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Abstract

We investigate the economic value of cash management. In the legal marijuana
industry, where only half of businesses have access to cash management services from
a financial institution, we examine dispensary profitability using administrative and
survey data. Our results show that businesses with cash management charge higher
retail prices (8.3%), pay lower wholesale prices (7.3%), and have higher sales volume
(19%). Together these advantages create a 40% increase in profitability. These results
support our model in which a “clientele effect” and administrative costs drive prof-
itability regardless of whether national banks, credit unions, or Fintech provide the
cash management functions.
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1 Introduction

Banks create value by serving two primary functions: lending and cash management. The

empirical literature shows that bank lending generates broad and persistent economic value

(Beck, Demirguc-Kunt, and Martinez Peria, 2006; Becker, 2007; Morse, 2011; Adelino,

Schoar, and Severino, 2015; Cortés and Strahan, 2017).1 The lending function of banks

evolved from their earlier cash management function — banks were originally commodity

warehouses (see Donaldson, Piacentino, and Thakor, 2018). This cash management func-

tion, whereby banks collect, verify, guarantee, and monitor a firm’s cash position to ensure

its financial stability, is a primary economic service that greases the wheels of the economy.

However, very little is known empirically about the economic value of the cash management

function of financial intermediaries.2 This paper seeks to quantify the economic value of cash

management and, in doing so, to provide insights into this under-investiga ted topic.

In this paper, we measure the degree to which cash management affects firm profitability.

We do not question whether cash management has a positive effect on firms, despite the lack

of empirical evidence, its near-ubiquitous use suggests that it does. Instead our goal is to

quantify the magnitude of its economic benefits as a stand-alone banking function. There are

two major empirical challenges to measuring how cash management influences profitability.

First, almost all firms have access to cash management. Those few that do not are outliers.

As a result, most settings related to our central question provide no valid treated or control

firms. Second, if firms have banking access, they generally can access both the lending and

the cash management functions. The benefits of cash management, in other words, are

1As part of the lending function, banks resolve information asymmetry and monitor borrowers, which
creates economic value (e.g., Diamond and Dybvig, 1983; Diamond, 1984; Ramakrishnan and Thakor, 1984;
Coval and Thakor, 2005). Related results in the literature include Petersen and Rajan (1994), Petersen
and Rajan (2002), Brickley, Linck, and Smith Jr. (2003), Berger, Miller, Petersen, Rajan, and Stein (2005),
Cetorelli and Strahan (2006), Paravisini (2008), Rice and Strahan (2010), Butler and Cornaggia (2011),
Gilje, Loutskina, and Strahan (2016), and Gilje (2017)).

2Studies on cash management explore the economic costs and benefits of incremental variation within
cash management programs (Frost, 1970; Daellenbach, 1974; Gitman, Moses, and White, 1979; Vickson,
1985; Berger, Dai, Ongena, and Smith, 2003; Gitau, Nyangweso, Mwencha, and Onchangwa, 2014; Njeru
Mugambi Duncan, Njeru, Member, and Tirimba, 2015).
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inseparable from the benefits of lending. Our unique empirical setting allows us to isolate

the economic benefits of cash management and provide evidence on this open question in

the literature.

We tackle these challenges using the marijuana industry in the United States as an exper-

imental setting. The marijuana industry is economically large and rapidly growing, and yet

firms face regulatory hurdles in obtaining basic financial services (Mace, Patel, and Seegert,

2020).3 Marijuana is legal in some states but illegal according to federal law.4 Federal

regulations prevent marijuana dispensaries from accessing federal resources. Thus financial

institutions, which are regulated by the Federal Deposit Insurance Corporation (FDIC), are

laundering money when they provide banking services to the marijuana industry. Federal

guidelines for banks about working with marijuana firms have been erratic, ambiguous, and

onerous and heavy penalties for violations have discouraged banks from serving the mari-

juana industry. As a result, a substantial fraction of marijuana dispensaries must conduct

business on an all-cash basis which introduces both safety and regulatory issues.

These bank regulations limit cash management services and shift supply and demand

for marijuana products in both the wholesale and retail markets. In the wholesale market,

operating without cash management increases administrative costs by forcing suppliers to

securely transport, verify, and store cash, roles that financial institutions typically coordinate.

In the retail market, the cost associated with managing cash internally forces dispensaries to

divert resources away from quality improvements that are highly valued by customers, such

as employees who educate and serve customers. This clientele effect, which is important

in other markets (Buchak, Matvos, Piskorski, and Seru, 2018), means that retail customers

assign a lower marginal value to the products sold at dispensaries without cash management.

We provide empirical evidence consistent with our clientele effect and administrative cost

framework. Consistent with predictions from our model with these mechanisms, we find that

3In 2021, the marijuana industry generated $559.5 million in annual tax revenues to Washington state.
4The District of Columbia and 19 states (Alaska, Arizona, California, Colorado, Connecticut, Illinois,

Maine, Massachusetts, Michigan, Montana, New Jersey, New Mexico, New York, Nevada, Oregon, Rhode
Island, Vermont, Virginia, and Washington) have legalized the adult use of recreational marijuana.
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dispensaries with cash management (1) charge higher retail prices, (2) pay lower wholesale

prices, and (3) buy and sell higher quantities. As a result of these differences in prices

and quantities, dispensaries with cash management have higher profitability. Cash manage-

ment creates economic value in the wholesale and retail markets by allowing dispensaries to

increase quality and avoid administrative costs.

We combine three novel datasets to get a detailed view of the day-to-day operations of

marijuana dispensaries and a big picture perspective on how the industry generates profits.

The first dataset contains administrative records from the Washington State Liquor and

Cannabis Board (WSLCB) which include the universe of 62 million transactions at mar-

ijuana dispensaries from 2014 to the beginning of 2017. We use the wholesale and retail

prices at the product (strain) level to calculate product-level profitability as the difference

between retail and wholesale prices multiplied by quantity. The second dataset comes from

a comprehensive survey we conducted on marijuana business managers and includes data

about a dispensary’s finances, such as whether they have cash management services, and

about the individuals who run marijuana dispensaries. We gather bank and credit union

branch locations from the Federal Deposit Insurance Corporation (FDIC) and the National

Credit Union Administration (NCUA) data.

We identify a quasi-experimental setting in which cash management services were ran-

domly assigned to some marijuana dispensaries and not others. In the state of Washington,

two credit unions, with 21 branches spread across the state, decided to offer cash manage-

ment services to a very limited number of marijuana dispensaries. The state used a lottery

system to allocate licenses to sell recreational marijuana. At the time, these credit unions

accepted deposits and provided cash management services to marijuana dispensaries but

could not lend them money.5 These features of banking in the marijuana industry allow us

5For more information about current developments in banking laws that govern marijuana-related busi-
nesses (MRBs) see: Secure and Fair Enforcement (SAFE) Banking Act of 2021. Most relevant to our study,
the Act seeks to remove liability or asset forfeiture under federal law for providing a loan or other financial
services to a legitimate cannabis-related business.
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to separate the economic value of cash management from the value of lending.6

We use an instrumental variables (IV) strategy based on physical proximity to these

credit unions to estimate the causal effects of cash management on dispensaries. Research

shows that shorter distances between firms and financial institutions allow banks to gather

soft information, which increases the likelihood of forming a banking relationship.7 Distance

should be particularly important in the marijuana industry, where regulatory hurdles require

financial institutions to gather detailed information, perform on-site visits, and file thousands

of Suspicious Activity Reports (SARs) merely to hold cash balances. Physical proximity

allows credit unions to verify that marijuana dispensaries generate cash through legal activity.

For our instrument to be valid, it must predict access to cash management and be uncorre-

lated with confounding factors, such as a dispensary owner’s skill. We find that dispensaries

within one mile of these credit unions have a 28 percentage point higher probability of having

cash management services. In contrast, a placebo analysis shows that proximity to a bank

or alternative credit union does not predict access to cash management. Evidence from our

survey data shows that manager characteristics including educational attainment, experi-

ence, and exposure to entrepreneurship are not correlated with the instrument, alleviating

concerns these factors, rather than cash management, drive our profitability results.8

We find that dispensaries with cash management pay slightly lower wholesale prices,

charge slightly higher retail prices, and sell slightly more quantity in a way that leads them to

earn meaningfully more than dispensaries without cash management. Dispensaries with cash

management receive a 7.3% discount on their wholesale price for the same product (strain),

6Merz and Riepe (2021) documents that 80% of marijuana firms in their sample want bank loans but are
unable to get them.

7Related results in the literature include Petersen and Rajan (1994), Petersen and Rajan (2002), Brickley
et al. (2003), Berger et al. (2005), Cetorelli and Strahan (2006), Paravisini (2008), Rice and Strahan (2010)
Butler and Cornaggia (2011), Gilje et al. (2016), Gilje (2017), Nguyen (2019), and Berger (2021).

8The timing of credit union announcements and the lottery for dispensary licenses made it nearly im-
possible for dispensaries and credit unions to strategically co-locate. First, dispensaries applied for a license
based on a specific retail location. Licenses were allocated via lottery, in which 1,174 applicants were vying
for 334 licenses. In addition, credit unions announced their decision to work with marijuana firms before
any sales occurred meaning that it was impossible for credit unions to have selected dispensaries based on
their profitability or to know where the final slate of dispensaries would locate.
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which amounts to a $0.51 discount, (the average wholesale prices for dispensaries with and

without cash management; $6.42 and $6.93). Dispensaries with cash management also charge

$1.00 more for the same product (strain), an 8.3% price hike ($13.04 and $12.04).9 Finally,

dispensaries with cash management sell 1.29 grams more per transaction than dispensaries

without cash management (8.09 grams and 6.8 grams), and sell higher quality product.10

When combined, these effects suggest that dispensaries with cash management earn $21.06

more per transaction than dispensaries without cash management ($55.81 and $34.75).

We use placebo tests, sensitivity analyses, and alternative empirical methods to investi-

gate alternative explanations. We bolster our results using OLS, a differences-in-differences

design, and different instrumental variables. We find entry and exit decisions had limited

impact on our findings. Entry was gradual and strictly limited by the lottery and licensing

process and there were only 2 exits over our sample period.

We calculate that the economic value of cash management is roughly $17,700,000 in the

marijuana industry inWashington state over 31 months spanning 2014 to 2017. This amounts

to about 1.8% of total industry sales over our time period. We find that $5,968,281 of the

economic value comes from the wholesale market and the remaining $11,702,512 comes from

the retail market. Hence, regulations that limit cash management services produce economic

costs that lead to substantial loss of economic value.

A natural concern is that the banking needs of marijuana-related firms are vastly different

from typical firms. While the marijuana industry is unique, the value of cash management

comes from fundamental functions (i.e., transaction processing and warehousing) that extend

beyond our unique setting and beyond the management of physical cash.11 For example, on-

line banking, cryptocurrencies, and digital warehousing require bookkeeping (e.g., counting

currency, tracking cash flows, and recording transactions), safe storage (cyber security and

9This price increase is comparable to a 2014 study of prices at supermarkets which documents that
Whole Foods is able to charge 15% higher prices for an identical product carried at other grocery stores.
https://www.checkbook.org/washington-area/wine-prices/

10For context, when customers purchase a pre-rolled marijuana “cigarette” (called joint), they are typically
sold in 1 gram increments such that customers buy about 8 joints rather than 7 joints.

11Section 3 provides an in-depth discussion.
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IT support), and currency issuance (providing legal currency to complete transactions). The

benefits of the warehousing function for marijuana firms are quite similar for typical firms

in most industries and our model shows that these benefits will exist regardless of whether

national banks, credit unions, or fintech provide these functions.

The setting allows us to study how credit unions, local and national banks, and fintech

services respond to uncertainty, risk, and new growth opportunities. The demand for cash

management services is driving an explosion of innovation in the financial services sector

including fintech. We investigate a unique part of this demand in an industry that has

limited access to traditional banking services. Traditional banks were not willing to risk

working with marijuana businesses. Local credit unions invented customized, small-scale

models for providing them with financial services and fintech firms developed technology

that allowed credit unions to scale up their models.

Our paper fits in the intersection of banking, financial development, and economic out-

comes. Our results provide early empirical evidence consistent with the model in Donaldson,

Piacentino, and Thakor (2018) by demonstrating substantial economic value of cash man-

agement for marijuana dispensaries. Our results complement and extend current research

into cash management by studying the value of introducing, rather than intensifying, the

use of cash management.12 Thakor (2020) finds that fintech’s greatest impact so far is in the

payments, clearing, and settlement services and we complement these findings by calculating

a value of warehousing and documenting recent fintech innovations for these services. We

add to research on financial exclusion by showing that it negatively affects firms.13 Finally,

our results give unique insight into the future of the banking industry. We find that lo-

cal financial institutions and fintech played complementary roles and assumed some of the

functions that have traditionally been filled by large, national financial institutions.

12(Baumol, 1952; Miller and Orr, 1966; Frost, 1970; Daellenbach, 1974; Gitman, Moses, and White, 1979;
Vickson, 1985; Berger, Dai, Ongena, and Smith, 2003; Gitau, Nyangweso, Mwencha, and Onchangwa, 2014)

13(Karlan, Ratan, and Zinman (2014); Agarwal, Alok, Ghosh, Ghosh, Piskorski, and Seru (2017); Brown,
Cookson, and Heimer (2019); Stein and Yannelis (2019); Brune, Chyn, and Kerwin (2021))
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2 Background

This section describes the general functions of banking institutions, the legal status of bank-

ing in the marijuana industry, and how banking in the marijuana industry works. Appendix

D provides an in-depth review of the institutional details in the marijuana industry.

2.1 Banking Institutions

Distance and bank size and scope have traditionally played an important role in banking

relationships by aiding in information gathering and decision making.14 Evidence shows that

physical proximity has been an important determinant of lending relationships (Petersen and

Rajan, 1994, 2002; Rajan, Seru, and Vig, 2015; Nguyen, 2019; Berger, 2021). Proximity to

borrowers gives banks a comparative advantage in gathering and using soft information.15

While this evidence pertains primarily to lending relationships, the insights from these

studies are relevant to cash management relationships in general (Donaldson et al., 2018).

Specifically, when banks accept deposits, banking regulations require them to verify the

business/account holder, determine the source of funds, and file suspicious activity reports

(SARs) for “abnormal” transactions. Hence, record-keeping and due diligence efforts are

important components of a cash management relationship.16

2.2 Banking in the Marijuana Industry: Legal Status

The Comprehensive Drug Abuse Prevention and Control Act of 1970 includes a schedule

with five tiers of controlled substances based on characteristics such as acceptable medical

use, the potential for abuse, and general safety. Schedule I substances are defined as drugs

14Banks gather both hard and soft information about potential borrowers. Hard information is easy to
locate, record, and transmit throughout a banking system. Soft information is not easily recorded, and is
mainly based on perception and interpersonal interactions.

15Related results in the literature include Petersen and Rajan (1994), Petersen and Rajan (2002), Brickley
et al. (2003), Berger et al. (2005), Cetorelli and Strahan (2006), Paravisini (2008), Rice and Strahan (2010),
Butler and Cornaggia (2011), Gilje et al. (2016), Gilje (2017).

16https://www.occ.gov/publications-and-resources/publications/banker-education/files/p

ub-money-laundering-bankers-guide-avoiding-probs.pdf
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with no currently accepted medical use and a high potential for abuse; examples include

heroin, LSD, and marijuana (Drug Enforcement Administration).17 As a result, the US

government prohibits marijuana production and consumption.

Individual states, however, have the right to set their laws regarding marijuana.18 In 2012,

individual states started legalizing recreational marijuana for adults 21 years of age and older.

As of 2022, 19 states and the Washington DC have legalized recreational marijuana.

Following state-level marijuana legalization, the rules about whether financial institutions

could work with the marijuana industry were ambiguous. FDIC-insured financial institutions

are subject to federal law, e.g., FIN-2014-G001 (2014) and require specific directions from

federal regulators before interacting with marijuana firms (FIN-2014-G001, 2014).

On August 29, 2013, the FDIC issued guidance on how financial institutions should inter-

act with recreational marijuana dispensaries (Cole, 2013). Additional guidance came from

the Financial Crimes Enforcement Network (FinCEN) to clarify Bank Secrecy Act (“BSA”)

expectations.19 The guidelines suggest banks should “know their clients” to ensure they are

not engaged in illegal activities outlined in the Cole memo (Cole, 2013). Unfortunately, this

guidance includes the provision that all rules could be revoked at any time (Cole, 2013).

Moreover, the Drug Enforcement Administration formally warned banks that marijuana re-

mains illegal at the federal level, and the Colorado Bankers’ Association urged its members

officially to avoid serving marijuana businesses.20 Even with this guidance the fact remains,

accepting cash from marijuana firms is money laundering under federal law.

2.3 Banking in the Marijuana Industry: In Practice

As of May 2022, access to cash management is an ongoing, daily struggle for marijuana

retailers. Due to the current legal status of marijuana in the US, less than 4% of all banks and

17https://www.dea.gov/druginfo/ds.shtml
1810th Amendment of the Constitution.
19Clarification can be found at https://www.fincen.gov/resources/statutes-regulations/guidan

ce/bsa-expectations-regarding-marijuana-related-businesses.
20See, for example, the CEO and President of the Colorado Bankers Association letter https://www.co

loradobankers.org/page/60.
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credit unions are willing to provide banking services to marijuana firms.21 The Congress has

failed to pass concrete laws to encourage banking and most financial institutions continue to

wait on the sidelines. Appendix D provides a list of banking legislation related to marijuana.

Most dispensaries have struggled to obtain financial services due to these regulatory

ambiguities. In Table 1, we reveal that only 49% of dispensaries have access to a business

bank account, 30% do not use any financial services, and 18% use personal accounts. This

data comes from our survey, which we explain in full detail in Section 4.3. Of dispensaries

that use banks, only 12% have accounts with national banks. Survey participants responded

that they use personal bank accounts but that banks frequently close these accounts when

they discover that the account is related to a marijuana business. Numerous anecdotes,

discussed in Appendix D, corroborate these responses.

[Insert Table 1]

One effect of limited financial services is that financial transactions in the marijuana

industry are mostly in cash. Table 2 shows that in our survey, 49% of dispensaries report

that they only accept cash, 40% also accept checks, and only 3% accept credit cards. Even

dispensaries with bank accounts have limited payment processing options due to banking

regulations.22 As the size of the marijuana industry increases rapidly, cash management

is becoming a greater concern (Weed, 2018). Merz and Riepe (2021) show that marijuana

dispensaries report that their major challenges are managing customer payments, making

financial business transactions, and accessing financial capital.

The managers of marijuana dispensaries in our survey worry about the safety and ef-

ficiency of an all-cash business (Weed, 2018). Table 2 reports that in our survey, 30% of

dispensaries use a security company to transport their cash or product at an average cost

of $348 a month. Cash is also more vulnerable to theft and participants suspect an average

loss from theft of $618 per month. Even normal business activities, such as payroll, are

21https://fincann.com/blog/how-many-banks-work-cannabis-industry/
22In recent years, there has been a huge surge in fintech payment processing solutions. Please see Appendix

D.
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more costly when transacted in cash. For example, many dispensaries must pay employees

in cash. Dispensaries bear the risk of holding payroll in cash and then, payday shifts the

risk onto employees. In response to these costs, dispensaries are willing to pay large fees to

financial institutions for their services. In our survey, respondents report paying monthly

fees between $437 and $1,059 for access to cash management.

[Insert Table 2]

Theft and crime in the community have increased as a result.23 At the time, local financial

institutions faced pressure to provide banking solutions. Table 1 reports that 69% of the

dispensaries with cash management services obtained them through a community or regional

credit union. In contrast, only 11% of dispensaries reported working with a national bank.

2.4 Banking Solutions: Salal and Numerica

By April of 2014, two credit unions in Washington state, Salal and Numerica, announced

that they would work with marijuana-related businesses due to public safety concerns. The

accounts gave dispensaries access to limited features of cash management, which in practical

terms meant that firms could use depository services. However, taking these deposits was

technically money laundering and they needed to carefully develop processes for managing

these accounts to ensure that they were compliant with federal guidance.

They used relationships with the local community of financial regulators, business lead-

ers, legal experts, and state regulators to reduce uncertainty and limit the risks of working

with recreational marijuana businesses. They invented a customized, small-scale model for

providing financial services to marijuana businesses. Their solutions evolved over time, but

were labor-intensive, hyper-localized and emphasized due diligence, strict compliance, and

constant contact with state regulators. For example, the account application process took

23https://washingtonstatewire.com/oped-armed-robberies-of-cannabis-retailers-require-i

mmediate-response/
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between seven and ten days and required on-site visits. Account opening procedures in-

cluded reviewing the applicant’s business license documentation, criminal background checks,

funding and financial scrutiny, and public records from the Washington State Liquor and

Cannabis Board (WSLCB). These accounts required a daunting array of additional monitor-

ing, reporting, and special services.24 By October of 2014, Salal had received 200 requests

for accounts. Despite the intense demand, Salal and Numerica needed to limit the number

of new accounts to keep up with reporting requirements.

We use these characteristics of the banking sector to design our empirical tests that

measure how cash management influences marijuana firms.

3 Conceptual Framework

Our research question is twofold. First, we seek to estimate the economic impact of cash

management on a firm’s profitability. Second, we seek to understand what aspects of cash

management create value. The following discussion includes a description of the mechanisms

through which cash management can create value, hypotheses about why they would create

value, and empirical predictions that support or refute these hypotheses. We construct a

model using supply and demand in the wholesale and retail markets to estimate the economic

value to cash management in the marijuana industry, we provide derivations in Appendix E.

Cash management is a combination of transaction processing and warehousing. Transac-

tion processing facilitates non-cash payments, such as check writing, (Automated Clearing

House) ACH direct payments, and wire transfers, between buyers and sellers and is typically

coordinated by financial intermediaries. Warehousing involves bookkeeping, secure storage,

guarantee, and issuance of currency.

In the wholesale market, suppliers sell marijuana to dispensaries at wholesale prices and

transactions consist of large quantities of marijuana and cash being exchanged.25 We model

24Appendix D reports a detailed description of credit union services, account opening and maintenance
requirements, and compliance issues.

