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Abstract

Objectives: To assess 1) the validity of online crowdsourcing platforms in enumerating licensed
brick-and-mortar marijuana dispensaries and 2) the validity of state licensing directory and online
crowdsourcing platforms in enumerating active brick-and-mortar marijuana dispensaries in
California.

Methods: We obtained business lists from California Bureau of Cannabis Control (BCC)
licensing directory and three online crowdsourcing platforms (Weedmaps, Leafly, and Yelp) in
May 2019. Calls were made to verify street address, operation status, dispensary category
(recreational-only, medical-only, recreational & medical), and presence of storefronts in May-July
2019. Validity measures, including sensitivity, specificity, positive predictive value, and negative
predictive value, were calculated when applicable.

Results: In identifying licensed dispensaries in BCC, Leafly had the highest sensitivity (.66) and
Yelp had the highest specificity (.87). The dispensary category posted on online crowdsourcing
platforms in over 25% licensed dispensaries and the dispensary category claimed in call
verification in over 10% licensed dispensaries disagreed with the approved category in BCC.
There were 2,121 businesses combined from BCC and online crowdsourcing platforms, among
which 826 were verified to be active brick-and-mortar dispensaries. Weedmaps had the highest
sensitivity (.80) and Yelp had the highest negative predictive value (.74) in identifying verified
dispensaries. Weedmaps overall had the highest sensitivity in all three dispensary categories.
Weedmaps had the highest sensitivity in more populated counties whereas BCC had the highest
sensitivity in less populated counties.
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Conclusions: Each secondary data source has strengths and limitations. The findings inform
surveillance and research regarding how to best strategize data use when resources are limited.

Keywords
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1. Introduction

Following recreational marijuana legalization and commercialization in the US, marijuana
dispensaries have served as a major venue for marijuana retail sales in neighborhoods.
Nonetheless, research on the impacts of marijuana dispensaries on public health remains
limited (Berg et al., 2018). Availability, accessibility, and point-of-sale marketing of retail
outlets have been associated with attitudes, perceptions, and health behaviors in tobacco and
alcohol literature (Anderson et al., 2009; Campbell et al., 2009; Finan et al., 2019;
Henriksen et al., 2008; Lovato et al., 2011; McCarthy et al., 2009; Paynter and Edwards,
2009; Reitzel et al., 2011; Smith and Foxcroft, 2009). Marijuana dispensaries may impact
marijuana-related outcomes in a similar manner. They may increase availability and
accessibility of marijuana (Paschall and Grube, 2020), promote greater awareness and
consumption through marketing activities (D'Amico et al., 2018; Fiala et al., 2018), increase
product appeal such as through increased quality and potency (Orens et al., 2018), diversify
product variation such as vaping devices and edibles (Tormohlen et al., 2019), reduce prices
through mass production and introduction of competition (Hall and Lynskey, 2016), and
shape social norms favorable of marijuana use (Berg et al., 2018; Lipperman-Kreda and
Grube, 2018).

A major challenge in understanding the availability and retail environments of marijuana
dispensaries is identifying a complete and accurate list of marijuana dispensaries in
neighborhoods. In a state operating a statewide licensing system, one can obtain the official
licensing directories from government databases. Nonetheless, most of these directories are
updated infrequently. More importantly, they do not reflect the operation status of
dispensaries in reality or capture unlicensed dispensaries that are common in areas with
weak law enforcement. Business directories provided by commercial providers (e.g.,
InfoUSA, Dun & Bradstreet) are commonly used to identify tobacco, alcohol, and food
retail outlets when state licensing directories are unavailable or unsatisfactory (Carlos et al.,
2017; D'Angelo et al., 2014; Gustafson et al., 2012; Lake et al., 2010; Liese et al., 2010;
Powell et al., 2011; Seliske et al., 2012). Unfortunately, these commercial databases had not
systematically gathered information on marijuana dispensaries by the time of this study. One
can also conduct a field census with direct search and observation to enumerate a certain
type of business in a geographic area. It is considered to be the best practice in outlet
identification and often used to validate the business lists obtained from commercial
databases (D'Angelo et al., 2014; Gustafson et al., 2012; Liese et al., 2010; Powell et al.,
2011; Seliske et al., 2012). The limitation of field census is obvious: the required efforts and
resources increase exponentially as the geographic area of interest expands. Due to practical
and budget concerns, most tobacco, alcohol, and food outlet studies that adopted this method
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searched retail outlets in smaller regions such as a county (D'Angelo et al., 2014; Gustafson
etal., 2012; Liese et al., 2010). State-level field censuses, especially in a large state like
California, are nearly nonexistent.

