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Abstract

Using publicly available data from the city of Denver and the state of Colorado, this study
oxamines the offects of retail conversions (conversions from medical marijuana to retail marijuana
stores) on neighboring house values in Denver, Colorado. The study period reflects & time
before and after retail marijuana sales became legal in Colorado in 2014. Using a difference-in-
differences approach, we compare houses that were in close proximity to a conversion {within 0.1
miles) to those that are farther away from a conversion. We find that single family residences
close to a retail conversion increased in value by approximately 8% relative to houses that are
located slightly farther away. We perform a battery of robustness checks and [alsification tests to
provide additional support for this finding. To our knowledge this is the first study to examine
at a micro-level the highly localized effect of retail marijuana establishments on house prices

and hope that it can contribute to the debate on retail marijuana laws.
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Introduction

Attitudes towards marijuana use in the United States have changed considerably in the last
few decades. According to Gallup polls, the percentage of adults that support the legalization of
marijuana has increased from only 12% in 1969 to 58% in 2015 (Jones (2015)). State regulations
have also shifted in respounse to these changing attitudes. Possession of small amounts of marijuana
has been decriminalized in twenty-one states, and over the past two decades twenty states have
legalized medical marijuana (MML). In the past four years alone, voters in four states (and Wash-
ington D.C.) legalized recreational marijuana (RML).} while voters in an additional four states
(out of a possible five) voted to legalize recreational marijuana in the November 2016 elections.

Voters, policv-makers, and economists are interested in the ways recreational marijuana legal-
ization affects communities. Despite the interest in the subject, the impacts of RML are not well
understood at this point because only a handful of states have legalized recreational marijuana,
and all of them within the last four years. Thus, RML remains a controversial issue at least in part
due to a lack of data and empirical evidence about its effects. A primary concern of opponents
is that the legalization of retail marijuana will increase crime in local communities. For example,
legalizing recreational marijuana may lead to higher rates of driving under the influence (DUI),
increased theft, and elevated crime rates. Another concern is that legalization will increase use and
abuse of marijuana and other drugs, particularly among children. On the other hand. legalizing
recreational marijuana may have positive impacts on a community. RML may be accompanied by a
decrease in alcohol use if marijuana and alcohol are substitute goods.? If the negative externalities
of alcohol exceed those of marijuana, legalization may have a net positive impact. Additionally.
by bringing black-market economic activity into legal markets RML may even reduce drug related
crime. RML may also increase local governments’ tax receipts, enabling the government to provide
greater services. Thus, the net impact of RML on local communities remains an empirical question.

In this paper we add to the debate on RML’s impact on local communities by examining the

LWe adopt these acronyms (MML and RML) from Hunt and Miles. Cheng et al. (2016} also uses RML to refer
to retail (recreational) marijuana laws. We will also use the terms recreational and retail interchangeably throughout
the paper.

2Rvidence is mixed as to whether alcohol and marijuana are complements or substitutes. For example, Anderson
et al. (2013), Crost and Guerrero (2012), and DiNardo and Lemieux (2001) provide evidence that the two consumption
soods are substitutes, However. other studies argue that marijuana and alcohol are complements (Williams et al.
(2004) and Pacula (1998)).



effects of retail marijuana stores on nearby house prices in Denver, Colorado. Analyzing house prices
is a useful wav to examine the issue since the net effects of RML are likely to be capitalized into
house prices. Colorado presents an ideal environment to investigate the relationship between RML
and house prices because the state of Colorado legalized recreational sales beginning on January
1, 20143 Importantly, only existing medical marijuana facilities were allowed to sell recreational
marijuana. This allows us to examine the impact of what we refer to as “retail conversion” — a
store’s conversion® from medical to retail marijuana sales — on neighboring house values in Denver.

Using a difference-in-differences approach with publicly available data from Denver, we compare
houses that are in close proximity to a retail conversion to those that are slightly farther away [rom
a retail conversion before and after the legalization of recreational sales. There are several features
of RML in Denver that help us to identifv the causal iinpact of a store’s conversion from medical
to retail sales on house prices. First, since only existing medical marijuana stores were allowed to
conduct recreational sales, we avoid the potential endogeneity of store location. Given the oppor-
tunity, retail marijuana stores would likely choose to locate in certain areas based on neighborhood
characteristics that would also affect house prices. However, since only existing medical stores
were allowed to sell retail marijuana, the siting decision was made before implementation of RML.
Second, the fact that retail sales began at the beginning of 2014 gives us a clear time for our pre-
treatment and post-treatment periods — 2013 and 2014, respectively. Third, since the list of stores
approved for retail sales was not publicly released until the end of 2013, we can consider conversion
to retail as an unexpected event. Finally, the data used in our analysis identifies each property’s
neighborhood. This allows us to control for both time-invariant and time-varying neighborhood
characteristics that affect property values.

Our results indicate that retail conversion has a large positive impact on neighboring property
values after controlling for property attributes and neighborhood characteristics. We find that
after the law went into effect, single family residences close to a retail conversion {within 0.1 miles)
increased in value by approximately 8.4% relative to houses that are located slightly farther from

a conversion (between 0.1 miles and 0.25 miles). While at first glance this estimate may seem

3In addition to Colorado, three other states (and Washington D.C.) have legalized recreational marijuana. We
investigate the impact of RML in Denver, Colorado because of the wealth of publicly available Denver property data.

*Technically, medical marijuana stores did not convert to recreational stores. Rather, they added recreational
sales to their existing businesses. For ease of exposition, we will refer to this as conversion throughout the paper.



large. our results are very much in line with existing research concerning the external effects of
RML. In a related paper, Cheng et al. (2016) find an approximately 6% increase in house prices
for municipalities in Colorado that adopted RML. Whereas Cheng et al. (2016) are looking at a
mmnnicipality level effect, our analysis is more micro in nature. We are measuring the effect of an
existing store’s conversion to retail on local property values. We perform a battery of robustuess
checks that confirm the positive relationship between retail conversion and nearby house values. A
key finding in these tests is that the effect of retail conversion is highly localized. Properties located
within 0.1 miles of a retail conversion experience a large increase in value, however, properties
located farther than 0.1 miles appear not to be impacted by retail conversion. We also emphasize
that the focus of this study is to identify and quantify the external effects of retail conversions. not
the underlyving drivers of these effects. Potential explanations include, but are not limited to: a
surge in housing demand spurred by marijuana-related employment growth, lower crime rates, and
additional amenities locating in close proximity to retail conversions. Identifying and determining
the underlving mechanism driving the relationship between retail conversions and house prices
remains a puzzle that we leave to future research.

We are also able to examine and estimate the welfare effects of such retail conversions. The
obvious direct effect of a retail conversion is the increase in asset value that accrues to an owner of
a property, which we approximate to be almost 827,000 for an average house within 0.1 miles of a
conversion. These increases in house values, however can also have a secondary effect that leads to
an increase in property tax revenue, which can add significantly to the local governinent’s revenue
from marijuana sales. This implies that the net effect of RML can be felt beyond the direct tax
revenue from recreational sales.

A few caveats to our analysis are worth noting. TFirst, we are measuring the effect of retail
conversion on house prices, not the effect of the store per se. The stores already existed as medical
marijuana facilities. Therefore, any effect of the store establishment on property values normally
occurred prior to our study period. Second, our analysis focuses only on Denver, so one should
he careful in generalizing our results to other urban areas. Finally, we are investigating relatively
short-term effects of retail conversion on nearby house prices since our data extends to only two
years after conversion. Our analysis is silent on longer-term impacts of retail conversion.

To our knowledge, our paper is the first to analyze the effects of retail marijuana conversions on
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property values at the local level. The results indicate that retail conversion has a large positive, but
highly localized effect on property values. Understanding the relationship between house prices and
retail conversion is particularly important since voters in four states voted to legalize recreational
marijuana in the November 2016 election, and others are likely to follow. Voters should understand
the full impact of RML prior to voting on the issue, including its effect on property values. Similarly,
policymakers in states that adopt RML will want to know how to proceed with implementation of
the laws. Most likely they will follow models used in precedent retail marijuana states, particularly
if negative impacts of RML implementation in those states are limited. Owr analysis shows that
in Denver, Colorado the retail conversion model had a short-run net positive impact on nearby

property values.

Background

In November of 2000 voters in Colorado passed a state constitutional amendment {Amendment
20) that effectively legalized medical marijuana.® Starting in June 2001, patients with debilitating
medical conditions. as well as their primary caregivers were allowed to possess up to two ounces of
marijuana and no more than six marijuana plants for medical use by the patient. Patients needed to
be a resident of Colorado and have written documentation from a physician that the use of medical
marijuana might be a beneficial treatment for the patient’s debilitating medical condition. Also,
caregivers were limited in the number of patients they could work with. In the first several years
after Amendment 20 the size of the medical marijuana industry remained relatively small. However,
after liberalization of the definition of caregivers and their ability to dispense medical marijuana
from 2007 to 2009. the industry began a period of rapid growth. In response, Senate Bill 10-109
and House Bill 10-1284 were passed in 2010 with the intention of regulating and controlling the
distribution of medical marijuana and imposing restrictions on patients, caregivers, and doctors.