25Appendix D includes a discussion of the institutional features that we refer to in this section.
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suppliers as having perfectly elastic supply P S
w = C and dispensaries as having imperfectly

elastic demand PD
w = A − Bqw, where w denotes wholesale, S and D denote supply and

demand, qw is wholesale quantity, Pw is the wholesale price, and A, B, and C are inverse

supply and demand parameters.26 Without cash management services, the cash transfer

becomes more complicated. First, the physical transportation of cash increases risk—which

has led to the development of licensed transporters that charge 1% to 1.5% of the value

of cash-in-transit just to cover insurance. Second, without cash management, dispensaries

force suppliers to count the cash, verify that it is not counterfeit, and safely store the cash.27

Moreover, supplier contracts typically allow between 14 and 30 days for payment in full and

suppliers bear the risk that dispensaries without bank accounts will be robbed and unable

to pay. With cash management, dispensaries can use payment processing to avoid costs and

risks of cash transactions. Moreover, a credit union guarantees the account balance, verifies

that it is not counterfeit, and issues currency in convenient denominations. We model these

additional administrative costs as θw, which augments supply P S
w = C + θw.

28

In the retail market, dispensaries sell marijuana to customers at retail prices. We model

customers as having perfectly elastic demand PD
r = α, and dispensaries as having imperfectly

elastic supply P S
r = χ + γqr, where r denotes retail, S and D denote supply and demand,

qr is retail quantity, Pr is retail price, and α, χ, and γ are inverse supply and demand

parameters.29 The lack of cash management is costly because “in-house” alternatives are

resource intensive and it creates additional costs in transactions, like in the wholesale market.

Firms without access to bank warehousing typically hire at least one or two employees

dedicated to bookkeeping (counting cash and managing cash flows), security (armored guards

26The assumption of perfectly elastic supply may be rationalized if suppliers can costlessly switch selling
to dispensaries with and without cash management. In Appendix E, we provide a large discussion of these
assumptions, which are typical in the literature (Mace et al., 2020), including their implications and how to
loosen them.

27It takes 2 - 3 hours to count and verify $20,000 in $20 bills using a counting machine.
28This market is depicted in Figure E.1.
29The assumption of perfectly elastic demand may be rationalized if customers can costlessly reallocate

buying from dispensaries with and without cash management. Appendix E describes the model without this
assumption.
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and IT software), and issuance (converting cash into convenient denominations and obtaining

money orders). That, of course, makes them extremely vulnerable to misappropriation of

funds and employee theft; as much as 90% of monetary and product loss in the cannabis

industry has been attributed to employee theft.30 With cash management, dispensaries can

reallocate time and money. They can hire budtenders rather than bookkeepers and invest

in product quality or variety rather than 1,000 pound safes. These investments are the

primary driver of a dispensary’s success. Customer reviews posted to “Yelp” reveal that

budtenders make or break a customer’s experience with the dispensary.31 Repeat customers

build close relationships with their budtender and expect consistency, quality, and safety in

the dispensary’s products. They are willing to pay higher prices for these benefits.

Higher quality creates a “clientele effect” that allows firms to charge higher prices for

the same product. This clientele effect is consistent with a recent study of grocery stores,

which found that the clientele effect allowed the Whole Foods grocery store chain to charge

higher prices for the same products carried by competitors because customers valued aspects

of the shopping experience at Whole Foods, such as interactions with store employees about

advice and selection of products.32 Specifically, this study found that Whole Foods was able

to charge $14.99 for a bottle of Kim Crawford Marlborough Sauvignon Blanc while other

grocery stores in the area charged between $11.79 and $12.97—a 15% mark-up. The lack of

cash management in the retail market effectively lowers the marginal value to customers (by

reducing the quality of their shopping experience), lowering their demand by θr relative to

dispensaries with cash management, such that demand is given by PD
r = α− θr.

33

In our setting, the warehousing function, rather than transaction processing, likely drives

most of the higher retail prices for several reasons. Many transaction processes like credit

30https://www.forbes.com/sites/forbesbusinessdevelopmentcouncil/2020/10/19/the-challen

ges-of-running-a-legitimate-cannabis-business-out-of-a-duffel-bag-filled-with-cash/?sh=

59f83b3112b4
31We constructed a dataset of customer reviews from “Yelp”, an online business directory and review

website. We compiled all reviews for marijuana dispensaries in Washington state between 2014 and 2017,
roughly 2,000 reviews, and matched the reviews to our survey data.

32https://www.checkbook.org/washington-area/wine-prices/
33This market is depicted in Figure E.2
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cards, were and still are, illegal for any marijuana business to use (with or without cash

management). Cashless ATMs, while still in the gray area legally, were a payment processing

option that any dispensary could adopt regardless of whether it had legal cash management

services. Customers paid separate transaction fees to use these technologies. Finally, our

survey evidence shows dispensaries with bank accounts were no more likely to accept debit

and credit cards than dispensaries without, suggesting that cash management did not alter

payment methods. As a result, the benefits of transaction processing are not sufficiently

different between dispensaries with and without cash management. We conclude that our

estimates in the retail market reflect the value of the warehousing function.

Both markets clear where supply equals demand; C+θw = A−Bqw and χ+γqr−θr = α.

The market clearing price and quantity for dispensaries in the wholesale market are given by

Pw = C+θw and qw = (1/B)(A−C−θw). Similarly, the market clearing price and quantities

for dispensaries in the retail market are given by Pr = α− θr and qr = (1/γ)(α− χ− θr).

Several predictions come from these prices and quantities. First, dispensaries with cash

management (θw = 0) pay lower wholesale prices than dispensaries without cash management

(θw > 0). Second, dispensaries with cash management buy more quantity than dispensaries

without cash management. Third, dispensaries with cash management (θr = 0) charge higher

retail prices than dispensaries without cash management (θr > 0). Fourth, dispensaries with

cash management sell more than dispensaries without cash management.

Finally, while the marijuana industry is unique, the value of cash management comes from

fundamental functions (i.e., transaction processing and warehousing) that extend beyond our

unique setting and beyond the management of physical cash. Moreover, a unique feature

of our setting is that we can identify the standalone value of the warehousing function

which derives from the storage, security, verification, and issuance of currency. Consider

digital warehousing for example. Bookkeeping, e.g., counting currency, tracking cash flows,

and recording transactions, are essential as are safe storage (cyber security) and currency

issuance (providing legal currency to complete transactions). These benefits of outsourcing
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“internal” warehousing to financial institutions exist in all industries. Our findings that

warehousing has value of its own means that cash management will continue to deliver these

large economic benefits, even as payment processing technologies develop.

4 Data

We combine three novel datasets for our empirical analysis. First, we use administrative

records from the Washington State Liquor and Cannabis Board (WSLCB). Second, we com-

pile data about financial institutions using data from the Federal Deposit Insurance Cor-

poration (FDIC) and the National Credit Union Administration (NCUA). Third, we use

a dataset based on our hand-collected surveys of marijuana business owners. We provide

descriptive statistics at the end of this section.

4.1 Washington State Liquor and Cannabis Board (WSLCB)

States that have legalized recreational marijuana for adult use legislate extensive data report-

ing requirements.34 In Washington state, firms are required to report germination, harvest,

production, and final retail sale data for each marijuana plant. Firms record the strain,

quantity (weight), retail price, and wholesale price for each transaction. Firms have a large

incentive to accurately report this information because misreporting has minimal benefits

(e.g., it does not determine tax liability) and large potential costs as firms are subject to

audit with the risk of losing their license.35

This dataset contains the universe of marijuana dispensaries and includes 62 million retail

transactions from July 2014 to February 2017. Because data are tracked at the transaction

level, they allow us to construct transaction-level variables. We define transaction-level

34States require in-depth disclosure from suppliers and dispensaries due, in part, to a response to the Cole
Memo (Cole 2013). For more information on disclosure, see Hansen, Miller, and Weber (2017).

35In terms of enforcement, Washington state uses random audits of dispensaries and suppliers with penal-
ties and inventory destruction to ensure compliance with the regulations and that marijuana dispensaries
are disclosing this information accurately in the tracking system.
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profitability as: Profitability = (retail price− wholesale price)× quantity.

Profitability measures product-level profits rather than firm-level profits. Profitability is

a function of only the product that the firm sells less what it paid for the product and does

not include labor costs, building costs, or other fixed costs. Profitability does not account

for the overall efficiency of the firm.36

In the administrative dataset, the average retail price is $12.04 per gram, and the average

transaction size is 6.8 grams. For comparison, the average tobacco cigarette weighs one gram

and costs $0.31. The dataset includes information about the strains of marijuana, which can

be thought of like wine varietals, such as a cabernet sauvignon. Strains include Pineapple

Kush, Super Lemon Haze, and Snoops Blue Dream and the average dispensary sold 262

different strains. Figure 1 shows dispensary locations in Washington state using their latitude

and longitude. Each county is shaded depending on the number of sales. This figure shows

that while there is a large volume of sales in and around Seattle, many dispensaries and sales

are spread across the entire state.37

[Insert Figure 1]

4.2 Banking and Credit Union Data

We combine the administrative data with the geographic locations of branches and head-

quarters of credit unions and banks in Washington state from the NCUA and the FDIC

Summary of Deposits report. In total, there are 1,481 branches of financial institutions and

36To understand the difference, consider the following example. Suppose there are two marijuana dispen-
saries, Firm 1 and Firm 2. Firm 1 has access to cash management, and Firm 2 does not. As a result, Firm
1’s wholesale price is $8 per gram, and Firm 2’s is $10. For simplicity, suppose they are similar across all
other aspects. They both charge a retail price of $15 per gram, sell 10,000 grams, have overhead of $100,000,
and additional revenue of $300,000 (from selling t-shirts and accessories). The profitability of these two firms
is $70,000 for Firm 1 and $50,000 for Firm 2 (a 29% difference). In contrast, the profits of these two firms
is given by (retail price–wholesale price) × quantity + other revenue − overhead = $270,000 for Firm 1 and
$250,000 for Firm 2 (a 7% difference).

37These retail establishments are located in 152 cities or towns within Washington. The percentage of
dispensaries in these cities is roughly similar to their percentage of the population of Washington. For
example, Seattle accounts for 9% of Washington’s population and has 13% of the state’s dispensaries.
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52 banks and 40 credit unions headquartered in Washington with at least one branch. On

average, banks have 20 branches and credit unions have 6.4 branches.

In June of 2014, two independent credit unions (Salal and Numerica) elected to work

with marijuana dispensaries following the passage of initiative 502.38 We refer to these

credit unions as 502 credit unions and combined, they have 21 branches. Figure 2 maps

all credit union locations and shows that 502 and non 502 credit unions are evenly spaced

throughout the state and in counties with high and low average dispensary profits.

[Insert Figure 2]

The characteristics of 502 credit unions and non 502 credit unions are similar. Table

C.1 provides summary statistics of data from the National Credit Union Call Reports. In

terms of assets, deposits, and net income, 502 and non 502 credit unions look similar. The

502 credit unions have higher total loans and leases and liabilities. These financial strengths

may make 502 credit unions more willing to risk working with marijuana dispensaries. Both

502 and non 502 credit unions have similar bank outreach in terms of number of members,

number of branches, and plans to expand branching networks. Proprietary data show that

they also have similar FICO scores, number of car loans and other lending measures.39

We calculate the distance to the nearest bank, 502 credit union, and non 502 credit union.

We also calculate the number of other dispensaries (competitors) within one mile of each

dispensary. The average distance between a dispensary and a bank is 1.1 miles, and the

maximum distance is 11.9 miles. The average distance between a dispensary and a credit

union is slightly farther, 2.4 miles. We use log distance or focus on dispensaries within a

10-mile radius in our analysis to account for skewness in distance.40

38Initiative 502 legalized marijuana-related products for adults over 21 in small amounts, and retained
that marijuana in large amounts, by persons under 21, or the growing of unlicensed marijuana was illegal
under state law.

39These data are from a financial database company that works with credit unions and banks.
40The maximum distance between a dispensary and a credit union is 46 miles, although 95% are within

12.5 miles.
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4.3 Banking, Entrepreneurship, Regulation, and Taxes Study

The third dataset comes from a survey we conducted as part of the Banking, Entrepreneur-

ship, Regulation, and Taxes (BERT) Study. The survey covers the period from July 10, 2016,

to October 31, 2016. We contacted all dispensaries in Colorado, Oregon, and Washington

through several waves that included letters, phone calls, partnerships with industry groups,

and a field team. Participants were asked to take an online survey that took an average of

40 minutes. We followed up with phone calls through several additional waves with a shorter

targeted survey. All participants were compensated $50.

After all waves of the survey, the full survey response rate was 21%. This is similar to

recent surveys of businesses, although we applied a more intensive recruitment strategy. For

example, Graham and Harvey (2001) obtained 16% and Trahan and Gitman (1995) 12%;

however, these surveys focused on the CFOs and business executives of large firms.

The administrative data include 314 organizations and 354 locations, after restricting

the data to businesses that have sales (Mace et al., 2020). Most organizations have only

one location and were restricted by law to having no more than three. We supplement the

BERT study with additional waves of a shorter survey to capture some responses from all 314

organizations. Specifically, we have a response from all of the organizations on whether they

have access to cash management. The BERT study has demographic information, including

education level and whether their parents ran a business, for 238 of the organizations (76%)

and 264 locations (75%). We assign manager/owner answers from the organization to all

locations. We also assume that organizations that report having access to cash management

continue to have access throughout the sample and those that report to not having access

do not obtain access. This assumption is a limitation of a one time survey and likely adds

measurement error. This measurement error likely biases the ordinary least squares estimates

toward zero, which is why we focus on instrumental variable evidence (Hausman, Newey,

Ichimura, and Powell, 1991; Bound, Brown, and Mathiowetz, 2001; Schennach, 2007).41

41Appendix B.4 provides a comparison between the instrumental variable and ordinary least squares
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4.4 Descriptive Statistics

Table 3 provides descriptive statistics. Column (1) reports full sample averages, column (2)

reports averages for dispensaries located within 1 mile of a 502 credit union, column (3)

reports averages for dispensaries located 1 to 10 miles from a 502 credit union, and column

(4) reports the differences and their statistical significance.

[Insert Table 3]

The results in Panel A show that there are economically and statistically meaningful

differences in operation-specific variables between dispensaries within 1 mile of a 502 credit

union (column (2)) and dispensaries between 1 and 10 miles of a 502 credit union (column

(3)). In particular, retail prices, wholesale prices, markups, and sales are all larger for

dispensaries within 1 mile of a 502 credit union than those located 1 to 10 miles away.

Panel B reports owner/manager characteristics such as a manager’s educational attain-

ment and whether the owner had a parent who ran a company, which likely predict a dispen-

sary operator’s business acumen. Our results show that these characteristics are economically

similar and not statistically different for dispensaries in column (2) compared to (3).42 This

evidence suggests a limited role for alternative explanations for our results based on the

strategic choice of location.

In Panel C, we summarize average distances between dispensaries, non 502 credit unions,

banks, and other dispensaries. Dispensaries in columns (2) and (3) have similar distances

to these establishments. Specifically, we find the average difference in distance to a non

502 credit union, bank, and competitor is 0.6 miles, 0.3 miles, and 0.11 miles, respectively.

Our empirical design allows for the possibility that dispensaries, non 502 credit unions, 502

credit unions, and banks locate near economic opportunities by comparing profitability of

dispensaries near economic opportunities with and without 502 credit unions. In addition,

estimates.
42We find 55% of owners/managers had a parent run a company, which is comparable to other papers

that find that over 50% of business owners had a self-employed family member before starting their business
(Fairlie and Robb, 2007).
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we include the distance to the nearest bank as an indirect control for local economic op-

portunities. We also conduct placebo tests using distance to a bank, rather than 502 credit

union, as a placebo instrument (see Table C.7 and Figure 5).

5 Instrumental Variable Design

Our goal is to measure the causal effects of cash management on dispensary profitability.

Ideally, we would have an experimental setting where cash management is assigned randomly

to some dispensaries and not to others, thereby reducing concerns that dispensaries with

cash management differ from dispensaries without cash management. In the absence of a

truly random experiment, we use an instrumental variable (IV) approach to circumvent this

potential bias.

Our instrument is based on the distance between a marijuana dispensary and a 502 credit

union, which, for several institutional reasons, is likely to be random. Distance is often used

as an instrument in the causal identification literature (Card, 1995; Currie and Moretti, 2003;

Cameron and Taber, 2004). In the marijuana banking setting, distance is likely a particularly

strong instrument due to the extra layers of monitoring, including quarterly site visits from

bank personnel, which strengthen the relationship between distance, information asymmetry,

and cash management (e.g., Berger et al. (2005)). Our statistical tests discussed below,

corroborate these insights and show that distance is a good predictor of cash management

services in the marijuana industry.

5.1 Model

In the first stage equation, equation (1), the outcome variable, cash management, is an

indicator variable that equals one for marijuana dispensaries that have access to cash man-

agement, based on our survey responses, and zero, otherwise. Distance to 502 Credit Union

is the distance measure, measured in one of two ways. First, we use a discrete measure of
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distance, where f(Distance to 502 Credit Union) is an indicator function that equals one if a

marijuana dispensary is within one mile of a 502 credit union and zero otherwise. Second,

we use a continuous measure, the log distance to a 502 credit union. The results are not

sensitive to the definitions that we use to construct these measures or to using different mile

thresholds for the discrete measure, which we discuss in Subsection 5.2.

In the second stage equation, equation (2), log(profitability) is the dependent variable of

interest. It is measured at the dispensary-strain level at the weekly frequency and is measured

after the random assignment of access to cash management. We control for product market

competition by including the presence of other dispensaries within a one-mile distance. The

specification includes week (αt) and city (αj) fixed effects and standard errors clustered at

the dispensary level. The focal point is the average of β1 among marijuana dispensaries that

have cash management because they are close to a 502 credit union.

Our baseline IV model can be described by the following two equation system:

Cash management i,t = δ0 + δ1f(Distance to 502 Credit Union)i + δXi,t + αt + αj + εi,t (1)

log(Profitability)i,t = β0 + β1cash managementi,t + βXi,t + αt + αj + ui,t. (2)

5.2 Instrument Relevance and Validity

We find a strong correlation between cash management and a marijuana dispensary’s dis-

tance to a 502 credit union, as modeled by equation (1). Table 4 reports that marijuana

dispensaries within one mile of a 502 credit union have a 28 percentage point higher probabil-

ity of having cash management services than those farther than one mile (column (1)). The

probability of cash management decreases monotonically as the discrete measure increases

from within 1 mile to within 3 miles (columns (1)–(3)). The results in column (4) suggest

that a 10% increase in a marijuana dispensary’s distance from a 502 credit union decreases

the probability of its access to cash management by one percentage point. The F -statistic

for most of these specifications is above the cutoff for a strong instrumental variable (Bound,
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Jaeger, and Baker, 1995; Stock, Wright, and Yogo, 2002). As a precaution, we run several

placebo tests using distance to other financial institutions, banks, and non 502 credit unions.

We find no evidence that distance to these alternative financial institutions predicts access

to cash management (see Table C.4 and Appendix B for a detailed discussion).

[Insert Table 4]

For distance to be a valid instrument, the assignment of distance must be uncorrelated

with marijuana dispensary characteristics. This random assignment mechanism is sufficient

for consistent estimation of the reduced form effects of distance on access to cash manage-

ment. Two further assumptions are necessary, however, to interpret the IV estimates as

causal effects; (1) monotonicity and (2) an exclusion restriction. We briefly discuss these in

turn leaving a larger discussion for Appendix B.

The monotonicity assumption in our setting requires that for all marijuana dispensaries,

being closer to a 502 credit union does not decrease their probability of having access to

cash management. This assumption appears particularly likely to hold in our setting, where

only two credit unions work with dispensaries, and the relationship between dispensary and

credit union entails physical costs. We also find the correlation between distance to a 502

credit union and cash management is consistently positive and sizable in subsamples of the

data based on pre-determined characteristics (see Table C.2).

Our exclusion restriction is that distance affects marijuana dispensary profits only through

its impact on access to cash management. The exclusion restriction appears especially likely

to hold in our setting because of the asynchronous timing of the location decisions by dispen-

saries and the decision to provide banking services to marijuana businesses by credit unions.

Figure 3 depicts the timeline of these decisions and demonstrates that it would have been

difficult for either group to make its decision strategically based on the other. In particular,

marijuana dispensaries made location decisions when they applied for a license (December

2013). This step occurred before any credit union had elected to offer banking services to

the marijuana industry making it impossible for dispensaries to choose locations based on
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credit unions that would work with them. A random subset of these dispensaries would

ultimately receive a license. In May 2014, lottery winners were announced but did not start

business until July 2014. Two credit unions announced their intention to work with the

marijuana industry by June 2014. This decision occurred well before any dispensary was

open for business making it impossible for credit unions to make this decision based on a

dispensary’s profitability. Due to this timing, it is likely that credit unions did not know

where the dispensaries would locate, but this knowledge would not be a violation of the ex-

clusion restriction—only if they knew the profitability, which could not be known before July

2014 when dispensaries opened. It would also be difficult for credit unions to co-locate with

profitable dispensaries due to the number of branches that they have. Said differently, even

if there was a profitable dispensary near one of their branches, there is no guarantee there

would be profitable dispensaries around their other branches. Moreover, Figure 2 shows that

502 credit unions are spread throughout Washington state, further reducing the concern that

these credit unions only locate in the most lucrative areas. These institutional details make

it likely that distance between a marijuana dispensary and a 502 credit union is exogenous.

In Appendix B.3 we discuss a series of tests that check alternative mechanisms and other

potential threats to validity.43

[Insert Figure 3]

6 Results

We report our estimates of the impact of cash management on profitability in Section 6.1.

We explore alternative explanations and sensitivity of our results in Section 6.2 and conclude

with an investigation of the mechanisms driving the results in Section 6.3. More tests are

provided in Appendix C.

