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Summary

While many states and counties are on the verge of reforming their laws on

Marijuana, this study examines the economic outcomes that the legalization of

Marijuana has on U.S.A. states who have passed the according legislations, and

the effects of this policy on Colorado counties, in comparison with counties of the

neighboring state of Utah. In the background chapter, we provide some historical

events prior to the legalization with the addition of the findings of other related

economic studies on the subject, whereas in the literature review we provide the

determinants used in the empirical models of our analysis. Our approach mainly

relies on fixed effects regressions on state level data, as well as a differences in

differences estimator on county level data. In the conclusion, the analysis pre-

sented shows the effect the policy has on reducing unemployment rates, or driving

employment to higher levels, as well as the ambiguously directed impact it has on

real GDP per capita, its growth and the average weekly wages of Coloradans.

Keywords: Marijuana legalization, Colorado, Differences in Differences, Unem-

ployment, GDP per capita
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Περίληψη

Καθώς αρκετές από τις Ηνωμένες Πολιτείες της Αμερικής αλλά και Κράτη ετοιμά-

ζονται να αναθεωρήσουν την νομοθεσία τους σχετικά με την απελευθέρωση της

Μαριχουάνας, η συγκεκριμένη εργασία εξετάζει τις οικονομικές επιπτώσεις της νομι-

μοποίησης του ναρκωτικού στις πολιτείες οι οποίες έχουν ήδη νομοθετήσει την ελεύ-

θερη χρησιμοποίηση και εμπορεία του, όπως και τα αποτελέσματα της νομιμοποίησης

σε νομούς της πολιτείας του Κολοράντο, σε συνάρτηση με νομούς της γειτονικής

πολιτείας της Γιούτα, όπου δεν έχει εφαρμοστεί η νομιμοποίηση. Στο υπόβαθρο,

παραθέτουμε τα ιστορικά γεγονότα που προηγήθηκαν της νομιμοποίησης, καθώς και

τα ευρήματα παλαιότερων οικονομικών ερευνών πάνω στο θέμα, ενώ στην συνέχεια

στην βιβλιογραφική επισκόπηση, παραθέτουμε τις επεξηγηματικές μεταβλητές που θα

χρησιμοποιήσουμε στα εμπειρικά μας μοντέλα. Η προσέγγιση μας βασίζεται κυρίως

σε παλινδρομήσεις όπου ελέγχουμε για χρονικές επιδράσεις και πιθανή ετερογένεια

μεταξύ των παρατηρήσεων, χρησιμοποιώντας διαστρωματικά δεδομένα σε επίπεδο

πολιτειών, αλλά και σε εκτιμητές Διαφορών σε διαφορών, σε δεδομένα περιφερειών

του Κολοράντο και της Γιούτα. Συμπερασματικά, η ανάλυση μας παρουσίασε την

ικανότητα της νομοθεσίας στο να μειώσει τα επίπεδα της ανεργίας, την αμφίδρομη

επίπτωση της στο πραγματικό κατά κεφαλήν ΑΕΠ, την μεγέθυνσή του, αλλά και

στον μισθό των πολιτών του Κολοράντο.

Λέξεις κλειδιά: Νομιμοποίηση Μαριχουάνας, Κολοράντο, Διαφορές σε διαφορές, Αν-

εργία, Κατά κεφαλήν ΑΕΠ
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Chapter 1

Introduction

This thesis aims in extracting the impact of the Marijuana legalization which

took place in Colorado, U.S., on Employment and GDP per capita growth. The

analysis first extrapolates the effects of legalizing recreational marijuana in a state-

regional level using different models and estimators between the 51 states of the

U.S. Later on, we shift our analysis to local-county level data and with the use of

a differences in differences estimator we extract the differential in Unemployment

and real Wages between treated counties within Colorado and the control-group

counties of the neighboring state of Utah.

In November 6th of 2012, Colorado became the first state in the U.S. to legal-

ize the recreational use of the drug, but in short notice other States came along,

with Alaska, Washington, Oregon as well as the District of Columbia. As seen in

figure 1.1, there are a plethora of states that have formed their policies towards

the legal sale of medical marijuana and are at the moment reforming their legis-

lations towards legalization of recreational use. According to Dale Gieringer who

is the state coordinator of California NORML, and a co-founder of the California

Drug Policy Reform Coalition and of Californians for Compassionate Use, Italy,

Germany Switzerland France and Australia have already declared their interest in

reforming their laws towards Marijuana, thus being skeptical in decriminalizing or

1
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legalizing this drug, following either the Portugal model where all drugs are de-

criminalized or the Netherlands model of Marijuana legalization which throughout

the 39 year period of practice has been a success mainly causing huge influx of

tourism and revenue in the Netherlands1. Furthermore, there is a trend towards

legalizing Marijuana for medical or recreational use as more and more people are

more welcoming to such possibility2., while Cannabis is the most used drug in the

world according to UN. (2001)3 and with a wave favoring the legalization of the

drug worldwide

Figure 1.1: Recreational Marijuana taxation rates

While there are scientific researches postulating and estimating the benefits

and downsides of such legislation, a policy analysis of this nature has not yet

been performed, especially on the Colorado case,most likely due to the fact that

the legislation is in effect from January 2014, a short time period which can only

extract some short term effects. Nevertheless, the majority of researches agree

on a specific subject. The legalization of Marijuana will surely provide extra rev-
1Van Laar et al., 2010 (Amsterdam Tourist Information,2008)
2Newport, F. (2011, October 17). Gallup.com. Retrieved fromhttp://www.gallup.com/

poll/150149/Record-High-Americans-Favor-Legalizing-Marijuana.aspx
3https://www.unodc.org/documents/data-and-analysis/WDR2011/The_cannabis_

market.pdf

 http://www.gallup.com/poll/150149/Record-High-Americans-Favor-Legalizing- Marijuana.aspx
 http://www.gallup.com/poll/150149/Record-High-Americans-Favor-Legalizing- Marijuana.aspx
https://www.unodc.org/documents/data-and-analysis/WDR2011/The_cannabis_market.pdf
https://www.unodc.org/documents/data-and-analysis/WDR2011/The_cannabis_market.pdf
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enues since it is currently a product being traded illegally by drug traffickers and

cartels in the majority of the markets worldwide (Miron, 2011). This thesis, a

policy-wise econometric exploration of the effects of the Colorado Marijuana le-

galization will try to estimate the economic effects of such legislation on the two

macro-econometric factors discussed previously.

While many states are on the verge of reforms regarding the illicit state of the

drug, Colorado in January 2014 became the first State of the U.S. that began trad-

ing, manufacturing and issuing licenses for dispensaries of Marijuana. This change

was not rapid at all for Coloradans. In November 6th, 2012 and through Amend-

ment 644 , Colorado voters had to answer the question of legalizing recreational

Marijuana, launching an unprecedented social experiment in the U.S. The legis-

lation managed to collect the signatures of 55% of Colorado voters, establishing

the foundations of the legalization of Marijuana, the most widespread used drug

globally5 which is now codified in the Colorado Constitution as Article XVIII,

Section 16.46.

Two years later, on January 2014, following the commitments of the ballot,

the state of Colorado began collecting revenues from retail sales of the no longer

illicit drug and from authoring licenses for retail dispensaries as well as the cul-

tivation of the plant. Marijuana tax revenues were reported on a monthly basis

simultaneously with the area labeling of Marijuana activity, where we were able to

differentiate the counties within Colorado with commercial Marijuana activities

from those which did not record sales or had any dispensaries in their territo-

ries. These Tax revenues7 from the Colorado department of Revenue were able to

provide the perfect indicator of Marijuana related activities for our analysis.

This research will be conducted using a Differences in Differences estimator on
4Amendment 64, Use and Regulation of Marijuanahttp://www.fcgov.com/mmj/pdf/

amendment64.pdf
5https://www.drugabuse.gov/publications/media-guide/most-commonly-used-addictive-drugs
6https://www.colorado.gov/pacific/sites/default/files/Section16-Retail.pdf
7https://www.colorado.gov/pacific/revenue/colorado-marijuana-tax-data

http://www.fcgov.com/mmj/pdf/amendment64.pdf
http://www.fcgov.com/mmj/pdf/amendment64.pdf
https://www.drugabuse.gov/publications/media-guide/most-commonly-used-addictive-drugs
https://www.colorado.gov/pacific/sites/default/files/Section16 - Retail.pdf
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a monthly county level between the treatment group of Colorado counties with

marijuana trade indicators (e.g. showing Tax collections from Marijuana trade

and Licenses) and a control group of counties in the neighboring state of Utah.

The above mentioned points in our timeline, e.g. November 2012, the month of

the Amendment 64 public ballot voting and January 2014, the beginning of the

tax revenues collection in Colorado provided the auspicious context in being able

to perform an econometric evaluation of the policy. Furthermore, using panel

data on a regional level from 51 states of the United States of America we will

estimate the effects of the policy on the macroeconomic factors of GDP per capita,

Employment and their according growths. This analysis is performed using several

empirical models with the according macroeconomic determinants of each outcome

of interest, from OLS to a more suitable for our data fixed effects estimator.

During our analysis we found that the policy, state-wise, positively affects the

employment rates in the according regions, with an extracted estimated coefficient

of 0.428 , while the effect it has on employment growth is while significant, minus-

cule. On the other hand, we extracted that the policy has a small but statistically

significant -0.015% effect on treated states regarding the real GDP per capita, but

on the contrary this effect is negated when we examine the effects on its growth.

In the differences in differences estimates, while using regressions based on the

wage curve model, we extracted that the treatment effect pushed unemployment

by as much as 1.699%, but the effect it had on real wages was much lesser, at

0.011% at the 5% level of statistical significance.

The main implications of this study rely on the short period after the enact-

ment of the legislation, forcing us to extract the short term effects of the policy

in the according regions, as well as the treatment effect on Colorado counties.

