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ABSTRACT 

Over the last several years, marijuana legalization has become a popular piece of 

state legislation. While most legislation is focused on the passage of these laws for 

marijuana use, Montana, in 2011, rescinded a previously passed medical marijuana law 

with Senate Bill 423. This thesis examines the relationship between rescinding a medical 

marijuana law and traffic fatalities, one of the leading causes of death in America, in 

Montana after Senate Bill 423 was passed. I test for a causal effect using a synthetic 

control approach along with a weighted regression using data from the Fatal Analysis and 

Reporting System with data from 2001-2017. I find that the synthetic control groups saw 

similar patterns in traffic fatalities despite not rescinding a medical marijuana law. The 

weighted regression analysis also shows that there is no statistical difference in traffic 

fatalities after the policy in Montana.  
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CHAPTER ONE 

INTRODUCTION 

Marijuana regulation is rapidly changing since states started passing laws that 

make the medical use of marijuana legal. Beginning in the 1990s, medical marijuana laws 

(MMLs) have been a popular piece of state legislation across the United States.1 As of 

2019, 33 states have passed different types of laws that legalized the use of marijuana for, 

at least, medical purposes. Voters cite that marijuana has value if used as a medication 

and is a potent remedy for various chronic illnesses (Eddy 2010; Watson et al. 2000). 

Still, opponents of MMLs debate that marijuana has more negative effects than positives; 

this was the case in the State of Montana in 2011 (Adams 2008; Blankstein 2010). 

While Montana was an early adopter of medical marijuana in 2004, state 

lawmakers in 2011 decided that marijuana should not be used medically because of a risk 

that consumers will misuse it and treat marijuana as a gateway drug (Adams 2008; 

Blankstein 2010).  With this fear that Montanans were abusing the law to use marijuana 

recreationally, Senate Bill 423 (SB 423), was introduced and passed in July of 2011 

(Adams 2008; Blankstein 2010).2 The passing of this Bill put significant restrictions on 

the medical marijuana market, cutting the number of patients by more than 80 percent in 

the months following the implementation. Though this cut was drastic, there was rapid 

growth of the program leading up to the passing of SB 423. The number of cardholders 

 
1 Figure 1 displays a map of states that have passed marijuana legislation. 
2 See Appendix A for all marijuana related laws proposed in the 2011 session. 



2 
 

increased from 2,000 in March of 2009 to over 31,000 by May of 2011. After this swift 

growth, SB 423 limited the program in a significant way and take up of the program 

significantly decreased. Not since the passage of the Marihuana Tax Act in the late 

1930s, has there been a law that placed any restrictions or a full repeal of a marijuana 

program until SB 423 in Montana.  

There are several different public health concerns associated with the passage of 

marijuana legislation. The perception that marijuana consumption will lead to the use of 

stronger and more addictive substances is one of the main findings of a 2018 nationwide 

poll where Americans are surveyed about potential effects of marijuana legalization 

(Gurley 2019; Lopez 2019). Another area of concern is the effect of marijuana 

legalization on adolescent health and long-term effects of the drug.3 A major public 

health concern over the passing of MMLs is its effect on traffic fatalities. Driving under 

the influence of marijuana is not safe and is often compared to driving under the 

influence of alcohol.  When a policy such as SB 423 is passed and limits marijuana 

consumption, there is an ambiguous effect on traffic fatalities. The main hypothesis of 

this research is that rescinding MMLs will influence traffic fatalities. There is a 

possibility for an increase in traffic fatalities if marijuana and alcohol are substitutes and 

consumers substitute away from marijuana after the policy and towards alcohol 

consumption. Also, a possible scenario is there are fewer consumers of marijuana, and 

this would lead to fewer alcohol-involved traffic accidents, providing evidence that 

medical marijuana and alcohol could be economic complements. Marijuana also has 

 
3 This was studied in Anderson et al. (2014) and found that their results were not consistent with the 

hypothesis that legalization of medical marijuana leads to increased use among teenagers. 
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adverse effects on driving on its own. Vadivelu et al. (2018) find that marijuana has 

adverse effects on the brain in the short-term and long-term. These include neuropsychic 

effects such as loss of cognition and memory. Because of this, less drivers would be 

inebriated after the policy and could lead to a reduction in fatalities. 

 Traffic accidents have been a significant cause of fatalities in America in recent 

times, especially with the younger aged population. There are nearly 40,000 fatal car 

accidents per year in the United States, and young adults aged 15-34 account for more 

than half of all traffic fatalities. One of the leading causes of traffic fatalities is 

drunk/impaired driving. On average, 27 people die every day from being in a drunk 

driving car accident.4  As MMLs become more common, full legalization of marijuana is 

also passing in states, and with them come new policies about driving under the influence 

of marijuana, this makes studying the effect of marijuana laws on traffic fatalities a high 

priority.  

Researchers across disciplines have been interested in the effect of marijuana 

legislation on traffic fatalities. Anderson et al. (2013), explores MMLs effect on traffic 

fatalities. In this empirical research, they illustrate a relationship between MMLs and 

traffic accidents. The authors show that MMLs are associated with a decrease in traffic 

fatalities, and the association is most extensive with traffic fatalities involving alcohol. 

The rationale being, marijuana is a substitute for drinking, and consumers are more likely 

to drive under the influence of alcohol rather than under the influence of marijuana. This 

is a significant finding because it shows that legalizing medical marijuana can have 

 
4 https://www.cdc.gov/vitalsigns/motor-vehicle-safety/index.html 



4 
 

positive impacts on public health. Motivation for this research also comes from exploring 

if rescinding MMLs yields the same results that Anderson et al. (2013) finds and further 

the research that marijuana and alcohol are substitutes.  

   A synthetic control method is implemented using data gathered from the Fatality 

Analysis Reporting System (FARS). I assign weights to different states which best mirror 

fatal accidents in Montana in the pre-legalization period. The primary outcomes of 

interest are total fatal accidents, alcohol-related fatalities and nighttime fatal accidents. 

Montana is the only state that has rescinded a major medical marijuana program 

therefore, Montana will act as my only treatment state. I analyze the synthetic Montana 

and compare the estimates to the real Montana in the post-period to find the causal effect 

of redacting medical marijuana laws on traffic fatalities. I find that SB 423 did not cause 

Montana to experience a statistically significant different rate of total traffic fatalities or 

alcohol-related fatalities. As a robustness check to ensure an idiosyncratic selection of 

control weights does not drive the results, I obtain similar results across varying pre-

period specifications, which create the weights for the synthetic control counterfactual. 

This thesis continues next with a background of medical marijuana in the United 

States and in Montana, and then I discuss the data used. Following, I set up my empirical 

specifications, results, and robustness checks. I conclude with a review of the policy 

implications of my findings. 
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CHAPTER TWO 

BACKGROUND 

 

History of Marijuana Laws in the United States and Montana 

Starting in the 1930s, the use, sale, or distribution of marijuana became a federal 

crime. Up until 1932, marijuana was unregulated in the United States. The first type of 

regulation of marijuana came in the form of the Uniform States Narcotic Drug Act, which 

purpose was to make uniform laws across states for controlling the use of narcotic drugs. 

Initially, only nine states had adopted the statute, but then a nationwide media campaign 

began in 1934 that declared marijuana causes temporary insanity (Anslinger, 1932). Soon 

after this successful campaign, by 1937, every state had prohibited marijuana 

consumption. Soon after, the proposition of the Marihuana Tax Act (the Act) at the 

federal level, which criminalized the possession and transfer of marijuana, was being 

written into law.5 While the name of the Act makes it sound like a tax on the use of 

marijuana, its primary goal was to stop marijuana consumption completely. This is 

apparent by the regulations and punishments for violating the Act. Although medical use 

was not common at the time, there was a $1 tax for those who dealt medical marijuana, 

but a violation of dealing for nonmedical use came with the consequence of a $2000 fine 

or up to 5 years in jail. 

 
5 U.S. House. 75th Congress, H.R. 6906, Marijuana Tax Act. Washington: Government Printing Office, 

1937. 
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There was no major marijuana legislation passed from 1937 with the passage of 

the Marihuana Tax Act until the Controlled Substance Act of 1970 (CSA). The Nixon 

Administration introduced the CSA to help combat this. What the CSA did was 

reclassified how different illegal drugs are categorized. The CSA established different 

schedules of drugs to rank the danger and potential medical use of various substances.6 

There are five different schedules associating different drugs with a higher potential of 

risk of abuse. Marijuana was scheduled as a 'Schedule I' drug, which makes it categorized 

as one of the most dangerous drugs with no potential for medical value. 

Marijuana's placement as a Schedule I drug was initially temporary. The Nixon 

Administration created the National Commission on Marijuana and Drug Abuse, whose 

directive was to study marijuana to see if the designation of schedule I was appropriate.7 

The commission concluded that "society should seek to discourage the use of marijuana 

while concentrating its attention on the prevention and treatment of heavy or very heavy 

use. The commission feels that the criminalization of marijuana for personal use is 

socially self-defeating as a means of achieving this objective."8 The commission defined 

and recommended the removal of criminal penalties for personal use. The Nixon 

Administration did not implement the recommendations and kept marijuana as a schedule 

I drug.  

