
Cash in the Pocket, Cash in the Cloud:
Cash Holdings of Bitcoin Owners∗

Daniela Balutel,a,b Christopher S. Henry,b Kim P. Huynh,b

and Marcel C. Voiac

aYork University
bBank of Canada
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Rue de Blois - BP 26739 45067 Orléans Cedex 2, France; marcel.voia@univ-
orleans.fr.

115



116 International Journal of Central Banking July 2024

(in 2018) to 95 percent (in 2017) more cash than non-owners.
Quantile regressions find that Bitcoin ownership has a non-
linear effect on cash holdings. The difference varies from 63
percent (25th quantile) to 176 percent (95th quantile) in 2017.
Our results provide evidence that Bitcoin adopters also hold
cash.

JEL Codes: E4, C12, O51, O33.

1. Introduction

In a speech in February 2020, Bank of Canada Deputy Governor
Tim Lane discussed two potential reasons for issuing central bank
digital currency (CBDC): (i) if cash demand falls to a negligible
level, and (ii) if private digital currencies make serious inroads. In
Canada, there has been a documented decline in the use of cash
by consumers for undertaking point-of-sale transactions over the
last decade. The 2017 Methods-of-Payment (MOP) survey shows
that the share of cash used for retail transactions declined from
54 percent in 2009 to 33 percent in 2017 (see Henry, Huynh, and
Welte 2018). Even so, cash remains popular among certain demo-
graphic groups (i.e., older, less-educated, and lower-income groups)
and for certain types of transactions (e.g., small-value transactions
or payments at bars/restaurants). For some demographic groups,
cash is also commonly used as a convenient store of value. Other
advanced economies have witnessed similar patterns of cash use at
the point of sale (POS). For example, Bagnall et al. (2016) under-
take an international comparison across seven countries showing that
cash is resilient.1

The country that has been touted as being closest to a cashless
society is Sweden, due primarily to a lack of consumer demand for
cash (see Sveriges Riksbank 2017, 2018a, 2018b). Engert, Fung, and
Segendorf (2019) undertake a cross-country comparison of Canada
and Sweden to understand the potential drivers of the differences
between the two countries. They find that both countries have
similar payment infrastructures, so the difference in cash use is
due to (i) the legal tender status of banknotes, and (ii) banking

1The seven countries are Australia, Austria, Canada, France, Germany,
Netherlands, and the United States of America.
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regulations related to secure deposits in Sweden. In addition, they
argue that cash demand has two components: transactional and non-
transactional. In Canada and many other countries, banknotes in cir-
culation continue to grow at pace with GDP, while at the same time
cash used for payments is declining. The overall stable or increasing
demand for cash is therefore thought of as primarily a store-of-value
motive.

Two key considerations are relevant for assessing whether the
criteria for issuing CBDC will be met in the future. First is the role
of consumer preferences in driving the demand for cash and alterna-
tives.2 What characteristics of cash do consumers value, and would
these translate to cash as manifested in a digital form? Why might
consumers want a digital form of cash? Characteristics that con-
sumers deem important for in-person transactions—such as speed,
ease of use, etc.—may not be as relevant in an online setting. For
example, Huynh et al. (2020) estimate the demand for payment ser-
vices and find that a CBDC could potentially substitute for cash
and debit card payments up to a 25 percent market share; however,
this would require it to combine the best features of both cash and
debit cards and be compelling enough for widespread acceptance by
merchants.

Second, to assess whether private digital currencies are making
inroads, it is important to understand the extent to which they func-
tion for consumers as a method of payment versus a store of value
or investment (or some combination; see Glaser et al. 2014). Bitcoin
was originally developed more than a decade ago with the purpose
of functioning as a decentralized currency (Nakamoto 2008); that is,
it would provide economic agents with the ability to make digital
peer-to-peer payments without the need for a trusted third party
(Böhme et al. 2015). However, the stunning increase in the price of
Bitcoin, which rose from USD$1,000 in late 2016 to a peak of almost
USD$20,000 in late 2017, has led many to view Bitcoin as something
more akin to a “cryptoasset” than a cryptocurrency.

2Kennickell and Kwast (1997) presciently and accurately summarized the
point almost 25 years earlier in distinguishing from a supply-side approach to
studying electronic payments: “What types of products are consumers likely to
be actually willing to pay for? What are the characteristics of current and likely
future purchasers of electronic products and services? How quickly will consumers
adopt electronic technologies?”
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To better understand consumer adoption and use of the most
popular private digital currency, Bitcoin, the Bank of Canada com-
missioned the Bitcoin Omnibus Survey (BTCOS) in 2016 (see Henry,
Huynh, and Nicholls 2018). The survey has been administered annu-
ally in subsequent years (see Henry, Huynh, and Nicholls 2019 and
Henry et al. 2020).3 In the current paper we use data from the 2017
and 2018 BTCOS. The 2017 BTCOS introduced a question designed
to measure Canadian consumers’ cash holdings—that is, cash held
in the wallet, purse, or pockets. A striking finding was that Bit-
coin owners tend to hold noticeably more cash, both on average
and at the median, compared with non-owners. This finding sug-
gests that digital currencies are not currently displacing cash, even
in an increasingly digital world. It also corroborates a similar finding
by Fujiki and Tanaka (2014). However, it naturally raises questions
about how to properly interpret this finding, specifically in terms of
whether there may be factors driving both cash holdings and Bit-
coin ownership. For example, Bitcoin owners may prefer anonymous
liquidity, and hence cash may be a hedge (or vice versa); or, some
Bitcoin owners may not trust institutions such as government or
banks, leading to large cash holdings outside of traditional financial
institutions. These sources of selection induce endogeneity that is
likely to bias estimates of the effect of Bitcoin ownership on cash
holdings.

