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Abstract

Background—Marijuana potency has risen dramatically over the past two decades. In the
United States, it is unclear whether state medical marijuana policies have contributed to this
increase.

Methods—Employing a differences-in-differences model within a mediation framework, we
analyzed data on n = 39,157 marijuana samples seized by law enforcement in 51 U.S. jurisdictions
between 1990-2010, producing estimates of the direct and indirect effects of state medical
marijuana laws on potency, as measured by A%-tetrahydrocannabinol content.

Results—We found evidence that potency increased by a half percentage point on average after
legalization of medical marijuana, although this result was not significant. When we examined
specific medical marijuana supply provisions, results suggest that legal allowances for retail
dispensaries had the strongest influence, significantly increasing potency by about one percentage
point on average. Our mediation analyses examining the mechanisms through which medical
marijuana laws influence potency found no evidence of direct regulatory impact. Rather, the
results suggest that the impact of these laws occurs predominantly through a compositional shift in
the share of the market captured by high-potency sinsemilla.

Conclusion—Our findings have important implications for policymakers and those in the
scientific community trying to understand the extent to which greater availability of higher
potency marijuana increases the risk of negative public health outcomes, such as drugged driving
and drug-induced psychoses. Future work should reconsider the impact of medical marijuana laws
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on health outcomes in light of dramatic and ongoing shifts in both marijuana potency and the
medical marijuana policy environment.
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differences; mediation

Introduction

Marijuana (cannabis) is the most widely used illicit substance in the United States, with
about 17.4 million past-month users in 2010. Recent trends reveal an increase in marijuana
prevalence, especially among younger populations. Between 1990 and 2010, rates of past-
month marijuana use increased about 68% for youth aged 12-17, 46% for young adults aged
18-25, and 12% for adults aged 26-34 (Substance Abuse and Mental Health Services
Administration, 2011). Over the same time period, average concentrations of A®-
tetrahydrocannabinol (THC)—the main psychoactive component of marijuana—nearly
tripled from 3.4% to 9.6% (EISohly, 2008, 2012). This epidemiology has important public
health implications, as mounting evidence links higher potency marijuana to an array of
adverse outcomes, especially among novice users (Hall & Degenhardt, 2006, 2009;
McLaren, Swift, Dillon, & Allsop, 2008). In particular, research supports claims of dose-
dependency between THC levels and risk of acute anxiety (Crippa et al., 2009), psychosis
(Di Forti et al., 2009), cognitive impairment (Ramaekers et al., 2006), and vehicular
accidents (Li et al., 2012; Ramaekers, Berghaus, Van Laar, & Drummer, 2004).

Although there has been some recent attention in the academic literature to the question of
whether permissive state medical marijuana laws (MMLs) have contributed to the recent rise
in recreational use of marijuana, with results from published studies appearing quite mixed
(e.g., Friese & Grube, 2013; Harper, Strumpf, & Kaufman, 2012), virtually no attention has
been given to the possible impact these state laws might have on consumption through their
effects on the average potency of the marijuana consumed. Indeed, it is entirely possible that
arise in the average potency of marijuana could be associated with a decline in total
quantity of marijuana consumed, as users consuming higher potency marijuana require less
marijuana to reach the same level of intoxication (Laar, Frijns, Trautmann, & Lombi, 2013;
Reinarman, 2009).

In light of the public health concerns associated with rising rates of high-potency marijuana
use, particularly among youth, and the possible mediating effect this rise would have on
total marijuana consumed, an obvious first question to ask is whether medical marijuana
laws have contributed to rising potency trends over the past two decades. Although no state
law directly regulates the THC content of medical marijuana, there is some evidence to
suggest that the typical potency of medical marijuana is higher than that of recreational
marijuana sold in black markets (Burgdorf, Kilmer, & Pacula, 2011). It may be the case that
the general allowance for growing high-grade marijuana for medical purposes—including
specific rules governing retail outlets or dispensaries, home cultivation, and patient
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caregivers—has contributed to the upward trend in potency observed in recreational
markets.

The focal relationship we examine in this study, therefore, concerns the effect of state
medical marijuana laws on cannabis potency. Specifically, we investigate state-level
variations in potency for the years 1990-2010 using data from the University of
Muississippi’s Potency Monitoring Program (PMP), a federally-funded surveillance program
that forensically analyzes marijuana samples seized by federal, state, and local law
enforcement agencies (see Mehmedic et al., 2010). Recognizing that alternative state
policies and programs may also affect potency, we explore the competing effects of rival
explanatory factors, including marijuana decriminalization and law enforcement efforts. In
the next section, we further explicate these policies and possible mechanisms of action.

State Marijuana Policies, Markets, and Potency

Marijuana is not a uniform product, varying considerably by strain (indica, sativa, hybrid),
cultivation technique (hemp, sinsemilla, hydroponic), and manner of processing (herb, resin,
oil). The resulting cannabis phenotypes contribute to wide variations in potency across both
time and place (Burgdorf, et al., 2011; Slade, Mehmedic, Chandra, & Elsohly, 2012).
Although direct empirical evidence is limited, insider and journalistic accounts suggest that
MMLs—and the medical marijuana industry built up around them—have greatly enhanced
the development and diffusion of high-potency cannabis cultivars and sophisticated
technologies of production (Downs, 2012; Geluardi, 2010; Rendon, 2013; West, 2011). As
Rendon (2013:147) explains about developments in the earliest adopting medical marijuana
state, “the legalization of marijuana for medical use in California has changed everything
about the market for pot and is pushing changes for growers, breeders, and the plant itself.”

Given the relatively small size of legitimate medical marijuana markets (Bowles, 2012;
General Accountability Office, 2002), one possible concern regarding our hypothesized
policy effect is that any potential impact will be swamped by trends in the much larger
recreational market. However, if there is substantial technology and product transfer
between medical and recreational marijuana markets, as we suspect, the influence of these
policies will be more broadly detectable. Indeed, the available evidence suggests that the
two markets are quite interrelated, especially where oversight is lax, and that substantial
quantities of medical marijuana are being overproduced and diverted into recreational
markets (Finlaw & Brohl, 2013; Rendon, 2013; Wirfs-Brock, Seaton, & Sutherland, 2010).
A recent investigation by the Rocky Mountain High Intensity Drug Trafficking Area
program, for instance, documented dozens of cases of diversion of Colorado medical
marijuana by dispensaries, registered patients, and licensed caregivers (Investigative Support
Center, 2012). Indicative of such leakage, recent research with in-treatment adolescents in
Denver found that one-half to three-quarters had previously used diverted medical marijuana
for nonmedical reasons (Salomonsen-Sautel, Sakai, Thurstone, Corley, & Hopfer, 2012;
Thurstone, Lieberman, & Schmiege, 2011).

Decriminalization policies and law enforcement efforts can potentially influence potency as
well, so we also assess the competing effects of these rival factors. We hypothesize that the
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effects of these various policies may operate, at least partly, through state-level contextual
features such as product composition and overall size of the marijuana market. In other
words, we surmise these policies help shape state markets, which in turn influence the
quality and type of marijuana supplied to and demanded by users in these markets. We
examine these various policies and propositions in more detail in the following sections.

Medical Marijuana Laws

As of mid-2013, twenty states (including the District of Columbia) have adopted laws
affording qualifying patients the right to possess and use marijuana for medical purposes
without the threat of state prosecution and punishment.} Researchers have only recently
begun to investigate the policy impacts of these laws. Most of these studies have focused on
marijuana use, especially among youth, and in general they find no association between
these policies and youth use (Anderson, Hansen, & Rees, 2012; Cerda, Wall, Keyes, Galea,
& Hasin, 2012; Friese & Grube, 2013; Gorman & Huber, 2007; Harper, et al., 2012;
Khatapoush & Hallfors, 2004; Lynne-Landsman, Livingston, & Wagenaar, 2013; Wall et
al., 2011). Studies considering adults have found very modest correlations (Anderson,
Hansen, & Rees, Forthcoming). Other studies have examined a range of alternative
outcomes, finding that MMLs are not significantly related to emergency department visits
(Gorman & Huber, 2007) and positively related to marijuana prices (Pacula, Kilmer,
Grossman, & Chaloupka, 2010), with mixed results on treatment service utilization
(Anderson, et al., 2012), and even apparent benefits with respect to alcohol-related traffic
fatalities (Anderson, et al., Forthcoming). However, to date, all of these studies have
grouped medical marijuana laws as homogenous policies, ignoring the extent to which
particular aspects of state laws (e.g., allowance of dispensaries) have influenced these results
(Pacula, Powell, Heaton, & Sevigny, 2013).

Presently, thirteen states have implemented, or are in the process of establishing, state-
licensed medical marijuana dispensary systems. Marijuana supplied under a state-sanctioned
distribution regime is likely to be relatively more potent and of consistently higher quality
than either home-grown or black market marijuana due to greater quality control, efficiency
gains in production and reduced enforcement risks. In the Netherlands, for instance,
marijuana sold through coffee shops and pharmacies for recreational and medical use,
respectively, is more potent on average than marijuana available in the illicit markets of
neighboring countries (Hazekamp, 2006; King, Carpentier, & Griffiths, 2004; Pijlman,
Rigter, Hoek, Goldschmidt, & Niesink, 2005). In Switzerland, Killias et al. (2011) report
that the mean THC content of recreational marijuana dropped from 15.7% (range: 7.9 -
28.4%) to 12.0% (range: 3.7 - 17.6%) between 2004 and 2009 after the government shut
down previously tolerated retail cannabis shops.

Personal home cultivation currently offers another supply option in fifteen medical
marijuana states. These policies might promote the production of less potent marijuana if the

e include Maryland in this group, a state that provides only an affirmative defense for possession of medical marijuana but does
not permit home cultivation or regulate other sources of supply. We also distinguish current medical marijuana laws from the more
circumscribed (and often unfunded) state therapeutic research programs enacted in the 1970s and 1980s that allowed investigational
access to marijuana strictly within a clinical research setting.
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majority of patients, especially those who are seriously ill, lack the necessary amenities,
resources, or skills to cultivate and maintain their own supply of medical-grade marijuana
(Chapkis & Webb, 2008; Feldman & Mandel, 1998). There is evidence to suggest that some
medical marijuana patients actually prefer lower-THC cannabis because it treats their
symptoms without the accompanying psychoactive high (Downs, 2012; Harris et al., 2000;
Swift, Gates, & Dillon, 2005). On the other hand, a recent web-based survey of U.S. and
Canadian home cultivators, most of whom reported growing for medical purposes (78%),
found that a majority cultivate to secure more potent marijuana than they can obtain
elsewhere (54%) (Potter, Barratt, Decorte, Malm, & Lenton, 2013). In short, although home
cultivation policies might foster the cultivation of lower-potency marijuana due to the
general proclivities of home growers, there also appears to be tendency among U.S. home
cultivators toward growing higher potency medical marijuana than what is otherwise
generally available.