In 1973, the Nixon administration created the Drug Enforcement Agency (DEA) 

to help police and monitor the use of illegal drugs listed on the CSA. The CSA created 

 
6 21 U.S.C §812(b)(1)(AC) 
7 Known as the Shafer Commission, issued their report on March 22, 1972 
8 National Commission on Marijuana and Drug Abuse, 1972, pg. 55-75 
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penalties for the possession and distribution for the different schedule designations, and 

the DEA's mission was to enforce these penalties. Since the listing of marijuana as a 

schedule I drug, the DEA (and the federal government in general) considers marijuana to 

have "no currently accepted medical use in the United States, a lack of safety for use 

under medical supervision and a high potential for abuse” (Drugs of Abuse, Page 9, 

2017). Even though the federal government did not see value in marijuana as a medicine, 

there was a growing movement in the public to reschedule and loosen the regulations 

surrounding the drug. In 1978, following a lawsuit from Robert Randall for cultivating 

marijuana plants for medical purposes, the federal government started to provide a 

limited amount of patient's medical marijuana through a program called the 

Compassionate Investigational New Drug Program (IND).9 The program allowed patients 

with severe medical conditions to receive a regular supply of cannabis from the federal 

government. This program is the first instance of the federal government regulating 

medical marijuana of any kind. While continued demand for medical marijuana grew, the 

IND program was not widespread and only had thirteen patients due to the complicated 

and time-consuming application process. This gave states the chance to help their 

constituents obtain a new source of medication through marijuana. Starting in 1978, New 

Mexico passed a law that sought to legalize federally approved research programs using 

cannabis supplied from the National Institute on Drug Abuse. By 1982, thirty other states 

had sought to pass similar laws. The federal government was not keen on giving the 

states that much freedom, marijuana is still a Schedule I drug, and only seven states could 

 
9 United States v. Randall, Super-Ct. D.C. Crim. No. 65923-75 
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implement these programs. Throughout the 1980s, states were passing laws that 

rescheduled marijuana at the state level, but legislation slowed down because these laws 

were ineffective due to the prohibition of marijuana at the federal level. Thirty-four 

different states passed laws such as these, but until 1996, there were no patients in any of 

these programs that obtained marijuana from the government for medical purposes. 

In 1996, California passed the first practical medical marijuana law (MML) in the 

United States. Proposition 215 allows patients with valid doctor's recommendation and 

the patients' designated caregivers to possess and cultivate marijuana for personal 

medical use. This proposition was different from a similar law that was passed in Arizona 

in 1996 as well, but the California law did not require a prescription but a 

recommendation instead, thus avoiding pharmacist's inability to obtain the drug legally.10 

By making the doctors recommend, instead of prescribing, patients would be able to go to 

dispensaries instead of pharmacies. 

In the years following 1996, other states began adopting similar laws that pertain 

to medical marijuana. Popularity for the medical legalization of marijuana can be 

connected to the use of marijuana as a remedy for AIDS.11 By 2003, nine other states had 

medical marijuana laws, and as of 2019, thirty-three different states have legalized the 

use of medical marijuana or recreational use of marijuana. In recent years, the federal 

government has loosened its stance on medical marijuana. In 2014 Rohrabacher-Farr 

amendment was signed into law that prohibits the Department of Justice from interfering 

 
10 Arizona passed the first medical marijuana law but was ineffective because pharmacists could not 

prescribe marijuana legally due to federal statute. 
11 There is no scientific effect of marijuana on AIDS but was used as a way to cope with symptoms. 
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with the implementation of state medical marijuana laws.12 The passage of this 

amendment needs to be renewed each year and does not change the legal status of 

marijuana on a federal level but is seen as a significant win for marijuana advocates as 

this is the first time the federal government has voted to protect medical marijuana 

patients. Another major step for medical marijuana advocates was the passage of the 

2018 Farm Bill. The Bill de-schedules hemp-derived cannabidiol from the CSA. Hemp-

derived cannabidiol, more commonly known as CBD, is a type of marijuana extract that 

does not include tetrahydrocannabinol (THC), the primary psychoactive ingredient found 

in marijuana consumption. Without THC, CBD is seen as the more medically effect 

marijuana product and comes in many forms. In 2018, CBD was being used in clinical 

research to help with ailments connected with anxiety, cognition, movement disorders, 

and general pain. 

The state of Montana was an early adopter of a MML in 2004 with the Montana 

Medical Marijuana Act.13 This removed state-level penalties for the use and possession of 

medical marijuana in the state of Montana. Patients are required to obtain a doctor's 

prescription to acquire a certification/license to obtain marijuana from a registered 

dispensary for the sale of medical marijuana to licensed patients.  

After seven years of expansion for the medical marijuana industry the Montana 

Legislature attempted to repeal the Montana Medical Marijuana Act in 2011.14 

Lawmakers thought that the program was growing too fast and there was possible abuse 

 
12 H.Amdt.332 to H.R.2578 - 114th Congress (2015-2016) 

 
13 A ballot initiative was approved by 62% of the popular vote. 
14 Montana House Bill 161, sponsored by Mike Milburn, on 4/13/2011. 
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of the law for recreational purposes. After passing both in the state House of 

Representatives and Senate, Governor Brian Schweitzer vetoed the repeal. After the veto, 

the legislature decided instead of a full repeal; there will be substantial restrictions placed 

on the industry.15 Some of the restrictions include stricter requirements for proof of 

certain medical conditions, and cultivators could not assist more than three patients and 

could not receive any compensation from them. The state medical board was required to 

audit all doctors who recommended medical marijuana for more than 25 patients per 

year. Law enforcement could enter any provider's location and conduct warrantless 

searches. 

This law intended to limit the number of cardholders drastically, sponsors of SB 

423, and critics of the initial 2004 bill claim that the industry has gone past its intended 

purpose. Thousands of people, including many in their 20s, began to register as patents. 

Many Senators who were against SB 423 said that the tightening of regulation would be 

harmful to cardholders who are using the program as intended. Montana is the only state 

to pass legislation initially and then later pass additional legislation that essentially 

repeals a law pertaining to medical marijuana. 

As the public gained disapproval for the restrictions placed on the medical 

marijuana market by SB 423, in 2016, the people of Montana voted to pass Initiative-182 

(I-182). This initiative intended to restore the medical marijuana program. I-182s main 

component consisted of lifting the three-customer limit on providers.  

 

 
15 https://leg.mt.gov/content/Committees/Interim/2011-2012/Children-Family/Meeting-Documents/June- 

2011/sb423-summary-of-changes.pdf 
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Literature Review of Medical Marijuana Laws 

In theory, MMLs should increase both the supply and the demand of marijuana, 

unambiguously leading to an increase in consumption (Pacula et al. 2010). Harper et al. 

(2012) use a difference in difference estimator to find evidence that there is not a higher 

prevalence of marijuana use in states that pass MMLs. This is a credible study that 

replicates Wall et al. (2011) where findings were the same that there is higher marijuana 

use in states that have passed MMLs and adds to it by accounting for a linear time trend 

that allows for different states to have their own intercepts. Harper et al. (2012) find that 

passing MMLs decreased past month use among adolescents by 0.53 percentage points 

and had no discernible effect on the perceived riskiness of monthly use. Anderson et al. 

(2013) examines the effects of MMLs on the price of marijuana from 1991-2011 and 

found that MML adoption is associated with a 25-30 percent reduction in the price of 

high-quality marijuana. While there was not a statistical difference in the price of low-

quality marijuana after legislation, much of the medicinal crop is grown indoors under 

ultraviolet lights, and that high-potency and high-quality crop is used as a better indicator 

for the supply of medicinal marijuana. This finding suggests that the supply response to 

legalization is stronger than the demand response, as the reduction in price is consistent 

with a reduction from the medical to the recreational market in states who were early 

adopters in recreational marijuana (Wagner et al. 2012; Wong et al. 2016). 

Cerda et al. (2012) find that when MMLs are passed, consumption of marijuana 

increases, but it was undetermined whether increased consumption was indicative of drug 

abuse. Davis & Lin (2016) find that hospital discharges coded as marijuana dependent 
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increased from 2007 to 2013 in states that passed MMLs, suggesting that there may be an 

increase in abuse of marijuana by consumers in states where MMLs are enacted. There 

are still many unknowns regarding use and whether drug abuse occurs. 

 

Literature Review of Medical Marijuana Laws and Traffic Fatalities 

Evidence from Kelly et al. (2004) find that the main psychoactive component in 

marijuana, tetrahydrocannabinol (THC), impairs driving-related functions, but there is 

evidence that drivers under the influence of THC compensate for these impairments. 