Therefore, considering these potential sources of endogeneity,
this paper aims to estimate the effect of Bitcoin ownership on the
level of consumer cash holdings in Canada. In doing so, we also
examine whether there are distributional effects present in the rela-
tionship between cash holdings and Bitcoin ownership. Anticipating
possible sources of selection, both the 2017 and 2018 BTCOS were
designed with a question that can be used as an exclusion restric-
tion/instrumental variable: “What percentage of Canadians do you
think will be using Bitcoin 15 years from now?” This variable works
well as an exclusion restriction because owners are more optimistic
about the prevalence of future Bitcoin use; however, there is no obvi-
ous direct relationship with the current level of cash holdings. To

3The BTCOS was among the first in terms of consumer-focused surveys dedi-
cated to Bitcoin, similar to pioneering research by Polasik et al. (2015) and Schuh
and Shy (2016).
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further improve identification, we exploit differences in the func-
tional form of age effects between the model for Bitcoin ownership
and the model for cash holdings.4

Based on the results that control for selection, we find that the
difference in cash holdings between Bitcoin owners and non-owners
varies from 39 percent (in 2018) to 63 percent (in 2017) at the
25th quantile of cash, and from 176 percent (in 2017) to 203 per-
cent (in 2018) at the 95th quantile of cash. The mean effect varies
from 82 percent in 2018 to 95 percent in 2017. These results sug-
gest that Bitcoin adopters share commonalities with cash-intensive
consumers.

The paper is organized as follows: Section 2 describes the 2017
and 2018 BTCOS, Section 3 discusses the identification strategy,
while Section 4 presents our findings. Section 5 concludes.

2. Data Overview

2.1 The Bitcoin Omnibus Surveys

Our analysis uses data from the 2017 and 2018 Bitcoin Omnibus
Surveys (BTCOS), commissioned by the Currency Department at
the Bank of Canada and conducted by market research firm Ipsos.
The 2017 BTCOS is an extension to what was considered a pilot sur-
vey in 2016. This pilot, conducted in two waves in December 2016,
was designed primarily to obtain basic measurements concerning
public awareness and ownership of Bitcoin in Canada. As the price
of Bitcoin increased rapidly over the course of 2017, the Bank of
Canada decided to conduct a follow-up to the pilot with additional
questions. The 2017 BTCOS was in the field December 12–15, 2017,
corresponding to a (then) historical peak in the price of Bitcoin.
By contrast, the 2018 survey was conducted in November and early
December 2018, when the price of Bitcoin was close to a minimum
following a year-long decline.

Respondents to the BTCOS are recruited via an online panel
managed by Ipsos and complete the survey in an online format. The
core components of the survey based on the 2016 pilot are as follows:

4Using non-linearities as an identification mechanism for two-stage models was
suggested by Dong (2010) and Escanciano, Jacho-Chávez, and Lewbel (2016).
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awareness of Bitcoin; ownership/non-ownership of Bitcoin; amount
of Bitcoin holdings; and reasons for ownership/non-ownership. The
2017 and 2018 surveys contain additional content aimed at providing
a deeper understanding of the motivation of Bitcoin owners and their
usage behavior, including beliefs about the future adoption and sur-
vival of Bitcoin; knowledge of Bitcoin features; price expectations;
use of Bitcoin for payments or person-to-person transfers; preferred
methods of payment for online purchases; and ownership of other
cryptocurrencies. Most importantly for the purposes of this paper,
the 2017 and 2018 BTCOS ask respondents to report the amount of
cash on hand, that is, the cash currently held in their wallet, purse,
or pockets. We refer to this throughout the paper as a respondent’s
cash holdings.

In 2017, a total of 2,623 Canadians completed the BTCOS, of
which 117 self-identified as Bitcoin owners. In 2018, the BTCOS was
answered by 1,987 Canadians, of which 99 reported they own Bit-
coin. In addition to content questions, respondents are also asked to
provide demographic information. Sampling for the survey is con-
ducted to meet quota targets for the Canadian population relative
to age, gender, and region. Once the sample is collected, the Bank of
Canada conducts an in-depth calibration procedure to ensure that
the sample is representative of the adult Canadian population across
a variety of dimensions (see Henry et al. 2019 for details).

2.2 Descriptive Statistics

Table 1 presents the main finding that motivates our subsequent
empirical analysis—namely, that Bitcoin adopters hold noticeably
more cash than non-adopters.5,6 Specifically, Bitcoin adopters in the

5For the purposes of this table only, we consider an “adopter” to be anyone
who currently owns or previously owned Bitcoin. This allows for an increased
sample size for the calculation, as the BTCOS has a question that allows us to
identify past owners. Further, in the Methods-of-Payment (MOP) survey, a Bit-
coin adopter is identified as anyone who used Bitcoin within the past year; since
we don’t know whether or not the respondent still owns Bitcoin, this definition
of “adopter” for the BTCOS is more comparable with the MOP.

6In a paper about Bitcoin ownership in Canada, Balutel et al., “Explaining
Bitcoin Ownership,” (2024) show that Bitcoin adopters continue to hold signifi-
cantly more cash than non-adopters all the way to 2021, while also assessing the
possible reasons why this is the case.
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Table 1. Cash and Bitcoin Adoption in Canada

Cash on Hand No Cash

Mean Median Percentage N

Bitcoin Adopters
2018 BTCOS 518 120 6% 144
2017 BTCOS 434 100 5% 154
2017 MOP 320 65 8% 93

Non-adopters
2018 BTCOS 171 40 8% 1,843
2017 BTCOS 104 40 8% 2,469
2017 MOP 108 40 9% 3,127
2013 MOP 84 40 6% 3,663

Note: Data are from the Bitcoin Omnibus Survey and Methods-of-Payment Survey.
BTC adopters are both current and past owners (BTCOS), and those who have used
digital currency at least once in the past year (MOP). “No cash” is the percentage
of respondents not having any cash on their person.

