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Abstract

We examine how payment choice affects discretionary spending for a representative sample of
consumers. Our analysis is motivated by a model of intertemporal choice in which intramonth
liquidity constraints are endogenously determined by payment choice and cash management. In
the model, present-biased consumers overspend if they choose to pay by card, as their spending is
not limited by the amount of cash at hand. Our empirical analysis is based on matched payment
diary, payment methods and behavioral survey data. We find that present-biased consumers spend
more, the more often they use cashless payment instruments. The effect of cashless payments on
spending is strong both for low- and high-income consumers but not among young consumers. We

find no robust evidence that consumers choose cash payments to self-constrain their spending.
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1. Introduction

Digitization has dramatically changed the way consumers pay for goods and services. Digital
payments are arguably more convenient than cash payments for most consumers and merchants
(Koulayev et al. 2016; Huynh et al. 2020; Brown et al. 2022). However, the digitization of retail
payments has also given rise to concerns among policy-makers: Monetary authorities are
concerned about their mandate to guarantee safe and reliable payment services to the universe of
consumers and their monetary sovereignty (Sveriges Riksbank 2017; Bank for International
Settlement 2022). Regulators are concerned about the privacy of consumer transaction data and
the potential market power of payment service providers.? Consumer protection agencies are
concerned that cashless payments encourage vulnerable households to spend beyond their means

— especially when combined with instant credit access (e.g., buy-now-pay-later).’

In this paper, we show that digital payments may lead consumers to overspend even when they do
not come with credit facilities attached. Behavioral models predict that present-focused consumers
spend too much, save too little, and engage in costly borrowing (see Ericson and Laibson 2018 for
an overview).* We show that the mere availability of electronic payment instruments may affect
spending by present-biased consumers. The key mechanism underlying our analysis is that
cashless payment instruments impose weaker intramonth liquidity constraints on consumers.> This
affects the spending of consumers with present-focused preferences but not the spending of

consumers with time-consistent preferences.

We present a model that studies payment choice, money management and intramonth spending by
consumers. In this framework, we compare the choices of consumers with time-consistent vs.

present-focused preferences. We assume that consumers make their payment choice and money

2 See, e.g., OECD(2020). https://www.oecd.org/finance/Financial-Consumer-Protection-Policy-Approaches-in-the-
Digital-Age.pdf

3 https://www.consumerfinance.gov/about-us/newsroom/cfpb-study-details-the-rapid-growth-of-buy-now-pay-later-
lending/.

4 The prevalence of consumers with present-focused preferences has led to a broad academic and policy discussion

on the welfare effects of consumer credit, i.e., revolving credit cards (Meier & Sprenger 2010), pay-day loans (Allcott
et al. 2022) or buy-now-pay-later schemes (Di Maggio, Williams, and Katz 2022).

3 The previous literature has highlighted other mechanisms: The economic psychology literature on decision choice
conjectures that consumers experience less “pain of paying” by card as purchase and payment are disassociated
(Soman 2001, Prelec & Simester 2001, Broekhoff and van der Cruijsen 2021) or that payment cards facilitate
consumer spending via salient cues triggering an impulsive urge to consume (Banker et al. 2021). In the field of
economics, one conjecture is that consumers may lose track of their previous expenditures when they pay by card
rather than cash (Kalckreuth, Schmidt, and Stix 2014).



management decisions in a planning period and can perfectly commit to these decisions. Under
this assumption, we examine how payment choice and money management strategies affect

intramonth consumption.

In our model, consumers purchase two types of goods in each subperiod of the month. In the
planning period, they decide which of these goods to pay by cash and which to pay by card.
Consumers thus choose to be either pure cash payers, pure card payers or mixed payers. For card
spending, purchases are limited by the available balance on the consumer’s transaction account.
For cash spending, purchases are limited by the amount of cash in the consumer’s wallet. Choosing
to be a cash-only payer and withdrawing cash regularly from an ATM can thus serve as a self-
control mechanism: Consumers carry only a proportion of their monthly budget around with them
at any time. In contrast, choosing to be a card-only payer implies that a consumer faces no liquidity
constraint within the month. Our model predicts that (naive) present-biased consumers will
overspend more, the more goods they choose to pay by card. We further predict that (sophisticated)
present-biased consumers may purposely choose to pay goods by cash and withdraw cash regularly

from an ATM to self-constrain their spending.