Robbe & O’Hanlon, (1993); Sewell et al. (2009) find that drivers impaired by THC tend 

to drive slower and take fewer risks. Simulator and driving course studies provide limited 

evidence that driving under the influence of THC can lead to increased risk of collision 

(Kelly et al. (2004); Sewell et al. (2009), potentially due to drivers compensating 

behavior. Anderson et al. (2013) studied the effect of legalizing medical marijuana and 

found that there is a thirteen percent decrease on traffic fatalities. While this study does 

find a decrease, especially with alcohol-related fatalities, Anderson et al. (2013) do not 

imply that driving under the influence of marijuana is safer than under the influence of 

alcohol. This is because marijuana is not typically consumed in public places such as bars 

and this may reflect less impaired drivers are on the road.   

Using synthetic control methods, two studies have examined laws pertaining to 

drug use and traffic fatalities, Hansen et al. (2018) and Anderson and Rees (2015). 

Hansen et al. (2018) test for an association between recreational marijuana legalization 

and traffic fatalities in Colorado and Washington using Fatal Analysis and Reporting 

System data from 2000-2016. They find the synthetic control groups saw similar 
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increases in marijuana-related fatality rates despite not legalizing recreational marijuana. 

Anderson & Rees (2015) use data from the Fatality Analysis Reporting System for the 

period 1990-2010, the authors examine the relationship between per se drugged driving 

laws and traffic fatalities in 20 states. Their results provide no evidence that per se 

drugged driving laws reduce traffic fatalities. 

 

Literature Review of Marijuana and Alcohol as Substitutes or Complements 

There has been a long debate in academia about the substitute or complementary 

nature of marijuana and alcohol. A group that specifically is focused on are young adults. 

This is because young adults are responsible for most traffic accidents and fatalities 

(Eustace & Wei, 2010).  Poling, and Sofuoglu (2009) find that driving under the 

influence of both marijuana and alcohol can be especially dangerous. It is critical to find 

evidence that marijuana are substitutes or complements to create optimal policy. Studies 

based on clearly-defined natural experiments like DiNardo & Lemieux (2001), Crost & 

Guerrero (2012), and Anderson et al. (2013) suggest that young adults typically substitute 

marijuana in place of alcohol. 

The study of the substitute nature of marijuana and alcohol has been a focus of 

different natural experiments. DiNardo & Lemieux (2001) find that increasing the 

minimum legal drinking age from 18 to 21 encourages marijuana use. A study by Crost & 

Guerrero (2012) using a regression discontinuity design finds a sharp decrease in 

marijuana use for young adults aged 21. This is suggesting that young adults treat 

marijuana and alcohol as substitutes. Anderson et al. (2013) studied the relationship 
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between passing a MMLs and drinking. The authors found reductions in heavy drinking, 

especially with young adults aged 21-29. 

It is also a possibility that marijuana and alcohol are complements. Using data 

from the National Household Survey of Drug Abuse (NHSDA), higher alcohol prices 

were related to both lower alcohol and marijuana participation (Saffer and 

Chaloupka, 1999). Other research using NHSDA data has found that an increase in the 

price of alcohol or tobacco was associated with lower probability of marijuana use among 

youth but not adults (Farrelly et al., 1999). Wen (2015) finds that marijuana and alcohol 

are complements for regular users of alcohol and for more intense users of alcohol. This 

could be because THC levels increase if alcohol is consumed simultaneously with 

marijuana (Lukas and Orozco, 2001).  

Pacula (1998) and Williams et al. (2004) both find evidence that there is a 

negative relationship between beer taxes and marijuana. These studies both rely on cross-

sectional variation in state beer tax, which do not control for unobservable factors such as 

attitudes towards substance use. Yorick et al. (2011) using the National Longitudinal 

Study of Youth in 1997, obtained evidence that the probability of marijuana use increased 

sharply at the age of 21, suggesting that marijuana and alcohol are complements. But, as 

Crost and Rees (2013) point out, Yorick et al. (2011) inadvertently conditioned having 

used marijuana at least once since the last survey. After implementing the same empirical 

design, Crost and Rees (2013) find that there is no evidence of marijuana and alcohol 

being complements. 
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CHAPTER THREE 

DATA 

 

FARS 

 To start my analysis, I obtain data from the Fatality Analysis Reporting System 

(FARS), which is a system maintained at the federal level by the National Highway 

Traffic Safety Administration that represents a census of all motor vehicle crashes and 

includes information on all individuals involved. To be included in the census of crashes, 

a crash must involve a motor vehicle traveling on a roadway.16 In each accident report, 

FARS gives information on fatalities and demographics of the driver and passengers 

among other characteristics of the accident.17 

 I obtain FARS data from 2001 to 2017 and construct a panel of several key 

variables at the state-year level to measure the impact of redacting medical marijuana 

laws on traffic fatalities. I focus on three main outcomes, the first is total fatal accidents 

per 100,000 population. Population data is obtained from the Census Bureau. This is 

initially evaluated on the year-level, month-level is also conducted and can be found in 

Appendix B. Although FARS includes the exact date of each incident, traffic fatalities are 

a relatively rare occurrence and this creates noise when looking at such a narrow window 

of time and for this reason, a year-state level analysis is focused on.  

 
16 FARS data comes from police accident reports, state vehicle registration files, state driver license files, 

state highway department data, vital records department data, death certificates, medical examiner reports 

and emergency medical service reports.  
17 Fatalities are reported up to 30 days after the accident. 
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 The other main variables of interest are alcohol-involved fatal accidents and 

nighttime fatalities18. Alcohol-involved fatalities is defined as a driver who is involved in 

a fatal accident with a blood alcohol concentration of .01 g/dL or greater. Alcohol is 

likely to be measured with error, as states collect information in different ways pertaining 

to BAC levels and the precision from state to state could be different. Analysis of 

nighttime fatal accidents could provide additional insight as another proxy for alcohol-

related fatalities.19 As a considerable proportion of fatal traffic accidents at night involve 

alcohol (Dee, 1999). Along with focusing on nighttime accidents, weekend fatal crashes 

are also examined as a substantial proportion of fatal crashes happen on weekends and at 

night that involve alcohol. Analysis of weekend fatalities can be found in Appendix C.  

 

 

 

 

 

 

 

 

 

 
18 Both, alcohol-involved fatalities and nighttime fatalities are per 100,000 population.  
19 Following Anderson et al. (2013), nighttime fatal accidents are defined by accidents that occur between 

the times of 6:00 PM and 6:00 AM. 
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CHAPTER FOUR 

EMPIRICAL SPECIFICATION 

A synthetic control method20 is implemented to analyze the effect of redacting 

MMLs on traffic fatalities. This method uses state-level data to create a counterfactual 

group that can resemble both the averages and trajectories of critical variables of the 

treated unit (Montana). A synthetic control approach is a weighted average21 of the 

available control units, where the combination of units provides a better comparison for 

the unit exposed to the intervention than any single unit. The use of this approach has 

been used to investigate different pieces of drug legislation on traffic fatalities. (Hansen 

et al. 2018) studied recreational marijuana laws and its effects on traffic fatalities, while 

Anderson and Rees (2015) investigated Per Se Drugged Driving Laws and its effect on 

traffic fatalities. I will be taking a combination of fatal accidents from different groupings 

of states22 and weights will be applied to create a synthetic control group that best 

represents fatal accidents in Montana if the implementation of SB 423 never took place. 

Using pre-treatment data starting in 2001, I estimate the effect of SB 423 on fatal 

accidents in the state of Montana. The outcomes of interest are total fatal accidents, 

alcohol-involved fatal accidents and nighttime fatal accidents. The following model is 

used to estimate the effect of SB 423 on fatal accidents: 

 
20 This approach is developed by Abadie, Diamond, and Hainmueller (2010) and is widely used as the main 

algorithm for synthetic control analysis 
21 Weights can be found in Tables 4-7 
22 The grouping chosen for each respective model minimized the RMSPE for each synthetic control model. 
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𝑌𝑚𝑡 − ∑ 𝑌𝑗𝑡𝑊𝑗

𝐽+1

𝐽≠1

 

Where 𝑌𝑚𝑡 is the treated state m in month t after the policy intervention and is the 

summation of the weighted average in states j in month t for all the fatal accidents in state 

j in month t. The weights are chosen on minimizing the distance of selected variables 

between the treated unit and the potential synthetic control units; this is called the root 

mean squared predicted error (RMSPE). For each different outcome variable, I create 

lagged values of the dependent variable from 2001 to 2011, this encompasses the entire 

pre-treatment period, in 1-year bins23. This model relies on the assumption that the 

intervention does not affect the outcome before the implementation period.24 I also 

assume that the outcomes of the untreated states are not affected by the intervention 

implemented in the treated state of Montana. This assumption can hold with ease as you 

must be a resident of a state to purchase medical marijuana in that state.25 

A placebo test to produce a quantitative inference is used as a robustness check. 