43In particular, we show that (1) 502 credit unions are not located in more prosperous counties than non
502 credit unions (see Table C.3) and (2) savvy business owners (as proxied by whether they had a parent
run a company and educational attainment) are unable to strategically locate near 502 credit unions (see
Panel B of Table 3 and Table C.6).
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6.1 The Impact of Cash Management on Profitability

6.1.1 Graphical Evidence: Distance and Profitability

In Figure 4, we present reduced-form evidence of our IV strategy by mapping the relation-

ship between profitability and distance in the raw data. The figure reports the marijuana

dispensary profitability of individual marijuana strains by distance to a financial institution

– bank (dotted line), non 502 credit union (dashed line), and 502 credit union (solid line)—

where distance is predictive of access to cash management (see Subsection 5.2). Working

backward from a distance of ten miles, the figure shows that the lines are all parallel and flat

in terms of profitability, meaning that profitability is similar across all financial institutions

at these distances. Starting at three miles, log profitability increases as distance to a 502

credit union declines. For dispensaries within one mile of a 502 credit union, profitability is

10% higher than for dispensaries within one mile of banks or non 502 credit unions.

[Insert Figure 4]

6.1.2 Instrumental Variable Evidence: Cash Management and Profitability

We use our quasi-experimental IV setting to test for a causal relationship between access to

cash management and marijuana dispensary profitability. In Table 5, we show that product

profitability (at the strain level) is higher at dispensaries with cash management. In column

(1) we present our most parsimonious model, which includes the discrete measure of distance

as the instrumental variable, no control variables, and only fixed effects for strain. In this

model, we find that cash management increases product profitability by 37.8%. When we

include week fixed effects in column (2), the precision of the estimate increases and the point

estimate remains similar at 39.5%.

Our results are robust to a series of potential confounding factors. One concern might be

that highly profitable dispensaries cluster in Seattle and Spokane (alongside the 502 credit

unions) and drive the results. To control for this, we include city fixed effects in the model
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reported in column (3) and find a slightly higher effect of 52.8%.44 This estimate relies on

within-city variation, meaning that the estimate is not a result of differences in profitability

across cities. Another concern might be that highly profitable dispensaries cluster near areas

with high economic activity that also include banks. To control for these local conditions,

we include a control for the distance to the nearest bank (columns 4-8) and for the number

of other dispensaries to control for competition (columns 5-8).45

In a related test, we restrict our sample to generic strains and house varietals to investigate

whether brand quality may be an omitted variable related to micro-locations or clienteles.

Column (6) reports that estimates in this subset are very similar to the full sample, 51.7%.

[Insert Table 5]

Our profitability measure does not include labor costs and other fixed costs such as rent

and utilities; therefore, it should not be compared with profits. In addition, bank fees,

cash storage and secure cash transportation expenses do not affect our estimates. Hence,

profitability only captures cash flows from retail price, wholesale prices, and sales quantities.

We report our most saturated model in columns (5) and (7). These specifications include

strain, week, and city fixed effects and controls for local economic conditions (i.e., distance

to a bank) and competition from other local dispensaries. The estimated effect of cash

management on profitability is 48.5% using the indicator instrument (column 5) and 45.6%

using the continuous distance instrument.

Standard errors are clustered at the dispensary level. However, in this setting, there is not

an ideal level of clustering, and there are good arguments for clustering at other levels, such

as the week and city level. See Appendix C for a larger discussion. We address this ambiguity

by estimating our main effects using standard errors clustered at alternative, and perhaps

equally viable, levels. We also aggregate data at the daily, weekly, and monthly frequencies to

explore how aggregation influences our results. Our estimates remain statistically significant

44We also estimate the model excluding Seattle and Tacoma and find similar results. See Appendix C.
45We explore further questions about economic activity in Appendix C, with, for example, a differences-

in-differences model and other splits by geographies in Appendices C.1 and C.2.
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using different levels of clustering, including two-way clustering at the week and dispensary

level (see Figure C.1) and different aggregation frequencies (see Figure 6).

In column (8), we report the results of a dispensary-level analysis, rather than a strain-

level analysis. We aggregate the data to the dispensary-week level and include city and week

fixed effects and the distance to the nearest bank and competition controls. Dispensary

profitability is 23.8% higher when a dispensary has cash management. Our results show

that cash management has a large impact on dispensary profitability. In the remainder of

the paper, we examine how regulations that limit access to cash management shift supply and

demand in the wholesale and retail market and their implications for prices and quantities.

6.2 Alternative Explanations and Sensitivity

6.2.1 Placebo tests

We use a series of placebo tests to investigate alternative explanations. We use distance to

non 502 credit unions and banks as placebo instruments. Estimates from these placebo tests

are reported in Figure 5 and capture unobserved characteristics associated with distance

and profitability that could conflate our estimates.46 We find that the distance between a

dispensary and non 502 credit unions or banks does not impact product profitability.

These estimates help to rule out alternative explanations in which the distance to a

502 credit union impacts product profitability due to the types of locations where financial

institutions are found (such as shopping areas) rather than through cash management.

6.2.2 Sensitivity of the Results

We also report eleven additional specifications in Figure 6 to explore the sensitivity of our

estimates to the myriad modeling alternatives in our main specification. Our baseline es-

timate excludes marijuana dispensaries that are farther than 10 miles from a 502 credit

union. We expand that restriction to 15 miles, reduce the restriction to 5 miles, or have no

46In Table C.7, we report estimates of placebo tests with non 502 credit unions and banks.

26



restriction. We explore the effects of the sample period on the estimates by only including

transactions during the period from 2015 to 2017. We use an alternative control variable for

competition. We replace the baseline instrumental variable (an indicator for being within 1

mile of a 502 credit union) with indicators for being within 2 or 3 miles of a 502 credit union

or the continuous measure log distance to a 502 credit union. We assess the sensitivity of our

results to the level of aggregation in our data, such as monthly or daily aggregation, rather

than weekly. In all of these specifications, the estimates remain similar and statistically sig-

nificant. As expected, confidence intervals change as models become more or less restrictive.

We provide additional discussion and tests in Appendix C.

6.3 Mechanisms

In this analysis, we use our IV model to examine how cash management affects the compo-

nents of profitability, i.e., wholesale price, retail price, and sales volume. We estimate a series

of regression specifications in which a marijuana dispensary’s access to cash management is

the primary explanatory variable.47

The predictions from our conceptual framework are that firms with access to cash man-

agement will pay lower wholesale prices, charge higher retail prices, and sell more quantity.

In addition to these dependent variables, we also consider whether cash management affects

the number of strains sold. We report specifications with and without strain fixed effects to

isolate product-level price variation across dispensaries from dispensary-level price variation

across all products. The specifications with strain fixed effects show the pricing power of

dispensaries with and without cash management for the same product. Comparing these

results to specifications without strain fixed effects reveals how differences in a dispensary’s

product offerings (e.g. variety, quality, uniqueness) drive prices and sales for dispensaries

with and without cash management. We may expect differences in product bundles if part

of the effect of cash management is that it allows dispensaries to create a clientele effect.

47As in our main analysis, standard errors are clustered at the dispensary level, and all specifications
include week- and city-fixed effects. See Appendix C for a discussion of standard errors.
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First, consider the difference in wholesale prices with strain fixed effects, reported in Table

6, column (2). Dispensaries with cash management pay suppliers 7.3% less for the same

strain compared to dispensaries without cash management (column 2). Using the average

wholesale price of $6.93 per gram (see Table 3), dispensaries with cash management pay

$6.42 per gram, or $0.51 less. This difference in wholesale price encompasses the difference

in transaction costs created by the regulations that limit cash management (see Figure E.1).

[Insert Table 6]

Second, consider the difference in retail prices with strain fixed effects, reported in column

(4) of Table 6. Dispensaries with cash management charge customers 8.3% more for the same

product (strain) as dispensaries without cash management. Customers pay an average retail

price of $13.04 at these dispensaries and $12.04 in a dispensary without cash management,

a difference of $1.00, for the same product. This difference reflects the benefits dispensaries

with cash management produce with the additional resources (time and money) they are

not spending on cash management alternatives. For example, hiring better budtenders who

have more time to spend with customers explaining the product—a main comment in Yelp

reviews.48 This also allows dispensaries with cash management to provide a clientele effect

that has been shown to be important in other markets (Buchak et al., 2018). See Section 3

for a detailed discussion of these costs and benefits.

Third, consider the difference in quantities sold with strain fixed effects, reported in

column (6) of Table 6. Dispensaries with cash management sell 19.0% more for the same

product (strain) as dispensaries without cash management. This difference suggests that

dispensaries with cash management sell 1.29 more grams per transaction; the difference

between 8.09 grams and 6.8 grams.

We use the estimates in Table 6 to quantify the contribution of each factor to the total

increase in profitability through a series of back-of-the-envelope calculations. Specifically,

48We constructed a dataset of customer reviews from “Yelp”, an online directory and review website. We
compiled all reviews for marijuana dispensaries in Washington state between 2014 and 2017, roughly 2,000
reviews, and matched the reviews to our survey data to identify dispensaries with cash management.
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we find dispensaries with cash management earn $8.09 more per transaction because they

are able to charge higher retail prices; $8.09 = ($13.04 - $12.04)×8.09. Lower wholesale

prices lead to an additional $4.13 for dispensaries with cash management; $4.13 = ($6.93 -

$6.42)×8.09. Selling more quantity leads dispensaries with cash management to earn $6.59

more per transaction; $6.59 = ($12.04 - $6.93)×(8.09 - 6.8). Finally, we find selling a higher

quality bundle of goods leads to $2.25 greater earnings.49 We find that dispensaries with cash

management sell 9% more strains (column (7) of Table 6) and sell higher quality product as

noted by higher wholesale and retail prices (columns (1)–(4) of Table 6). Together, we find

that dispensaries with cash management earn $21.06 more per transaction than dispensaries

without cash management.

6.4 Economic Value of Cash Management

In this section, we calculate the economic value of cash management combining the frame-

work from Section 3 and our estimates of the differences in prices and quantities in Section

6.3. Our measure of economic value captures the additional value created in inframarginal

transactions that have fewer administrative and quality costs (the first term in equation 3)

and marginal transactions that occur without these costs but do not when they exist (the

second term in equation 3).50 Our measure of the value from inframarginal transactions is

general and does not require linear supply and demand, but our measure of the marginal

value does. In Appendix E, we discuss the assumptions of the model, how to loosen them,

and how our results would change.

49Without strain-fixed effects, wholesale prices are 4.9% lower, retail prices are 10.7% higher, and sales
are 21.7% higher. These estimates suggest profitability of $55.81 = ($13.33 - $6.59)×8.28. Similarly, we find
the profitability at dispensaries without cash management is $34.75. The difference between dispensaries
with and without cash management is $21.06. We also find the profitability of the undiversified bundle of
products at dispensaries with cash management is $53.56.

50The value from inframarginal transactions is akin to tax revenue in a model where the cost is created by
a tax. The value of eliminating the regulations on cash management from marginal transactions is akin to
deadweight loss in a traditional tax model. The economic value of eliminating these costs includes both the
inframarginal transactions (which are a first-order effect) and marginal transaction (which are a second-order
effect) because the costs are resource costs and not a transfer to the government.
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We find the economic value per transaction is

Economic value wholesale market = ∆Pw × qw(θw > 0) +
1

2
∆Pw∆qw (3)

= (6.93− 6.42)× 6.8 +
1

2
(6.93− 6.42)× (8.09− 6.80)

= $3.80

Economic value retail market = ∆Pr × qr(θr > 0) +
1

2
∆Pr∆qr

= (13.04− 12.04)× 6.80 +
1

2
(13.04− 12.04)× (8.09− 6.80)

= $7.45

where ∆ denotes the difference between dispensaries with and without cash management.

We find the total economic value of cash management is $17,683,448 in the marijuana

industry from 2014 to 2017 by scaling the transaction values by the total number of observa-

tions. The total value consists of $5,973,076 from the wholesale market and $11,710,372 from

the retail market. This amounts to about 1.8% of total industry sales during our sample

period, across our whole sample if all dispensaries had cash management.51

There are several important notes about these values. First, the economic value of cash

management depends only on the difference in prices and quantities with and without the

regulation, which our empirical design identifies. Second, the costs that create the difference

in prices between dispensaries with and without cash management do not depend on the

number of dispensaries that have cash management. Intuitively, the lack of access to cash

management due to these regulations creates costs that act similarly to a tax shifting supply

and demand in both the wholesale and retail markets. These costs destroy value (similar

to a tax). When the costs are removed the value returns. The benefits may accrue to

wholesalers, dispensaries, or customers depending on the how elastic these parties are, see

Hansen, Miller, and Weber (2021) and Mace et al. (2020) for evidence on these elasticities

51The marijuana industry in Washington state generated close to $1 billion in sales between June 2014
and January 2017 (https://www.tre.wa.gov/portfolio-item/washington-state-marijuana-revenue
s-and-health/).

30

 https://www.tre.wa.gov/portfolio-item/washington-state-marijuana-revenues-and-health/
 https://www.tre.wa.gov/portfolio-item/washington-state-marijuana-revenues-and-health/


in the marijuana industry. Third, the economic value of cash management is increasing in

the size of the administrative and quality costs.52

Finally, we want to caveat that our estimates do not include potential complementarities

between cash management and lending, which likely make our estimates a lower bound. In

our setting, the lending function of banking is shut down, which is key to identifying the

value of cash management. However, the cost is that we cannot observe and measure the

synergies created by providing both cash management and lending to an account holder. We

also cannot measure the effect of cash management on borrowing activity and loan defaults.

The combination of cash management and lending should create several synergies. Both

require costly information acquisition and ongoing monitoring. Synergies mean that the

bank can use similar information and monitoring to provide these complementary functions.

Loans generate information about the firm that can be used in risk assessment: interest

rates, length of loans, and amount borrowed.

Finally, theory predicts that cash management should promote lending. Donaldson et al.

(2018) provide a theory that explains how warehousing leads to lending within the same

institution. Banks can lend to warehouse account holders because they are able to enforce

the lending contract. In the case of default, the lender can possess the firm’s assets in the

warehouse. Hence, warehousing expands a firm’s access to borrowing. Without the lending

function we are unable to test this theory in our setting.

7 Discussion

In this section we discuss the alternative empirical approaches that we have used to ex-

plore the robustness of our results, to rule out alternative explanations, and to deepen our

52Formally, the derivative of the economic value with respect to the costs (θ) is positive. To see this, first
note that in the wholesale market, these values are given by Economic value wholesale market = A−C

B θw −
1
2B θ2w and in the retail market, these values are given by Economic value retail market = α−ξ

γ θr − 1
2γ θ

2
r .

Second note the derivative: ∂economic value/∂θ = A−C
B − 1

B θw = q and second, note that this is equal to
the quantity, which is positive in the relevant ranges.
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understanding of the link between cash management and firm profitability.

7.1 Alternative Empirical Approaches

In Appendices B and C, we explore the robustness of our results using several different

empirical approaches to assess how confounding factors alter the conclusions from our IV

strategy. First, we assess how confounding factors, such as a manager’s business acumen,

that affect both access to cash management and business success, bias a simple OLS analysis.

A detailed discussion in Appendix Section B.4 reports that the OLS estimates are consistent

with our IV results but the difference between these estimates suggests that confounding

factors bias the OLS results.

In addition, we use a differences-in-differences analysis to document whether unobserved

differences in neighborhoods explain our results. In this analysis, reported in Appendix C.1,

we use discrete measures of distance to proxy for access to cash management in an OLS

setting. We explore how factors such as urban and rural geographies and “main street”

agglomeration affect our IV results. The estimates bolster our instrumental variable findings

suggesting that profitability is greater only for those dispensaries close to a 502 credit union

and highlight the strength of using distance as an exogenous variable.

Finally, Appendix C.2 reports regression estimates based on a county-level instrumental

variable that uses a credit union’s banking market to define access to cash management.

The instrumental variable measures whether a dispensary is located in a county with a 502

credit union. A dispensary has access to cash management if it is within a credit union’s

banking market rather than within a fixed, linear distance. We document that counties

with and without 502 credit unions are indistinguishable in terms of observable demographic

and economic characteristics. The results of this analysis complement our main results by

confirming that profitability is higher in counties with a 502 credit union.

These findings, afforded us through our rich data, rule out many alternative explanations

for our results. In addition, the similarity in results across methods and instrumental vari-
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ables suggests that our estimates are not due to a particular set of identifying assumptions.

7.2 Extensive Margin

By increasing profitability, cash management may also affect the extensive margin by en-

couraging new entrants. Typically, profits and losses drive entry and exit in a frictionless

product market. The marijuana industry, however, is far from frictionless.

The lottery for licenses and the extensive regulatory approvals required for licensed dis-

pensaries to start doing business create frictions that substantially diminish the effects that

action on the extensive margin would have on marginal profitability.53

We examine the entry and exit decisions throughout our sample and find that entry was

gradual between 2014 and 2017 and there were only 2 exits over that period. Specifically,

321 of the licenses were granted and retail dispensary store fronts were opened. The num-

ber of new entries was spread evenly throughout the full time-series, which suggests that

compliance with the time-consuming and onerous licensing process determined entry, rather

than changes in product market competition. We also report in Appendix D that new entry

is not correlated with proximity to a credit union or profitability following entry. Due to

these features of the market, we focus on the intensive margin effects—changes in prices and

quantities in the wholesale and retail market.

8 Conclusion

Cash management services provided by financial institutions produce a substantial economic

value to firms. These services include safe storage, verification, and guarantee of funds. When

firms lack these services, they must find alternatives and provide internal warehousing of cash

that adds costs to transactions and diverts resources from the core business. We show these

costs shift supply and demand in the wholesale and retail market. The benefits to firms with

53See Appendix D for more information.
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cash management services come from receiving lower wholesale prices, charging higher retail

prices, and selling more quantity than firms without these services.

Cash management services become an essential part of a firm’s operation, much like

having running water or electricity. However, the value of cash management is difficult to

quantify because its ubiquitous adoption provides scant variation to study. We focus on the

legal marijuana industry from 2014 to 2017 to overcome the empirical challenges endemic to

studying the value of cash management. Our empirical setting comes at a critical point in

time when the confluence of financial regulations, industry regulations, and an unprecedented

level of tracking and traceability in a product market provide rich data and plausibly random

variation in the adoption of cash management services.

We find that dispensaries with cash management (1) charge higher retail prices ($1 more

per gram), (2) pay lower wholesale prices ($0.51 per gram), and (3) buy and sell higher

quantities (19%), consistent with predictions from our model. Combined effects suggest

that dispensaries with cash management earn $21.06 more per transaction than dispensaries

without cash management ($55.81 and $34.75), a 40% increase in profitability.

Although our results are rooted in the heavily-regulated, cash-intensive marijuana in-

dustry, the fundamental benefits (storage, security, verification, and issuance of currency)

of warehousing extend beyond our unique setting and beyond the management of physical

cash. Without warehousing, firms that use digital banking, cryptocurrencies, and fintech

solutions, must bear the costs of developing infrastructure to serve these functions. Our

model shows that the benefits from warehousing will exist regardless of whether national

banks, credit unions, or fintech provide these warehouse functions.

Our results also carry significant implications for policymakers. We find the total eco-

nomic value of cash management in the marijuana industry in Washington during our study

was roughly $17 million, or about 1.8% of sales. For developed economies, our results imply

that efforts to encourage banks to serve underbanked industries and communities should

yield large benefits. Moreover, as the banking industry rapidly changes, especially due to
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virtual banking, our findings highlight the need for policymakers to ensure that the critical

function of cash management is not interrupted.

35



References

Abadie, A., S. Athey, G. W. Imbens, and J. Wooldridge (2017). When should you adjust
standard errors for clustering? Technical report, National Bureau of Economic Research.

Adelino, M., A. Schoar, and F. Severino (2015). House prices, collateral, and self-
employment. Journal of Financial Economics 117 (2), 288–306.

Agarwal, S., S. Alok, P. Ghosh, S. Ghosh, T. Piskorski, and A. Seru (2017). Banking
the unbanked: What do 255 million new bank accounts reveal about financial access?
Columbia Business School Research Paper (17-12).

Ballou, J. and D. DesRoches (2009). Kauffman firm survey baseline survey: Annotated
questionnaire for public use file. Technical report, Mathematica Policy Research.

Baumol, W. J. (1952). The transactions demand for cash: An inventory theoretic approach.
The Quarterly Journal of Economics , 545–556.

Beck, T., A. Demirguc-Kunt, and M. S. Martinez Peria (2006). Banking Services for Every-
one? Barriers to Bank Access and Use Around the World. The World Bank.

Becker, B. (2007). Geographical segmentation of U.S. capital markets. Journal of Financial
Economics 85 (1), 151–178.

Berger, A. N., Q. Dai, S. Ongena, and D. C. Smith (2003). To what extent will the banking
industry be globalized? A study of bank nationality and reach in 20 european nations.
Journal of Banking & Finance 27 (3), 383–415.

Berger, A. N., N. H. Miller, M. A. Petersen, R. G. Rajan, and J. C. Stein (2005). Does
function follow organizational form? Evidence from the lending practices of large and
small banks. Journal of Financial Economics 76 (2), 237–269.

Berger, E. A. (2021). Finance in the new us economy: Local finance and service job growth
in the post-industrial economy. Journal of Financial and Quantitative Analysis , 1–35.

Bound, J., C. Brown, and N. Mathiowetz (2001). Measurement error in survey data. In
Handbook of econometrics, Volume 5, pp. 3705–3843. Elsevier.

Bound, J., D. A. Jaeger, and R. M. Baker (1995). Problems with instrumental variables
estimation when the correlation between the instruments and the endogenous explanatory
variable is weak. Journal of the American Statistical Association 90 (430), 443–450.

Brickley, J. A., J. S. Linck, and C. W. Smith Jr. (2003). Boundaries of the firm: Evidence
from the banking industry. Journal of Financial Economics 70 (3), 351–383.

Brown, J. R., J. A. Cookson, and R. Z. Heimer (2019). Growing up without finance. Journal
of Financial Economics 134 (3), 591–616.

Brune, L., E. Chyn, and J. T. Kerwin (2021). Pay me later: Savings constraints and the
demand for deferred payments. Technical report, National Bureau of Economic Research.

36



Buchak, G., G. Matvos, T. Piskorski, and A. Seru (2018). Fintech, regulatory arbitrage, and
the rise of shadow banks. Journal of financial economics 130 (3), 453–483.