In light of the challenges of using conventional approaches to identify marijuana
dispensaries, existing studies have primarily relied upon a single or a few online
crowdsourcing platforms, such as Weedmaps, Leafly, and Yelp, to obtain dispensary
information voluntarily submitted by dispensary owners and marijuana users (Freisthler and
Gruenewald, 2014; Freisthler et al., 2016; Mair et al., 2015; Shi et al., 2018; Shi et al., 2016;
Shi, 2016; Shih et al., 2019). Because these platforms serve as online communities to
promote dispensaries, products, and share experiences, they are perceived to be more up-to-
date and comprehensive than official licensing directories. Particularly, these platforms
provide data on both licensed and unlicensed dispensaries. Despite the increasingly common
use of online crowdsourcing platforms in marijuana research, the validity of this approach
has not been comprehensively assessed at statewide level. To date, only two studies have
conducted validation in a single county (both in Los Angeles County), one before
recreational marijuana commercialization (Pedersen et al., 2018) and one after the
commercialization (Pedersen et al., 2020) in California.

In this study, we examined the validity of using secondary data sources, including the state
licensing directory and commonly used online crowdsourcing platforms, in enumerating
brick-and-mortar marijuana dispensaries across the entire state of California. California is
the most populous state with the longest history of medical marijuana legalization (since
1996) in the US. In November 2016 California legalized recreational marijuana and in
January 2018 California initiated retail sale of recreational marijuana in dispensaries.
California now has the largest legal marijuana market in the world, with sales rising from
$2.5 billion in 2018 to $3.1 billion in 2019 (Mcgreevy, 2019). Although California allows
delivery services, in this study, we concentrated only on brick-and-mortar marijuana
dispensaries because delivery-only providers do not have storefronts to showcase and
promote products. In addition, the wide geographic coverage of delivery services (usually
the entire city or county) contributes little variation in marijuana availability at neighborhood
level.

We offered a protocol for identifying dispensaries that can be replicated in other large
geographic regions with marijuana retail sales. We aimed to answer two research questions.
The first question was to what extent online crowdsourcing platforms are valid in
enumerating licensed brick-and-mortar dispensaries. The motivation was that many
dispensaries in California operated without a license. (Pedersen et al., 2020) Even for
licensed dispensaries, how they operate in practice may not agree with what was approved in
the license. Findings from the first question will provide quantifiable evidence on the level
of agreement between state licensing directory and online crowdsourcing platforms, add
surveillance data point on the operation of unlicensed dispensaries, and inform policymakers
regarding the validity of using online crowdsourcing platforms as alternatives when state
licensing directory is not publicly accessible or licensing information is inadequate (e.g., no
street address). The second question was to what extent state licensing directory and online
crowdsourcing platforms are valid in enumerating the universe of active brick-and-mortar
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dispensaries. The motivation was that a single data source may not capture all active
dispensaries in California and the information in a data source may not agree with how
dispensaries operate in practice. Findings from the second question will provide quantifiable
evidence on the strengths and weaknesses of each data source, inform surveillance and
research regarding how to best strategize data use when resources are limited, and
demonstrate the need for combining multiple data sources and verifying information to
obtain the universe of dispensaries in a large geographic area. Because recreational-only,
medical-only, and recreational & medical dispensaries co-existed in California, we also
assessed validity measures by dispensary category. Dispensaries may tend to promote
themselves on online crowdsourcing platforms in larger counties with keen competition, we
hence further assessed validity measures by county population size.