The idea of the placebo test can be thought to be like a permutation inference, where the 

distribution of a test statistic is computed under random permutations of the entire 

sample, including the treated state. I apply the synthetic control method to every potential 

control sample, then, I assess whether the effect estimated by the synthetic control for the 

treated state is large relative to the effect estimated for a region chosen at random. To do 

 
23 Different bin combinations were tested to minimize the RMSPE. Other binning combinations tested are 

2-year bins. 
24 While there was knowledge before the policy was put into place, Figure 2 shows there was not a drop off 

in patents until after the policy. 
25 Analysis where bordering states are left out of the donor pool can be found in Appendix D. 
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this, I compare the ratio of the mean squared error (
𝑃𝑜𝑠𝑡 𝑀𝑅𝑆𝐸

𝑃𝑟𝑒 𝑀𝑅𝑆𝐸
) of the actual values less the 

synthetic control predictions for the actual treated units (Montana) to the distribution of 

the placebo units. The ranking of the treated units relative to the placebo units for those 

ratios provides an empirical p-value as a permutation-based test. This inference, if under 

the hypothesis that an effect should be found, is expected to be abnormal relative to the 

distribution of the placebo effects. 

It has been suggested that covariates other than the lagged outcome variables are 

not important with regards to the precision or accuracy of the results. For this reason, 

analysis with limited covariates can be found in Appendix E. Botosaru & Ferman (2017) 

find that a perfect match on covariates should not be required for the synthetic control 

method, if there is perfect matching on a long set of pre-treatment outcomes. In Appendix 

E, the unemployment rate is used along with binary indicator variables for texting and 

driving bans per state and states with speed limits over 70 miles per hour. 

 

Data Requirements 

Abadie (2019), the developer of the synthetic control method, mentions data 

requirements needed when using the synthetic control method. In this, he lists three 

different data requirements. The first requirement is that the data must be aggregated on 

predictors and outcomes. Using FARS as a data source makes meeting this requirement 

relatively easy since FARS reports fatalities on every state. The next requirement is for 

there to be sufficient pre-intervention information. I use eleven years pre-treatment data 

in my analysis which is a large enough sample for the treatment and donor pool to 
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establish a credible synthetic control estimator.26 With a small number of pre-treatment 

periods, close fit of the predictor values for the treated unit may be spuriously attained. A 

valid estimator depends greatly on its ability to steadily track the trajectory of the 

outcome variable before the intervention (Abadie, 2019). Lastly, the final data 

requirement is for sufficient post-intervention information. Extensive post-intervention 

information allows for more of a complete picture of the effect of the intervention in 

time. I gathered FARS data until 2017, which is six years after the policy took. This is 

adequate amount of time for a more complete look at the effects of the policy over the 

short term and the long term. 

 

 

 

 

 

 

 
26 For matching on pre-intervention outcomes, visit Tables 4-7 
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CHAPTER FIVE 

RESULTS 

 

Total Fatal Accidents 

Figure 4 illustrates the trend of overall fatal accidents per 100,000 population in 

the state of Montana and its synthetic counterpart from 2001-2017. Panel (A) displays the 

figure at the at the year level.27 Over the pre-treatment period from 2001 to 2010 (10 

years), the trends and levels of the synthetic control group closely resemble that of the 

trend for Montana in the same period. In the period following the passage of SB-423, the 

synthetic region deviates from the actual Montana and trends upward while the synthetic 

continues to decline. To test if this deviation is statistically significant, the estimation 

corresponding with the Figure are found in Table 1, with permutation-based p-values in 

brackets.  

This p-value is calculated by comparing the ratio of the mean squared error (Post-

RMSP/Pre-RMSPE) of the actual values less the synthetic control predictions for the 

actual treated unit (Montana) to the distribution of the placebo units. The ranking of the 

treated units relative to the placebo units for those ratios provides an empirical p-value as 

a permutation-based test.  

The permutation tests suggest that the deviation that is observed in the data are 

likely due to noise, and there is little evidence supporting a causal interpretation. Panel 

 
27 Pre-treatment matching can be found in Table 2 
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(B) of Figure 4 visually illustrate the statistical precision of the synthetic control 

estimates. The solid black lines represent the difference between Montana and its 

synthetic counterpart, while the grey lines also measure the difference between each state 

in the donor pool and their synthetic counterpart. The black line hovers around zero 

before and after the passing of the legislation; any slight deviations are within the bounds 

of the other placebo states. The permutation-based p-value is .185, which is above the 95 

percent confidence threshold of .05. This is further evidence that the estimation of .842 

increase in fatal traffic accidents after the passage of SB-423 is due to noise and no causal 

interpretation can be given. Even if significance is found, with the average of fatal traffic 

accidents in Montana per year being 20.77 per 100,000 population, this effect would be 

minimal. 

The donor pool that minimized the root mean squared predicted error (RMSPE) in 

the pre-treatment period is displayed in Table 5 along with the weights given to each 

state, respectively. A naïve synthetic control donor pool in which including all 50 states 

with equal weights, did not serve as a strong of a replica of the real Montana in the pre-

period as it did not minimize the RMSPE. This is potentially caused by several different 

factors of unobserved variables that are correlated with fatal traffic accidents. Montana 

has one of the highest per capita of fatal accidents in the country and could have 

characteristics that are not correlated with all 50 states. 
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Synthetic control models were also used at the month level and can be found in 

Appendix B28. Over the pre-treatment period from January 2001 to July of 2011 (127 

months), the trends and levels of the synthetic control group closely resemble that of the 

trend for Montana in the same period. In the periods following the passing of SB 423, the 

synthetic control still tracks the same as the actual Montana trend. Having similar trends 

suggests that the trend of fatal traffic accidents in Montana did not evolve differently than 

the trend of fatal traffic accidents if the policy was not implemented. 

 

Alcohol-Involved Fatalities 

Figure 5 plots alcohol-involved traffic fatality data from Montana and synthetic 

counterpart from 2001-2017. Synthetic Montana does not create a perfect match with the 

real-Montana but gives the best fit that minimizes the RMSPE and mirrors relatively 

close in the pre-period.29 Most of the weights are coming from Wyoming, a place that 

shares many characteristics with the control state of Montana.30 The trends and levels of 

synthetic group closely follow that of Montana for the years leading into SB 423. Much 

like the overall fatal accidents synthetic control, there is a deviation seen where the actual 

Montana breaks from its synthetic counterpart. This occurs in the same year that SB-423 

is passed (2011). While the synthetic control continues to trend downward, real Montana 

trends upward. To test if this divergence from the synthetic Montana is significant and 

 

28 Analysis that excludes bordering states of Montana can be found in Appendix D and yields similar 

results. 

29 States used and their respective weights can be found in Tables 4. Along with pre-treatment matching in 

Table 3 
30 Analysis that does not include bordering states can be found in Appendix D. 
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can be attributed to the policy, permutation-based p-values are created and shown in 

Table 1. The p-value generated is 0.136 which points evidence that the divergence and 

estimation of a 1.84 increase in alcohol-involved fatal accidents is based on random 

chance and cannot be causal deviation. While statistically insignificant at conventional 

levels, it should be noted that the size of the estimate is not negligible, given a mean of 

9.74 per 100,000 population. 

Any difference between the synthetic-Montana and the real-Montana cannot be 

shown to be statistically different from each other. Visual evidence for this is in Panel 

(B), where results of the placebo tests are shown. The placebo tests show the synthetic 

control being applied to all 50 states with the synthetic-Montana bolded in black. Similar 

to the figures for the total fatal accidents, the solid black line represents the difference 

between actual-Montana and its synthetic counterpart. The black line hovers around zero 

both before and after legislation. If the placebo creates gaps of a magnitude similar to the 

one for Montana along with hovering around zero, then that shows that there is no causal 

relationship or significance to findings. Nevertheless, if the placebo plots show that there 

is a gap from the Montana line from the other placebo lines, then this is evidence that 

there could be significant. While there is initially a break with some of the other placebo 

states, the break is not statistically distinguishable as shown by the p-values generated 

and this points to the fact that there is no significant difference between the actual 

Montana and synthetic Montana. 
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Fatal Nighttime Accidents 

 Nighttime fatal accidents are shown in Figure 6.31 These results are also 

consistent with alcohol-involved fatal accidents shown in Figure 5.32 Visually, there is no 

difference between the synthetic-Montana and the actual-Montana. Similar to total fatal 

accidents, there is an increase in nighttime fatalities starting in 2010, but this is also 

mirrored in the synthetic control.33 The average number of nighttime fatal accidents per 

100,000 population in Montana is 9.87. 

 While Panel (A) shows increase and decreases in the post-period years for the 

actual-Montana, the trend of actual-Montana and synthetic-Montana are both trending 

upwards after the policy. This panel provides visual evidence that the differences 

between actual-Montana and its synthetic counterpart can be attributed to noise and not 

from SB-423. 

A permutation-based p-value was generated and is 0.255. This is shown visually 

by the placebo graph in Panel (B) of Figure 5, where the difference from the actual-

Montana and its synthetic counter lay within the confines of other placebo states. These 

results further conclude that the null hypothesis cannot be rejected. 