Certain provisions governing home cultivation might also promote a more business-like
model of personal production. For example, in some states practically any willing adult can
serve as a designated caregiver (or provider/grower) to legally assist patients with home
cultivation, whereas other states require the caregiver to be a family member or another
person who has significant caretaking responsibilities for the patient. Similarly, some states
allow caregivers to grow for multiple patients (occasionally without limit), whereas other
states limit the number of patients per caregiver to one. Finally, certain states explicitly
allow collective cultivation, whereas others prohibit it (although the majority of states are
silent on this matter). We suspect that less restrictive home supply provisions (i.e., few
limits on who can be a caregiver, multiple patients per caregiver, allowances for collective
gardening) may encourage a cottage industry model of production that facilitates growing
higher potency marijuana.

In 2012, two states, Colorado and Washington—both of which had previously legalized
medical marijuana—passed ballot initiatives providing for legalized recreational use of
marijuana. Implementation of these laws is only beginning in both states, so data are not yet
available that would permit an assessment of how these policy changes affect potency.
Clearly, however, this latest evolution in marijuana policy merits scholarly attention once
post-implementation data emerge.

Marijuana Decriminalization Policies

As of mid-2013, sixteen states have formally decriminalized marijuana by removing
penalties for possessing small amounts of marijuana intended for personal use.2 Many
studies have investigated the effects of these policies on marijuana use, and the empirical
evidence remains quite mixed (Damrongplasit & Hsiao, 2009; Pacula, Chriqui, & King,
2004). However, no studies have directly examined the effect of marijuana decriminalization
on potency, so we can only speculate about possible impacts. As with medical marijuana

2More recently, states have also begun exploring the outright legalization of marijuana for recreational use, with Washington and
Colorado voters passing legalization measures in November 2012. Since the enactment of these laws falls completely outside our
study period (1990-2010), we do not address them further here. However, see Caulkins, Lee and Kasunic (2012) for a discussion of
the general policy implications and consequences of these measures.
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legalization, there are plausible mechanisms through which decriminalization might increase
average potency. For example, if decriminalization leads to higher demand and a more
stable market, growers may be more willing to invest in advanced production technologies
that facilitate the cultivation of higher-potency marijuana, or they may grow a more potent
cultivar as a means of product differentiation. On the other hand, market expansion might
lead to product availability with a broader range of THC content, appealing to those who
have different preferences regarding the psychoactive properties of their marijuana.

Marijuana Enforcement and Eradication Programs

Research in different contexts suggests that targeted drug law enforcement operations aimed
at increasing seizures and arrests produce few sustained changes in price, purity, or
availability in street-level drug markets (Best, Strang, Beswick, & Gossop, 2001; Ciccarone,
Unick, & Kraus, 2009; Dobkin & Nicosia, 2009; Weatherburn & Lind, 1997). The one study
that examined outcomes in marijuana markets (Best et al., 2001) found that the majority of
drug users perceived no changes in marijuana quality during the two-week period following
a police crackdown. This is probably least surprising for marijuana, since it takes time for
existing stocks to be depleted. Moreover, dealers cannot readily “cut” marijuana in response
to supply shortages as they can with heroin and cocaine.

Over the longer-term, other studies have found positive associations between mandatory
sentencing laws and purity of heroin and cocaine (Davies, 2010) and precursor control laws
and methamphetamine purity (Nonnemaker, Engelen, & Shive, 2011). As Nonnemaker et al.
(2011) suggest, this counterintuitive finding may be the consequence of an adaptive
response by traffickers to seek higher-quality international sources of supply. Marijuana
markets seem to have undergone a similar but more protracted transformation (Szendrei,
1997; United Nations Office on Drugs and Crime, 2006). According to this argument, the
marijuana industry adapted to greater law enforcement pressure, first, by shifting from
foreign to domestic production in the 1970s and early 1980s as importation became
increasingly risky and, second, by relocating domestic production indoors beginning in the
mid-1980s to reduce risk of detection and seizure from expanding stateside eradication
programs. These developments may have spurred increases in marijuana potency as
production moved closer to consumers and domestic growers mastered progressively
sophisticated indoor cultivation techniques (e.g., hydroponics, cloning) that maximized per-
plant potency, yields, and profits (Bouchard & Dion, 2010; Potter, Gaines, & Holbrook,
1990; Reinarman, 2009).

Aggregate Market Effects: An Intervening Variable Hypothesis

While the above discussion illustrates that the mix of state marijuana policies governing
medical use, decriminalization, and enforcement can seemingly influence potency in a
number of cross-cutting ways, it is important to reiterate that none of these laws and policies
directly control or place limits on potency. Rather, these policies explicitly influence the
structure and organization of the marijuana marketplace—whether by allowing medical use
and related distribution for a clinical population, tolerating recreational use more broadly, or
curtailing local illicit production and distribution. Moving from a constrained illegal market
with high enforcement to a medical market could shift the methods and modes of
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production, legal and illegal points of distribution, the types and forms of available
marijuana, the actors and organizations involved, the presence of ancillary industries and
services (e.g., hydroponic equipment stores), and prices. It is these shifts in larger market
supply and demand factors that are, in turn, most likely to influence potency. Thus, rather
than a direct effect, we suspect state marijuana policies will primarily influence potency
indirectly through their market-shaping effects. In other words, we hypothesize that changes
in the size and composition of marijuana markets serve as a key causal pathway through
which state marijuana policies exert their influence on potency.

The measures for this study come from several data sources. Marijuana potency and state-
level marijuana market indicators were derived from the University of Mississippi’s Potency
Monitoring Program (PMP), a federally-funded forensic surveillance program that analyzes
seized marijuana samples (see Mehmedic, et al., 2010). The micro-level PMP data used for
the current study comprise n = 39,157 observations of dried herbal marijuana seized by law
enforcement in the 50 U.S. states and the District of Columbia over the 1990-2010 study
period. Herbal marijuana includes samples identified as either sinsemilla, mid-grade, or
kilobrick, but excludes ditchweed (or wild grown marijuana), hashish, and hash oil.
Sinsemilla, meaning without seeds, refers to the buds of unpollinated female plants
cultivated for high THC content. Kilobrick refers to marijuana, typically of Mexican origin
and lower quality, that has been compressed into bricks for easy transport into the United
States. Mid-grade refers to marijuana product of moderate quality that is classified as neither
sinsemilla nor kilobrick.

Despite their potential utility, the PMP data have important limitations. First, as shown in
appendix Table A1, the n = 39,157 samples populate 950 of a possible 1,071 state-year cells
(88.7%) with an average of 41.2 (SD = 114.5) observations per populated cell, indicating an
unbalanced dataset with wide variability in data saturation at the state-year level. Second,
even with the available data, they reflect a nonrandom sample of law enforcement seizures,
and therefore might not be representative of the marijuana available to consumers. Despite
these limitations, the PMP data provide the only comprehensive, long-running source of
information on state-level potency trends.

We merged state-year policy, enforcement, and demographic variables with the PMP data.
State policy variables were coded using a previously developed legal database protocol
(Pacula, Chriqui, Reichmann, & Terry-McElrath, 2002), adapted and updated for purposes
of the current study. Marijuana enforcement indicators were derived from the Domestic
Cannabis Eradication/Suppression Program (DCE/SP). Although DCE/SP participation and
reporting may vary by state (Office of the Inspector General, 1995), this is the only national
program that provides data on enforcement activity against marijuana growers and
producers. Finally, sociodemographic covariates were obtained from the CDC WONDER
online database (Centers for Disease Control and Prevention, 2013) and the Bureau of
Economic Analysis.
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The dependent variable, THC%, measures the concentration of A-tetrahydrocannabinol by
weight in the seized samples of dried marijuana. This measure reflects PMP analysis by gas
chromatography-flame ionization detection (Mehmedic, et al., 2010) and is reported for all n
= 39,157 observations within the study period.

As shown in Table 1, the focal independent variables include laws regulating access to
medical marijuana. In addition to a general medical marijuana law indicator, we created
policy variables capturing additional aspects of these laws. In each case, the indicator
reflects laws in effect as of July 1 of every year. Legally operating dispensaries equals one if
state law explicitly allows retail sales of marijuana and the regulatory and distribution
regime was in place and operational. Given that the actual rulemaking process of
implementing a legal dispensary system can take years, this operationalization ensures that
we are measuring actual policy changes. In a handful of states that do not explicitly permit
retail sales, dispensaries have opened nonetheless due to legal loopholes. To capture this
quasi-legal policy environment, we also code de facto operating dispensariesequal to one if
the state has a functional dispensary system, officially sanctioned or otherwise.3 Home
cultivation is set equal to one if qualified patients are legally permitted to grow their own
personal supply of marijuana. Finally, we created a home supply index where one point was
added to the index for the presence of each of the following conditions: home cultivation,
provider-type caregiver model, multiple patients per caregiver, and allowance for collective
growing. For the latter provision, we also added a half-point when the law was silent on the
matter. A higher score on the index indicates a more permissive set of home supply
regulations.

A set of rival independent variables captures state decriminalization policies and marijuana
enforcement efforts. Decriminalization policy equals one if the state is generally recognized
as having removed criminal penalties for the possession of small amounts of marijuana
intended for personal use.4 State marijuana enforcement activity, as reported by the
Domestic Cannabis Eradication/Suppression Program, measures the number of outdoor
plots seized and indoor grows seized per 100,000 population. In each case, we logged these
variables (after adding a constant of one) and lagged them by one year to account for
delayed enforcement effects.® Note that eradication data for the District of Columbia are
missing because it does not participate in the DCE/SP. According the National Drug
Intelligence Center (2002:18), “cannabis is not cultivated in large quantities in D.C.,
primarily because the urban landscape is not conducive to outdoor grows.” Thus, we
assumed the annual number of outdoor plots seized was zero over the study period.

3Determining exactly when unregulated dispensaries began operating in a particular state was difficult, as there is no legal
documentation of or timeline for their implementation. Our decision as to the relevant “effective date” was based on evidence gleaned
from newspaper reports and other contemporaneous sources.

The following states were coded as having a decriminalization policy as of the year indicated (or 1990 if earlier): Oregon (1973),
Alaska (1975), Colorado (1975), California, (1975), Maine (1975), Minnesota (1976), Ohio (1976), Mississippi (1977), Nebraska
(1977), New York (1977), North Carolina (1977), Nevada (2002), Massachusetts (2009). While California is widely recognized as
having a decriminalization statute in 1975, the actual removal of the criminal status of the offense did not occur until 2008.
Nonetheless, we code it in a manner consistent with previous work (MacCoun & Reuter, 2001; Pacula, et al., 2004). In addition,
although they fall outside the study period, Connecticut (2011), Rhode Island (2013), and Vermont (2013) have recently
decriminalized marijuana.

