transactions, which only account for a small component of
the final retail price. Although increases in enforcement may not increase prices due to the scale
and size of the market, the authors suggest that a substantial reduction or cessation in enforcement
may lead to decreased prices.

Distribution Costs

Distribution costs stemming from drug importation and/or exportation also influence drug prices.
Prices tend to increase with the distance from drug sources, such as points of importation or
domestic and/or international cultivation, a pattern typically referred to as price dispersion
(Caulkins, 1995; Caulkins & Baker, 2010). Research from the US has found that retail prices for
cannabis increase with distance from northern California, the US region most associated with
domestic production (Caulkins & Padman, 1993; Caulkins, 1995; Rhodes et al., 1994). Retail
prices for cannabis also increase with distance travelled north from the Mexican border, a source
country associated with supplying US cannabis at a price gradient of roughly US$325 to US$475
per pound per 1,000 miles travelled (Caulkins & Bond, 2012). Similar dynamics appear to impact
prices in Canadian markets. Research suggests that consumers in British Columbia, Ontario, and
Quebec (provinces with significant cannabis production) enjoy lower retail prices than do
consumers in ‘import’ provinces, and especially those that are further from cannabis sources
(Boucher, Lawrence & Maslov, 2013).

Quantity Discounts

Even within local drug markets, prices vary across market levels. Bulk purchases tend to fetch
lower per unit prices, as compared to smaller, retail transactions. Higher retail prices are a by-
product of price markups that accrue as drugs move along the distribution chain (Caulkins &
Padman, 1993; Caulkins & Reuter, 1998; Clements, 2006; DeSimone, 2006). The largest
markups occur between wholesalers and retailers, although there is evidence of declining price
margins for drugs (Storti & De Grauwe, 2009). Using wholesale and retail price points supplied
by member states, the United Nations Office on Drugs and Crime (UNODC) (2010) reported
retail price markups of 110 and 129 percent for cannabis resin and herb, respectively. The size of
price markups was also found to be subject to geographic variation, with countries in Africa
reporting higher markups than those in Europe.

Despite disparities in prices, most purchases tend to be smaller in scale, and conducted at the
retail level. For instance, Moeller and Pedersen (2014) found that, among a sample of cannabis
transactions video-taped by Copenhagen police between 2003 to 2004, the average purchase size
was three grams of cannabis, with 88 percent of cannabis consumers (n = 847) purchasing three
grams or less. Caulkins and Pacula (2006), based on the 2001 US National Household Survey on
Drug Abuse, found that the median purchase size of loose cannabis resin was slightly more than a
guarter ounce. More recent estimates put the average amount of cannabis acquired at nearly one
half ounce (Kilmer et al., 2014). This discrepancy in purchase size may be attributed to sampling
characteristics, with Moeller and Pederson (2014) sampling transactions that occurred outdoors
and during the daytime, situational features that may decrease the likelihood and costs of
detection by purchasing smaller quantities, whereas Caulkins and Pacula (2006), and Kilmer et al.
(2014) relied on more representative surveys of users and likely captured transactions that also
occurred in less risky contexts.
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Drug Potency

The price of cannabis also varies according to its potency, whether true (e.g. A°-
tetrahydrocannabinol (THC) content) or perceived. Within the literature, quality is often used
synonymously with potency, measured by THC content. Greater domestic production and
adoption of hydroponic cultivation has resulted in more potent cannabis and larger variation in
the potency of cannabis available due to selective cross-breeding of different strains (Burgdorf,
Kilmer, & Pacula, 2011; Potter, Clark, & Brown, 2008). But apart from a unique dataset that
matched price data with measures of THC concentration for a series of cannabis purchases (see
Ben Lahkdar, 2009; Ben Lahkdar et al., 2016), it is much more common for price data to be
matched with self-reported assessments of cannabis potency, or quality. The caveat with this
approach is that neither law enforcement officials nor cannabis users are capable of accurately
assessing the true quality of cannabis that is seized or purchased. Therefore, what is typically
controlled for in the calculation of price estimates is a subjective measure of perceived quality.
Despite not representing the “‘true’ quality of cannabis, self-reports of perceived quality have been
more strongly associated with cannabis prices than actual THC content (Ben Lahkdar, 2009; Ben
Lahkdar et al., 2016; Cole et al., 2008; Goudie et al., 2007; Sifaneck et al., 2007) and, thus, have
been suggested to be a better predictor for estimating cannabis prices.®

Characteristics of the Transaction

Transaction-level characteristics have been associated with retail prices. Some studies have found
transactions that occur in private locations to be associated with higher self-reported prices
(Caulkins & Pacula, 2006), whereas others have found that they are associated with lower self-
reported prices (Pacula et al., 2010). Using data from a 2001 general population survey, Caulkins
and Pacula (2006) examined how transaction characteristics, such as purchase location (e.g.
private dwelling, inside public building, outside, in other location, or close to home) and from
whom they purchased (e.g. friend, family, or stranger), influenced the self-reported price for
cannabis. The findings showed that there was no relationship between cannabis prices and from
whom the purchase was made, and, surprisingly, that prices were higher for transactions made in
private dwellings, where transactions costs were expected to be lower because of decreased risks
of detection.

Conducting a similar analysis and controlling for the location of purchase (e.g. buyer’s
neighborhood or other locale), the nature of the exchange (e.g. direct contact with a dealer or
third-party handoff) and the nature of the relationship between the buyer and dealer (e.g. regular,
occasional, new source), Pacula et al. (2010) modelled how transaction characteristics influenced
prices for cash transactions of cannabis purchases among an arrestee population. Contrary to
Caulkins and Pacula (2006), the authors found that transactions in private dwellings were
associated with lower prices, although no relationship was found between the self-reported price
and whether the transaction occurred in the buyer’s neighborhood. As noted by Pacula et al.
(2010), the divergent results may be attributed to the two different samples (a household versus
an arrestee population) and that Caulkins and Pacula (2006) were unable to control for regional

& Implicit in the argument here is that there is a lack of regulatory mechanisms related to quality control in
illegal drug markets. Rather, quality is gauged through more informal mechanisms, such as information
sharing through social networks, manual inspection, or sampling. Following legalization and increased
regulation, it is suspected that licit cannabis sales data may show strong and positive correlations between
price and THC, which may potentially extend to demand.
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market differences. However, both studies stress caution in interpreting the results, as they were
unable to control for the potency of cannabis, thus potentially introducing omitted variable bias.

Cannabis Policies

Studies have found that the adoption of medical marijuana laws has been associated with price
changes. Using 1990 to 2011 price data collected from High Times, an online venue for users to
self-report prices paid for cannabis, Anderson et al. (2013) evaluated how changes to state-level
cannabis laws impacted the price of illegal cannabis in the US. Findings showed that the
legalization of medical cannabis led to increases in supply of high potency cannabis and a
corresponding reduction in cannabis prices. However, price decreases were only observed in the
fourth full year following regulation, with no effect on the price of low potency cannabis, thus
suggesting a lag effect. This relationship was attributed to the tendency of medical dispensaries
toward producing higher potency strains and that cannabis intended for the medical market was
being diverted to the illicit market (Anderson et al., 2013). This research is consistent with work
by Pacula et al. (2010), who found that self-reported prices for cannabis among the arrestee
population were higher in states with medical cannabis laws. Anderson et al. (2013) argues that
this increase in price is due to the introduction of a more potent product to the market, although
Pacula et al. (2010) were unable to control for the effect of potency on price in their models.
Past research on the determinants of cannabis prices is diverse, but broadly consistent in finding
that changes to prices are influenced by both endogenous and exogenous factors. Endogenous
factors include changes to internal supply and demand, either due to new innovative cultivation
techniques or more ample product, both of which have a residual effect on cannabis prices.
Exogenous factors, such as changes in the enforcement of medical cannabis laws, has the
corresponding effect of increasing or decreasing the risks associated with producing and
trafficking cannabis, along with the availability of cannabis on the market. Assessments of
cannabis markets should take into account the full set of factors that could influence prices, above
and beyond shifts in enforcement.

Estimates of Cannabis Prices

This sub-section reviews sources of illegal drug prices that have been used to develop price
estimates. Studies using price data typically rely on: 1) official records and/or 2) self-report data.
Taken together, these data sources provide complementary insight into the illegal drug market:
official sources typically capture law enforcement contact with both users and suppliers, whereas
self-reports capture the prevalence rates of drug use and prices paid by users. More recently,
researchers have also turned to online drug markets for price data, providing a third source for
drug prices. Here, each data source and its respective strengths and weaknesses for understanding
the cannabis market are described.

Official Sources

Official sources capture recorded drug transactions made by undercover law enforcement agents.
In the US, the main official sources for drug price data, administered by the Drug Enforcement
Administration (DEA), include: the System to Retrieve Information for Drug Evidence
(STRIDE); the Illicit Drug Wholesale/Retail Price Report; and the Illegal Drug Price/Purity
Reports (IDPPR). STRIDE is a database of drug seizure data, with submissions from federal,
state, and local law enforcement agencies, established to ensure such data are readily available to
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researchers and policymakers to address issues pertaining to drug price and availability.’ The
Ilicit Drug Wholesale/Retail Price Report and the IDPPR obtain data on cannabis prices and
THC content from records of undercover buys and subsequent laboratory analysis.*® Caulkins and
Bond (2012) found strong correlation in cannabis prices captured by official data, particularly
between the IDPPR and STRIDE datasets. The level of granularity embedded within these
datasets has been invaluable for analyzing price variation across drug markets, although when
compared to the US, such data are not as readily available in other countries. In Canada, the
RCMP has made efforts to collect national drug price data through initiatives such as the Illicit
Drug Price List. However, publicly available data has been much broader in scope, resulting in
the publication of macro-level summary statistics rather than the micro-level data needed to
measure regional price variations.

The foremost problem with official data concerns the general absence of potency information.
Official data, such as STRIDE, do not contain information on cannabis potency, whereas other
sources, such as IDPPR, contain information on cannabis potency, but only publish information
on the annual average THC percentage, and does not distinguish between potency at the retail and
wholesale levels of the market. Official data are also comprised of records obtained from
cannabis seizures that tend to be highly concentrated in particular regions and across few cities
(also Pacula et al., 2001, 2010). In addition, the absence of a systematic data collection instrument
further confounds official sources. Because data is not collected with the underlying goal of
ensuring a representative sample of drug purchases, official data contains bias stemming from law
enforcement knowledge and prioritization of producers, suppliers, and/or dealers from whom
purchases are made. Law enforcement must also arrange ‘the buy’, which typically consists of
large wholesale purchases (Caulkins, 2007a), although most cannabis purchases, by comparison,
consist of small quantities between known acquaintances (Caulkins & Pacula, 2006). Such limits
have important implications for understanding cannabis prices, as transactions between
acquaintances or in personal settings are much more likely to escape the attention of the police.

Self-report Data

Complementing official data are self-report data collected through national surveys, local
research initiatives, and/or crowdsourcing websites. Comprehensive national initiatives to collect
self-report drug use data have been undertaken primarily in the US, Australia, and New Zealand.
Analysis by Davenport and Caulkins (2016) found that prices obtained from seizure data tend to
be lower than those obtained from self-reports and, according to midpoint estimates of the price
ranges in both official and self-report data, that inconsistencies between the two sources could
theoretically be as large as 10 to 20 percent.

In the US, the National Survey on Drug Use and Health (NSDUH) and the Arrestee Drug Abuse
Monitoring (ADAM) program both collect data on cannabis transactions and prices. The NSDUH
is a nationally representative survey of the household population aged 12 years and older that has
been conducted annually since 2002, replacing the National Household Survey on Drug Abuse

® See https://www.dea.gov/resource-center/stride-data.shtml (Accessed November 27, 2016).
19 The wholesale/retail and price/purity reports have since been discontinued, although details of each can
be found in Pacula et al. (2001).
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(NHSDA)."* A cannabis purchasing module was added in 2001 to collect data on participants’
most recent cannabis purchases. Questions concerned details on the location in which the
transaction occurred, relationship with the seller, and the quantity and price of the purchase.
ADAM, administered by the US Department of Justice, surveys the arrestee population regarding
their drug purchases, characteristics of the transaction, including location, and dollar amount paid
for cannabis. Unfortunately, this program is no longer funded and the latest report from this
program was released in 2013 (ADAM 11).*2

Other national initiatives to survey drug prices include Australia’s Illicit Drug Reporting System
(IDRS) and New Zealand’s National Drug Survey. The IDRS, administered by the Australia’s
National Drug and Alcohol Research Center, aims to monitor patterns in the price, purity, and
availability of drugs, including cannabis, so as to identify trends in Australia’s illegal drug
markets. The initiative triangulates data collected from: 1) annual surveys of intravenous drug
users, which include questions concerning the price of users’ most recent cannabis purchase
within the previous six months; 2) interviews with professionals who have regular contact with
individuals in the cannabis market; and 3) official and self-report data, including drug seizure
data and national household surveys of drug use. In contrast, New Zealand’s National Drug
Survey obtains a representative sample of the population aged 13 to 45 years to be interviewed on
their drug purchases. Using computer-assisted telephone interviews, respondents that answer
positively to having tried cannabis in the past year are asked about the method of procurement
(e.g. obtained for free, purchased, or grew themselves), the frequency of purchases, the quantity
purchased, and, for each quantity, the amount they would expect to pay (Wilkins et al., 2005). In
Canada, by comparison, self-report surveys, including the Canadian Tobacco, Alcohol, and Drugs
Survey (CTADS)" and the Canadian Community Health Survey-Mental Health (CCHS-MH),
capture prevalence of cannabis users and frequency of cannabis consumption, but do not provide
information on price, quantities purchased, or quantities consumed.

More focused efforts to obtain cannabis transaction data include convenience samples through
online surveys, such as the Global Drug Survey (GDS), and more local efforts, such as those by
Pacula, Jacobson, and Maksabedian (2016). The GDS is an independent research company based
out of London that produces reports for different organizations. The GDS consists of an
anonymous online survey which is promoted through media sources and is administered annually
in the middle of November for approximately six weeks. For 2014 and 2015, the GDS reported
receiving over 100,000 responses.** Pacula et al. (2016), conducting a more local effort, relied on
survey data collected by the research firm GfK, which grouped 2,009 English-speaking adults
over the age of 18 across Colorado, Washington, Oregon, and New Mexico. Each respondent was
asked about their purchasing behaviour, including prices paid for cannabis.

A second source of self-report price data concerns crowdsourcing websites. This shift to online
sources has come at the result of the emergence of websites, such as the Price of Weed and High

" The NHSDA was administered from 1979 to 2001 and also captured a nationally representative survey of
the general population aged 12 years and older.