BTCOS hold at least three times more cash, on average, than non-
adopters, and anywhere from $60 to $80 more cash at the median.
As a point of comparison, we also consider data from the Bank
of Canada’s Methods-of-Payment (MOP) survey, a more general
and comprehensive consumer payments survey conducted in 2013
and 2017 (see Henry, Huynh, and Shen 2015 and Henry, Huynh, and
Welte 2018). The MOP has the exact same cash holdings question
and also includes a question in 2017 to identify Bitcoin adopters.
The MOP results are in line with the findings from the 2017 and
2018 BTCOS: adopters hold just under three times more cash than
non-adopters, and $25 more cash at the median. We further note
that on the extensive margin, non-adopters in the BTCOS are more
likely to hold zero dollars in cash (8 percent) compared with adopters
(6 percent in 2018; 5 percent in 2017); however, this finding is not
as strong in the MOP data.

Table 2 provides a demographic breakdown of Bitcoin owners7

versus non-owners, along with their average cash holdings. In both
2017 and 2018, Bitcoin owners tend to be younger in age, employed,

7From this point on we consider Bitcoin owners to mean current owners.
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and male. For example, the 18- to 34-year-old age group accounts
for 71 percent of Bitcoin owners in 2017 and 55 percent in 2018.
By contrast, among non-owners this demographic group represents
only about a quarter of the sample. Similarly, males are noticeably
over-represented among Bitcoin owners (75 percent in 2017; 63 per-
cent in 2018) when compared with non-owners (47 and 48 percent
in 2017 and 2018, respectively). As one might expect, more Bitcoin
owners are categorized as “high” in Bitcoin knowledge. Only 5 per-
cent of non-owners achieve a perfect score on the three questions
designed to test Bitcoin knowledge, whereas more than a quarter of
Bitcoin owners achieve this score in both years. Finally, looking at
changes from 2017 to 2018, there are notable differences in the com-
position of Bitcoin owners with respect to their level of income and
education. In 2017 there is little difference between Bitcoin owners
and non-owners in terms of their income profile, while in 2018 Bit-
coin owners are relatively more likely to have a household income
over $70,000. Similarly, there is a shift in the profile of Bitcoin own-
ers from low education (high school) to higher levels of education
(college and university) between 2017 and 2018.

Looking at cash holdings, we find that demographic groups asso-
ciated with Bitcoin ownership also tend to have higher cash holdings.
For example, in both 2017 and 2018, Bitcoin owners aged 18 to 34
years hold more than five times more cash on hand, on average,
than owners aged 55 and older. This contrasts with patterns among
non-owners, where older respondents tend to hold similar (in 2018)
or more (in 2017) cash than younger age groups. Similarly, Bit-
coin owners with the highest levels of income and education (over
$70,000 and university educated, respectively) hold noticeably more
cash than their lower-income and lower-education counterparts. One
particularly stark association from 2018 involves financial literacy.8

Bitcoin owners are more likely to have low financial literacy relative
to non-owners and are also one of the most cash-intensive groups,9

holding $1,123 on average.

8The 2018 BTCOS includes three standardized questions that measure respon-
dents’ financial literacy; see Lusardi and Mitchell (2014).

9More findings about differences in financial literacy between Bitcoin owners
and non-owners can be found in Balutel et al., “Crypto and Financial Literacy,”
(2024).
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Figure 1. Density of Cash Holdings (in logs)
for Bitcoin Owners and Non-owners

Note: The panels plot the density of cash holdings (in logs) for Bitcoin owners
(red line) and non-owners (blue line) for 2017 (left) and 2018 (right). Data are
from the 2017 and 2018 BTCOS.

Finally, Figure 1 shows the distribution of log-transformed cash
holdings by Bitcoin owners and non-owners. We see that in both 2017
and 2018, Bitcoin owners hold more cash across almost the entire
support, except for lower levels of cash (roughly, below the 15th
quantile) where the distributions are similar for the two groups. The
figure also demonstrates that not only do Bitcoin owners hold higher
levels of cash at the mean, the distribution is also skewed heavily to
the right. Further, the distribution of non-owners is heterogeneous
with multiple modes. These two observations suggest that any esti-
mation approach based on mean average responses of cash holdings
by Bitcoin holders will be affected by this observed skewness and
heterogeneity. Consequently, while we look at the mean responses of
cash holdings as a benchmark model, we also analyze the quantiles
of cash.
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3. Identification Strategy

Identifying the relationship that links cash holdings to Bitcoin own-
ership builds on information available from the BTCOS, certain
characteristics of the data, and the interactions present in the data.
Naively, we can use the question about Bitcoin ownership to sep-
arate owners from non-owners and, as a benchmark, estimate an
ordinary least squares (OLS) linear regression model where the
explanatory variable of interest is Bitcoin ownership. However, our
demographic analysis suggests that ownership of Bitcoin is not
exogenous. To confirm this fact, Table 3 shows the statistical dif-
ferences in means for certain demographic characteristics, namely
age, gender, employment, education, number of children, marital
status, and grocery shopping. The grocery shopping variable indi-
cates whether the respondent is responsible for doing all or part of
the household’s grocery shopping, a proxy for the level of domestic
responsibility.