Furthermore, out of the 64 Colorado counties, only 12 of them indicated tax rev-

enues from the policy throughout 2014-2015 reducing our sample size. Another

implication stands on the limited data availability, concerning mainly the lack of

explanatory variables derived from economic literature on the according macro-
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economic factors of interest. This shortage of data was inevitable, since especially

in the county level dataset which we worked on, the monthly nature of our ob-

servations excluded variables reported on a lower frequency. Even though that

the quantity lack of observations of variables since the initiation of the legaliza-

tion with association with the shortage of explanatory variables was a problem in

estimating the exact impact and effects of the policy on the economies we ana-

lyzed, this research is able to provide the direction in which the policy affects the

outcomes of interest, with a robust and meaningful coefficient but with a wider

confidence interval.

Allthough the timing is fair enough to provide some short term effects of the

impact of the policy, in the long run these estimates are most certain to change

and as the years pass the estimators will provide a more realistic effect of the

Marijuana legalization. On top of that, Bertrand, Duflo, Mullainathan (2003),

analyze the implications of the DiD estimator, regarding the extracted coefficients’

and standard errors’ nature and robustness. A series of hypotheses should be taken

into consideration, regarding the heterogeneity among the two groups of interest,

the serial correlation of the dependent variables and the case where t-statistic and

significance levels are often over-estimated due to serial correlation.

Following on, this thesis will refer to previous economic researches which will

help provide the determinants of Employment and GDP growth which on their

turn will extract a better estimate of the Marijuana legalization coefficient. In

the same chapter a historical retrospection of the reforms passed in Colorado

regarding the Marijuana legalization will be presented. We continue with the

empirical models which will be used in our analysis, followed by the data we used,

their sources and structure. Later on, the empirical results of our study will be

illustrated and in the end a concluding section will shortly present our findings

and major implications or further research questions that will arise during this

econometric analysis.



Chapter 2

Background

Colorado, a state in the southwest area of the U.S. is a state best known for ski-

ing and winter resorts, due to the fact that most of the state is overtaken by the

"Rocky Mountains" making tourism the Nr.1 industry in the state. Also Colorado

enjoys an abundance of natural gas, coal and oil 1 while cattle is its main agricul-

tural industry. 2. The Marijuana legalization initiative of Colorado came to add

crops and revenues to its economy, an economy that according to the following

graphs and data originating from the Bureau of Economic Analysis was outper-

forming most of the rest of the states in the two major macro-economic factors,

Employment and GDP growth. Commonly described, Colorado, a steadily grow-

ing economy took a major social risk of entailing the free and legal distribution

and cultivation of Marijuana, soon gathered the focus of states with troubling

economies wondering if legalizing the drug would spark their economies and their

internal production. As described by Miron, (2010) U.S. could save up to 13.7

Billion dollars and raise up to 6.4 billion in tax revenues from legalization.

Graph 2.1 illustrates the top three performers of GDP growth from preceding

year in 2014, where Colorado takes the third place in growth, a fact that comes to
1Smith D.. & Dietz, J. (2001), "Colorado," World Book Online Americas Edition http:

//www.worldbookonline.com/wbol/wbPage/na/ar/co/124340,August14,2001.
2U.S. Department of Agriculture: National Agricultural Statistics Service, "Colorado State

Agriculture Overview, 2004", 3 January 2006, http://www.nass.usda.gov/Statistics_by_
State/Ag_Overview/AgOverview_CO.pdf(12January2006)

6

http://www.worldbookonline.com/wbol/wbPage/na/ar/co/124340, August 14, 2001.
http://www.worldbookonline.com/wbol/wbPage/na/ar/co/124340, August 14, 2001.
http://www.nass.usda.gov/Statistics_by_State/Ag_Overview/AgOverview_CO.pdf (12 January 2006)
http://www.nass.usda.gov/Statistics_by_State/Ag_Overview/AgOverview_CO.pdf (12 January 2006)
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agree with the assumption of a growing economy. States with red borders as well

as the red rectangle enclosed Alaska and the capital of the U.S., Washington D.C.,

are the states that have already passed reforms towards legalizing the recreational

use of Marijuana in their localities. North Dakota, the best performer in terms of

GDP growth in 2014, exploits a recent economic boom in its region coming from

the oil industry3, while Wyoming the second most growing state takes use of the

mining and energy industry in the area, thanks to the resource abundant Rocky

mountains as well as the low government implemented tax rates.

Figure 2.1: 2014 GDP growth from preceding year

Figure 2.2 depicts the top performers in terms of employment growth from

preceding year. North Dakota still takes the first place in Employment growth in

2014, a fact that is accompanied by the recent economic boom relying on the oil

industry. The economic growth of North Dakota brought more jobs and raised

population in the region4. Nevada on the other hand, has a surge in the private

sector job growth explaining the high rank of the state5.
3http://www.eia.gov/todayinenergy/detail.cfm?id=12071
4http://www.wsj.com/articles/SB10001424052702304072004577328100938723454
5http://gov.nv.gov/Newsand-Media/Press/2015/Nevada’s\

PrivateSectorJobGrowthRanksSecondintheNation/

http://www.wsj.com/articles/SB10001424052702304072004577328100938723454
http://gov.nv.gov/News and-Media/Press/2015/Nevada's\Private Sector Job Growth Ranks Second in the Nation/
http://gov.nv.gov/News and-Media/Press/2015/Nevada's\Private Sector Job Growth Ranks Second in the Nation/
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Figure 2.2: 2014 Employment growth from preceding year

As observed through the data of the Bureau of Economic Analysis, the state of

Colorado is a strong economic performer and this thesis adresses the question of

how much has the legalization of Marijuana in this state has impacted those two

macroeconomic factors. On top of that, there were indicators of efficient economic

activity in Colorado.6

The incentive of this analysis came from the economics pioneer, Adam Smith

and his insights on taxing tobacco and alcohol which as he said: "Sugar, rum, and

tobacco are commodities which are nowhere necessaries of life, which are become

objects of almost universal consumption,and which are therefore extremely proper

subjects of taxation.". Snowdon (2012), further explains the sin tax capability

of raising revenues. Furthermore, Flister (2012) concluded that such legislation

would be beneficial for the economy and that it could potentially fill fiscal gaps.
6For our ranking of the economies of all 50 states, we wanted to capture recent economic move-

ment in a number of areas, like employment, consumption, housing, and overall growth.http:
//www.businessinsider.com/state-economic-growth-rankings-2014-8?op=1

http://www.businessinsider.com/state-economic-growth-rankings-2014-8?op=1
http://www.businessinsider.com/state-economic-growth-rankings-2014-8?op=1
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She also found that users were faced with much safer products on lower cost.

To agree with that assumption, Easton (2004) extracted a yield of 7.10$ per reg-

ulated cigarette of marijuana. A bigger yield in a prohibited environment goes

to drug cartels and traffickers due to the high risk of incarnation and transferring

costs. Furthermore, Thornton (1991) explains why alcohol prohibition led to dan-

gerous and more potent alcoholic beverages and pointed out the crime increase

during 1920 and 1933. Also, prohibition seems to not be that successful in reduc-

ing usage since a recent study which compared the U.S. with Netherlands found

that the amount of individuals consuming marijuana in the past month in the

U.S. were twice as high than those in the Netherlands.7. Miron (2011) states that

prohibition is ineffective in reducing usage rates, while Becker & Murphy (1988)

excluded that prohibition does not eliminate drug markets. Becker, Murphy &

Grossman (2006) describe that prohibition also leads to more crime and govern-

ment corruption. On the other hand Colorado is facing a higher prevalence of

marijuana usage than the rest of the U.S. Schuermeyer et al. (2014).

2.1 Reforms

The legislation of the Marijuana legalization in Colorado brought several reforms

of already existing laws. Blake & Finlaw (2014) provide very useful insights re-

garding the policies that followed the legislation and a major concern of an over-

night risky policy. Though that was not the case. As described in his paper,

legislators were very focused on issuing laws that above all, protected civilians,

especially under-aged ones from purchasing marijuana. Furthermore, the paper

provides insights for the taxation of the drug where a 15% state excise tax and a

12.9% state sales tax was imposed. Furthermore, the first 40 Million U.S. dollars

were to be credited towards the public school capital construction assistance fund
7“The Netherlands Compared With The United States.” Drug War Facts. Borden, Mary Jane

and Douglas McVay, eds. Canada: 2007. Accessed November 26, 2009 http://drugwarfacts.
org/cms/node/67

http://drugwarfacts.org/cms/node/67
http://drugwarfacts.org/cms/node/67


10

(Blake & Finley,2014). 8 Many other states and countries have shifted their focus

towards Colorado, looking into the economic and social outcomes of the recre-

ational Marijuana legalization. Long before the voting of the ballot, Amendment

64 received serious political opposition, mainly regarding the social and health

consequences of such legalization. Admittedly, such matter is ambiguous in na-

ture and it would be fictional that there would not be such voices opposing the

legalization of Marijuana. Nevertheless, the campaign of the Democratic Governor

John W. Hickenloope and Denver Mayor Michael Hancock received little response.

Their main concerns were specifically the expected raises in consumption, espe-

cially among students and minors as well as addiction rates, and on top of these,

that the costs of prevention programs, emergency room visits, car accidents and

health care would increase.

Those in favor of the legalization of the drug also presented their arguments. The

most robust argument was that War on Drugs, which started in 1971 during the

Richard Nixon presidency fell short in diminishing the illicit drug market, failed

in reducing illegal imports mainly from Mexico, reducing drug usage and on top

of that it was too costly for U.S. taxpayers, accounting at about 51 Billion dollars

annualy9. Some preliminary evidence from the United States Border patrol illus-

trate that in 2015 the illegal imports from the southwest border between the U.S.

and Mexico were at a the lowest point of the decade. Agents snagged roughly 1.5

million pounds of marijuana at the border, down from a peak of nearly 4 million

pounds in 200910.