We test these predictions using a proprietary dataset, which links a payment diary survey, a
payment methods survey and a behavioral survey for a representative sample of 1,138 Swiss
consumers. The payment diary survey records discretionary spending over a 7-day period.
Consumers record the day and value of each purchase, the type of good/service and the payment
instrument with which the purchase was made. The payment-methods survey provides information
on consumers’ general use and perceptions of payment instruments as well as their cash
management behavior. The behavioral survey provides indicators of present bias as well as

measures of discount rates, risk aversion, trust, memory and conscientiousness.

Our empirical analysis follows a preanalysis plan, which has been registered and time-stamped

before delivery of the compiled dataset (https://osf.io/epmuv/). The use of a preanalysis plan

intends to strengthen the credibility of results, particularly for proprietary data (Coffman and
Niederle 2015; Olken 2015). Preanalysis plans are common in randomized control trials but are

much less frequently employed in studies using observational data (Burlig 2018).

We present three main findings. First, consumers with high levels of present bias spend more if
they pay more frequently by card or another cashless method. The average consumer in our sample

spends 78.5 CHF per day on discretionary items (groceries, durables, restaurants and leisure, e-



commerce, other services and other out-of-pocket payments).® Among consumers with low levels
of present bias, daily spending is unrelated to their preferred payment instrument. Among
consumers with high levels of present bias, our OLS estimates suggest that a one-standard-
deviation increase in the frequency of cashless payments is associated with a 6.5% increase in
spending. We confirm this finding in I'V regressions in which we instrument a consumer’s payment
choice with her assessment of the safety, hygiene and convenience of each payment instrument
available. The identifying assumption is that — conditional on sociodemographic observables such
as income, age, gender and education — a consumer’s assessment of each payment instrument
affects her discretionary spending only through her actual choice of payment instrument. We
account for reverse causality between payment choice and consumption by exploiting survey
information on the planned consumption of each consumer during their payment diary reporting

period.

Second, we report important heterogeneities in the impact of cashless payments on spending across
consumer age groups and income groups. We find that cashless payments are associated with
higher spending by present-biased consumers both among low- and high-income households but

not among younger consumers.

Third, we find no robust evidence suggesting that consumers strategically choose payment
instruments and cash management to self-control their spending: Present bias is not associated
with a more frequent choice of cash over cashless payment instruments, nor is it associated with a
higher frequency of cash withdrawals. We do, however, find that the sensitivity of the frequency
of cash withdrawals to income is lower for households with high levels of present bias than for
households with low levels of present bias. Overall, these findings are consistent with previous
evidence that reports a weak take-up of costly commitment devices among consumers with self-

control issues (Ericson and Laibson 2018).

We contribute to the growing literature that studies the impact of digital payments on consumer
choice. These studies provide mixed evidence for overspending when consumers adopt electronic
payments. Agarwal et al. (2022) study the 2016 forced demonetization in India and document that

consumers spend more in supermarkets after they switch from cash to cashless payments. Bachas

61 CHF = 1.10 USD or 0.93 EUR at the time of survey in August-October 2020. As discussed further below, the
average spending measured in the payment diary data compares well to aggregate household consumption data as well
as to consumer expenditure survey data for Switzerland.



et al. (2021) study the staggered roll-out of debit cards to low-income bank clients in Mexico.’
They document that the receipt of a debit card leads to a reduction in spending and an increase in
household savings. Brown et al. (2022) study the staggered roll-out of contactless debit cards in
Switzerland and report no notable impact on consumer spending. We contribute to this literature
by using matched survey data to examine the association of cashless payments with spending
across consumer types. If cashless payments tempt consumers to overspend, we would expect to
see a stronger correlation between payment choice and spending for present-focused individuals.

Our results suggest that this is the case.