Butler, A. W. and J. Cornaggia (2011). Does access to external finance improve productivity?
Evidence from a natural experiment. Journal of Financial Economics 99 (1), 184–203.

Cameron, A. C. and D. L. Miller (2015). A practitioner’s guide to cluster-robust inference.
Journal of Human Resources 50 (2), 317–372.

Cameron, A. C. and P. K. Trivedi (2005). Microeconometrics: methods and applications.
Cambridge University Press.

Cameron, S. V. and C. Taber (2004). Estimation of educational borrowing constraints using
returns to schooling. Journal of Political Economy 112 (1), 132–182.

Card, D. (1995). Using geographic variation in college proximity to estimate the return
to schooling. In L. N. Christofides, E. K. Grant, and R. Swidinsky (Eds.), Aspects of
Labour Market Behavior: Essays in Honour of John Vanderkamp, pp. 201–222. Toronto:
University of Toronto Press.

Cetorelli, N. and P. E. Strahan (2006). Finance as a barrier to entry: Bank competition and
industry structure in local US markets. The Journal of Finance 61 (1), 437–461.

Cortés, K. R. and P. E. Strahan (2017). Tracing out capital flows: How financially integrated
banks respond to natural disasters. Journal of Financial Economics 125 (1), 182–199.

Coval, J. D. and A. V. Thakor (2005). Financial intermediation as a beliefs-bridge between
optimists and pessimists. Journal of Financial Economics 75 (3), 535–569.

Currie, J. and E. Moretti (2003). Mother’s education and the intergenerational transmis-
sion of human capital: Evidence from college openings. The Quarterly Journal of Eco-
nomics 118 (4), 1495–1532.

Daellenbach, H. G. (1974). Are cash management optimization models worthwhile? Journal
of Financial and Quantitative Analysis 9 (4), 607–626.

Dahl, D. and M. Franke (2017). Banking “deserts” become a concern as branches dry up.
Population 12 (21.2), 5–9.

Diamond, D. W. (1984). Financial intermediation and delegated monitoring. The Review of
Economic Studies 51 (3), 393–414.

Diamond, D. W. and P. H. Dybvig (1983). Bank runs, deposit insurance, and liquidity.
Journal of Political Economy 91 (3), 401–419.

Donaldson, J. R., G. Piacentino, and A. Thakor (2018). Warehouse banking. Journal of
Financial Economics 129 (2), 250–267.

Fairlie, R. W. (2013). Kauffman index of entrepreneurial activity 1996-2012. Available at
SSRN 2256032 .

37



Fairlie, R. W. and A. Robb (2007). Families, human capital, and small business: Evidence
from the characteristics of business owners survey. ILR Review 60 (2), 225–245.

FIN-2014-G001 (February 14, 2014). BSA expectations regarding marijuana-related busi-
nesses. Department of the Treasury; Financial Crimes Enforcement Network .

Frost, P. A. (1970). Banking services, minimum cash balances, and the firm’s demand for
money. The Journal of Finance 25 (5), 1029–1039.

Gilje, E. P. (2017). Does local access to finance matter? Evidence from US oil and natural
gas shale booms. Management Science 65 (1), 1–18.

Gilje, E. P., E. Loutskina, and P. E. Strahan (2016). Exporting liquidity: Branch banking
and financial integration. The Journal of Finance 71 (3), 1159–1184.

Giroud, X., H. M. Mueller, A. Stomper, and A. Westerkamp (2012). Snow and leverage. The
Review of Financial Studies 25 (3), 680–710.

Gitau, B., G. Nyangweso, N. Mwencha, and G. Onchangwa (2014). Influence of cash manage-
ment practices on financial performance of agribusiness enterprises in Kenya. International
Journal of Social Sciences and Entrepreneurship 1 (12), 260–270.

Gitman, L. J., E. A. Moses, and I. T. White (1979). An assessment of corporate cash
management practices. Financial Management , 32–41.

Graham, J. R. and C. R. Harvey (2001). The theory and practice of corporate finance:
Evidence from the field. Journal of Financial Economics 60 (2-3), 187–243.

Hansen, B., K. Miller, and C. Weber (2017). The taxation of recreational marijuana: Ev-
idence from Washington state. National Bureau of Economic Research working paper
23632 .

Hansen, B., K. S. Miller, and C. Weber (2021). Vertical integration and production ineffi-
ciency in the presence of a gross receipts tax.

Hansen, C. B. (2007). Generalized least squares inference in panel and multilevel models
with serial correlation and fixed effects. Journal of Econometrics 140 (2), 670–694.

Hausman, J. A., W. K. Newey, H. Ichimura, and J. L. Powell (1991). Identification and
estimation of polynomial errors-in-variables models. Journal of Econometrics 50 (3), 273–
295.

Kang, Z. Y. and S. Vasserman (2022). Robust bounds for welfare analysis. Technical report,
National Bureau of Economic Research.

Karlan, D., A. L. Ratan, and J. Zinman (2014). Savings by and for the poor: A research
review and agenda. Review of Income and Wealth 60 (1), 36–78.

Kashian, R. D., R. Tao, and C. Perez-Valdez (2015). Banking the unbanked: Bank deserts
in the United States. Whitewater: University of Wisconsin.

38



List, J. A. (2020). Non est disputandum de generalizability? A glimpse into the external
validity trial. Technical report, National Bureau of Economic Research.

Mace, C., E. Patel, and N. Seegert (2020). Marijuana taxation and imperfect competition.
National Tax Journal 73 (2), 545–592.

Merz, M. and J. Riepe (2021). SMEs with legally restricted banking access: Evidence from
the US marijuana industry. Journal of Business Economics , 1–53.

Miller, M. H. and D. Orr (1966). A model of the demand for money by firms. The Quarterly
Journal of Economics 80 (3), 413–435.

Morse, A. (2011). Payday lenders: Heroes or villains? Journal of Financial Eco-
nomics 102 (1), 28–44.

Nguyen, H.-L. Q. (2019). Are credit markets still local? Evidence from bank branch closings.
American Economic Journal: Applied Economics 11 (1), 1–32.

Njeru Mugambi Duncan, D., A. Njeru, F. Member, and O. I. Tirimba (2015). Effect of cash
management on financial performance of deposit taking SACCOs in Mount Kenya region.
International Journal of Scientific and Research Publications 5 (2), 1–6.

Paravisini, D. (2008). Local bank financial constraints and firm access to external finance.
The Journal of Finance 63 (5), 2161–2193.

Petersen, M. A. and R. G. Rajan (1994). The benefits of lending relationships: Evidence
from small business data. The Journal of Finance 49 (1), 3–37.

Petersen, M. A. and R. G. Rajan (2002). Does distance still matter? The information
revolution in small business lending. The Journal of Finance 57 (6), 2533–2570.

Rajan, U., A. Seru, and V. Vig (2015). The failure of models that predict failure: Distance,
incentives, and defaults. Journal of Financial Economics 115 (2), 237–260.

Ramakrishnan, R. T. and A. V. Thakor (1984). Information reliability and a theory of
financial intermediation. The Review of Economic Studies 51 (3), 415–432.

Rice, T. and P. E. Strahan (2010). Does credit competition affect small-firm finance? The
Journal of Finance 65 (3), 861–889.

Schennach, S. M. (2007). Instrumental variable estimation of nonlinear errors-in-variables
models. Econometrica 75 (1), 201–239.

Stein, L. C. and C. Yannelis (2019). Financial inclusion, human capital, and wealth accu-
mulation: Evidence from the freedman’s savings bank. The Review of Financial Studies .

Stock, J. H., J. H. Wright, and M. Yogo (2002). A survey of weak instruments and weak
identification in generalized method of moments. Journal of Business & Economic Statis-
tics 20 (4), 518–529.

39



Thakor, A. V. (2020). Fintech and banking: What do we know? Journal of Financial
Intermediation 41, 100833.

Trahan, E. A. and L. J. Gitman (1995). Bridging the theory-practice gap in corporate
finance: A survey of chief financial officers. The Quarterly Review of Economics and
Finance 35 (1), 73–87.

US Bureau of Labor Statistics (December 5, 2018). Civilian noninstitutional pop-
ulation [CNP16OV]. Retrieved from FRED, Federal Reserve Bank of St. Louis;
https://fred.stlouisfed.org/series/CNP16OV .

Vickson, R. (1985). Simple optimal policy for cash management: The average balance
requirement case. Journal of Financial and Quantitative Analysis 20 (3), 353–369.

Weed, J. (May 7, 2018). Washington state marijuana companies getting some, but not all
banking services. Forbes .

40



Table 1: Cash Management in the Marijuana Industry

This table shows survey responses from the BERT survey for firms in Washington state. The
survey includes some answers from all 314 organizations that encompass all 354 locations.
Note during our period, owners were restricted to the number of dispensaries they could
own (typically three). For any given question, however, we have fewer observations. For the
first question shown in column (1), we have 314 answers to the question about bank type.
For the second question that provided information on disaggregated bank account shown in
columns (2)–(7), we have 203 organizations. The survey questions are in Appendix A.3.

Credit Union Bank

All Types Community Regional Community Regional National Other
(1) (2) (3) (4) (5) (6) (7)

Business 49% 30% 36% 5% 14% 12% 2%

Personal 18% 27% 26% 2% 9% 8% 5%

Other 3%

No Acct. 30%

Total 33% 36% 3% 14% 11% 3%
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Table 2: Transactions and Cash Management in the Marijuana Industry

The survey includes some answers from all 314 organizations that encompass all 354 loca-
tions. Note during our period, owners were restricted to the number of dispensaries they
could own (typically three). For any given question, however, we have fewer observations.
We denote the number of owner/manager observations after the question below. Survey
questions are in Appendix A.3.

What forms of payment do you accept?
(Please mark all that apply). (N = 254)

Cash Only 49%

Checks 40%

Debit Cards 14%

Credit Cards 3%

Do you pay for a security company that
transports cash and/or product? (N = 260)

Yes 30%

Dollars per month $348

How much do you lose due to theft? (N = 247)

Dollars per month $618

How much does your business pay per month,
in dollars, to use all financial services (N = 243)

Bank or credit union $748

Non-bank financial institution $1,059

Other $437
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Table 3: Descriptive Statistics

We summarize our combined datasets in this table. In Panel A, we report operation specific
variables from the administrative Washington data and location data from the NCUA. In
Panel B, we report owner/manager variables from the BERT survey for firms in Washington
state only. From this survey, we have data on 314 owner/managers in Washington that
own a total of 354 dispensaries. During our period, owners were restricted to the number
of dispensaries they could own (typically three). For demographic information, we have
answers from 238 organizations with 264 locations. Finally, we report in Panel C location
specific variables combining data from the state of Washington, the NCUA, and the FDIC.
In column (4) we report differences between columns (2) and (3) and *, **, and *** indicate
significance at the 10%, 5%, and 1% levels, respectively.

Full Sample Within 1 Between 1 & 10
mile of 502 miles of 502 Difference
credit union credit union (t-stat)

(1) (2) (3) (4)
Panel A: Operation specific variables
Retail price Mean 12.04 12.81 12.09 0.71∗∗∗

Std. Dev. 3.90 4.21 3.61 (-6.95)

Wholesale price Mean 6.93 7.31 7.08 0.23∗∗∗

Std. Dev. 1.74 1.78 1.63 (-5.32)

Markup percent Mean 67.00 67.48 65.63 1.85∗∗∗

Std. Dev. 20.36 18.98 19.29 (-3.83)

Number of strains Mean 262.46 297.73 334.56 -36.83∗∗∗

Std. Dev. 203.17 210.95 217.23 (6.84)
Sales (grams) Mean 6.80 7.44 7.07 0.38∗∗∗

Std. Dev. 4.00 3.99 3.78 (-3.81)
Observations 23,370 2,155 5,662 7,817
Panel B: Owner/manager specific variables
Parent run company Mean 0.55 0.71 0.55 0.16

Std. Dev. 0.50 0.46 0.50 (1.39)

High school graduate Mean 0.23 0.24 0.23 0.01
Std. Dev. 0.42 0.44 0.43 (0.03)

Assoc. or tech. degree Mean 0.33 0.33 0.31 0.02
Std. Dev. 0.47 0.48 0.47 (0.17)

College degree Mean 0.26 0.38 0.27 0.12
Std. Dev. 0.44 0.50 0.45 (0.95)

Prof. or doct. Mean 0.13 0.05 0.09 -0.05
Std. Dev. 0.34 0.22 0.29 (0.77)

Locations 264 31 93 124
Panel C: Location specific variables
Miles to 502 Mean 32.65 0.59 4.00 -3.42
credit union Std. Dev. 33.73 0.27 2.40 (13.48)

Miles to non502 Mean 3.25 1.05 1.12 -0.06
credit union Std. Dev. 7.14 1.15 0.72 (0.29)

Miles to bank Mean 1.11 0.29 0.59 -0.30
Std. Dev. 1.69 0.24 0.65 (3.71)

Miles to competitor Mean 0.68 0.29 0.40 -0.11
Std. Dev. 1.30 0.43 0.59 (1.07)

Locations 354 31 93 124
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Table 4: Distance to Nearest 502 Credit Union and Cash Management

This table shows how the probability of using cash management services changes with prox-
imity to a 502 credit union. Observations are at the marijuana dispensary level. The sample
is a combination of survey data and administrative data from Washington state (see Section
4). The dependent variable, Cash managementi,t, is an indicator variable equal to one if
in the survey the firm indicated that it uses cash management services and zero otherwise.
Distance to 502 Credit Union is the distance measure, measured in one of two ways. First,
we use a discrete measure of distance, where f(Distance to 502 Credit Union) is an indicator
function that equals one if a dispensary is within one mile of a 502 credit union and zero
otherwise. Second, we use a continuous measure, the log distance to a 502 credit union.
Standard errors are in parentheses and *, **, and *** indicate significance at the 10%, 5%,
and 1% levels, respectively.

Cash managementi,t = δ0 + δ1f(Distance to 502 Credit Union)i + δXi,t + αt + αj + εi,t

Continuous
Discrete measures Measure

(1) (2) (3) (4)
Within 1 mile of a 502 credit union 0.275***

(0.051)
Within 2 miles of a 502 credit union 0.222***

(0.059)
Within 3 miles of a 502 credit union 0.202***

(0.069)
Log distance to the nearest 502 credit union -0.099***

(0.019)
Constant 0.390*** 0.368*** 0.365*** 0.540***

(0.037) (0.050) (0.062) (0.026)
F-statistic 28.962 14.272 8.639 28.210
Adj. R-Square 0.073 0.036 0.021 0.072
Observations 354 354 354 354
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Table 5: How Does Access to Cash Management Affect Profitability

This table reports the effects of cash management on the profitability of marijuana dispensaries using an instrumental variable
(IV) specification. An observation is a strain in a dispensary in a given week for columns (1)–(7). An observation in column (8)
is a dispensary week. The IV specification uses distance to a 502 credit union as an instrument for whether a dispensary has
access to cash management through a financial institution. We report estimates using the continuous measure log distance to a
502 credit union as an instrument in column (7) and in all other columns use an indicator variable equal to one if a dispensary
is within one mile of a 502 credit union and zero otherwise. We report estimates with strain fixed effects αs (columns 1–8), week
fixed effects αt (columns 2–8), city fixed effects αj (columns 3–8), a control for distance to the nearest bank as a proxy for local
economic opportunities (columns 4–8), and a control for the number of dispensaries (competitors) within one mile (columns
5–8). In column (6), we report an estimate in the subset of transactions from generic strains. The sample consists of observations
from 2014–2017 within 10 miles of a 502 credit union. Dependent variables are aggregated to the dispensary-strain-week level
from transaction-level data. Standard errors clustered at the dispensary level are reported in parentheses. ∗, ∗∗, and ∗∗∗ denote
significance at the 10%, 5%, and 1% levels. The results of the following IV regression are in the table:

Cash managementi,t = δ0 + δ1f(Distance to 502 Credit Union)i + δXi,t + αt + αj + αs + εi,t

log(Profitability)i,t = β0 + β1cash managementi,t + βXi,t + αt + αj + αs + ui,t.

Profitability by Dispensary and Strain and Week Dispensary
Profits

(1) (2) (3) (4) (5) (6) (7) (8)
Cash management 0.378* 0.395** 0.528* 0.440** 0.485* 0.517* 0.456** 0.238**

(0.203) (0.172) (0.282) (0.213) (0.246) (0.296) (0.224) (0.093)
Week fixed effects ✓ ✓ ✓ ✓ ✓ ✓ ✓
City fixed effects ✓ ✓ ✓ ✓ ✓ ✓
Distance to bank controls ✓ ✓ ✓ ✓ ✓
Competition controls ✓ ✓ ✓ ✓
Generic strain subset ✓
Instrument: indicator ✓ ✓ ✓ ✓ ✓ ✓ ✓
Instrument: continuous ✓
Strain fixed effects ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓
F-statistic 34.670 52.967 35.031 21.662 23.375 20.563 34.642 19.417
Adj. R-Square 0.035 0.047 0.070 0.044 0.053 0.061 0.047 0.024
Observations 1,539,983 1,539,983 1,539,983 1,539,983 1,539,983 730,522 1,539,983 7,804
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Table 6: Mechanisms: Prices and Quantities

This table reports the effects of cash management on prices and quantities using an instrumental variable (IV) specification. The
IV specification uses distance to a 502 credit union as an instrument for whether a dispensary has access to cash management
through a financial institution. We report estimates with week fixed effects αt, city fixed effects αj, a control for distance to
the nearest bank as a proxy for local economic opportunities, and a control for the number of dispensaries (competitors) within
one mile in all columns. In even columns, we include strain fixed effects αs. This table reports how access to cash management
changes wholesale prices (columns 1 and 2), retail prices (columns 3 and 4), sales in weight (columns 5 and 6), and number
of strains (column 7). The sample consists of observations from 2014–2017 within 10 miles of a 502 credit union. Dependent
variables are aggregated to the dispensary-week level from transaction-level data. Standard errors clustered at the dispensary
level are reported in parentheses. ∗, ∗∗, and ∗∗∗ denote significance at the 10%, 5%, and 1% levels.
The results of the following IV regression are in the table:

Cash management i,t = δ0 + δ1f(Distance to 502 Credit Union)i + δXi,t + αt + αj + αs + εi,t

log(Profitability)i,t = β0 + β1cash management i,t + βXi,t + αt + αj + αs + ui,t.

Wholesale price Retail price Sales (weight) # Strains

(1) (2) (3) (4) (5) (6) (7)
Cash management -0.049** -0.073*** 0.107*** 0.083*** 0.217*** 0.190*** 0.090*

(0.021) (0.021) (0.013) (0.011) (0.014) (0.016) (0.049)

Strain fixed effects ✓ ✓ ✓
Week fixed effects ✓ ✓ ✓ ✓ ✓ ✓ ✓
City fixed effects ✓ ✓ ✓ ✓ ✓ ✓ ✓
Distance to bank controls ✓ ✓ ✓ ✓ ✓ ✓ ✓
Competition controls ✓ ✓ ✓ ✓ ✓ ✓ ✓
F-statistic 28.150 20.469 103.243 40.353 92.766 45.823 19.228
Adj. R-Square 0.003 0.004 0.005 0.007 0.001 0.004 0.006
Observations 1,568,225 1,540,175 1,571,862 1,543,751 1,586,562 1,543,778 1,586,150
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Figure 1: Marijuana Dispensaries in Washington

This figure shows the location of marijuana dispensaries across counties in Washington state.
These retail establishments are located in 152 cities or towns within Washington state.
Counties are shaded from light to dark based on county-level marijuana sales. The lightest
shade represents counties with the least sales and the darkest represents counties with the
most sales. Dots represent a marijuana dispensary. The data to construct the map are from
the Washington State Liquor and Cannabis Board.
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Figure 2: Marijuana Profit by County and Location of Credit Unions

This figure shows the location of credit unions across counties in Washington state. Credit
unions that work with marijuana dispensaries are denoted by dark dots and lighter dots
denote non 502 credit unions. Counties are shaded from light to dark based on county-
level marijuana dispensary profits. The lightest shade represents counties with the lowest
profits and the darkest represents counties with the highest profits. We use data from the
Washington State Liquor and Cannabis Board and the National Credit Union Administration
to create this map.

Low

Medium

High

Profitability
 

Non-502
502

Credit Union Type
 

47



Figure 3: Timeline of Events

This figure presents the time series of events that are related to recreational marijuana in
Washington state.

June, 2014
Two credit unions announce they will work with 

marijuana industry.
Credit unions decide to work with dispensaries  

First evidence of profitability
Dispensaries begin to open 

July, 2014

November and December, 2013
WA accepts applications for marijuana businesses 

Dispensaries make location decisions

Lottery to award licenses
May, 2014

I-502 approved
recreational marijuana 

November, 2012

Figure 4: Log Profitability and Distance to Financial Institutions

This figure is a graph of the log of profitability at a dispensary by strain (on the vertical axis)
by the dispensary’s distance to a financial institution (on the horizontal axis). We depict
distance to a 502 credit union as a solid line, non 502 credit union as a dashed line, and bank
as a dotted line. Profitability is measured at the transaction strain level as profitability =
(retail price - wholesale price) × quantity. Distance is calculated as straight-line distance.
Credit unions that work with the marijuana industry are defined as 502 credit unions.
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Figure 5: Placebo Tests of Profitability and Banking Services

This figure reports the coefficients from our placebo test of log profitability using distance
to non 502 credit unions or banks as alternative instrumental variables. We provide three
sets of estimates. The first set uses distance to non 502 credit unions (“credit union”). The
second and third sets use distance to banks in two different samples. The second set uses
the same sample as our main results (“Bank (credit union sample)”), restricting to within
10 miles of a 502 credit union. The third set uses a different restriction (“Bank”); within
10 miles of a bank. Within each set, we report estimates with strain fixed effects, week
and strain fixed effects, city and strain fixed effects, and city, week, and strain fixed effects.
The bars represent 95% confidence intervals. Standard errors are clustered at the dispensary
level.