Although there has not been a certain correlation between the Colorado legal-

ization status and the illegal importation from the southwest border, it is fair to

assume that the legal state of the drug in the southwest area of U.S. has definitely

played its role in reducing these flows. Health-wise, this could indicate a positive
8Amendment 64 Use and Regulation of Marijuana (as passed Nov. 6, 2012),

http://www.fcgov.com/mmj/pdf/amendment64.pdf.
9http://www.drugpolicy.org/drug-war-statistics

10https://www.washingtonpost.com/news/wonk/wp/2016/03/03/
legal-marijuana-is-finally-doing-what-the-drug-war-couldnt/

http://www.drugpolicy.org/drug-war-statistics
https://www.washingtonpost.com/news/wonk/wp/2016/03/03/legal-marijuana-is-finally-doing-what-the-drug-war-couldnt/
https://www.washingtonpost.com/news/wonk/wp/2016/03/03/legal-marijuana-is-finally-doing-what-the-drug-war-couldnt/
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effect of the legalization of Marijuana, since the quality of the drug and the con-

ditions which is cultivated, grown and distributed are tested and regulated by the

local government 11.

Amendment 64 imposed some restrictions and guidances for public protection

rather than protecting the free trade of the drug. Macdonald (2015) provides the

most significant aspects of the regulatory reforms contained in Amendment 64.

Firstly, the regulation forbid from Marijuana retail shop owners to sell Mari-

juana to those who are not of 21 years of age simultaneously with a proof of age

for customers. Also states that driving under the influence of the drug is still ille-

gal and is to be prosecuted. Further provides the specific qualifications that need

to be addressed in order to secure the legitimacy of the traders. Finally guides

mainly shop owners and consumers into the proper labeling requirements.

All in all, reviewing the legislative framework and directions of the policies

revolving around the legalization, we can say that Colorado was surely cautious

in establishing the foundations of the overall policy, took into consideration the

opposing voices and their concerns and inaugurated the reforms towards protecting

the quality and pricing of the drug, as well as the overall civilian health and safety.

2.2 Literature Review

As foretold, econometric literature falls a bit short on providing foundations and

directions of what we should expect in our analysis. Policy-wise a legislation of

this matter has not been econometrically associated with changes in real Gross

Domestic Product output or Employment growth. Nevertheless, inducing the

Marijuana legalization policy as an extra explanatory dummy variable in a series

of models which are based on certain economic insights and scientific papers we

will estimate the performance of the according economies during the time the drug
11https://www.colorado.gov/pacific/cdphe/inspection-retail-marijuana-testing-facilities

https://www.colorado.gov/pacific/cdphe/inspection-retail-marijuana-testing-facilities
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was legalized. These papers and economic knowledge should only be limited to

the extent of the availability of the data, mainly regarding the timing framework

and frequency of the reported indicators.

The main empirical model and estimator of this thesis, the differences in dif-

ferences estimator is increasing in popularity. It is an estimator used in order

to evaluate causal relationships, and is so widespread mainly because of its sim-

plicity. In order to extract a close to reality coefficient though, we will use the

wage curve model as introduced by Blanchflower, D. G., & Oswald, A. J. (1994).

On top of that the empirical research of Joan Daouli et al. (2016) which is per-

formed on a regional level in Greece is a very useful guide towards the expected

outcomes of the model in the case of our study. For this analysis a set of two

different groups is needed, in different timings and with a specific point in the

timeline where the treatment becomes active. In the case of evaluating the impact

of the Marijuana legalization on a macro-level e.g. comparing the performance

of the 51 states of the U.S. we need to run to another estimator and model. Us-

ing panel data observations and OLS as well as Fixed effects models, we will try

to capture the effect of the policy state-wise. To do this, we will need to review

the economic literature and find explanatory variables for our outcomes of interest.

2.2.1 Determinants of per capita real GDP

Retracing the past, Kormendi & Meguire (1985) provide the explanatory variable

of the per capita Personal Income (PcPInc), where associated with the level of

wages can guide the overall economic outcome into higher levels. Higher income

per capita can translate into higher personal consumption hence greater economic

output as analyzed in the income-consumption curve (Jappelli et al., 2010). There-

fore, we expect a positive correlation between per capita personal income and per

capita GDP growth. Furthermore, his paper extracts Population growth (Popgr)
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and Labor Force (LF) as determinants, where under standard neoclassical growth

theory, the steady state growth rate should equal the labor force growth rate plus

the exogenous technological change growth. As we saw previously, in North Dakota

the top performing state in 2014 in GDP growth, there was a wave of incoming

population from other states which accompanied the economic boom of the region.

Gale et al (2015), extrapolate the negative, statistically significant and robust

effect that Taxes (Tax), have on the real economic output on a state level in their

analysis. Wyoming experiences a growth in GDP due to the low taxation imposed

in the region, while the paper explains that cutting taxes isn’t always signified

with growth in GDP. Taxes have been the subject of analysis on many researches,

and the results can be differentiated from region to region. Implementing high tax

rates can lead to revenue loses due to the incentive of consumers as well as shop

owners to trade illegally, but a fair priced level of taxes can result into a healthy

revenue flux towards the goverment, resulting in higher government consumption,

thus higher output growth.

To continue, Boldeanu & Constantinescu (2015) explain that Employment to

population ratio (Epr) is a variable that consequent to its rise it drives the overall

the economy and real Gross Domestic Product into higher values.

Fischer (1993) describes that inflation (CPI) pushes the output of the economy

downwards. Nevertheless, inflation is differentiated in terms of the result it has on

real economic output. Negative inflation is usually a sign of a troubling economy,

with the very recent example of Greece, which in the latter years after its economic

plummet after the 07-08 financial crisis and the monetary bailout package from the

IMF on 2010, experiences negative inflation. On the other hand, very high inflation

is also troublesome for the economies. During the Jimmy Carter presidency in the

80’s inflation in the U.S. was on double digits, while the GDP was plummeting. It

is fair to say that "healthy" rates of positive inflation are associated with growth
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in macroeconomic output.

Kumar & Woo (2010) explain that debt to GDP is related with GDP growth.

The empirical results suggest an inverse relationship between initial debt and

subsequent growth. Furthermore, researchers found that a 10 percentage point

increase in the initial debt-to-GDP ratio is associated with a slowdown in annual

real per capita GDP growth of around 0.2 percentage points per year, with the

impact being somewhat smaller in advanced economies. The results in this anal-

ysis are robust, whilst other determinants are ambiguous in the direction of their

outcomes towards per capita GDP growth, we surely expect that the Debt to GDP

ratio is a ratio that when high, the per capita GDP growth will variate in lower

values.

2.2.2 Determinants of Employment rates

Shifting our focus into the other outcome of interest, Employment growth, it is

quite observable that many determinants of employment go hand in hand with

Gdp per capita determinants due to the high, positive correlation between those

two variables. Card & Krueger (1993) a paper of similar to the nature of this

research, which extracts the fact that higher wages are associated with a raise

in the employment rates of the area of interest. The explanatory variables which

follow, derive from economic literature and will help extracting a better marijuana

legalization dummy variable coefficient. The logarithm of the per capita Personal

Income (logPcInc) of the 51 states of the U.S. will be included in the empirical

model as an Employment determinant. Card & Krueger (1993), using a differ-

ences in differences estimator found that raising the minimum wage can result to

raises in employment. On top of that, the wage curve model Blanchflower & Os-

wald (1994) describes the inverse relationship of unemployment and wages. In our

case, employment and wages should correlate positively since common knowledge

phrases that employment rates drop when unemployment grows, and the contrary.

The annual wage data were available only on a yearly level, so using these data
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as explanatory variable would induce measurement errors in the variable result-

ing to potential endogeneity. To adress this problem we will use the per capita

personal income variable as a wage proxy, data which are reported on a quarterly

level frequency and can offer an alternative to the wages, since the correlation

between these two variables in our dataset is ρwages,pcinc = 0.849. Carlino & Mills

(1987) implement the effect public policies have on employment growth. Part

of those policies analyzed are the infused taxes in counties throughout the U.S.,

having extracted an ambiguous result of whether expecting a growth in taxes to

be associated with a drop in Employment, an "economically healthy" tax growth

would have a small but singificant effect on Employment growth. Steven Kap-

sos (2005) concludes that the employment to population ratio is among the most

publicized employment determinants. Employment to population ratio refers to

the employed labor force (LF) divided by the total population. In our analysis we

will include the Labor Force changes from the preceding year as an Employment

and Employment growth determinant. Labor force, e.g. workers are driven to

economies with employment potential.

Unfortunately, determinants provided by economic literature that are essential

in explaining regional employment, our second outcome of interest, such as private

investment and open tradeness, are not available and reported in a quarterly state

level.



Chapter 3

Empirical Model

3.1 Differences in Differences

This research is divided into two levels of data and econometric evaluation meth-

ods. Working on county-level data between a treatment group of counties of Col-

orado which have reported commercial activity due to the Marijuana legalization

and counties of Utah as the control group. We will then proceed with estimating

a differences in differences estimator in two different timelines. Using data from

2009 to 2015 the first mark of change will be November 2012, capturing the dif-

ference that was associated with the preparatory period of the economy for the

Marijuana legalization after the in favor voting of the legislation. The next point

will be January of 2014, the time that Colorado Government began collecting tax

revenues and retail shops began commercial activities of the drug. The outcomes

of interest defer in this estimator, as we will analyze the differences in differences

between Unemployment and Wages according to the wage curve model Blanch-

flower & Oswald (1994). The wage curve model specifies the inverse relationship

between regional unemployment and real wages, a relationship which as described

in their book is "virtually identical across countries, and stable over time". The

16
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empirical model of our main focus comprises as follows:

Yit = α+βDL
i +γTL

t +δ(DL
i ∗TL

t )+ζXit +ηi.Countyi +θi.Y eart +κi.Montht +εit

(3.1)

where Yit are the economic outcomes of interest (Unemployment and the logarithm

of real Wages), DL
i is a dummy referring to Colorado counties with indicators of

Marijuana trading activity as the treated group and TL
t is a time dummy getting

the value of 1 when the legalization was on effect and the state of Colorado began

collecting Tax Revenues (January 2014) or right after the voting of the legislation

(October 2012) ,δ is the coefficient of interest which will capture the treatment

effect of the policy, Xit is a vector of potential explanatory variables in accordance

to economic literature and εit is the error term. Furthermore L is the indicator of

the point in the timeline which divides the differences between the two groups.