 

 

 
31 States used and their respective weights can be found in Table 7. Along with pre-treatment matching in 

Table 4 
32 Weekend fatal accidents was another outcome that was investigated and was found to have similar results 

as nighttime fatalities and total alcohol-related fatalities. These can be found in Appendix B. Synthetic 

control models were also implemented for men and women but yielded no significant findings. Different 

age groupings were also investigated, and the results were similar. 
33 As a robustness check, other combinations of pre-period clusters were used, but all show no significant 

divergent of the actual-Montana from its synthetic counterpart.   
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Sensitivity Tests 

These estimates conclude little evidence to support the notion that redacting 

medical marijuana laws caused traffic fatalities to either increase or decrease. However, 

several model choices could have influenced these results. Sensitivity to pre-treatment 

time specifications of the synthetic control could yield difference results. Pre-treatment 

binning can also influence the results34. Also, an assumption was made that the 

intervention did not affect the outcome before the implementation period. Montana 

Legislature began working on SB-423 before July 2011 and it was known to the public 

prior. Synthetic control models where the implementation period is moved up to earlier 

months was tested and yielded the same results. 

The same analysis was completed on at the month-level and can be found in 

Appendix B. Results for total fatal accidents, alcohol-involved fatal accidents and 

nighttime fatal accidents are similar to those at the year-level showing no statistical 

difference between the actual trends in Montana and that of the synthetic control. 

Appendix C shows results for looking and weekend fatal accidents. This can be another 

proxy to investigate alcohol related fatalities as most accidents that occur on the 

weekends involve alcohol. Again, these results also lacking statistical significance and 

the null hypothesis cannot be rejected. Appendix C investigates the same three outcomes 

but exclude bordering states. This is done to insure there is no spillover from Montana to 

bordering states. This analysis looks similar to the main analysis and fails to find any 

 
34 Years binned into two-year clusters were tested and there is no distinguishable difference. 
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statistical difference between the actual Montana trend and that of the synthetic 

Montana.35 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
35 Analysis by gender and different age grouping were also tested that yielded no significant findings. 
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Figure 4 
Total Fatal Accidents in Montana. 

(A) Total fatal accidents per year in Montana and the synthetic control model per 100,000 population, 

(B) Month-level actual data–synthetic model for Montana versus placebo states. 

 

A 
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Figure 5 
Total fatal alcohol-related accidents in Montana. 

 (A) Total fatal alcohol-related accidents per year in Montana and the synthetic control model per 100,000 

population, (C) Month-level actual data–synthetic model for Montana versus placebo states. 
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Figure 6 
Total fatal nighttime accidents in Montana.  

(A) Total fatal nighttime accidents per year in Montana and the synthetic control model per 100,000 

population, (B) Year-level actual data–synthetic model for Montana versus placebo states. 
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Table 1: Medical Marijuana Law’s Impact 

 

 Total Fatalities Alcohol-Involved Fatalities Nighttime Fatalities 

MML 0.842 1.840 0.759 

P-Value [0.156] [0.136] [0.255] 
This table includes synthetic control estimates and p-values based on permutation testing of the ratio of 

mean squared error for the post and pre-intervention periods for the year level analysis. 

 

 

TABLE 2 

Synthetic Control Covariates for Total Fatal Accidents 

 Potential Comp. States Montana 

Total Fatal Accidents per Pop. 

(2001) 

 

22.198 22.103 

Total Fatal Accidents per Pop. 

(2002) 

 

24.541 25.331 

Total Fatal Accidents per Pop. 

(2003) 

 

23.964 25.843 

Total Fatal Accidents per Pop. 

(2004) 

 

24.116 22.350 

Total Fatal Accidents per Pop. 

(2005) 

 

24.446 23.680 

Total Fatal Accidents per Pop. 

(2006) 

 

23.306 23.680 

Total Fatal Accidents per Pop. 

(2007) 

 

21.242 21.222 

Total Fatal Accidents per Pop. 

(2008) 

 

19.394 20.056 

Total Fatal Accidents per Pop. 

(2009) 

 

19.645 19.954 

Total Fatal Accidents per Pop. 

(2010) 

17.401 17.401 

   
Notes: This table provides the average covariate values for all potential comparison states, treated state 

(Montana), and the synthetic control total fatal accidents on the year-level. 
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TABLE 3 

Synthetic Control Covariates for Alcohol-Involved Fatal Accidents 

 Potential Comp. States Montana 

Alcohol-Involved Fatal 

Accidents per Pop. (2001) 

 

11.101 9.989 

Alcohol-Involved Fatal 

Accidents per Pop. (2002) 

 

11.204 13.105 

Alcohol-Involved Fatal 

Accidents per Pop. (2003) 

 

10.279 13.743 

Alcohol-Involved Fatal 

Accidents per Pop. (2004) 

 

10.227 13.743 

Alcohol-Involved Fatal 

Accidents per Pop. (2005) 

 

10.180 10.586 

Alcohol-Involved Fatal 

Accidents per Pop. (2006) 

 

11.658 11.310 

Alcohol-Involved Fatal 

Accidents per Pop. (2007) 

 

12.072 11.791 

Alcohol-Involved Fatal 

Accidents per Pop. (2008) 

 

9.760 12.574 

Alcohol-Involved Fatal 

Accidents per Pop. (2009) 

 

9.698 9.283 

Alcohol-Involved Fatal 

Accidents per Pop. (2010) 

8.00 8.813 

   
Notes: This table provides the average covariate values for all potential comparison states, treated state 

(Montana), and the synthetic control alcohol-involved fatal accidents on the year-level. 

 

 

 

 

 

 



36 
 

TABLE 4 

Synthetic Control Covariates for Nighttime Fatal Accidents 

 Potential Comp. States Montana 

Nighttime Fatal Accidents per 

Pop. (2001) 

 

10.852 11.436 

Nighttime Fatal Accidents per 

Pop. (2002) 

 

11.264 11.138 

Nighttime Fatal Accidents per 

Pop. (2003) 

 

11.475 11.676 

Nighttime Fatal Accidents per 

Pop. (2004) 

 

11.306 11.336 

Nighttime Fatal Accidents per 

Pop. (2005) 

 

11.724 11.206 

Nighttime Fatal Accidents per 

Pop. (2006) 

 

11.033 10.645 

Nighttime Fatal Accidents per 

Pop. (2007) 

 

11.013 12.266 

Nighttime Fatal Accidents per 

Pop. (2008) 

 

10.126 9.387 

Nighttime Fatal Accidents per 

Pop. (2009) 

 

8.784 9.414 

Nighttime Fatal Accidents per 

Pop. (2010) 

7.495 7.343 

   
Notes: This table provides the average covariate values for all potential comparison states, treated state 

(Montana), and the synthetic control nighttime fatal accidents on the year-level. 
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TABLE 5 

Synthetic Control Weights Assigned to Each State for Total Fatal Accidents  

  

Mississippi 

 

.527 

West Virginia 

 

.473 

Notes: This table provides the weights assigned to states for the synthetic controls used in Figure 4  for the year 

analysis. All states except Montana were states that could have potentially received positive weight for any given 

synthetic control. All states that received zero weight are excluded from this list.   
   

 

 

 

TABLE 6 

Synthetic Control Weights Assigned to Each State for Alcohol-Involved Fatal Accidents for 

Year-Level 

  

New Mexico 

 

.072 

West Virginia 

 

.128 

Wyoming .8  

Notes: This table provides the weights assigned to states for the synthetic controls used in Figure 5 for the year 

analysis. All states except Montana were states that could have potentially received positive weight for any given 

synthetic control. All states that received zero weight are excluded from this list.   
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TABLE 7 

Synthetic Control Weights Assigned to Each State for Nighttime Fatal Accidents for Year-Level 

  

Colorado 

 

.121 

Maine .038 

  

Mississippi 

 

.519 

North Carolina .262 

  

West Virginia .061  

Notes: This table provides the weights assigned to states for the synthetic controls used in Figure 6 for the year 

analysis. All states except Montana were states that could have potentially received positive weight for any given 

synthetic control. All states that received zero weight are excluded from this list. 
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CHAPTER SIX 

SUPPLEMENTARY ANALYSIS 

As a secondary analysis to the synthetic control models, I generate a weighted 

regression using the weights applied to the different states from the synthetic control 

approach. Similar methods have been implemented by Anderson and Rees (2015), 

Nonnemaker et al. (2011) and Green et al. (2014). I allow the data to determine a 

synthetic control that optimally weighs the various states to match the underlying 

characteristics of the treated Montana. The matching process minimized the mean square 

predicted error. The resulting control exhibits the most similar fatal traffic accident 

pattern to that observed in Montana before the passage of SB-423 and then is compared 

to the average across the treated states. 

This analysis uses month-level data from a potential donor pool of all 49 to create 

a synthetic control that matches closest with Montana. The states used and the weights 

applied to each can be found in Appendix B. Starting in January of 2001, there is 127 

months of pre-treatment data before the implementation of SB-423 in July of 2011 with 

72 months of post-treatment data until December 2017. Cyclical variation is control using 

month fixed effects. While I show standard errors corrected for clustering at the state 

level, the main estimation sample is created only using states that the synthetic control 

put weight on. Having only a few clusters may lead to a downward biased standard error. 

To adjust for this, I calculate p-values for the difference in difference estimates using the 

wild bootstrap procedure suggested by Cameron et al. 2008. Consistent with the findings 
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in the synthetic control analysis, the estimation in Table 8 suggest no clear effect on fatal 

traffic accidents following the passage of SB-423. 