Twelve years after medical marijuana was legalized in Colorado, the issue of recreational mar-

ijuana was put on the ballot. On November 6, 2012 Colorado voters passed Amendment 64 that

S A copy of the Amendment i available on Sensible Colorado’s website: http://sensiblecolorado.vrg/amendment-
20.

Details of House Bill 10-1284 and Senate Bill 10-100 are available at http://www leg state.co.us/clics/
clics?@]Ua/'csl.nsf/fa'billcont/0(36136577]*3061)[31ESST?576ASOOQQD?E?‘?Open&‘,ﬁIH:1284,01.1)(1{ and http://medical
marijuana.procon.org/sourcefiles/SB109CO.pdf, respectively.



legalized the private possession and use of recreational marijuana by individuals in Colorado that
are at least 21 years old. The amendment also governs the operation of marijuana-related-facilities
(Murphy (2015)). Although Amendment 64 passed in 2012, there was still considerable uncer-
tainty suwrrounding how the law would be implemented. In May of 2013, Governor John Hicken-
looper signed into law the recommendations from a task force regarding the implementation of
Amendment 64 in Colorado, including the requirement that retail licenses initially only be issued
to locations that were already licensed to distribute medical marijuana or that had applied for a
medical license prior to Amendment 64 passing into law.” Another important piece of the new
law was that the Colorado Department of Revenue (CDR) needed to convert the existing Medical
Marijuana Enforcement Division into the new Marijuana Enforcement Division (MED) to provide
regulatory oversight. Licensing was the responsibility of MED, which adopted its final regulations
and licensing procedures on September 9, 2013. MED began accepling applications for retail li-
censes from existing licensed medical facilities in early October 2013. On December 23, 2013, CDR
issued licenses for retail marijuana businesses to begin conducting retail sales on January 1, 2014.
The fact that licenses were not issued, nor publicly announced, until the end of December, 2013 is
important for our study. Up until that date, there was still uncertainty regarding who would be
licensed to sell recreational marijuana on January 1. 2014.

In addition to state level licensing, retail facilities are also required to obtain licenses from local
governments. In fact, local governments have the ability to ban retail marijuana sales altogether.
The City of Denver opted to allow retail marijuana facilities within its Lboundaries. On September
16, 2013, the Denver City Council passed a bill that outlined the City’s regulations for the retail
marijuana industry (Mever (2013)).% The hill allowed four types of licenses: cultivation, product
manufacturing, testing, and retail sale. Importantly, only existing medical marijuana facilities
in good standing would be able to apply for a retail sale license through the end of 2015. This
limitation is crucial to our identification strategy since it allows us to abstract away from the
potentially endogenous relationship between marijuana business siting and residential property

prices.

TThe task force recommendations are available at http://www.colorado.gov/cms/forms/dor-tax/AG4TaskForce
FinalReport.pdf.

®A copy of the bill is available at https://www denvergov.org/Portals/723 /documents/ Am%2064% T20CB13-
0570_Bill_Marijuanalicensing AMENDMENTS2.09-16-13.pdf.
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Literature Review

Economists have long been interested in estimating the impacts of amenities and disamenities,
such as air pollution, school quality, and crime in urban areas. Since households’ marginal willing-
ness to pay (MWTP) for amenities or to avoid exposure to disamenities is not directly observed
in the market, economists have turned to comparing housing price differences across locations
to estimate households’ MWTP for these goods (bads).” Rosen (1974) developed an empirical
methodology for estimating demand and supply parameters for the characteristics of a commodity
if no explicit solutions for the hedonic price function is available. The difficulties in identifving
the hedonic price function for local amenities are well documented and addressed in the literature,
further contributing to the hedonic methodology becoming an important tool in applied research. !0
For example, Edel and Sclar (1974) note that the pricing of local amenities 1s better identified in
short-run changes in housing prices due to exogenous shocks to those amenities, as is the case in
our study. We explain our identification strategy in detail in a subsequent section of the paper.

Several studies have applied the hedonic pricing methodology to examining the relation be-
tween property values and location-specific amenities in various areas of environmental and urban
economics. Following nwmnerous inconclusive studies of the effect of school quality on student
achievernent, Black (1999) adopted the alternative strategy of estimating the value that parents
place on school quality by estimating how much more houses located in areas with better schools
fetch. To address endogeneity from omitted variables at the school district level and within and
across school districts, Black (1999) focuses on houses located in school attendance district hound-
ary areas and finds that households are willing to pay about 2.1% (83,948 at the mean) more for
houses associated with schools with higher test scores in the suburbs of Boston, MA. Adopting a
modeling technique similar to ours to examine the effect on house prices of changes in admission
policies to Chicago’s magnet schools in 1997, Bonilla et al. (2016) find that improved admission
probabilities due to the reform increased house prices for homes within the 1.5-mile radius by about

5.4% with the premium being higher for homes in areas near multiple magnet schools. The hedonic

STf the level of amenity varies across locations and if households are mobile. which is generally the case. then
demand for an amenity will be capitalized in housing prices. Standard assumptions about consumer preferences
imply that properties in high-amenity (low-disamenity) locations must have higher values than equivalent properties
in low-amenity (high-disamenity) areas (Davis (2004)).

10500 Epple (1987), Bartik (1987), Ekeland et al. (2002), Davis (2004), Chay and Greenstone {1998), Kuminoff
et al. {2010), and Locke and Blomquist (2016).



price approach has also been used to uncover the elasticity of housing values with respect to crime
(Gibbons (2004), Linden and Rockoff (2008), Pope (2008)); air pollution (Chav and Greenstone
(1998)): the location of group homes (Colwell et al. (2000)); cancer health risks (Davis (2004)): and
proximity to power plants (Davis (2011)), strip clubs (Brooks et al. (2015)), communication an-
tennas (Locke and Blomquist (2016)). underground petroleum contamination (Zabel and Guignet
(2012)), and wind turbines (Hoen et al. (2015)).

Other recent studies that employ hedonic difference-in-differences estimators include McMillen
and McDonald (2004), Voicu and Been (2008), Billings (2011) and Billings (2015). Examining the
impact of transport amenities on neighboring house values, McMillen and McDonald (2004) and
Billings (2011) document a positive effect of new rail transit systems on house prices in Chicago,
Tllinois and Charlotte, North Carolina, respectively. Billings (2011) further shows that adjacent
houses experience smaller price increases possibly due to the adverse effect of increased noise, traffic,
and parking. Billings (2015) cautions against positive bias from housing repovations when exan-
ining the pricing of amenities and shows that his previous findings about the impact of Charlotte’s
new transit system on neighboring house values still obtain after accounting for renovations. The
quality of neighboring houses also affects house values. Urban gardening has gained popularity,
particularly in cities such as Detroit and Milwaukee that are saddled with vast amounts of va-
cant land. Using New York City data, Voicu and Been (2008) find that community gardens have
significant positive effects on neighboring property values, especially in the poorest neighborhoods.

Until very recently, studies concerning the effects of marijuana legalization largely focused on
Jand use and related social issues (Freisthler et al. (2013) and Boggess et al. (2014). But in a
parallel study, Cheng et al. (2016) explore the effect of retail marijuana legalization in Colorado
on house prices at the municipality level. Using a difference-in-differences approach. Cheng et al.
(2016) document a 6% increase in housing values on average in municipalities that allow retail
marijuana sales. To identify the effect, they use variation in time of adoption of Amendment 6
by municipalities along with municipality and time fixed effects. Even though the amplitude of
the effect on house prices they document is still positive, but slightly smaller than our findings,
Cheng et al. (2016) cover larger and more heterogeneous areas. In contrast, our study focuses on
one city in Colorado (Denver). Our identification is within smmaller and more homogenous units

— neighborhoods rather than municipalities — and we control for unobservables affecting housing

7



prices using neighborhood fixed effects. Since identification is within neighborheod, the treated
and control groups in our studyv are more likely to share similar observable and unobservable
characteristics. However, the two studies should be viewed as complementary given their difference
in geographic focus. In contrast to the documented positive effect of retail marijuana on residential
property values, Billings et al. (2016) documents a negative spillover effect of legal marijuana
business establishment on commercial rents in the near vicinity in Denver. This very localized
effect on nearby commercial space is not necessarily incompatible with the positive effect on housing
prices documented in Cheng et al. (2016) and this paper for various reasons. First, Billings et al.
(2016) deal with the spillover effect on commercial properties, whereas we are examining residential
properties. Second, their analysis focuses on the first wave of medical marijuana openings in
2009, whereas we are looking at the switch from medicinal to retail of already established medical
marijuana dispensaries. Their study is actually compatible with the negative effect we find close to
medical marijuana dispensaries before their conversion to retail. Third, the authors construct their
control (comparison group) differently than we do. They select commercial sites that potentially
could have had a dispensary close by, but did not, whereas our comparison group is simply housing
units that are located further away from retail dispensaries. Therefore, Billings et al. (2016) answers

a verv different question with a very different approach.