These differences suggest that the unconditional mean effects
of Bitcoin ownership on cash holdings should not be identical to
the conditional mean effects. In particular, for 2017, Bitcoin own-
ers are younger (almost 13 years mean age difference), 60 percent
more likely to be male,10 and more likely to be employed and have
higher education (43 percent more likely to be employed and 55
percent more likely to have completed some university-level educa-
tion). Bitcoin owners are also less likely to be responsible for the
household’s grocery shopping. In 2018, while there are still observed
differences between Bitcoin owners and non-owners, some of these
differences are reduced—there is only an 11-year difference in age
and owners are only 31 percent more likely to be male. At the same
time, in 2018 there are increased differences between Bitcoin owners
and non-owners relative to education (84 percent more likely to be
university educated) and income categories. The differences in the
distribution of observable characteristics suggest that owning Bit-
coin is selective, and therefore we should account for the selection in
our identification strategy. The difference in findings between 2017

10To compute the percentage change between male owners and male non-
owners we use the following: (proportion of owners (75) – proportion of non-
owners (47))/proportion of non-owners (47).
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Table 3. Mean Differences for Demographic
Characteristics between Bitcoin Owners and Non-owners

2017 2018

(1) (2) (3) (4)
XNoBtc − XBtc t-test XNoBtc − XBtc t-test

Age 13.40*** 12.39 11.11*** 7.55
Gender: Female 0.276*** 6.48 0.153*** 2.99
Income: <30k –0.035 –0.76 0.164*** 4.05
Income: 30k–69k –0.029 –0.64 –0.148*** –2.86
Income: >70k 0.000 –0.001 –0.129*** –2.70
British Columbia –0.064 –1.68 –0.026 –0.70
Prairies 0.035 1.01 –0.023 –0.59
Ontario 0.007 0.15 –0.020 –0.39
Quebec –0.004 –0.11 0.053* 1.30
Atlantic 0.027 1.19 0.016 0.71
Employed –0.262*** –7.50 –0.229*** –5.53
Education: High School 0.057* 1.59 0.157*** 5.37
Education:

College/CEGEP/Trade School 0.076** 1.79 0.030 –0.614
Education: University –0.133*** –2.83 –0.187*** –3.67
Number of Kids: No Kids 0.166*** 3.60 0.261*** 5.12
Marital Status: Not Married/CL –0.047 –1.01 0.052 1.04
Grocery Shopping: Not All of It –0.110*** –2.43 –0.092** –1.83

Note: Columns 1 and 3 present the difference in means between Bitcoin non-owners and
owners for years 2017 and 2018, while columns 2 and 4 present the t-test for the difference
in means for the two years. ***, **, and * represent 1 percent, 5 percent, and 10 percent
significance, respectively. Data are from the Bitcoin Omnibus Survey 2017 and 2018.

and 2018 may imply that the selection effect is stronger in 2017 than
2018.

We have seen from summary statistics that Bitcoin adopters hold
more cash compared to non-adopters. This raises the possibility of
some simultaneity that links cash holdings and Bitcoin ownership—
that is, unobservable factors that drive people to both adopt Bit-
coin and also hold high levels of cash. For example, Bitcoin owners
may prefer anonymous liquidity, and hence cash may be a hedge
(or vice versa). Some Bitcoin owners may not trust institutions such
as government or banks, leading to large cash holdings outside of
traditional financial institutions. Alternatively, Bitcoin owners that
would like to use it as a payment method may be forced to rely on
cash while the acceptance of Bitcoin by merchants remains low. To
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solve these selection issues, we propose using identification methods
that account for endogenous selection via a control function (CF)
approach.11 The CF approach is further used to quantify the effect
of Bitcoin ownership on quantiles of cash.

In what follows, we describe our two main hypotheses of inter-
est regarding the link between Bitcoin ownership and cash holdings;
for each hypothesis, we consider a version that does not account for
selection, as well as one that does account for selection. Then, we
outline the models used for testing each hypothesis.

3.1 Expected Cash Holdings

The first question of interest relates to average (or mean) cash hold-
ings, and tests the following hypothesis:

H01 : E(Cash|Btc, X, P ) > E(Cash|No − Btc, X, P ), (1)

where X includes individual characteristics of gender, age, educa-
tion, marital status, number of children, employment status, house-
hold grocery-shopping participation, and income, and P is province
fixed effects. In other words, this hypothesis tests if the average
holdings of cash are higher for Bitcoin owners than for non-owners.

As a benchmark, we estimate a simple linear OLS model of the
form

cashi,t = α + βBtci,t + γXi,t + δPj + ui,t, (2)

where cashi,t is the log of cash holdings of individual i at time
t ∈ {2017, 2018};12 Btci,t is equal to 1 if the respondent i from period
t is a Bitcoin owner and zero otherwise; Xi,t is a set of respondent
characteristics for individual i from period t; Pj is regional fixed
effects; and ui,t is the cross-section specific error term.

The parameter of interest is β, or the effect of Bitcoin owner-
ship on cash holdings. If Btc happens to be randomly assigned, then
the β parameter can be treated as a causal parameter. However, we

11Wooldridge (2015) provides an excellent overview.
12As there are two cross-sections, at each period t there is a unique individual

i that is not the same across the two cross-sections.
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know that there is selection into ownership of Bitcoin and this selec-
tion will generate bias. Heckman and Robb (1985) provide a method
to model the selection by using a two-stage estimation procedure.
In the first stage, the endogenous variable (Btc) is projected onto
an exclusion restriction and a set of observed characteristics via a
binary choice model:

Btci,t = Pr(Zi,t, Xi,t, Pj) + εi,t, (3)

where Zi,t is the exclusion restriction of individual i from period t,
and εi,t is the error term that has an independent and identically
distributed (i.i.d.) logistic distribution.

The exclusion restriction we utilize is based on the survey ques-
tion about expectations of the future adoption rate of Bitcoin,
namely: “What percentage of Canadians do you predict will be using
Bitcoin 15 years from now?” We call this variable EAR15. It is pos-
itively correlated with Bitcoin ownership, as owners tend to have a
more optimistic outlook on the future adoption of Bitcoin.13 How-
ever, EAR15 does not directly influence a respondent’s current level
of cash holdings—the survey question specifically asks respondents
to count the amount of cash in their wallet, purse, or person during
the survey, and they cannot re-optimize their cash holdings. There-
fore, EAR15 should not be correlated with cash holdings and indeed
the correlation coefficient between EAR15 and cash holdings is 0.06.