Since we had DCE/SP data for 1989, we were able to operationally lag these variables without loss of observations.
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Alternatively, for indoor grows seized, we employed single hotdeck imputation to fill in
missing data from randomly selected donor observations stratified by year of seizure.

Aggregate marijuana market characteristics at the state-year level measure the broader
context through which state policies are hypothesized to indirectly influence potency. While
not perfect, we use aggregated statistics from the PMP to capture elements of the broader
marketplace. We recognize that these aggregate statistics are potentially biased, as they
could simply reflect priorities of law enforcement rather than the true evolution of the
market itself. This would be a problem if law enforcement began targeting more indoor
grows in response to medical marijuana laws. If the medical marijuana market supplies the
recreational market, however, then this change in enforcement priorities might be consistent
with a true shift in the recreational market. Moreover, for the purposes of this analysis, even
if these aggregate marijuana market measures are affected predominantly by law
enforcement priorities they would to some extent still capture how those caught by law
enforcement have modified their production and distribution of marijuana in response to
legal changes within the state. So long as the shift in production and distribution of
marijuana by those who get caught is not substantially different from those that are not
caught, then the data should provide real information of the policy impact on the market.
Thus, we use these measures to help us consider the possible indirect effect of marijuana
policies on potency.

As noted above, marijuana comes in different forms (i.e., sinsemilla, mid-grade, kilobrick),
and the relative share of these forms as measured by PMP captures compositional effects of
the marijuana marketplace. Thus, both sinsemilla % and mid-grade % quantify the
percentage of seizures for these respective product types by state-year (with kilobrick %
serving as the reference category). It would also be ideal to include a measure of the size of
the market to control for the degree of competition and penetration marijuana has in
different states. As no direct measures of total supply in the market are available by state, we
attempt to proxy the relative size of the aggregate marijuana market by state-year, using an
indicator of log mean kilograms seized (adding a constant of one prior to log
transformation). While we recognize that seizures are a function of both law enforcement
effort as well as the amount of the product trading in the market and that there could be
systematic changes in the capture rate of law enforcement over time that are independent of
the size of the market, we think that this measure will still accurately reflect the relative
importance of a given state market to law enforcement personnel who are primarily
interested in reducing drug supply. Note that n = 613 observations (1.6%) were missing
quantity information, so these samples did not factor into the mean calculation.

Finally, our analyses include additional control variables that relate to broader market
factors. Sevigny (2013) found that the testing lag in the PMP data between marijuana seizure
and analysis dates has generally decreased over time, so we control for such testing effects
as the seizure-to-analysis lag in months. For the n = 93 (0.2%) cases with missing or invalid
date information, we imputed lag time using hotdeck imputation selecting data randomly
from donor observations stratified by year and state of seizure. We also include covariates
for demographic characteristics at the state-year level. Specifically, we operationalized
measures for % male; % non-Hispanic white; % aged 20-29, % aged 30-59, and % aged
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60+ (with % aged 0-19 serving as the reference category); log per capita income (in
thousands), and log population (in hundred thousands).

Empirical Approach

Our analysis proceeds in several stages. First, we estimate a differences-in-differences linear
regression model to assess the effect of MMLs on individual potency observations in each of
the 50 U.S. states and the District of Columbia over the period 1990-2010. The unit of
analysis is the individual seized marijuana specimen. To control for potential
heteroskedasticity and serial correlation, we clustered standard errors by state (Bertrand,
Duflo, & Mullainathan, 2004).

The basic specification of our differences-in-differences regression model is as follows:
THC%ist=a+TMM L y+wZo4+BX s+pList+ys+0i+eist (1)

where THCY%;4 is the potency of seizure i in state sduring year t. The focal policy indicator
MMLg captures whether a medical marijuana law was operational in state sand year t. The
vector Zg includes the rival independent variables (i.e., marijuana decriminalization and
enforcement measures), and the vector X4 includes observed state-level sociodemographic
controls for state sand year t. The variable L4 captures the testing lag in months for seizure
i in state sduring year t. Finally, state fixed effects (ys) and year fixed effects (&) control
for potential unobserved confounders that are invariant across jurisdiction and time.

This specification essentially implements a before and after design with an untreated control
group, comparing within-state changes in potency pre- and post-MML adoption to potency
changes in states that did not adopt such a law (Angrist & Pischke, 2009; Bertrand, et al.,
2004; Meyer, 1995; Wooldridge, 2010). The coefficients for the rival independent variables
are interpreted in the same way, although the enforcement variables measuring indoor and
outdoor eradication reflect “intervention intensity” rather than the effect of a discrete policy
change (Angrist & Pischke, 2009; Wooldridge, 2010).

Next, in order to investigate potential sources of heterogeneity in the effects of state medical
marijuana laws, we estimate a series of differences-in-differences models in which we
replace the generic MML indicator in Equation (1) with different sets of policy variables
capturing the specific supply provisions of these laws.

Finally, we assess the mediating effects of aggregate marijuana market characteristics on the
association between MMLs and potency. In a mediation context, the specification in
Equation (1) estimates the total effect, 7, of MML on THC% (Baron & Kenny, 1986;
MacKinnon, 2008). This total effect can be partitioned into an indirect effect, which reflects
the influence of MMLs on potency operating through the context of the broader
marketplace, and a direct effect, which estimates the relation of MMLs to potency not
mediated through these ecological factors. Parceling the total effect, t, of MMLSs on potency
begins by estimating the direct effect, 7, of the law per the following equation:

THC%ist:a+ T MMLst+WZst+5A’[st+ﬂXst+pLi5t+75+6t+€ist @

Int J Drug Policy. Author manuscript; available in PMC 2015 March 01.



1duosnue Joyiny vd-HIN 1duosnue Joyiny vd-HIN

1duosnuely Joyny vd-HIN

Sevigny et al.

Results

Page 11

where Mg, the vector of mediating aggregate market variables for state sand year t, has been
added to Equation (1). We then estimate the indirect effect, z— 7, as the difference between
the coefficients for the total effect and the direct effect (Clogg, Petkova, & Cheng, 1995;
MacKinnon, Lockwood, Hoffman, West, & Sheets, 2002). In similar fashion, we also
decompose the total effects of both the rival independent variables held in Zg and, in
supplementary analyses, specific medical marijuana supply provisions. All analyses were
conducted using Stata MP 12.1.

Table 2 presents descriptive statistics for the sample, stratified by MML status at the state-
year level. Notably, mean potency is nearly 3.5 percentage points higher in states with a
medical marijuana law. Overall, about 21% of the observations were seized in medical
marijuana states. For jurisdictions with an active MML, 40% of seizures were from states
with legally operating dispensaries, 74% from states with de facto operating dispensaries,
and 97% from states that allow home cultivation. The home supply index averaged 2.5 in
MML states. Seizures in MML versus non-MML states were more likely to occur in
jurisdictions with marijuana decriminalization policies. Eradication activity was also more
likely to occur in MML states. Aggregate market characteristics show substantial
compositional differences in marijuana type across MML and non-MML states, with mean
sinsemilla percentages nearly four times greater in the former. On the other hand, the
average size of the seizures, as well as the seizure-to-analysis lag, was somewhat larger in
the latter. Finally, sociodemographic characteristics were largely similar by MML status,
with the exception that non-MML states tended to have a relatively larger population of non-
Hispanic whites.

Table 3 presents our differences-in-differences estimates of the effect of MMLs on potency.
As one looks across the Table from left to right, each model gets sequentially more
sophisticated by adding in our indicated controls and rival independent variables. Model (1)
depicts the simple bivariate model, demonstrating a positive and statistically significant
association of MMLs with potency. Model (2) adds our observable control variables, which
reduces the magnitude of the MML coefficient by more than half but it still retains its
significance and positive association. Model (3) adds state and year fixed effects, which
reduces the MML effect on potency even further and, while still positive, is no longer
significant. Model (4) includes the marijuana decriminalization variable, which, despite its
large positive and significant effect, provides no additional explanatory power and has a
negligible impact on the focal MML coefficient. During our study period, the
decriminalization effect is identified off variation in just two states (Nevada and
Massachusetts), and Nevada’s decriminalization and medical marijuana laws both became
effective in 2002, so we believe this effect is largely an artifact of our data. Finally, model
(5) adds the enforcement measures, which also do little to elaborate the previous model.
Still, we note the significant negative effect that increased eradication of indoor grows (but
not outdoor plots) has on marijuana potency during the following year. In sum, our fully
elaborated model shows that MMLSs increase average THC content by about 0.5 percentage
points post-law, although this effect is not significant.
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In Table 4, we extend this fully elaborated model in column 5 of Table 3 by examining the
impact of specific medical marijuana supply provisions on potency. Specifically, we
investigate various combinations of dispensary and home cultivation regulations (although
we exclude measures of home cultivation and home supply index from the same model due
to collinearity). The results are generally consistent across models, with legally operating
dispensaries associated with significant increases in THC levels of about one percentage
point on average in states that permit retail sales. In contrast, states with de facto operating
dispensaries show a decrease in average potency, although the effect is insignificant. It may
be that the lack of state protection of dispensaries means they have not reached a level of
concentration within the state to compete very rigorously with the black market for
recreational users. By comparison, home cultivation appears to increase potency by about
one-half to three-quarters of a percentage point on average, and our index of home supply
falls in the expected positive direction, but both effects are generally small and insignificant.
Overall, these results suggest that the state-level allowances for retail dispensary sales are
associated with small but significant increases in the average potency of illicit marijuana.

We now turn to our analysis examining the mediating effects of contextual market factors on
the association between medical marijuana laws and potency. These results are presented in
Table 5, where we examine general medical marijuana laws in Panel A and specific supply
provisions in Panel B. In Panel A, the total effects specification corresponds to our fully
elaborated model (5) in Table 3. With the inclusion of the mediating variables measuring
aggregate compositional and size characteristics of the marijuana marketplace, we are able
to decompose the effects of our focal and rival policy variables on potency into direct and
indirect (or mediated) effects. Again, an indirect effect in the present context implies that a
given policy produces structural shifts in the marijuana market, which in turn has a causal
influence on potency (MacKinnon, Krull, & Lockwood, 2000).

In Panel A, the combination of an insignificant direct effect and significant positive indirect
effect for medical marijuana policies indicates the presence of complete (or indirect-only)
mediation (Zhao, Lynch, & Chen, 2010). In other words, these results offer no evidence of a
direct regulatory effect of medical marijuana laws on potency. Instead, consistent with our
expectations, we find that medical marijuana laws significantly increase the relative share of
sinsemilla available or trading within a state. This compositional shift in state marijuana
markets toward boutique or high-end product, in turn, drives the observed increase in
cannabis potency.