Data

Our analysis is based on two mai sources of publicly available data: a list of retail licenses
granted by the Colorado Department of Revenue and property information from the City of Denver.
As of December 23, 2013, the Colorado Department of Revenue Marijuana Enforcement Division
(MED) issued licenses to 103 retail marijuana businesses in Denver to begin conducting recreational
sales on January 1, 2014, Only locations that were already licensed as medical marijuana businesses
were allowed to apply for a retail license (Colorado Department of Revenue Marijuana Enforcement
Divisions (2013)).11 The list of stores approved for retail sales includes the name of the business and

the physical address. From the physical address we manually obtained the latitude and longitude

UThe list includes locations both inside and outside Denver and is available at thp:,-","53.amazonaws.com;’
a:sr;c:t.s.gaz-(ette/pdf/MED%QOLicenned%QDRﬁ.tail%?OStures%szas%‘l(]of%?(]12-23—2013Apdf. As of January 10, 2014,
the list of retail liconsed locations in Denver had not changed and is available at https:/ /www.colorado.gov/ pa-

cifie/sites/default /files/Retail % 20Stores% 20011014 pdf.



of each of the 103 stores. This information is critical to calculating the distance between the stores
and residential property transactions.

The residential property information is publicly available from the City of Denver’s Open Data
Catalog. To perform our analysis, we need information from three separate databases. > The first
database, hereafter referred to as the residential file, includes information on 199,255 residential
properties in Denver. This database includes a unique property identifier, the current owner, the
property address, property type, property characteristics (e.g., number of bedrooms and bathrooms,
square footage, vear built) and neighborhood.’? The neighborhood boundaries are created by
Denver’s Assessment Division for use in their property valuation process. According to the City and
Clounty Assessor, the 283 neighborhoods are meant to define areas of relatively homogenous single
family residences based on location and other factors such as structure age, design, and distance to
amenities.!* The average neighborhood size is approximately 0.54 square miles. Initially we keep
195,416 properties that are classified as either condominiun, rowhouse, single family residential, or
vacant land.'®

The second data set from the City of Denver used in our analysis, which we refer to as the
address file, includes 282,193 residential and commercial property addresses in Denver. The file also
includes the latitude and longitude of each of the addresses which we use to calculate the distance
between the retail marijuana stores and residential properties. There are a few issues working
with this database. First, the address combined with the latitude and longitude does not create
a unigue identifier. There are multiple observations of the same address, and those observations
can have different latitudes and longitudes.'® This can occur with apartment complexes, mixed use
buildings, condominium complexes, multi-unit residential, and commercial properties. Since our
analysis focuses on single family residences, this is not a major issue in our final data set. In fact,
for 99% of the residential transactions we use in our analysis there is only one address observation

in the Denver addresses database. Second, there is no unique property identifier to match to the

12A1] Denver property data was downloaded on November, 11. 2015 from hitps://www.denvergov.org/ open-
data/search?¢=property.

L3 he address in the residential file is less precise than the one reported in the address file discussed below. Thus,
we do not use the address in the residential file to obtain the latitude and longitude of the property. Rather, we
obtain that information from the address file.

1 After cleaning the data as described below, our sample includes 257 of the 283 neighborhoods.

50y final analysis only includes single family residences.

16T ere are 193,493 unique addresses based on street number, street direction, street name, and street type. Of
those. 188,172 are associated only with one observation. and thus. one latitude and longitude.
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other two Denver databases. Therefore, we match the databases by address. However, since the
street direction field (e.g., N., E., S., W.) is not filled out as frequently in the residential file as in
the addresses file, we match the database in two steps. First, we match the 195,446 observations
from the residential file to the addresses file based on the street number. street direction, street
name, and street tvpe and keep only those observations that match exactly (115,412). In the second
round of matching, we take all observations from the residential file that were not matched in the
first round (80,034) and match based on street number, street name and street type. If the street
directions are not blank and do not match, we drop the observations. If the street direction is blank
in only one of the databases, then we consider it a match. This creates a match for 69,766 more
residential properties. The second round of matching opens the possibility of incorrect matches.!”
We manually checked 50 of the addresses [rom the second round of matching and found that the
difference in street direction mattered for only one observation. Therefore, we do not believe this
is a major concern for our analysis. We drop the remaining 10,068 residential properties have no
match after the first and second rounds of matching.'® |

The third data source from Denver includes 211,071 property sales and transfers from 2008 to
2015. The file includes the sale date, the sale price, and the same unique propertv identifier as
in the residential properties data. We merge the property sales data with the residential property
information based on the property’s unique identifier. After merging the three public datasets from
the City of Denver, we match this data to the retail marijuana store location data. We calculate the
distance between each property sale and each store location as well as the number of stores within
different distance rings from the property (e.g., within .10 miles; within .10 - .25 miles). Since our
identification strategy requires sales before and after medical stores converted to retail, we include
only sales in 2013 and 2014. To reduce the effects of data entry errors, we exclude observations
for which: (1) the sales price is missing (2) the sale price is less than 530,000; (3) the sale price is
greater than $2.7 million (the 99th percentile); (4) the square footage is missing or zero; (3) the

lot area is missing or zero; (6) the property type is not a single family residence: (7) the nwnber

Eor example, 700 Washington Street may be a different property from 700 N. Washington Street, even though
our second round of matching classifies both addresses as the same property. This is only a potential problem for the
49,766 observations matched in the second round.

¥ Tn robustuess checks (unreported), we perform the entire analysis discussed below on the subsample of chserva-
tions that had an exact match after the first round of matching and results are qualitatively unchanged.
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of bedrooms is zero; (8) the number of bathrooms is less than one.'2Y Qur final data set includes
19,555 observations. Descriptive statistics for the properties included in our sample are presented
in Table I. The average sale price is approximately $315,000. The average house is roughly 1400
square feet with 2.8 bedrooms and 2.27 bathrooms. The average age of the houses sold 1 our
sample is 56 vears, but ranges from zero years (new construction) to 140 years old.?! Although the
maximum number of bedrooms (8) and bathrooms (10.5) appear high, the 99th percentile of the
distribution for both of these variables is five, and our main results are materially unaffected when
we exclude properties with more than five bedrooms or bathroomis.

Figure 1 presents a Denver neighborhood map showing the location of the 103 retail conver-
sions. Also included on this map are the property sales transactions that occurred in 2011 (post-
conversion) within one mile of a retail conversion. The transactions are differentiated by color
depending on their distance from a retail conversion. Several facts emerge from Figure 1. First,
there are many retail conversions that have a significant number of sales at varying distances from
the store. This is crucial to our identification strategy. Second, retail conversions tend to clus-
ter in certain areas. For example. in south Denver, retail conversions cluster on South Broadway
and South Downing Street, in the Overland, Rosedale, Platt Park and University neighborhoods.
Third, there are several retail conversions that are not located near any single family residential
sales transactions in 2014. Visual inspection of these locations using Google Maps shows that these
stores tend to either be in high density locations with few {or no) single family residences or indus-
trial locations. Figures 2 and 3 show sales transactions occurring near one retail conversion in 2013

{pre-conversion) and 2014 (post-conversion). respectively.?? Qur identification strategy — discussed

9 Conditions (1) through {3) drop 9,712 observations, 6,568 observations, 320 observations, 1,336 observations, 2
ohscrvations. 10.918 obscrvations, 32 ohservations, and 12 observations respectively. 98% of tlic obscrvations with
a sale price less than $30,000 also have a sale price less than or equal to $100. This suggests that these sales are
non-arms-length transactions and should be excluded from the analysis. In fact. the majority of “sales” where the
sales price is missing or less than $30.000 wounld not normally be considered a truce sales transaction. Most af these
transfers are either quitclaim deeds or transfers by the Public Trustee. Many of the quitclaims deed observations
simply add an individual to the deed or change the current owner's name (e.g.. marriage), and 95% of the quitclaim
observations have a sales price of $10 or less. Transfers by the Deuver Public Trustee are foreclosures— Colorado is a
“deed of trust” state — and do not have a sales price listed.

2Tn unreported robustness checks, we code missing values (or zero values) as zero and create indicator values for
the missing variable. For cxample, we create a missing value indicator for obscrvations where squarc footage is zero
or missing and we re-code square footage as sero for those observations. The results presented below are materially
unchanged when we re-code these variables and include missing value indicators.

2T he exclusion of new constructions decs not affcet our findings. For the sake of space, these results arc uot
reported, but they are available upon request.

22T he retail conversion. doing business as Higher Ground MMC, is located at 2215 East Mississippi Avenue,
Denver, CO 80210.
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in detail below — essentially looks at how differences in sales prices by location (e.g., within .10
mile versus 0.10 - 0.25 miles in 2013) change after retail conversion in 2014.