Table 1 reports initial results from the difference in difference estimator. This 

table provides the change in fatal traffic accidents that occurred in Montana after SB-423 

relative to the comparison group formed from the synthetic control group. Columns one 

through three include both month fixed effects as well as state fixed effects to control for 

time invariant characteristics within months and states. The inclusion of month and state 

fixed effects render statistically insufficient coefficients, although nighttime fatal 

accidents are slightly significant at the ten percent level with a positive effect of 0.087 log 

points. This would lead to an average treatment effect of 9 percentage point increase in 

nighttime fatal accidents in Montana following the passage of SB-423. Columns four 

through six include both state and month fixed effect but also a linear (monthly) time 

trend. Adding the linear time trend does not change the estimates or standard errors in a 

major way. Both total fatal accidents and alcohol-involved accidents both remain 

statistically insignificant while nighttime fatal accidents remain significant at the ten 

percent level with the same logged coefficient as column six with 0.089. 
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Clustered standard errors in parentheses 

*** p<0.01, ** p<0.05, * p<0.1 
Notes: Based on month data from FARS for the period 2001-2017. Each column reports estimates from a 

separate OLS regression. Columns are the natural log of the dependent variables per 100,000 of the 

relevant population, and the regressions are weighted from results of the synthetic control method. Controls 

include the state-level unemployment rate, texting while driving ban, and a speed limit over 70. P-values 

are from wild cluster bootstrap procedure are in curly brackets and are based on 1,000 replications. 

 

 

  Table 8 

Weighted Regression for Month-level analysis 

 

 (1) (2) (3) (4) (5) (6) 

 Total 

Fatal 

Accidents 

Alcohol-

Involved 

Fatal 

Accidents 

Nighttime 

Fatal 

Accidents 

Total 

Fatal 

Accidents 

Alcohol-

Involved 

Fatal 

Accidents 

Nighttime 

Fatal 

Accidents 

       

SB-423 0.062 0.156 0.087* 0.052 0.156 0.089* 

 (0.074) 

 

{0.468} 

(0.0952) 

 

{0.344} 

(0.043) 

 

{0.265} 

(0.064) 

 

{0.468} 

(0.095) 

 

{0.281} 

(0.051) 

 

{0.328} 

Observa

tions 

1,836 1,224 1,428 1,836 1,224 1,428 

       

R-

squared 

0.106 0.108 0.088 0.289 0.327 0.225 

       

Month 

FEs 

Yes Yes Yes Yes Yes Yes 

State 

FEs 

 

Yes Yes Yes Yes Yes Yes 

Linear 

Time 

Trend 

No No No Yes Yes Yes 
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CHAPTER SEVEN 

CONCLUSION 

As of 2019, 33 states have passed laws making the consumption of marijuana 

legal and discussion is ongoing for legalization, specifically for medical uses, on the 

federal level. Public support for medical marijuana is high as the public sees value in 

marijuana as a medicine for various purposes. The case of Montana in 2011 where the 

MML was redacted gives a unique natural experiment to study the effect of redacting 

medical marijuana.  Using data from the Fatality Analysis Reporting System (FARS) that 

spans from 2001-2017, I find that traffic fatalities did not change significantly after the 

redaction of medical marijuana in Montana. I focus on fatal traffic accidents due to the 

nationwide database of FARS and no comparable database exists for non-fatal accidents. 

 Policymakers in Montana cited over-expansion in the Montana Medical 

Marijuana Program for the years leading up to 2011, and after a veto by the governor for 

a full repeal of the program, Representatives passed Senate Bill 423 which decreased the 

number of patents by over 80 percent and providers by 90 percent. To study the effect of 

SB 423 on traffic fatalities, a synthetic control model is used. Developed by Abadie et al. 

(2010), the synthetic control method compares traffic fatalities data from Montana to 

other states with similar pre-legislation economic and traffic trends. Several different 

mechanisms may be driving these results. One possibility is that there was a large uptake 

of the program before the legislation. This could potentially have brought black market 

consumers to the legal medical market and then after the passing of SB 423, changed 
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their consumption back to the black market. Since data on black market use is 

unavailable, this cannot be ruled out as a possibility.  

While I fail to find evidence to support the hypothesis that resending medical 

marijuana laws has an effect on traffic fatalities, studies based in natural experiments tend 

to find marijuana and alcohol are substitutes and it is crucial for policymakers to 

understand this relationship to create policy that minimizes fatal accidents.  

Optimal policy for marijuana impaired drivers depends on the driver’s responses 

to legal incentives. While the use of blood alcohol measures is common today for 

measuring alcohol presence in drunk drivers, marijuana tests are not as developed or 

standardized across the nation. Policymakers are playing catch up to develop the 

necessary tools and laws to measure the risk of driving high and more needs to be known 

about the impacts of marijuana legislation. 
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APPENDIX A 

MARIJUANA LEGISLATION IN 2011 IN MONTANA  
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Marijuana Legislation in 2011 Montana Session  

 

Bill Type 

 

Primary Sponsor 

 

Status 

 

Date 

 

Short Title 

HB 19 Diane Sands (D) 

Chapter 

Number 

Assigned 

3/16/2011 

Clarify that the Clean Indoor 

Air Act applies to smoking of 

medical marijuana 

HB 43 
Gary MacLeren 

(R) 

Chapter 

Number 

Assigned 

5/6/2011 

Clarifying employer’s rights 

related to employee use of 

medical marijuana 

HB 68 Diane Sands (D) 

Died in 

Standing 

Committee 

4/28/2011 

Revise Medical Marijuana 

Act and create regulatory 

structure for industry 

HB 82 Diane Sands (D) 

Chapter 

Number 

Assigned 

4/7/2011 

Require reporting of 

complaints on physician 

practices related to med 

marijuana 

HB 161 
Mike Milburn 

(R) 

Vetoed by 

Governor 
4/13/2011 

Repeal of medical 

marijuana 

HB 175 Keith Regier (R) 

Died in 

Standing 

Committee 

4/28/2011 

Submit repeal of Montana 

Medical Marijuana Act to 

voters of Montana 

HB 185 Tom Berry (R) 

Chapter 

Number 

Assigned 

4/08/2011 Ban synthetic marijuana 

HB 428 Tom Berry (R) 

Died in 

Standing 

Committee 

4/28/2011 
Revise procedures related to 

the Medical Marijuana Act 

HB 488 Jerry O’Neil (R) 

Died in 

Standing 

Committee 

4/28/2011 
Revise laws relating to 

marijuana consumption 
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SB 154 Dave Lewis (R) 

Died in 

Standing 

Committee 

4/28/2011 
Regulating medical marijuana 

provider supply system 

 

 

 

Marijuana Legislation in 2011 Montana Session  

 

Bill Type 

 

Primary Sponsor 

 

Status 

 

Date 

 

Short Title 

SB 170 Jeff Essmann (R) 

Died in 

Standing 

Committee 

4/28/2011 

Revise medical marijuana 

laws on obtaining certificate 

for chronic pain 

SB 193 
Gene Vuckovich 

(D) 

Died in 

Standing 

Committee 

4/28/2011 
Revise laws related to 

medical marijuana 

SB 334 
Jim Shockley 

(R) 

Died in 

Standing 

Committee 

4/28/2011 
Repeal legality of medical 

marijuana 

SB 336 
David E 

Wanzenried (D) 

Died in 

Standing 

Committee 

4/28/2011 

Generally revise medical 

marijuana laws to authorize 

PTSD for coverage 

SB 423 
Jeff Essmann 

(R) 

Chapter 

Number 

Assigned 

5/13/2011 
Generally revise laws 

relating to use of marijuana 
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MONTH-LEVEL SYNTHETIC CONTROL 
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Figure B1 
Total fatal accidents in Montana. 

(A) Total fatal accidents per month in Montana and the synthetic control model per 100,000 

population, (B) Month-level actual data–synthetic model for Montana versus placebo states. 
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B 

 
 

 



54 
 

 

Figure B2 
Alcohol-Involved Fatal Accidents in Montana. 

(A) Alcohol-Involved fatal accidents per month in Montana and the synthetic control model per 

100,000 population, (B) Month-level actual data–synthetic model for Montana versus placebo 

states. 
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Figure B3 
Nighttime Fatal Accidents in Montana. 