Methods

2.1 Data Sources

In May 2019, we obtained marijuana business lists from multiple secondary data sources: 1)
the state official licensing directory was obtained from the California Bureau of Cannabis
Control (BCC) online license search portal, and 2) business directories were obtained from
three commonly used online crowdsourcing platforms, including Weedmaps, Leafly, and
Yelp. Weedmaps and Leafly specialize in marijuana business listings, whereas Yelp provides
general business listings encompassing various types of industries. Key words “marijuana”,
“weed”, “cannabis”, and “dispensary” that were commonly used in Yelp to describe
marijuana-related businesses were used to search records on Yelp. All four secondary data
sources contained information on business name, street address, phone number, and delivery
services, but dispensary category (recreational only, medical only, recreational & medical)
was only available on BCC, Weedmaps, and Leafly.

2.2 Online Data Cleaning

Because business listings included both delivery services and brick-and-mortar dispensaries,
we first removed businesses if the online information indicated that they only provided
delivery services without storefronts. We then removed duplicated records by hand if two or
more dispensaries within a single data source had the same business name and street
address. We further combined records from all four data sources and removed duplicated
records across data sources. The cleaned, combined database included 2,121 unique
businesses (Figure 1).

2.3 Call Verification

From May to July 2019, eight trained research associates aged 21 or older called the 2,121
unique businesses to verify their street address, operation status, category of business, and
presence of storefronts (Figure 1). Each call took fewer than 5 minutes on average. As
commonly done in compliance check inspections of tobacco product retailers, (FDA, 2020)
the research associates did not reveal the research purpose of the calls. Instead, they
identified themselves as interested customers who were considering a visit in near future. To
determine dispensary category, researchers asked if a doctor’s recommendation or a patient
registration card was required to enter the dispensary and make purchase. An affirmative
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response indicated the dispensary category to be medical only. If the response was negative
yet customers with a doctor’s recommendation or a patient registration card were eligible for
reduced tax rates, the dispensary was categorized as recreational & medical. The remaining
dispensaries were considered to be recreational only. Up to five calls were made to each
business in different business hours and/or on different business days to determine operation
status. If a dispensary could not be reached after five call attempts, researchers checked its
recent online activities on Weedmaps, Leafly, Yelp, and Google Map Reviews. If the
dispensary had any online activity within the past month (e.g., posted customer reviews,
posted promotional offers), it would be considered activel. After removing inactive
businesses, businesses not selling marijuana, and businesses without storefronts during the
verification procedure, the 2,121 unique records were reduced to 826 businesses (Figure 1).
These 826 dispensaries constituted the call-verified, combined database of active brick-and-
mortar dispensaries in California.

2.4 Statistical Analysis

Validity statistics, including sensitivity, specificity, positive predictive value (PPV), and
negative predictive value (NPV) were computed for each of the four secondary data sources
when applicable. Definitions and calculations were described in Technical Note S1.

To compute validity statistics, a gold standard must be defined that can identify the “true
positive” and the “true negative”. Field census is typically considered the gold standard in
retail outlet research. However, it is infeasible in this study due to budget and time
constraints for a statewide census. Two gold standards were adopted alternatively to answer
the two research questions. To answer the first question regarding the validity of online
crowdsourcing platforms in enumerating licensed brick-and-mortar marijuana dispensaries,
the first gold standard was whether a record was listed in the BCC state licensing directory
(YYes="true positive”, No="true negative”). To answer the second question regarding the
validity of state licensing directory and online crowdsourcing platforms in enumerating
active brick-and-mortar marijuana dispensaries, the second gold standard was whether a
record was included in the call-verified, combined database of active dispensaries
(YYes="true positive”, No="true negative”).

We must also define a test that can identify the “positive test” and the “negative test” in
validity statistics calculations. Two tests were conducted. The first test was whether a record
was present in a given data source after online data cleaning (Yes="positive test”,
No="negative test”). We used this test to examine the validity of using a single data source
with simple online data cleaning for dispensary identification, an approach requiring
moderate resources. The second test was whether a record passed call verification; in other
words, whether the record was verified to be an active brick-and-mortar dispensary
(YYes="positive test”, No="negative test”). We used this test to examine the validity of using
a single data source with simple online data cleaning plus call verification for dispensary
identification, an approach requiring much more resources.