Additionally, Figure 2 illustrates the cumulative distribution
function (CDF) plot of EAR15 for Bitcoin owners versus non-owners
in both 2017 and 2018. The CDFs of the two distributions do
not intersect. In more technical terms, EAR15 of Bitcoin owners
first-order stochastic dominates (FOSD) the distribution of EAR15
for non-owners.14 The medians of the distributions show that non-
owners believe the expected adoption rate will be around 30 percent,
while owners believe it will be around 60 percent. The EAR15 vari-
able also satisfies the conditional independence assumption as in
Abadie, Angrist, and Imbens (2002). Consequently, EAR15 acts as
a valid exclusion restriction to delineate between Bitcoin owners and
non-owners.

13The correlation coefficient between EAR15 and Bitcoin ownership is 0.24.
14We conducted an FOSD test based on Kolmogorov-Smirnov that resulted in

a p-value equal to 1.
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Figure 2. Cumulative Distribution
Function of the Expected Adoption Rate by Bitcoin

Owners and Non-owners

Note: The panels plot the cumulative distribution functions (CDFs) of expected
adoption rate of Bitcoin (EAR15) for Bitcoin owners (red line) and non-owners
(blue line) for 2017 (left) and 2018 (right). The two distributions are statistically
different. Data are from the 2017 and 2018 BTCOS.

To further improve identification, we exploit differences in age
effects between the model for Bitcoin ownership (Equation (3)) and
the model for cash holdings (Equation (2)). Figure 3 shows the
predicted probabilities of Bitcoin ownership in 2017 and 2018 (top
panels), as well as predicted cash holdings (bottom panels), as a
function of age. The figure clearly shows that age has a non-linear
effect on ownership, while it has a linear effect on cash holdings.
This non-linearity in the first stage can be exploited in identifica-
tion as suggested by Dong (2010) and Escanciano, Jacho-Chávez,
and Lewbel (2016).

To exploit the non-linear effect of age on Bitcoin ownership, we
introduce fractional polynomial (FP) terms of age. The use of FP
as a method to obtain a more robust non-linear representation of
the relationship between the explanatory variable of interest and a
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Figure 3. Predictive Margins of Bitcoin Ownership
and Cash Holdings as Functions of Age

Note: The top panels plot the predicted margins of the probability of Bitcoin
adoption as a function of age (first-stage equation) for 2017 (top left) and 2018
(top right). The bottom panels plot the predicted margins of the cash holdings
(log cash) as a function of age (second-stage equation) for 2017 (bottom left) and
2018 (bottom right). Data are from the 2017 and 2018 BTCOS.

binary choice outcome was previously studied by Williams (2011).
This study suggests that use of FP is a better alternative to other
methods designed to capture non-linearity in discrete choice settings.
Consequently, we augment our first-stage model with FP terms as
follows:

Btci,t = Pr(Zi,t, Xi,t, Agepk

i,t, Pj) + εi, (4)

where Agepk

i,t represents the FP terms of age for individual i in period
t. In our specification, the selected FP is of order two and is provided
by Royston and Altman (1994)’s algorithm, which provides the best
fit between the predictor (here, age) and the outcome (here, Bitcoin
ownership).

Finally, to account for the endogenous selection into Bitcoin
ownership as well as possible sources of simultaneity, we estimate
a second-stage model that augments Equation (2) with a CF. The
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estimated residuals from the first stage with FP age terms (Equation
(4)) are used as a correction term in this second stage; as the endoge-
nous variable is binary, we have to construct appropriate residuals
that are not correlated with the error term in the main equation,
and also have statistical properties similar to those used in a least-
squares approach. As we chose the logit link function to estimate
the probability of Bitcoin ownership, we chose as a CF the deviance
residuals (ε̂i,t) since their distribution is closer to the distribution of
residuals from OLS regression models:

ε̂i,t = signi,t

√√√√−2(Btci,t log( ̂Pr(Zi,t, Xi,t, Agepk

i,t, Pj))

+ (1 − Btci,t) log(1 − ̂Pr(Zi,t, Xi,t, Agepk

i,t, Pj)),
(5)

where signi,t is positive if Btci,t takes the value of 1 and negative if
Btci,t takes the value of 0.

The first testable hypothesis is therefore modified as follows:

H
′

01 : E(Cash|Btc, EAR15, X, P )

> E(Cash|No − Btc, EAR15, X, P ), (6)

where EAR15 is the exclusion restriction. This hypothesis is tested
by estimating the following second-stage model, where the CF term
is introduced as a correction:

cashi,t = α + βBtci,t + γXi,t + δPj + φε̂i,t + ui,t. (7)

3.2 Quantiles of Cash Holdings

Recall that Figure 1 shows that the distribution of cash holdings
has a heavy right tail for Bitcoin owners and is multimodal for
non-owners. The average cash holding amount is affected by these
characteristics of the data, and therefore an additional hypothesis
of interest tests if Bitcoin owners hold more cash than non-owners
across all quantiles of cash:

H02 : Qτ (Cash|Btc, X, P ) > Qτ (Cash|No − Btc, X, P ), (8)
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where Qτ is the τ -th quantile and X and P are defined previously.
This hypothesis can be tested using the following reduced-form
specification:

QCash(τ)i,t = ατ + βτBtci,t + γτXi,t + δτPj + uτ
i,t. (9)

This model can be viewed as a conditional quantile treatment-
effects-type model. The underlying assumption required for
identification of quantile treatment effects is that the errors are
orthogonal to the treatment (here, Bitcoin ownership indicator) and
that selection is exogenous. As previously argued, we do not believe
that selection is exogenous, and to account for this we use a CF-
quantile approach:

H
′

02 : Qτ (Cash|Btc, EAR15, X) > Qτ (Cash|No − Btc, EAR15, X),
(10)

where Bitcoin owners are entering in the quantile equation via a
CF, as suggested in the linear specification above. This hypothesis
is estimated via the following model:

QCash(τ)i,t = ατ + βτBtci,t + γτXi,t + δτPj + φτ ε̂i,t + uτ
i,t, (11)

where ε̂i is the deviance residual specified in Equation (5).