12 See https://www.whitehouse.gov/ondcp/arrestee-drug-abuse-monitoring-program (Accessed December 5,
2016).

3 Formerly the Canadian Alcohol and other Drug Use Monitoring Survey (CADUMS).

 For more information on the GDS see https://www.globaldrugsurvey.com/ (Accessed December 5,
2016).
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Times, which allow individuals to anonymously submit price data about their cannabis purchases,
including the self-perceived quality, quantity, and location of purchase. This method of data
collection affords a number of advantages over traditional surveys, perhaps the most obvious of
which is the ability to access otherwise hard to reach populations on a truly massive scale.
However, a significant drawback is its reliance on a convenience sample and the inability to
distinguish the number of transactions reported per person.

The Price of Weed is a dedicated website for users to submit price data on their most recent
cannabis transaction. The website provides a systematic venue for users to report their purchase
prices, providing a drop-down list of possible locations, quantities (e.g. ranging from one gram to
one ounce), and quality (e.g. low, medium, high). In contrast, High Times invites users to self-
report the price, strain, and location of their cannabis purchases by email or via Twitter. The data
is then published in monthly Trans High Market Quotation (THMQ) reports that contain a year-
to-date US price index, average per ounce prices for the top five reported strains, price
observations for many US states, and prices of international submissions.

Price of Weed data has been used either as a sole data source or to augment traditional data
sources to estimate cannabis prices (Boucher, Lawrence, & Maslov, 2013; Davis, Geisler, &
Nichols, 2016; Malivert & Hall, 2013; Parliamentary Budget Officer, 2016; Werb et al., 2012;
Zook, Graham, & Stephens, 2011) and has been found to share some degree of correlation with
official and other self-reported datasets (Caulkins & Bond, 2012). One of the most
comprehensive studies to estimate illicit cannabis prices in Canada relies on data from Price of
Weed. Boucher et al. (2013) produced monthly estimates by city and province using more than
5,700 self-reported observations submitted by users for the period spanning September 2010 to
November 2012, finding that the non-weighted median national price was $7.39 per gram,
irrespective of quality. Apart from seasonal and regional variation, prices were relatively stable
over the measurement period. Users in Newfoundland and Labrador reported some of the highest
prices for cannabis ($10.00 per gram), whereas users in Quebec reported the lowest cannabis
prices ($5.63 per gram). The relatively higher prices in Newfoundland and Labrador were
attributed to the strong local demand, the small scale of local production, and the costs incurred
due to transportation to remote local communities.

Self-reported data provide a means to capture users not found in official sources, although the
prices captured include much more random variation (Caulkins & Bond, 2012). Besides the usual
concerns of reliability, in addition to the previously discussed measurement issues related to
guantity and quality of purchase, self-reported drug price data has repeatedly been criticized for
capturing the prices paid by users for their most recent purchase, which may not necessarily
reflect their typical purchase. However, past research finds no difference in the dollar amount of
users’ most recent purchase, when compared to the average value of their other recent and past
purchases (see Bond et al., 2014).

Online Drug Markets
More recently, research has started to consider online drug markets as a source for drug prices.
Online drug markets, henceforth referred to as cryptomarkets (Martin, 2014), have surfaced due

in part to the emergence of the ‘dark web’.*® The dark web refers to content hosted on ‘darknets’

15 See https://www.torproject.org/ (Accessed November 20, 2016).
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or peer-to-peer anonymity networks leveraging the infrastructure of the Internet and which are
accessible only through encrypted Internet browsers, such as The Onion Router (Tor) (Owen &
Savage, 2015). Cryptomarkets follow a design resembling that of legitimate marketplaces, such
as Amazon™ or eBay™, such that vendors advertise entire inventories of products to prospective
buyers, with product listings denoting prices by quantity, shipping information, and customer
reviews. Cannabis represents a sizeable proportion of all product listings on cryptomarkets.
Cannabis originating from Canada was found to represent at least 6 percent of all known product
listings advertised on the Silk Road, one of the original online cryptomarkets (Broséus et al.,
2016; Christin, 2013; Martin, 2014).

Cryptomarkets facilitate direct links between producers and consumers, bypassing the wholesale
level of the drug market (Martin, 2014) and attracting consumers through lower advertised prices,
wider selection variety, and better quality (Barratt, Ferris, & Winstock 2014). An estimated 7 to
18 percent of cannabis users have consumed drugs ordered from cryptomarkets such as Silk Road
(Barratt et al., 2014). Despite high levels of participation, studies have found that the collective
revenues of cryptomarket vendors represent a meager share of the global drug market (Kruithof et
al., 2016; Soska & Christin, 2015). Revenue estimates are useful for gauging the size and scope
of the online market for drugs, but are not all that useful for policy assessment compared to drug
price estimates. However, there are no current price estimates for cannabis or other drugs
purchased from cryptomarkets.

The available research suggests that the factors influencing drug prices advertised on
cryptomarkets are likely to be similar to those that influence prices in traditional drug markets.
Variations in the advertised price for drugs appear to be largely attributed to the costs incurred
through domestic and/or international shipping, although risk premiums associated with package
seizure may also be factored into the retail price (Christin, 2013). Price variation also stems from
the quantity of drug(s) sold, as wholesale purchases garner lower per gram prices (Aldridge &
Décary-Hétu, 2016). Although most cannabis price listings found online are for quantities under
$100, an estimated 10 percent of listings exceed the thousand-dollar threshold often associated
with wholesale transactions (Kruithof et al., 2016). Prices are also affected by what are referred to
as ‘holding prices’ or temporary increases in prices when product inventory is low or completely
out of stock, which may skew price estimates upward (Soska & Christin, 2015).

Compared to more conventional data sources, price listings sourced from cryptomarkets provide
current price data for standardized quantities of drugs that are reported directly by drug suppliers.
These data also capture international drug purchases, an aspect of drug markets not traditionally
accounted for within official data or self-report surveys (for an exception, see Barratt et al.,
2014). But, as with official data sources, the drawback of drug price data sourced from
cryptomarkets is the biased view toward the supply-side view of drug markets, with very little
information regarding drug users themselves (Aldridge & Décary-Hétu, 2016). Furthermore, the
manner in which cryptomarkets coordinate purchases between drug users and suppliers is in no
way reflective of a typical drug purchase involving known acquaintances in personal settings.

Summary

Each of the data sources described provides complementary insight into the drug market. Official
data sources reflect contact between law enforcement, users, and suppliers, whereas self-report
surveys reflect prevalence rates of drug use and prices paid by users. Data from online
cryptomarkets capture product listings and prices set by suppliers. While it is most common for
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price estimates to be calculated using a single data source, triangulation of price data allows for a
cross-comparison of drug prices derived from different methods of reporting, which ultimately
yields more reliable estimates. Comparing drug prices across sources also enables an assessment
of the endogenous and exogenous factors that influence prices across different facets of drug
markets (e.g. factors that influence price in traditional drug markets as compared to
cryptomarkets). Analysis of this sort would also provide knowledge of the factors that have a
ubiquitous influence on the economics of drug markets and which are simply characteristic of
particular facets of drug markets.

Price Elasticity of Cannabis Demand

Substantial scholarly and policy attention has been directed toward the link between drug prices
and drug consumption. Generally referred to as the “price elasticity of demand’ in the economics
literature, studies in this area aim to provide estimates of the degree to which changes in prices
affect the consumption of drugs. Specifically, price elasticity of demand measures the change in
guantity demanded following a 1 percent change in price. Demand is considered elastic if an
increase of 1 percent in price leads to a greater than 1 percent change in quantity demanded.
Demand is considered inelastic if a 1 percent increase in price leads to a less than 1 percent
change in quantity demanded. Estimates of price elasticity provide insight into how changes in
price, either due to policy factors or internal market conditions, influence rates of cannabis usage.

Understanding how price changes influence the total amount of cannabis consumed (referred to
as the full price elasticity'®) depend on how the price changes affect the probability that someone
uses cannabis (participation elasticity) and the amount of cannabis consumed by those who
choose to use it (conditional elasticity). Since most surveys do not ask about the amount of
cannabis consumed, good information about conditional elasticity is limited. Thus, this section
will focus on past research on participation and full price elasticities of cannabis demand.

Participation Elasticity

Most studies of cannabis price elasticity calculate participation estimates. This trend may be
attributed to a lack of data on the amount of cannabis consumed by those who use it. Studies of
participation elasticity have primarily been conducted in the US and Australia, often relying on
national surveys that ask users about whether they have used cannabis within a set time frame
(e.g. past-month or past-year). Studies in the US have examined participation elasticity across
different sub-populations, including youth, college students, and arrestees, whereas studies in
Australia have primarily relied on general population studies, subdividing estimates across adult
and youth respondents. Here, participation elasticity estimates on US samples are reviewed,
before turning to estimates on Australian samples.

Pacula et al. (2001) represents one of the first studies to estimate participation elasticity of
cannabis demand among youth. Relying on a nationally representative school-based survey,
Monitoring the Future (MTF) from 1982 to 1998, the authors calculated cannabis usage
prevalence rates among high school seniors who had used cannabis in the past-month and past-
year. Cannabis prices were obtained from the DEA’s lllicit Drug Wholesale/Retail Price Report,
which provided the retail price of cannabis across states. Elasticity was estimated through a

18 Full price elasticity has also been referred to as ‘total price elasticity’ or ‘conventional price elasticity’.
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repeated cross-sectional analysis, which controlled for students’ perception of harm stemming
from regular cannabis use and the potency of cannabis, measured by THC level. Among high
school students, participation elasticity ranged from -0.002 to -0.69 for monthly participation and
-0.06 to -0.47 for annual participation. Given concerns over the possible endogeneity of the
covariates'’, specifically concern over whether students’ perceptions of the harm of cannabis use
were correlated with cannabis prices, Pacula et al.’s (2001) preferred participation elasticity
estimate for past-month and past-year use was -0.30. Based on these results, the authors
concluded that a 10 percent drop in prices would increase the number of youth reporting monthly
and annual use by 3 percent.

Jacobson (2005) conducted a similar study using MTF data to estimate cannabis usage prevalence
among youth aged 15 to 19 years and data from the NHSDA to estimate cannabis usage
prevalence among the general population. In contrast to Pacula et al. (2001), price data was also
obtained from user self-reports on High Times and law enforcement data from STRIDE.*®
Despite relying on an alternative data source, results were consistent with Pacula et al. (2001),
showing a negative relationship between prices and prevalence of cannabis use, with price
increases leading to drops in the overall number of users. The findings also highlighted a
feedback loop, in which denser markets—areas with larger youth cohorts—were associated with
lower prices, which in turn led to increased use (also see Caulkins, 2007b).

Studies by Williams, Pacula, Chaloupka, and Wechsler (2004, 2006) have also found prevalence
of cannabis use among college students to be sensitive to changes in prices. Data on cannabis use
among college students was obtained from pooled cross-sectional surveys from three waves
(1993; 1997; 1999) of the College Alcohol Study (CAS), a nationally representative study of
college students aged 18 to 24 years, administered by the Harvard School of Public Health.
Cannabis price data was obtained from the IDPPR. Controlling for students’ alcohol use, the
maximum fine for possession of small amounts of cannabis, and state fixed effects, Williams et
al. (2004) estimated college students’ past-month participation elasticity to be -0.24, with a
similar result for past-year participation elasticity (-0.20), suggesting a 10 percent increase in
price would lead to a drop in past-month users of nearly 2.5 percent and a 2 percent drop among
past-year users. In a follow-up study controlling for cocaine use, Williams et al. (2006) found
participation elasticity to be slightly more conservative, estimating an annual cannabis
participation of -0.19 among college students. However, running additional analyses, and
dividing their sample into younger (aged 18 to 20) and older college students (aged 21 to 24), the
authors found that older college students were more responsive to changes in prices (-0.26) as
compared to younger students (-0.16).

Estimates of participation elasticity among the general US population have generated similar
results (DeSimone & Farrelly, 2003; Rhodes, Johnson, Han, McMullen, & Hozik, 2001).
DeSimone and Farrelly (2003) estimated annual participation elasticity and frequency of use
across pooled cross-sectional data from the NHSDA between 1990 and 1997. Similar to Pacula et

" Endogeneity of covariates occurs when one or more of the explanatory variables are correlated with the
error term, creating biased estimates.

18 Recall that THMQ and STRIDE data have been critiqued for not being representative of prices across the
US. Combining observations across the THMQ and STRIDE data over the twenty-five year period,
Jacobson (2005) relied on 550 price observations, resulting in roughly 22 observations per year. In
addition, transactions were only observed for a fraction of all states in the US.
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al. (2001), data on cannabis prices was obtained from the DEA’s IDPPR. Although the authors
found that cannabis participation was negatively associated with prices, the relationship was very
weak, with results sensitive to the inclusion of additional covariates. Other researchers have
claimed that this weak relationship is not surprising given the lack of variation in their price data
(capturing a shorter period than earlier work) (Pacula, 2010). However, Rhodes et al. (2001), who
also relied on NHSDA data (1988 to 1997), found prices to be significantly associated with
cannabis use among youth, but not adults. The divergent results may be partially explained by the
different sources of price data, with Rhodes et al. (2001) representing one of the few studies to
use STRIDE data to estimate cannabis prices. Rhodes et al. (2001) also represents one of the only
studies to examine participation elasticity among heavy users. Examining cannabis use among
adult arrestees, the authors used the ADAM™ survey for the years 1989 to 1998. Results showed
that hard-core users, measured as arrestees who used cannabis more than ten times a month, were
more sensitive to price changes (-2.79), when compared to moderate users (-2.65). These results
suggested that a 1 percent increase in the price of cannabis would reduce the proportion of hard-
core cannabis use among adult arrestees by nearly 3 percent.”

Whereas multiple sources have been used to generate estimates of use to calculate participation
elasticity of cannabis demand in the US (e.g. ADAM, CAS, MTF, NHSDA), estimates of
participation elasticity of cannabis demand in Australia rely primarily on the National Drug
Strategy Household Survey (NDSHS). The NDSHS is a general population survey that has been
administered every two to three years since 1985, aiming to capture a representative sample of
Australians aged 14 years and older (aged 12 years and older for 2004 surveys and onwards). The
survey is designed to provide data on attitudes and behaviour associated with licit and illegal drug
use among the noninstitutionalized civilian population in Australia. Important for price elasticity
estimates, questions on cannabis use over the past year have allowed researchers to examine the
prevalence of cannabis use among Australians.

One of the first studies to calculate participation elasticity of cannabis demand in Australia
aggregated NDSHS survey responses to create a longitudinal time series in the annual prevalence
of cannabis use (Clements & Daryal, 2003). Their estimation of cannabis prices relied on the
assumption that such prices were constant over time (from 1988 to 1995) and focused on changes
in the relative price between cannabis and alcohol. The authors found a participation elasticity of
-0.50. This study is unique among Australian studies in that the authors aggregated the data to
create longitudinal estimates and did not use observed cannabis prices. In contrast, most other
studies in Australia estimate participation elasticity using price series data derived from
undercover purchases made by state-level law enforcement and the IDRS.