The difference-in-differences estimate is

δ̂ = (Ȳc,2 − Ȳc,1)− (Ȳu,2 − Ȳu,1) (3.2)

Of course, there have been debates on how much the differences in differences

estimator provides robust standard errors and how much should we trust that this

estimator will provide the unbiased effect of the treatment effect. The biggest issue

of this estimator is the heterogeneity between the two groups. A way to address

this issue is by comparing the economic trends of the two groups or even create

placebo effects on counties that have not experienced trading and commercial

activity from the legalization of Marijuana. These issues will be analyzed more

thoroughly in the following chapter.

3.2 OLS/ Fixed effects estimator

Working with state level data, a sample of the 51 states of the U.S. is entailed to

include a lot of variability. While Fixed effects are estimated using least squares
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(or, more generally, maximum likelihood) and random effects are estimated with

shrinkage (“linear unbiased prediction” in the terminology of Robinson, 1991),

we can use both estimators and then check if there is a difference between the

estimator using a Durbin–Wu–Hausman test. The tests between using fixed or

random effects provided that fixed effects were most suitable for our data. The

line of work which will be followed is as follows: Using a simple linear estimator

we analyzed the results and statistical significance of several models, trying to find

the best "fit" for our analysis. These linear regressors provide some insights on the

direction that the Marijuana legalization would effect Gross Domestic Product per

capita and Employment growth. The ordinary least squares model in a simplistic

format is displayed below:

Yit = α + βXit + εi,t (3.3)

Where βXit is a vector of explanatory variables to the according outcome of in-

terest, per capita GDP and its growth, as well as Employment and Employment

growth. To continue we include the Marijuana legalization variable (Dml), a

dummy variable which gets the value of 1 in times when the state had already

begun collecting revenues from the policy. The above model becomes:

Yit = α + βXit + γDmli,t + εi,t (3.4)

3.2.1 Fixed Effects

In statistics, a fixed effects model is a statistical model that represents the observed

quantities in terms of explanatory variables that are treated as if the quantities

were non-random. This is in contrast to random effects models and mixed models

in which either all or some of the explanatory variables are treated as if they arise

from random causes. The fixed-effects model controls for all time-invariant dif-

ferences between the individuals, so the estimated coefficients of the fixed-effects

models cannot be biased because of omitted time-invariant characteristics. In
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panel data analysis, the term fixed effects estimator (also known as the within

estimator) is used to refer to an estimator for the coefficients in the regression

model. If we assume fixed effects, we impose time independent effects for each

entity that are possibly correlated with the regressors.

The fixed effects model specifies

yi,t = αi +Xi,tβ + εi,t (3.5)

where the individual-specific effects α1, . . . , αN measure unobserved het-

erogeneity that is possibly correlated with the regressors, Xi,t and β are K × 1

vectors, and to begin with the errors εi,t are iid [0, σ2].

In our case the model becomes:

Yi,t = αXi,t + βDmli,t + γ1Stateidi,t + γ2Y eart + γ3Quartert + εi,t (3.6)

where Yi,t is the dependent variable, Xi is a vector of Employment or GDP

per capita growth determinants, Dml is a dummy variable valuing 1 in states

with legalized Cannabis consumption and εi,t is the error term. i refers to local

area/region and t is a time identifier.

In contrary to the random effects model, the fixed effects model requires that

observable and non-observable heterogeneity might correlate: E(ci|Xi) = E(ci)

which in many cases in the economic science seems to be the reality making fixed

effects more realistic that random effects while also prohibiting the inclusion of

non-time varying variables for X − it .



Chapter 4

Data

Our dataset comprises of observations ranging from 2009 to 2015. In order to per-

form the analysis on a different geographic level (e.g. County level data used in the

differences in differences estimator and a Regional-State level used in performing a

more macro-analysis of the effect of the policy), two different sets of datasets will

be used. These data originate from the Bureau of Labor Economics, the Bureau

of Economics Analysis and Census.gov in panel data format, where the same sub-

jects are observed in a timeline framework of 7 years. The data availability was

only limited by the frequency of the reported observations of the variables as well

as the geographic focus of our analysis. Although yearly observations provide the

luxury of working with several variables the time limitation of 7 years would entail

little information in estimating a consistent and close to reality coefficient of the

legalization dummy variable. Due to the different nature of the two datasets and

frequency of the reported observations contained in them, each will be specifically

analyzed in the according sections.

4.1 County level Data

The differences in differences dataset comprises of observations of monthly re-

ported data on a full sample of the 93 counties of Colorado and Utah. Out of

those 93 counties, 64 counties are in Colorado whereas the rest of them, 29 in

20
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number are Utah counties. In the 7 years of our dataset, from January 2009 un-

til December 2015 there are in total 7,812 observations containing information of

county specific variables. Using data from Colorado department of revenue, we

were able to identify though the Marijuana excise taxes imposed on counties with

commercial activity of the drug, an identifier of the Marijuana legalization. At

this point, it should be noted that not all counties of Colorado reported Marijuana

taxes, and the reason for that is that there were not retail shops opened in that

area, or the local government opposed Marijuana related activities in their terri-

tories. These counties are extracted from the treated group of Colorado counties

with legal recreational Marijuana usage and trade. Furthermore, several coun-

ties did not develop economic activity of the drug immediately, so the treatment

group counties are limited into a total of 12 counties, which reported Marijuana

related tax revenues from January 2014 until the end of the dataset without any

missing values within this time period. Furthermore, we evaluate the differences

in differences estimator in two time frames, the first after November the 6th after

the voting of the legislation (1st Wave) and the second one since January 2014,

the moment where the state of Colorado begun collecting tax revenues (2nd Wave).

Table 4.1 illustrates the summary statistics of our county level dataset which

includes the following variables, such as the Average Weekly Wage (Wage, Source:

Bureau of Labor Economics), the deflated average weekly wages (DfWage) us-

ing the CPI deflator(CPI, Source: Bureau of Labor Statistics), Total Taxable

Sales (TaxSls, Source: State of Colorado, Department of Revenue1, State of

Utah, Department of Revenue)2 , the total Number of employees of each county

(EmpNr, Source: Bureau of Labor Statistics), the retail recreational Marijuana

taxes (RMjT, 12,9% Tax over sales, Source: State of Colorado, Department of

Revenue) 3 , Population (Pop, Source: U.S. Census Bureau, Population Divi-
1https://www.colorado.gov/revenue
2http://tax.utah.gov/
3https://www.colorado.gov/pacific/revenue/colorado-marijuana-tax-data

https://www.colorado.gov/revenue
http://tax.utah.gov/
https://www.colorado.gov/pacific/revenue/colorado-marijuana-tax-data
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sion). Unemployment rates (Un, Source: Bureau of Labor Statistics), Labor Force

(LF, Source: Bureau of Labor Statistics), Employment to Population ratio (Epr,

Source: Bureau of Labor Statistics). The binary variables summary statistics il-

lustrate the percentage of treated counties after the treatment (Dml) 8,4% of the

sample, as well as the timing of the legalization(DT) 28,6% and the timing of the

voting of the legislation(LD) 45,2% of the dataset. The treated variable refers to

the treated counties in Colorado which comprise 29,3% of the dataset.

As mentioned in the empirical model section, we are shifting our outcomes of

interest when it comes to the differences in differences estimator. Nevertheless,

using unemployment instead of employment doesn’t make that much of a differ-

ence. Due to the inverse relationship of those two macroeconomic factors, the

results when analyzing unemployment differences should only differ in terms of

signs. The other macro-economic factor and dependent variable of this analysis,

the Gross Domestic Product is a variable not reported on a monthly county level

so we should retract to economic literature in order to find a proxy of this macro-

economic factor. Often, when the real GDP is not available, econometricians refer

to the real state income as a proxy. In our case we will use the average weekly

wages as a GDP proxy and so the question will be diversified into how much did

the legalization of Marijuana legislation impacted the average weekly wage of Col-

oradans. Having these variables in hand we formatted them in order to extract

the growth of the variables from the preceding year thus diminishing the effect of

seasonality.
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Table 4.1. Summary statistics- County level monthly data

Variable Mean Std. Dev. Min. Max. N

Quantitative Variables(Real Values)

Wage 699.977 157.058 384 1996 3321

DfWage 692.498 153.512 391 1996 3321

TaxSls 156,235,291.834 323,900,506.975 0 2,102,848,116 1968

EmpNr 54,925.683 117,130.506 228 649,755 3,321

RMjT 299,461.823 470,768.505 11,464 2,537,738 288

Pop 123,883.7 222,788.767 941 1,107,314 3444

Rates and Percentages

Un 6.616 2.513 1.6 19.1 3444

LF 63138.352 117119.692 356 594238 3444

CPI 1.012 0.037 0.946 1.062 3444

Epr 0.501 0.083 0.277 0.882 3444

Growth from preceding year

UnGrowth -7.482 19.644 -41.772 148.485 2952

WageGrowth 0.362 6.265 -55.277 86.244 2829

EprGrowth -1 5.758 -44.65 27.486 2952

TaxGrowth 35.148 480.653 -100 11002.882 1476

PopGrowth 1.241 2.406 -9.147 12.54 2952

Wagegr 0.019 0.062 -0.783 0.651 2829

LFgr 0 0.058 -0.508 0.175 2952

Treated Counties and Timing

Dml 0.084 0.277 0 1 3444

DT 0.286 0.452 0 1 3444

LD 0.452 0.498 0 1 3444

treated 0.293 0.455 0 1 3444

Source:Bureau of Labor Statistics, Bureau of Economic Analysis, Census.gov

4.1.1 Parallel Trends Assumption

The parallel trends assumption, assumes that the two groups, the treated one and

the control one have the similar trends between the two timings, thus the outcome

of their differences is explained by the treatment effect. Graphically represented,

the differences between the two groups s1, s2, y1− y2 are expected to be the same

when t = 1 and t = 2. A more realistic scenario is when the differences y1 − y2

between the two time periods are not the same, due to heterogeneity of the two
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groups or potential internal shocks.