A couple of qualifications need to be made regarding our data. First, it is important to note that
for stores to sell retail marijuana, thex must be licensed by both the state and local governments.
Although the stores on the list we obtained were approved for retail marijuana sales by the state.
onlv a fraction of these stores were licensed by the city of Denver as of January 1, 2014, and thus,
began retail sales on that date. This is not a major concern for our analysis for several reasons.
First, since it is costly for a business to apply for a license from the state, the application for.
and receipt of, a license from the stale sends a strong signal that the licensee plans to actually
meet city level requirements to open the business. Buyers and sellers in the residential property
market are likely to respond to this signal. Second. we are fairlv confident that the majority of
the stores that applied for a retail license from the state also received a license from Denver at
some point. Although there is no publicly available data that indicates how many of the initial
103 state-licensed retail businesses also received licenses from the city of Denver, according to the
city of Denver’s website, 93 retail locations were licensed in Denver in September 2014.%% Also, if
a store’s application was rejected by the city of Denver, there would be little incentive to renew
the retail license at the state level. Over 80% of the businesses that were licensed for retail sales in
Denver by the state of Colorado at the beginning of 2014 still have retail licenses from the state as
of September 2015, Taken together, these facts suggest that the majority of the stores that were
licensed by the state at the beginning of 2014 also received licenses from the city of Denver at some

point in 2014

Proposed Model

While we initially remain agnostic as to any effect (positive, negative, or neutral) a retail
conversion has on nearby property values, we use a difference-in-differences approach combined
with a hedonic price model to determine that impact.  The mcthodology adopted in this paper
is similar in design to Linden and Rockoff (2008), who examine the effect of crime on property

values. Using a difference-in-differences approach, Linden and Rockoff (2008) estimate households’

B nformation is available at https:/ /www.';lenvergov.urg/m)11‘{.9,11'[./denvergm-’fen/denver—maﬂjuana—inﬁ;rmat.ion
/statistics/licensing-and-locations.himl.
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valuation of living in close proximity to a convicted sex offender by exploiting variation in the
threat of crime within small, relatively homogeneous groupings of homes in North Carolina. They
document a 4% decline in property prices within 0.1 mile of a sex offender and a 12% decline for
adjacent properties following the arrival of an offender in the neighborhood. As in our study, that
effect is extremely localized and dissipates quickly with distance. Pope (2008) further shows that
housing prices tend to immediately rebound once the sex offender moves out of the neighborhood.
Pope and Pope (2015) also uses a difference-in-differences approach to determine the effect of living
in close proximity to a Wal-Mart, and Muehlenbachs et al. (2015) examine the effect of shale gas
development on property values.

To proceed with our difference-in-differences estimation, we designate the treatment as a retall
conversion, which by law. occurred on or after January 1, 2014, In line with much of this literature,
we are also aware that the effect of the treatment can potentially vary with distance. We initially
define a treatment area in our study to be single family residential properties sold within a 0.1 mile
radius of at least one retail conversion in 2014. We then compare this treatment area to a control
group of the single family residences sold within 0.1 and 0.25 miles of at least one retail conversion
in 2014. The idea being that the area within 0.1 and 0.25 miles is very close in proximity to the
treatment area and therefore the main difference between the two areas is simply the proximity to
the dispensary: any economic effects not involving recreational marijuana would likely affect both
areas in the same way. Later we will relax this assumption and vary our treatment and control
area radius.

As mentioned previously, we restrict onr analysis to property transactions in the years 2013
and 2011, where we treat January 1, 2014 as the first day of the post-treatment period. We also
would like to re-emphasize that if any statistical significance is found, this would only measure the
effect of a change from a medical marijuana dispensary to a retail marijuana dispensary and not
the actual presence of a dispensary itself. Determining the original effect of the physical medical
marijuana facility is out of the scope of our data,®* but we believe that measuring this switching
effect can be quite important. Several states in the US have legalized medical marijuana and that

process is typically seen as a first step into legalizing marijuana for recreational use/sale. In fact,

247 formation on the location of medical marijuana facilities is only available beginning in 2013, thus we cannot
study the impact of medical siting on property values.



the model used by Colorado that allowed only existing medical dispensaries to convert to retail
establishments was also used in Oregon and will also be implemented in Nevada. If other states
are to follow the same procedure, then our analysis will be instrumental in the debate over the

external effects of such a policy.

Preliminary Evidence

If we simply look at the average prices for single family residences, we see that the largest
gaing between 2013 and 2014 oc_curred within 0.1 of at least one retail conversion. Table IT shows
the mean transaction price for single family residences that are within 0.1 miles of at least one
retail conversion (Ring 1), within 0.1 and 0.25 miles of at least one retail conversion (Ring 2),
0.25 and 0.5 miles of at least one retail conversion (Ring 3), 0.5 and 0.75 miles of at least one
retail conversion (Ring 4), and 0.75 and 1 mile of at least one retail conversion (Ring 5). The
means are also separated by vear (2013 and 2014). For Ring 1 we see that house prices increased
by about $60,000 between 2013 and 2014. In contrast, the increase is only $26,000 for Ring 2.
The increase in average price between 2013 and 2014 for Rings 3 and 4 are $31,000 and $27,000,
respectivelv. For Ring 5, there is actually a $4,600 decrease in average house prices hetween 2013
and 2014. Obviously, there may be other factors that could be driving some of these price changes,
but univariate evidence clearly shows the largest gains between 2013 and 2014 occurred for houses
located within Ring 1. While there are about 5 times as many transactions in Ring 2 as Ring 1.
we also emphasize that the geometric area of Ring 2 is about 5 times the size of Ring 1. Table 1I

also shows that dispensaries are generally located in low house price areas.

Estimation

Following Linden and Rockoff (2008), we take a difference-in-differences approach to determine

the effect of a change on house prices. Our empirical model is as follows:

In P =a+ BX; +yRio1 + 0R;095 + (VR0 + ¢Riaas) * Post.dummy

’
+ @ Post _dummy + Z ()\J nbhdj) + Z (pj' Post_dummy nbhc@) + & (1)
J 7
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where P, is the transaction price of the property. X, are the physical characteristics of the
property including unit size, lot size, bedrooms, bathrooms, age, age®, and stories.?® Rip1 is an
indicator for the treatment area that equals one if the property is located within 0.1 miles of at
least one medical dispensary that converted to a retail dispensary. R; .95 is an indicator that equals
one if the property is located between 0.1 and 0.25 miles of at least one medical dispensary that
converted to a retail dispensary. Post duminy is a binary variable that indicates the transaction
oceurred on or after January 1, 2014.2° nbhd_j is a series of 257 binary variables that indicate
whether the house is located in a neighborhood. The neighborhood dummies control for the time
invariant characteristics of the neighborhood and Post_dummy * nbhd_j controls for time-varying
characteristics of the neighborhood. The key parameters of interest in this analysis are v and ¢,
which will deterinine the effect (if any exists) of a change to a retail dispensarv for houses located
within 0.1 miles of a retail conversion and for houses located within 0.1-0.25 miles of a retail

conversion, respectively.

Primary Results

The coefficient estimates from Equation (1) are presented in Table III. Our primary estimate
of interest (c:) labeled “Within 0.1 miles of at least one store x Post-Retail” in Table III, is both
positive and statistically significant, confirming the unconditional differences in mean transaction
prices in Table II. The result implies that being located near at least one medical facility that
converts to retail in 2014 is associated with an 8.4% increase in sales price after the retail conversion
oceurs. The magnitude of this effect is only slightly larger than the much broader (municipality
level) finding from Cheng et al. (2016). Also of note is the estimation ol % which measures the effect

of “Within 0.1 miles of at least one store” which we find to be statistically significant and negative.

25 oulson et al. demonstrate that a “new housing premium” can potentially exist under certain conditions, so we
also carried out a specification which included a binary variable for new construction when age=0. Our results do
not change substantially.

There is typically a lag time between when a purchase price is agreed upon between the buyer and the seller and
the closing date of the transaction. This raises the possibility that we mis-classify some observations as occurring in
the post-treatment period {2014) even though the sale price was agreed upon prior to treatment {2013). For example.
the observed prices of transactions occurring in early January 2014 may have been agreed upon prior to the public
release of approved retail conversions disclosed on December 23, 2013. This does not appear to be a major concern
for our study for two reasons. First, in our sample, transaction volume in 2014 is lowest during the month of January.
Thus, the potential for mis-classification is relatively low. Second, our main results reported below are not sensitive
to shifting the date one month prior to the closing date to account for the lag between agreement and closing.
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This implies that houses located in the immediate vicinity of stores that convert to retail have lower
values than houses in surrounding areas, ceterus paribus, consistent with the univariate evidence in
Table 1I. As mentioned previously, the original placement of medical marijuana dispensaries was
the subject of much controversy and involved zoning them for certain areas (especially away from
schools).  We can interpret this negative coefficient as either the depressing effect the medical
dispensary had on that area, the idea that medical dispensaries were placed in already poor areas,
or a combination of both factors. If we look at our control group, the estimation of ¢ — labelled
“Within 0.25 miles of at least one store x Post-retail” — shows no price difference (in terms of
proximity to at least one retail dispensary) of those single family residences between 0.1 and 0.25
miles and those that are located greater than 0.25 miles from at least one retail dispensary.>’

To summarize, several important facts emerge from Table III. First. retail conversions tend
oceur in areas with lower house prices, on average. Second, after the conversion, houses located
near the conversion {within 0.1 miles) experience an 8.4% increase in price relative to properties
located more than 0.25 miles away [rom the conversion. Third, houses located slightly farther from
the conversion (0.1 - 0.25 miles) do not experience the same increase in prices. This suggests that
retail conversions have a positive impact on house prices, but the effect is highly localized.