9 Formerly the Drug Use Forecasting (DUF) survey.

0 Estimates by Rhodes et al. (2001) should be interpreted with caution. Their estimates rely on drug prices
obtained from the DEA’s STRIDE data series, whereas US studies typically rely on DEA IDPPR data.
Pacula et al. (2001) note the following limits of STRIDE data for estimating cannabis price elasticity: 1)
focuses more heavily on cocaine and heroin dealers; 2) does not containing information on the potency of
cannabis; 3) makes no distinction between wholesale and retail purchases; 4) contains a small number of
cannabis purchases; and 5) most purchases are made within the District of Columbia, making it an
unreliable source for state or local-level price estimates. Further, Rhodes et al. (2001) have also not been
included in reviews of drug price elasticity literature elsewhere (e.g. Gallet, 2014; Pacula et al., 2010;
Pacula & Lundberg, 2014; Davis et al., 2016), likely because of the many issues with STRIDE data.
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Cameron and Williams (2001) used pooled cross-sectional NDSHS data from 1988 to 1995 to
examine price elasticity, comparing individual-level changes in cannabis use relative to cannabis
prices derived from official sources. Despite a different approach, results were similar to
Clements and Daryal (2003), with a slightly higher price elasticity of -0.89. However, using the
same data source, Williams et al. (2004) controlled for state-level effects and found more
conservative estimates of -0.18. By including such controls in their models, the authors were able
to reduce the likelihood that differences in drug use across states would be wrongly attributed to
price, rather than state-specific factors, such as differences in attitudes toward cannabis or
variation in law enforcement.

Other studies of price elasticity in Australia have examined how polysubstance users—
individuals who use cannabis in conjunction with other drugs—respond to changes in cannabis
prices. Williams and Mahmoudi (2004) found that individuals who used both cannabis and
alcohol together were more sensitive to changes in price. Using pooled cross-sectional NDSHS
data for 1988 to 1998 and official price data, the authors found that annual prevalence rates of
cannabis use were negatively related to price, but that polysubstance users who reported both
cannabis and alcohol were most affected by price changes. Similar results were found by Ramful
and Zhao (2009), who concluded that cannabis users who also used cocaine and heroin were more
likely to be influenced by price changes than just cannabis users alone. Results across both
studies suggest that individuals who consume more than one drug are more likely to be
influenced by price changes, stemming from a substitution effect of one drug for another.*

Consistent with US studies examining the participation elasticity of cannabis demand, Australian
studies have demonstrated that individuals in their early twenties are more sensitive to changes in
cannabis prices. Using pooled NDSHS data from 1988 to 1998, Williams (2004) demonstrated
that younger cannabis users (aged 20 to 24 years) were more sensitive to price changes as
compared to older age cohorts (aged 25 years and above). This is consistent with studies that have
examined the decision to ‘start using cannabis’, which have found that lower prices are associated
with an earlier age of first use. Using responses to the question “about what age were you when
you first used marijuana/cannabis?” drawn from the NDSHS, van Ours and Williams (2007)
found that, among a sample of respondents aged 14 to 22 years, being a Native born Australian,
having lower education, as well as price predicted initiation into cannabis use, with a price
elasticity of -0.50 to -0.70.

Full Price Elasticity

Full price elasticity estimates aim to examine the degree to which changes in cannabis prices
influence the total amount of cannabis consumed. Few general population surveys ask cannabis
users about consumption, so researchers have had to leverage other data sources. Here, four
studies that attempt to estimate the full price elasticity of cannabis demand are outlined.? The
first two apply behavioural simulation approaches, examining how current users would respond

2 Drugs are substitutes if their cross price elasticity is positive.

22 This excludes Clements and Zhao’s (2009) estimates of full price elasticity. In this study, the authors take
respondents’ responses regarding frequency of use (e.g. daily and weekly) and, following the argument that
more frequent users tend to consumer higher quantities, create ratios of quantity used based on the authors
own assessments for each user-group. Thus, these estimates more closely resemble ‘conditional” demand,
rather than total elasticity. However, despite creating their own ‘quantity used’ variable, the authors do find
similar price elasticity estimates to the full elasticity estimates reported here (-0.40).
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to hypothetical price changes. The latter two rely on transaction data across samples of current
users. All studies find that users are sensitive to changes in price, with increases in prices
decreasing the total quantity of cannabis consumed.

Nisbet and Vakil’s (1972) research represents one of the first studies to examine the full price
elasticity of cannabis demand, calculating both participation and full price elasticity estimates
among a sample of college students. The authors calculated estimates from self-report
guestionnaires that were mailed to UCLA students, who were asked to report their prevalence and
frequency of cannabis use over the past month, as well as how a price change would influence
their cannabis use. Based on 926 returned questionnaires, estimates of participation elasticity fell
within the range of -0.7 to -1.0, while full price elasticity was estimated at a slightly higher range
of -1.01 to -1.51, suggesting that demand for cannabis was quite sensitive to price changes.

Collins, Vincent, Yu, Liu, and Epstein (2014) found similar results among a sample of 59 regular
cannabis users. In contrast to the sample obtained by Nisbet and Vakil (1972), the authors
recruited regular cannabis users, defined as those using cannabis at least three times per week,
between the ages of 18 to 25 years in the metropolitan area of Buffalo, New York. Participants
were asked to complete a computerized purchasing task where they were to report their
hypothetical high grade cannabis use across 16 increasing price points that ranged from US$0 to
US$160 per joint.? Participants were shown photos of ‘average sized’ cannabis joints, which
were defined as weighing approximately half a gram. The authors found that demand for high-
grade cannabis was inelastic across prices that ranged from US$0 to US$13 a joint, whereas
demand was elastic for higher priced cannabis, ranging from US$15 to US$160 per joint,
suggesting individuals who used cannabis more frequently are more sensitive to fluctuations in
price. This is consistent with previous studies that have suggested heavier users are more likely to
have less disposable income to spend on cannabis (Pacula & Lundberg, 2014). Overall elasticity
of demand was estimated to be -1.75. Although the estimate is slightly higher than that obtained
by Nisbet and Vakil (1972), this may be due to the authors’ sample of regular users as compared
to a general sample of college students.

More recently, studies have turned to transaction data to calculate the full price elasticity of
cannabis demand, obtained by interviewing users about their most recent purchase (Ben Lakhdar
et al., 2016) and through online crowdsourcing platforms (Davis et al., 2016). In order to
calculate full price elasticity, Ben Lakhdar et al. (2016) interviewed a sample of 268 heavy
cannabis users contacted through urban centers and techno-festivals in France. Participants were
asked about their most recent cannabis purchase, including the price and the perceived quality of
the drug (e.g. measured on a scale of 1 to 10). In addition, interviewers asked respondents if they
could purchase a small sample of the drug for toxicological analysis to assess the true potency, as
measured by THC content. The authors found that a 10 percent decrease in prices would increase
near-daily users’ consumption by upwards of 2 percent. The study was one of the first to
demonstrate that potency has a positive effect on a user’s consumption, with higher potency

2 For each price point, the respondents were given the following scenario: “Imagine that you have about 4
hours to spend one evening and can hang out at home and smoke marijuana. The following questions ask
how many marijuana joints you would purchase and smoke that evening if a joint cost various amounts of
money. You cannot save the joint for a later day. The available joints are high grade marijuana.” At each
price point, participants were asked: “How many average-sized joints of high-grade marijuana would you
use if they were $ _?” (Collins et al., 2014, p. 6).
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associated with larger transactions; however, including potency in the models did not impact
price elasticity estimates. The authors noted that their reliance on cross-sectional price
observations limited them to providing short-term estimates, as they were unable to control for
historical price observations.

Davis et al. (2016) found slightly more conservative estimates of full price elasticity using
cannabis transactions reported to the Price of Weed crowdsourcing website. The authors relied on
23,611 cannabis transactions reported from September 2010 to August 2011, which provided
information on the quantity, quality, and price of the purchase. While this design represents an
advantage over most studies examining cannabis price elasticity, providing a national sample of
self-reported cannabis prices, the main limit of this approach is that the sample is not random and
each transaction cannot be assumed to be independent (e.g. one person may submit multiple
transactions to the website). To mitigate this limitation, the authors control for clustering by
estimating a weighted Ordered Least Squares regression (OLS) with cluster robust standard
errors. Findings showed that the price elasticity for cannabis across the US ranges from -0.67 to -
0.79.

Importantly, Davis et al. (2016) also represents one of the few studies to include supply-side
instruments in their models.* In their models, Davis et al. (2016) integrate electricity rates,
distance to Mexico City, and medical cannabis laws, all of which are endogenous factors found to
influence cannabis prices: electricity rates account for a large proportion of total cost of
domestically produced cannabis; distance to Mexico City accounts for a sizeable cost of
internationally produced cannabis, particularly given that prior estimates put cannabis produced
in Mexico at 40 to 67 percent of all cannabis consumed in the US (Kilmer et al. (2010)*; and
medical cannabis laws were included due to their relevance for producers, often allowing for
home cultivation and, thus, lowering costs associated with supply. The key assumption is that
electricity rates, distance to Mexico City, and medical cannabis laws are not correlated with the
error term in the demand equation, but do help explain cannabis prices. When including supply-
side instruments, the authors found estimates of price elasticity obtained through OLS regression
with Vs to be similar or slightly larger than estimates obtained through standard OLS regression
in absolute value, ranging from -0.60 to -0.79 as compared to the more consistent -0.69 estimate
across models.”

% By doing so, they control for the endogeneity of prices. Endogeneity is common to econometric models
of supply and demand systems, caused by correlation between the explanatory variables and the
unobserved error term stemming from omitted variables and/or measurement error. Endogeneity is
problematic, as it results in biased estimates for the outcome of interest, but may be controlled for by
instrumental variables (IVs). A valid instrument is an exogenous variable, or external shock to the supply
and demand system, that induces change in the explanatory variable(s) (e.g. price), but has no such
influence on the outcome variable (e.g. demand), thereby allowing for consistent estimates (see Angrist &
Krueger, 2001).

% It is likely that cannabis imported from Mexico now comprises a (much) smaller proportion of cannabis
supply to the US illegal market.

% However, given that their instruments were state-level averages, their IV models are not run with state-
level fixed effects.
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Summary

A review of the literature suggests that participation and full price elasticity estimates vary with
respect to the heterogeneity observed across different populations from which samples are drawn.
In the US, participation elasticity estimates range from -0.20 to -0.30 for youth and student
populations, with findings generally suggesting that demand for cannabis among youth is more
sensitive to changes in price compared to adults. Estimates controlling for cannabis consumption
further suggest that participation elasticity is stronger among heavy users (-2.79) compared to
more moderate users (-2.65) in a sample of US arrestees. Findings from Australian studies also
indicate that participation elasticity is more sensitive among youth compared to adults, with
estimates ranging from -0.50 to -0.89. Results from samples drawn from the general population
by comparison, indicate that participation elasticity ranges from -0.50 to -0.70. However, by
controlling for heterogeneity across regional drug markets using state-level fixed effects,
participation elasticity estimates (-0.18) become more consistent with the more conservative US
estimates. Full price elasticity, in contrast, ranges from -1.01 to -1.51 among US college samples
and may be as high as -1.75 for the general population. Research from France also supports
findings from the US, with estimates in the range of -1.7 to -2.1, although findings rely on a
sample of heavy cannabis users. In comparison, an analysis using a sample drawn from
nationally crowdsourced data found much more conservative price elasticity estimates, ranging
from -0.67 to -0.79 across the continental US, results which may be attributed to the larger
variation in self-reported prices compared to prices derived from official data sources. These
ranges are consistent with findings from studies that suggest price elasticity estimates tend to
range by 251e half, results that hold true across various contexts (e.g. Clements, 2008; Kilmer et
al. 2010).

Cannabis Prices in Canada

The price of cannabis in Canada has received scant attention. With the exception of a few reports
examining cannabis prices (e.g. Bouchard & Dion, 2009; Boucher et al., 2013; Parliamentary
Budget Officer, 2016), studies have rarely examined prices in the Canadian cannabis market. This
section examines cannabis prices from 2011 onward, drawing from user self-reported purchases.
The cornerstone of the analysis relies on user self-reported purchases obtained from Price of
Weed, which allows for longitudinal analysis of prices from 2011 to 2015. Complementing this is
an analysis of contemporary prices (2016) using data from the Price of Weed, as well as licit
prices as listed by licensed medical marijuana producers on their websites and on Lift.co. For
each analysis, variation in prices across provinces, the quality of the cannabis, and size of the
transaction are examined.

T Kilmer et al.’s (2010) calculations of full price elasticity are not noted here, but should be mentioned for
their approximation of total price elasticity. The authors multiplied their participation elasticity (-0.3) by
1.75 (based off of tobacco literature that finds total elasticity is approximately 1.5 to 2 times higher than
participation elasticity) to generate a baseline elasticity of -0.54. When also accounting for income effects,
results stay consistent with the finding that price elasticity of demand is estimated around the value of
minus one-half (-0.50).
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Price of Weed Data

To estimate cannabis prices in Canada, data from the Price of Weed was obtained for the years
2011 to 2015. The Price of Weed is an online crowdsourcing platform for users to anonymously
submit data on their most recent cannabis transaction. Cannabis users are invited to enter the
price, quantity, and self-assessed quality of their purchased product, as well as the location of the
transaction. The website was initially launched in 2010 with the aim of answering “What is
marijuana really worth?” Initially, the administrators advertised the site on three online
communities, including Hacker News and two Reddit forums focused on cannabis (Hin, 2015),
and has since been used to estimate cannabis prices across countries, including Canada (Boucher
et al., 2013; Parliamentary Budget Officer, 2016) and the US (Caulkins & Bond, 2012; Davis et
al., 2016).

Because the website does not make price data for previous time periods publicly available, a
dataset was pieced together from data that were previously collected, from three different sources.
Data spanning 2011 to 2012 was obtained from Boucher et al. (2013), who collected and
analyzed the data in perhaps the only study to estimate cannabis prices within and across regional
markets in Canada (n = 3,987 transactions).?® Data covering 2013 to 2014 was harvested from the
Internet Archive®, a non-profit digital library providing public access to collections of digital
files, including archival website content (n = 2,245 transactions).* Data for 2015 was obtained
from Luca Giommoni at Cardiff University, who, in collaboration with David Décary-Hétu at the
Université de Montréal, used an automated webcrawler to extract the data daily over this period
(n = 2,926 transactions).**

Data from all three sources were first consolidated, before being cleaned to remove data entry
errors and outliers using the same procedures outlined in Boucher et al. (2013). First, all price
entries of $0 were removed, a procedure also consistent with Davis et al., 2016 (n= 30). Second,
price entries consisting of three identical consecutive digits (e.g. $999, $333) were dropped from
the analysis, based on the assumption that these represented false entries (n=5).% Third, high
price outliers were removed based on the assumption that the maximum value of a high quality
ounce of cannabis is $1,000 ($35.21 per gram).® Price entries that exceeded this amount
(n=107), as well as price entries of $35.21 per gram that were not high quality (n=13) were
removed. Fourth, low price outliers were excluded, including ounce-sized purchases that had a
self-reported price lower than the mean standardized price per gram for all quantities other than

% The data covers 23 months, with data missing for December 2012.