Parallel trends assumption

Nevertheless, it is valuable observing the mean values as well as the standard

deviation of the two outcomes of interest, in different times in our differences in

differences analysis, in order to obtain some insights on the directions and trends

of the two groups’ economies, tools which be of use in order to examine the signif-

icance of the estimator of the legalization which will be extracted in the following

chapter. These statistical measures are portrayed on different times within the

span of the 7 year period. The first period (2009-2012) is used to extract the

mean values of the two groups economies before the voting of the legalization of

the drug. The second period, (2012-2014), refers to a preparatory period in which

Colorado, after the successful voting in favor of the legalization was getting ready

for the revenue collection and initiation of the policy. These two periods are used

in order to quantify the differences between the two groups before and after the

voting of the legislation which we refer as Wave 1. The third period (2009-2014) is

the preliminary period of the enactment of the legalization and revenue collection

initiation. Finally, (2014-2015) is the period after what we refer to as Wave 2.

As observed in table 4.2, the counties follow a somewhat similar trend in accor-

dance to the direction of the growth. Our main concern revolves around the last
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column of the table where we observe that Colorado performs a bit better than

Utah in terms of a drop in Unemployment rates, while experiencing a small in-

crease in the differences between the logarithm of average weekly wages before

and after Wave 2, e.g. the initiation of tax revenue collection in January 2014. As

expected, in the earlier years the two ecomomies were not performing as well as

in the latter years, mainly because of the sluggish recovery of the whole economy

of the U.S. from the major financial crisis of 2007-2008. A graphic depiction of

these statistical measures will make these differences more distinct.

Table 4.2. Statistical measures of the counties of Colorado and Utah on different
time frameworks

2009-2012 2012-2014 2009-2014 2014-2015

Colorado Utah Colorado Utah Colorado Utah Colorado Utah

Unemployment
Mean 8.252 7.647 6.947 5.642 7.940 7.183 4.307 4.783

Standard Deviation 1.592 2.269 1.523 2.236 1.678 2.426 1.312 2.177

Logarithm of Wages
Mean 6.639 6.441 6.704 6.494 6.654 6.453 6.735 6.504

Standard Deviation 0.180 0.196 0.173 0.192 0.180 0.196 0.179 0.184

Source:Bureau of Labor Statistics

4.1.2 Wave 1- Voting of the legislation

In figure 4.1 we will visually illustrate the mean values of unemployment rates

and the logarithm of average weekly wages between the two groups, having as a

breaking point November of 2012. Observing those two graphics we osberve that

unemployment rates were declining during the time in the two groups, where on

the other hand, average weekly wages were steadily growing. As it seems, the

voting of the legislation did not have any effect on reducing unemployment, since

the counties of the control group(Utah), were actually experiencing slightly lower

unemployment rates. Nevertheless, in the next section of our analysis, the em-

pirical results will provide the according estimates to agree with this assumption.

Focusing on the average weekly wages, there seems to be a parallel trend between

the two groups, meaning that there not seems to be a treatment effect of the

voting of the legislation.
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Figure 4.1: Wave 1 - Trends of the two outcomes of interest between the two
groups, Source: Bureau of Labor Statistics

4.1.3 Wave 2- Revenue collections in treatment counties

The same work is performed at another period and breaking point in our timeline.

We refer to January 2014, the initiation of the legislation and the tax collection

from Marijuana related commerce. The second wave’s treatment effect (Figure

4.2), signifying the initiation of tax collections from Marijuana related commerce,

we observe that unemployment rates in the treated group even though they were

higher than the control group during the first period, after January 2014, treated

counties were experiencing lower unemployment rates. Here seems to be a treat-

ment effect of the policy, which will be specifically analyzed in the empirical results

section. Referring to the average weekly wages, treated counties also seem to per-

form better after Wave 2, but with a lesser treatment effect.

Figure 4.2: Wave 2 - Trends of the two outcomes of interest between the two
groups, Source: Bureau of Labor Statistics
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4.2 State level Data

Shifting our focus on the state level dataset which comprises of observations of the

51 states of the U.S. during the same 7 year period as the previous dataset (2009-

2015). The quarterly data of this dataset contain 1428 observations. Variable

growths from preceding year, as expected have one year’s less observations(1224),

whereas variables such as Inflation or EmpNr(Total number of employees in the

state) have missing values.

Table 4.3 illustrates the summary statistics of the Real Gdp in 2009 chained val-

ues (Gdp09, Source: Bureau of Economic Analysis), Gdp per capita (Gdppc,

Source: Bureau of Economic Analysis), Personal Income (PInc, Source: Bureau

of Economic Analysis), Population (Pop, Source: Bureau of Economic Analysis),

Personal Income per capita (PCPInc, Source: Bureau of Economic Analysis), To-

tal State Taxes (Tax, Source: U.S. Census Bureau, Quarterly Summary of State &

Local Government Tax Revenue.), Average Annual Wage (Wage, Source: Bureau

of Labor Statistics), Per capita Personal Consumption (PcCons, Source: Bureau

of Economic Analysis) and Total number of Employees (EmpNr, Source: Bureau

of Labor Statistics). Unemployment (Un, Source: Bureau of Labor Statistics),

Employment to Population ratio (Epr, Source: Bureau of Labor Statistics), Labor

Force (LF, Source: Bureau of Labor Statistics), Debt to GDP ratio (DebtGdp,

Source: State & Local Government Finance), Union membership (Union,Source:

Bureau of Labor Statistics) and the Consumer price Index (CPI, Source: Bureau

of Labor Statistics), whereas Inflation was calculated through CPI.
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Table 4.3. Summary statistics- State level quarterly data

Variable Mean Std. Dev. Min. Max. N

Quantitative Variables(Real values)

Gdp09 296,598,500.7 36,2366,828.693 24,918,000 2,229,070,000 1428

Gdppc 49.206 18.413 30.765 168.796 1428

PInc 268,229,382.462 32,1338,573.381 23,537,592 2,099,673,075 1428

Pop 6,160,313.29 6,921,062.75 544,270 39,288,180 1428

PCPInc 43,082.631 7,717.558 30,097 72,109 1428

Tax 3,995,849.239 5,248,034.186 54,472 51,441,756 1428

Wage 45,125.065 8,220.487 32,247 79,139 1224

PcCons 35,068.722 5,349.481 24,994 55,141 1224

EmpNr 2,647,767.26 28,40,397.435 262,480 16,593,755 1400

Rates and percentages

Un 7.136 2.161 2.7 14.9 1428

Epr 0.425 0.072 0 0.614 1428

Emp 92.864 2.161 85.100 97.3 1428

LaborForce 0.266 1.287 -4 6.600 1428

LD 0.021 0.143 0 1 1428

DebtGdp 0.166 0.042 0.03 0.296 1428

Union 10.685 5.327 2 25.2 1428

CPI 0.976 0.084 0.858 1.182 1224

Inflation -0.014 0.519 -1.499 1.833 1020

treated 0.098 0.297 0 1 1428

Dml 0.013 0.112 0 1 1428

Growth from preceding year

EmpGrowth 0.678 0.704 -3.24 3.136 1224

GdpGrowth 1.638 2.51 -9.983 27.146 1224

GDPpcgr 0.008 0.024 -0.139 0.217 1224

UnGrowth -8.511 8.073 -30 29.114 1224

PopGrowth 0.776 0.778 -3.196 5.751 1224

GdppcGrowth 0.857 2.439 -13.007 24.277 1224

Empgr 0.007 0.007 -0.033 0.031 1224

Popgr 0.008 0.008 -0.032 0.056 1224

Source:Bureau of Labor Statistics, Bureau of Economic Analysis, Census.gov

Tables 4.4 and 4.5 illustrate the mean and standard deviation, of the out-

comes of interest of our analysis. We refer to the per capita real GDP in 2009

chained prices and its growth, as well as Employment and Employment growth

from preceding year.
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Table 4.4. Real GDP per capita in 2009 chained prices (In thousands) and GDP
per capita growth from preceding year, State Level

State Mean Std. Deviation
Alabama 36.70 0.56
Alaska 70.23 2.79
Arizona 38.16 0.63
Arkansas 36.15 1.07
California 53.22 1.71
Colorado 50.90 1.14
Connecticut 63.56 0.62
Delaware 62.85 1.14
District of Colu 163.41 3.54
Florida 38.28 0.56
Georgia 41.99 0.78
Hawaii 49.29 0.45
Idaho 34.80 0.40
Illinois 51.59 1.34
Indiana 43.39 1.32
Iowa 47.61 1.70
Kansas 45.05 0.96
Kentucky 38.09 1.01
Louisiana 45.95 1.27
Maine 37.87 0.42
Maryland 53.78 0.52
Massachusetts 61.17 1.58
Michigan 40.17 1.80
Minnesota 51.85 1.75
Mississippi 31.58 0.40
Missouri 42.14 0.53
Montana 38.16 1.04
Nebraska 50.86 1.66
Nevada 43.63 0.89
New Hampshire 47.85 1.27
New Jersey 55.65 0.66
New Mexico 40.54 0.67
New York 61.97 1.85
North Carolina 43.30 0.52
North Dakota 61.38 7.90
Ohio 44.20 1.91
Oklahoma 41.35 2.09
Oregon 49.12 1.34
Pennsylvania 46.85 1.35
Rhode Island 46.81 1.00
South Carolina 35.66 0.42
South Dakota 46.75 1.30
Tennessee 40.99 1.17
Texas 50.29 2.41
Utah 42.52 0.84
Vermont 42.58 1.11
Virginia 51.75 0.52
Washington 53.71 0.99
West Virginia 35.78 0.73
Wisconsin 45.48 1.37
Wyoming 62.56 3.39
Total 49.21 18.41
Source:Bureau of Economic Analysis