Credit union strain fixed effects

Credit union week and strain fixed effects

Credit union city and strain fixed effects

Credit union city, week, and strain fixed effects

Bank (credit union sample) strain fixed effects

Bank (credit union sample) week and strain fixed effects
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Bank strain fixed effects

Bank week and strain fixed effects

Bank city and strain fixed effects

Bank city, week, and strain fixed effects
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Figure 6: Sensitivity Tests of Profitability and Cash Management

This figure reports the coefficients for a series of sensitivity tests of how profitability changes
with access to cash management with 95% confidence intervals. Standard errors are clustered
at the dispensary level.
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INTERNET APPENDIX

A Data Appendix

A.1 Washington State Liquor and Cannabis Board (WSLCB)

The State of Washington has extensive data requirements and these requirements generate
the administrative data that we use in this study. The data is collected through a system
created by BioTrackTHC. This company provides technology that tracks cannabis from
“Seed-to-Sale,” with contracts in Delaware, New Mexico, Illinois, New York, Hawaii, and for
our purposes notably Washington.

The administrative data provide a unique look at business operations. At the wholesale
level, suppliers record characteristics of each plant, including weight, and test results for
the primary psychoactive ingredients tetrahydrocannabinol (THC), tetrahydrocannabinolic
acid (THC-A), and cannabidiol (CBD). They then seal the product into packages of specific
weights (e.g., 1 gram) and sell a retail lot to dispensaries, where each lot is considered
identical and given its own retail lot identification number.

At a retail level, each transaction is recorded, including data on price, wholesale price,
volume (weight), and strain (product type). Because most firms operate in cash due to a
lack of financial services, most retail firms choose prices such that the tax-inclusive price is
a round number, e.g. $15.00 per gram (Hansen et al., 2017). These pricing decisions lower
the transaction costs of using cash.

Average prices dropped substantially after retail marijuana was first legalized and cross-
sectional price dispersion decreased as well. Prices tend to be about 5% lower when dis-
pensaries have competition within one mile of store location. As competition falls, prices
increase (Mace et al., 2020).

A.2 Banking, Entrepreneurship, Regulation, and Taxes (BERT)
Study

As part of the BERT study, we included a survey module specifically about access to financial
services. Building on existing surveys of individuals and small businesses, we developed an
initial set of questions to include in the survey (Fairlie (2013); US Bureau of Labor Statistics
(2018); Ballou and DesRoches (2009)). The questions cover a range of topics from personal
details about the business owner, such as education and occupation of parents, and technical
details of the business, such as whether the business uses banking services and what type
of banking institution it works with. We incorporated feedback from experienced academics
and marketing experts into the survey over several iterations.

We then piloted the survey through in-person interviews with small businesses in dif-
ferent industries to ensure participants and researchers had similar interpretations of the
questions and to minimize biases induced by the survey. Participants took an average of
40 minutes to complete the survey. Participation entailed visiting a website and answering
survey questions. Participants were compensated $50 and entered to win a $500 reward,
which was given away randomly to two participants. To determine if participant fatigue

1



affected the quality of answers, we implemented two versions of the survey with different
ordering of the nondemographic sections. We find no evidence that the quality of response
rate differs depending on the ordering of the questions.

We contacted all retail cannabis dispensaries, medical and recreational, in Colorado,
Washington, and Oregon through several waves of contact.54 First, we mailed letters that
contained information and instructions on how to take the survey with an enclosed $2 bill
as a free gift to increase participation. Second, we called all businesses. If their given
phone number did not work we used internet searches to find updated numbers. Third, we
partnered with several industry groups that emailed their members information about the
survey. Fourth, we sent another wave of letters. Fifth, we had a research assistant physically
visit businesses for two months. Finally, we did an additional round of phone calls.

After all waves of the survey, the full survey response rate was 21% and our sample
contains 325 firms of 1,548 firms across Colorado, Oregon, and Washington. This response
rate is similar to recent surveys of businesses. For example, Graham and Harvey (2001)
obtained 16% and Trahan and Gitman (1995) 12%—though these surveys focused on CFOs
and business executives of large firms.

Our goal was to have owners or managers fill out the survey. One of the first questions asks
the participant whether they are an owner, manager, both, or neither. In our sample we have
65% of respondents were either an owner or owner and manager and 31% of respondents were
managers and the remaining responses were filled out by someone else such as an accountant
or office manager.

To supplement the survey evidence, we followed up with businesses in Washington that
had not replied to answer a short survey about their access to banking services. We started
with whether or not the firm had access to a bank account and through several waves were
able to get an answer from 354 firm locations. We have responses from 264 firm locations
on whether the owner/manager had a parent run a firm and their educational attainment, a
75% response rate.

A.3 Survey Questions

Survey Questions

What type of bank account does [your business] use? Please mark all that apply.

• Business bank account

• Owner’s personal bank account

• No bank account

• Other

If [your business] does bank, which best describes [your business]’s banking? (Please
mark all that apply).

54The BERT study information can be found at eccles.link/bert.
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• Community credit union

• Regional credit union

• Community bank

• Regional bank

• National bank

• Other

How much does [your business] pay per month, in dollars, to use all financial services?
These are defined as a checking account, savings account, money market account, and access
to loans from a Bank or credit union, a Non-bank financial institution (finance companies,
insurance companies, brokerage or mutual fund companies, leasing companies, mortgage
banks, private equity, etc.), or Other (friends, family, other companies, other individuals,
etc.).

• Bank or credit union

• Non-bank financial institution

• Other

What forms of payment do you accept? (Please mark all that apply).

• Cash

• Check

• Debit cards

• Credit cards

Do you pay for a security company that transports cash and/or product? If yes how
much per month, in dollars, do you pay to your security company?

What is the highest level of education you have?

• Less than 9th grade

• Some Highschool but no diploma

• Highschool graduate (diploma or equivalent diploma GED)

• Technical, trade, or vocational degree
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• Some college, but no degree

• Associate’s degree

• Bachelor’s degree

• Some graduate school but no degree

• Master’s degree

• Professional school or doctorate

Did either of your parents ever own or run a company?

• Yes

• No

B Methods Appendix

This appendix provides additional discussion of our instrumental variable approach. In
particular, it discusses instrument relevance, the monotonicity assumption, and the exclusion
restriction. In addition, it presents a comparison with ordinary least squares and discusses
the trade-off between internal and external validity in our setting.

B.1 Instrument Relevance

Table 4 presents evidence that distance to a 502 credit union is related to access to cash
management. We also provide several placebo tests that investigate whether other amenities
correlated with distance to 502 credit unions could explain the increase in cash management
reported in Table 4. Specifically, we test whether distance to other financial institutions,
banks, and non 502 credit unions, is associated with an increase in access to cash manage-
ment. Table C.4 reports that distance to these other financial institutions does not predict
access to cash management, using the specification in equation (1) and Table 4. None of the
estimates are statistically significant, and the sign often suggests that dispensaries close to
these financial institutions are less likely to have access to cash management. For example,
the results in column (1) show that dispensaries within one mile of a bank are 7% less likely
to have access to cash management. In contrast, dispensaries within one mile of a 502 credit
union are 28% more likely to have access to cash management (see Table 4).

B.2 Monotonicity Assumption

We cannot verify the monotonicity assumption directly because we do not observe the same
dispensary at different distances from a 502 credit union. However, we can provide indirect
evidence. Specifically, we estimate the first-stage regression from equation (1) in sub-samples
of the data based on observable pre-determined characteristics, educational attainment, and
whether a parent ran a company. Consistent with the monotonicity assumption, we find
that estimates are consistently positive and sizable (see Table C.2).
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B.3 Exclusion Restriction

This subsection provides a series of tests that check alternative mechanisms and other po-
tential threats to validity. First, dispensary outcomes could be affected by mechanisms other
than access to cash management that are also related to distance. For example, if 502 credit
unions are located in areas that are better for business, then this could conflate our estimates.
To investigate this, we compare summary statistics of the county locations where 502 credit
unions locate compared to counties where non 502 credit unions locate. Table C.3 shows
that in terms of employment opportunities, personal income, population, wages, GDP, and
labor force, these counties do not differ statistically or economically. This evidence suggests
that 502 credit unions are not located in better counties than non 502 credit unions, which
could otherwise conflate our estimates.

Second, our exclusion restriction could also be violated if better owner/managers located
their marijuana dispensary near 502 credit unions, and it was their skill, rather than access
to cash management, that caused differential firm outcomes. To test this, we use evidence
from our survey on the educational attainment and whether the owner/manager had a par-
ent that ran a company as proxies for skill. Panel B of Table 3 reports that characteristics
of the owner/manager are similar for dispensaries within 1 mile of a 502 credit union (col-
umn (2) and between 1 and 10 miles (column (3)).55 We also find that owner/manager
characteristics do not predict the distance to a 502 credit union (see Table C.6). Although
these owner/manager characteristics do not differ based on distance, they are predictive of
access to cash management. One of the most informative differences to examine is whether
the owner had experience running a marijuana dispensary in the past. Because it was not
possible to own a marijuana dispensary prior to our study, owners will not have this type
of experience. Instead we use the response to whether the owner had a parent who ran a
company as an alternative predictor for how sophisticated the dispensary operator will be.
Table C.5 shows that owner/managers that had a parent who ran a company are 24% more
likely to have cash management, reported in column (1).56 This evidence suggests that our
proxies for smart business owners are predictive of cash management but that they were
unable to strategically locate near 502 credit unions.

We conclude from these analyses that a dispensary’s distance from a 502 credit union
predicts access to cash management. Moreover, the impact of distance on profitability is
unlikely to be driven by mechanisms other than cash management.

B.4 Comparison with ordinary least squares

We use an instrumental variable approach to address the strong possibility that several
potential confounding factors could bias the estimates from an ordinary least squares (OLS)
regression. There are many factors that determine the propensity of an owner/manager to

55Panel C of Table 3 shows similarities in other distance characteristics between dispensaries within 1 mile
and between 1 mile and 10 miles of a 502 credit union. For example, distance to a competitor or non 502
credit union is similar and not statistically significant. Distance to a bank branch is statistically significant,
but the difference is 0.3 miles, which is not economically significant.

56Similarly if the owner/manager has a college degree the likelihood that a dispensary has cash management
is higher, reported in Table C.5, column (2). Column (4) shows that the log distance to a 502 credit union
is still predictive of cash management after we control for these other characteristics.
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seek out a bank account that are also likely correlated with business success. The correlation
could be positive if owner/managers with more business education are both more likely to
obtain a bank account and to run a more profitable business. The correlation could be
negative if owner/managers with other businesses have less need for a bank account or
use other types of banking (fintech) and their experience helps them run a more profitable
business. These correlations could confound the ordinary least squares estimates because
they would include not only the effect of cash management but also all of the factors that
affect both profitability and the propensity to obtain a bank account.

In addition, it is very likely that measurement error is a concern in our setting. The
measurement of whether a dispensary has a bank account or not is based on survey evidence.
Measurement error drives the OLS estimates to be biased toward zero. In contrast, an IV
approach would be consistent. The typical solution for this bias is to use a validation
dataset, repeated measurements, or an IV approach (Hausman et al., 1991; Bound et al.,
2001; Schennach, 2007). We use an IV approach because neither a validation dataset or
repeated measurements is available.

To gauge the seriousness of these issues in our analysis, we compare our results using
the IV to results using an OLS specification. Predicting the relationship between the OLS
and IV results depends on the sources of measurement error and confounding factors in
the setting. Measurement error should drive the OLS coefficient towards zero. At the
same time, correlations with confounding factors may drive positive estimated effects in
the IV specification, for example, and negative estimated effects in the OLS specification.
Alternatively, the difference could be due to differences in the local average treatment effect,
which the IV estimates, and the average treatment effect, which the OLS estimates. There
are many, and sometimes contradictory, rules of thumb governing how IV estimates and OLS
estimates should be related. The range of expectations for differences between OLS and IV
estimates varies from relatively small differences, to large, orders of magnitude differences,
to differences that switch the signs of the coefficient estimates (Giroud, Mueller, Stomper,
and Westerkamp, 2012; Berger et al., 2005; Becker, 2007).

Panel A of Table B.1 replicates our IV analysis from Table 5 using OLS regression. The
comparison has several implications. First, the OLS estimates support the IV evidence
that cash management positively affects profitability. Second, the difference between the
OLS and IV estimates is consistent with the hypothesis that confounding factors and/or
measurement error bias the OLS results. As discussed above, both are likely—in which case
the IV estimates are consistent and the OLS are not.

Panel B of Table B.1 replicates our IV analysis of the mechanisms driving profitability
from Table 6. These OLS estimates support the IV results that cash management drives
profitability through lower wholesale prices, higher retail prices, and more sales.

B.5 Internal and External Validity

This paper contributes to a first wave of empirical evidence on the importance of the cash
management function of banks. To give theory its best chance, we made several decisions to
provide high internal validity (List, 2020). For example, we focused on collecting the data on
all marijuana dispensaries in a state rather than expanding to other states or industries. We
follow the suggestion by List (2020) and discuss selection, attrition, naturalness, and scaling
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noting that for empirical studies in the first wave “external validity serves as an ‘extra credit’
component” (List, 2020, p. 43). This discussion provides transparency to the strengths and
weaknesses of our study in terms of external validity and motivates future work that can
provide a second wave of empirical evidence.

We collected data from the universe of marijuana dispensaries in Washington state
through a combination of freedom of information act requests and purpose built surveys.
The study, therefore, has high internal validity as it consists of the entire population. The
treated group, dispensaries with cash management, may not be representative for many rea-
sons, which is why we use an instrumental variable approach based on location to a 502
credit union. These 502 credit unions are located throughout the state and are similar to
non 502 credit unions and banks in terms of observable characteristics. Dispensaries close
to and far from 502 credit unions also have similar observable characteristics.

A strength of our data is the lack of attrition and compliance concerns. Dispensaries are
required to report the detailed data that we use to state regulators for monitoring purposes.
Firms are subject to audits with large potential fines or loss of license. The data collected is
not used to calculate tax liability and therefore there are limited advantages for a dispensary
to misreport. Our one-time survey has a high response rate. We paid people $50 to complete
the survey and followed up with several waves including waves with limited questions.

A strength of our setting is that cash management is a need that all businesses face and
we study our research question in the field and at scale in Washington state. One of the
first systems businesses put into place is cash management. We find that cash management
leads to higher profits through lower wholesale prices, higher retail prices, and more sales.
Despite these benefits, regulations still differ across states within the marijuana industry.
The evidence from Washington likely would scale to other states and contexts. For example,
our evidence suggests that there may be benefits to encouraging cash management in other
industries and locations, such as developing countries (Brune et al., 2021) and banking
deserts within developed countries that are more likely to be found in areas with higher
African American and Hispanic populations (Kashian, Tao, and Perez-Valdez, 2015; Dahl
and Franke, 2017).
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Table B.1: Comparison of Models

This table reports the ordinary least squares (OLS) estimates that correspond to Tables 5 and 6. An observation is a strain in
a dispensary in a given week. Panel A reports the OLS estimates from Table 5 and Panel B reports the OLS estimates from
Table 6. The sample consists of observations from 2015–2017 within 10 miles of a 502 credit union. Dependent variables are
aggregated to the dispensary week level from transaction-level data. Standard errors clustered at the dispensary level are in
parentheses. ∗, ∗∗, and ∗∗∗ denote significance at the 10%, 5%, and 1% levels.

Panel A: Ordinary Least Squares: Profitability
Profitability by Dispensary and Strain and Week Dispensary

Profits

(1) (2) (3) (4) (5) (6) (7) (8)
Cash management 0.087* 0.076* 0.062 0.061 0.061 0.057 0.061 0.073***

(0.050) (0.043) (0.044) (0.046) (0.046) (0.048) (0.046) (0.021)
Week fixed effects ✓ ✓ ✓ ✓ ✓ ✓ ✓
City fixed effects ✓ ✓ ✓ ✓ ✓ ✓
Distance to bank controls ✓ ✓ ✓ ✓ ✓
Competition controls ✓ ✓ ✓ ✓
Generic strain subset ✓
Instrument: indicator ✓ ✓ ✓ ✓ ✓ ✓ ✓
Instrument: continuous ✓
Strain fixed effects ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓
Adj. R-Square 0.095 0.176 0.204 0.204 0.204 0.156 0.204 0.349
Observations 1,512,183 1,512,183 1,512,183 1,512,183 1,512,183 730,522 1,512,183 6,599

Panel B: Ordinary Least Squares: Mechanisms
Wholesale price Retail price Sales (weight) # Strains

(1) (2) (3) (4) (5) (6) (7)
Cash management -0.036 -0.038 0.017 0.019 0.090 0.052 -0.054

(0.030) (0.024) (0.035) (0.028) (0.091) (0.079) (0.135)

Strain fixed effects ✓ ✓ ✓
Week fixed effects ✓ ✓ ✓ ✓ ✓ ✓ ✓
City fixed effects ✓ ✓ ✓ ✓ ✓ ✓ ✓
Distance to bank controls ✓ ✓ ✓ ✓ ✓ ✓ ✓
Competition controls ✓ ✓ ✓ ✓ ✓ ✓ ✓
Adj. R-Square 0.019 0.087 0.044 0.109 0.032 0.086 0.257
Observations 1,568,225 1,540,175 1,571,862 1,543,751 1,586,562 1,543,778 1,586,150
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C Supplementary Results Appendix

In this appendix we provide several complementary analyses. First, we use a differences-
in-differences empirical design to highlight the strength of using distance as an exogenous
variable that allows us to control for many unobserved differences in neighborhoods. Second,
we use a different, though related, instrumental variable. Specifically, we use an instrument
that measures whether a marijuana firm is within a county with a 502 credit union. Third,
we present a detailed discussion of our robustness tests.

C.1 Differences-in-Differences

We explore the robustness of our main analysis to a differences-in-differences framework.
This analysis employs discrete measures of distance to proxy for access to cash management
in an OLS setting. We examine the full sample and subsamples of the data to validate our
findings in the IV setting.

The differences-in-differences analysis compares dispensary-financial institution pairs within
discrete distances. Financial institutions can be either 502 credit unions or all other financial
institutions (banks and non 502 credit unions). Dispensaries and financial institutions form
pairs if they are located within specific distances of one another. Dispensary-finance pairs
can be within 0-1 mile or 1-2 miles of each other. We exclude dispensary-finance pairs that
are greater than 2 miles apart. The differences-in-differences specification compares the prof-
itability of dispensary-502 credit union pairs within 1 mile to dispensary-financial institution
pairs within 1 mile (first difference). These pairs are then compared to dispensary-finance
pairs that are within 1-2 miles of each other (second difference).

Our differences-in-differences specification is:

log(profitability) = β0 + β1I(Within 1 mile of a 502 credit union)

+ β2I(Within 1 mile of a financial institution)

+ β3I(Within 2 miles of a 502 credit union) + εi,

where β1 measures the effect of cash management on the profitability of dispensaries within
1 mile of a 502 credit union, β2 and β3 control for the effects of being within 1 mile of a
non 502 financial institution and being within 2 miles of a 502 credit union. The omitted
category is comprised of dispensaries that are within 2 miles of a non 502 credit union (β0).

We also run a variant of this analysis comparing dispensary-financial institution pairs
within 1-2 miles to dispensary-financial institution pairs that are within 2-3 miles of each
other. This analysis excludes dispensary-financial institution pairs with distances less than
1 mile or with distances greater than 3 miles. Because the likelihood of having cash man-
agement decreases the farther away a dispensary is, we expect the effect of being between
1-2 miles (compared to 2-3 miles) to be smaller than the effect of being 0-1 miles (compared
to 1-2 miles).

In Table C.8, we report the results of this analysis. The coefficient of interest is β1 which
measures the effect of close proximity to a 502 credit union (a proxy for cash management)
on dispensary profitability. Columns (1), (3), (5), and (7) report results measuring the effects
of a 0-1 mile distance compared to a 1-2 mile distance. Columns (2), (4), (6), and (8) report
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results measuring the effects of a 1-2 mile distance compared to a 2-3 mile distance. The
specifications control for β2 and β3, e.g., the “nuisance parameters”57, denoted by “Within X
miles of a financial institution” and “Within X+1 miles of a financial institution” in the table.
Specifications include week fixed effects and standard errors clustered at the dispensary level,
reported in parentheses.

In columns (1) and (2), we report the results using the full sample, which includes ob-
servations for all valid firm-financial institution pairs. Column (1) shows that dispensaries
within 1 mile of a 502 credit union experience profitability that is 19.7% higher than dispen-
saries that are 1-2 miles from a non 502 credit union. Consistent with our expectations, the
effect is smaller when comparing dispensaries between 1-2 miles to those 2-3 miles; reported
in column (2).

There is potential heterogeneity in the effects of distance on firm-financial institution
pairs. For example, a full sample analysis ignores the possibility that pairs may locate in
areas that are very different economically. Some pairs may be located in areas near other
public resources whereas others may be located in rural communities. Estimated treatment
effects may be confounded by these differences and make for noisy comparisons.

We address these concerns first by examining a subset of dispensary-finance pairs within 5
miles of a 502 credit union. Said differently, in addition to being within 2 miles of a financial
institution, this subsample requires the dispensary to also be within 5 miles of a 502 credit
union. This test aims to address the potential that areas with 502 credit unions are distinct
from areas without 502 credit unions by requiring that all dispensaries are within a short
distance of 502 credit unions. The estimates in columns (3) and (4) are similar to those
in columns (1) and (2), which alleviates some concern about potential confounding factors.
Specifically, the coefficient in column (1) is 0.197 and the coefficient in column (3) is 0.192.

In a separate analysis, we exclude dispensary-financial institution pairs that overlap with
dispensary-502-credit union pairs, thereby omitting areas with a high density of financial
establishments. The purpose of this test is to exclude the “main street” effects in which
the benefits of a 502 credit union might reflect benefits of other nearby financial institutions
or business activity. In this setting, a dispensary-502 credit union pair between 0-2 miles
cannot overlap with a dispensary-non 502 financial institution pair between 0-2 miles. The
restrictions are similar for the 1-3 mile radius analysis reported in column (6). The estimate
in column (5) is similar to the estimate in column (1), which again alleviates some concern
of confounding factors.

In a final set of analyses, we focus exclusively on credit unions as the relevant financial
institutions in our study. We focus only on credit unions to define “financial institutions” to
test whether credit unions locate in different areas than banks. Column (7) reports results
using the 0-1 mile distance from a credit union and column (8) reports results using the 1-2
mile distance from a credit union. The similarity of these estimates again alleviates some
concern of confounding factors.