1Only two dispensaries were verified to be active based on their recent online activities. All the remaining 824 dispensaries were
verified to be active by calls. We referred verified dispensaries as “call-verified” throughout the remaining of the manuscript with the
understanding that two dispensaries were verified based on online activities.
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To illustrate these validity statistics in the context of this study, we provide an example
below (equations and explanations in Technical Note S1). In this example, the data source of
interest is Weedmaps, the gold standard is whether a record on Weedmaps was present in the
BCC state licensing directory, and the test is whether a record was present on Weedmaps
after online data cleaning. Sensitivity measures the probability of a record present on
Weedmaps conditional on the record being included in the BCC directory, calculated as the
number of records that were present on both Weedmaps and the BCC directory divided by
the number of records present on the BCC directory. Specificity measures the probability of
a record absent on Weedmaps conditional on the record being excluded from the BCC
directory, calculated as the number of records that were neither present on Weedmaps nor
present on the BCC directory divided by the number of records excluded from the BCC
directory. PPV measures the probability of a record included in the BCC directory
conditional on the record being present on Weedmaps, calculated as the number of records
that were present on both Weedmaps and the BCC directory divided by the number of
records present on Weedmaps. APV measures the probability of a record excluded from the
BCC directory conditional on the record being absent on Weedmaps, calculated as the
number of records that were neither present on Weedmaps nor present on the BCC directory
divided by the number of records being absent on Weedmaps. You will notice that specificity
and NPV cannot be calculated in this example, because we were not able to identify a “true
negative”, a record that was excluded from Weedmaps and also absent in the BCC directory.
In fact, not all validity statistics were applicable to a combination of a gold standard and a
test with the current study design (details in Technical Note S1).

Following tobacco outlet research (D'Angelo et al., 2014), we considered validity statistics
0-0.2 to be poor, 0.21-0.4 to be fair, 0.41-0.6 to be moderate, 0.61-0.8 to be good, and
0.81-1.0 to be very good. R Version 3.5.3 (package “epiR”) was used to calculate 95%
confidence intervals for all the validity statistics. We computed overall statistics as well as
the statistics by dispensary category (recreational only, medical only, recreational &
medical) and county population size (over or fewer than one million population). Locations
of call-verified active brick-and-mortar dispensaries in California were mapped with ArcGIS
Version 10.5.

3. Results

3.1 Online Data Cleaning and Call Verification Results

A total of 2,121 business records were combined from BCC and the three online
crowdsourcing platforms after online data cleaning. BCC, Weedmaps, Leafly, and Yelp had
630, 811, 535, and 1,468 records included in the combined database, respectively. The
overlaps across the data sources were presented in Figure S1. Only 240 records were present
in all four data sources.

Following call verification, the 2,121 records were reduced to 826, which were confirmed to
be active brick-and-mortar dispensaries. Among the 1,295 records removed during call
verification, 56.0% were closed, 4.2% were not open yet, 38.0% were not selling marijuana,
and 1.8% had no storefronts (Figure 1). BCC, Weedmaps, Leafly, and Yelp had 486, 659,
459, and 471 records included in these 826 verified dispensaries, respectively. The overlaps
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across the data sources were presented in Figure S2. The 826 records included 77
recreational-only, 65 medical-only, and 684 recreational & medical dispensaries. The
dispensary category was based on self-reporting by dispensary staff in call verification.

3.2 Validity Statistics

Table 1 (details in Table S1) reports validity statistics using the BCC licensing directory as
the gold standard. When the test was whether being present on each online crowdsourcing
platform after online data cleaning, Leafly had good sensitivity (.70) and Weedmaps and
Yelp had moderate sensitivity (.59 and .53, respectively). It indicated that 70% of the BCC
licensing directory could be found on Leafly. Leafly also had very good PPV (.83), yet
Yelp’s PPV was only fair (.23). It indicated that 83% of Leafly records were included in the
BCC licensing directory. When the test was whether passing call verification, Leafly still
had the highest sensitivity (good: .66) and PPV (very good: .90), and Yelp had the highest
specificity (very good: .87) and NPV (good: .76). It indicated that, call-verified Leafly
records performed the best for identifying truly licensed dispensaries and call-verified Yelp
records performed the best for identifying truly unlicensed dispensaries in this scenario.