% See https://archive.org/

* Though by no means a complete record of all self-reported purchases spanning 2013 to 2014, this sample
represents entries for all 24 months over this two-year period. Price data from the Internet Archive was
collected using an automated web-crawler tool that extracted and classified price data (for a full description
see Appendix B).

%! personal communication with Luca Giommoni highlighted that there were issues with the web-crawler in
August 2015, with gaps in the days recording price data.

%2 Individuals who were “testing how to fill out the form or joking around” (Boucher et al., 2013, p. 8).

% This criterion is more conservative than that used by Davis et al. (2016), who only dropped prices
exceeding $100 per gram. We follow Boucher et al. (2013), who justify their decision using an observation
from a frequently cited paper, which states that “marijuana is usually selling from “$140-$1,000 per ounce,
depending on the quality” (Caulkins & Reuter, 1998, p. 594).
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those reported by ounce (n=75) (e.g. any ounce entries that had a total reported price less than
$8.74).% Through these procedures a total of 227 cases (2%) were removed.*®

The consolidated dataset comprises 8,931 cannabis transactions across all Canadian provinces
and territories for a five-year period (2011-2015).% For each transaction, data is available for the:
1) price; 2) quantity (1 gram, 5 grams, 10 grams, an eighth, a quarter, a half ounce, an ounce); 3)
quality (low, medium, high); 4) date of purchase; and 5) location of purchase (city and province).
Al prices and quantities in the following analyses are reported in grams.*’

Cannabis Prices

In this section cannabis prices in Canada are estimated. Price estimates are broken down by
province, self-reported quality®, and location of the transaction.

The number of self-reported cannabis transactions across Canada varies per province/territory.
Although this distribution generally reflects the geographic distribution of the Canadian
population, it only represents a subset of all cannabis users. For instance, the 7,011 reported
transactions across Quebec, Ontario, Alberta, and British Columbia represent 79 percent of the
sample, and while these same provinces account for an estimated 86 percent of the Canadian
population, they only represent approximately 40 percent of the cannabis using population.®

* This is based off the assumption that users of the website may have mistakenly filled out the price
purchased for “an ounce” when they meant “gram”, as this is the default option provided by the website.

* Three of the price entries that had three consecutive digits also reported a price higher than $35.21 per
gram.

* This represents 59 months, excluding December 2012, which is not included in the Boucher et al. (2013)
dataset.

%" The Price of Weed provides users with the following options for reporting the quantity purchased: 1
gram; 5 grams; 10 grams; 1/8 ounce; ¥ ounce; ¥ ounce; or 1 ounce. For all purchases reported by grams,
prices were divided by the number of grams purchased, whereas purchases reported by eighth, quarter, half,
or whole ounce were divided by 3.55, 7.1, 14.2, and 28.4, respectively.

%8 The authors of this report had an internal debate on whether to equate quality, as reported to the Price of
Weed website, with potency. Potency and quality are often used synonymously; however, both refer to
unigue, although sometimes overlapping, elements of the product. In a cannabis context, potency typically
captures the THC, or THC:CBD content. In contrast, quality may capture potency, but also other features
of the product, such as how it was grown (e.g. organic, without pesticides, etc.), as well as the experience
(e.g. the strain and type of ‘high’ produced). While potency is likely correlated with quality, the
relationship between the two is potentially much more complex. A cannabis user may report a high potency
product (e.g. high THC content) to be low quality (does not deliver an appropriate high/experience).
Conversely, a cannabis user may perceive a low potency product (e.g. low THC content) to be high quality
(delivers a good experience, organic product). Thus, quality may not be related to potency. At the same
time a good case can be made that users reporting quality to the Price of Weed website are referring
specifically to the potency of the cannabis. Based on the absence of any empirical support of this
relationship, the safest assumption for Price of Weed is to preserve ‘quality’ and leave open the discussion
of 1) the complexity of the concept; and 2) the expected correlation with potency. Thus, we use the term
‘quality” when referring to cannabis users’ perception of the product.

% population calculations were based off 2015 population estimates (Statistics Canada, 2016a). User
estimates were based off weighted 2011 CADUMS data on past-month users. This calculation is based on
taking all self-reported past-month cannabis users in the listed provinces and dividing it by all self-reported
cannabis users across all provinces. (NL: 6%; PEI: 6%; NS: 9%; NB: 5%; QC: 5%; ON: 7%; MB: 6%; SK:
5%; AB: 5%; BC: 7%).
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Table 1 shows the average cannabis price according to self-reported quality across Canada.*® For
the years under study, the average national price of high quality cannabis is $7.69 per gram
(Standard Deviation (SD)*": $3.63), followed by low quality (average: $7.26; SD: $5.59) and
medium quality cannabis (average: $7.14; SD: $3.81). Cannabis prices tend to be lower in
provinces associated with higher cannabis production. For instance, the highest cannabis prices
are found in Newfoundland and Labrador across all price categories, with only the Northwest
Territories and Nunavut reporting higher prices for the same quality cannabis.** Cannabis prices
are lowest in Quebec and British Columbia for most self-reported quality of cannabis.
Surprisingly, cannabis prices in New Brunswick and Prince Edward Island—not traditionally
known as growing areas—are reported to be lower than the rest of Canada, which may be in part
due to their proximity to both Quebec and the US. These results are consistent with those of
Boucher et al. (2013) and the Parliamentary Budget Officer (2016), as both reports found that
Prince Edward Island, New Brunswick, Quebec, and British Columbia had lower than average
prices compared to other provinces.

In general, higher quality cannabis garners higher per gram prices across provinces, although
there are some exceptions. In the territories, as well as Saskatchewan, prices for low quality
cannabis are slightly higher. Disparities in prices reported by quality are likely attributed to two
reasons. One of the reasons concerns users’ general inability to assess what is considered fair or
poor quality cannabis in comparison to cannabis of higher quality (Ben Lakhdar, 2009), and vice
versa. The other is the effect of quantity discounts in the calculation of standardized prices, given
that there is much more variability in the quality of smaller purchases (Caulkins, 1995).

Regression analyses demonstrate that price is significantly related to quality across New
Brunswick, Quebec, Ontario, Manitoba, Alberta, and British Columbia with all six provinces
reporting average higher prices for higher quality cannabis. The non-significant results for the
remaining provinces and territories is likely a function of weak statistical power stemming from
small sample sizes, especially once the data was partitioned by quality. Nonetheless, the findings
of the analysis suggest that high quality cannabis tends to be purchased at cheaper prices in
Quebec and British Columbia, provinces well-known for large scale illegal production. But the
lower prices may also be tied to local licit production given the evidence that users residing in
jurisdictions permitting medical cannabis production pay lower per gram prices for higher quality
cannabis, in contrast to the higher priced cannabis purchased from the illegal market that is often
of lower quality (Davis et al., 2016).

“0 | deally, price estimates would reflect a regionally-weighted average based off the average population.
However, given that we do not have information on user populations over this same period, we report
average prices by quality to minimize any sampling bias stemming from the data.

*! The standard deviation is a measure of the amount of dispersion across the set of data values. It is
calculated by taking the square root of the variance (the average of the squared differences from the mean).
*2 The lower prices in the Yukon Territory by comparison are likely the result of its closer proximity to
British Columbia.
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Table 1: Self-reported Cannabis Prices across Canada!
Province/ High Quality Medium Quality Low Quality

Territory Mean (SD)  Median  Mean (SD)  Median  Mean (SD)  Median Sig
NL (ng) 9.60 (i'%‘é) 8.90 (Z:‘S‘% 704 769
PE (g:gg) 6.51 (1'.2%) 7.04 (2:1‘6‘) 563 437
NS (g:sg) 775 (;:gg) 7.44 (;'gg) 704 21
NB (2%) 7.04 (21?3,% 5.63 (Z:gé) 563 .03
Qc (63'% 6.08 (gzgg) 533 (g:gg) 493 000
ON g%’; 7.75 (gzg) 7.04 (g:g) 700 000
MB (g:gg) 775 (g:gg) 8.00 (ﬂg) 588 045
SK (g:ég) 8.45 (j:il’) 8.45 (g:i% 9023 560
AB (2:(1%) 7.75 (471:32) 8.45 (ﬁg) 617 000
BC (g:g% 7.04 (g:gg) 6.34 (2:‘5‘% 599 000
YT (gzzg) 8.80 (g:gg) 863 11272 1127 428
NT (2:;‘1‘) 8.80 (142.'719% 1056 : : 067
NU (17%0; 8.80 (iﬁg) 16.09 (189'1536) 1056 459
CA (;:gg) 721 (gzé‘l‘) 7.04 (;'Eg) 600 000

Note 1: Only one transaction of low quality cannabis was reported to Price of Weed for the Yukon from
2011 to 2015.
Note 2: All bivariate tests were conducted using non-parametric analyses.

Table 2 shows that, in Canada, most users self-reporting cannabis transactions to Price of Weed
perceive their cannabis purchases to be of medium (41%) or high (56%) quality, with very few
users reporting purchasing low quality grade cannabis (4%) (Table 1). Combining high and
medium quality transactions, all provinces, and most territories (except Nunavut) reported that
over 90 percent of all their purchases were of high or medium quality, with this tendency highest
in the Northwest Territories (100%) and British Columbia (98%). This trend is consistent with
users’ self-reported purchases in the US (Davis et al., 2016), and may be due in part to the
challenges of diluting cannabis, or be related to sampling biases. While self-assessed quality does
not match true quality as measured by THC content (see Ben Lakhdar et al., 2016), the validity of
self-reports may be augmented in this report, given that they were likely to have been made post-
consumption of the product.
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Table 2: Percentage of Self-reported Cannabis Transactions by Quality

Province/ (N) High Medium Low

Territory Quality Quality Quality
NL 169 33% 59% 8%
PE 96 33% 59% 7%
NS 367 35% 61% 4%
NB 280 33% 63% 5%
QC 1,088 39% 56% 5%
ON 3,194 40% 56% 3%
MB 506 44% 53% 3%
SK 386 39% 58% 3%
AB 1,177 40% 56% 4%
BC 1,552 49% 49% 2%
YT 49 24% 73% 2%
NT 46 22% 78% 0%
NU 21 52% 29% 19%
CA 8,931 41% 56% 4%

Respondents visiting Price of Weed likely represent a subset of the population who have more
regular access to the Internet, thus capturing those who have higher incomes and may be more
likely to purchase a more potent product. This represents one of the main limitations of Price of
Weed data, in that it does not represent a random or representative sample, and does not provide
information on user demographics. Further, entries are not independent, with one user able to
enter as many price transactions as they wish. Therefore, findings should be interpreted with these
limits in mind.

Size of Cannabis Transactions

As shown in Table 3, 14.2 grams (one half ounce) of cannabis represents the typical purchase
across Canada, with the largest cannabis transactions occurring in Quebec, Yukon, and Nunavut
(median: 28.4 grams per transaction). However, these estimates likely reflect a lower bound,
given that the Price of Weed website restricts reporting to a maximum of one ounce. Purchase
sizes are similar to those reported to Price of Weed from the US, with the average transaction size
reported to be 13.9 grams (Davis et al., 2016) and transactions reported for over the past decade
to the NSDUH, which has stayed constant at approximately one half ounce (Kilmer et al., 2014).
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Table 3: Size of Cannabis Transactions across Canada

Quantity (g)
Prov'ince/ Mean Median
Territory (SD)
NL &?ig) 14.2
PE (%% 14.2
NS (ﬁgg) 14.2
NB (ﬂ% 14.6
QC (ﬁ:gg) 28.4
ON &g:;% 142
MB &8:;; 14.2
SK (1(13(7)2) 14.2
AB &821) 14.2
BC (ﬂﬁ’) 14.2
YT (ﬁzgg) 28.4
NT &gg% 14.2
NU (2472075) 28.4
CA (ﬁg;) 14.2

Figure 1 shows the relationship between the size of the cannabis transaction and associated price.
Across all provinces there is evidence of bulk discounts. All provinces and territories show a
downward trend, with larger cannabis transactions tending to be cheaper. The downward trends
are consistent with other assessments of illegal markets. UNODC (2010) reported a 110 and 129
percent markup for cannabis resin and herb, respectively, from wholesale to retail level across
member states in a given year, with the markup varying across countries (p. 191).
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Figure 1: Cannabis Prices by Quantity Purchased
Note: Y-axis is logged prices per gram, whereas X-axis is logged quantity purchased in grams.

Trends in Cannabis Prices

Cannabis prices across provinces and territories have stayed relatively stable over the five-year
period for which data are available. Figure 2 shows the median cannabis price, as well as the
lower and upper bound of cannabis prices across each province and territory from 2011 to 2015.
The year is broken down into seasons (Winter, Spring, Summer, Fall) representing 21 time points.
The line parallel to the x-axis represents the median cannabis price across Canada across this
period ($7.04). Cannabis prices in Canada vary according to season (p<.001), with prices highest
in Summer (median: $7.46), as compared to the prices reported for Spring, Fall, and Winter (all
report a median price of $7.04). Prices are subject to much greater fluctuation in the territories,
save once again for the Yukon Territory. This volatility is especially evident for the prices
reported in Nunavut, in part due to the lower number of observations. Caution should be taken
when interpreting these results, given that prices were aggregated across qualities and, thus,
findings may reflect changes in the distribution of purchases of high quality cannabis.
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Figure 2: Cannabis Price Trends across Provinces and Territories
Note: The line across the y-axis represents the median cannabis price ($7.04) across Canada from
2011-2015.