Overall, these results support the findings from our instrumental variables analysis. The
effects decline as the distance between a dispensary and a 502 credit union increases, con-
sistent with distance being correlated with access to cash management. Subsample analyses
reveal that these results are robust to potential confounding factors including the effects

57Cameron and Trivedi (2005)
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of local economic conditions, “main street” benefits, and alternative definitions of financial
institutions.

C.2 County Instrumental Variable

In this section, we use counties with a 502 credit union as an instrumental variable. Many
credit unions explicitly state in their charters that their goal is to serve members of a given
community (and often that is a county). Our focal instrument is distance from a 502 credit
union. Whether a firm is in a county with a 502 credit union is positively correlated with
distance. To the extent that 502 credit unions restrict accounts to firms within the county
where they operate, the instrument will provide additional validation of our main findings.
Otherwise, this instrument will increase noise in our distance instrument.

The estimates in Table C.9 provide complementary evidence to our main specifications.
Specifically, firms are 8.4 percent more likely to have a bank account if they are in a county
with a 502 credit union (column (1)). In columns (2)–(4), we report that profitability is
similarly higher for firms with cash management using the county-level instrument. Similarly,
columns (5)–(7) report estimates from a differences-in-differences specification and show that
profitability is higher in counties with 502 credit unions. These results support the findings
of our main analysis.

C.3 Alternative Explanations and Sensitivity of the Results

C.3.1 Placebo tests

We use a series of placebo tests to investigate alternative explanations. We use distance
to non 502 credit unions and banks as placebo instrumental variables. We have previously
shown that distance to these other financial institutions does not predict cash management
(see Subsection 5.2). Estimates from these placebo tests capture unobserved characteristics
associated with distance and profitability that could conflate our estimates.

We find that the distance between a marijuana dispensary and non 502 credit unions or
banks does not impact product profitability. Specifically, we report estimates in Figure 5
that repeat estimates from Table 5 with no fixed effects, week fixed effects, city fixed effects,
and week and city fixed effects using (1) distance to a non 502 credit union, (2) banks (in the
credit union sample), and (3) banks (within 10-miles of a bank) as the instrument. All of
the coefficients reported in Figure 5 are small and statistically insignificant and sometimes
negative.58 These estimates help to rule out alternative explanations in which the distance to
a 502 credit union impacts product profitability due to the types of locations where financial
institutions are found (such as shopping areas) rather than through cash management.

[Insert Figure 5]

C.3.2 Sensitivity of the Results

We also consider the sensitivity of our estimates to the myriad modeling alternatives in our
main specification. In Figure 6, we plot our coefficients with 95% confidence intervals for

58These estimates are also reported in Table C.7.
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eleven additional specifications that all include week and city fixed effects.

[Insert Figure 6]

The first estimate is our baseline estimate that excludes marijuana dispensaries that are
farther than 10 miles from a 502 credit union. This restriction is to ensure that marijuana
dispensaries close or far from a 502 credit union are similar. In the following three speci-
fications, we expand that restriction to 15 miles, reduce the restriction to 5 miles, or have
no restriction. The point estimates of these specifications remain similar to the baseline
estimates and are statistically significant.

We also explore the effects of the sample period on the estimates. The main regressions
include all transactions between 2014 and 2017. The fifth specification in Figure 6 only
includes transactions in a post-period that occurred from 2015 to 2017. The estimates
remain similar, and the standard errors shrink, most likely due to a reduction in volatility
in the nascent marijuana industry.

Figure 6 also shows the results of altering our control variable for competition. The sixth
and seventh specifications include controls for the number of competitors within one and
two miles. The regression coefficients are larger in these specifications, and economically
and statistically comparable.

We also consider our choice of instrumental variable. In the eighth through tenth speci-
fications, we replace the baseline instrumental variable (an indicator for being within 1 mile
of a 502 credit union) with indicators for being within 2 or 3 miles of a 502 credit union or
the continuous measure log distance to a 502 credit union. In all of these specifications, the
estimates remain similar and statistically significant. As expected, though, the confidence
interval is larger when we use the IV within two and three miles because it adds noise to our
first-stage regression.

We also assess the sensitivity of our results to the level of aggregation in our data. In our
main regression specifications, we use a weekly level of aggregation. Alternatively, we could
use monthly or daily aggregation. We report these models in the last two rows of Figure 6
and they both yield similar point estimates, and the estimates are statistically significant.
The confidence interval is larger when we use the daily aggregation, likely because it includes
additional noise from daily fluctuations.

In Table C.10, we report several additional sensitivity results. Columns (1) and (2)
replicate columns (1) and (5) from Table 5. Columns (3) and (4) exclude transactions in
2014. Columns (5) and (6) exclude transactions from Seattle and columns (7) and (8) exclude
transactions from Spokane. Across all specifications, the baseline estimates are similar.

C.4 Standard Errors

There are several recent survey works that provide new insights into the level at which an
analysis should cluster its standard errors. One view is that there is correlation between all
observations within a group (Hansen, 2007; Cameron and Miller, 2015). The advice in this
literature is to cluster at higher levels, “including the point at which there is concern about
having too few clusters,” (Cameron and Miller; 2015, p.333). In light of this, a reasonable
choice would be to cluster at the city level (rather than a lower level like ZIP code or
dispensary).
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The other view is that clustering is a design problem (Abadie, Athey, Imbens, and
Wooldridge, 2017). This view argues that, “contrary to common wisdom, correlations be-
tween residuals within clusters are neither necessary, nor sufficient, for cluster adjustments
to matter,” (Abadie, Athey, Imbens, and Wooldridge; 2017 p. 2). The authors show that
clustering is not necessary if you include fixed effects at the level of clusters and there is
no heterogeneity in treatment effects. In this view, clustering is justified based on whether
sampling or assignment of treatment varies with group. Neither of these is true in our setting
because we have the full universe of firms and transactions, not a sample. Therefore, Abadie,
Athey, Imben, and Wooldridge (2017) p. 2 suggest, “one should not adjust the standard
errors for clustering, irrespective of whether such an adjustment would change the standard
errors.” Therefore, this view would suggest not clustering standard errors.

Finally, there is a view that standard errors, as typically interpreted, are irrelevant when
a study has the full universe and not a sample—as is the case in our context. In this case, the
suggestion would be report standard errors without clustering as a measure of variation—but
not sampling error.
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Table C.1: Summary Statistics: Credit Unions

This table reports summary statistics for credit unions separated by whether or not they offer
cash management services to the marijuana industry. Columns (1) and (2) present means
(standard deviations) for credit unions that are non 502 credit unions and 502 credit unions,
respectively. 502 credit unions are the subset of credit unions that elected to provide cash
management services to marijuana dispensaries. The table reports financial statement infor-
mation including total loans and leases, total assets, accounts payable and other liabilities,
total shares and deposits, and net income. The table also reports credit union characteristics
such as the number of members, the number of branches, and future plans to expand. All
variables are reported in logs. Column (3) reports the differences-in-means and the p-value
of the t-test adjusted for clustering at the credit union level (reported in parentheses).

Differences in Means Non 502 502
Credit Unions Credit Unions Difference

(1) (2) (3)
Total Loans and Leases 19.069 20.090 1.021

(1.485) (1.007) (0.082)
Total Assets 19.543 20.370 0.826

(1.452) (0.911) (0.123)
Account Payable and other Liabilities 15.116 16.051 0.935

(1.566) (0.539) (0.018)
Total Shares and Deposits 19.412 20.203 0.791

(1.448) (0.871) (0.126)
Net Income 4.546 5.725 1.179

(6.503) (8.096) (0.785)
Number of Current Members 10.286 10.981 0.695

(1.319) (0.795) (0.140)
Number of credit union branches 2.076 2.368 0.292

(0.785) (0.815) (0.508)
Does CU plan to expand or add branches in next 12 months 0.201 0.347 0.146

(0.319) (0.490) (0.573)
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Table C.2: Sub-sample First Stage Estimates—Monotonicity Assumption

This table shows how the probability of using cash management services changes with prox-
imity to a 502 credit union across observable characteristics. Observations are at the mari-
juana dispensary level. The sample is a combination of survey data and administrative data
from the state of Washington (see Section 4). The dependent variable, Cash management i,t,
is an indicator variable equal to one if in the survey the firm indicated that it used cash
management services and zero otherwise. f(Distance to 502 Credit Union)i is an indicator
variable equal to one if the distance to the nearest 502 credit union is within 1 mile and zero
otherwise. Standard errors appear in parentheses and *, **, and *** indicate significance at
the 10%, 5%, and 1% levels, respectively.

Cash management i,t = δ0 + δ1f(Distance to 502 Credit Union)i + δXi,t + αt + αj + εi,t

Probability of Using Cash Management Services
(1) (2) (3) (4)

Distance to 502 credit union 0.164 0.236 0.154 0.222*
(0.149) (0.164) (0.201) (0.133)

Constant 0.419*** 0.653*** 0.346*** 0.578***
(0.041) (0.048) (0.043) (0.040)

High school or Assoc. degree ✓
College, Prof, or Doct. ✓
Parent did not run company ✓
Parent did run company ✓
F-statistic 1.217 2.087 0.585 2.800
Adj. R-Square 0.001 0.010 -0.003 0.011
Observations 160 104 133 162
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Table C.3: Balance Test between Counties With and Without 502 Credit Unions

The table reports summary statistics for the counties in which marijuana dispensaries are
located as of February 2017. The sample consists of counties in which 502 credit unions
operate and counties in which 502 credit unions do not operate. Column (1) reports the
means of variables for the counties without 502 credit unions and column (2) reports the
means for the set of counties with 502 credit unions. Column (3) reports the difference in
means between columns (1) and (2) and the p-value of the t-statistic of these differences,
with standard errors clustered by dispensary. Variables include the total employment in the
county, total personal income, personal income per capita, population size, wages, personal
income of business owners, county GDP, size of the labor force, and the total employed and
unemployed populations.

(1) (2) (3)

Credit Union Availability: Without 502 Credit Unions With 502 Credit Unions Difference

Total Employment 10.967 11.576 0.608
(0.977) (1.647) (0.377)

Personal Income (Thousands) 15.392 15.921 0.529
(1.027) (1.689) (0.454)

Population 11.701 12.160 0.459
(0.946) (1.452) (0.453)

Personal Income(Per Capita) 10.599 10.631 0.032
(0.113) (0.200) (0.698)

Wages and Salaries 14.413 15.146 0.732
(1.114) (1.920) (0.361)

Personal Income (Proprietors) 12.802 13.366 0.565
(1.033) (1.800) (0.450)

County GDP 15.318 16.065 0.747
(1.067) (1.789) (0.319)

Labor Force 10.897 10.304 -0.593
(0.990) (1.799) (0.426)

Employed Population 10.821 10.234 -0.587
(0.996) (1.790) (0.429)

Unemployed Population 8.273 8.750 0.477
(0.937) (1.349) (0.406)

1

16



Table C.4: Distance to Nearest Bank or Non 502 Credit Union and Cash Management

This table shows how the probability of using cash management services changes with proximity to a bank or a non 502 credit
union that does not work with the marijuana industry. Observations are at the marijuana dispensary level. The sample is a
combination of survey data and administrative data from the state of Washington (see Section 4). The dependent variable,
Cash management i,t, is an indicator variable equal to one if in the survey the firm indicated that it used cash management
services and zero otherwise. The variable of interest is the coefficient on f(Distance to 502 Credit Union)i, which denotes either
the discrete measures within 1, 2, or 3 miles of a bank or non 502 credit union or the continuous measure log distance to a bank
or non 502 credit union. Standard errors appear in parentheses and *, **, and *** indicate significance at the 10%, 5%, and
1% levels, respectively.

Cash management i,t = δ0 + δ1f(Distance to 502 Credit Union)i + δXi,t + αt + αj + εi,t

Probability of Using Cash Management Services
(1) (2) (3) (4) (5) (6) (7) (8)

Within 1 mile of a bank -0.074
(0.059)

Within 1 mile of a non 502 credit union -0.032
(0.147)

Within 2 miles of a bank -0.051
(0.074)

Within 2 miles of a non 502 credit union 0.060
(0.097)

Within 3 miles of a bank 0.004
(0.088)

Within 3 miles of a non 502 credit union 0.089
(0.079)

Log distance to nearest bank 0.016
(0.021)

Log distance to the nearest non 502 credit union -0.032
(0.062)

Constant 0.584*** 0.532*** 0.574*** 0.526*** 0.528*** 0.519*** 0.569*** 0.629***
(0.050) (0.027) (0.068) (0.028) (0.083) (0.028) (0.030) (0.056)

F-statistic 1.597 0.048 0.471 0.384 0.002 1.277 7.331 0.266
Adj. R-Square 0.002 -0.003 -0.002 -0.002 -0.003 0.001 0.018 -0.009
Observations 354 354 354 354 354 354 354 354
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Table C.5: Cash management and Observable Manager Characteristics

This table shows how cash management relates to observable dispensary manager char-
acteristics. Cash managementi,t is a function of manager characteristics and the
f(Distance to 502 Credit Union)i. The manager characteristics include whether or not
a manager’s parent ran their own firm and a manager’s educational attainment. Log dis-
tance to 502 credit union measures the distance between the manager’s dispensary and a 502
credit union. Columns (1)–(3) report results using manager characteristics only. Column
(4) includes manager characteristics and the log distance to a 502 credit union. Standard
errors appear in parentheses and *, **, and *** indicate significance at the 10%, 5%, and
1% levels, respectively.

Cash management i,t,= δ0 + δ1f(Distance to 502 Credit Union)i + δXi,t + αt + αj + εi,t

Probability of Using Cash Management Services
(1) (2) (3) (4)

Log distance to 502 credit union -0.086***
(0.021)

Parent ran company 0.240*** 0.246*** 0.232***
(0.060) (0.057) (0.055)

High school graduate 0.072 0.039 0.074
(0.144) (0.139) (0.135)

Assoc. or technical degree -0.105 -0.161 -0.109
(0.140) (0.136) (0.132)

College degree 0.350** 0.302** 0.305**
(0.142) (0.138) (0.134)

Professional or doctorate -0.062 -0.108 -0.059
(0.152) (0.148) (0.144)

Constant 0.391*** 0.462*** 0.367*** 0.354***
(0.045) (0.130) (0.128) (0.124)

Adj. R-Square 0.053 0.119 0.176 0.224
Observations 264 264 264 264
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Table C.6: Distance to a 502 Credit Union and Observable Manager Characteristics

This table shows how distance to a 502 credit union relates to other observable dispen-
sary manager characteristics. The manager characteristics include whether or not a man-
ager’s parent ran their own firm and a manager’s educational attainment. Log distance to
502 credit union measures the distance between the manager’s dispensary and a 502 credit
union. Columns (1)–(3) report results using manager characteristics. Standard errors ap-
pear in parentheses and *, **, and *** indicate significance at the 10%, 5%, and 1% levels,
respectively.

Log(Distance)i = β0 +Xβ + εi

Distance to 502 Credit Union
(1) (2) (3)

Parent ran company -0.144 -0.165
(0.164) (0.164)

High school graduate 0.388 0.410
(0.401) (0.402)

Assoc. or technical degree 0.568 0.606
(0.390) (0.392)

College degree 0.003 0.035
(0.397) (0.398)

Professional or doctorate 0.533 0.564
(0.426) (0.427)

Constant 0.216* -0.213 -0.149
(0.123) (0.364) (0.369)

Adj. R-Square 0.001 0.018 0.018
Observations 264 264 264

19



Table C.7: Placebo Tests using Non 502 Credit Unions and Banks

This table reports placebo tests of the effects of cash management on the profitability of marijuana dispensaries. An observation
is a strain in a dispensary in a given week. In the specifications for the results in columns (1) and (2), we use as an instrument
an indicator variable equal to one for dispensaries within one mile of a non 502 credit union and zero otherwise. Columns (3)–(6)
use as an instrument an indicator variable equal to one for dispensaries within one mile of a bank and zero otherwise. Non 502
credit unions and banks did not provide cash management services to dispensaries, making them an ideal placebo test. Week
fixed effects, αt, city fixed effects αj, and strain fixed effects αs are included in the specifications for the results in columns (2),
(4), and (6). The sample in columns (1)–(4) consists of observations from 2014–2017 within 10 miles of a non 502 credit union
and within 10 miles of a bank in the specifications for the results in columns (5) and (6). The dependent variable is aggregated
to the dispensary week level from transaction-level data. Standard errors are clustered at the dispensary level and are reported
in parentheses. ∗, ∗∗, and ∗∗∗ denote significance at the 10%, 5%, and 1% levels.
The results of the following instrumental variables regression are in the table:

Cash management i,t, = δ0 + δ1f(Distance to 502 Credit Union)i + δXi,t + αt + αj + αs + εi,t

log(Profitability)i,t = β0 + β1cash management i,t,+βXi,t + αt + αj + αs + ui,t.

Non 502 Credit union Bank (credit union sample) Bank

(1) (2) (3) (4) (5) (6)
Cash management -0.215 -3.001 0.478 0.271 -1.892 -0.407

(0.466) (224.151) (1.246) (0.202) (6.762) (0.665)

Week fixed effects ✓ ✓ ✓
City fixed effects ✓ ✓ ✓
Strain fixed effects ✓ ✓ ✓
Adj. R-Square 0.040 0.063 0.016 0.055 0.030 0.053
Observations 1,512,183 1,512,183 1,512,183 1,512,183 3,790,160 3,790,160
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Table C.8: Differences-in-Differences: Dispensary Profitability

This table reports the effects of cash management on dispensary profitability in a differences-in-differences framework. The
dependent variable, log(profitability) is the log of dispensary profitability. The variable of interest is the coefficient on
I(Within X mile of a 502 credit union), which denotes dispensary-502 credit union pairs within X miles. X is the miles be-
tween a dispensary-finance pair, where X is either 1 mile or 2 miles. Dependent variables are aggregated to the dispensary week
level from transaction-level data. Standard errors clustered at the dispensary level are reported in parentheses. ∗, ∗∗, and ∗∗∗

denote significance at the 10%, 5%, and 1% levels, respectively.
The results of the following differences-in-differences regression are in the table:

log(profitability) = β0 + β1I(Within X mile of a 502 credit union)

+ β2I(Within X mile of a financial institution)

+ β3I(Within X+1 miles of a 502 credit union) + αt + αs + εi,

Within 5 mi of Only
502 credit union No overlap Credit unions

Within 1 mile 2 miles 1 mile 2 miles 1 mile 2 miles 1 mile 2 miles
(1) (2) (3) (4) (5) (6) (7) (8)

Within 1 mile 0.197** 0.192** 0.102*** 0.198**
(0.082) (0.079) (0.033) (0.082)

Between 1 and 2 miles 0.031 0.141** 0.257*** 0.258*
of a 502 credit union (0.034) (0.025) (0.025) (0.139)

Constant 1.552*** 1.482*** 1.623*** 1.634*** 1.464*** 1.693*** 1.547*** 1.462***
(0.035) (0.059) (0.068) (0.010) (0.034) (0.015) (0.042) (0.037)

Within X miles
of a financial institution ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓

Within X + 1 miles
of a 502 credit union ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓

Week fixed effects ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓
Strain fixed effects ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓

Adj. R-Square 0.167 0.214 0.196 0.386 0.210 0.273 0.170 0.210
Observations 3,454,849 668,732 1,164,766 20,477 3,454,849 668,732 2,938,416 1,059,302
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Table C.9: Estimates using County with 502 Credit Union as an Instrument

This table reports tests of the effects of cash management on the profitability of marijuana dispensaries using counties with a
502 credit union as an instrument for cash management. An observation is a strain in a dispensary in a given week. In column
(1), we report the first stage of the two stage least squares using whether a firm is in a county with a 502 credit union to
predict cash management. In columns (2)–(4), we report the second stage estimates adding week fixed effects and controls for
number of competitors within 1 mile and miles to the nearest bank in columns (3) and (4). In columns (5)–(7), we report our
differences-in-differences specification adding week fixed effects and controls for number of competitors within 1 mile in columns
(6) and (7). The dependent variable is aggregated to the dispensary week level from transaction-level data. Standard errors
are clustered at the dispensary level and are reported in parentheses. ∗, ∗∗, and ∗∗∗ denote significance at the 10%, 5%, and 1%
levels. The results of the following instrumental variables regression and differences-in-differences specification are in the table:

Cash management i,t, = δ0 + δ1f(County with 502 Credit Union)i + δXi,t + αt + αs + εi,t

log(Profitability)i,t = β0 + β1Cash management i,t,+βXi,t + αt + αs + ui,t

log(Profitability)i,t = β0 + β1f(County with 502 Credit Union)i + βXi,t + αt + αs + ui,t.

First-stage IV Differences-in-Differences

(1) (2) (3) (4) (5) (6) (7)
County with 502 credit union 0.084*** 0.036*** 0.038*** 0.045***

(0.001) (0.006) (0.006) (0.006)
Cash management 0.423*** 0.442*** 0.408***

(0.067) (0.068) (0.051)

Strain fixed effects ✓ ✓ ✓ ✓ ✓ ✓ ✓
Week fixed effects ✓ ✓ ✓ ✓ ✓
Controls ✓ ✓
Adj. R-Square 0.081 -0.081 -0.090 -0.073 0.160 0.160 0.163
Observations 3,870,036 3,805,535 3,805,535 3,805,535 3,805,535 3,805,535 3,805,535
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Table C.10: Sensitivity of results

This table reports robustness tests of our main results (reported in Table 5). Results in columns (1) and (2) replicate columns
(1) and (5) from Table 5 for the baseline case. We run these specifications on three additional subsets of the data; excluding 2014
(columns (3) and (4)), excluding Seattle (columns (5) and (6)), and excluding Spokane (columns (7) and (8)). An observation
is a strain in a dispensary in a given week. The instrumental variable specification uses distance to a 502 credit union as an
instrument for whether a dispensary has cash management. We use an indicator variable equal to one if a dispensary is within
one mile of a 502 credit union and zero otherwise as an instrument. Week fixed effects αt and city fixed effects αj are included
in the model for the results in even columns. The even columns also include controls for distance to a bank and number of
competitors. All columns include strain fixed effects. Standard errors clustered at the dispensary level are in parentheses. ∗, ∗∗,
and ∗∗∗ denote significance at the 10%, 5%, and 1% levels.
The results of the following instrumental variables regression are in the table:

Cash managementi,t = δ0 + δ1f(Distance to 502 Credit Union)i + δXi,t + αt + αj + εi,t

log(Profitability)i,t = β0 + β1cash managementi,t + βXi,t + αt + αj + ui,t.