Table 2 (details in Table S2) reports validity statistics using the call-verified, combined
database as the gold standard. When the test was whether being present in each data source
after online data cleaning, Weedmaps had the highest sensitivity (good: .80) and BCC,
Leafly, and Yelp all had moderate level of sensitivity ranging from .56 to .59. It indicated
that 80% of the call-verified, combined database of active dispensaries could be found on
Weedmaps. Leafly and Weedmaps had very good PPV (.86 and .81, respectively), and
Yelp’s PPV was only fair (.32). It indicated that 86% of Leafly records were included in the
call-verified, combined database of active dispensaries. When the test was whether passing
call verification, sensitivity statistics remained the same as when the test was whether being
present in each data source. This was because call-verified businesses in each data source
were a subset of the businesses included in each data source before call verification, such
that the numerators and denominators for sensitivity calculation remained the same. Yelp
had the highest NPV (good: .74) and Leafly had the lowest NPV (poor: .17). It indicated that
call-verified Yelp records performed the best for identifying truly not active brick-and-
mortar dispensaries.

3.3 Validity Statistics by Dispensary Category

Table 3 reports the agreement between BCC, online crowdsourcing platforms, and call
verification in terms of the category of the 630 licensed dispensaries. Approximately 25% of
the licensed dispensaries on Weedmaps and 29% of the licensed dispensaries on Leafly
posted their category that disagreed with what was approved in the BCC license.
Approximately 12% of the call-verified, licensed dispensaries stated their category in call
verification that disagreed with what was approved in the BCC license. Most of the
businesses that stated an unapproved category on online crowdsourcing platforms and/or in
call verification claimed themselves to be recreational & medical when they were only
licensed for recreational-only or medical-only.
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Table S3 quantifies category-specific validity statistics when the gold standard was whether
being present in the BCC licensing directory. Leafly had the highest sensitivity in
recreational-only and recreational & medical categories and Weedmaps had the highest
sensitivity in medical-only category, regardless of the definition of a test. Table S4 quantifies
category-specific validity statistics when the gold standard was whether being present in the
call-verified, combined database. When the test was whether being present in each data
source after online data cleaning, Weedmaps had the highest sensitivity in identifying
recreational-only and medical-only dispensaries, yet BCC had the highest sensitivity in
identifying recreational & medical dispensaries. When the test was whether passing call
verification, Weedmaps overall had the highest sensitivity in all three categories.

3.4 Validity Statistics by County Population Size

In 2019, California had 16 counties with a population size above one million and 42 counties
with a population size below one million. Table S5 reports validity statistics by county
population size when the gold standard was whether being present in the BCC licensing
directory. Leafly had the highest sensitivity regardless of test definition and county
population size. Table S6 reports validity statistics by county population size when the gold
standard was whether being present in the call-verified, combined database. Regardless of
test definition, Weedmaps had the highest sensitivity in more populated counties and BCC
had the highest sensitivity in less populated counties.

3.5 Mapping of Call-verified, Active Dispensaries

Call-verified, active brick-and-mortar dispensaries were mapped in Figure S3 by dispensary
category and county population size. Los Angeles County had the largest number of
dispensaries, followed by Riverside County and San Diego County.

4. Discussion

This study is the first to assess the validity of secondary data sources in identifying brick-
and-mortar marijuana dispensaries across a large state. We reported the validity of online
crowdsourcing platforms in enumerating licensed dispensaries and the validity of state
licensing directory and online crowdsourcing platforms in enumerating active dispensaries.