For nationally aggregated prices, the drop in cannabis prices are more clearly depicted in Figures
3 and 4. Over the 60-month time series, the mean national price for cannabis fluctuated between
$7.69 in January 2011 to $7.09 in December 2015. The trend depicts the rate of change, or slope,
in price over the course of the price series, with an average $0.0057 drop in the mean price per
month. The median national price by comparison fell from $7.39 to $6.06 over the same time
span, for an average drop in price of $0.0126 per month. The underlying trends in price become
more noticeable by examining the moving median price for each series. To calculate the moving
median price for cannabis, each of the respective 59 data points comprising the mean and median
price series were ‘smoothed’ or replaced with the median value of three consecutive data points—
each data point taken in chronological order, along with the data points that precede and follow
it.** By using three consecutive time intervals, price points were estimated from rolling quarterly

3 Moving median trends were graphed instead of moving averages for a number of reasons. First, the
moving median filters out noise and outliers in the data, which would otherwise impact the values
computed by the moving average. Second, the moving median is typically a more robust indicator of the
underlying trends in data than what would otherwise be obtained using a simple moving average,
particularly if the fluctuations (residuals) in a time series are not normally distributed. Third, and perhaps
most importantly, the moving median charts actual values that were calculated from the data.
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observations.* The resulting, smoothed data provides clearer depictions of the trends of the
prices series, particularly that of the mean price series, highlighting the price drops over time.
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Figure 3: Nationally Aggregated Price Series Depicting Trends in Mean Cannabis Price
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Figure 4: Nationally Aggregated Price Series Depicting Trends in Median Cannabis Price

* The actual mean and median prices were used for the first and final month for which prices were

calculated, as these are the only time points for which rolling quarterly estimates were not calculable due to
insufficient data points.
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Summary

Overall, the descriptive statistics and trends indicate that cannabis prices vary by region, quality,
and quantity, findings that are consistent with cannabis prices specifically and drug markets more
generally. Findings show that the typical purchase size for cannabis in Canada is 14.2 grams (one
half ounce) and that the majority of price entries (over 90%) reported purchases of medium or
high quality, a finding also consistent with crowdsourced price data from the US (Davis et al.,
2016). Bivariate analysis indicate that the prices paid in Ontario, Quebec, and British Columbia
have a significant and positive relationship with quality, such that higher quality cannabis
commands higher prices in these regional markets. When aggregated to the national level, price
was statistically and positively related to quality. In addition, prices are typically lower in
provinces associated with higher cannabis production, compared to provinces in which the
majority of cannabis consumed is not locally produced, but imported. With the exception of some
small degree of fluctuation and seasonal variation, prices have remained relatively stable across
the five years for which data are available. Nonetheless, findings show that prices are generally
lower than those reported by Boucher et al. (2013), which is consistent with a main observation
from the drug market literature—cannabis prices are decreasing.

Comparing Self-Reported Cannabis Prices to Prices set by Licensed

Medical Cannabis Producers

In this section of the report, cannabis prices obtained from two sources: 1) Price of Weed (via
data collected by Luca Giommoni and David Décary-Hétu); and 2) licensed medical producers
are compared. The data sampled from the Price of Weed only includes price entries submitted to
the website between January 1 and June 6, 2016 (n=1,024 price entries). Price data for licensed
cannabis producers was obtained from the producers’ websites and Lift.co (a public depository of
medical cannabis prices). Lift.co was used as a resource to supplement prices from producers’
websites. Although producers’ websites provided information on available cannabis products and
prices, Lift.co listed additional products that were not currently advertised on websites. It is
assumed that these products indexed on Lift.co, and not available on producers’ websites, were
offered in the past. Given that the date of initial licensing for all licensed medical producers was
from 2013 onwards, all price data from Lift.co for products not currently listed on producers’
websites was included in the final data. This created a final dataset of 379 prices across 21
producers, with 66% of all price data obtained from Lift.co. For detailed information on data
collection procedures, see Appendix C.

Anderson et al. (2013) represents one of the few studies to compare cannabis prices across self-
reported data, obtained from High Times, official prices listed by 84 online medical dispensaries,
as listed on WeedMaps.com.* The authors found that prices listed by dispensaries in California,
Michigan, Nevada, and Washington were not statistically different from self-reported prices,
although dispensary prices across Arizona, Colorado, and Oregon were significantly lower, with
the most substantial differences in Colorado, as dispensaries charged, on average, 24 percent less
per ounce, followed by Oregon at 14.9 percent less per ounce and Arizona at 10.3 percent less per
ounce. However, it should be noted that users who purchase cannabis from a medical dispensary

*® It is not clear whether cannabis price data obtained from WeedMaps.com represent the prices of licensed
medical producers, unlicensed medical dispensaries more generally, or a combination of the two.
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may send price information to High Times, and thus it is not possible to fully discriminate
between the two sources.

Table 4 compares self-reported cannabis prices as listed on the Price of Weed with medical
cannabis prices as reported by licensed medical producers. Unfortunately, it is impossible to
determine the legality of all cannabis prices. It is possible that individuals who have valid
prescriptions endorsed by the medical establishment and purchase cannabis from licensed
producers report these prices to the website. Conversely, cannabis purchased from licensed
medical producers may also be diverted to the illegal market. We assume that prices reported to
the Price of Weed primarily represent illegal purchases, but cannot assume complete
independence between the two markets.

The average national price per gram for cannabis transactions reported to the Price of Weed is
$6.60 (SD: $3.38) compared to $8.37 per gram price (SD: $2.34) as listed by licensed medical
cannabis producers, for a difference in means of $1.77. Prices reported to Price of Weed and
prices listed on licensed medical cannabis producers’ websites are negatively, albeit weakly,
correlated with one another (p = 0.001), indicating that there is an inverse relationship between
prices reported to the Price of Weed and listed on licensed medical cannabis producers’ websites.

Table 4. Comparing Cannabis Prices from Price of Weed to Licensed Medical Producers

Price Price
Province/ Price of Weed Licensed Producers _
Territory Mean : Mean : S19.
(SD) Median (SD) Median
6.60 8.37
CA (3.38) 5.95 (2.34) 8.00 .001

Sources: Price of Weed and Lift

Examining Self-Reported Cannabis Quality as reported to the Price of Weed and Cannabis
Potency as Reported by Licensed Medical Cannabis Producers

Tables 5 and 6 list descriptive statistics regarding the quality and potency of cannabis purchased
and advertised on the Price of Weed and licensed medical producers, respectively. Unfortunately,
it is difficult to undertake any meaningful comparison of quality and potency across the two
sources given that they are measured on two different scales.*® Thus, rather than compare the two,
this sub-section outlines the degree to which the quality and potency of cannabis varies across
provinces.

Referring to the mean quality values for cannabis transactions reported to the Price of Weed,
users are particularly inclined to report their purchases as being of medium quality. Taking the
median value of self-reported quality (1=low quality; 2=medium quality; and 3=high quality),

“® Recall that the quality of illegal cannabis is a qualitative measure reported by cannabis users as to the
perceived quality of their purchase, whereas the potency of medical cannabis is measured by true THC
content.
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indicates a value of 2. In regard to cannabis potency as reported by licensed medical producers,
the average THC content is 15.24 percent. The THC concentration in cannabis products from
licensed medical cannabis producers is higher than what is reported by Burgdorf et al. (2011).
However, it is important to note that the data used in the current study is biased. The current study
relies on data obtained from licensed medical cannabis producers, whereas Burgdorf et al. (2011)
rely on cannabis seizures in California, which also likely consists of low grade cannabis imported
from Mexico. Nonetheless, the corresponding value of the standard deviation for the mean (SD:
6.22) suggests that there is a great deal of heterogeneity within THC content across cannabis
strains.

Table 5: Quality of Price of Weed Cannabis

ityl
Province/ Vean Quality
Territory (SD) Median
2.35
CA (0.54) 2

Note 1: The ratings represent the mean/median values of self-reported quality
(1=low quality; 2=medium quality; and 3=high quality).
Source: Price of Weed

Table 6: Potency of Cannabis as Reported by Licensed Medical Cannabis Producers

1
Province/ Potency
Territory Mean Median
(SD)
15.24
CA (6.22) 16.00

Note 1: The ratings represent the mean/median values of THC concentration (%).
Source: Lift.co.

Figure 5 shows medical cannabis prices as functions of THC and cannabidiol (CBD)
concentration, as reported by licensed medical producers. The plotted data graphing the
relationship between price and THC shows that there is a large degree of dispersion in price
points, or random variation, with regards to the fitted values. Regardless, there appears to be
some relationship between price of medical cannabis and THC content. By comparison, there is
no such relationship between price and CBD concentration, as indicated by the plotted price
points which cluster around 0 on the x-axis. Put simply, with the exception of a few outliers, there
is little variation in CBD concentration in medically-grown cannabis, and, thus, there is no
association between the price of medical cannabis and CBD levels.
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Figure 5: Licensed Medical Producers’ Cannabis Prices by THC and CBD Content
Note: For licensed producers that listed a range when reporting the THC or CBD content, the median value
was taken to calculate estimates.

The graphed data in Figure 6 shows an interesting observation: not only is there much more
heterogeneity in THC concentration across medical cannabis strains than there is CBD
concentration, but, generally, THC levels far exceed those of CBD. Taking the median THC and
CBD levels (0.15) across provinces, shows a THC:CBD ratio of 106.67.*" This ratio is more
conservative compared to the median THC:CBD ratio of 187.99 found by Burgdorf et al.
(2011),*® but much larger than what was recently reported by Martin (2016), who found that
cannabis distributed from medical dispensaries has an average THC:CBD ratio of 1.77. These
discrepancies are likely to be at least partially due to differences in calculation stemming from
using median values compared to Martin’s (2016) calculation using average values.*
Nonetheless, the findings are consistent with what is generally reported elsewhere in that levels of
THC greatly exceed levels of CBD. Furthermore, though it has been acknowledged elsewhere
that much more research is needed to uncover the outcomes of high THC:CBD ratios in cannabis,
there are some possible implications of high THC:CBD ratios for adverse health outcomes (see
Potter et al., 2008).

*" The median values are reported rather than the average, as taking the average of all observed CBD levels
is highly skewed.

“® It is important to remember that Burgdorf et al.’s (2011) estimates are based on marijuana seized by
police, whereas our data consisting strictly of medical cannabis from licensed producers that overall is of
much higher quality, an explanation which likely accounts for differences in the derived ratios.

*° Taking averages of THC and CBD content, the THC:CBD ratio is 3.98, which is higher than, but much
closer to Martin’s (2016) findings.

PRICE OF CANNABIS IN CANADA PUBLIC SAFETY CANADA 33



° .
L4 8o 0 o o° .

Figure 6: CBD and THC Content of Medical Cannabis from Licensed Producers
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When interpreting the results, it should be emphasized that 1) comparisons of average transaction
size across licensed medical producers and Price of Weed data cannot be conducted, as licensed
producers do not disclose information on the size of user transactions and 2) comparisons of
guality across sources of cannabis are precluded, as the Price of Weed reports the perceived
quality of cannabis, and licensed producers the true quality (as measured by THC content).

Price Elasticity of Cannabis Demand

This section examines the full price elasticity of cannabis demand in Canada. The aim is to
understand how price changes influence the total amount of cannabis consumed. The estimates
rely on self-reported transaction data, examining variation in the amount of cannabis consumed
and prices paid across users.”

Data and Method

Estimates of the full price elasticity of cannabis demand are conducted using self-reported
transaction data from Price of Weed. The sample includes transactions reported to have taken
place in Canada from 2011 to 2015 (n = 8,815). Territories were excluded from the analyses due
to the low number of observations (n = 116).

Price elasticity of cannabis demand in Canada is modelled using weighted OLS regression with
cluster robust standard errors. OLS regression is a method for estimating the parameters in a
linear regression equation by the ordinary least squares method. It aims to model a continuous
outcome variable in terms of its relationship to a set of independent (explanatory) variables, and

%0 In addition to the full elasticity estimates, participation elasticity estimates, the probability that someone
uses cannabis (versus the total amount used), were also calculated using a general population survey on
cannabis use, and transaction data on cannabis prices. However, a lack of variation in prices and cannabis
use across the data sources for the time period examined precluded us from obtaining reliable estimates.
For a review of the methods used to estimate participation elasticity see Appendix D.
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does this by minimizing the sum of the squares of the differences between the observed values in
the dataset and the values predicted by the linear function of a set of independent variables.
Observations are weighted by the number of transactions in each province for the year in which
the transaction took place, taking the inverse of the probability that each province is represented
in the sample. Weighted OLS regression with cluster robust standard errors is consistent with
Davis et al. (2016), who examined price elasticity in the US using Price of Weed data and allows
us to account for two limitations in these data. First, there is non-random variation in the number
of transactions reported across each province, which means that some provinces may exert a
greater effect on the estimates. Second, transactions cannot be assumed to be independent, with a
single user potentially submitting more than one transaction to the website. Robust errors are
specified to account for possible dependency between observations.

Quantity

The quantity of cannabis purchased for each transaction was used as the outcome variable in the
analysis. The average transaction size for the sample was 17.04 grams (SD: 11.03) (Table 7).
Once again, this is consistent with US self-reported transaction sizes by Kilmer et al. (2014),
finding transactions to be roughly one half ounce over a decade period, from 2000 to 2010, but
slightly higher than the average transaction size reported to Price of Weed in the US (13.92
grams) (Davis et al., 2016).

The main relationship of interest is the degree to which cannabis prices influences the quantity
purchased for each transaction. Price captures the quantity adjusted price per gram paid by the
consumer. The average price of cannabis was $7.32 per gram (SD: $3.76), and was highest for
high quality at $7.69 per gram (SD: $3.63), followed by low quality cannabis (average: $7.26;
SD: 5.57), and medium quality cannabis (average: 7.14; SD: 3.81). Given that price is not the
only factor that plays a role in the quantity of cannabis consumed by users, product and
transaction characteristics, as well as demographics are included as controls in the models.
Product characteristics include the self-reported quality of the drug, transaction characteristics,
the season of purchase, and demographics including education and cannabis offences rates.

The majority of transactions reported to the Price of Weed were classified as medium quality
(55%), followed by high quality (41%), with only a fraction of users classifying their purchase as
low quality (4%). Given that quality captures users’ perception of cannabis potency, the measure
may capture other components than just the perceived THC content. While studies have yet to
assess the relationship between users’ subjective perceptions and the true potency of cannabis
(e.g. THC content), they have shown that users’ perceived potency plays a role in the price paid
(e.g. Ben Lakhdar, 2009; Ben Lakhdar et al., 2016; Cole et al., 2008; Goudie et al., 2007;
Sifaneck et al., 2007). However, there are mixed results on whether a drug’s potency (whether
real or perceived) has an impact on demand (Ben Lakhdar et al., 2016; Davis et al., 2016). Davis
et al. (2016) found that users who perceive cannabis to be of high quality are more likely to
purchase greater amounts, whereas Ben Lakhdar et al. (2016) found no such relationship.
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Table 7: Cannabis Transactions across Provinces in Canada

Variable Mean SD Min Max

Quantity (grams) 17.04 11.03 1 28.40
Price per gram 7.32 3.76 0.04 35.21
Quality

High 041 0.49 0 1

Medium 0.55 0.50 0 1

Low 0.04 0.19 0 1
Bachelor's Degree 0.22 0.03 0.13 0.27
Cannabis Offence 203.58 83.71 80 424
Season

Winter 0.18 0.39 0 1

Spring 0.34 0.47 0 1

Summer 0.25 0.43 0 1

Fall 0.23 0.42 0 1
N =8,815

To capture transaction characteristics, the season the user purchased cannabis was included as a
covariate. This measure was a categorical variable that captured Winter, Spring, Summer, and
Fall. Most transactions occurred in the Spring (34%), followed by Summer (25%), Fall (23%),
and Winter (18%).