We are primarily interested in the effects of medical marijuana laws, but it is also instructive
to examine outcomes for the rival marijuana decriminalization and enforcement variables.
Although we do not consider the effect of marijuana decriminalization to be reliable given
the noted lack of policy variation, we do find evidence of complementary mediation where
the direct and indirect effects point in the same direction. However, given that the indirect
effect accounts for about two-thirds of the total effect, this result is more consistent with our
intervening variable thesis. With respect to our enforcement measures, the observed direct
and indirect effects are generally small and insignificant. Still, we find it useful to speculate
about the general direction of these effects in order to highlight the uncertainties (as well as
possibilities for future research). First, the decomposition of our measure of outdoor
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eradication into direct and indirect effects suggests there are two causal paths that cancel
each other out. That is, the direct effect of outdoor eradication is to reduce potency (perhaps
by forcing growers to harvest prematurely), but this is counterbalanced by a roughly
equivalent indirect effect in the opposite direction (perhaps by pressuring growers to move
operations indoors). In contrast, the total effect of enforcement activity against indoor grows
is to reduce potency, with about half the effect operating directly (perhaps by removing
high-quality product from the market) and the other half indirectly (perhaps by opening the
market to less experienced growers).

In Panel B, we examine medical marijuana supply mechanisms for legally operating
dispensaries and home cultivation (i.e., corresponding to model (1) in Table 4). For
dispensaries, we observe evidence of complete mediation, whereby the law’s effect on
potency operates fully and indirectly through the aforementioned structural shifts in the
marketplace. The effect of home cultivation is more complex and suggests possible
inconsistent (or competitive) mediation (MacKinnon, et al., 2000; Zhao, et al., 2010).
Specifically, as with dispensaries, the significant and positive indirect effect of home
cultivation suggests a similar avenue of action on potency through contextual features of the
marketplace. At the same time, there is a sizable, albeit insignificant, direct effect in the
opposite direction, which is consistent with an interpretation of home growers as being less
proficient cultivators and/or preferring less psychoactive marijuana. Lastly, the effects of the
rival independent variables in this mediation model remain consistent with the above
interpretation.

Discussion

A fundamental question that has of yet remained unanswered in the academic literature is
whether state medical marijuana laws lead to a rise in the average potency of marijuana
available on the market. Indeed, prior research by Pacula et al (2010), which examined the
impact of medical marijuana laws on self-reported price paid per gram among the arrestee
population in the 2000-2003 Arrestee Drug Abuse Monitoring (ADAM) data, showed that
self-reported marijuana prices were higher in states that had adopted medical marijuana laws
than those states that did not, which the authors interpreted as evidence of a demand shift. It
is also possible, however, that the rise in price is indicative of the availability of more potent
product on the market. Indeed such an interpretation is entirely consistent with journalistic
accounts of the impact of these laws on development and diffusion of high-potency cannabis
cultivation techniques (Downs 2012; Geluardi 2010; Rendon, 2013; West 2011).

This paper provides a direct assessment of the impact of state medical marijuana laws on the
potency of marijuana seized through regular law enforcement activities. We find evidence
that the average potency of marijuana seized by law enforcement increases by a half
percentage point on average after legalization of medical marijuana, although this result was
not significant. However, when we examined specific medical marijuana provisions, our
results suggested that in states that legally permit dispensaries average potency significantly
increases by about one percentage point over time. Future research will need to confirm
these findings using additional years of data that include more than just three legally
operating dispensary states.
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While we recognize the potential endogeneity of the aggregate marijuana market measures
to enforcement priorities, our mediation analyses examining the mechanisms through which
medical marijuana laws influence potency suggest that the impact of these laws occurs
predominantly through a compositional shift in the share of the market captured by high-
potency sinsemilla. In other words, rather than influencing marijuana potency through direct
regulatory action, these policies primarily affect potency by influencing the types of
marijuana sold in a given market in terms of the proportion of high potency versus low
potency products.

This study has a number of important limitations. First, the primary source of information on
marijuana potency comes from law enforcement data. We do not have a random sample, and
to the extent that the behavior of growers/distributors who are caught by law enforcement
differ systematically from those who are not apprehended, these findings might not hold for
the entire marijuana market. This is particularly true of states with relatively few potency
observations. Moreover, our compositional measures of the aggregate marijuana market are
potentially even more susceptible to bias caused by purposeful law enforcement strategies. It
would be important to see if future work using data from other sources that is just now
coming on line (e.g. Weedmaps) validate our findings here, although we are unaware of any
other publicly available source of longitudinal data on marijuana potency capturing both the
medical and nonmedical markets.

Second, it is very difficult in our data to tease out independent effects of particular elements
of the state policies and a broad medical marijuana policy itself, as many of the policies tend
to have very similar characteristics (e.g. allowing for home cultivation). Variation in key
characteristics stems largely from just a few unique states, and hence results from these
analyses may not be fully generalizable. However, state marijuana policies are evolving at a
rapid pace, and analysis of just a few years of additional data would remedy some of these
concerns.

Finally, it should be reiterated that none of the state policies we examined explicitly
specified a minimum or maximum potency that could be sold or, for that matter, provide any
general guidelines for potency. To the extent that medical marijuana laws emerge that
provide greater specificity regarding the allowable amount of THC in medical-grade
marijuana, it is possible that the mediated effects of this policy could change over time.

Additionally, one policy innovation not addressed by this study that merits further
examination is the legalization of recreational marijuana, which has already occurred in
Washington and Colorado, and which may spread to other states. Recreational legalization
carries the potential to exert more profound effects on potency than medical legalization. For
example, the structure of the Colorado law, which limits legal possession to relatively small
quantities, might encourage production of higher potency strains. More generally, opening a
licit recreational market might change the user base in ways that affect demand for different
types of marijuana. It remains to be seen how these broader policies of legalization will
affect potency.
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Should the findings from this study be replicated, the results have very important
implications for policymakers and those in the scientific community trying to interpret the
literature of the effects of MMLs on marijuana use. In particular, even if medical marijuana
policies do not lead to an increase in the prevalence of marijuana use, it is important to
understand the extent to which greater availability of higher potency marijuana increases the
risk of negative outcomes among the current stock of users, such as drugged driving, drug-
induced psychoses, and other harmful public health outcomes. Research is also needed to
understand the practical significance of, say, a one, two, or five percentage point increase in
average THC content. By the same token, it is also critical to develop a broader
understanding of how changes in the cannabinoid profile of recreationally available
marijuana, such as the ratio of CBD (cannabidiol) to THC, may attenuate the unintended
negative effects of marijuana use (Deiana, 2013). In short, future work should reconsider the
impact of MMLs on health outcomes in light of dramatic shifts in both marijuana potency
and the medical marijuana policy environment.

Acknowledgments

Appendix

This research was supported by a grant from the National Institute on Drug Abuse to the RAND Corporation (R01
DA032693-01). We appreciate helpful comments on earlier versions of this work from David Powell, as well as
participants of the 2012 American Society on Criminology annual conference and the 2013 International Society
for the Study of Drug Policy annual conference. All errors are the authors. The opinions expressed herein represent
only those of the authors and not the funding agency or our employers.

Int J Drug Policy. Author manuscript; available in PMC 2015 March 01.



Page 16

Sevigny et al.

Int J Drug Policy. Author manuscript; available in PMC 2015 March 01.

96 19 TE /L¥T 08 ¥ TOL SOT ¥6 €S 8 QTl 6€l S§6 9L ST 00T ¥0 99 6L TI¥T vT % IemeH
€, /5 9% Tw 05 ¢ € v& S € 62 05 05 6 vz I 0f /T € S 6T § N
8¢ LT 4L &8 &8 69 €L 9§ Sv v €y 9y Ty Te Ty 0Oy 8¢ 0E €v 6¢ LT 2T % 2161099
viv'z G¥T €T 28T 06T 00z 29T ZvT /€T S6 8. 8 S 08 96 0. 66 6. 68 ST G v N
z?9 86 T8 .. S8 TL LS 9L g9 95 0L 0§ ¥S €y ¢S 0§ v SE 8L ¥E 9E v % epLIo|4
€T ¥T 9T S 19 €8 G  vOT 80T ¢IT 20T OST el 98 68  vel 6 T 0 0 T 0 N
€9 90T 06 96 ¢6 /8 ¢8 6L €L 9 9§ ¥S v vy 9v Z¥ 0f 6% £0 % eIqunjod Jo LIsIa
% 9 9 I ¢z 1w £ ¢ T z 8 £ 9 5 0 T 0 0 0 z 0 N
z6 zIzl 62 ¢Z8 LT LL 8T SOT gL 0SS S5 69 0§ Ov v £e 67T % alemelsQ
VLT 5 6 vI 9 8 T 9 S ot L € ¥ 6 Lot T £ v 1L v L N
9 L€T 0T g6 YOI S8 €L 0L S9 ¥6 LOT GL 9Z 8€E ¥v 6v 90 Lz 92 €T 2z 0T % 1N91193UU0D
g8 vz 6y & 6 8 T & 0 S ST 8 ez S &z 0 g S 12 6 £ v N
€/ g€l 6 TZl 90T SOT 99 €8 08 TL TL 29 vS 9 6v 8y ve TE L€ Sv LE TZ % opeojoo
11020 €S Eve 66v €25 8yS 68y €/c €9 GOE 92y 92€ G6E 82 €E€  LvE 8SE'C 6ETT 216 606 28  90E N
8¢ 80T 96 60T TIT 86 €8 6. /L9 ¥. 09 TS €S TS 0S Sy 6€ 8E L€ 0E v¥E Lt % eluIofeD
g€ 5 5 0 £ 4 1 1 ¥ 0 4 4 4 1 T 0 0 0 0 9 0 0 N
9 v8 €Sl 09 9 8E €v 09 96 0z 9t 8L T 0 % sesuexIy
vogz 99 16 6. S8 1S v8 2. 99 9 v9 08 66 9y €9 ¥ 09z €1z €0z 992 602 /8T N
66 26 S6 v6 96 90T T8 98 ¢8 €8 €8 €L ¥9 €9 0L 9v 9v 9v €% ¥E SE ¥y % euozZIY
98 L £ 9 6 T 8 z 5 z 8 £ z £ T 0 0 0 T ¥ 0 0 N
6 GO €2 62 69 02 vy €T €¥T ¢S TS TT g0l v9 00T 8T 00T % eisely
09 z ¥ z v T 0 9 z £ 0 £ 6 T £ £ £ T 5 0 8 0 N
Ty 8v 9L 78 §9 09 v ov L ov €z &S 9§ TEe € L0 OF 97 % eweqe|y
lel0L  0T0Z 600 800Z L00Z 900Z S00Z 0OZ €00Z 200z TOOZ 000 666T 866T L66T 9661 G66T V66T €661 266T T66T 066T aels
1ea A pue a1e1S Ag SUOIRAIBSGQ 1O JBQUINN pue % DHL PaAIasqO
TV 3|qel