We also contribute to the literature on consumer payment choice and cash management (see Shy
2022). Seminal inventory models of cash management assume consumption patterns to be smooth
and exogenous (Baumol 1952; Tobin 1956). Recent models combine payment choice and money
management, assuming either smooth consumption patterns (Alvarez and Lippi 2017) or stochastic
expenditures for (cash) goods (Telyukova 2013). We add to this literature by providing a
framework to think about the joint choice of payment instruments, money management and

intertemporal consumption.

We further contribute to the literature on present-focused preferences and intertemporal choice.
We add to this literature by examining how the choice of payment instrument and money
management may impose self-control on intramonth spending.® A distinctive feature of our
empirical analysis is that we analyze the discretionary spending of a representative sample of
consumers. In contrast, the prior literature focuses on short-term borrowing by financially
vulnerable consumers (e.g., pay-day borrowers, consumers with credit card debt). Meier and
Sprenger (2010) document that present bias is associated with higher levels of revolving credit-
card debt among low-income households. Kuchler and Pagel (2021) show that present-biased
consumers tend to deviate from self-set debt paydown plans, whereas sophisticated present-biased
consumers stick to their plan. Allcott et al. (2022) document repeated pay-day lending by present-
biased consumers in deviation from their planned lending. Gill, Hett, and Tischer (2022) show that

present bias is associated with the costly use of overdraft lines on checking accounts.

7 Jack and Suri (2014) and Suri and Jack (2016) examine how the geographic roll out of mobile-phone based money
transfers in Kenya (M-PESA) impacts on household saving and consumption.

$ We model self-control of upcoming intramonth spending. In contrast, Kalckreuth, Schmidt, and Stix (2014). and
Ebner, Nellen, and Tenhofen (2021) present hypotheses about how consumers maintain an overview of the level of
past spending.



This literature predicts that sophisticated present-biased consumers may take measures to constrain
their future choice set (Thaler and Shefrin 1981; Laibson 1997; Thaler 1999; O'Donoghue and
Rabin 2001; DellaVigna 2009). Commitment strategies may explain the holding of illiquid assets
(real estate, retirement savings accounts) or the maxing out of available credit limits (Angeletos et
al. 2001; Bertaut, Haliassos, and Reiter 2009; Kaplan, Violante, and Weidner 2014). We examine
the conjecture that for intramonth consumption choices, the choice of payment instrument and
money inventories are a natural commitment device. In line with previous evidence from
nonexperimental studies, our results suggest that the take-up rate of this commitment device is

negligible.

Finally, we contribute to the recent literature examining the role of liquidity in intramonth
consumption patterns (see, e.g., Vellekoop (2018)). Several studies document pay-day effects in
consumption expenditures among households with low levels of liquid assets (Mastrobuoni and
Weinberg 2009; Gelman et al. 2014; Gelman et al. 2022). We add to this literature by examining
how present bias and payment choice are associated with intramonth spending patterns. Our data
confirm pay-day effects in discretionary spending. However, we find no evidence that this is

related to present biased preferences or payment choice.

2. Model

We derive our hypotheses from a model of intertemporal choice in which liquidity constraints are
endogenously determined by payment choice and money management. In this framework, we
compare the choices of consumers with time-consistent vs. present-focused preferences. We
assume that consumers make their payment choice and money management decisions in a planning
period and can perfectly commit to these decisions. Under this assumption, we examine how

binding payment choice and money management strategies affect intramonth consumption.

Our framework is related to “planner-doer” models (Thaler and Shefrin 1981; Shefrin and Thaler
1988) or an “accountant-shopper” model (Bertaut, Haliassos, and Reiter 2009) in which the
planner (accountant) can impose binding constraints on the doer (shopper). To our knowledge, we
are the first to apply this model framework to study how payment choice and money management
affect consumption. In “planner-doer” or “accountant-shopper” models of intertemporal
consumption choice, a key assumption is that the planner/accountant can impose binding liquidity

constraints on the discretionary spending of her future self. These constraints may result from the



transaction costs of adjusting credit card limits or liquidating illiquid financial assets. In the context
of payment choice, the empirical data point to strong habit persistence in payment behavior,
whereby the choice of cash vs. cashless payments is strongly dependent on transaction size and
location (see our discussion in Section 3 below). Thus, in our context, predetermined payment

habits and cash management are likely to serve as the binding constraint on intramonth liquidity.