State Mean Std. Deviation
Alabama 0.72 0.96
Alaska -1.21 4.40
Arizona 0.64 1.89
Arkansas 1.41 1.80
California 1.44 1.53
Colorado 1.03 1.17
Connecticut -0.03 1.17
Delaware -0.03 2.62
District of Colu -0.44 1.72
Florida 0.01 1.48
Georgia 0.93 0.83
Hawaii -0.22 1.31
Idaho 0.24 1.20
Illinois 1.33 1.47
Indiana 1.63 2.07
Iowa 1.47 2.15
Kansas 0.82 2.01
Kentucky 1.35 1.68
Louisiana -0.31 3.47
Maine -0.05 1.42
Maryland 0.37 1.09
Massachusetts 1.37 1.85
Michigan 2.36 2.17
Minnesota 1.68 1.31
Mississippi 0.37 1.82
Missouri 0.52 1.11
Montana 1.45 1.32
Nebraska 1.59 1.64
Nevada -0.57 2.10
New Hampshire 1.23 2.19
New Jersey 0.34 1.37
New Mexico 0.03 2.24
New York 1.51 2.39
North Carolina 0.19 1.47
North Dakota 5.16 8.30
Ohio 2.10 1.53
Oklahoma 2.02 2.42
Oregon 0.79 3.49
Pennsylvania 1.40 0.88
Rhode Island 1.06 1.25
South Carolina 0.41 1.37
South Dakota 0.96 3.17
Tennessee 1.31 1.08
Texas 2.16 1.23
Utah 1.06 1.13
Vermont 1.21 1.93
Virginia -0.16 0.90
Washington 0.84 1.14
West Virginia 0.78 2.33
Wisconsin 1.46 1.06
Wyoming -2.00 3.64
Total 0.86 2.44
Source:Bureau of Economic Analysis
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Table 4.5. Employment rates (left table) and Employment growth from preceding
year, State Level (Thousands)

State Mean Std. Deviation
Alabama 91.58 1.93
Alaska 92.79 0.51
Arizona 91.65 1.70
Arkansas 92.85 1.14
California 90.35 2.18
Colorado 93.20 1.81
Connecticut 92.29 1.25
Delaware 93.08 1.27
District of Colu 91.30 1.11
Florida 91.73 2.13
Georgia 91.41 1.70
Hawaii 94.36 1.36
Idaho 93.14 1.93
Illinois 91.31 1.68
Indiana 92.04 2.08
Iowa 94.98 0.96
Kansas 94.32 1.13
Kentucky 91.76 1.84
Louisiana 93.05 0.76
Maine 93.15 1.41
Maryland 93.42 0.85
Massachusetts 93.21 1.24
Michigan 90.55 2.87
Minnesota 94.38 1.54
Mississippi 91.25 1.37
Missouri 92.69 1.71
Montana 94.14 1.19
Nebraska 96.09 0.66
Nevada 89.58 2.50
New Hampshire 94.91 0.97
New Jersey 91.81 1.55
New Mexico 92.79 0.59
New York 92.48 1.28
North Carolina 91.41 2.02
North Dakota 96.76 0.52
Ohio 92.24 2.07
Oklahoma 94.56 0.96
Oregon 91.42 1.94
Pennsylvania 92.87 1.26
Rhode Island 90.57 2.00
South Carolina 91.23 2.19
South Dakota 95.84 0.74
Tennessee 91.92 1.67
Texas 93.49 1.39
Utah 94.44 1.72
Vermont 95.02 1.05
Virginia 94.11 0.93
Washington 92.15 1.66
West Virginia 92.60 0.80
Wisconsin 93.09 1.51
Wyoming 94.74 1.00
Total 92.86 2.16
Source:Bureau of Economic Analysis

State Mean Std. Deviation
Alabama 0.96 0.80
Alaska 0.24 0.28
Arizona 0.82 0.61
Arkansas 0.52 0.56
California 0.97 0.91
Colorado 0.71 1.00
Connecticut 0.49 0.78
Delaware 0.63 0.52
District of Colu 0.48 0.82
Florida 0.99 0.66
Georgia 0.80 0.60
Hawaii 0.65 0.50
Idaho 0.89 0.61
Illinois 0.85 1.02
Indiana 1.06 0.71
Iowa 0.51 0.16
Kansas 0.52 0.35
Kentucky 0.95 0.78
Louisiana 0.16 0.89
Maine 0.70 0.46
Maryland 0.37 0.43
Massachusetts 0.63 0.57
Michigan 1.63 0.89
Minnesota 0.75 0.30
Mississippi 0.62 0.70
Missouri 0.84 0.64
Montana 0.51 0.47
Nebraska 0.31 0.23
Nevada 0.95 1.52
New Hampshire 0.52 0.40
New Jersey 0.70 0.81
New Mexico 0.23 0.42
New York 0.61 0.65
North Carolina 0.92 0.75
North Dakota 0.24 0.17
Ohio 1.06 0.79
Oklahoma 0.42 0.59
Oregon 1.04 0.27
Pennsylvania 0.60 0.56
Rhode Island 0.98 0.88
South Carolina 1.04 0.74
South Dakota 0.34 0.21
Tennessee 0.91 0.55
Texas 0.60 0.66
Utah 0.74 0.63
Vermont 0.52 0.16
Virginia 0.45 0.39
Washington 0.69 0.82
West Virginia 0.24 0.65
Wisconsin 0.76 0.50
Wyoming 0.43 0.54
Total 0.68 0.70
Source: Bureau of Economic Analysis



Chapter 5

Empirical Results

5.1 Regional outcomes of the policy using data

from the 51 States of the U.S.

In this section we will present the results of our analysis, using quarterly fre-

quent regional panel data from the 51 States of the United States of America.

The outcomes of interest in this section is the real per capita GDP and its ac-

cording growth, Employment and Employment growth. Our methodology slowly

progresses from a simple OLS estimator (Model 1,3), used to provide insights on

the direction and the effect of the policy on these macroeconomic factors, to a fixed

effects regression (Model 2,4) controlling for the heterogeneity of each state as well

as having time effects expressed by the according year and quarter. Through this

method, we were able to capture the effects of the policy, while checking for dif-

ferences in the independent variables’ coefficients and their statistical significance,

in models with and without the dummy variable of the legalization. This dummy

variable, Dml equals 1 when the regarding states with legal recreational status of

Marijuana initiated tax revenue collections from the policy.

31
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5.1.1 Per capita Gross Domestic Product

The per capita GDP has been calculated by dividing the real GDP in 2009 chained

prices with the population estimates of the bureau of economic analysis. Then, the

logarithm of the per capita GDP is calculated and used as the dependent variable,

mainly for normalization of the dependent and explanatory variables, which on

their turn are expressed in terms of logarithms.

The first OLS (Column 1) model used to provide the following results is:

logGDPpci,t = α+βlogPCInci,t+γ1logTaxPci,t+γ2logEPRi,t+γ3DebtGdpi,t+γ4CPIt+εi,t

(5.1)

where we neither fix for either time or state effects, nor we include theDml dummy

variable.

Later on, we fix the above model for time effects, and fixed effects (Column 2)

so it becomes:

logGDPpci,t = α + βlogPCInci,t + γ1logTaxPci,t + γ2logEPRi,t + γ3DebtGdpi,t + γ4CPIt+

+γ5Statei + γ6Y eart + γ7Quartert + εi,t

(5.2)

In Column 3, we use the first model without fixed effects, but with the addition

of the policy dummy variable Dml as well as a dummy variable for the treated by

the policy States:

logGDPpci,t = α + βtreatedi + γDmli,t + δ1logPCInci,t + δ2logTaxPci,t + δ3logEPRi,t+

+δ4DebtGdpi,t + δ5CPIt + εi,t

(5.3)

Finally, in the last column (Column 4) the fixed effects model of column 2 is
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modified with the addition of Dml and i.treated.

logGDPpci,t = α + βtreated+ γDmli,t + δ1logPCInci,t + δ2logTaxPci,t + δ3logEPRi,t+

+δ4DebtGdpi,t + δ5CPIt + δ6Statei + δ7Y eart + δ8Quartert + εi,t

(5.4)

,

where logPCInc refers to the logarithm of the per capita income, logTaxPCc

is the logarithm of the per capita taxes, logEPR the logarithm of the employment

to population ratio, DebtGdp is the debt to gdp ratio and finally CPI is the con-

sumer price index based in year 2009.

To begin with the explanatory variables in table 5.1, we observe that the loga-

rithm of the per capita income retains the same positive coefficient and statistical

significance throughout all our models. The same applies for variables such as the

logarithm of employment to population ratio and the debt to gdp ratio. Differ-

ences occur in the logarithm of the per capita taxes, where the significance changes

from 5% to 1% in the fixed effects model, while the coefficient is lowered by 500

basis points. Including the treated dummy variable, for states which have legal-

ized the drug, we observe that these states were experiencing 1,33% higher gdp

per capita values in the OLS regressor, dropping to 0,76% higher gdp per capita in

the fixed effects model, holding the other predictor variables constant. The other

dummy variable, Dml which is our main focus in this analysis, states that during

the time of the legalization, the treated regions were experiencing 0,125% less gdp

per capita in the OLS model, whereas the effect is diminishing in the fixed effects

model to a lower output of gdp per capita for the treated states of 0.076% ceteris

paribus.
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Table 5.1. Logatithm of the real per capita GDP in 2009 chained prices regres-
sions

Variable Model 1 Model 2 Model 3 Model 4

OLS Fixed Effects OLS* Fixed Effects*

treated - - 0.133∗∗ 0.076∗∗

- - (0.010) (0.013)

Dml - - -0.125∗∗ -0.015∗∗

- - (0.014) (0.004)

logPCInc 0.575∗∗ 0.574∗∗ 0.574∗∗ 0.574∗∗

(0.034) (0.084) (0.029) (0.084)

logTaxPC 0.030∗ 0.015∗∗ 0.028∗∗ 0.015∗∗

(0.012) (0.006) (0.009) (0.006)

logEPR 0.537∗∗ 0.558∗∗ 0.540∗∗ 0.561∗∗

(0.044) (0.077) (0.038) (0.077)