Regarding the validity of using online crowdsourcing platforms in identifying the BCC
licensing directory, all three online crowdsourcing platforms were able to include over 50%
records in the BCC directory, with Leafly containing the largest number of licensed
dispensaries (70%). These findings suggested that the online crowdsourcing platforms could
serve as a reasonable proxy for the licensing directory. It evidences the validity for many
existing and future studies to utilize online crowdsourcing platforms for dispensary
identification, especially if a licensing system is not open to the public or is updated
infrequently. It should be noted, however, that the dispensary category registered in the BCC
directory may be mismatched with the “de facto” category in which dispensaries operated.
Over 25% licensed dispensaries on online crowdsourcing platforms posted their category
that disagreed with the BCC license and over 10% call-verified, licensed dispensaries stated
their category in call verification that disagreed with the BCC license. Particularly, most of
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such dispensaries claimed themselves to be recreational & medical while they were only
licensed for recreational only or medical only. Such disagreement might be intentionally
used as a means of attracting customers or be reflective of how dispensaries operate in
practice.

Regarding the validity of using the state licensing directory in identifying active brick-and-
mortar dispensaries, over 20% licensed dispensaries did not pass call verification. This
indicated that business licenses may not accurately represent businesses’ operation status in
reality. For instance, a business may have been closed before its license is expired and a
business may not be open yet even though its license has been approved. In the final 826
call-verified dispensaries, 58.8% (486) were included in the BCC licensing directory. This
indicated that the BCC directory failed to capture unlicensed dispensaries, which accounted
for over 40% of the total active dispensaries in California. Solely relying on a state licensing
directory would overestimate active, licensed dispensaries whereby overlook active,
unlicensed dispensaries.

Regarding the validity of using online crowdsourcing platforms in identifying active brick-
and-mortar dispensaries, Weedmaps had a nearly very good sensitivity; it contributed 80%
of the records in the final call-verified, combined database. It had the highest sensitivity in
identifying recreational-only and medical-only dispensaries. It was also the most sensitive
database in identifying dispensaries in more populated counties, which were mostly urban
areas. The high concentration of dispensaries and intense competition in urban areas may
motivate more businesses to promote themselves on this highly visible and popular platform
(Pedersen et al., 2018). Leafly had the lowest sensitivity in identifying active dispensaries. It
also had the lowest sensitivity in identifying all three dispensary categories. It is likely
because the costs of advertising on Leafly were substantially higher than other online
crowdsourcing platforms specialized in marijuana (Marijuanaseo, 2020). Only 32% of the
businesses listed on Yelp were verified to be active brick-and-mortar dispensaries. This is
not surprising because Yelp, which provides a general business listing service not
specifically designed for marijuana industry, had more records irrelevant to marijuana
dispensary than Weedmaps and Leafly.

Taken together, no single secondary data source could provide a reasonably complete and
accurate list of active brick-and-mortar dispensaries in a large state like California. We
recommend surveillance and research to consider their unique strengths and weaknesses
when a single data source is used to minimize required resources. When resources are
available, we recommend the integration of multiple secondary data sources, preferably
including a licensing directory and multiple online crowdsourcing platforms, as well as
verification through phone calls such as what has been done in this study or through even
better approaches such as a field census. The verification could considerably improve the
accuracy of the data compiled from secondary data sources.

Our findings were overall consistent with the two smaller-scale studies conducted in
California, both in Los Angeles County. One was conducted in 2016-2017, before
recreational marijuana dispensaries were allowed to open (Pedersen et al., 2018). This study
obtained medical marijuana dispensary information from five online crowdsourcing
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platforms. Weedmaps was suggested to be the most accurate and up-to-date platform,
contributing to 95% of the final records. Call verification was conducted in 10% of the
dispensaries and found to generally align with the information posted on online
crowdsourcing platforms. The other study was conducted in 2018-2019, after recreational
marijuana dispensaries were allowed to open (Pedersen et al., 2020). It extracted data from
Weedmaps and Yelp and verified dispensary information through site visits. About 80%
dispensaries that were determined to be active through online data cleaning were confirmed
to be active in site visits, and licensed dispensaries accounted for roughly 40% of the active
dispensaries. Neither study reported validity statistics for each specific data source. Our
study expanded on the prior research by covering a much larger geographic region,
computing detailed validity statistics for each data source by dispensary category and county
population size, and by using two gold standards and two tests to demonstrate validities in
different scenarios and for different purposes.