Consistent with previous studies, education was included as proxy to control for users’ income
(e.g. Ben Lakhdar et al., 2016; Davis et al., 2016; DeSimone & Farrelly, 2003). Education
measures the percent of the population that has acquired a bachelor’s degree or higher in the
month and province that the transaction took place. Data on education-level was obtained from
the Labour Force Survey, a nationally representative survey of the civilian non-institutionalized
population aged 15 years of age and older. The survey asks respondents about their highest level
of educational attainment at the time of survey. Previous studies have suggested that individuals
with more disposable income may be less sensitive to changes in prices (Pacula & Lundberg,
2014) and that cannabis prices are influenced more by individual characteristics than product
characteristics (Ben Lakhdar et al., 2016).

Cannabis offences measure the rate of police-reported cannabis offences per 100,000 in the
province where the transaction took place. Cannabis offences include possession, trafficking, and
production of cannabis, as detected and reported by police. Data was obtained from the Police-
Reported Crime Statistics in Canada publications for the years 2011 (Brennan, 2012), 2012
(Perreault, 2013), 2013 (Boyce, Cotter, & Perreault, 2014), 2014 (Boyce, 2015), and 2015 (Allen,
2016). The reports publish provincial cannabis offence rates for each year relying on data from
the Uniform Crime Reporting (UCR) survey. The UCR reports each criminal incident recorded in
the information systems of participating Canadian police surveys.*" For each criminal incident,
the UCR only counts the most serious violation and, thus, likely represents an underestimate of
all cannabis offences. Previous studies have shown that variation in prosecution for cannabis use,
as measured through decriminalization (Cameron & Williams, 2001) and the probability of arrest

*! Statistics Canada reported that in 2015, 156 police services supplied data for the full year, capturing
approximately 99 percent of the population (Statistics Canada, 2016d).
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for possession (DeSimone & Farrelly, 2003), is associated with cannabis demand/use—with some
exceptions (Davis et al., 2016).

In addition, to control for endogenous factors that may influence cannabis prices, electricity rates
were included as a supply-side instrument. Electricity rates account for a large proportion of the
total costs of domestically produced cannabis. Climate, security concerns, as well as greater
control over the quality of the product, leads many producers to cultivate cannabis indoors.
However, indoor growing, which generally requires high intensity lighting equipment for
prolonged periods, creates substantial costs to producers. For instance, previous studies showed
that the average cannabis grow-op consisted of approximately 36 lights, with each light using
1,000 watts per hour, and are on for an average 14 hours a day over the growing cycle (Diplock &
Plecas, 2011). Electricity costs have been found to range from 42 percent for growers with 600
plants (large scale growers) to 76 percent of the total costs for growers with 23,000 plants
(industrial growers) (Vanhove, Surmont, Van Damme, & De Ruyver, 2014). When broken down
by pound, Caulkins (2010) found that electricity for lighting accounts for approximately US$75
of the $200 to $400 cost of indoor production for each pound of cannabis.

The electricity rate measures the average one-month residential bill in each province for 1,000
kilowatts of electricity. Data on electricity rates was obtained from Manitoba Hydro, who
publishes annual estimates of electricity rates across various cities in Canada.>* Information on
electricity rates is obtained from consulting electricity suppliers within local municipalities.
Because rates are only published for select cities across provinces (e.g. in Alberta electricity rates
are only available for Calgary and Edmonton), city-level estimates are used to generate province-
level averages. OLS estimates including electricity rates exclude cannabis transactions reported
from Prince Edward Island, as electricity rates are not provided for any cities within this province
(n =96 observations).

A total of five models are estimated to examine how different sets of covariates influence price
elasticity of cannabis demand. Model 1 is our baseline, regressing cannabis prices on the size of
the transaction. Model 2 introduces product characteristics into the equation, examining how the
quality of the purchase influences the quantity demanded. Model 3 looks at transaction
characteristics, including the season the cannabis was purchased as a covariate. Model 4 adds in
demographic characteristics, including education rate, as well as the rate of cannabis offences in
the province in which the transaction occurred. Lastly, Model 5 includes electricity rates as a

%2 gee https://www.hydro.mb.ca/requlatory affairs/energy rates/electricity/utility rate comp.shtml
(Accessed November 12, 2016). Data for previous years was obtained from consulting Manitoba Hydro’s
webpages stored on the Internet Archive (Accessed November 8, 2016):
2011:https://web.archive.org/web/20110714150253/http://www.hydro.mb.ca/requlatory affairs/energy rat
es/electricity/utility rate_comp.shtml;
2012:https://web.archive.org/web/20120705053438/http://www.hydro.mb.ca/requlatory affairs/energy rat
es/electricity/utility rate comp.shtml;

2013: https://web.archive.org/web/20131031131736/

http://www.hydro.mb.ca/requlatory affairs/energy rates/electricity/utility rate comp.shtml;

2014: https://web.archive.org/web/20140715164227

[http://www.hydro.mb.ca/requlatory affairs/energy rates/electricity/utility rate comp.shtml; and
2015:https://web.archive.org/web/20151109083041/http://www.hydro.mb.ca/requlatory affairs/energy rat
es/electricity/utility rate_comp.shtml
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supply side instrument to control for an exogenous factor that may influence cannabis prices, but
not demand. All models are weighted using inverse probability weighting. This method weights

the observations by the number of transactions made within each province, capturing the inverse
of the probability that each province is included in the current sample.

Results

Table 8 provides the OLS and IV regression estimates across all five models. Model 1 shows that
the demand for cannabis is inelastic with a price elasticity estimate of -0.42. Price elasticity
estimates stay similar in Model 2, even after controlling for product characteristics, such as the
quality of the cannabis purchased. In addition, Model 2 shows that cannabis quality is associated
with greater demand, a finding that stays stable across the models. This is consistent with Davis et
al. (2016) and Ben Lakhdar et al. (2016), who both found higher self-assessed quality to be
associated with heightened demand. But in contrast to Davis et al. (2016), the findings show that
not only is self-perceived high quality cannabis associated with higher demand, but that demand
is also strong for self-perceived medium quality cannabis. However, the subjective nature of the
quality variables should be noted, given that self-reports reflect users’ experiences, it may mean
that individuals residing in areas where high quality cannabis is more common (e.g. British
Columbia) may rate cannabis considered high quality elsewhere as being of medium or low
guality. This same logic also applies over time, with cannabis once considered to be high quality
potentially considered to be of low(er) quality as the market evolves.

Model 3 introduces transaction characteristics and the season the purchase was made. Findings
show price elasticity estimates to be stable at -0.44. In addition, there is greater demand for
cannabis in the Spring and Summer, as compared to purchases made in the Winter, and there is
less demand for cannabis in the Fall, as compared to purchases made in the Winter. In Model 4,
education and cannabis offence rates are included in the model, as well as province-level fixed
effects. Findings show that price elasticity estimates stay stable at -0.44. Transactions made in
provinces with a higher education rate were more likely to be smaller, whereas cannabis offence
rates had no impact on cannabis demand. Lastly, Model 5 introduces electricity rates as a supply-
side instrument into the model. Findings show estimate of price elasticity of -0.60, which is only
slightly higher than estimates obtained through standard OLS regression in absolute value, which
were more consistent across models, ranging -0.42 to -0.45.

In summary, results show the demand for cannabis to be inelastic to price changes, with price
elasticity estimates staying relatively stable across models, ranging from -0.42 to -0.60. These
estimates are consistent with previous studies (e.g. Clements, 2008; Kilmer et al., 2010), and only
slightly lower than those found by Davis et al. (2016), who also examined price elasticity using
crowdsourced data reported to Price of Weed in the US. Findings also show that higher quality
cannabis is associated with greater demand, purchases made in the Spring and Summer are likely
to be larger than purchases made in Fall and Winter, and purchases made in provinces with higher
education rates were more likely to be smaller in size. The lack of a relationship between offence
rates and cannabis demand may be related to the absence of a suitable means to measure risk.
Cannabis offences capture the offence rate, but not the probability of apprehension among users,
which would be the more ideal measure. DeSimone and Farrelly (2003) calculated the probability
of detection by calculating the number of arrests for cannabis possession in a given year and
dividing it by the number of users for the same period, although the lack of user data for the same
period precludes us from including this in the models.
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Table 8: Weighted OLS and IV Estimates of Cannabis Demand
Dependent variable: logged guantity of cannabis purchased (grams)

OLS (1) OLS (2) OLS (3) OLS (4) IV (5)
Parameters b (SE) b (SE) b (SE) b (SE) b (SE)
Price per gram -0.42%+* -0.45%+* -0.44%x* -0.44%+ -0.60**
(logged) (0.02) (0.02) (0.02) (0.02) (0.22)
High Quality - 0.44%x* 0.43%** 0.44%x* 0.48***
(0.02) (0.02) (0.02) (0.06)
Medium Quality - 0.11%** 0.11%** 0.11%** 0.12%**
(0.01) (0.02) (0.02) (0.01)
Spring - 0.14%* 0.10%** 0.14%**
(0.02) (0.02) (0.02)
Summer - - 0.04* 0.14** 0.05%**
(0.01) (0.04) (0.02)
Fall - - -0.08* 0.07* -0.08*
(0.03) (0.04) (0.03)
Education - -17.42* -
(6.43)
Cannabis Offences - - - 0.00
(0.00)
Year -0.05%** -0.04x** -0.05%** 0.06 -0.05%**
(0.00) (0.00) (0.02) (0.04) (0.02)
Province dummies No No No Yes No
Constant 96.60*** 76.68*** 101.09*** -114.22
(6.47) (7.26) (12.49) (69.18)
R2 0.11 0.13 0.14 0.15 -
F Statistic - - - 27.24
N= 8,815 8,815 8,815 8,815 8,738

Findings should be interpreted within the confines of the data. In addition to the aforementioned
limits (e.g. data is not representative and cannot be assumed to be independent), Price of Weed
data presents unique challenges for calculating price elasticity estimates. First, Price of Weed data
does not distinguish between user-types, such as initiates, regular, and chronic users. This
distinction is important as heavy users represent a subset of all users, but consume the largest
guantities of cannabis (Caulkins & Pacula, 2006; Kilmer & Pacula, 2009). Thus, even if the total
number of users drops following an increase in price, it may not influence overall consumption if
the number of heavy users remains stable or even increases. Further, previous studies have
suggested that elasticity estimates vary by type of user (Pacula & Lundberg, 2014). Relatedly,
because the data is likely to over represent individuals from higher income brackets that also have
regular access to the Internet, the sample may be biased towards more casual users, as compared
to regular and chronic cannabis consumers, found in arrestee and homeless populations. Finally,
Price of Weed provides a cross-section of cannabis transactions across different periods. Ideally,
a longitudinal dataset would allow for the examination of purchasing behaviour across a sample
of users over time. This would enable examinations of individual variation before and following
price changes, using the cannabis user as their own reference group. Despite these limitations,
Price of Weed data provides a large sample of cannabis transactions, not previously available, and
also allows for price elasticity estimates that account for the size of the transaction.
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Discussion

This report provided a series of estimates on cannabis prices and the responsiveness of Canadian
cannabis users to changes in prices. Whether in terms of cannabis prices or price responsiveness,
evidence regarding the cannabis market is consistent. Cannabis prices have been relatively stable
over the past five years showing only a slight decline, the average size of cannabis transactions is
approximately one half ounce, similar to purchase sizes in the US, and price responsiveness falls
in the range of previous estimates in other countries, including the US and Australia. To
conclude, a general assessment of the study’s results, ways forward for measuring prices of illegal
cannabis, and research and policy recommendations are provided. Across all sub-sections, the
discussion and findings are situated in the context of the potential implications of a transition
from prohibition to legalization.

Summary of Results

Over the past five years retail prices of cannabis have declined slightly

This general statement is based on a series of analyses of consolidated data sets of almost 9,000
cannabis transactions across Canada between 2011 and 2015. Findings demonstrate that retail
cannabis prices have stayed relatively stable from 2011 to 2015, with an average drop of the
median national price of $0.0126 per month. Across this period, the average national price of high
quality cannabis over this period was $7.69 per gram (SD: $3.63), followed by low quality
(average: $7.26; SD: 5.59) and medium quality cannabis (average: $7.14; SD: $3.81). Most self-
reported purchases are perceived to be medium or high quality, similar to self-report data in the
US cannabis market (Davis et al., 2016). However, it should be emphasized that these are users
perceptions of quality, and not necessarily representative of all cannabis transactions made across
Canada. Findings also showed that the typical size of a cannabis purchase in Canada is 14.2
grams (one half ounce), consistent with transaction sizes in the US (Kilmer et al., 2014), and
evidence of bulk discounts, with larger transaction sizes fetching lower prices per gram.

Medical cannabis prices as reported by licensed medical producers tend to be higher than
cannabis prices reported to Price of Weed

Comparisons of cannabis prices as reported by licensed medical cannabis prices and to Price of
Weed, showed that medical prices were, on average, nearly $2.00 per gram higher than illegal
prices. However, caution should be used when interpreting this price discrepancy. The
comparisons are based on self-reported cannabis prices and do not control for the size of the
transaction or the potency of the product. Further, cannabis prices reported to Price of Weed may
capture illegal as well as legal transactions related to medical cannabis. In terms of potency for
cannabis products offered by licensed medical producers, high heterogeneity in THC content was
found across Canada. In addition, within the medical cannabis market, no association was found
between CBD levels and prices. In fact, THC levels surpassed CBD levels across medical
cannabis strains, a finding that is consistent across past research in this area.

Under prohibition, demand for cannabis appears to be inelastic, with price elasticity estimates
ranging from -0.42 to -0.60. The range of price elasticity estimates is consistent with studies in
Australia and the US. Also, the results highlight that demand varied according to the quality of
cannabis, suggesting that changes to the supply and demand of cannabis may not be uniform
across different potencies, a result also found by Davis et al. (2016). However, the elasticity
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estimates are based on demand for a product that was illegal in Canada, and the price estimate
only takes into account a proxy of law enforcement risk. It is unknown whether price elasticity
estimates would remain the same under a shift to legalization.