DebtGdp -0.213∗∗ -0.294∗∗ -0.244∗∗ -0.293∗∗

(0.074) (0.068) (0.072) (0.068)

CPI 0.592∗∗ 0.981∗∗ 0.524∗∗ 0.997∗∗

(0.054) (0.136) (0.049) (0.137)

Intercept -2.354∗∗ -2.682∗∗ -2.283∗∗ -2.704∗∗

(0.350) (0.915) (0.306) (0.917)

N 1200 1200 1200 1200

R2 0.772 0.989 0.807 0.989

F 1082.201 3337.837 989.61 3302.554
∗∗ : 1% Significance level ∗: 5% Significance level †: 10% Significance level

* models refer to additing the treated and Dml dummy variables
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5.1.2 Per capita Gross Domestic Product growth

In this subsection of the empirical results the outcome of interest changes to the

growth in the per capita GDP. Following the same methodology with 4 different

models as decribed in the previous section we will estimate the effect of the Dml

dummy variable on the dependent variable. Economic literature provides addi-

tional determinants to the growth of the per capita GDP, whereas the model used

in this regression is the following:

GDPpcgri,t = α + βtreatedi + γDmli,t + δlogPCInci,t + ζEmpgri,t + ηCPIi,t+

+θPopgri,t + ιDebtGdpt + εi,t

(5.5)

Where Empgr is the employment growth from preceding year, and Popgr is the

population growth from preceding year.

In table 5.2, where the dependent variable is the per capita real GDP growth, we

observe that while treated counties negate raises in the per capita output of the

economy from the preceding year, the policy of interest, Dml is significant at the

1% level of statistical significance and has a positive effect on growth, with treated

counties experiencing a 1,2% to a 1,8% growth in real gdp per capita originating

from the policy and the extra revenues generated by it. The logarithm of the per

capita personal income coefficient is statistically significant and remains the same

throughout all 4 models, employment growth as expected drives the economic

output to higher raises, CPI has a significant, negative impact on per capita GDP

growth that intensifies in the fixed effects models. Population growth in contrast

to economic literature a negative effect on GDP per capita growth, perhaps due

to little variability in the short time period which we analyze. Furthermore, in

the simple linear regressions, Debt to GDP ratio’s statistical significance is at the

5% level and its estimated coefficient is positive. In the fixed effects models the
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effect of Debt to GDP ratio diminishes in significance.

Table 5.2. Real per capita GDP growth in 2009 chained prices regressions

Variable Model 1 Model 2 Model 3 Model 4

OLS Fixed Effects OLS* Fixed Effects*

treated - - -0.006† -0.064∗∗

- - (0.004) (0.020)

Dml - - 0.018∗∗ 0.012∗∗

- - (0.004) (0.004)

logPCInc 0.029∗∗ 0.282∗∗ 0.029∗∗ 0.280∗∗

(0.010) (0.076) (0.011) (0.076)

Empgr 0.402∗∗ 0.769∗∗ 0.386∗∗ 0.758∗∗

(0.108) (0.103) (0.109) (0.104)

CPI -0.087∗∗ -0.630∗∗ -0.081∗∗ -0.658∗∗

(0.020) (0.202) (0.020) (0.205)

Popgr -0.260† -1.026∗∗ -1.037∗∗ -1.036

(0.136) (0.120) (0.141) (0.121)

DebtGdp 0.046∗ -0.070 0.043∗ -0.070

(0.093) (0.058) (0.019) (0.058)

Intercept -0.224∗ -2.260∗∗ -0.233∗ -2.202∗∗

(0.093) (0.793) (0.096) (0.799)

N 1020 1020 1020 1020

R2 0.064 0.385 0.07 0.385

F 15.756 9.438 14.732 9.760
∗∗ : 1% Significance level ∗: 5% Significance level †: 10% Significance level

* models refer to additing the treated and Dml dummy variables
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A potential explanation for this is that more leveraged states can use the

borrowed funds to invest and raise their pace of growth , but on the long term

as economic literature explains, this ratio has a negative effect on real economic

output. Following the results of the previous two subsections, it seems that the

policy, while not having a positive impact on the real per capita GDP, it seems to

be a driving factor for higher growth.

5.1.3 Employment

Shifting our focus, to our second outcome of interest, the employment rates of

each region, we will follow a similar method as we did previously, in order to

extract the effect of the Dml policy on this macroeconomic factor. First we will

provide a linear regression model using Employment determinants, followed by

a fixed effects model. The next two models are modifications of the previous

two, as we did in the previous subsection, when we added the Dml and treated

dummy variables. After testing several models, we were trying to provide results

of employment determinants which came to agreement with economic literature,

so that the estimates of the dummy variables which we induced would be based on

a model that would describe employment tendencies correctly. Below we illustrate

the 4th model of our analysis, a fixed effects estimation including both dummy

variables of interest. The other three models are simplifications of this model, as

they are described in section 5.1.1.

Empi,t = α + βtreatedi,t + γDmli,t + δ1logPCInci,t + δ2LFgr + δ3logTaxi,t+

+δ4Statei + δ5Y eart + δ6Quartert + εi,t

(5.6)
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The determinants used are respectively, the logarithm of the per capita per-

sonal income, labor force growth from preceding year, the logarithm of taxes as

well as state, year and quarter effects and the dummy variables ofDml and treated

states.

As observed in table 5.3, the determinants are verifying the expected assump-

tions made, originating from previous economic researches. Raises in the per

capita income are associated with raises in employment, although the effect di-

minishes when we use fixed effects. Labor force growth also drives employment

to higher rates and lastly, taxes offer ambiguous results in terms of the sign of

their correlation with employment. In the fixed effects model, a 1% raise in Taxes

pushes employment rates 0.27% higher, where on the contrary in the OLS models

taxes have a significant negative effect reducing employment rates by approxi-

mately 0.7% on a 1% raise in taxes, ceteris paribus. Furthermore, treated states

have less employment on the OLS regression model and higher employment rates

on the fixed effects model. The policy of the marijuana legalization though, seems

to drive employment rates to higher values, and when we introduce fixed effects,

Dml when active, raises employment by 0.428%, holding the other variables con-

stant.
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Table 5.3. Employment rates regressions

Variable Model 1 Model 2 Model 3 Model 4

OLS Fixed Effects OLS* Fixed Effects*

treated - - -2.293∗∗ 2.224∗∗

- - (0.479) (0.287)

Dml - - 2.812∗∗ 0.428∗∗

- - (0.479) (0.141)

logPCInc 4.722∗∗ 2.025† 5.612∗∗ 1.953†

(0.376) (0.076) (0.323) (1.179)

LFgr 0.169∗∗ 0.049∗∗ 0.180∗∗ 0.047∗∗

(0.045) (0.015) (0.041) (0.015)

logTax -0.669∗∗ 0.270∗ -0.755∗∗ 0.260∗

(0.054) (0.108) (0.050) (0.109)

Intercept 52.329∗∗ 62.461∗∗ 44.296∗∗ 63.402∗∗

(3.803) (12.677) (3.342) (12.646)

N 1428 1428 1428 1428

R2 0.225 0.909 0.308 0.909

F 82.431 229.985 125.931 231.831
∗∗ : 1% Significance level ∗: 5% Significance level †: 10% Significance level

* models refer to additing the treated and Dml dummy variables
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5.1.4 Employment growth

As we analyzed the growth in the per capita real GDP in section 5.1.2. , the same

will be conducted in this section, regarding employment growth. The empirical

model is nearly the same with the previous section, although this time we use

growth in per capita personal income, labor force and taxation.

Empgri,t = α + βtreatedi,t + γDmli,t + δ1Pcpincgri,t + δ2LFgri,t + δ3Taxgri,t+

+δ4Statei + δ5Y eart + δ6Quartert + εi,t

(5.7)

We refer to the per capita income growth as Pcpincgr, labor force growth is

LFgr and the growth in taxes is Taxgr.

Throughout all our 4 models illustrated in table 5.4, the signs and coefficients

remain almost the same. Per capita Income growth has a steady, positive and

statistically significant effect on Employment growth, whereas Labor force growth

has a minuscule impact on it, but with statistical significance. Taxes also have

a small, positive statistically significant effect on raises in the employment rates.

Altough statistically insignificant in the OLS model, and at a 90% confidence

interval in the fixed effects one, treated counties experience a marginal drop in

employment growth. As for the Marijuana legalization dummy variable, when

active, employment seems to grow by a very small but statistically significant rate

of around 0.005% while holding all other variables constant.
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Table 5.4. Employment growth regressions

Variable Model 1 Model 2 Model 3 Model 4

OLS Fixed Effects OLS* Fixed Effects*

treated - - -0.001 -0.003†

- - (0.001) (0.002)

Dml - - 0.005∗∗ 0.003†

- - (0.001) (0.002)

Pcpincgr 0.045∗∗ 0.049∗∗ 0.045∗∗ 0.048∗∗

(0.010) (0.011) (0.010) (0.011)

LFgr -0.001∗∗ -0.001∗∗ -0.001∗∗ -0.001∗∗

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

Taxgrpc 0.004∗ 0.004∗∗ 0.004∗ 0.004∗∗

(0.054) (0.001) (0.002) (0.001)

Intercept 0.005∗∗ 0.001 0.005∗∗ 0.001

(0.000) (0.002) (0.000) (0.002)

N 1224 1224 1224 1224

R2 0.041 0.373 0.047 0.375

F 11.894 13.014 9.138 12.849
∗∗ : 1% Significance level ∗: 5% Significance level †: 10% Significance level

* models refer to additing the treated and Dml dummy variables

5.2 Differences in Differences

Moving on to a within States, county level dataset, we will estimate the differences

in differences in unemployment and average wages between the treated counties

of Colorado and the untreated ones of Utah. In order to perform this analysis, we
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had to exclude Colorado counties which began collecting marijuana related taxes

later than January. In the two years of our data after the initiation of the policy

in Colorado, there were only 12 counties which recorded tax data throughout all

24 months, reducing the observations of our treated group.