This study has limitations. First, due to the lack of feasibility of conducting a field census in
such a large geographic region, phone calls were made to verify information obtained from
secondary data sources. While this approach was cost effective, businesses not listed in these
secondary data sources were excluded from the analysis, potentially the smaller, unlicensed
dispensaries that did not intend to promote themselves on online crowdsourcing platforms
because of cost and law enforcement concerns. Future research using field census approach
is warranted to assess to what extent unlicensed dispensaries were underrepresented in our
study. We could also have misclassified dispensaries as inactive if they provided incorrect
contacts or could not be reached after multiple call attempts. Search terms in Yelp may not
successfully capture all marijuana-related businesses. As a result of these caveats, our call-
verified, combined database would be an underestimation instead of the true “universe” of
the active dispensaries in California. Second, validity measures were not all applicable in
some scenarios where “true negative” or “false positive” could not be identified with the
current study design. Third, regulations on online crowdsourcing platforms have been
rapidly evolving. Before our data collection, Weedmaps served as the major platform to
advertise and promote dispensaries including the unlicensed ones in California. Right after
our data collection, California regulators required Weedmaps to remove unlicensed
businesses from its website. By January 2020, Weedmaps had removed over 2,000
businesses (Branfalt, 2020). Weedmaps may no longer be a good data resource for
identifying unlicensed dispensaries, particularly in California, even though it had
satisfactory validity statistics in our study. Future studies should consider alternative
crowdsourcing platforms that post unlicensed dispensary information. Fourth, we evaluated
the three most commonly used online crowdsourcing platforms. The findings may not be
applicable to other platforms such as Wheresweed. The findings were not applicable to
commercial providers of business listings, either, such as InfoUSA and Dun & Bradstreet
that recently incorporated marijuana businesses into their databases. Finally, findings may
not be generalizable to the identification of delivery-only services or dispensaries in other
states.

Notwithstanding the limitations, the findings of this study provide empirical evidence
regarding the validity of using secondary data sources to identify brick-and-mortar
marijuana dispensaries in a large geographic region. The data collection and verification
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protocol and validity statistics could be used by local governments and communities to best
strategize regular surveillance on the availability and accessibility of marijuana dispensaries
and their compliance to laws. Future research could also use these findings to replicate
dispensary identification in other states where marijuana has been commercialized. We hope
a comprehensive and accurate enumeration of marijuana dispensaries could facilitate future
research evaluating marijuana dispensaries and their impacts on public health.

5. Conclusion

Each secondary data source has its strengths and limitations in identifying brick-and-mortar
marijuana dispensaries. Surveillance and research are encouraged to utilize these findings to
best strategize data use when resources are limited. When resources are available, we
recommend the use of both a licensing directory and online crowdsourcing platforms with
call verification to enumerate a comprehensive and reasonably accurate list of active brick-
and-mortar marijuana dispensaries in large geographic regions.
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Highlights
. 826 records were verified to be active brick-and-mortar dispensaries in
California.
. Licensing directory and crowdsourcing have strengths and limitations.
. Data use should be strategized when resources are limited.
. Using multiple secondary data sources and call verification are recommended.
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Figure 1.
Online Data Cleaning and Call \Verification Procedures
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Validity of Using the 3 Online Crowdsourcing Platforms to Identify the BCC Licensing Directory

Table 1.

Sensitivity

Specificity

Positive Predictive

Negative Predictive

Value (PPV) Value (NPV)
Gold Standard = Whether being Present in the BCC Licensing Directory;
Test = Whether being Present on Each Crowdsourcing Platform
Weedmaps | .59 (.55, .62) | NA 45 (.42, .49) NA
Leafly 70 (.67,.74) | NA .83 (.80, .86) NA
Yelp 53 (.49, 57) | NA 23 (.21, .25) NA
Gold Standard = Whether being Present in the BCC Licensing Directory;
Test = Whether Passing Call Verification
Weedmaps | .58 (.54,.62) | .34 (.29, .38) | .56 (52, .59) 36 (.31, 41)
Leafly 66 (.62, .69) | .49 (.39, .60) | .90 (.87, .93) 17 (13, .22)
Yelp 52 (48, .56) | .87 (.85,.89) | .69 (.65, .73) 76 (.74, .79)