Baseline Excluding 2014 Excluding Seattle Excluding Spokane

(1) (2) (3) (4) (5) (6) (7) (8)
Cash management 0.378* 0.485* 0.380* 0.481* 0.308 0.595 0.463** 0.422*

(0.203) (0.246) (0.201) (0.245) (0.243) (0.475) (0.181) (0.227)
Week fixed effects ✓ ✓ ✓ ✓
City fixed effects ✓ ✓ ✓ ✓
Distance to bank controls ✓ ✓ ✓ ✓
Competition controls ✓ ✓ ✓ ✓
Instrument: indicator ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓
Strain fixed effects ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓
F-statistic 34.670 23.375 35.551 23.220 26.165 21.184 34.171 22.172
Adj. R-Square 0.035 0.053 0.037 0.053 0.012 0.054 0.055 0.034
Observations 1,512,183 1,512,183 1,500,903 1,500,903 827,270 827,270 1,285,009 1,285,009
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Figure C.1: Sensitivity Tests of Profitability and Banking Services

This figure reports the coefficients for a series of sensitivity tests of the level of clustered
standard errors for our baseline estimates with 95 percent confidence intervals.
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D Institutional Details Appendix

D.1 Definition of Cash Management

Banks serve two primary functions: lending and cash management. Within the role of cash
management there is a payment processing function that helps streamline payments and a
warehousing function in which banks provide storage, guarantee, and issuance of funds.

Firms use payment processing to avoid costs and risks of cash transportation and trans-
actions. They can use warehousing to secure storage for large deposits. Banks “verify”
funds, which means that they certify that the money is not counterfeit and guarantee that
the account holder has assets to use for payments. Banks also issue funds. They can issue
cash in convenient currency denominations and, in the marijuana industry, can provide cash
that does not have a marijuana odor.

In our setting, cash management evolved as follows. Initially, cash management was
limited to depository services. In 2014, Salal and Numerica began offering depository services
with limited features of a regular checking account: check writing, wire payments, and
automated deposits. In addition to these traditional cash management functions, these
accounts offered armored transport when businesses had large amounts of cash to deposit
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or deliver and dedicated account managers. Deposits of cash and checks were required to
be made in person during the branch’s daytime hours. Numerica limited total deposits per
firm to $5 million and deposits of all marijuana accounts combined could not exceed 5%
of Numerica’s total deposits. Numerica required that account holders live in a community
where it also had a branch. The accounts did not have: debit cards, online bill pay, mobile
banking, night deposits, credit cards, courtesy pay, remote deposit capture, and shared
branching.59

As of 2021, marijuana credit union accounts included debit cards, savings and money
market accounts, certificates of deposit, online banking, and accounts for dispensary em-
ployees.60

D.2 Credit Unions and Marijuana Businesses

Why did Credit Unions work with marijuana businesses?

Working with marijuana businesses involved taking serious risk on a number of fronts.
Taking cash from marijuana firms is money laundering under federal law. Institutions and
employees who knowingly engage in money laundering face federal prosecution. In addition,
there are onerous financial penalties. The penalty for money laundering is two times the
amount of cash involved in the offense. For example, processing $250,000 in cash could result
in a fine of $500,000. The federal guidance for financial institutions was ambiguous and could
be revoked at any time, meaning that financial institutions needed to be prepared to shut
down accounts and possibly pay penalties at a moment’s notice. This posed liquidity risk.
If marijuana deposits accounted for a large portion of a bank’s portfolio and the government
revoked the FinCEN guidance, banks would need to return the deposits immediately. Finally,
financial institutions were taking reputational risk. They needed to avoid working with
marijuana businesses that would create scandals and make headlines.

Credit unions cited public safety and potential profits as the primary drivers of the
decision to work with marijuana firms. Communities were concerned about the potential
crime associated with a large, cash-only business. There would be a large amount of cash
on the streets and events in other states that legalized marijuana without access to banking
faced a high number of home invasions and violent crimes. By definition, credit unions are
community oriented and Numerica and Salal credit unions saw themselves as serving an
important need in the community. Specifically, Numerica’s mission statement is that it will
“enhance lives and build communities.” The leadership felt that it was in the best interest
of the communities they served to have cash taken off the streets and securely stored in
financial institutions. 61

59https://nwcua.org/2014/05/20/numerica-credit-union-s-carla-altepeter-opening-account

s-for-marijuana-businesses-is-in-the-best-interests-of-our-members-and-their-communities

/ and https://www.thestreet.com/personal-finance/washington-credit-union-endures-increas

ed-regulatory-scrutiny-after-opening-pot-business-accounts-12941123
60https://www.forbes.com/sites/bencurren/2018/12/27/moving-cannabis-off-cash-how-local

-financial-institutions-have-stepped-up-where-congress-has-not/?sh=2c883f436b23
61https://washingtonstatewire.com/oped-armed-robberies-of-cannabis-retailers-require-i

mmediate-response/
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Credit unions stood to benefit financially from this new industry. Credit unions sensed
that the legalized, recreational marijuana would be a multimillion-dollar industry. This
was an opportunity to innovate, experiment, and ultimately influence and lead the banking
industry into the marijuana business. In 2014, Salal estimated that 80% of the future value
of the credit union would be driven by marijuana related banking. In the early years,
credit unions set fees to cover costs and leave a little profit for the credit union. The
initial breakdown was roughly that 75% of annual fees paid for personnel and 25% covered
overhead, out-of-pocket costs, and compensation for the credit union’s risk for working with
the industry. As credit unions gained confidence, they eventually used deposits to fund loan
activity within the organization, but had strict rules in place to limit the liquidity impact of
unexpected changes in marijuana regulations.62

Officials in Washington state provided much needed support to financial institutions that
were interested in working with marijuana businesses. In addition to public safety, regulators
in Washington state wanted to facilitate revenue collections. Bank accounts keep businesses
from entering the underground economy instead of paying taxes – which is a major benefit
of legalizing marijuana. Department of Financial Institutions (DFI) director Scott Jarvis
spent more than one year working with federal regulators to develop specific guidelines and
documents to help businesses and bankers figure out how to bank as close to legally as
possible.

Did credit unions limit the number of firms they served?

Most marijuana dispensaries did not get credit union accounts because they could not.
First, credit unions wanted to develop processes for managing these accounts and therefore
limited the number of accounts that they would open. By October of 2014, Salal had received
200 requests for accounts and had opened 12.

In the first year, Numerica would only work with marijuana businesses operating in mu-
nicipalities where it had a branch. In addition, Numerica limited the number of accounts
by self-imposing a rule that marijuana-business accounts could not exceed 5% of total de-
posits at the credit union. As the credit unions learned good practices for maintaining these
accounts, they expanded access. By 2019 Salal had 300 marijuana-related accounts.

On the demand side, account application fees were expensive, $1,000 according to inter-
views, and dispensary owners had to go through a rigorous application process and agree to
onerous conditions and high fees to maintain the account. In addition, there was a very likely
chance that the accounts would be terminated instantly if legislation changed or regulators
chose different enforcement strategies.

How did credit unions manage marijuana business accounts?

Credit unions developed highly customized solutions to banking with marijuana-related
businesses. The account application process takes seven to ten days and includes on-site visits
and a review of business license documentation, criminal background checks, funding and
financial scrutiny, and public records from the Liquor and Cannabis Board of Washington

62https://www.southsoundbiz.com/news/banking-on-bud/article 5382a310-1794-5561-9fdb-55a

bc218898b.html
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state. Lynn Ciani, chief risk officer of Numerica Credit Union, refers to this process as
“know your client” on steroids. Numerica has four, full-time account managers dedicated to
marijuana accounts who perform due diligence and onboarding. In addition, the “Canna-
Committee”, which includes the chief risk officer, the lead marijuana account manager,
corporate counsel, a member of the legal compliance team, a branch representative, and the
senior vice president of enterprise risk management, review each account. Approved accounts
remain separated from other credit union accounts. Salal credit union employs a team of
six marijuana account managers, assigns a personal account manager to each account, and
hires armored trucks to transport cash.63

Marijuana bank accounts require on-going, special services. Credit unions must file Sus-
picious Activity Reports (SARs) each quarter for all marijuana accounts and Currency
Transaction Reports (CTRs) for currency transactions over $10,000 per day. They must
continuously monitor noteworthy events, changes, and issues that the Liquor and Cannabis
Board reports, and follow legislative and judicial actions, and any other publicly-available
information that may affect their marijuana business clients.64

Credit unions are working with fintech firms to lower the administrative costs to be
able to serve more marijuana dispensaries. fintech has created new products to make the
application process and compliance requirements less onerous. In 2020, Salal joined with
fintech provider Shield Compliance which offers products that automate compliance tasks
such as daily monitoring and reporting and accelerate new member onboarding.

Fees

The account fees paid by marijuana dispensaries reflect the costs of these customized
solutions. Anecdotes from the time report that the account application fees were $1,000,
nonrefundable, and came without a guarantee or even a signal of approval. Salal Credit
Union charged a minimum monthly fee of $350, but tacked on additional fees for the number
and type of transactions and the cost of armored vehicles to transport cash to the marijuana
firm. The co-founder of Evergreen Market suggested that this business was paying several
thousand dollars per month in bank fees.65

In contrast, standard businesses that bank with Numerica can access a “Basic Business
Checking” product which includes debit cards, online bill pay, mobile banking, night deposits
(deposits do not need to be made in person), credit cards, courtesy pay, remote deposit cap-
ture (cell phone check deposits based on a picture of the check), financial services products,
and shared-network banking.66 Businesses pay no monthly fee with a $5,000 daily balance.
Of the 10 most used business checking accounts in 2022, 6 charged $0 and 4 charged between

63https://www.creditunions.com/articles/collecting-cannabusiness-deposits-in-the-everg

reen-state/ and https://www.bizjournals.com/seattle/news/2022/01/20/salal-credit-union-c

annabis.html
64https://www.fincen.gov/resources/statutes-regulations/guidance/bsa-expectations-rega

rding-marijuana-related-businesses
65https://www.inlander.com/spokane/more-money-more-problems/Content?oid=2358747 and

https://www.leafly.com/news/politics/shh-heres-how-cannabis-companies-are-banking-legall

y-on-the-down
66https://www.numericacu.com/business/deposits/
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$10 and $16 in monthly fees.67

How did credit unions choose which firms to work with?

The state used a lottery system to determine who would be able to apply for a licenses
to sell recreational marijuana. There were 1,174 applicants vying for 334 licenses and the
lottery was held in May of 2014. Numerica and Salal credit unions announced that they
would work with marijuana businesses soon after FinCEN guidance about banking with
marijuana businesses was released on February 14, 2014, well before the May lottery.

Moreover, they had many factors to consider such as, which banking services to offer,
which account holders to approve, and what rules should govern these accounts.

The lottery results did not guarantee that the winner would get a retail license and
qualifying for a license was an arduous process with many pitfalls for applicants. Regulators
needed to review the applicant’s operations and financial plans and conduct background
checks. Startup costs could range from $50,000 to $400,000. Applicants were required to
build out their stores, which included infrastructure such as paved parking lots and cameras,
and pass a final inspection. Applicants could fail the licensing process if their location was
too close to specific types of venues. For example, a proposed store was disqualified because
it was too close to a public park, but further inspection revealed that the venue was a private
RV park and the licensing process moved forward. Another potential store owner was left in
limbo because a day-care center moved nearby after he applied for a license. If an applicant
failed, the state moved to the next lottery number drawn in the initial lottery. State officials
started issuing store licenses by early July. Despite these uncertainties, credit unions heard
from at least 1,000 potential applicants expressing interest and asking questions.

D.3 Alternatives to cash management

In 2022, banking options continue to be quite limited even as 19 states have legalized recre-
ational marijuana. Many businesses continue to operate in cash. Operating in cash makes
businesses and employees targets of crime. Owners need to pay for supplies from vendors,
salaries, taxes, and rents in thousands of bills. Firms hire armored vehicles to deliver monthly
tax payments, and the Department of Revenue has a bulletproof room in which these tax
payments occur. Business owners discreetly transport cash in duffel bags, paper bags, and
fast food containers to conceal cash.68 Owners also need to safely store the cash. One
business owner hid his cash in three different vaults buried on a 200-acre parcel and used
a handmade map with landmarks to guide him to the vaults.69 These dangers are ongoing,
ten years later. There were 77 armed robberies and 3 deaths related to cannabis by June of
2022 in Washington state.70

In terms of alternatives, accessing banking services under false pretenses, i.e., “under-
ground banking,” is time-intensive and risky. To stay underground, transactions must be

67https://www.nerdwallet.com/best/small-business/business-checking-accounts
68https://www.businessfleet.com/323466/whats-in-that-white-cargo-van
69https://www.sandiegouniontribune.com/business/sd-me-pot-banking-20170210-story.html
70https://washingtonstatewire.com/oped-armed-robberies-of-cannabis-retailers-require-i

mmediate-response/
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small.71 As one dispensary owner noted, “it’s a daily activity if you’re a 502 business to
make your deposits without blowing up the bank.” He makes multiple deposits over many
days before he can write a check to the IRS.72 Small money orders, prepaid debit cards,
and department store credit cards with low spending limits are also options. Despite these
efforts, most accounts get shut down and money orders and debit cards get canceled. For
example, Kristi Kelly, owner of Good Meds, has had 23 bank accounts canceled. Owners
have been blacklisted by banks and have lost accounts due to the marijuana odor of cash
deposits.73

Finally, attracting outside investment is difficult in an all-cash environment. Dispensaries
often use boot strapped funds, friends and family, and some private investors. From the
investor’s perspective, delivering cash investments is risky due to challenges with record
keeping, traceability, and theft.74

Official data support these anecdotes. An examination of 170,975 marijuana-related sus-
picious activity reports (SARs) shows that 20,000 have been “termination SARs” meaning
that the financial institutions terminated 20,000 marijuana-related accounts between 2014
and 2021. The remainder of the SARs are “limited” or “priority” SARs which report mari-
juana activity but note that the transaction is not abnormal or concerning. Financial insti-
tutions are required to file these reports quarterly for each account and the remaining SARs
are part of ongoing account management required of credit unions that provide banking to
marijuana businesses.

For dispensaries that want to patch together legal solutions there are a growing array of
options. Dispensary owners that want to provide customers with payment solutions to make
shopping easy provide on-site ATMs. Dispensaries also have developed “cashless ATM”
transactions in which customers can use a debit card but the transaction appears as an
ATM withdrawal on the customer’s bank statement. Customers paid fees up to 20% of
the transaction price. Although initially touted as a “convenient and cost-effective way
to transact legitimate cannabis purchases”, banks and transaction processors eventually
cracked down on these transactions, labeling them as a form of money laundering. (https:
//www.marijuanaventure.com/buying-or-selling-a-marijuana-business-2/) Other
innovations include ZaZZZ, a marijuana vending machine which operates inside dispensaries
and accepts cash and Bitcoin. “Smart safes” are an in-store option that helps dispensaries
manage large amounts of cash. These safes are bolted to the floor, connected to the internet,
monitored by security cameras, and able to collect cash, count currency, and check for
counterfeits.

The need for banking alternatives in the marijuana industry has led to an explosion of
fintech solutions that can replace many of the traditional banking functions. Fintech has
developed new forms of customer payment options. Canpay and Aeropay are payment apps

71https://tax.nv.gov/uploadedFiles/taxnvgov/Content/Meetings/Presentation-Carlyon.pdf
72https://www.thestranger.com/pullout/2014/10/22/20884534/what-marijuana-businesses-ar

e-doing-with-their-stacks-of-cash
73https://www.nytimes.com/2015/02/08/business/marijuana-industry-in-colorado-eager-for

-its-own-bank-waits-on-the-fed.html
74https://www.nytimes.com/2014/01/12/us/banks-say-no-to-marijuana-money-legal-or-not.h

tml
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that allow customers to use debit and credit cards.75 ZaZZZ is a pot vending machine which
operates inside dispensaries and accepts cash and Bitcoin.76 In addition, Smart Safes and
hybrid ATMs resolve physical, in-branch interactions.77 Customers can preload PayQwick
cards or use the app to make purchases. In addition, PayQwick is a nonbank financial
institution that gives business owners access to an online payment platform to pay vendors,
landlords, and employees.78 Dama Financial gives businesses access to online banking and
cash courier services.79

Our framework suggests that fintech may be able to create value not only by lowering
transaction costs but also by providing some of the warehousing value to firms by easing
bookkeeping, verification, and validation of currency. Banking-as-a-service (BaaS) providers
have emerged with products and services to help financial institutions and fintech firms work
with dispensaries. Hypur collects all relevant business data, provides a software platform that
audits a company’s licenses, tax returns, financial statements, and state records, and makes
it possible for banks to conform to Treasury Department regulations.80 It can integrate into
point-of-sale providers, e-commerce platforms, and data analytics software and allows busi-
nesses to connect their checking account to a digital payment option. Shield Compliance is
a compliance management platform that includes “Shield Assure”, which automates compli-
ance tasks such as daily monitoring and reporting and “Shield Engage”, which manages new
member onboarding.81 Wurk helps marijuana firms meet various operating requirements of
local and U.S. laws and manage HR functions.82 “Link to Banking” and “Kind Financial”
have partnered to help marijuana businesses and financial institutions follow anti-laundering
and other regulatory guidelines.83 “FinCann” offers a product that competes with cashless
ATMs.84

D.4 Cash Management Value

When firms operate solely in cash, especially in a highly regulated industry, they must verify
that cash is not counterfeit and that it is comes from a legal source. They need a safe way
to store and transport the cash and they must accept investments from outside investors in
cash. These are implicit functions that banks perform normally, but the marijuana setting
highlights the economic costs of going without cash warehousing.

Operating in cash makes businesses and employees targets of crime. Owners need to pay
for supplies from vendors, salaries, taxes, and rents in thousands of bills. Firms hire armored
vehicles to deliver monthly tax payments, and the Department of Revenue has a bulletproof

75https://www.paymentsdive.com/news/cannabis-payments-companies-focus-on-compliance-cr

eativity/623356/
76https://cointelegraph.com/news/bitcoin-friendly-cannabis-vending-machines-makes-hist

oric-debut-in-seattle
77https://www.paybotic.com/solutions/smart-safe-depository-banking/
78https://www.payqwick.com/
79https://www.damafinancial.com/
80https://www.hypur.com/
81https://www.shieldbanking.com/
82https://www.enjoywurk.com/the-cannabis-platform
83https://mjbizdaily.com/industry-snapshot-banking-related-services/
84https://fincann.com/
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room in which these tax payments occur. Business owners discreetly transport cash in duffle
bags, paper bags, and fast food containers to conceal cash. Owners also need to safely store
the cash. One business owner hid his cash in three different vaults buried on a 200-acre
parcel and used a handmade map with landmarks to guide him to the vaults. There are
risks of transporting cash – even cash from legal retail marijuana. Laws are murky about
whether transporting marijuana-related money across state lines is legal. In 2021, cash from
marijuana dispensaries was being transported from Missouri, where recreational marijuana
use is legal, through Kansas, where recreational marijuana is not. The cash was seized when
it crossed the state line into Kansas.

Finally, attracting outside investment is difficult in an all-cash environment. Dispensaries
often use boot strapped funds, friends and family, and some private investors. From the
investor’s perspective, delivering cash investments is risky due to challenges with record
keeping, traceability, and theft.85

D.5 Hypothesis

What drives higher profitability?

Our conceptual framework discussed in Section 3 and Appendix E establishes that the
lack of cash management creates administrative and quality costs that shift the supply and
demand curves in both the wholesale and retail market similar to a tax.

Explicitly, these costs encompass the additional costs in the wholesale market of veri-
fying, validating, and securely transporting cash. Through interviews with processors and
dispensaries we learned that transactions in the wholesale market with dispensaries without
cash management services were more costly than with dispensaries with cash management
services because of the need to verify, validate, and securely transport cash. We call these,
and other additional costs, “administrative” costs.

In the retail market, these costs capture the opportunity cost of time in producing a
higher quality experience for customers. Through industry reports and customer reviews on
the “Yelp” website, we find that dispensaries without cash management must commit signif-
icant resources of time and money to build an “in-house” solution. Dispensaries with cash
management that do not have to spend additional resources on alternative cash management
systems are able to invest in cultivating a high-end clientele through quality and improved
customer interactions with employees. This leads to a “quality” costs that limits investment
in quality.

In the wholesale market, suppliers sell marijuana to dispensaries at wholesale prices and
transactions consist of large quantities of marijuana and cash being exchanged.Without cash
management services, the cash transfer becomes more complicated. First, the physical trans-
portation of cash increases risk—which has led to the development of licensed transporters
that charge 1% to 1.5% of the value of cash-in-transit just to cover insurance. Second, with-
out cash management, dispensaries force suppliers to count the cash, verify that it is not
counterfeit, and safely store the cash.86 Moreover, supplier contracts typically allow between

85https://www.nytimes.com/2014/01/12/us/banks-say-no-to-marijuana-money-legal-or-not.h

tml
86It takes 2–3 hours to count and verify $20,000 in $20 bills using a cash counting machine.
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14 and 30 days for payment in full and suppliers bear the risk that dispensaries without bank
accounts will be robbed and unable to pay.

Firms without access to bank warehousing typically hire at least one or two employees
dedicated to bookkeeping (counting cash and managing cash flows), security (armored guards
and IT software), and issuance (converting cash into convenient denominations and obtaining
money orders). That, of course, makes them extremely vulnerable to misappropriation of
funds and employee theft; as much as 90% of monetary and product loss in the cannabis
industry has been attributed to employee theft.87 In interviews, employees say a large amount
of their time is dealing with cash including, applying scented laundry spray on the money
to remove the smell, sorting money into different piles to be vacuum sealed, and continually
counting and verifying the amount of cash on hand.