One may also be interested in what could potentially be driving this result. First, one area
that has benefited greatly from the legalization of marijuana is the labor market. The recreational
marijuana industry created an incredible number of marijuana related jobs that contributed to an
increase in demand in the housing market. Tt is estimated that 18,000 new marijuana related jobs
in Colorado were created in 2015.28 Even in 2014, observers of the nascent recreational marijuana
market could already see signs of extreme Interest in marijuana related jobs.?? This period also
coincided with a large overall boom in the Denver economy, resulting in a tightening of the real
estate market, and creating an affordability issue. In June 2015, the residential real estate market
was reported to be incredibly tight with 1/6 the residential listings of a normal market.?? Taken

together, an increase in marijuana-related jobs, a tightened housing market, as well as the evidence

2T\While some similar studies cluster standard ervors, we do not feel it is appropriate given the relatively small
size of neighborhoods and the fact that some dispensaries straddle the border of multiple neighborhoods and thus
unobserved characteristics across neighborhoods will likely be correlated.

2*http://www.chicagotribune.com /business/ ct-colorado-marijuana-industry-20161031-story. ntml.

2hitp:/ /articles.latimes.com /2014 /mar /1 4/business /la-fi-mo-colorado-marijuana-job-fair-20140314.

30http://money cnn.com/2015/06/04/real estate/mari juana-denver-housing-market /index.html.
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we present that the housing stock near (within 0.1 miles) of a medical dispensary is relatively lower
valued than other housing stock all combine to provide a story that there were manyv competitive
buvers for the more affordable units in the city and the fact that thev are located near retail
dispensaries is not considered a disamenity. In fact, if many of these buyers have marijuana-related
jobs, living near a retail dispensary could be considered an amenity.

Also, there is no evidence of increased marijuana usage or crimes due to recreational marijuana
legalization. Since Colorado was one of the first states to legalize recreational marijuana, jour-
nalists as well as government officials paid very close attention to many of the concerns brought
up during the legalization process. In fact, the State of Colorado Department of Public Health
and Environment established the Retail Marijuana Public Health Advisory Committee to analyze
marijuana user behavior in Colorado as well as examine any links between health and marijuana
usage. The committee produced an initial report in 2014 as well as a follow-up report in 2016
(Colorado Department of Public Health and Environment (2016)) that focuses on the time period
after retail sales began. They find no statistically significant change in usage for high schoolers in
the period between 2005 and 2013 suggesting that even after the passage of Amendment 64 (but
hefore dispensaries opened up), there was not much of an effect. The 2016 report finds that the
2015 usage (after retail sales are allowed) for high school students and adults was not statistically
different from previous numbers. The 2016 report also finds that for high schoolers, past-month
marijuana use (21%) is actually lower than past-month alcohol use (30%). In fact, this lack of
changes may have been aided by the fact that the bulk of marijuana-related tax revenue flows to
public schools, public health efforts, and youth prevention programs.®!

Inn terms of crime that coincided with our period of study, the first four months (January 2014
April 2014) of legal recreational marijuana sales coincided with a reduction in crime from the same
period in 2013 with 4.8% less robberies, 3.77 less assaults, and a 10% reduction in erime overall. %
While increasing DUIs related to marijuana were expected to be a major issue, according to the
Clolorado State Patrol which only began tracking it in 2014, they only accounted in 2015 for 15%

of DUTs, which was 1.3 percentage points lower than previous the year’s figure.?’

$http://www Inews.com /news/where-does-all-that-colorado-pot-tax-go/298554132.

*https://www nytimes.com/2014/06/01 /us/after-5-months-of-sales- colorado-sees-the-downside-of-a-legal-
high.html.

Bhttp://www.denverpost.com,/2016/02/11/fewer-people-char ged-in-colorado-with-driving-while-high-in-2015.



In summary, the evidence from 2014-2015 paints a picture of economic growth, a tighter housing
market, and lower crime rates, all while tax revenue is being generated for public works and

marijuana usage is staving relatively flat.

Composition of Sales

Although we control for property characteristics in Equation (1), a potential concern is that the
types of houses selling before retail conversions are significantly different from houses selling in the
post-retail period. If this is the case, then relative increases in prices may be due to the changing
composition of houses being sold, rather than capitalization of net benefits of retail conversions
into housing prices. Another related concern is that prior to treatment, properties located near
a (future) retail conversion may be significantly different from properties located slightlv further
awav. To alleviate these concerns, we follow an approach similar to Pope and Pope (2015) by

estimating the following model:

PT‘(J})_C}LG,T‘Z‘ = + ’}’fﬂi_().j e fSRi‘(_)_j!j e (’U!?Ri_ﬁ_l -+ (ff}R-i:()_Q_:")} * POSt,du'.'TL'TTLy

+ wPost_dummy + A;nbhd; ) + piPost_dummy « nbhd; } + =, {2)
3 i J i
4] J

where Prop_Char; is one of the housing attributes included in Equation (1). All other variables in
Equation (2) are as defined in equation (1). The results are reported in Table IV. We can see that
for the most part, housing characteristics in the pre-treatment period for transactions within 0.1
miles and 0.1 to 0.25 miles are statistically indistinguishable from properties located farther away.
Trportantly, the first row of Table IV shows that prior to treatment, properties located within 0.1
miles of a (future) retail conversion are similar to the control group in terms of square footage. lot
size, number of beds, number of baths, and the age of the property, ceteris paribus. This suggests
that in the pre-treatment period, the treatment and control groups are relatively similar in terms
of observable characteristics.
We are primarily concerned, however, with the interaction of the spatial indicators with Post_dummy.

Table IV shows that most of the interactions are not significantly different from zero, with the num-

ber of stories as a notable exception. In the post-trecatment period, buyers are purchasing houses
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with fewer stories within 0.1 miles of at least one conversion. But, since we find an increase in
house prices in this area — despite the fact that buvers are purchasing less housing capital — we can

safelv sav that the price increase is not due to changes in housing composition for nearby sales.

Parallel Trends

A kev identifying assumption of the difference-in-differences estimator is the parallel trends
assumption, which assumes that the outcome of interest would have followed the same trend in
both the treated and control group in the absence of treatment. In the context of our paper, parallel
trends assumes that house prices near retail conversions would have evolved in a similar manner
to prices for houses located slightly further away if the retail conversion did not occur. To test the
parallel trends assumption, we follow the method outlined in Pischke (2005} and emploved in Autor
(2003} which allows for leads and lags of the treatment. Using property sales from 2008 through

2015, we estimate the following model:3*

In P, =+ B8X; +vRio1 +0Rip9s + Z (("#i'.l’Rz‘U.l + ¢ Ripas) * Yﬂ”’k)
k
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where Year, is a matrix of indicator variables for transaction year with k& # 2013. oy is
interpreted relative to the omitted year (2013). All other variables are as defined in equation
(1). The parallel trends assumption implies that ¥ = 0 V¥V & < 2013. ¢y > 0 suggests that
properties located near a retail conversion experienced a larger increase in prices in 2014 relative
to propertics located slightly further away. The cocfficient on the lag term (4panys) will tell us if
the effect of the retail conversion on nearby property prices accelerates, stabilizes, or mean reverts
in the second year after RML was implemented (Autor (2003)). Finally. the estimates of ¢p will
provide important information regarding both price trends across geographic locations as well as

the breadth of the retail conversion effect.

341 this section we use transactions from 2008 through 2015, however, for most of the estimations in the paper we
only include transactions in 2013 and 2014. We focus on just one pre- (2013) and one post-treatment (2014) period
in most of our estimations because there are several estimations below where it is necessary to know the locations of
medical stores that did not convert to retail stores. Information on medicinal marijuana locations is only available
beginning in 2013. Focusing on just 2013 and 2014 makes it easier to compare results across different specifications.
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Table V presents the specification including the lead and lag terms. Several important facts
emerge from Table V. First, the coefficients on all of the lead terms (2008 through 2012) are not
significantly different from zero. The difference in prices between properties located near (future)
retail conversions relative to properties located further away did not change significantly in the
years preceding the implementation of RML. This suggests that the parallel trends assumption is
met, and that difference-in-differences is a valid identification strategy.?® Second, properties located
near retail conversions experienced an 8.3% increase in prices after conversion (2014) relative to
properties located further away., This is consistent with our primmary results in it Table III. Third,
the estimate V015 (0.086) is statistically significant and nearly identical to Paors (0.083). This
provides some evidence that the retail conversion effect is stable and not short-lived. Finally, all of
the lead and lag terns for properties that are located 0.10 to 0.25 miles (&) are not significantly
different from zero. This provides additional support that prices were following similar trends in
different areas of Denver prior to implementation of retail conversions. Also, the parallel trends
continued in 2014 and 2015 for properties located more than 0.10 miles from a retail conversion.