Previously, we defined which are the breaking points in the timeline of our dataset.

November 2012 (Wave 1) is when Coloradans voted in favor of the legalization of

the drug. Using this wave we hope to capture preparatory differences in the

macroeconomic factors between the two different group of counties. January 2014

(Wave 2) is the month that Colorado state begun collecting tax revenues from

Marijuana trade.

The outcomes of interest in the analysis are Unemployment rates and the aver-

age weekly Wage of Coloradans and citizens of Utah. During this analysis, we will

first perform a DiD estimator, to extrapolate the difference in those two factors

between those waves, without having any explanatory variables. This will quan-

tify the differences between the two groups. The treatment effect of the policy

though, will be extracted controlling for county and time effects, as well as having

explanatory variables as regressors. The foundation for the fixed effects model

in the differences in differences estimator is based on the wage curve model. The

other explanatory variables are according to bibliography but limited by the avail-

able data on this monthly county level are the logarithm of Labor Force(logLF )

and the logarithm of total taxable sales (logTax).

5.2.1 Differences in Differences in Unemployment

Table 5.5, depicts the treatment effect of the policy in those two waves, first on a

simple DiD model with no regressors and secondly using a fixed effects estimator.

The first model signifies that a differential of 0.442% between the two groups in the

voting of the legislation period (Wave 1) and lower unemployment rates by 1.232%

in the second wave. In the OLS DiD model, the estimate of the treatment effect
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is a higher drop in unemployment, but the fixed effects model, while using the

logarithm of Labor Force and Taxes as regressors further intensifies the treatment

effect of the policy. The inverse relationship described in the wage curve model

comes to agree with our findings, whereas labor force movements towards a region

reduce unemployment, as well as the logarithm of taxable sales.

Table 5.5. Differences in Differences estimators, dependent Variable is Unem-
ployment

Variable Wave 1- November 2012 Wave 2- January 2014

OLS Fixed Effects OLS Fixed Effects

Treated 0.604∗∗ 1.942∗∗ 13.205∗∗ 0.756∗∗ 1.848∗∗ 13.074∗∗

(0.092) (0.191) (0.624) (0.085) (0.131) (0.598)

DT -2.542∗∗ -1.218∗∗ 0.428∗∗ -2.400∗∗ -1.134∗∗ -0.555∗∗

(0.092) (0.132) (0.153) (0.101) (0.114) (0.081)

Treated#DT -0.442∗∗ -1.137∗∗ -1.169∗∗ -1.232∗∗ -1.609∗∗ -1.699∗∗

(0.144) (0.218) (0.098) (0.142) (0.178) (0.084)

logW - -1.729∗∗ -1.608∗∗ - -1.901∗∗ -1.053∗

- (0.273) (0.509) - (0.262) (0.493)

logLF - 0.370∗∗ -12.761∗∗ - 0.290∗∗ -12.996∗∗

- (0.082) (0.763) - (0.261) (0.740)

logTax - -0.493∗∗ -0.491∗∗ - -0.407∗∗ -0.412∗∗

- (0.079) (0.085) - (0.074) (0.083)

Intercept 7.648∗∗ 22.490∗∗ 173.716∗∗ 7.184∗∗ 22.461∗∗ 172.473∗∗

(0.062) (1.759) (10.045) (0.058) (1.699) (9.731)

N 3444 1845 1845 3444 1845 1845

R2 0.287 0.199 0.830 0.262 0.26 0.849

F 521.565 97.036 137.134 634.376 130.559 191.379
∗∗ : 1% Significance level ∗: 5% Significance level †: 10% Significance level

The treatment effect of the policy, described by the Treated#DT variable in

the fixed effects model signifies that during the first wave, the preparatory move-

ments of the economies of the treated Colorado counties dropped unemployment
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by 1.095% more than unemployment rates of the control counties of Utah. Wave 2

offers a more robust treatment effect, since commercial activities of the legislation

only begun after January of 2014. The difference in Wave 2, extracts a 1.616%

drop in unemployment rates as a treatment effect of the policy. The fixed effects

model provides a much better coefficient of the treatment, since as analyzed in

previous sections, the overall trend of the U.S. economy pushed unemployment

rates lower, but also county heterogeneity is taken into consideration, while using

this regressor.

5.2.2 Differences in Differences in the logarithm of real

Wages

As seen in the Data section, the difference illustrated in Figures 4.1 and 4.2 be-

tween the logarithm of real wages between the two groups were not that distinct

as the difference in unemployment rates. The wage curve assumptions are verified

through our results, but as observed raises in Labor Force do not associate with

higher wages. This may be due to the own nature of the variable, since Labor

Force contains internal dynamic movements of employed and unemployed groups

of individuals. The logarithm of taxable sales on the other hand, is only statisti-

cally associated with higher wages in the OLS model. Moving on to the combined

treatment effect of the policy on wages, we observe that the preparatory period

of the 1st wave signifies 0.024% higher wages for the treated counties after the

voting of the legislation, on a 10% level of significance, holding all other variables

constant. The effect diminishes in the OLS and Fixed effects estimators, while

having no statistical significance. During Wave 2 though, the treatment effect is

evaluated at a 0.011% higher wages with 5% statistical significance, an amount

which is not that impactful on the real wages of Coloradans in the short period of

our analysis. Conclusively, we can safely say that the policy produces a treatment

effect which in the short run, has a much bigger impact on reducing unemployment

rates, rather than causing higher levels of wages.
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Table 5.6. Differences in Differences estimators, dependent Variable is the loga-
rithm of real average weekly wages

Variable Wave 1- November 2012 Wave 2- January 2014

OLS Fixed Effects OLS Fixed Effects

Treated 0.198∗∗ 0.192∗∗ 0.392∗∗ 0.201∗∗ 0.182∗∗ 0.373∗∗

(0.009) (0.016) (0.028) (0.008) (0.010) (0.028)

DT -0.002 0.010 -0.001 -0.005 -0.012 0.019∗∗

(0.008) (0.010) (0.006) (0.009) (0.008) (0.004)

Treated#DT 0.024† -0.026 0.000 0.029† -0.018 0.011∗

(0.014) (0.018) (0.006) (0.016) (0.015) (0.005)

Un - -0.009∗∗ -0.004∗∗ - -0.011∗∗ -0.003∗

- (0.001) (0.001) - (0.001) (0.001)

logLF - -0.004 -0.197∗∗ - -0.005 -0.180∗∗

- (0.010) (0.033) - (0.010) (0.034)

logTax - 0.059∗∗ 0.001 - 0.059∗∗ 0.001

- (0.009) (0.004) - (0.009) (0.004)

Intercept 6.457∗∗ 5.525∗∗ 8.822∗∗ 6.458∗∗ 5.551∗∗ 8.615∗∗

(0.005) (0.068) (0.380) (0.005) (0.067) (0.395)

N 3321 1845 1845 3321 1845 1845

R2 0.203 0.519 0.954 0.203 0.52 0.954

F 301.099 375.169 1300.968 300.62 381.946 1336.756
∗∗ : 1% Significance level ∗: 5% Significance level †: 10% Significance level



Chapter 6

Conclusions

Using macro-data from the Bureau of Labor Statistics, the Bureau of Economic

Analysis and Census.gov on different regional levels and for the period of 2009-

2015, we performed an econometric analysis of the impact of the Marijuana legal-

ization on the macro-economic factors of Employment and GDP per capita, as well

as their according growths. Working with state level data with quarterly obser-

vations of the 51 States of the U.S., we estimated the coefficient of the Marijuana

legalization dummy variable in Colorado, Washington, Oregon and the District of

Columbia, using linear as well as fixed effects regressions.

Our findings, postulate that during the time of legalization, the real GDP per

capita was lower by a marginal proportion, but when analyzing the effects of the

policy on real GDP per capita growth, we extracted a minuscule, positive and sta-

tistically significant coefficient. On the other hand, regressing with Employment

as the dependent variable we extracted a coefficient of the Marijuana legaliza-

tion dummy variable which relates with the dependent variable at the 1% level of

statistical significance. The OLS linear regression provided a raise of 2.812% in

Employment rates, ceteris paribus. While controlling for state and time effects on

the fixed effects model, the coefficient lessens to a 0.428% raise in Employment

rates while holding all other variables constant. On the contrary, the policy fails

to extract a robust effect on Employment growth in these regions.
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Shifting to a different geographic level, using monthly data from 41 counties in

Colorado and Utah, we performed a differences in differences estimator, using three

different models. The first model was a DiD regression without controlling for any

explanatory variables, something we performed in the second model, whereas in

the third one, we controlled for county and time effects. These regressors were

evaluated in two different time periods, the first one being after the public voting

of the legislation and the second one being after the initiation of the policy. As

assumed, the second wave provided more robust results, since there were fiscal

indicators of Marijuana related trade within the treated counties of Colorado.

The results came to agreement with the results of the state-regional level, since

the more significant and robust results of the policy that we extracted in Wave

2, lowered Unemployment in the treated counties by 1.699%, ceteris paribus. In

terms of real wages, the policy was not that impactful, since we only extracted

a 5% statistically significant coefficient of the differential at 0.011% attributed to

the policy while holding all other explanatory variables constant.

From a policy perspective, previous economic researches agree that the Mar-

ijuana legalization brings extra revenues and can potentially fill fiscal gaps. Our

research has tried to quantify the impact of such policy on different regional lev-

els. Nevertheless, the effects we extracted in this research, are limited to provide

some short term results, which can suffer from variability in the long term. As

related policies regarding the legalization or decriminalization of Marijuana gain

more supporters, and while other U.S. states and Countries are rethinking their

perspective towards the drug, future researches will provide more robust long

term effects of the policy, helping us to understand better how it performs on the

macro-economic factors of this research’s interest.
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