4. Empirical Results

For the first hypothesis of interest, H01, we estimate an OLS model
of log cash holdings on Bitcoin ownership, demographic character-
istics, and regional fixed effects. However, as discussed in Section 3,
to properly account for endogenous selection, we need to augment
this model with a correction term that requires first estimating the
probability of Bitcoin ownership, in order to test H ′

01. Consequently,
we start by presenting results from the extensive margin analysis,
which quantifies the effects of observable characteristics on the prob-
ability of owning Bitcoin (also referred to as the propensity score).
We further augment the propensity score model with the exclusion
restriction (EAR15) and non-linear age terms, to estimate the prob-
ability of owning Bitcoin that is ultimately used for the first stage of
the two-stage CF approach. Following this, we present results related
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to both the first and second hypotheses of interest (mean effects and
quantile effects, respectively), both with and without the correction
for selection.

4.1 Probability of Owning Bitcoin

The results of the extensive margin analysis are presented in Table 4;
the first four columns are results for the year 2017, while the last
four columns are for 2018. The first column models the probability of
Bitcoin ownership, accounting for demographic characteristics and
regional fixed effects; the second column augments the model with
the EAR15 variable; the third column adds a quadratic age term;
finally, the fourth column adds FP of age (see Section 3). The fifth
to eighth columns are the equivalent models for the 2018 data.15

A concern associated with this estimation is that Bitcoin own-
ership can be considered a “rare event,” as only around 5 percent
of Canadians are Bitcoin owners. To address this potential issue,
the probability models are adjusted to account for rare events via a
penalized likelihood approach, initially introduced by Firth (1993)
for generalized linear models and extended for logistic regression
models by Heinze and Schemper (2002). The correction for rare
events does not provide any additional information, being similar to
the classical logistic model, and therefore we report only the logistic
results.16

The results from 2017 emphasize the role of gender, age, employ-
ment status, and number of children on Bitcoin ownership. In par-
ticular, being older, female, and having children have a significant
and negative impact on the likelihood of owning Bitcoin, while

15Given that only 5 percent of the sample represents owners of Bitcoin (117
observations in 2017 and 99 in 2018), we check if each cell associated with the
variables used in the analyses has sufficient observations to do a proper analy-
sis. VanVoorhis and Morgan (2007) point out that for a chi-squared test, five
observations per cell are minimal, while seven observations per cell are the mini-
mum needed for a mean comparison. For almost all the cells we have much more
than the minimum as suggested by these guidelines. One cell with problems is
the retired cell, therefore we combine retired with unemployed and not in labor
force to obtain a relevant comparison cell with employed. We provide empirical
estimates to demonstrate that these minimum cells do not affect the estimation
results.

16The penalized likelihood results are available in Table A.1 in the appendix.
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being employed has a significant and positive effect.17 With respect
to region, only the Prairies and Atlantic provinces have a signif-
icantly different (negative) effect when compared with the bench-
mark, British Columbia. Compared with the 2018 results (columns
5 to 8), we see a change in the demographics of Bitcoin owners,
as income and education become statistically significant for Bitcoin
ownership—higher education and income levels are associated with
increased likelihood of owning Bitcoin.

When we augment the model with the EAR15 variable, we
observe the predictability power of this exclusion restriction as mea-
sured by adjusted R2 (54 percent higher adjusted R2 in 2017 due
to EAR15; 52 percent higher in 2018).18 In addition to the EAR15
variable, recall that to improve identification in the second stage
we add regressors that capture the non-linearity of age in relation-
ship with Bitcoin ownership. Consequently, in column 3 (for 2017)
and column 7 (for 2018), age squared is included as an additional
explanatory variable. We see that this addition does not provide
any improvement for 2017 relative to increased predictive power as
measured by the adjusted R2, and only a marginal improvement for
2018. However, when the FP of order two are added to the model
along with EAR15 (column 4 for 2017 and column 8 for 2018), we
see an increase in predictability of Bitcoin ownership for both years.
Consequently, we retain this last specification as the one needed to
generate the control function for the second-stage regression model.

Finally, we check the predictability power of the model specifi-
cations using logit specification tests. Results are presented at the

17Some of these findings are consistent with respect to other literature on the
adoption and use of digital technologies more generally. For example, an OECD
report from 2018 documents a persistent gap between men and women in terms
of the “access, use and ownership of digital technologies” in many G20 countries
(OECD 2018). Rogers (2010) documents that early adopters of new technologies
are typically young, live in urban areas, and are educated and socially active.

18The model that augments with EAR15 initially has a smaller sample size (by
about 15 percent) because, in both years, some of the respondents did not answer
this question. We therefore check if the reduced sample suffers from additional
selection issues by seeing if the average observables are significantly different
in the two samples. Ultimately, this leads to modeling the missing data with a
missing-at-random (MAR) imputation model where we conclude that the item
non-response does not have a significant effect on outcomes. As a result of this
imputation, Table 4 utilizes a new EAR15 variable that corrects for the missing
data and the entire sample is used in the estimation.
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Table 5. Probability of Bitcoin Ownership as a
Function of the Exclusion Restriction Only

Logit Model with EAR15 Only 2017 2018

Variables Estimates 2017 Estimates 2018

EAR15 0.0454*** 0.0456***
(0.0042) (0.0048)

Constant –5.079*** –4.878
(0.255) (0.282)

Linktest 2017 2018
Prediction 1.248*** 1.589***
Prediction Squared 0.046 0.114
LROC 0.78 0.77
Observations 2,623 1,987

Note: Similar specification tests as at the bottom of Table 4. ***, **, and * represent
1 percent, 5 percent, and 10 percent significance, respectively.

bottom of Table 4. The model with EAR15 dominates the model
without it by showing that there are no remaining unobservables
that can improve the predictability of Bitcoin ownership. More
specifically, the prediction is significant while its square is not. In
terms of discrimination between owners and non-owners, the area
under receiver operating characteristic (ROC) curve is 0.86 versus
0.81 without EAR15 (see Metz 1978). For both years, when the
model with EAR15 is augmented with non-linear FP terms of age,
there is a marginal increase in the predictability of Bitcoin owner-
ship, while there is no increase if only the square of age is added.