There are four periods in our model: The current month begins with a planning period t,. There
are two intramonth periods in which consumption occurs: the early period t; and the late period
t,. All future months are treated in a reduced form manner as t;. Consumption in the early period
and late period of the current month are subject to endogenous intramonth liquidity constraints. In
both the early and the late period of the current month, two different types of goods can be
consumed: C, and Cy. The prices of both goods are normalized to 1. Figure 1 illustrates the timing

of the model.

¢ In the planning period t=0, the consumer can choose to use either cash or card payments
for each consumption good: C, and Cg. The consumer also chooses the money inventories
L4, Lywhich will hold in periods t=1 and t=2, respectively.

e In period t=1, the consumer chooses early-period consumption C; = C4; + Cp1 < L;.

e In period t=2, the consumer chooses late-period consumption C; = C4, + Cp, < L,.

e The consumer carries over end-of-month savings Y — C; — C, to be consumed in the future

(t=3).

Figure 1. Model timeline

Payment choice and money management
|

I 1

Cash-only, card-only, or mixed payer

Available liquidity: Lq, L,

—— t=0 t=1 t=2 t=3 —
Cl < L1 Cz < Lz C3 =
Y —C, — G,
T J L T )
Intramonth consu mption Future consumption



Intertemporal choice

The objective of the consumer is to maximize utility from the current month and future
consumption, subject to intramonth liquidity constraints and a resource constraint. From the
perspective of the period t=0, t=1, and t=2, the consumer maximizes the following objective

function:

Up=o(Cy, Ca, Lo, Ly) = Pu(Cay,Cp) + Pu(Caz Cpo) + P (Y — C; — C) — M(Cy, Cy).  [la]
Up=1(Cy, Co Lo, L) = u(Cp1, Cr) + Bu(Cup Cs2) + Br(¥Y — €, — ). [1b]

Up=2(Cy, Co, Lo, Ly) = u(Cpz Cpp) + Bv(Y — C; — Cy). [1c]

Subject to the intramonth liquidity constraints
C,=Cy1+Cp1 <Ly
C, =Cyp +Cp, <L,
and the resource constraint:
Y-C—-C, =20

Y captures total financial resources available to the consumer at the beginning of the current month.
Intramonth consumption is given by C; (early spending) and C, (late spending). M(Cy,C,)

represents the (nonmonetary) costs of intramonth liquidity management.

We assume a strictly concave value function u(C;); u’ > 0, u”" < 0 for intramonth consumption.
The value function v(.) captures the (discounted) utility of future consumption out of savings. For

simplicity, we assume that this value function is linear: v’ > 0, v’ = 0.

Consumers may have time consistency, i.e., rational preferences (f = 1), or they may be present
biased (0 < f < 1). For present-biased consumers, the optimal consumption choice from the
perspective of the planning period t=0 may deviate from the actual consumption choice in t=1 and

t=2. Sophisticated consumers anticipate this time inconsistency, while naive consumers do not.

The objective of our model is to show how payment choice and money management may constrain

the overspending of present-focused consumers within the current month. For this reason, we



abstract from intermonth credit constraints on consumption. We can think of Y as the (discounted)

lifetime income of the consumer.

Payment choice and money management

The intramonth liquidity available to the consumer L;, L, depends on the chosen payment
instrument and the related money management strategy. At t=0, the consumer can choose to use
either cash or card payments for each consumption good: C, and Cg. In line with static inventory
models with payment method choice (e.g., Whitesell 1989), we assume that cash vs. cashless
decisions are made at the beginning of the month and bind intramonth payment choice. Similar to

Whitesell (1989), consumers choose which goods to pay by cash and which ones to pay by card.’

Our model setup is motivated by the observation in payment diary data that the majority of
consumers mix their payment method between cash and card (SNB 2020). Importantly, the same
consumers choose to pay different expenditures by cash or card depending on transaction size or
location. In contrast, the payment method of consumers does not seem to change over time for a
given location and transaction size.!? In Appendix B1, we provide corresponding evidence from
the payment diary data of the Swiss National Bank, which we use for our empirical analysis.
Additionally, we confirm this pattern of payment behavior for 17 countries in the Euro area based
on data from the Study on Payment Attitudes of Consumers in the Euro area (European Central

Bank 2022).