NIH-PA Author Manuscript NIH-PA Author Manuscript NIH-PA Author Manuscript



—
@
o1 L 1) 91 €T 1T 9 9 6 0T S T S 8 L % T € 1) L € T N
6'9 evT 6'L €8 L'8 8'8 €9 6'8 L'8 L'S 6'L <L 474 TS L9 0¢ v 0L Sy L'€ 8’1 e % BlOSBUUIIN
L9T'T 69 18 €9 6. 9. 98 99 19 €5 4] 68 114 €9 6v 6¢ 6€ 9. 4] 43 6 (1) N
L €07 9'6 L'8 49 9'8 L'6 €6 8'L TL 8'G €y 9 6'S L9 144 584 oy 4 L'e Te [A T ueBIyaIN
Sve 61 €e 6T ve 1T 9¢ 8T ve 114 14 LT 14 8T 91 €T 1) L 6 L 6 vT N
'L §€T €T 00T 06 78 '8 9'L 9'8 78 78 €y 6'¢ T's 9'S €€ 154 ov v'e V1 0¢ (A spasnyoesse
16S 4} 0g 6¢ 8¢ L€ €5 144 1€ 91 ve 59 111 9€ 8¢ Sy 114 0 0 0 0 0 N
L9 8Tl €01 <¢TT <01 S'6 S8 TL L9 8 €q 'S €y 8y 6V 8V v % puejArein
4% ve ST [4) 14 4 € 01 0 0 8 T 4 0 4 S 6T 14 0 0 T 0 N
L8 €0T 0%t L6 vel 10T 9'6 6'TT ¥'9 9'S V'L L'E 09 6V 13 0T % Suley
LS 0 T T 4 0 € (1) 4 0 T T T 1% T 9 S 0 € L 8 T N
6'¢ 8'€l 09 7’8 LS T¢ Sy L'S L€ 71 9¢ §'¢ 9'¢ 4 v LC 9¢ e % EUBISINOT
ey 97 8T 0¢ G€ 9T 4 S¢ 14 T¢ 14 1) [44 ST 123 13 LT T 1) 8 14 S N
6'S Vi 90T 6'8 L'L 'S TL 'S L'9 'S 9¢ 79 8¢ TS 'S 6'v L€ ¥'s 6T 594 91 6€ % Aspomuay
69Y 8¢ LT LT 0€ or 9¢ [44 [47 1€ LT or 123 0€ ST 8T 1T 8T T 14 € S N
6'S 8'9 9 08 8 €L 'S <9 §'S Ts ¥'S 0L 6'v Ly L'S 8V 584 v'e Sy Te 9¢C ¢ % sesue|
S/T 0T 9 €T 6 91 97 97 11 0t 0¢ 1) 0T L L T 0 0 [4 S 14 0 N
79 €T 'S €L §'9 <L 6'8 0'S €9 6'S 6'S 'S 8¢ v'e 'S 6'S 84 e Ts % EMO]
€S LS €e 6¢ 6€ oy A4 S¢ ve [44 ve 6 0¢ 4} €T % ST 6 T¢ ST T¢ 1% N
6'S '8 '8 8L 4] €L 69 6'S TS 9 0's 8¢ L't Sy 'S 0¢ ¢ 6T v'e 8¢ 9¢ 90 % BUBIpU|
168 LS 514 09 €9 8y 18 89 95 19 8y 8¢ 6 14 g€ 6¢ 6¢ €¢ ve 9¢ 9¢ 01 N
a9 '8 T6 66 9'8 <L L8 'S 9 6V 4] 9V oy 124 (474 L'y ov 6C Lc €€ 9'G (AT stouli
Mv 0 S 0 14 0 9 S T 4 0 0 L 1% S ¥ 0 0 0 0 0 0 N
Wm €€l §'6 L€l 00T 00¢c 96T L'e L9 9¢ 144 % Oyep|
(<5
$o1 97 9 0T 0t 1T A 6 11 S 14 8 S S S T 4 8 S 9T 9 14 N
[elol  0T0¢ 600 800c L00C 900¢ S00C ¥00C €00C <¢00C T00C 000 6667 8661 66T 9661 G661 ¥66T €661 <661 T66T 066T aels

NIH-PA Author Manuscript

NIH-PA Author Manuscript

NIH-PA Author Manuscript

PMC 2015 March 01.

in

available

Int J Drug Policy. Author manuscript



€ 54 09 L'S 8¢ L9 9V Sy L'y 9V Sy A4 9¢ 8¢ 91 6'C 8¢ x4 €¢ % BWOUePO
[44% [4% €S 6¢ 29 9€ 19 68 €9 81 ve 29 6v 0g 9¢ 8y 1S 0t 6 9¢ 6 € N
8'9 L9 €6 8'8 ¥'8 T0T L'8 8 L9 9 6'S €9 €y 9'9 0's L'y L'y 4 v 134 474 oy % olyo
[44 0 0 4 € € 0 € T T 0 0 € 0 S 0 0 0 0 T 0 0 N
8L L6  SST L'6 L8 9'¢T 6T T€E 6V T % E10%ed YHON
8¢¢ 43 9¢ 8T €¢ 9¢ [44 97 ST T S S 8 8 S S 14 14 € L € 4 N
8'9 L 6'8 <11 08 L8 19 €9 6'¢ (474 L'8 [474 € 9¢ (474 8 594 vy oy 8¢ o 6¢ % Eeuljoled yuoN
LIT°T T1¢ [2A% GST LTT Tt ortT 16T GET S9T €11 c0T 69 0§ 114 29 €L €5 59 ¥6 €9 S€ N
176 9v¥T 0€l €¢l <11 60T 60T S0T TOT STT L'L 'S Ly Sy 54 §'¢ oy 7€ L'e v'e 8¢ € % SOA MON
768 8T 0T 9T €¢ 44 114 9 0€ Ly 0€ 114 6€ L2 8y 95 6L 114 LTT €0T 8. 4 N
8 18 ToT 0'6 8'8 '8 €L 60T 8'S 09 79 8y 9€ 9'S Sy R4 6'¢ oy v'e Te TE 8¢ % 0JIX3N MAN
[2A% 8T 01T 1T LT 9 9 8 01T ¥ 14 14 8 S € 8 114 1T T T T S N
TL 0vT 9'6 €6 ¥0T 61T L9 9'9 €6 594 9V v'e 9 N4 4 Ts 9¢ ¢ €¢ Te €¢ e % Kos1ar maN
Ly L 6 9 T [4 9 4 0 0 0 0 T 0 S 0 0 0 0 8 0 0 N
L8 8Tl G€T 6717 O0€l S'6 99 9'8 €¢e vy 44 % allysdweH maN
0ST 61 L € 0 T 4 4 0 % T 14 17 LT €T 01 [4) 6T 8 6 9 4 N
79 TET LTT 697 9L 'S 6'vT v €9 4 6'G 144 8V Sy 4 ov 13 (474 91 L9 % EPEASN
€9 9 T ¥ L 01 € S T 0 € 8 9 T 0 0 T 0 T € € 0 N
L'S €L ST S8 09 89 8 TS 6'9 L'9 [474 0's 99 9'€ L'C x4 L'L % EXSeIgaN
95¢ 6 8T T¢ 6Y 14 8¢ [44 €e 0€ oy ST A 0 4 6 T 14 14 L 0 € N
8'8 69T 99T 0%¢l 0¢T ¢€7¢t V'L L'8 §'S 79 TL S'6 8L R4 6'v L'y 44 €8 L€ € % BUBIUON
§9.L 89 €5 Ly 8y [44 88 8. LS S¢ ve or T¢ 6¢ €¢ LT S¢ T¢ LT T€ €T 8 N
M.o v'6 8'6 00T L'L 89 ¥'9 <9 €9 6'S €g 6'v §'€ N4 L'y Sy 6'¢ 9 '€ 4 4 ¥ % HnossIN
c
MM 4 [4 4 L 4 T T ¥ 0 T 0 € T [4 4 S 0 [4 0 T 0 N
<53
@y €9 9'9 'S 89 oy 80T 8 474 99 €1 0¢ ST €q 6'¢ 6'C S % 1ddississiN
[elol  0T0¢ 600 800c L00C 900¢ S00C ¥00C €00C <¢00C T00C 000 6667 8661 66T 9661 G661 ¥66T €661 <661 T66T 066T aels

NIH-PA Author Manuscript

NIH-PA Author Manuscript

NIH-PA Author Manuscript

PMC 2015 March 01.

in

available

Int J Drug Policy. Author manuscript



Pagp 19

T (1) 1€ LT 43 S 17 LT 1) € 0t 8T ST 14 € 4 9 0 0 T 0 0 N
L ¢8  ¥O0l L8 9L 90T L'L 0'S 9 8'S 9V 'S 9V v'e 'S T's 6'L 81 % eIUIBIA 1S9
€eT'T €€ 0. 8 TL ¥6 LET LTT 0T 43 117 S/ o4 1€ 8¢ T €T 8 6T 43 6T (1) N
6'TT 8¢€T 8€T €€ VIl 01T 91T 8GT O0OvI €¥l 80T OTT ¥'6 TL 18 8'8 6'9 V'L 8'9 S'L 0'S 9 % uoyBulysep
6¢S 9¢ 1€ 14 G€ 65 L€ 6v ¥S 123 6¢ 9¢ ve LT 41 0¢ 6 0 T 0 T 0 N
TL §¢r 6'6 8'8 L'8 L'L 99 8'L 09 'S 9'S 4] TS 6'¢ v (594 ov 6'9 9¢ % eluIbaA
0.1 11 61 [4) €1 1) 01 ST €T ST €T 6 T 1% € T 0 8 4 S T € N
8Tl Le€T TST €€ C¢¢€l Lyl 8vl 9GT 9¢T €€l 8'8 6'8 6T o4 L'S 6'8 L9 80 € L'L T¢ % JUOWLIBA
€1¢ 8 9 [44 6T ST L 97 6 € €T 6T T¢ 01 9 S 8 8 8 14 4 ¥ N
TL 6L ST 88 €11 <¢T1 Vi L'L 4 8L 78 8V 'S Ly Ts Sy 9'S 8V 8¢ 9'S ST v % yein
z.8'e L8 88 €8 L6 L6 61 122 TL1 €€¢C €€¢C ¥5¢ [404 LET 1581 (474 65€ 0ct 8¢¢ 679  G9¢€ €€ N
Ty 99 0L L'L 8'9 8'G 0'S 8'S Sy L'y L'y 8¢ 8¢ 144 o4 o4 8¢ €€ €€ 0¢ 8¢ S % Sexa
8.5 LL 0€ 6T 9¢ 59 o4 LZ S¢ LT €T 29 [44 14 0¢ 6T 1T [44 6 1T € 14 N
6'S 00T 8'9 49 8 L9 99 9's 'y L'S v 584 €€ €€ §'€ oy oy 8¢ 6'C '€ v Ve % 99SSaUUD |
[4<] S [4 L 4 T 0 T [4 € L 8 4 14 [4 0 € € 0 0 0 0 N
8'S 9'L 6'¢ 9'9 49 L'y 80 T's L'y 0's 6'¢ €g €97 474 6'T L'T % E103Eeq Yinos
861 14 ¥ 9 9 6 14 0T 8 €T 91 LT 14 €T 6 9 6T 9 1T 0t 4 T N
Sy S8 L'8 L9 'S 0L 99 6V 9 6'¢ 'S v €y 8¢ e 0's L'e 8¢ ov L'C €¢e ve % eutjoled yinos
19 T 1% S 14 0 T 9 S € € T € € S 0 9 0 T S T 1% N
§'9 8€T 00T L'L ¢0T 9 81T 79 09 ¥'8 ST SC Sy §'9 €y 9V 60 8¢ vy % puejs| spoyy
9 9¢ 43 8y 6¢ 0¢ 44 534 oy T¢ 144 8¢ €9 14 91 LT Le 0S 0¢ T¢ 6 0 N
S'9 gt 8 T0T L'L v'6 6L 6'8 0L 8 6V S'L 6°¢C 'S T's €y v 14 0¢ ve TE % elueA|Asuuad
Mum Sy 6€ 114 8. 9¢ 6¢ 8¢ 6¢ 8¢ 14 9T (1) 12 ST 8 L 8 €¢ 01 0¢ 12 N
Wm 8Tl ¥'6 66 €TT S’ (A 6 16 €8 8L 99 '€ a9 9L 8 ey ey (474 ve 0's 78 % uoBai0
a5
DL 4 4 4 4 4 € T 9 S 0 € S 4 4 4 14 0 S 14 8 0 N
[elol  0T0¢ 600 800c L00C 900¢ S00C ¥00C €00C <¢00C T00C 000 6667 8661 66T 9661 G661 ¥66T €661 <661 T66T 066T aels