An analysis using only EAR15 as an explanatory variable for
Bitcoin ownership shows the importance of this variable for pre-
dicting the probability of owning Bitcoin, as shown in Table 5. The
variable itself gives an area under the ROC of 0.78 for 2017 and
0.77 for 2018. This underlines the importance of this variable for
discriminating between Bitcoin owners and non-owners.

4.2 Mean Effects of Cash Holdings

Next, we focus on the intensive margin of our analysis, which is
designed to answer the question of interest regarding the effect of
Bitcoin ownership on the usage of cash. To test the first hypothesis
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of interest, H01, we estimate a benchmark linear specification that
treats the ownership of Bitcoin as exogenous. Then, we extend the
linear analysis, assuming that ownership is in fact selective using a
CF approach and use this model to test H ′

01.
19 The results of these

analyses are presented in Table 6.
Column 1 of Table 6 presents the results of the benchmark model

for the year 2017. The parameter estimate of Bitcoin ownership is
statistically significant and equal to 1.36. This can be interpreted as,
on average, Bitcoin owners hold 136 percent more cash than non-
owners after controlling for age, gender, income, education, marital
status, number of children, and region. Column 2 of Table 6 presents
the conditional mean of cash holdings model that accounts for selec-
tion via a CF approach. The results show that the proposed cor-
rection estimates an average difference of log-cash holdings between
Bitcoin owners and non-owners of 0.948. This result implies that the
average cash holdings are about 95 percent higher for Bitcoin owners
after controlling for selection. The demographic characteristics that
are relevant for cash holdings are age (positive effect), gender-female
(negative effect), and medium and higher income categories that
show positive effects over the benchmark category (less than $50,000
household income). The Prairies, Ontario, and Quebec regions show
positive effects over the benchmark region (British Columbia). The
last two columns are the symmetric results for the year 2018. In
general, the results are consistent across the two years, however the
mean effects of cash holdings are lower in 2018 than in 2017 (1.18
in 2018 versus 1.36 in 2017 for the model without correction for
selection; 0.825 in 2018 versus 0.948 in 2017 for the model with
correction).

4.3 Quantile Effects of Cash Holdings

Finally, we consider that the mean log-cash estimates are affected
by the observed distributions having a heavy right tail for Bitcoin
owners and being multimodal for non-owners—therefore we focus
our attention on the quantiles of cash holdings. To investigate the

19One advantage of a CF approach is that it allows for a simple endogeneity
test via a Wald test. In particular, we reject a null test of exogeneity of Bitcoin
ownership, as we obtain a p-value for the Wald test of 0.
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effects of Bitcoin ownership across the distribution, we first esti-
mate benchmark quantile models allowing us to test H02. Then we
introduce the CF correction term (as in the linear case) so that we
can test H ′

02. The results of the conditional quantile model without
selection (benchmark) for 2017 and 2018 are presented in Table 7
and Table 8; results correcting for endogenous selection via the CF
term are presented in Table 9 and Table 10.

Given the observed distribution of log-cash for Bitcoin owners
and non-owners, we would expect the median estimate to be below
the estimated mean effect (at least in 2017), the lower quantile effects
to be insignificant, and the higher quantile effects to be strongly in
favor of Bitcoin owners. Indeed, for the year 2017 the estimated
median effect (estimated at 0.907) of Bitcoin ownership on log cash
is below the conditional mean effect estimated at 0.948. The pattern
across quantiles in the benchmark quantile model is not monotoni-
cally increasing as expected, with higher estimated values at lower
quantiles than expected.

For 2018 we observe four differences: at lower quantiles the esti-
mated cash holdings are not significant between Bitcoin owners and
non-owners; the median is higher than the median estimate from
2017 by about 30 percent; the high quantiles of cash are lower than
in 2017, as we see a bigger bending down at the highest quantiles;20

and there is a change in significance for gender and age at high quan-
tiles of cash (gender remains significant while age becomes insignif-
icant). These changes can be explained by the observed changes in
demographics for Bitcoin owners in 2018.

As in the linear case with correction for selection, the results
emphasize that indeed the estimated conditional median effect is
smaller (estimated at 0.907 for 2017 and 1.052 for 2018) than
the one obtained using the benchmark quantile estimates and the
unconditional median. Once we control for selection, the condi-
tional quantiles show the expected patterns: no significant effects
at lower quantiles and an increased difference in cash holdings
between Bitcoin owners and non-owners over the quantiles up the
90 percentile, with a correction down at the 95 percentile.

20The difference in cash holdings between the lower and higher quantiles is,
however, larger in 2018 versus 2017.
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The demographic characteristics that are relevant for the linear
model are also relevant for the quantile model, however there are dif-
ferences between the 2017 and 2018 quantile results. For 2017, age
has a positive effect, with a marginal effect that varies across quan-
tiles; gender-female has a negative effect, with marginal effects that
are higher at lower quantiles and lower at high quantiles of cash; at
the 95 percentile, gender cash holdings differences become insignif-
icant; and higher-income categories show positive effects over the
benchmark category (0 to CAN$50,000), an effect that is maintained
across all quantiles. For 2018, age, while positive and significant at
quantiles of cash below 90, becomes insignificant at high quantiles
of cash; the female dummy remains significant across all quantiles
of cash and increases in relevance at high quantiles; and the income
effects become insignificant at high quantiles of cash. The observed
changes of the impact of demographic characteristics on cash hold-
ings between the 2017 and 2018 surveys are driven by the observed
distributional changes in the demographics of Bitcoin owners who
are more gender balanced, older, more educated, and have higher
income in 2018 when compared to 2017.