All consumers have access to the same financial technology: Banks offer a current account with
an attached debit card that enables ATM withdrawals and cashless payments at point-of-sale (POS)
terminals. For simplicity, we assume that the bank does not charge any fees for its services and

does not pay interest on the current account.

Consider first a cash-only consumer. Cash-only payers manage their intramonth liquidity L4, L, by
deciding how much to withdraw from an ATM at t=1 and t=2. Hereby, they can decide at t=0 to
withdraw either once or twice during the month. In line with inventory models of cash

management, we make the following assumptions for money management costs of cash payers:

° See Telyukova (2013) for a model with exogenous (and stochastic) cash and card purchases.

10 See Alvarez and Lippi (2017) for a dynamic model of payment choice and cash management in which consumers
first use up cash-on-hand and then use cards. This model would suggest that regular purchases are sometimes paid by
cash and sometimes paid by card, depending on when they take place.



(1) There is a unit transaction cost s for each ATM withdrawal (shoe-leather cost) and (ii) there is

a proportional cost f > 0 of holding cash (e.g., fear of cash theft or loss).

Consider a consumer who at t=0 has decided to pay by cash for both goods and to consume C; =
C, = C. This consumer needs to satisfy the liquidity constraints € < L;,L,. She can do so by

withdrawing the amount 2C at t=1. Alternatively, she can withdraw the amount C at both t=1 and
t=2. The average cash balance of the consumer would be % if she withdraws twice or C if she

withdraws once. The cash payer would choose to withdraw twice if the following condition holds:
C
25+ f E <s+fC
The money management costs of this consumer would amount to

C
M, qsn(C) = min |2s -I-fE,S +fC]

Now consider a card-only consumer. She chooses at t=0 to use her debit card to make cashless
payments at the point of sale (PoS) for both consumption goods. In line with models of payment
choice, we assume that there are also (nonmonetary) costs associated with cashless payments.
First, there are expected costs of nonacceptance, terminal outages, or concerns related to the
security and privacy of cashless payments, which we assume are proportional to the total
expenditures of the consumer: m(C; + C,). Second, card payers can (at t=0) decide to impose
limits on PoS expenditures in periods t=1 and t=2. We assume that imposing such limits is

associated with a fixed nonmonetary effort cost of e > 0.

Consider a card-only payer who plans to consume C; = C, = C. Again, this consumer needs to
satisfy the liquidity constraints C < L4, L,. The consumer can do so by holding Y > 2C on her
transaction account and paying by debit card at the point of sale throughout the month. If the
consumer does not impose limits on PoS purchases, the money management costs for this

consumer would be:
Mcard,nolimit(c) =m2C

If the consumer does impose a limit on monthly PoS purchases, the money management costs for

this consumer would be:

M araiimic (C) = m2C + e

10



A card-paying consumer who does not expect to overspend will never impose limits on intramonth

PoS purchases if the costs of doing so are strictly positive (e > 0).

Finally, consider a consumer with mixed payment methods. We assume that the consumer pays
Cp by cash and Cg by card. To illustrate the model, we again assume smooth consumption over

the early and late periods C4 1 = C4, = Cp andCp; = Cp, = Cp
The cash management costs of this mixed payer would amount to
: Ca
M(C,) = min [2s + f7,s +fCA]

In addition, the card-based money management costs would again depend on whether the

consumer chooses to impose intramonth limits on card spending at the point of sale.
Mnolimit(CB) = m2(g

Mcard,limit (CB) =m2(Cg + e

Predictions: Rational Consumers (8 = 1).

Due to the concavity of the value function u(C), rational consumers plan a smooth intramonth
consumption path at t=0. Moreover, concavity implies that rational consumers plan an identical

consumption basket in each subperiod.
Car=Caz =G4
Cg1 = (g =Cp
C,=C,=C+Cg=C"

A rational consumer will choose the payment instrument and liquidity-management strategy to
minimize the money management costs M(C*) related to her optimal consumption plan. This
consumer anticipates that she will stick to her optimal consumption plan no matter what payment
instrument she chooses. At t=0, a rational consumer will thus choose one of three payment and

money management strategies to minimize the corresponding money management costs:
Pure cash payer: M(C*) qsn = min [25 + f%, s+ fC*].