NIH-PA Author Manuscript

NIH-PA Author Manuscript

NIH-PA Author Manuscript

PMC 2015 March 01.

in

available

Int J Drug Policy. Author manuscript



Page 20

LST'6E  €20'C LTL'T v26'T 080'C ST0'C €€c'c 8S8'T ¢2€8'T /L¥9'T GS99'T v68'T €8LT LOE'T €2ZET <¢8ET 2hl'€ ¢¢v0T 86T 2Sv'c 6IST Ty, N
€9 L'0T 6'6 00T 9'6 8'8 18 €8 L €L 79 'S 9V 6V 0's Sy oy 8¢ L€ 4 €€ 8¢ % [el01
S€ T 0 4 0 T T LT 0 0 0 T T T T T 14 T € 0 0 0 N
M.m 8'0¢ 0's 0'6 6'v 0'S ST €y A4 8V §'S L'e L'e L'S % BuroAm
c
.@H 0€ S € 8 6T €1 L2 23 8 14 4 L 0 T S T S 1) 8 14 T N
D
©L €T T8 x4 6'9 ¥'6 §¢rT 0'S €8 €9 §'9 474 [4 9¢ vy €T §'¢ v'e 6T ST € % UISUOISIM
[elol  0T0¢ 600 800c L00C 900¢ S00C ¥00C €00C <¢00C T00C 000 6667 8661 66T 9661 G661 ¥66T €661 <661 T66T 066T aels

NIH-PA Author Manuscript

NIH-PA Author Manuscript

NIH-PA Author Manuscript

Int J Drug Policy. Author manuscript; available in PMC 2015 March 01.



1duosnue Joyiny vd-HIN 1duosnue Joyiny vd-HIN

1duosnuely Joyny vd-HIN

Sevigny et al.

Page 21

References

Anderson, DM.; Hansen, B.; Rees, D. Medical marijuana laws and teen marijuana use; Paper presented
at the 7th Annual Conference of the International Society for the Study of Drug Policy; Bogota,
Colombia. 2012.

Anderson DM, Hansen B, Rees D. Medical marijuana laws, traffic fatalities, and alcohol consumption.
Journal of Law and Economics. Forthcoming

Angrist, JD.; Pischke, J-S. Mostly harmless econometrics: An empiricist’s companion. Princeton, NJ:
Princeton University Press; 2009.

Baron RM, Kenny DA. The moderator-mediator variable distinction in social psychological research:
Conceptual, strategic, and statistical considerations. Journal of Personality and Social Psychology.
1986; 51(6):1173-1182. [PubMed: 3806354]

Bertrand M, Duflo E, Mullainathan S. How much should we trust differences-indifferences estimates?
The Quarterly Journal of Economics. 2004; 119(1):249-275.

Best D, Strang J, Beswick T, Gossop M. Assessment of a concentrated, high-profile police operation.
No discernible impact on drug availability, price or purity. British Journal of Criminology. 2001;
41(4):738-745.

Bouchard M, Dion CB. Growers and facilitators: Probing the role of entrepreneurs in the development
of the cannabis cultivation industry. Journal of Small Business and Entrepreneurship. 2010; 22(1):
25-37.

Bowles DW. Persons registered for medical marijuana in the United States. Journal of Palliative
Medicine. 2012; 15(1):9-11. [PubMed: 22268404]

Burgdorf JR, Kilmer B, Pacula RL. Heterogeneity in the composition of marijuana seized in
California. Drug and Alcohol Dependence. 2011; 117:59-61. [PubMed: 21288662]

Caulkins JP, Lee MAC, Kasunic AM. Marijuana legalization: Lessons from the 2012 state proposals.

World Medical & Health Policy. 2012; 4(3-4):4-34.

Centers for Disease Control and Prevention. Bridged-race population estimates, United States: July 1st
resident population by state, county, age, sex, bridged-race, and hispanic origin. Bethesda, MD:
United States Department of Health and Human Services, Centers for Disease Control and
Prevention, National Center for Health Statistics; 2013.

Cerda M, Wall M, Keyes KM, Galea S, Hasin D. Medical marijuana laws in 50 states: Investigating
the relationship between state legalization of medical marijuana and marijuana use, abuse and
dependence. Drug and Alcohol Dependence. 2012; 120(1-3):22-27. [PubMed: 22099393]

Chapkis, W.; Webb, RJ. Dying to get high: Marijuana as medicine. New York: NYU Press; 2008.

Ciccarone D, Unick GJ, Kraus A. Impact of south American heroin on the US heroin market
1993-2004. International Journal of Drug Policy. 2009; 20(5):392-401. [PubMed: 19201184]

Clogg CC, Petkova E, Cheng T. Reply to Allison: More on comparing regression coefficients. The
American Journal of Sociology. 1995; 100(5):1305-1312.

Crippa JA, Zuardi AW, Martin-Santos R, Bhattacharyya S, Atakan Z, McGuire P, et al. Cannabis and
anxiety: A critical review of the evidence. Human Psychopharmacology: Clinical and
Experimental. 2009; 24(7):515-523. [PubMed: 19693792]

Damrongplasit K, Hsiao C. Decriminalization policy and marijuana smoking prevalence: A look at the
literature. Singapore Economic Review. 2009; 54(4):621-644.

Davies RB. Mandatory minimum sentencing, drug purity and overdose rates. The Economic and
Social Review. 2010; 41(4):429-457.

Deiana S. Medical use of cannabis. Cannabidiol: A new light for schizophrenia? Drug Testing and
Analysis. 2013; 5(1):46-51. [PubMed: 23109356]

Di Forti M, Morgan C, Dazzan P, Pariante C, Mondelli V, Marques TR, et al. High-potency cannabis
and the risk of psychosis. The British Journal of Psychiatry. 2009; 195(6):488—491. [PubMed:
19949195]

Dobkin C, Nicosia N. The war on drugs: Methamphetamine, public health, and crime. American
Economic Review. 2009; 99(1):324-349. [PubMed: 20543969]

Downs D. Turning pot into medicine. East Bay Express. 2012 Jun 20.

Int J Drug Policy. Author manuscript; available in PMC 2015 March 01.



1duosnue Joyiny vd-HIN 1duosnue Joyiny vd-HIN

1duosnuely Joyny vd-HIN

Sevigny et al.

Page 22

ElSohly, MA. Potency monitoring program: Quarterly report number 100. University, MS: National
Center for Natural Products Research, University of Mississippi; 2008.

ElSohly, MA. Potency monitoring program: Quarterly report number 116. University, MS: National
Center for Natural Products Research, University of Mississippi; 2012.

Feldman HW, Mandel J. Providing medical marijuana: The importance of cannabis clubs. Journal of
Psychoactive Drugs. 1998; 30(2):179-186. [PubMed: 9692380]

Finlaw, J.; Brohl, B. Task force report on the implementation of Amendment 64: Regulation of
marijuana in Colorado. Denver: Office of the Governor & Department of Revenue; 2013.

Friese B, Grube JW. Legalization of medical marijuana and marijuana use among youths. Drugs:
Education, Prevention and Policy. 2013; 20(1):33-39.

Geluardi, J. Cannabiz: The explosive rise of the medical marijuana industry. San Francisco: Polipoint
Press; 2010.

General Accountability Office. Marijuana: Early experiences with four states’ laws that allow use for
medical purposes. Washington, DC: United States General Accounting Office; 2002.

Gorman DM, Huber J, Charles J. Do medical cannabis laws encourage cannabis use? International
Journal of Drug Policy. 2007; 18(3):160-167. [PubMed: 17689362]

Hall W, Degenhardt L. What are the policy implications of the evidence on cannabis and psychosis?
Canadian Journal of Psychiatry. 2006; 51(9):566-574.

Hall W, Degenhardt L. Adverse health effects of non-medical cannabis use. The Lancet. 2009;
374(9698):1383-1391.

Harper S, Strumpf EC, Kaufman JS. Do medical marijuana laws increase marijuana use? Replication
study and extension. Annals of Epidemiology. 2012; 22(3):207-212. [PubMed: 22285867]

Harris D, Jones RT, Shank R, Nath R, Fernandez E, Goldstein K, et al. Self-reported marijuana effects
and characteristics of 100 San Francisco medical marijuana club members. Journal of Addictive
Diseases. 2000; 19(3):89-103. [PubMed: 11076122]

Hazekamp A. An evaluation of the quality of medicinal grade cannabis in the Netherlands.
Cannabinoids. 2006; 1(1):1-9.

Investigative Support Center. Colorado’s “medical” marijuana: Are regulations working or is
“medical” marijuana being diverted?. Denver, CO: Rocky Mountain High Intensity Drug
Trafficking Area; 2012.

Khatapoush S, Hallfors D. Sending the wrong message: Did medical marijuana legalization in
California change attitudes about use of marijuana. Journal of Drug Issues. 2004; 34(4):751-770.