It should be noted that there are limitations to the current methodology, and more work is needed
to approach the level of confidence needed to make, for example, concrete recommendations
regarding setting prices or resource allocation. The main limitations extend from reliance on a
single data source: transactions reported to Price of Weed. Price of Weed represents a valuable
resource to obtain national estimates of cannabis prices over time, where currently national data
infrastructure does not exist, although estimates relying on this as their sole source should be
interpreted within its limits. First, Price of Weed does not represent a random or representative
sample of users. Cannabis users self-nominate to report prices to the website, and thus must be
aware, as well as have access to the website. Respondents visiting Price of Weed likely represent
a subset of the population who have more regular access to the Internet, thereby capturing those
who have higher incomes and may be more likely to purchase more potent cannabis in larger
guantities. Second, the website provides a cross-section of cannabis transactions across different
periods. Although there may be repeated observations with a single individual reporting multiple
transactions over time, there is no method to identify these repeat users. Third, the website does
not collect information on individual demographics. While this may increase the response rate, as
individuals may be hesitant to report identifying characteristics, it precludes researchers from
understanding the characteristics of users. Relatedly, Price of Weed does not distinguish between
types of users. Thus, it was impossible to distinguish whether the individual reporting to the
website was a first-time, regular, or chronic user. Fourth, users’ perceptions of quality may
change over time. What was once perceived as high quality may vary after using different
products, changes in the market, etc. This may bias estimates of quality across users. Fifth, price
data reported to Price of Weed may not exclusively contain illegal transactions. It is possible that
users who purchase from licensed cannabis producers, also report prices to the website. Finally,
transaction data reported to the website represents the total size of the transaction, and not the
total amount consumed by the user. Users may redistribute their product to others, and not
necessarily use the full amounts for themselves, thus biasing our elasticity estimates.

Despite these limitations, cannabis transaction data reported to the Price of Weed website
represents a valuable resource for understanding price patterns. Price of Weed data has been used
either as a sole data source or to augment traditional data sources to estimate cannabis prices
(Boucher, Lawrence, & Maslov, 2013; Davis, Geisler, & Nichols, 2016; Malivert & Hall, 2013;
Parliamentary Budget Officer, 2016; Werb et al., 2012; Zook, Graham, & Stephens, 2011) and
has been found to share some degree of correlation with official and other self-reported datasets
(Caulkins & Bond, 2012). Further, it provides insight into an illegal market on a scale that is
currently not possible with other datasets. However, remaining cognizant of its limitations,
various ways to generate reliable and robust measures of prices and elasticity estimates, as well as
policy and research recommendations are outlined below.

Measuring Drug Prices

Knowing the price of cannabis is essential for assessing the consequences of current cannabis
laws and making projections about policy changes. The retail price is critical for measuring total
cannabis expenditures, which can then be used to help estimate the amount of money diverted to
organized crime and other illegal market participants. Data about the retail price in the illegal
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market can also be informative for governments or licensed producers when they decide about the
prices for legal medical cannabis products.

For jurisdictions like Canada that are considering cannabis legalization, knowing the price before
the policy change is essential for making reasonable predictions and encouraging informed
debates. Many of the major outcomes discussed in cannabis legalization debates—the size of the
illegal market, tax revenues, and consumption (which will have implications for public health)—
will be shaped by what happens to the retail price after the policy change. This report suggests
that there has been a slight decline in retail prices from 2011 to 2015, although the change in
price after legalization could be much more significant (Kilmer et al., 2010). Production and
distribution costs are expected to plummet as suppliers no longer have to be compensated for risk
and they can take advantage of economies of scale, as well as changes in technology.
Governments seeking to minimize or delay the price decline have many options ranging from
limiting production to imposing regulations to excise taxes to mandating minimum prices
(Caulkins et al., 2015; Rolles & Murkin, 2016). Within this mix of lowering operational costs and
a likely emergence of governmental taxing of a legal cannabis market, prices should be expected
to remain stable to what Canadians have become accustomed to under prohibition. However, as
with other highly-taxed markets (e.g. cigarettes), over-taxing would likely generate a parallel
demand for contraband cannabis, a scenario that would seem to be in contradiction with a
legalization process.

Most analyses of cannabis prices do not account for the heterogeneity in cannabinoids as these
data are rarely available. This report makes a useful contribution by reporting prices as a function
of self-reported quality (e.g. low, medium, and high), but it would be more informative if the
price per unit of THC, the cannabinoid primarily responsible for intoxication, could be reported.
For example, we may not be comparing apples with apples if the cannabis bud that was
considered “medium quality” in 2011 would be considered “low quality” in 2015. More
importantly, users are not just consuming bud or homemade baked goods anymore; the types of
cannabis products being consumed are proliferating. THC and other cannabinoids are now being
extracted from the plant to produce oils, waxes, lotions, cartridges for e-cigarette devices, and so
on (only about half of the THC in the cannabis plant is in the flowers). To help with comparisons
and projections, it would be useful to know the price per unit of THC for all of these products. It
would also be useful to know how consumers react to changes in the price of THC and how it
may differ across products.

In addition, there are other cannabinoids and chemicals in the cannabis plant that could affect
demand, price, user health, and other outcomes. For example, CBD receives an increasing amount
of attention for its potential therapeutic benefit and evidence suggesting that it may offset some of
the negative effects of THC (e.g. see Devinsky et al., 2016; Karinol et al., 1974). This raises
guestions about whether jurisdictions allowing cannabis products should focus on THC:CBD
ratios (in terms of regulations and/or excise taxes), but the research is not strong enough to make
evidence-based recommendations about the optimal ratio. As there is so much to learn about
cannabinoids and other chemicals (especially with respect to how their interactions affect users),
jurisdictions considering or implementing changes to cannabis policy will want to build flexibility
into their regulatory and taxation regimes, so new information can easily be incorporated (Kilmer,
2014).

Regardless of whether Canada decides to legalize cannabis, efforts should be made to improve
existing survey instruments to collect better information about the types of products being
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consumed, how much is being consumed, how these products are obtained, and how much they
cost (Kilmer & Pacula, 2016; Maslov, Lawrence, & Ferguson, 2016). In terms of collecting
information about perceived quality, no one knows the best way to ask about this (e.g. scale of 1
to 10; High, Medium, or Low; ask specifically about sinsemilla and skunk). This is an area ripe
for future research. Data collection efforts should not be solely focused on cannabis. On the
contrary, any serious evaluation of the impact of cannabis legalization will require that data on
other substances be collected more systematically, from alcohol to opioids. These efforts should
start now, in pre-legalization stages. The current data collection efforts are simply not sufficient
for scholars and policy makers to assess the impact of legalization on the behavior of consumers
of cannabis and other substances.

If Canada legalizes cannabis supply, policymakers should seriously consider requiring market
participants—from growers to testers to distributors to retail outlets—to enter data into a ‘seed-to-
sale’ system that will allow analysts to track transaction-level information about products,
cannabinoids, testing results, and prices throughout the supply chain. One reason for this is to
help reduce the possibility of diversion, but it also provides a tremendous amount of data for
research purposes. Both Colorado and Washington have created such systems and preliminary
analyses are yielding important insights about consumption and the economics of cannabis
markets (Kilmer, personal communication). That said, these systems were not necessarily built
for research purposes. If a decision is made to create a seed-to-sale system in Canada, ideally
policy analysts and other researchers will be consulted before the system is built or contracted to
an outside entity.

Type of Data Required to Model Price Elasticity

The limitations of cannabis price data used in the current report provide a useful starting point for
recommendations on the type of data required to model price elasticity. The following four
limitations highlight ways forward. First, the transaction data: 1) were not representative; 2) were
not independent; 3) did not contain information on frequency of use; and 4) did not contain
information on user demographics. Ideally, price elasticity estimates would rely on a
representative sample of non-users and users (across user-types, e.g. casual, regular, and heavy
users) that collected information on prices paid, and quantity purchased (and consumed) over
time. Ideally, estimates would also be modelled across a period where there was an exogenous
price shock, allowing researchers to address the endogeneity of price and demand. However,
considering the time and financial resources to create this infrastructure, a more feasible strategy
may be to capitalize on existing research surveys that currently capture these populations. For
instance, CTADS currently surveys a nationally representative sample of the household
population on their cannabis use (e.g. cannabis use in the past 30-days, 3-months). But the survey
is limited in that it does not contain information on the quantity consumed by users, as well as
prices paid for their cannabis (also see Appendix D). This same survey could be augmented by
asking users about the quantity used, and characteristics of the transaction, such as price.
Importantly, this could permit an additional section of questions on the characteristics of the
transaction, such as source (e.g. from a licensed producer, or illicit storefront). This is similar to
studies in the US such as ADAM Il (Hunt & Rhodes, 2009) and the New Zealand National Drug
Survey (Wilkins et al., 2005), and echoes previous calls to integrate cannabis use and price data
into national surveys elsewhere (e.g. Maslov et al., 2016). In addition, this would also have the
added benefit of allowing for information on demographic characteristics, which means that price
elasticity estimates could control for other factors associated with cannabis use, creating more
robust estimates.
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Further, given that these nationally representative surveys capture the household population, they
could be complemented by more targeted surveys that capture heavy users. Previous studies have
shown that homeless and incarcerated populations tend to have heavier cannabis use, a population
that is not captured in national surveys, and that heavy users may be more impacted by price
changes (e.g. Pacula & Lundberg, 2014). Currently, research instruments are being developed to
assess samples of regular and heavy users, such as efforts by the Marijuana Working Group.
These data collection efforts are useful in that they capture the frequency and quantity of cannabis
used across a variety of cannabis products (from oil, hash, to dried herb). However, while it also
captures real prices paid, it also collects information on users’ perception of prices. The problem
with users’ perceptions of cannabis prices is that it captures their assessment of the market, rather
than true market conditions. Price data based on actual transactions across a representative sample
may be more useful if the objective is to gain an understanding of cannabis prices. Given the
challenges of obtaining price data, and respondents to complete these questionnaires, survey
guestions may be better directed at user characteristics or other factors related to cannabis use.

Lastly, given the finding that electricity rates appear to be a plausible instrument in the IV
models, it would be useful to acquire information on electricity rates at the monthly or quarterly
level (rather than the annual level, as presented in this report), as well as for sub-province
geographic units. This would allow for more reliable estimates of price elasticity.

Research and Policy Recommendations

The current report aimed to provide a baseline of prices in the Canadian cannabis market prior to
any legislative shift. As such, it provides an assessment of the cannabis market under prohibition.
While this precludes us from making recommendations on how the market would operate under
legalization, it does provide a baseline that allows us to outline factors that may be taken into
consideration when setting prices in a legal cannabis market. In this section, specific factors that
should be accounted for when transitioning into a licit market are outlined, echoing many of the
recommendations made by the Task Force on Cannabis Legalization and Regulation (McLellan et
al., 2016), while supporting them with the current report’s findings. Specifically, this sub-section
focuses on the need to develop strategies that: 1) minimize diversion; 2) discourage consumption;
and 3) invest resources into increased understanding of drug markets.

Prices should be set so as to minimize diversion to the illegal market

Cannabis price estimates showed that cannabis prices are relatively low across Canada, ranging
from an average of $7.26 to $7.69 per gram from 2011 to 2015. These prices are similar to the
average recreational cannabis prices in the Denver metro, with the Marijuana Policy Group
reporting a single gram purchase of a specific strain of marijuana to be $7.00 in Denver
(Marijuana Policy Group, 2014), and PotGuide.com reporting cannabis to be US$7.88 per gram
for the Winter 2015 (PotGuide.com, 2016)°*; however, this does not take into account the quality
of the product, and does not include any taxes. After legalization, the legal market will have to
compete with prices set in illegal markets so as not to avoid diversion. This may also require
accounting for variation in prices across provinces. Currently, users in Quebec pay lower prices
than users in Atlantic Provinces. Thus, standardized cannabis prices may have different impacts

%% Price estimates were based on a random survey of 25 stores in the Denver Metro Area.
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across regions of Canada. Prices set too high may sustain or generate illegal markets, and what is
‘too high’ may vary across Canada. This is particularly important given parallels to the tobacco
market, where the contraband and counterfeit markets are sustained largely due to price
differentials with licit tobacco products. Given the lack of data on how transitions to legalization
impacts both cannabis use and the black market, the Task Force on Cannabis Legalization’s
emphasis on creating a flexible taxing scheme that could be adapted is also supported here.

Second, retail prices in mountain communities were 50-100 percent higher than prices for similar
marijuana strains in the Front Range. The price difference is most pronounced for small servings.
For example, a single gram serving near Keystone resort costs $14.00, whereas the same gram for
an identical strain costs $7.00 in Denver.

Prices should vary according to quality

The Task Force on Cannabis Legalization’s Report recommends developing “strategies to
encourage consumption of less potent cannabis, including a price and tax scheme to discourage
the purchase of high potency products” (McLellan et al., 2016, p. 3). Given that the health
consequences of high-potency products are still largely unknown, one method to discourage
consumption is to impose a THC limit until more is learned about its effects. An alternative
method to discourage the use of high potency cannabis is to impose potency-based taxes, or
minimum taxes. The findings in the current report support this perspective. Cannabis of higher
quality is more expensive in the illegal cannabis market, and this should remain the case.

Resources should be allocated to increase research infrastructure for understanding the markets
for cannabis and other substances

This report supports the Task Force on Cannabis Legalization’s recommendation that resources
be allocated for prevention and treatment programs. Here, we emphasize that one way to develop
effective programs is to increase our understanding of drug markets. One method to do this is by
creating random and representative studies of drug use and prices for cannabis, as well as other
drug markets (also see recommendations in sub-section 5.2). These data sources can form the
cornerstone of policy changes, including: 1) measurements of the price elasticity of cannabis
demand within a legal market; and 2) examinations of how cannabis legalization impacts other
drug markets.

Conclusion

The current report used self-report data on cannabis transactions to estimate cannabis prices and
the relationship between prices and cannabis use. MacCoun and Reuter’s (2001) summary
statement on the price elasticity of illegal drugs orients us in the right direction: “Even though the
availability and price of drugs are only modestly affected by variations in the current levels of
enforcement or interdiction, they would likely be more dramatically affected by the complete
elimination of enforcement brought about by legalization or by substantial reductions in the
penalties for use” (p.78). Indeed, the clearest statement that can be made regarding the results
from this report is that, regardless of the constraints imposed by prohibition costs (Reuter’s
consequences of product illegality), Canadian cannabis prices have remained very stable during
the period under analysis. Such a finding does not simply highlight the stability of prices. More
importantly, it emphasizes the stability and persistence of Canadian demand for cannabis, an
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issue that any policymaker or regulator must place at the core of the decision-making process that
determines what constitutes a ‘vice’ in this country.