Taken together, the results in Table V suggest that our difference-in-differences identification
strategv allows us to interpret the effect of retail conversions on nearby property values as causal
in nature. Also, it appears that the effect is highly localized and relatively stable over a two year

period after conversion.

Only Nearby Properties

As a first robustness check, we restrict our sample to include only single family residences that
were close (within 0.1 miles) to at least one dispensary that switched from medical to retail (within
0.25 miles). We estimate the following model on the subsample of properties located within .25

miles of a retail conversion:

In P, =a+ BX; + ~Rio1 + ¥Rio1 * Post_dummy + pPost_dummy

+ Z (z\jnbhd.j) o Z (ijost_dummy * nbh(ﬂj) o Ei (4)
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#)Jora and Reggio (2012) note that evidence of parallel trends before treatment eliminates the need to adopt
the more flexible assumptions (c.g., parallel growths assumption) proposed in their paper. We thank an anonymous
referee for this suggestion.
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Thus, we are comparing nearby properties (within 0.10 miles) with properties located slightly
farther away (within 0.25 miles). This robustness check is implemented in order to use the houses
within 0.1-0.25 miles as a control group instead of the main result which uses houses that are
further away. This is to head off any differences that could arise between housing stock that is
close to dispensaries versus those that are further away. The results of this estimation are in first
column of Table VL t;: — again labeled “Within 0.1 miles of at least one store x Post-Retail” —
remains positive and statistically signiﬁcqnt. In fact, this shows that relative to the houses within
0.1 to 0.25 miles of at least one retail conversion, the closer houses experienced an 7.9% increase
in property values, which is close to the coefficient (8.1%) reported in Table III. Also consistent
with the results from Table III, prior to the retail conversion houses located within 0.10 miles of
the store are worth roughlv 10% less than houses located slightly farther away (within 0.25 miles).

Next we change our definition of treatment to include only properties located within 0.10 miles
of eractly one retail conversion. The control group includes only properties located within 0.1
to 0.25 miles of ezactly one retail conversion. Notice that because of store agglomeration, both
the treatment and the control groups will change, but it is primarily the number of observations
in the control group that is reduced by this restriction. Figure 4 shows retail conversions along
with the treatment (“Within 0.10 Miles™) and control group (“Within 0.10 - 0.25 Miles™) for this
specification. Qur results are materially unchanged. The second column of Table VI shows that
relative to the houses within 0.1 to 0.25 miles of exactly one retail conversion, the closer (within
0.1 mile) houses saw an approximate 11% (11.4%) increase in value. Note that these areas are
also poorer areas since the houses in that area sold previously for on average 13% (12.7%) less than
houses farther away.

We can also look al a comparison between these two treatment areas (within 0.1 miles of at
least one retail conversion and within 0.1 miles of exactly one retail conversion) in columns (1) and
(2) of Table VI.37 One main difference is that prior to the conversion, the houses within 0.1 miles

of exactly one retail conversion have a larger difference in value (-12.7%) relative to their control

#“Initially. we considered examining the effect of the switch of exactly one dispensary as our primary specification.
However, given that many of these dispensaries are clustered in certain areas, it is hard to find a large sample of
houses, particularly in the control group (e.g., farther away). within proximily Lo exactly one dispensary. Thus, our
primary specification in Table III inclucdes properties located near at least one retall conversion.

7 As suggested by an anonymous referee, we could have included dummies for different numbers of nearby conver-
sions instead. However, an overwhelming number of properties in our sample have only cne conversion within their
treatinent area, hence our decision to compare one to at least one conversions.
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group than houses within 0.1 miles of at least one retail conversion (-10%). While this may seem
odd, a potential explanation is that the houses that are within 0.1 and (.25 miles of ezactly one
retail conversion are likely different (and higher quality) than those that were within 0.1 and 0.25
miles of more than one retail conversion. Post treatment, houses within 0.1 miles of eractly one
retail conversion increase in value more than those within 0.1 miles of at [east one retail conversion
as well (11.4% versus 7.9%). Again, a potential explanation for this slight discrepancy is that the
treatment effect is likely dampened when dealing with an area proximate to more than one retail

conversion.

Expanding Treatment and Control Groups

Admittedly, the choice of distance to define the treatment and control groups is somewhat
arbitrary. To this point, we have followed Linden and Rockoff (2008) and Pope (2008) by using
a 0.1 mile radius to define treatment. We will now estimate the model with varying control and
treatment groups, respectively. First we hold the treatment group constant {at least one retail
conversion within 0.1 miles) and re-estimate Equation (4), but we expand the control group to
be properties within 0.1 and 0.5 miles, 0.1 to 0.75 miles, and 0.1 to 1 mile of at least one retail
conversion. The results are presented in Table VIL. Expanding the control group does not materially
affect our main results. Within 0.1 miles of a retail conversion {pre-conversion), houses sold for
about 10-11% less than the control area. However, the retail conversion brings house prices back
up by about 8-9% relative to the conirol area, regardless of how the control area is defined.

In order to further demonstrate the highly localized nature of the treatinent effect. we next
expand the treatment group to be single family residences that had at least one retail conversion
within 0.25 miles. Given the fact that conditional house prices both before and after a retail
conversion (within 0.1 to 0.25 miles) were statistically indistinguishable from houses located over
0.25 miles away from a retail conversion, we expect that expanding the treatment group in such a
fashion will dilute the results found in the previous seetion. The control group will be the respective
adjacent. “ring” (Equation (4)), properties within 0.25 to 0.5 miles. The results in Table VIII show
that the coefficient on the post-treatment dummy variable is now insignificant when our treatment

group is within 0.25 miles of at least one switch. As expected this particular result bolsters the
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argument that the effect is highly localized (within 0.1 miles), so expanding the treatment group
will distort the results in that the newly defined treatment group will likely dilute the effect that

we have shown to exist within 0.1 miles of a retail conversion 33

Non-Converting Stores

We also analyze price changes for houses close to a medical dispensary that did switch to retail
versus price changes for houses close to a medical dispensary that did not switch to retail. We

estimate the following model:

InP, =a+ BX; +7Rig1 +0Rig2s + (YRio1 + ¢Rig2s) = Post_dummy
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where N; g1 is an indicator that equals one if the property is located within 0.1 miles of at least
one unconverted medical store and no conversions. N g5 is an indicator that equals one if the
property is located between 0.1 and 0.25 miles of at least one unconverted medical store and no
conversions. All other variables in Equation (5) are as defined in equation (1). As before, 1 is the
price impact of being located near a retail conversion. However, we are also interested in whether
we see a similar effect for non-conversions in 2014 Altliough these dispensaries are not converting,
we will still consider a 2014 sale to be in the “post-treatment” period. Testing the null hypothesis
that x = 0 is analogous to a falsification test. If retail conversion has a causal impact on prices,
then we should not see a price impact for stores that did not convert to retail.

The coefficient estimates from Equation (5) are reported in Table IX. Consistent with our
previous results, houses located within 0.1 miles of a retail conversion experience an 8.4% increase
in prices in 2014 relative to houses located further away. However, houses located near unconverted
stores do not experience the same increase in prices in 2014. In fact, the estimate of & — labelled
“Within 0.1 miles of at least orie unconverted store and no conversions x Post-retail” — is negative

(-0.012) and not statistically different from zero. Moreover, a Wald test fails to reject the null

$3We also estimate Fquation 1 for each of the 34 neighborhoods where there existed sales in 2013 and 2014 within
0.1 miles and 0.1-0.25 miles for a retail conversion and find a positive treatment effect in 22 of those neighborhoods.
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hypothesis that v = 7, but rejects the null hypothesis that ¢ =  at the 10% level of significance.
In other words, we find no evidence of a price differential between properties located near a future
conversion and those near a non-converter in the pre-treatment period. However, those properties
located near a retail conversion do experience a larger price increase — relative to those near a
non-converter — after conversion. This provides evidence that it is the actual conversion to retail
that is increasing neighboring property values.