Killias M, Isenring GL, Gilliéron G, Vuille J. Do drug policies affect cannabis markets? A natural
experiment in Switzerland, 2000-10. European Journal of Criminology. 2011; 8(3):171-186.

King, LA.; Carpentier, C.; Griffiths, P. An overview of cannabis potency in Europe. Office for Official
Publications of the European Communities; 2004.

Laar, Mv; Frijns, T.; Trautmann, F.; Lombi, L. Cannabis market: User types, availability and
consumption estimates. In: Trautmann, F.; Kilmer, B.; Turnbull, P., editors. Further insights into
aspects of the eu illicit drugs market. Luxembourg: European Commission, Directorate-General
for Justice; 2013.

Li MC, Brady JE, DiMaggio CJ, Lusardi AR, Tzong KY, Li G. Marijuana use and motor vehicle
crashes. Epidemiologic Reviews. 2012; 34(1):65-72. [PubMed: 21976636]

Lynne-Landsman SD, Livingston MD, Wagenaar AC. Effects of state medical marijuana laws on
adolescent marijuana use. American Journal of Public Health. 2013:e1—€7.

MacCoun, RJ.; Reuter, P. Drug war heresies: Learning from other vices, times, and places. New York:
Cambridge University Press; 2001.

MacKinnon, D. Introduction to statistical mediation analysis. New York: Taylor and Francis Group;
2008.

MacKinnon DP, Krull JL, Lockwood CM. Equivalence of the mediation, confounding and suppression
effect. Prevention Science. 2000; 1(4):173-181. [PubMed: 11523746]

MacKinnon DP, Lockwood CM, Hoffman JM, West SG, Sheets V. A comparison of methods to test
mediation and other intervening variable effects. Psychological Methods. 2002; 7(1):83-104.
[PubMed: 11928892]

Int J Drug Policy. Author manuscript; available in PMC 2015 March 01.



1duosnue Joyiny vd-HIN 1duosnue Joyiny vd-HIN

1duosnuely Joyny vd-HIN

Sevigny et al.

Page 23

McLaren J, Swift W, Dillon P, Allsop S. Cannabis potency and contamination: A review of the
literature. Addiction. 2008; 103(7):1100-1109. [PubMed: 18494838]

Mehmedic Z, Chandra S, Slade D, Denham H, Foster S, Patel AS, et al. Potency trends of AS-THC and
other cannabinoids in confiscated cannabis preparations from 1993 to 2008. Journal of Forensic
Sciences. 2010; 55(5):1209-1217. [PubMed: 20487147]

Meyer BD. Natural and quasi-experiments in economics. Journal of Business & Economic Statistics.
1995; 13(2):151-161.

National Drug Intelligence Center. District of Columbia: Drug threat assessment. Johnstown, PA: U.S.
Department of Justice; 2002.

Nonnemaker J, Engelen M, Shive D. Are methamphetamine precursor control laws effective tools to
fight the methamphetamine epidemic? Health Economics. 2011; 20(5):519-531. [PubMed:
21433216]

Office of the Inspector General. The Drug Enforcement Administration’s Domestic Cannabis
Eradication/Suppression Program. Washington, DC: Department of Justice; 1995.

Pacula, RL.; Chriqui, JF.; King, J. Marijuana decriminalization: What does it mean in the United
States?. Santa Monica, CA: RAND; 2004.

Pacula RL, Chriqui JF, Reichmann DA, Terry-McElrath YM. State medical marijuana laws:
Understanding the laws and their limitations. Journal of Public Health Policy. 2002; 23(4):413—
439. [PubMed: 12532682]

Pacula RL, Kilmer B, Grossman M, Chaloupka FJ. Risks and prices: The role of user sanctions in
marijuana markets. The B E Journal of Economic Analysis & Policy. 2010; 10(1):1-36.

Pacula RL, Powell D, Heaton P, Sevigny EL. Reconsidering the effects of medical marijuana laws and
recreational marijuana use: The devil is in the details. 2013 RAND Working Paper.

Pijiman F, Rigter S, Hoek J, Goldschmidt H, Niesink R. Strong increase in total delta-THC in cannabis
preparations sold in Dutch coffee shops. Addiction Biology. 2005; 10(2):171-180. [PubMed:
16191670]

Potter, GR.; Barratt, MJ.; Decorte, T.; Malm, A.; Lenton, S. Global patterns of domestic cannabis
cultivation: A cross-national analysis of sample characteristics and patterns of growing; Paper
presented at the International Society for the Study of Drug Policy; Bogota, Colombia. 2013.

Potter GW, Gaines L, Holbrook B. Blowing smoke: An evaluation of marijuana eradication in
Kentucky. American Journal of Police. 1990; 9(1):97-116.

Ramaekers JG, Berghaus G, Van Laar M, Drummer OH. Dose related risk of motor vehicle crashes
after cannabis use. Drug and Alcohol Dependence. 2004; 73(2):109-119. [PubMed: 14725950]
Ramaekers JG, Kauert G, Van Ruitenbeek P, Theunissen EL, Schneider E, Moeller MR. High-potency
marijuana impairs executive function and inhibitory motor control. Neuropsychopharmacology.

2006; 31(10):2296-2303. [PubMed: 16572123]

Reinarman C. Cannabis policies and user practices: Market separation, price, potency, and
accessibility in Amsterdam and San Francisco. International Journal of Drug Policy. 2009; 20(1):
28-37. [PubMed: 18367390]

Rendon, J. Super-charged: How outlaws, hippies, and scientists reinvented marijuana. Portland, OR:
Timber Press; 2013.

Salomonsen-Sautel S, Sakai JT, Thurstone C, Corley R, Hopfer C. Medical marijuana use among
adolescents in substance abuse treatment. Journal of the American Academy of Child &
Adolescent Psychiatry. 2012; 51(7):694-702. [PubMed: 22721592]

Sevigny EL. Is today’s marijuana more potent simply because it’s fresher? Drug Testing and Analysis.
2013; 5(1):62-67. [PubMed: 23169764]

Slade, D.; Mehmedic, Z.; Chandra, S.; Elsohly, M. Is cannabis becoming more potent?. In: Castle, D.;
Murray, RM.; D’Souza, DC., editors. Marijuana and madness. 2. Cambridge: Cambridge
University Press; 2012. p. 35-54.

Substance Abuse and Mental Health Services Administration. Results from the 2010 National Survey
on Drug Use and Health: Detailed tables. Rockville, MD: Center for Behavioral Health Statistics
and Quality; 2011.

Swift W, Gates P, Dillon P. Survey of Australians using cannabis for medical purposes. Harm
Reduction Journal. 2005; 2:1-10. [PubMed: 15703082]

Int J Drug Policy. Author manuscript; available in PMC 2015 March 01.



1duosnue Joyiny vd-HIN 1duosnue Joyiny vd-HIN

1duosnuely Joyny vd-HIN

Sevigny et al.

Page 24

Szendrei K. Cannabis as an illicit crop: Recent developments in cultivation and product quality.
Bulletin on Narcotics. 1997; 49(1/2):1-22.

Thurstone C, Lieberman SA, Schmiege SJ. Medical marijuana diversion and associated problems in
adolescent substance treatment. Drug and Alcohol Dependence. 2011; 118:489-492. [PubMed:
21565453]

United Nations Office on Drugs and Crime. 2006 world drug report. Vienna: UNODC; 2006.

Wall MM, Poh E, Cerda M, Keyes KM, Galea S, Hasin DS. Adolescent marijuana use from 2002 to
2008: Higher in states with medical marijuana laws, cause still unclear. Annals of Epidemiology.
2011; 21(9):714-716. [PubMed: 21820632]

Weatherburn D, Lind B. The impact of law enforcement activity on a heroin market. Addiction. 1997;
92(5):557-569. [PubMed: 9219378]

West, D. The secrets of the west coast masters: Uncover the ultimate techniques for growing medical
marijuana. USA: West Coast Masters; 2011.

Wirfs-Brock J, Seaton L, Sutherland A. Colorado medical marijuana surplus leaks to black market:
Growers have more pot than patients need; new state law unclear. Daily Camera. 2010

Wooldridge, JM. Econometric analysis of cross section and panel data. 2. Cambridge, MA: The MIT
press; 2010.

Zhao X, Lynch JG, Chen Q. Reconsidering Baron and Kenny: Myths and truths about mediation
analysis. Journal of Consumer Research. 2010; 37(2):197-206.

Int J Drug Policy. Author manuscript; available in PMC 2015 March 01.



Page 25

Sevigny et al.

WaIS Mme ON 11818 SOA SOA ON 6002
8IS Me] ON SENEIEY le) SOA ON ON 666T uolBuiysem
WaIS Mme ON 1apinold SOA ON ON 7002 JUOWIBA
WaIS Mme SOA l1apinold SOA ON ON 9002 pue|s| apoyy
panqiyoud SOA J8pinoid SOA SOA ON 6002
psugiyoid SOA Iapinolid SSA ON ON 900¢
pangyoid SOA 1e181e) SOA OoN ON 0002
WIS Me] SOA 1e1ale) SOA ON ON 666T uobalQ
WaIS Mme SOA 1apinold SAA SOA SOA 6002
WaIS Mme] SOA lapinold SOA ON ON 8002

B/U '/U e/ ON ON ON 1002 091X3N MaN
JU3[IS Me] ON Jayelared SOA ON ON 200¢ BPeASN
WaIS Mme] SOA lapinold SOA SOA ON 6002
WIS Me] SOA 1apinold SOA ON ON 5002 BUBJUOIN
WaIS me SOA 1apinold SOA SOA ON 0102
1wsIS me] SOA lapiaoid SOA ON ON 6002 ueBIyoIN

'/U '/U e/ ON ON ON 7002 puejArey
WaIS me SOA 1apinold SOA ON ON 0102
WIS Me SOA 1e181e) SOA ON ON 0002 aure
paiqiyoid ON Iaxelale) SOA ON ON T00C llemeH
pangiyoid SOA 1apinold SOA SOA SOA 0102
WaIS Me] SOA IENEEY e} SOA SOA ON 5002
WIS Me] SOA 1yelale) SOA ON ON 1002 0opeJojo)

pamoj|y SOA 11818 SOA SOA SOA 002
WaIS Mme SOA 1e1818D SOA SOA ON 1661 EITIT] %)
JUB|IS MeT] ON Japinoid SBA ON ON 666T eS|y
Buimols annas|0D Janibared 5I8PON J8A1BaaeD  uoireAnnD swoH  Bunessdo 010e4 8@ gmc:m:ao Ajlefe]  glea A 8AIOBY T JUBLUPUBWIY/TININ ale1s

Jad sjusired sjdinin

Alddns swoH

sarresuadsiq

NIH-PA Author Manuscript

NIH-PA Author Manuscript

T alqel

0T0Z-066T ‘sme euen(Lie|\ [ed1paIAl 81elS

NIH-PA Author Manuscript

Int J Drug Policy. Author manuscript; available in PMC 2015 March 01.