The recent developments surrounding legalization raises several challenges for scholars as well as
public authorities in understanding how it will impact corresponding prices, the illegal market,
and cannabis use. The estimates of prices and price elasticity in this report represent those during
a period of prohibition, making it impossible to fully estimate how potential movements to
legalization could impact the market. However, the importance of obtaining estimates prior to
policy shifts should not be understated. As stated by Maslov et al. (2016), “metrics of relevance
to assessing any policy are most beneficial when they exist prior to any shift in policy, during the
shift, and measured continuously following the shift” (p. 51). Having estimates allow
policymakers to avoid many of the pitfalls in other jurisdictions. For instance, States within the
US lacked baseline data on price estimates and elasticity during periods of prohibition, as well as
information about the location and number of medical outlets. These barriers have precluded
researchers and policy-makers from fully analyzing the effects of legalization policy and the
impact of legalizing cannabis on the market. Documenting this now in various provinces will play
a significant role for evaluating the impact of legalization in Canada. An understanding of
cannabis markets requires a meaningful starting point. Much of what is known about prices in
Canada extends from a single source, self-reported transactions from the Price of Weed.
Nationally representative surveys that ask about drug transactions in combination with more
focused efforts to target regular, chronic users would greatly strengthen the weak infrastructure
currently in place for assessing the cannabis market.
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List of Acronyms

ADAM - Arrestee Drug Abuse Monitoring System

CAS - College Alcohol Study

CBD - Cannabidiol

CCHS-MH - Canadian Community Health Survey-Mental Health
CTADS - Canadian Tobacco, Alcohol, and Drugs Survey
DEA - Drug Enforcement Agency

DUF - Drug use Forecasting

GDS - Global Drug Survey

IDPPR - Illegal Drug Price/Purity Report

IDRS - lllicit Drug Reporting System

MTF — Monitoring the Future

NDSHS - National Drug Strategy Household Survey
NHSDA — National Household Survey on Drug Abuse
NSDUH — National Survey on Drug Use and Health

OLS - Ordered Least Squares regression

RCMP - Royal Canadian Mounted Police

STRIDE - System to Retrieve Information for Drug Evidence
THC - A’-tetrahydrocannabinol

THMQ - Trans High Market Quotation

UCR - Uniform Crime Reporting Survey
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Appendix A: Systematic Literature Review

A systematic literature review was conducted to examine extant research in three complementary
areas, from the general to the specific:

a) determinants of cannabis prices;
b) estimates of cannabis prices; and
c) price elasticity of demand for cannabis.

The objective of the review was to assess the state of knowledge in these three areas. We did not
draw solely from studies presenting empirical findings, or solely from studies published in
scholarly journals. Rather, the review cast a wide-net in order to capture conceptual essays, policy
analyses, and empirical studies. It included books and book chapters, scientific articles,
government, and think tank reports on these issues.

Literature was acquired through two main strategies. First, a keyword search was conducted using
four search engines and citation indexing databases, including: Web of Science, Canadian
Research Index, ProQuest, and Google search engines. This search strategy covered peer-
reviewed journal articles, book chapters from edited volumes, government and think-tank reports,
and unpublished empirical essays. To exhaust the search parameters and retrieve a wide range of
extant literature pertaining to the research objectives, logical combinations and variations of
keywords were used to search the databases: marijuana, cannabis, price, elasticity, participation,
consumption, demand, economics, drug, markets, and policy. Variations on all of these words
were also used with the aid of asterisks (e.g. extrem*), as well as different specifications (e.g.
‘AND’ ...).

The keyword search was complemented with a systematic examination of Curriculum Vitaes
and/or publications of well-known and recognized scholars involved in research on drug prices,
policy, and price elasticity. This included, Martin Bouchard (Simon Fraser U), David Bright (U
New South Wales), Jonathan Caulkins (Carnegie Mellon), Susan Everingham (RAND
Corporation), Beau Kilmer (RAND Corporation), Mark Kleiman (New York U), Carlo Morselli
(U Montreal), Rosalie Pacula (RAND Corporation), Peter Reuter (Maryland U), Stephen Sifaneck
(NA), Jan van Ours (U Melbourne), and Jenny Williams (U Melbourne).
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Appendix B: Description of the Web-Crawler

This section compares the method of data collection from the three primary websites that were the
sources of data for this study: 1) Price of Weed and 2) the Internet Archive (archived Price of
Weed webpages), and 3) Lift.co.

A custom-built software called the Dark Crawler (Zulkarnine et al., 2016) was used to collect the
websites that contained the sought after data. The Dark Crawler downloads webpages in their
entirety, including optional images, then proceeds to extract links which point to other webpages,
which are downloaded in turn. This process continues recursively. For each webpage
downloaded, the content is parsed to capture the relevant information while retaining the original
webpage structure (see Figure B1). In this method, the three sources (Price of Weed, the Internet
Archive, and Lift) were downloaded in their entirety, thus the drug data provided on the websites
were captured and stored in full, saved in a database so their contents could be extracted and
analyzed.

However, the result of the data collection process is a series of HTML files, which cannot be
analyzed directly. There are two major challenges that must be overcome before the cannabis data
on the webpages can be analyzed statistically. First, each webpage contains a lot of spurious
information which is not of interest and must be removed. Second, webpages are not conducive to
large scale analysis, as each webpage can contain a variable number of data points (marijuana
prices, for example), if any. The drug price data from these HTML pages must be extracted and
then merged into one coherent dataset. In order to solve both these challenges, a generic
framework for data extraction from webpages was developed. This is described in Macdonald et
al. (2015). The next section describes the intricacies of the data capture affecting each of the three
data sources.

Dark Crawler

Website Screenshot

SubSection A

SubSection B

User-defined SubSection C™ | Data Extract
paths and patterns

Figure B1: Overview of the Dark Crawler

Price of Weed

The Price of Weed website organizes and displays self-reported prices and qualities of cannabis
for various locations, mainly within North America. Clicking on one of the locations will push
the user to a more detailed webpage which details the location, price, and quality of cannabis
purchases. Webpages are organized by location (country, state/province, city). Elements of a
typical webpage on Price of Weed include relevant information such as location, prices, and
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sample size. Each webpage for each state or province repeats this structure, which allows the
Dark Crawler to capture the data from all the webpages comprising the website. Data collection
from this website proceeded relatively efficiently without any major issues.

The Internet Archive (archived Price of Weed webpages) and Lift.co

Price of Weed contains self-reported numbers going back only a short amount of time, depending
on the location, but usually on the order of weeks. To compile historical information, we turned
to the Internet Archive’s constant re-crawling of the Price of Weed. The Internet Archive is an
online resource that strives to capture cultural artifacts from the web, so that they do not become
censored or deleted in the future. The Internet Archive has visited, and captured, the Price of
Weed 324 times between September 5, 2010 and October 16, 2016.

Data capture from this website was a challenge. While the Dark Crawler can capture entire
websites, in this instance that capability did not fit the goal correctly, as it would have captured
the entire Web Archive, and not just the Price of Weed portion of it. Thus, further capability had
to be built into the Dark Crawler to direct it to capture only pages that meet certain requirements.
This was done by adding the capability of specifying a user-defined filter, in the format of
Regex.* If a URL matches the Regex, the page is downloaded, otherwise it is skipped.

The same data collection strategy used to extract data from the Price of Weed website was used to
extract data from Lift.co.

Once all data from each of the required websites was captured, a different set of rules and paths
were defined for each website (for a total of three sets of rules and paths). The final product for
each extract is a text file where each row represents the details of a given observation from one of
the webpages, and each column represents each user-defined data element (e.g. price, location,
and quality for example). Once all the files are standardized for structure and merged into the
final dataset, the resulting file may then be imported into Excel or statistical packages for
analysis.

% See https://msdn.microsoft.com/en-us/library/az24scfc%28v=vs.110%29.aspx?f=255&MSPPError=-
2147217396 (Accessed January 20, 2017).
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Appendix C: Price Data obtained from Licensed
Medical Cannabis Producers

Data on cannabis prices from licensed medical cannabis producers was collected from two
sources: 1) the websites of licensed producers; and, 2) Lift.co, a website that provides a
centralized platform of listed medical cannabis prices.>

The point of departure for data on licensed medical cannabis producers was Health Canada’s
website, Authorized Licensed Producers for Medical Purposes®, which, as of November 31,
2016, lists 28 producers who are licensed to sell cannabis in Canada. Producers were primarily
concentrated in Ontario (52.4%), with producers also located in British Columbia (23.8%),
Alberta (4.8%), Saskatchewan (4.8%), Manitoba (4.8%), Quebec (4.8%), and New Brunswick
(4.8%). The website of each licensed producer was consulted to collect data on the: name of
product; plant (e.g. Indica, Sativa, Hybrid); THC, CBD, and CBN levels; price per gram; and
volume sold (grams). Each producer was also contacted by phone and/or email to request access
to price data from previous periods (e.g. 2013 to 2015). However, only one cannabis producer
provided price data for previous periods.

To supplement this data, the website Lift.co was consulted. Lift.co is an independent Canadian
company that provides information on the name of the producer, the product name, THC, CBD,
CBN levels, and price per gram. Each licensed cannabis producer was searched in the Lift.co
database to obtain additional price information. Although producers’ websites provided
information on available cannabis products and prices, Lift.co listed additional products that were
not currently advertised on producers’ websites. It is assumed that these products indexed on
Lift.co were offered in the past. Given that the date of initial licensing for all licensed medical
producers was from 2013 onwards, all price data for products not currently listed on producers’
websites was included in the final dataset. This created a final dataset of 379 prices across 21
producers,® with 66% of all price data obtained from Lift.co.

% See https://lift.co/about (Accessed December 6, 2016).
% http://www.hc-sc.gc.ca/dhp-mps/marihuana/info/list-eng.php (Accessed March 13, 2017).
%7 We were unable to locate price data for seven of the licensed producers.
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Appendix D: Participation Elasticity Estimates

Participation elasticity of cannabis demand estimates were calculated using national survey data
on cannabis use and self-report transaction data, for a one-year period. However, due to the low
variation in both cannabis use and cannabis prices over this year, price was not found to be
associated with cannabis participation. We attribute this to the low variation in prices and use,
rather than the lack of a relationship. To support this stance, below the data sources, method, and
results, as well as a description of the data is provided.

Data on cannabis usage trends was obtained from CTADS (formerly CADUMS), a general
population survey conducted by Health Canada. First launched in 2008, the survey uses random
digit dial telephone to obtain a nationally representative sample of the Canadian household
population aged 15 years and older. Important to the current study, the survey asks participants
about their past cannabis use (e.g. past three-months and past-month), as well as the frequency of
their cannabis use within the past three-months (e.g. less than monthly, weekly, daily, or almost
daily), and past-month (e.g. number of days used) (Table D1).

Table D1: CTADS Questions Pertaining to Cannabis Use

Survey Year N= Sample Questions Pertaining to Cannabis Use

- Used cannabis in the past-year (Y/N)?

SeLTIZ;i?)In - Used cannabis in the past three-months (Y/N)? If
CTADS 2010 10,076 Pop yes, frequency of cannabis use (e.g. never past
aged 15 years h hs less th v e
and older | three-months, less than monthly, weekly, daily, or

almost daily)?

Data on use was matched to province-level indicators of cannabis prices for the same period and
province in which the user took the survey. Price data for 2011 was obtained from Boucher et al.
(2013) (a description can be found in Section 3: Price of Marijuana in Canada), and represents
cannabis transactions reported to Price of Weed for the year 2011 in Canada. To match price data
with the survey data, the median price of cannabis for each month (and past three-months) across
provinces was calculated and merged with the CTADS dataset.

Consistent with previous studies on the price-elasticity of demand for cannabis (e.g. Pacula et al.,
2001; DeSimone & Farrelly, 2003; Williams, 2004; Ben Lakhdar et al., 2016), individual-level
controls, including a respondent’s age at time of survey (years), sex (male or female), and highest
level of education (no high school, high school, and greater than high school) were included. All
control variables were coded using survey data from CTADS. In addition, given that previous
studies have shown variation in prices of cannabis in Canada across seasons (Boucher et al.,
2013), a control for seasonality (Spring, Summer, Fall, Winter) was included in the models. The
final sample included 9,957 respondents, representing all individuals who provided complete
responses to all variables in the study. Data for provinces in Atlantic Canada as well as the Prairie
region were aggregated, due to a low number of price observations across these provinces.

Three classes of models were used to examine participation elasticity. The first class of models
examined participation elasticity (whether price influenced the decision to use or not to use
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cannabis) for the full sample (n = 9,957), using province-level fixed effects. The second class of
models examined conditional demand (the frequency of cannabis consumption®?), examining
whether current users’ consumption patterns were sensitive to changes in prices (n = 540,
respondents who reported using cannabis in the past three-months; n = 427, respondents who
reported using cannabis in the past-month). The third class of models tested whether cannabis
prices influence participation elasticity over time. This approach was modelled off Pacula et al.
(2001) and aggregated the individual-level survey data to the province-level to examine changes
in cannabis use prevalence and prices over time across provinces.

For each class of models, analyses were conducted using two outcome variables: respondents
who reported using cannabis in the past three-months and respondents who reported using
cannabis in the past-month. All models relied on a similar set of predictor variables: median
cannabis price in the respondent’s province; sex; age; highest level of education; and province of
residence (for Model 3, these variables were aggregated to the province-level (e.g. percentage of
males)). In Models 1 and 2, results highlighted that males and adolescents were not only more
likely to use cannabis, but also used cannabis more frequently. In Model 3, none of the variables
were significant. Importantly, for the current study, the cannabis price variable was not significant
across all models.

Despite the lack of relationship between cannabis prices and cannabis use across all three classes
of models, it may not be concluded that the demand for cannabis in Canada is insensitive to
changes in prices. Rather, the findings confirm that lack of variation in both our main
independent variable (cannabis prices) as well as our outcome variable (cannabis use) does not
allow us to appropriately model the impact of cannabis prices on use. Figures D1 and D2
demonstrate this, plotting average number of cannabis users and cannabis prices over time.

%8 A true measure of full price elasticity would account for the total amount of cannabis used, and not only
the frequency of cannabis use.
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Figure D1: Average Cannabis-Use Prevalence and Median Cannabis Price across Provinces

(3 month)

Note 1: Y-axis 1: Average Cannabis Use-Prevalence.
Note 2: Y-axis 2: Median Cannabis Price.
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Figure D2: Average Cannabis-Use Prevalence and Median Cannabis Price across Provinces

(1 month)

Note 1: Y-axis 1: Average Cannabis Use-Prevalence.
Note 2: Y-axis 2: Median Cannabis Price.

PRICE OF CANNABIS IN CANADA

PUBLIC SAFETY CANADA 60



	List of Tables and Figures
	Introduction
	Literature Review
	Determinants of Cannabis Prices
	Estimates of Cannabis Prices
	Price Elasticity of Cannabis Demand

	Cannabis Prices in Canada
	Price of Weed Data
	Cannabis Prices
	Size of Cannabis Transactions
	Trends in Cannabis Prices
	Comparing Self-Reported Cannabis Prices to Prices set by Licensed Medical Cannabis Producers

	Price Elasticity of Cannabis Demand
	Data and Method
	Results

	Discussion
	Summary of Results
	Measuring Drug Prices
	Research and Policy Recommendations

	Conclusion
	List of Acronyms
	References
	Appendix A: Systematic Literature Review
	Appendix B: Description of the Web-Crawler
	Appendix C: Price Data obtained from Licensed Medical Cannabis Producers
	Appendix D: Participation Elasticity Estimates