In the retail market, the clientele and quality advantage predicts that dispensaries with
cash management services will have more resources to provide a high quality shopping ex-
perience to customers. Yelp reviews reveal that budtenders make or break a customer’s
experience with the dispensary. Repeat customers build close relationships with their bud-
tender and expect consistency, quality, and safety in the dispensary’s products. They are
willing to pay higher prices for these benefits. Customers frequently say they are willing to
drive further for higher quality employee interactions. We also find that dispensaries with
cash management receive better Yelp reviews, based on over 2,000 Yelp reviews that we
collected.

Higher quality creates a “clientele effect” that allows firms to charge higher prices for
the same product. This clientele effect is evident in a recent study of grocery prices that
found that Whole Foods is able to charge higher prices for the same product due to cus-
tomer’s valuation of interactions with store employees about advice and selection of products.
Specifically, a 2014 study of grocery stores found that the clientele effect allowed the Whole
Foods grocery store chain to charge to charge $14.99 for a bottle of Kim Crawford Marl-
borough Sauvignon Blanc while other grocery stores in the area charged between $11.79
and $12.97—a 15% mark-up. Interviews documented taht customers valued aspects of the
shopping experience at Whole Foods, such as interactions with store employees about advice
and selection of products.88

Anecdotal evidence from customers and dispensaries in Washington state at the time
of our analysis suggests that payment processing was not the main driver of value. In
our survey data we found that payment types (credit cards, debit cards, cryptocurrency)
do not differ by whether a dispensary has cash management services or not. Credit card
transactions are exceedingly rare because they are illegal whether the dispensary has cash
management services or not. Other payment solutions, such as “cashless ATMs” also have
some amount of legal uncertainty that does not differ based on whether a dispensary has
cash management services. Moreover, customers, rather than dispensaries, were paying the
transaction fees either at the ATMs inside of the store or when they use the “cashless ATM”
option. The “cashless” ATM option charged a fee of $3 for every $15 purchased and these
fees were assessed separately on the receipt - appearing as an ATM fee. Finally, a 2021

87https://www.forbes.com/sites/forbesbusinessdevelopmentcouncil/2020/10/19/the-challen

ges-of-running-a-legitimate-cannabis-business-out-of-a-duffel-bag-filled-with-cash/?sh=

59f83b3112b4
88https://www.checkbook.org/washington-area/wine-prices/
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survey conducted by Hypur reports that 70% of cannabis customers will choose a dispensary
with no convenience fees over one with convenience fees.

D.6 Supply Chain: Dispensary - Supplier Relationship

Legal restrictions in Washington state prevent dispensaries and processors from forming a
vertically integrated supply chain. Hence, dispensaries must work closely with suppliers by
developing long-term, stable relationships.89 Good relationships require sharing information,
offering flexibility, and providing support.90 For example, suppliers rely on accurate estimates
of product volumes from dispensaries in order to create enough product for the market.91

Common deal terms will include the number of high quality products, price-volume discounts,
and payment terms.92

Variation in product quality and variety gives suppliers negotiating power. Suppliers
with high quality products with unique genetics can negotiate high prices.93 Suppliers can
create, package, and brand products and can offer novelty which is important to customers,
sometimes more than the price per gram.94 Negotiating points include similar product offer-
ings, offloading inventory, and product availability which is a function of drought, harvest,
and shelf life. 95 Having a consistent supply chain, with predictable product quality and
safety, improves reputation of the dispensary and supplier.96 Moreover, these negotiations
benefit customers by guaranteeing in-stock inventory, greater product variety, and affordable
pricing at dispensaries.97 Ultimately, the quality and consistency of products and services
holds the dispensary together.98

Cash payments increase the logistical challenges for suppliers because they have to co-
ordinate transportation for cash collections.99 One supplier, Hawthorne growers, will not
accept cash, money orders, traveler’s check, cashier’s checks. They accept company check,
personal check, credit card, ACH, or wire transfer and want to review financial statements
and other financial information that they request before making payment agreements.100.
Suppliers may reward dispensaries for using non-cash payments by extending payment due
dates to 30 days, rather than 14 days after billing.101

When dispensaries have cash management, they save on labor and handling fees related to

89https://smallbiztrends.com/2016/10/medical-marijuana-supply-chain.html
90https://www.chicagobooth.edu/magazine/confronting-challenges-in-the-cannabis-industry
91https://www.chicagobooth.edu/magazine/confronting-challenges-in-the-cannabis-industry
92https://smallbiztrends.com/2016/10/medical-marijuana-supply-chain.html
93https://www.cannabisbusinesstimes.com/article/lets-make-a-deal-dispensary-negotiatio

ns/
94https://www.cannabisbusinesstimes.com/article/lets-make-a-deal-dispensary-negotiatio

ns/
95https://smallbiztrends.com/2016/10/medical-marijuana-supply-chain.html
96https://www.cannabisbusinesstimes.com/article/lets-make-a-deal-dispensary-negotiatio

ns/
97https://smallbiztrends.com/2016/10/medical-marijuana-supply-chain.html
98https://thegreenleafcpa.com/2022/02/21/get-out-of-the-middle-of-your-business-to-mak

e-more-money/
99https://hightimes.com/sponsored/the-real-problem-in-cannabis-cash-flow/

100https://www.hawthornegc.com/page/terms-and-conditions
101https://www.leaflink.com/product/payments
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cash payments and minimize the time it takes to receive payments.102 In contrast, “in-house”
cash management takes considerable time and effort. In an all cash environment, delegating
payment authority to an employee can be risky, and one person – typically the owner,
makes all of the payments.103 Most cannabis businesses need at least one or two employees
exclusively dedicated to counting cash, making money drops, and obtaining money orders
and cashier’s checks. Payment in cash requires the payer to wait as money runs through
counting and counterfeit-detection machines. It can take 2-3 hours for $20,000 in $20 bills.104.

D.7 Competition and the Benefits of Cash Management

Profits and losses drive entry and exit in a frictionless product market, but there are reg-
ulatory and logistical frictions in the marijuana industry that limit new entry. The lottery
for licenses and the extensive regulatory approvals required for licensed dispensaries to start
doing business create frictions that substantially diminish the effects that action on the ex-
tensive margin would have on marginal profitability. We examine the entry and exit decisions
throughout our sample. Entry was gradual between 2014 and 2017. There were 2 exits over
the sample period and by January of 2017, 321 of the licenses were granted and store fronts
were opened. The timing of the gradual entry suggests that compliance with the licensing
process determined entry, rather than changes in product market competition.

Rather than competition arising from new entrants, in our model competition arises
when more and more firms are able to reduce the financing friction, i.e., access to cash
management. As firms are able to access cash management, the magnitude and statistical
significance of our results should eventually disappear. However, this does not mean that the
positive effect of cash management attenuates. Cash management will continue to generate
the value that we measure, but any measurable treatment effect will disappear because all
businesses will have access to the technology. Instead the setting reaches an equilibrium in
which all firms have access to cash management, as in most industries, and we no longer
have a counterfactual to measure the effect.

We also report in Table D.1 that new entry is not correlated with proximity to a credit
union or profitability following entry.

D.8 External Validity

While the marijuana industry is unique, the value of cash management comes from fun-
damental functions (i.e., transaction processing and warehousing) that extend beyond our
unique setting and beyond the management of physical cash. Our conceptual framework
formalizes this discussion and demonstrates the value of cash management does not depend
on the number of firms that also have cash management. In addition, the administrative and
quality costs that we find matter in the marijuana business are not unique to the marijuana
industry.

102https://www.leaflink.com/product/payments
103https://thegreenleafcpa.com/2022/02/21/get-out-of-the-middle-of-your-business-to-mak

e-more-money/
104https://www.nytimes.com/2018/05/18/business/smallbusiness/marijuana-companies-federa

l-taxes.html
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Specifically, the cash warehousing value we find applies in all industries. Moreover, we
argue that warehousing is central to the growth in fintech and banking, rather than an
outmoded function. Consider digital warehousing for example. Bookkeeping, e.g., counting
currency, tracking cash flows, and recording transactions, are essential as are safe storage
(cyber security) and currency issuance (providing legal currency to complete transactions).
Cryptocurrency and fintech solutions that redefine the banking industry will need to incor-
porate these lessons to ensure a well-functioning banking system.

The setting allows us to study how credit unions, local and national banks, and fintech
services respond to uncertainty, risk, and new growth opportunities. Local credit unions used
relationships with the local community of financial regulators, business leaders, legal experts,
and state regulators to reduce uncertainty and limit the risks of working with recreational
marijuana businesses. They invented a customized, small-scale model for providing financial
services to marijuana businesses. Their solutions evolved over time, but were labor-intensive,
hyper-localized and emphasized due diligence, strict compliance, and constant contact with
state regulators.105

In contrast, large banks did not want to undertake the risks associated with marijuana
businesses. National banks would need to learn the local regulations and laws and develop
compliance protocols that they could communicate to a central authority. Moreover, national
institutions had alternative investment opportunities outside of these communities.

This gap in solutions allowed fintech businesses to develop a niche in the banking market.
These companies used the local expertise gathered by credit unions to build standardized
products, such as compliance and onboarding products, that allowed financial institutions
to scale up their account offerings. These fintech products are able to use hard information
about these firms, like traditional national banks use, but can process the information to
comply with idiosyncratic, local laws.

In this experiment fintech and local banks played complementary roles. Credit unions
addressed the uncertainties of working with local marijuana businesses. fintech found a niche
in the banking market by developing technology that allowed credit unions to expand these
relationships. Our findings provide a unique window into the benefits fintech is providing
through cash management across industries.

.

D.9 Legislation

The Bank Secrecy Act (BSA) is a 45 year old federal statute that outlaws money laundering.
FinCEN enforces the act and issued guidance in 2014 for marijuana-related businesses and
bank accounts. There is no formal act or law that protects financial institutions. Legislatures
have tried and failed to pass laws to facilitate banking access since 2014.

Marijuana Business Access to Banking Act and related bills include:

• 2014: Rohrabacher-Farr Amendment which prohibits the use of Department of Justice
federal funds to interfere with the implementation of state-level marijuana laws.

105https://www.creditunions.com/articles/collecting-cannabusiness-deposits-in-the-everg

reen-state/
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• 2015: HR 2076/S2076 died in committee.

• 2015: The courts required further clarification of the Rohrabacher-Farr Amendment
to manage lawsuits.

• 2016: The courts required even more clarification of the Rohrabacher-Farr Amendment
to manage lawsuits.

• 2018: U.S. Senator Cory Gardner initiated a failed attempt to pass the STATES
Act that would enable banks, credit card networks, credit unions, and other financial
institutions to enter the cannabis sector.

• 2018: Attorney General Jeff Sessions rescinded key guidance outlined in the “Cole
Memo” detailing the principles of responsibly providing financial services to the mari-
juana industry.

• 2019: Legislature introduced the “SAFE Banking Act.” The Act would help financial
institutions to provide legal banking to marijuana related businesses (MRB).

• 2020: The MORE Act, which proposes to decriminalize marijuana at the federal level,
passed the House but failed in the Senate.

• 2021: SAFE Banking Act has not passed yet.

• 2022: MORE Act passes the House again and advances to the Senate.

• 2022: SAFE Banking Act passes House and advances to the Senate.
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Table D.1: Dispensary Entry

This table reports results from a regression of dispensary entry on distance to 502 credit
unions, future profitability, and survival. An observation is a dispensary in a given week.
Week fixed effects αt, are included in the model. Standard errors clustered at the dispensary
level are in parentheses. ∗, ∗∗, and ∗∗∗ denote significance at the 10%, 5%, and 1% levels.

Dispensary Entry
(1)

Mi to 502 credit union 0.001*
(1.74)

Profits (t+1) -0.011
(-0.32)

Profits (t+2) -0.035
(-0.82)

Profits (t+3) 0.021
(0.61)

Profits (t+4) -0.000
(-0.01)

Continued operating 0.006
(1.08)

R-squared 0.062
Number of Observations 7,315
Week FE Yes
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Table D.2: Yelp evidence

This table investigates whether dispensaries with cash management receive better, more, or
a different mix of reviews on Yelp. An observation is a dispensary. Columns (1) and (2)
report estimates with average score as the dependent variable. Columns (3) and (4) report
estimates with total reviews as the dependent variable. Columns (5) and (6) report estimates
with the fraction local reviewer as the dependent variable. Columns (1), (3), and (5) report
specifications in levels and columns (2), (4), and (6) report specifications in logs. ∗, ∗∗, and
∗∗∗ denote significance at the 10%, 5%, and 1% levels.
The results of the following OLS regression are in the table:

Yelpi = δ0 + δ1Cash managementi + ui,t.

Average Score Total Reviews Local fraction
Level Log Level Log Level Log
(1) (2) (3) (4) (5) (6)

Cash management 0.260* 0.074* 2.270 -0.113 -0.016 -0.034
(0.155) (0.041) (3.955) (0.229) (0.046) (0.071)

City fixed effects ✓ ✓ ✓ ✓ ✓ ✓

Adj. R-Square 0.081 0.061 0.062 0.221 0.142 0.210
Observations 103 103 103 103 103 103

Table D.3: Survey evidence: Cash management and Payment Processing

This table reports results from an analysis of the effects of cash management on payment
processing at dispensaries. The data are from the BERT survey of marijuana businesses.
Payment types include credit card and debit cards. Standard errors are reported in paren-
theses. ∗, ∗∗, and ∗∗∗ denote significance at the 10%, 5%, and 1% levels.
The results of the following OLS regression are in the table:

Paymenti = δ0 + δ1Cash management + ui,t.

Credit card Debit card
(1) (2)

Cash management -0.018 -0.055
(0.029) (0.050)

Adj. R-Square 0.0016 0.0051
Observations 254 254

38



E Value of Cash Management Appendix

We consider a standard model of regulation to calculate a back-of-the-envelope estimate of
the value of cash management. In particular, we calculate the change in value that would
occur from eliminating the regulation that makes banking in the marijuana industry difficult.
We can calculate this change using observations from dispensaries with and without cash
management services in both the wholesale and retail market.

Regulations, such as limiting access to cash management, create costs that shift supply
and demand—much like a tax. Unlike a tax, however, there is no tax revenue. The value
to the economy of eliminating the regulation has a first-order and a second-order effect;
unlike with a tax, which only has a second-order effect. We follow the literature and make
the simplifying assumption of perfectly elastic supply in the wholesale market and perfectly
elastic demand in the retail market to focus on dispensaries, see Mace et al. (2020) for a
discussion of this assumption in the marijuana industry. We show that if this assumption is
violated then our estimates are lower bounds of the true effect. With our data, we calculate
the first-order effect without additional assumptions on the supply and demand curves. We
calculate the second-order effect with an additional assumption of linear supply and demand,
which is approximate for small changes and can be relaxed (Kang and Vasserman, 2022).

Figure E.1 graphs supply and demand in the wholesale marijuana market with the as-
sumption that supply is perfectly elastic. The regulation that limits cash management
services creates costs that shift supply (marginal cost) up for dispensaries that do not have
cash management (θw > 0). Therefore the supply and demand in this market is given by,
P S
w = C + θw and PD

w = A− Bqw, where w denotes wholesale, S and D denote supply and
demand, qw is wholesale quantity, θw is the additional costs without cash management, and
A,B, and C are supply and demand parameters. These costs include verifying, validating,
and securely transporting cash, see Appendix D for more details. The market clearing price
and quantities are Pw = C + θw and qw = (1/B)(A − C − θw). Dispensaries without cash
management face higher wholesale prices and buy smaller quantities.

The economic value generated by the marijuana industry declines due to higher costs in
the absence of cash management captured by higher wholesale prices and lower quantities
sold. This value can be decomposed into a first-order and second-order effect. The first-order
effect is given by the light-green rectangle in Figure E.1 with height equal to the difference
in wholesale prices charged to dispensaries with and without cash management and base
equal to the quantity sold to dispensaries without cash management. This is the effect on
the inframarginal transactions—which still take place but produce less value to the market.
The calculation of this effect does not require any additional assumptions on the demand
curve, though it does depend on the assumption of perfectly elastic supply, as we will show.
The second-order effect is given by the dark-green triangle in Figure E.1 with height equal
to the difference in wholesale prices charged to dispensaries with and without the regulation
and base equal to the difference in the quantities sold to dispensaries with and without the
regulation. This is the effect on marginal transactions—which no longer occur because of
these costs. The calculation of the second-order effect as a triangle requires an assumption
of linearity in the demand curve in this range. This assumption seems reasonable, but could
be loosened, see Kang and Vasserman (2022). The economic value in the marijuana industry
from cash management is given by the sum of the first- and second-order effects across all
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transactions (the first and second terms below)

Economic value wholesale market = ∆Pw × qw(θ > 0) +
1

2
∆Pw∆qw. (E.1)

All of the numbers required for this calculation of economic value are reported in the pa-
per. Specifically, the average wholesale price for dispensaries with and without cash manage-
ment and quantity sold by dispensaries without cash management are $6.93, $6.42, and 6.8
grams. The value of the first-order effect of cash management per dispensary, per week, per
strain is ($6.93 - $6.42)×6.8 = $3.47. Over our whole sample, we have 1,571,862 dispensary-
strain-week observations; which implies the first-order value of cash management for all
dispensaries if they all had cash management is $5,454,361 from 2014 to the first month of
2017.

The second-order (or marginal) effect calculation uses four numbers; the wholesale price
charged to dispensaries with and without cash management and the quantity sold to dis-
pensaries with and without cash management. These numbers are $6.93, $6.42, 6.8 grams,
and 8.09 grams, respectively. The value of the second-order effect of cash management per
dispensary, per week, per strain is (1/2)× ($6.93− $6.42)× (8.09− 6.8) = $0.33. Over our
whole sample, the second-order effect for all dispensaries if they all had cash management is
$0.33× 1, 571, 862 = $518, 714. The total value of cash management in the wholesale market
is $5,973,076.

The calculation of the economic value of cash management in the retail market is similar
to the wholesale market. In the retail market we assume that customers are perfectly elastic
while dispensaries are not. This assumption is reasonable if customers are able to costlessly
switch between dispensaries. This implies that demand is flat and the supply curve is
upward sloping as depicted in Figure E.2. The value of cash management in the retail
market is modeled as an increase in the demand curve. The value of cash management in
the retail market incorporates the benefits from providing employees and managers more time
to focus on quality of the experience, which increases the value to the customer, rather than
spending time on cash management.106 We calculate the economic value of cash management
in the retail market combining the model in Section 3 and the estimates of retail prices in
dispensaries with and without cash management of $13.04 and $12.04, respectively. The first-
order effect is ($13.04−$12.04)×6.8 = $6.80 and the second-order effect is (1/2)× ($13.04−
$12.04) × (8.09 − 6.8) = $0.65. Over the whole sample, the first-order effect is $10,688,662
106Cash management benefits customers primarily through the supply chain by allowing dispensaries to

provide product quantity, quality, and consistency. The good quality products attract good budtenders,
who are central to a customer’s education and experience at the shop. Budtender quality is a combination
of experience, product knowledge, knowing customers, and helping them explore the different types and
methods of using marijuana. Finally, prices are important. However, customers repeatedly state that they
are willing to pay higher prices to shop at their favorite stores. This is consistent with studies about retail
prices at grocery stores. For example, a comparison of Whole Foods prices to those at other grocery store
chains shows that prices at Whole Foods are higher. Specifically, a 2014 study compares the price of Kim
Crawford Marlborough Sauvignon Blanc across grocery stores. Whole Foods charged $14.99 while other
grocery stores in the area charged between $11.79 and $12.97. Whole Foods charged 15% higher prices for
the same product. Customers note that they value product quality and interactions with the store employees.
Customers can get customized quantities and quality selection and advice about products.
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and the second-order effect is $1,021,710. Over our whole sample, these numbers imply total
value of cash management in the retail market (first and second order effects) is $11,710,372.

We conclude this section by considering several extensions of the previous back-of-the-
envelope calculation of value of cash management. First, we note that our calculation of
the total economic value takes into account the value if all dispensaries had access to cash
management by scaling by all observations. We could calculate the value currently in the
market for dispensaries that have cash management by scaling the effect by only the observa-
tions from dispensaries with cash management. In practice, this calculation would produce
values equal to about half of the value provided above. Second, we note that the value of
cash management we calculate would still exist if all dispensaries had access to cash man-
agement. Having dispensaries with and without cash management allows us to calculate
this value as the difference in prices and quantities. The value would not disappear if all
dispensaries had access. Who would benefit from eliminating the restrictions on banking
depends on how elastic wholesalers, dispensaries, and customers are. Third, there may be
an interaction effect between cash management and other banking services such as lending
that our calculation does not include. In this case, our estimates are likely a lower bound
because we do not capture these interaction benefits.

Fourth, we note our estimates are a lower bound if supply in the wholesale market and
demand in the retail market are not perfectly elastic. Consider the case where supply is not
perfectly elastic in the wholesale market, given in Figure E.3. When supply is not perfectly
elastic some of the cost of the regulation is borne by wholesalers—but we do not see this
effect. The difference in wholesale price between firms with and without cash management
only gives the effect borne by the dispensaries. In this case, if 20% of the cost of the regulation
is borne by the wholesalers then our estimates are too low by 20%. See Mace et al. (2020) for
an extended discussion of the elasticities of supply and demand in the marijuana industry.
Finally, if supply and demand are not linear, our second-order effect calculations will be
misspecified. In the case where demand in the wholesale market is concave, our second-
order effect calculation is an upper bound, and the reverse when demand is convex, see
Kang and Vasserman (2022) for a discussion of how to bound these effects.
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Figure E.1: Value of Cash Management – Wholesale Market

This figure depicts the wholesale market with perfectly elastic supply.
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Figure E.2: Value of Cash Management – Retail Market

This figure depicts the retail market without perfectly elastic supply.

q

𝑃𝑃𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟

12.04

13.04

6.8 8.09

Demand θ = 0 

Supply

Cost θ

Demand θ > 0 

First-order 
effect

Second-order 
effect

42



Figure E.3: Value of Cash Management – Wholesale Market With Inelastic Supply

This figure depicts the wholesale market with inelastic supply.
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