A graphical representation of the differences between the bench-
mark quantiles estimates and the corrected for selection quantile
estimates is presented in Figure 4. The results show how selection
affects the quantile estimates, especially the lowest and the highest
ones.

5. Discussion and Conclusion

The year 2017 was significant in the evolution of cryptocurrencies.
As the price of Bitcoin skyrocketed, these instruments garnered
increased popular interest along with scrutiny from regulatory bod-
ies and the financial sector. This was followed by a steep decline in
the price of Bitcoin over the course of 2018, bottoming out in early
2019. Against this background, much of the discussion on Bitcoin
came down to how people were actually using it: Was it a vehicle
for speculation or a legitimate investment? Or, a convenient way
for criminals to transact online? Were people using Bitcoin as it
was originally designed—that is, a decentralized currency providing
new avenues for transactions that would otherwise not have taken
place? The answers to these questions are still largely unclear even
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Figure 4. Predictive Quantiles of the
Difference in Cash Holdings (in logs) between

Bitcoin Owners and Non-owners

Note: The panels plot the predicted margins for the quantiles of the difference in
cash holdings (in logs) between Bitcoin owners and non-owners. The top graphs
plot the predicted quantiles when we do not account for the endogenous selection
for 2017 (top left) and 2018 (top right). The bottom graphs plot the predicted
quantiles when we account for the endogenous selection for 2017 (bottom left)
and 2018 (bottom right).

now, but they have become increasingly relevant via-à-vis propos-
als for central bank digital currency and the decline of cash use for
payments.

Using data from the Bank of Canada’s 2017 and 2018 Bitcoin
Omnibus Survey, this paper sheds light on a surprising finding that
illustrates how digital currencies are playing a role in supplement-
ing existing payment methods and financial systems. Controlling for
observable factors and—most importantly—selection into Bitcoin
ownership, we show that the cash holdings of Bitcoin owners are
substantially higher than for non-owners. Further, this difference is
most drastic among consumers who hold large amounts of cash.

Our analysis raises further questions about the specific factors
driving Bitcoin owners to hold more cash, as well as the relative
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importance of such factors. It is clear that there are limitations
to our data set. From the perspective of Bitcoin as an investment
vehicle, for example, Fujiki (2020) uses Japanese survey data con-
taining information about other financial asset holdings (stocks,
bonds, etc.), in addition to Bitcoin ownership. Such details about
other financial holdings, or the characteristics of consumers act-
ing as investors (e.g., their risk preferences) are not available in
the BTCOS. Fujiki (2020) finds that Bitcoin owners may be using
cash to serve as a hedge for a relatively larger share of conventional
risky assets in their overall portfolio. More recently, Balutel, Engert,
et al. (2022) document how a broad increase in overall savings and
investment during the COVID-19 pandemic translated to increased
Bitcoin ownership in Canada. These more recent Bitcoin investors,
who adopted in 2020 and 2021, still hold more cash, but relatively
less so than Bitcoin owners in 2017–18.

From a payments perspective, Stix (2021) documents survey evi-
dence from Austria showing that beliefs about the future use of
Bitcoin may be relevant.21 Specifically, while Bitcoin owners are
extremely confident about the advantages of Bitcoin compared with
conventional payment methods, only about half of them have actu-
ally used it to make a payment. In other words, while Bitcoin owners
currently have a preference for cash, they may shift to using Bit-
coin for payments in the event that it is more widely accepted in
the future, to reduce the shoe-leather cost of holding cash. Data
from 2015 show that the level of merchant acceptance of Bitcoin
in Canada is quite low, at just 2 percent (see Fung, Huynh, and
Kosse 2017). Huynh, Schmidt-Dengler, and Stix (2014) show that
the transactional demand for cash is higher in areas of low payment
card acceptance, as consumers face a higher probability of encoun-
tering transactions where cards are not accepted. A similar argu-
ment would apply to Bitcoin, but to a greater extent since Bitcoin
acceptance is so rare.

Finally, we know from other data sources that Bitcoin own-
ers and high cash holders do share commonalities that go beyond
the observable characteristics measured by the BTCOS. For exam-
ple, the Bank of Canada’s 2017 Methods-of-Payment survey shows

21See also Balutel, Henry, et al. (2022) on the importance of beliefs about the
future and the role of network effects in Bitcoin adoption.
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that young males in general hold high amounts of cash for various
reasons—they tend to have less access to credit cards, be more likely
to be paid in cash by their employer, or have received cash transfers
from their friends or family. See Henry, Huynh, and Welte (2018).
As this younger population ages and becomes more integrated into
the existing financial systems, their use and demand for both cash
and Bitcoin may change.

To build on the work in this paper, we suggest several directions
for future research. First, it is necessary to identify the specific fea-
tures that Bitcoin owners deem relevant for determining its adoption
and usage. Second, it would be useful to classify Bitcoin owners into
various types, such as investors, casual users, etc. It is reasonable to
assume that Bitcoin owners themselves are heterogeneous, and this
needs to be factored into any analysis that attempts to explain the
relationship between Bitcoin ownership and cash holdings. Finally,
it would be useful to examine evidence from other countries, in par-
ticular developing countries. Canada may be considered relatively
advanced in terms of financial inclusion and the structure of its
financial system—how would results differ in countries where this
is not the case?
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Böhme, R., N. Christin, B. Edelman, and T. Moore. 2015. “Bitcoin:
Economics, Technology, and Governance.” Journal of Economic
Perspectives 29 (2): 213–38.

Dong, Y. 2010. “Endogenous Regressor Binary Choice Models with-
out Instruments, with an Application to Migration.” Economics
Letters 107 (1): 33–35.

Engert, W., B. Fung, and B. Segendorf. 2019. “A Tale of Two Coun-
tries: Cash Demand in Canada and Sweden.” Discussion Paper
No. 2017-7, Bank of Canada.
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