As we stated in the introduction, the fact that Colorado only allowed existing medical stores to
convert to retail helps us avoid the the siting decision since store siting occurred before implementa-
tion of RML. However, this does not necessarily solve for the siting problem when comparing retail
conversions to unconverted stores since some of the existing stores in Denver did not convert to
retail at the beginning of 2014.% A potential concern in comparing converting and non-converting
stores is that the stores that converted to retail chose to do so because of underlying economic forces
in that area that also positively impacted house prices. In other words, it is possible that retail
conversions are located in areas that are significantly different from the areas where unconverted
stores are located. If this is the case, then we would incorrectly attribute price changes to retail con-
versions when in fact thev are due to other economic forces. We do not believe this a major concern
for our study for the following reasons. First, conversions and unconverted stores are often located
in close proximity. Figure 5 shows the locations of the retail conversions as well as non-converting
medical stores at the beginning of 2014. Although some retail conversions do not have unconverted
stores nearby (and vice versa), for our purposes the most important takeaway from Figure 5 is that
many of the retail conversions do in fact have unconverted stores located in very close proximity.
This suggests that the decision to convert to retail is not driven purely by the underlying economic
fundamentals of the location. Second, the unconditional average house price for properties located
near (future) retail conversions ($320,000) is not statistically significantly different, from the average
for properties located near an unconverted store and no conversions ($314,000) in the pre-treatment
period. Noreover, we fail to reject the null hypothesis that v = 7 in Equation (5). Finally, even

if retail conversions are located in high-growth areas relative to the non-converters, this would

39103 out of 193 existing medical stores converted to retail at the beginning of 2014. Only one store that applied
for a retail license in 2014 was denied the license (Colorado Department of Revenue Enforcement Division - Marijuana
(2015}). Thus,the post-application approval process does not appear to play a large role in determining the location
of retail conversions. Rather, the decision to convert seems to be under the purview of the business itself.



only be problematic for comparisons between retail conversions and unconverted stores. The siting
decisions of medical stores (that eventually converted to retail) were made before implementation
of RML, and the majority of our comparisons in this paper compare prices near retail conversions
relative to properties located further away. Our test of the parallel trends assumption in Table V
shows that prices near retail conversions trended similarly to properties located further away prior

to 2014.

Economic Impact

One of the direct effects of the legalization of recreational marijuana sales is a new source of
income from the taxation of these sales. In Denver, there are state taxes (a portion of which gets
redistributed back to Denver) as well as city taxes and business fees on recreational marijuana
sales. Marijuana revenue for the city of Denver was estimated to be around $22 million for 2014
and $29.55 million for 2015.%° The local marijuana taxes levied in the Denver go toward the general
fund and some of the money goes toward regulation, enforcement, public health, and education.
Money has also gone toward building a recreation center.!

In addition to taxes levied directly on the recreational marijuana industry, property taxes
represent a potential indirect channel through which RML impacts tax revenues for Denver. Given
that after January 1, 2014, houses within 0.1 miles of at least one retail conversion increased in
value by approximately 8.4%, we can provide a rough estimate of the increase in value for those
houses as well as an estimate of increases in property tax revenue generated by the increases in
value. In 2013 the average sales price for houses within at least 0.1 miles of a switching facility
was approximately $320,000, which implies that a 84% increase would result in a $26,880 increase
that can be attributed to the switch to recreational sales.

In the city of Denver, properties are appraised biennially (in every odd numbered year) and
the appraisal uses recent sales as comparables. Thus, sales in 2014 will affect 2015 appraisals.
The property tax rate for the city of Denver in 2015 was 78.127 mills and the assessed value is

defined to be 7.96% of the appraised value.*? Thus, for an average house within 0.1 miles of

*https://www.denvergov.org/content /denvergov/en/denver-marijuana-information/statistics /revenue-and-
sales.html.

*hitp:/ /www.denverpost.com/2016/05 /26 /marijuana-sales-tax-revenu c-huge-boon-for-colorado-citics.

*hitps:/ /www.denvergov.org/content /denvergov /en/treasury-division / property-taxes. html.
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a retail conversion, the approximate increase in property tax revenue is $167. Although the full
implications of RML on tax revenues in Denver is well bevond the scope of this study, our results
suggest that retail marijuana can impact city tax revenue above and bevond the direct effect of
taxing the recreational marijuana industry. Specifically, retail conversions can potentially increase

property tax revenues for local governments as well.

Conclusion

In this paper we contribute to the debate on the impacts of recreational marijuana legalization
on local communities by examining the effects of retail marijuana stores on nearby house prices
in Denver, Colorado. This is an important question for voters, policy makers, and economists.
Colorado presents an ideal environment to investigate this question because onlv existing medical
marijuana facilities were allowed to sell recreational marijuana, which facilitates identification of the
incremental effect of recreational marijuana. Using a difference-in-differences model, we compare
houses that are in close proximity to a retail conversion to those that are slightly farther away from
a retail conversion before and after the legalization of recreational sales. We find that after the
law went into effect at the end of 2013, single family residences close to a retail conversion (within
0.1 miles) increased in value by approximately 8.4% relative to houses that are located slightly
farther from a conversion (between .1 miles and 0.25 miles) in 2014 compared to the previous
yvear. We perform a battery of robustness checks that confirm the positive relationship between
retail conversion and nearbv house values. In addition to sales and business taxes generated by
the retail marijuana industry, the associated increase in property tax revenues represents another
potentially appealing selling point for legalization.

In addition, we find the effect of retail conversion on house prices to be highly localized. Further-
more, the effect of retail conversion on nearby house prices in Denver is measured over a relatively
short time period. Our analysis is silent on the long-term impacts of retall conversion. Impor-
tantly, we arc agnostic as to the underlying cause of our results. While we hyvpothesize that some
contributing factors may have included an increase in housing demand as a result of an increase
in marijuana-related employment. lower crime rates, and additional amenities locating in close

proximity to retail conversions, finding the specific channels that explain our results 1s an open

26



puzzle that we leave [or future research. To our knowledge, our paper is the first to address the
relationship between retail conversions and house prices, which is important because several states

are currently considering legalizing recreational marijuana and others are likely to follow.
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Denver Neighborhood Map
Properties Sold in 2014 within One Mile of a
Retail Conversion

A Retail Conversions

+  Within 0.10 Miles
0.10 - 0.25 Miles
0.25 - 0.50 Miles
0.50 - 0.75 Miles
0.75 - 1.00 Miles

Figure 1: Sales within one mile of a retail conversion in 2014.
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Figure 2: Sales located near Higher Ground MNC in 2013 (pre-conversion).



Property Sales in 2014
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Figure 3: Sales located near Higher Ground MMC in 2014 (post-conversion).



Denver Neighborhood Map
Properties Sold in 2014 within One Mile of Exactly One
Retail Conversion

A Retail Conversions

= Within 0.10 Miles
0.10 - 0.25 Miles
0.25 - 0.50 Miles
0.50 - 0.75 Miles
0.75 - 1.00 Miles

Figure 4: Sales within one mile of exactly one retail conversion in 2014.



Denver Neighborhood Map
Retail Conversions and Non-Converting
Medical Centers
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Figure 5: Retail Conversions and Non-Converting Medical Centers
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Table I: Descriptive Statistics

(1) (2) (3) (4)
VARIABLES Mean S.DD. Min Max

In Price 12.66  0.539  10.31 1481
In(Square Feet) 7.26 044 562  9.43
In(Lot Arca) 869 037 687 11.25
4 Beds 281  0.81 1 8
# Baths 2.27 0.98 L 10.5
# Stories 1.38 .50 L 3
Age 56.22  37.34 0 140
N 19,555

Note: This table reports descriptive statistics for the
sample of property transactions used in our analysis.
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Table II: Transaction Prices at Different Distances from Retail Stores

Obs. Mean S.D. Min Max

Ring 1
Price (2013) 139 $319,963 $185,033 $60,000 $1,145,000
Price (2014) 160 §$382,539 $190.591 $75,000 $1,268,000

Ring 2
Pricc (2013) 751 $350,008 $233.924 $30,000 $2,700,000
Price (2014) 774 $376,016 $242.194 $34,190 $2.680,000

Ring 3
Price (2013) 1794 §$347.940 $231.703 $43,200 $2,042,700
Price (2014) 1704 $379,016 $263.,501 $30,000 $2,595,000

Ring
Price (2013) 1321 $417,779 $308,550 $33,000 §2,515,000
Price (2014) 1267 $445,019 $326,646 $50,000 $2,670,000

Ring 5
Price (2013) 744 $432,835 $278783 $35,000 $2,350,000
Price (2014) 626 $428,244 $299,903 $38,250 $2,500,000

Note: This table reports descriptive statistics for transaction price by year
at different distances from medical marijuana locations that switched to
retail locations: Ring 1 includes properties within 0.1 miles; Ring 2 includes
properties within 0.1 - (.25 miles: Ring 3 includes properties within 0.25
- 0.5 miles; Ring 4 includes properties within 0.5 - 0.75 miles; and Ring 5
includes properties within 0.75 - 1 mile.
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Table IIT: Tmpact of Retail Marijuana on Property Values