(A) Nighttime fatal accidents per month in Montana and the synthetic control model per 

100,000 population, (B) Month-level actual data–synthetic model for Montana versus placebo 

states. 
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TABLE B1 

Synthetic Control Covariates for Month-level analysis  

 Potential Comp. States Montana 

Fatal Accidents per Pop. (2001) 

 

1.954 1.842 

Fatal Accidents per Pop. (2002) 

 

1.982 2.111 

Fatal Accidents per Pop. (2003) 

 

2.005 2.154 

Fatal Accidents per Pop. (2004) 

 

1.955 1.862 

Fatal Accidents per Pop. (2005) 

 

2.001 1.973 

Fatal Accidents per Pop. (2006) 

 

2.064 1.973 

Fatal Accidents per Pop. (2007) 

 

1.804 2.147 

Fatal Accidents per Pop. (2008) 

 

1.672 1.768 

Fatal Accidents per Pop. (2009) 

 

1.506 1.671 

Fatal Accidents per Pop. (2010) 

 

1.521 1.350 

Fatal Accidents per Pop. (2011) 

 

1.156 .959 

Notes: This table provides the average covariate values for all potential comparison states, treated state 

(Montana), and the synthetic control total fatal accidents on the month-level.  
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TABLE B2 

Synthetic Control Covariates for Month-level analysis  

 Potential Comp. States Montana 

Alcohol-Involved Fatal 

Accidents per Pop. (2001) 

 

.864 .769 

Alcohol-Involved Fatal 

Accidents per Pop. (2002) 

 

.897 1.092 

Alcohol-Involved Fatal 

Accidents per Pop. (2003) 

 

.841 1.144 

Alcohol-Involved Fatal 

Accidents per Pop. (2004) 

 

.782 .882 

Alcohol-Involved Fatal 

Accidents per Pop. (2005) 

 

.899 .942 

Alcohol-Involved Fatal 

Accidents per Pop. (2006) 

 

.917 .983 

Alcohol-Involved Fatal 

Accidents per Pop. (2007) 

 

.677 .937 

Alcohol-Involved Fatal 

Accidents per Pop. (2008) 

 

.683 .754 

Alcohol-Involved Fatal 

Accidents per Pop. (2009) 

 

.632 .700 

Alcohol-Involved Fatal 

Accidents per Pop. (2010) 

 

.411 .400 

Alcohol-Involved Fatal 

Accidents per Pop. (2011) 

 

1.156 .959 

   
Notes: This table provides the average covariate values for all potential comparison states, treated state 

(Montana), and the synthetic control alcohol-related fatalities on the month-level.  
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TABLE B3 

Synthetic Control Covariates for Month-level analysis 

 Potential Comp. States Montana 

Nighttime Fatal Accidents per 

Pop. (2001) 

 

.977 .953 

Nighttime Fatal Accidents per 

Pop. (2002) 

 

.980 .928 

Nighttime Fatal Accidents per 

Pop. (2003) 

 

.931 .973 

Nighttime Fatal Accidents per 

Pop. (2004) 

 

.901 .944 

Nighttime Fatal Accidents per 

Pop. (2005) 

 

.933 .933 

Nighttime Fatal Accidents per 

Pop. (2006) 

 

.976 .887 

Nighttime Fatal Accidents per 

Pop. (2007) 

 

.811 1.022 

Nighttime Fatal Accidents per 

Pop. (2008) 

 

.765 .782 

Nighttime Fatal Accidents per 

Pop. (2009) 

 

.736 .784 

Nighttime Fatal Accidents per 

Pop. (2010) 

 

.747 .611 

Nighttime Fatal Accidents per 

Pop. (2011) 

 

.552 .515 

   
Notes: This table provides the average covariate values for all potential comparison states, treated state 

(Montana), and the synthetic control nighttime fatal accidents on the month-level. 
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TABLE B4 

Synthetic Control Weights Assigned to Each State for Total Fatal Accidents  

  

Alaska 

 

.015 

Idaho 

 

.267 

Mississippi 

 

.291 

North Dakota 

 

.111 

Wyoming .318  

Notes: This table provides the weights assigned to states for the synthetic controls used in Figure A1 for the Month 

analysis. All states except Montana were states that could have potentially received positive weight for any given 

synthetic control. All states that received zero weight are excluded from this list.   

 

 

 

TABLE B5 

Synthetic Control Weights Assigned to Each State for Alcohol-Involved Fatal Accidents 

  

New Mexico 

 

.364 

South Dakota 

 

.217 

West Virginia 

 

.165 

Wyoming .254  

Notes: This table provides the weights assigned to states for the synthetic controls used in Figure A2 for the Month 

analysis. All states except Montana were states that could have potentially received positive weight for any given 

synthetic control. All states that received zero weight are excluded from this list. 
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TABLE B6 

Synthetic Control Weights Assigned to Each State for Nighttime Fatal Accidents  

  

Idaho 

 

.342 

Kentucky 

 

.258 

Mississippi .048 

  

New Mexico 

 

.039 

Vermont .098 

  

Wyoming .215  

Notes: This table provides the weights assigned to states for the synthetic controls used in Figure A3 for the Month 

analysis. All states except Montana were states that could have potentially received positive weight for any given 

synthetic control. All states that received zero weight are excluded from this list.   
 

 

 

Table B7: Medical Marijuana Law’s Impact 

 Total Fatalities Alcohol-Involved Fatalities Nighttime Fatalities 

MML 0.686 0.372 0.172 

P-Value [0.298] [0.108] [0.262] 
This table includes synthetic control estimates and p-values based on permutation testing of the ratio of 

mean squared error for the post and pre-intervention periods. 
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APPENDIX C 

WEEKEND FATAL TRAFFIC SYNTHETIC CONTROL 
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Figure C1 
Weekend Fatal Accidents in Montana. 

(A) Weekend fatal accidents per year in Montana and the synthetic control model per 100,000 

population, (B) Year-level actual data–synthetic model for Montana versus placebo states. 
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TABLE C1 

Synthetic Control Covariates for Weekend Fatal Accidents 

 Potential Comp. States Montana 

Weekend Fatal Accidents per 

Pop. (2001) 

 

6.065 5.909 

Weekend Fatal Accidents per 

Pop. (2002) 

 

6.092 8.625 

Weekend Fatal Accidents per 

Pop. (2003) 

 

6.760 8.435 

Weekend Fatal Accidents per 

Pop. (2004) 

 

6.828 7.161 

Weekend Fatal Accidents per 

Pop. (2005) 

 

6.992 6.768 

Weekend Fatal Accidents per 

Pop. (2006) 

 

6.722 5.315 

Weekend Fatal Accidents per 

Pop. (2007) 

 

6.285 6.185 

Weekend Fatal Accidents per 

Pop. (2008) 

 

5.414 5.627 

Weekend Fatal Accidents per 

Pop. (2009) 

 

5.748 5.263 

Weekend Fatal Accidents per 

Pop. (2010) 

4.985 4.929 

   
Notes: This table provides the average covariate values for all potential comparison states, treated state 

(Montana), and the synthetic control weekend fatal accidents on the year-level. 
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TABLE C2 

Synthetic Control Weights Assigned to Each State for Weekend Fatal Accidents 

Mississippi 

 

.575 

Minnesota .425 

Notes: This table provides the weights assigned to states for the synthetic controls used in Figure B1 for the 

weekend analysis. All states except Montana were states that could have potentially received positive weight for 

any given synthetic control. All states that received zero weight are excluded from this list.   

 

 

 

Table C3: Medical Marijuana Law’s Impact 

 Total Fatalities 

MML 0.273 

[0.151] P-Value 
This table includes synthetic control estimates and p-values for analysis of weekend fatalities based on 

permutation testing of the ratio of mean squared error for the post and pre-intervention periods. 
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APPENDIX D 

WITHOUT BORDERING STATES SYNTHETIC CONTROL 
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Figure D1 
Total fatal accidents in Montana.  

(A) Total fatal accidents per year in Montana and the synthetic control model per 100,000 population, (B) 

Year-level actual data–synthetic model for Montana versus placebo states. 
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Figure D2 
Total Alcohol-Involved Fatal accidents in Montana.  

(A) Total Fatal Accidents per year in Montana and the synthetic control model per 100,000 population, (B) 

Year-level actual data–synthetic model for Montana versus placebo states. 
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B 

 



68 
 

Figure D3 
Nighttime Fatal accidents in Montana.  

(A) Nighttime Accidents per year in Montana and the synthetic control model per 100,000 population, (B) 

Year-level actual data–synthetic model for Montana versus placebo states. 

A 
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TABLE D1 

Synthetic Control Covariates for Without Bordering States Fatal Accidents 

 Potential Comp. States Montana 

Total Fatal Accidents per Pop. 

(2001) 

 

22.198 22.103 

Total Fatal Accidents per Pop. 

(2002) 

 

24.540 25.331 

Total Fatal Accidents per Pop. 

(2003) 

 

23.964 25.843 

Total Fatal Accidents per Pop. 

(2004) 

 

24.116 22.350 

Total Fatal Accidents per Pop. 

(2005) 

 

24.492 23.680 

Total Fatal Accidents per Pop. 

(2006) 

 

24.307 23.682 

Total Fatal Accidents per Pop. 

(2007) 

 

24.306 23.786 

Total Fatal Accidents per Pop. 

(2008) 

 

21.242 21.222 

Total Fatal Accidents per Pop. 

(2009) 

 

19.399 20.036 

Total Fatal Accidents per Pop. 