Page 26

Sevigny et al.

‘|]apow Japiaold e 03 siyr pabueyd (66/2/9 :9A19848) ¥6 '9'S
uorre|siba] Bulpuae sjeipawwi INg ‘|apow Ja)elased e paje|ndile (66/1/S :9A11981)9) 8 ansea|Al [eulfLio s, exsey Jeyy 810N Juaired sy 1sisse 0} paaife sey oym jnpe Aue 1sow aq ued sianibaled pareubisep
‘|]apow Jepnoid ayp Japun ‘sanijigisuodsal Buryelated Juediyiubis Jorid Yim [enpiAipul Jo/pue Jaguial Ajiley e 8 1SNW UOIRAIND awoy Yim Bunsisse sianlfaled pajeubisap ‘|japow Joxeeed ay) aucno

‘Alannoadsal

‘€T0Z 11y pue TTOZ Yose [1un [euonesado awodaq Jou pip saliesuadsip 1siiy ays Ing ‘sme| Aresuadsip paioeua (6002) pue|s| 8poyy pue (0T0Z) aure Yo ‘0T02-066T potiad Apnis ays mc_soo_

‘KosIar MBN pUB ‘sNasnyoesSeiAl ‘BIqUIN0D 40 101ISIQ ‘aJeme|ad INo1osuu0D
"eUOZLIY U1 Sme| mau Buipnjoul ‘0T0g Jae 103449 ojul aLued Jey) sabuey [e63] Jaylo 10 SaIntels TIAIAI 1931421 10U S30P ]ge} SIU} Jeyl 810N 15T AINC JO Se 9AIDBYE Smej $}031J21 Jeak pajealpul L,

NIH-PA Author Manuscript NIH-PA Author Manuscript NIH-PA Author Manuscript

Int J Drug Policy. Author manuscript; available in PMC 2015 March 01.



Page 27

Sevigny et al.

(zT1) 69t (60T) 1SV (zT1) IT'S (spuesnoy paipuny) uonendod bo
(82°0) 8e'e (82'0) eee (¥1°0) 19€ (spuesnoy 1) swoouj e)ded Jad o
(6v2) 6T9T (292 8€9T (52'1) 8y'ST +09 paby 9%
(ss1) 9oy  (85T) T7'0v (280 €9'TY 65-0€ PabV %
(8v'1) 65¥T  (€9'T) 99T (€9°0) €Syl 62-02 Pabv %
(egsT) 1229 (oLvT) 2T Y9 (86'ST) 8515 3NUM OluedsIH-UON %
(€L0) gzer  (5L0) ST'6Y (2€0) GL'6Y 3[eIN %
(e8°€) 26'9 (z6°€) 00°L (s7'¢) 299 (syiuo) Be sisAjeury-03-a1nz19s
(ev'1) Ge'e (ze'1) 6E°E (€6°0) ve'e paziss sweibo|ry| ues|y o
(r8se) €9y (80°Le) L8y (9e2T) €T°0¢e % 3peID-PIN
(6L'€e) 10T (2e'sT) 89°0T (29'92) 2607 % ©|IWasuIS
(9v0) 1.0 (v'0) 290 (6€°0) G0'T (1ea A T pafife]) uoneindod 000°00T Jad paziss smoi9 soopu| o
(860 85T (e01) vS'T (t20) 6T (reaA T pabBe) uoneindod 000‘00T Jad Pazias sjold JoopinQ 6o
(6v°0) €70 (Lv0) €e0 (tv'0) 6L°0 Ad1jod uonezifeuiwdeq
(80'1) €50 (00'0) 000 (69°0) vS'e xapu| Addns swioH
(ov0) 020 (000) 000 (LT0) 160 UoBAIIND BWOH
(9£°0) 910 (00°0) 000 (#7°0) v.'0 seuesuadsig Bunesedo 010e4 8@
(8z'0) 800 (000) 000 (6v°0) (01740] saltesuadsiq Bunelado Ajjeba
(t70) 120 (000) 000 (00°0) 00T e euen(liei [ed1pan
(6L'7) €€'9 (To'y) 09'G (s1°9) 80'6 % OHL
(as) ueaN  (as) uesiN (as) uesiN a|qerien

(L8T'6€ = N) [e10L

(656°0€ = N) 81815 TIAIN-UON

(86T'8 = N) 81@3S TN

NIH-PA Author Manuscript

¢ ?olgel

NIH-PA Author Manuscript

0T02-066T ‘sonsnels aanduossq

NIH-PA Author Manuscript

Int J Drug Policy. Author manuscript; available in PMC 2015 March 01.



Page 28

%1

*¥

‘%S

¥ ¥
‘%0T
M
:S[aA8] dourdlIUBIS

"JST'6E = N "sasayjuaied ur paniodal aie S10118 pJepuels 1Snqou Jaisn|) 810N

%8'EE %8'EE %L'8 e
SOA SAA ON S108)43-poxiH JeaA

SOA SOA ON $109J43-paxiH arelS
(6e'8y) 82T€  (98'6Y) £0°9E xal150) 09'G JueIsu0)
(00'v) 26~ (96°€) 617 (spuesnoy paipunH) uonejndod 6o
(8z'0) sve (ov'2) ove (spuesnoy ) awoou| ended Jad Bo
(Lzo)1T0 (82'0) 80'0 +09 paby %
(s2'0) 50°0- (9z°0) ¢T'0- 65-0€ Paby %
L[eT0)2zo-  (ET0) v20- 62-02 P3BY %
(01°0) 20'0 (01°0) T0'0 3HUM 91URdSIH-UON%
(t20) 1€0- (cL0) €0 3eN %
c100 170 (100) TT0- (supuop) BeT siskjeuy-01-ainzies
(1ea A T pabbe) uoireindod 0p0‘00T Jad pazias smois) Joopu| Fo

(1ea A T pabbe) uonejndod 000‘00T Jad pazias s10ld JoopinQ 6o

*IAmm.ov T19¢C Ad110d uonezifeulwiioag
(95°0) ¥5°0 (95°0) §5°0 xx(69°0) 8Y°€ Ae euen(iel [edIpaN
¥) (€) ™ sa|qeLien

Sevigny et al.

NIH-PA Author Manuscript

NIH-PA Author Manuscript

0T0Z-066T ‘(%DH.L) Aous10d uo sme euenliiepy [e3IP3IAl JO 10943 ay] JO S81RWIST $9JUalalIg-Ul-Saoualalg

NIH-PA Author Manuscript

Int J Drug Policy. Author manuscript; available in PMC 2015 March 01.



Page 29

Sevigny et al.

%1
M

*¥
‘%S

XX
‘%0T

M

:S]aA8] 8ouBdIUBIS

*JGT'6E = N "S8|eLI_A |0JIUOD PUB S108448 PaxIy Jeak pue aJels apnjoul S|9pow || "sasayjuaied Ul pauiodal aie S10.19 pJepuels 1Snqod Jalsn|) (810N

%6'€E %6'EE %6'EE %6'EE %6'SE fPey
(+909) 97T (€569) S5z (v9'29) 202z £(SV'S 0L (0g'5) op'8T WEISU0D

ST0)0z0-  (STO)6T0-  (ST0) 020  LSTO9Z0"  (gT0)6T'0-  (teaA T pabbe) uoneindod 000‘00T Jad pazias smoi9 10opu] 6o

(8T°0) T0°0-  (8T°0)20'0-  (8T°0) 20'0- (L1°0) T0°0 (81°0) 20'0-  (1eaA T pabife) uoneindod 000'00T Jad pazIss sjold Joopino Ho
SLETT 6L (eoT)soe | bTTI98T | (vOT)TSZ |, (90'T)6LC 1104 UoRRZIfEUILILIDST
(8T°0) 6T°0 (ZT0)eT0 xapu| Addng swioH

(090)2L0 (65°0) T9'0 (t5°0) 9v°0 uoNBAIIND SWOH

(o) gzo-  (€50) Tv°0- (95°0) 62°0 saliesuadsiq Buiressdo oie4 aq
L0v'0)060 _ (br'0)20T  (6£°0) T6°0 407°0) 66°0 saliesuadsiq Bunesado Ajjeba
(9) ¥) (€) (@ ™ sa|qeLien

0T0Z-066T ‘(% DHL) Adus10d uo suoisinoid Ajddns euenliel [ea1paly JO S199443 JO S81RWIST S$adualajllg-ul-saoualalg
¥ 9lqel

NIH-PA Author Manuscript NIH-PA Author Manuscript NIH-PA Author Manuscript

Int J Drug Policy. Author manuscript; available in PMC 2015 March 01.



1duosnue Joyiny vd-HIN 1duosnue Joyiny vd-HIN

1duasnuely Joyny vd-HIN

Sevigny et al.

Table 5

Mediation Analysis of the Effects of Medical Marijuana Laws on Potency (THC%), 1990-2010

Page 30

Variables Total Effects (t) Direct Effects (t')  Indirect Effects (t - ')
Panel A

Medical Marijuana Law 0.53 (0.55) -0.09 (0.30) 0.61 (0.35)"
Decriminalization Policy 2.62 (1.05)"" 0.93 (0.67) 1.70 (0.50)°**
Log Outdoor Plots Seized per 100,000 Population (Lagged 1 Year) 0.01(0.16) -0.09 (0.12) 0.10 (0.10)
Log Indoor Grows Seized per 100,000 Population (Lagged 1 Year) 0.27 (0_15)* -0.13 (0.15) -0.14 (0.09)
Sinsemilla % 0.07 (0.01)"**

Mid-Grade % 0.00 (0.00)

Log Mean Kilograms Seized -0.06 (0.03)"

Constant 38.63 (52.14) 3.47 (41.74)

Adj. R2 33.9% 35.4%

Panel B

Legally Operating Dispensaries 0.99 (0.46)"* -0.02 (0.36) 1.01 (0.32)"**
Home Cultivation 0.46 (0.51) -0.26 (0.30) 0.72 (0.28)"™*
Decriminalization Policy 2.79 (1.06)"* 0.94 (0.71) 1.86 (0.49) "
Log Outdoor Plots Seized per 100,000 Population (Lagged 1 Year) -0.02 (0.18) -0.09 (0.12) 0.06 (0.10)
Log Indoor Grows Seized per 100,000 Population (Lagged 1 Year) -0.19 (0.15) -0.14 (0.16) -0.06 (0.08)
Sinsemilla % 0.07 (0_01)***

Mid-Grade % 0.00 (0.00)

Log Mean Kilograms Seized -0.06 (0_03)**

Constant 18.40 (57.30) 10.66 (45.61)

R, 33.9% 35.4%

Note: Cluster robust standard errors are reported in parentheses. All models include state and year fixed effects and control variables. N = 39,157.

Significance levels:

*
10%,

*%

5%,

* %

*
1%
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