Notes: 95% Confidence Intervals are reported in parentheses. BCC: California Bureau of Cannabis Control. Specificity and PPV were not

Page 17

calculated when the test was whether being present on each online crowdsourcing platform because we were not able to identify “true negative”

(business records that were excluded from each crowdsourcing platform and absent in the BCC directory).
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Validity of Using the BCC Licensing Directory and the 3 Online Crowdsourcing Platforms to Identify Active

Brick-and-Mortar Dispensaries

Positive Predictive

Sensitivity Specificity Value (PPV)

Negative Predictive
Value (NPV)

Test = Whether being Present in Each Data source

Gold Standard = Whether being Present in the Call-Verified, Combined Database;

BCC 59 (55, .62) | NA 77 (.74, .80) NA
Weedmaps | .80 (.77,.82) | NA 81(.78, .84) NA
Leafly 56 (52, .59) | NA .86 (.83, .89) NA
Yelp 57 (54, 60) | NA 32 (.30, .35) NA

Test = Whether Passing Call Verification

Gold Standard = Whether being Present in the Call-Verified, Combined Database;

BCC .59 (.55, .62) | NA NA .30 (.26, .34)
Weedmaps | .80 (.77,.82) | NA NA .48 (.42, .53)
Leafly 56 (52, .59) | NA NA 17 (.14, .21)
Yelp 57 (.54,.60) | NA NA 74 (.71, .76)

Notes: 95% Confidence Intervals are reported in parentheses. BCC: California Bureau of Cannabis Control. Specificity and NPV were not

calculated when the test was whether being present in each data source because we were not able to identify “true negative” (business records that
were excluded from each data source and absent in call-verified, combined database). Specificity and PPV were not calculated when the test was
whether passing call verification because no records could be categorized as “false positive” (business records that passed call verification but were

excluded from the call-verified, combined database).
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Table 3.

Agreement between Dispensary Category Licensed by BCC, Dispensary Category Posted on Online
Crowdsourcing Platforms, and Dispensary Category Stated in Call Verification in the 630 BCC Licensed
Dispensaries

BCC Licensing Directory
#(%)
. . - Missing

gaclgeatlonal E)/Ir(]eg/lcal ge'f/rlzg}::c;rlwl I(r? f% fﬁggg% Total
Weedmaps
Recreational Only 10 (1.54) 0 (.00) 57 (9.05) 0 (0) 67 (10.63)
Medical Only 2(.32) 29 (4.60) | 26 (4.13) 2(:32) 59 (9.37)
Recreational & Medical 3(.48) 2(.32) 231 (36.67) 4(.63) 240 (38.10)
Missing (not on Weedmaps) 18 (2.86) 40 (6.35) 200 (31.75) 6 (.95) 264 (41.90)
Total 33 (5.24) 71(11.27) | 514 (81.59) | 12 (1.90) 630
Leafly
Recreational Only 10 (1.54) 0 (0) 78 (12.38) 0 (0) 88 (13.97)
Medical Only 1(.16) 27 (4.29) | 30 (4.76) 2(:32) 60 (9.52)
Recreational & Medical 6 (.95) 4 (.63) 249 (39.52) 4(.63) 263 (41.75)
Missing (not on Leafly) 16 (2.54) 40 (6.35) | 157 (24.92) | 6(.95) 219 (34.76)
Total 33 (5.24) 71(11.27) | 514 (81.59) | 12 (1.90) 630
Call-verified, Combined Database
Recreational Only 15 (2.38) 1(.16) 34 (5.40) 0 (0) 50 (7.94)
Medical Only 0 (0) 29 (4.60) | 4(63) 2(:32) 35 (5.56)
Recreational & Medical 7(1.11) 9 (1.43) 380(60.32) | 4(63) 400 (63.49)
Missing (not on call-verified database) | 11 (1.75) 32 (5.08) 96 (15.24) 6 (.95) 145 (23.02)
Total 33 (5.24) 71(11.27) | 514 (81.59) | 12 (1.90) 630

Notes: 95% Confidence Intervals are reported in parentheses. BCC: California Bureau of Cannabis Control. Yelp provided no standardized
information on dispensary category.
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