(1)
VARIABLES In Price
Within 0.1 miles of at least one store -0.109%**
(0.034)
Within 0.1 miles of at least one store x Post-retail 0.084%*
(0.040)
Within 0.25 miles of at least one store 0.001
(0.014)
Within 0.25 miles of at least one store x Post-retail -0.001
(0.018)
Post-retail 0.039
(0.030)
Constant 8.44 ¥**
(0.107)
Observations 19,555
R-squared (.749
Property Characteristics Yes
Neighborhood dummies Yes
Neighborhood x year dummies Yes

Note: This table reports coeflicient estimmates from equation (1). The sam-
ple includes properties sold in 2013 and 2014. Heteroskedasticity robust
standard errors are reported in parentheses. *** ** * denote significance
at the 1%, 5%, and 10% level, respectively.
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Table TV: Relationship between property characteristics and treatment

(1) (2) (3) (4) (5) (6)
VARIABLES In(Square Feet) In(Lot Area) # Beds # Baths # Stories Age
Within 0.1 miles of at least one store -0.019 -0.035 -0.083 -0.002 0.079* 3.536
(0.035) (0.025) (0.071) (0.073) (0.041) (2.643)
Within 0.1 miles of at least one store x Post-retail -(.047 0.010 0.046 -0.164 ~0.151%* 4.597
(0.016) (0.033) (0.096) (0.102) ((1.053) (3.314)
Within 0.25 miles of at least one store 0.007 -0.002 0.006 -0.006 0.003 3. LQ2FHFF
(0.016) {0.012) (0.036) (0.037) (0.018) (LA77)
Within 0.25 miles of at least one store x Post-retail -0.017 -0.015 -(.041 -0.032 -0.004 2.731*
(0.023) (0.017) (0.051)  (0.052)  (0.025)  (1.640)
Post-retail 0.066 -0.073 0.182 0.185 0.006 -0.036
(0.059) (0.055) (0.169)  (0.177)  (0.078)  (1.754)
Constant TR 8. 7Q4HH* 2.900%FF  2,089%Fk 1 2R0FFF 20 564%FF
(0.017) (0.014) (0.041)  (0.041)  (0.029)  (0.693)
Observations 19,555 19,555 19,555 19,555 19,555 19,665
R-squared 0.436 0.545 0.214 0.423 0.479 0.747
Neighborhood fixed effects Yes Yes Yes Yes Yes Yes
Neighborhood x year fixed effects Yes Yes Yes Yes Yes Yes
***. **‘ *

Note: This table reports coefficient estimates from equation (2). Heteroskedasticity robust standard errors are reported in parentheses.

denote significance at the 1%, 5%, and 10% level, respectively.



Table V: Impact of Retail Marijuana on Property Values

VARIABLES

(1)

In Price

Within 0.1 miles of at least one store

Within 0.1 miles of at least one store x 2008

Within 0.1 miles of at least one store x 2009

Within 0.1 miles of at least one store x 2010

Within 0.1 miles of at least one store x 2011

Within 0.1 miles of at least one store x 2012

Within 0.1 miles of at least one store x 2011

Within 0.1 miles of at least one store x 2015

Within 0.25 miles
Within 0.25 miles
Within (.25 miles
Within 0.25 miles
Within 0.25 miles
Within 0.25 miles
Within 0.25 miles
Within 0.25 miles
Constant

Observations
R-squared

of at least one store

of at least one store x 2008

of at least one store x 2009

of at least one store x 2010

of at least one store x 2011

of at least one store x 2012

of at least one store x 2014

of at least one store x 2015

Property Characteristics

Year dummies

Neighborhood dummies
Neighborhood x year dumimies

-0.104%%*

(0.034)
0.029
(0.050)
0.052
(0.049)
0.040
(0.051)
0.025
(0.048)
-0.026
(0.050)
0083
(0.040)
0.086*
(0.045)
(.000
(0.014)
-0.031
(0.022)
-0.023
(0.022)
-0.027
(0.023)
0.006
(0.024)
-0.000
(0.022)
-0.000
(0.018)
-0.015
(0.020)
7.647FF*

(0.062)

68,623
0.787
Yes
Yes
Yes
Yes

Note: This table reports coefficient estimates from eqguation (1).
The sample includes properties sold in 2013 and 2014. Het-
eroskedasticity robust standard errors are reported in parentheses.

kR kK sk
7 ]

tively.

denote significance at the 1%, 5%. and 10% level, respec-
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Table VI: Tmpact of Retail Marijuana on Property Values Excluding Distant
Locations

(1) (2)

VARIABLES In Price  In Price
Within 0.1 miles of at least, one store -0.100%%*
(0.034}
Within 0.1 miles of at least one store x Post-retail 0.079*
(0.041)
Within 0.1 miles of exactly one store -0.127%*
(0.050)
Within 0.1 miles of exactly one store x Post-retail 0.114%
(0.060)
Post-retail 0.001 0.012
(0.080) (0.082)
Clonstant 8.346%F* g ZLTHHF

(0.317)  (0.378)

Observations 1,888 1.100
R-squared 0.766 (.819
Property Characteristics Yes Yes
Neighborhood dummies Yes Yes
Neighborhood x vear dummies Yes Yes

Note: This table reports coefficient estimates from equation (4). The sample in-
cludes ouly properties located within 0.25 wiiles of a store. Heteroskedasticity robust
standard errors are reported in parentheses. *#¥. ¥ # denote significance at the 1%,
5%. and 10% level, respectively.
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Table VIT: Impact of Retail Marijuana on Propertv Values with Different Control Groups

(1) (2) (3)

VARIABLES ln Price In Price In Price
Within 0.1 miles of at least one store -0, 107FFF  _0.103%FFF 0 [0

(0.033)  (0.033)  (0.033)
Within 0.1 miles of at least, one store x Post-retail  0.000%* 0.081** 0.078%*

(0.039) (0.039; (0.039)

Post-retail 0.096* 0.088 0.088
(0.056) (0.054) {0.054)
Constant 8.328*¥* R GTL¥R* 7 716FE*

(0.201)  (0.140)  (0.159)

Observations 6,070 10,129 12,683
R-squared 0.758 0.770 0.777
Property Characteristics Yes Yes Yes
Neighborhood dumimies Yes Yes Yes
Neighborhood x vear dummies Yes Yes Yes

Note: This table reports coefficient estimates from equation (4) with different distances used for
the control group. The control group in column (1) includes propertics that arc further than 0.1
but within 0.5 miles of at least one retail conversion. The control group in colum (2) mcludes
properties that are further than 0.1 but within 0.75 miles of at least one retail conversion. The
control group in column (3) includes properties that are further than 0.1 but within 1 mile of at
least one retail conversion. Heteroskedasticity robust standard errors are reported in parenthesges.
TR ¥ denote significance at the 1%. 5%, and 10% level, respectively.
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Table VIII: Impact of Retail Marijuana on Property Values with
an Expanded Definition of Treatment

(1)

VARIABLES In Price
Within 0.25 miles of at least one store -0.021
(0.014)
Within 0.25 miles of at least one store x Post-retail 0.023
(0.019)
Post-retail 0.085
(0.058)
Constant 8.314%%*
(0.201)
Observations 6,070
R-squared 0.758
Property Characteristics Yes
Neighborhood dummies Yes
Neighborhood x year dummies Yes

Note: This table reports coefficient estimates from equation (4) with an
expanded definition of treatment. The treatment group includes prop-
erties Jocated within 0.25 miles of at least one retail conversion and the
control group is the next adjacent ring (properties located Letween (.25
and 0.5 miles from at least one retail conversion). Heteroskedasticity
robust standard errors are reported in parentheses. *** ** * donote
significance at the 1%. 5%, and 10% level, respectively.



Table IX: Impact of Retail Marijnana on Property Values for Retail Conversions and Medicinal
Stores that did not Switch to Retail

T

VARIABLES In Price
Within 0.1 miles of at least one store =i e
(0.034)
Within 0.1 miles of at least one store x Post-retail {.084%*
(0.040)
Within 0.25 miles of at least one store -0.007
(0.014)
Within 0.25 miles of at least one store x Post-retail -0.001
(0.019)
Within 0.1 miles of at least one wiconverted store and no conversions -0.054*
(0.031)
Within 0.1 miles of at least one unconverted store and no conversions x Post-ret -0.012
(0.042)
Within 0.25 miles of at least one unconverted store and no conversions -0.038%%
(0.016)
Within 0.25 miles of at least one unconverted store and no conversions x Post-re 0.004
(0.022)
Post-retail 0.038
(0.030)
Constant 8. 455FHF
(0.107)
Observations 19,555
R-squared 0.749
Property Characteristics Yes
Neighborhood duwmmies Yes
Neighborhood x year dummies Yes

Note: This table reports coefficient estimates from equation (1) with additional controls for properties near
non-converting medical medical marijuana stores. Heteroskedasticity robnst standard crrors are reported
in parentheses. *** ** * denote significance at the 1%, 5%, and 10% level, respectively.