(2010) 

19.645 19.954 

   
Notes: This table provides the average covariate values for all potential comparison states, treated state 

(Montana), and the synthetic control total fatal accidents on the month-level. 
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TABLE D2 

Synthetic Control Covariates for Weekend Fatal Accidents 

 Potential Comp. States Montana 

Alcohol-Involved Fatal 

Accidents per Pop. (2001) 

 

13.340 13.105 

Alcohol-Involved Fatal 

Accidents per Pop. (2002) 

 

9.371 13.774 

Alcohol-Involved Fatal 

Accidents per Pop. (2003) 

 

9.874 10.586 

Alcohol-Involved Fatal 

Accidents per Pop. (2004) 

 

9.773 11.311 

Alcohol-Involved Fatal 

Accidents per Pop. (2005) 

 

9.064 11.791 

Alcohol-Involved Fatal 

Accidents per Pop. (2006) 

 

10.031 12.574 

Alcohol-Involved Fatal 

Accidents per Pop. (2007) 

 

7.709 9.283 

Alcohol-Involved Fatal 

Accidents per Pop. (2008) 

 

7.472 8.913 

Alcohol-Involved Fatal 

Accidents per Pop. (2009) 

 

7.682 8.534 

Alcohol-Involved Fatal 

Accidents per Pop. (2010) 

6.712 7.746 

   
Notes: This table provides the average covariate values for all potential comparison states, treated state 

(Montana), and the synthetic control alcohol-involved fatal accidents on the month-level. 

 

 

 

 

 

 

 



71 
 

TABLE D3 

Synthetic Control Covariates for Nighttime Fatal Accidents 

 Potential Comp. States Montana 

Nighttime Fatal Accidents per 

Pop. (2001) 

 

10.852 11.436 

Nighttime Fatal Accidents per 

Pop. (2002) 

 

11.264 11.138 

Nighttime Fatal Accidents per 

Pop. (2003) 

 

11.475 11.336 

Nighttime Fatal Accidents per 

Pop. (2004) 

 

11.306 11.206 

Nighttime Fatal Accidents per 

Pop. (2005) 

 

11.724 10.645 

Nighttime Fatal Accidents per 

Pop. (2006) 

 

11.033 12.266 

Nighttime Fatal Accidents per 

Pop. (2007) 

 

10.126 9.419 

Nighttime Fatal Accidents per 

Pop. (2008) 

 

8.787 7.343 

Nighttime Fatal Accidents per 

Pop. (2009) 

 

8.394 7.936 

Nighttime Fatal Accidents per 

Pop. (2010) 

7.845 7.289 

   
Notes: This table provides the average covariate values for all potential comparison states, treated state 

(Montana), and the synthetic control nighttime fatal accidents on the month-level. 
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TABLE D4 

Synthetic Control Weights Assigned to Each State for Total Fatal Accidents  

Mississippi 

 

.583 

Nebraska 

 

.053 

West Virginia .364  

Notes: This table provides the weights assigned to states for the synthetic controls used in Figure C1 for the Month 

analysis. All states except Montana were states that could have potentially received positive weight for any given 

synthetic control. All states that received zero weight are excluded from this list.   

 

 

 

TABLE D5 

Synthetic Control Weights Assigned to Each State for Alcohol-Involved Fatal Accidents 

South Carolina 

 

.936 

New Mexico .064  

Notes: This table provides the weights assigned to states for the synthetic controls used in Figure C2 for the Month 

analysis. All states except Montana were states that could have potentially received positive weight for any given 

synthetic control. All states that received zero weight are excluded from this list.   

 

 

TABLE D6 

Synthetic Control Weights Assigned to Each State for Nighttime Fatal Accidents  

Kentucky 

 

.158 

Mississippi  

 

.408 

North Carolina .084  

Notes: This table provides the weights assigned to states for the synthetic controls used in Figure C3 for the Month 

analysis. All states except Montana were states that could have potentially received positive weight for any given 

synthetic control. All states that received zero weight are excluded from this list.   

 

 

 

 



73 
 

 

Table D7: Medical Marijuana Law’s Impact 
 Total Fatalities Alcohol-Involved Fatalities Nighttime Fatalities 

MML 0.842 2.050 0.742 

P-Value [0.162] [0.121] [0.345] 
This table includes synthetic control estimates and p-values for analysis without bordering states and is 

based on permutation testing of the ratio of mean squared error for the post and pre-intervention periods. 
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APPENDIX E 

ANALYSIS WITH COVARIATES 
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Figure E1 
Total Fatal Accidents in Montana. 

(A) Total fatal accidents per year in Montana and the synthetic control model per 100,000 population, 

(B) Month-level actual data–synthetic model for Montana versus placebo states. 
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Figure E2 
Total fatal alcohol-related accidents in Montana. 

 (A) Total fatal alcohol-related accidents per year in Montana and the synthetic control model per 100,000 

population, (C) Month-level actual data–synthetic model for Montana versus placebo states. 
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Figure E3 
Total fatal nighttime accidents in Montana.  

(A) Total fatal nighttime accidents per year in Montana and the synthetic control model per 100,000 

population, (B) Year-level actual data–synthetic model for Montana versus placebo states. 
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Table E1: Medical Marijuana Law’s Impact 

 Total Fatalities Alcohol-Involved Fatalities Nighttime Fatalities 

MML 0.872 1.748 0.751 

P-Value [0.186] [0.147] [0.253] 

This table includes synthetic control estimates and p-values based on permutation testing of the 

ratio of mean squared error for the post and pre-intervention periods. 
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TABLE E2 

Synthetic Control Covariates for Total Fatal Accidents for Year-Level 

 Potential Comp. States Montana 

Fatal Accidents per Pop. (2001-

2002) 

 

23.729 23.717 

Fatal Accidents per Pop. (2003-

2004) 

 

24.006 24.097 

Fatal Accidents per Pop. (2005-

2006) 

 

24.862 23.681 

Fatal Accidents per Pop. (2007-

2008) 

 

22.862 23.495 

Fatal Accidents per Pop. (2009-

2010) 

 

18.505 18.126 

Unemployment Rate 

 

77.709 58.89 

Texting Ban 

 

1 0 

Speed over 70 0 0 

Notes: This table provides the average covariate values for all potential comparison states, treated state (Montana), 

and the synthetic control total fatal accidents on the year-level. 
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TABLE E3 

Synthetic Control Covariates Alcohol-Related Traffic Fatalities for Year-Level 

 Potential Comp. States Montana 

Alcohol-Related per Pop. (2001-

2002) 

 

11.198 23.717 

Alcohol-Related per Pop. (2003-

2004) 

 

10.218 24.097 

Alcohol-Related per Pop. (2005-

2006) 

 

11.217 23.681 

Alcohol-Related per Pop. (2007-

2008) 

 

9.775 23.495 

Alcohol-Related per Pop. (2009-

2010) 

 

8.552 18.126 

Unemployment Rate 

 

53.30 58.89 

Texting Ban 

 

1 0 

Speed over 70 0 0 

Notes: This table provides the average covariate values for all potential comparison states, treated state (Montana), 

and the synthetic control alcohol-related fatal accidents on the year-level. 
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TABLE E4 

Synthetic Control Covariates Nighttime Traffic Fatalities for Year-Level 

 Potential Comp. States Montana 

Nighttime Fatal Accidents per 

Pop. (2001-2002) 

 

11.296 23.717 

Nighttime Fatal Accidents per 

Pop. (2003-2004) 

 

11.514 24.097 

Nighttime Fatal Accidents per 

Pop. (2005-2006) 

 

11.14 23.681 

Nighttime Fatal Accidents per 

Pop. (2007-2008) 

 

10.578 23.495 

Nighttime Fatal Accidents per 

Pop. (2009-2010) 

 

8.266 18.126 

Notes: This table provides the average covariate values for all potential comparison states, treated state (Montana), 

and the synthetic control nighttime fatal accidents on the year-level. 

 

 

 

 

TABLE E5 

Synthetic Control Weights Assigned to Each State for Total Fatal Accidents for Year-Level 

  

Mississippi 

 

.527 

West Virginia 

 

.473 

Notes: This table provides the weights assigned to states for the synthetic controls used in Figure 3 for the year 

analysis. All states except Montana were states that could have potentially received positive weight for any given 

synthetic control. All states that received zero weight are excluded from this list.   
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TABLE E6 

Synthetic Control Weights Assigned to Each State for Alcohol-Involved Fatal Accidents for 

Year-Level 

  

New Mexico 

 

.072 

West Virginia 

 

.128 

Wyoming .8  

Notes: This table provides the weights assigned to states for the synthetic controls used in Figure 4 for the year 

analysis. All states except Montana were states that could have potentially received positive weight for any given 

synthetic control. All states that received zero weight are excluded from this list.   
 

 

 

 

 

TABLE E7 

Synthetic Control Weights Assigned to Each State for Nighttime Fatal Accidents for Year-Level 

  

Colorado 

 

.121 

Maine .038 

  

Mississippi 

 

.519 

North Carolina .262 

  

West Virginia .061  

Notes: This table provides the weights assigned to states for the synthetic controls used in Figure 5 for the year 

analysis. All states except Montana were states that could have potentially received positive weight for any given 

synthetic control. All states that received zero weight are excluded from this list.   
 

 

 

 