Pure card payer:M(C*) .qrqg = m2C*

11



Mixed payer: M(C*)mixeqa = Min [ZS + fi—‘z, s+ ij{] +m2Cjp

Predictions: Naive Present-Biased Consumers (f < 1).

Naive present-biased consumers also plan a smooth intramonth consumption path at t=0.
Can=Caz=0(y
Cp1 =Cp2=Cp
Ci=C,=C+Czg=C"

At t=0, naive present-biased consumers also choose the payment instrument and liquidity-

management strategy, which minimizes money-management costs M (C*).

Naive present-biased consumers who are card-only payers do not anticipate that they will
overspend. They thus do not impose limits on PoS expenditures consistent with their optimal
consumption path if the effort costs of doing so are positive (e > 0). As a consequence, naive card

payers will consume excessively in the early and late period of the current month.
C;=C,=C"+AC

The degree of excess consumption AC — and thus reduced saving for future consumption — depends
on the extent of present bias and the elasticity of intertemporal substitution of the consumer (see

Appendix B for details).

Naive consumers who are cash-only payers and withdraw twice are safeguarded against
revisions of their consumption plans. The reason is that their (predetermined) liquidity choice
constrains consumption L; = L, = C*. Naive consumers who use cash and withdraw once per
month spend the same total amount as rational consumers. However, as they withdraw all needed
liquidity for the month upfront (L; = 2C™), their consumption path will be front-loaded. They
will consume excessively in t=1 but then have to reduce their consumption by the same amount

in t=2.
C;=C"+AC,C,=C"—-AC
Naive consumers who are mixed payers will overspend on consumption for their “card good”:

CB,l = CB,Z = Cg +ACB

12



In addition, naive mixed payers may exhibit front-loaded consumption of their “cash good” if they

choose to withdraw cash only once per month:
Ca1 = Cp +ACy, Gy = C4 — ACy

Figure 2 illustrates the predictions of our model for the intramonth consumption of rational
consumers vs. naive present-biased consumers. Note that our predictions for naive consumers
depend strongly on the assumption that cash payers are precommitted to paying a specific
consumption good with cash or card. They cannot switch to using their bank card to pay for “cash
goods” at the point-of-sale. If naive cash payers can use their bank card at the point of sale when
they run short of cash, the available cash in their wallet no longer binds their consumption. In this

case, they would consume excessively in the early and late periods, as would naive card payers.

Predictions: Sophisticated Present-Biased Consumers (8 < 1).

Sophisticated present-biased consumers also plan smooth intramonth consumption paths. In
contrast to their naive peers, they anticipate that at t=1 and t=2, their “future selves” will
overspend. They can self-control within-month consumption patterns by limiting available
liquidity.

Cash-only consumers can limit their available liquidity by choosing to withdraw two equal cash
amounts at t=1 and t=2. Card-only consumers can limit their available liquidity by imposing limits
on PoS expenditures in t=1 and t=2. Mixed payers could apply one or both of these mechanisms.
Whether sophisticated consumers adapt their payment choice and money management to self-
control their consumption depends on the associated increase in costs of money management
compared to the welfare loss that they expect from reduced savings in the future (see Appendix B

for details).

13



Figure 2. Model predictions - Intramonth consumption: rational vs. naive present-biased

consumers

C*+ AC Naive card-only payer

C*+ ACg Naive mixed payer, 2 ATM withdrawals
Naive mixed payer, 1 ATM withdrawals

c* .

Rational consumer,
Naive cash-only payer, 2 ATM withdrawals

C*—AC Naive cash-only payer, 1 ATM withdrawal

3. Data

Data Sources and Sample

Our data are sourced from three related consumer surveys that were commissioned by the Swiss

National Bank (SNB 2021) and conducted between mid-August and November 2020.!!

The first survey is a payment-methods survey, in which respondents completed a questionnaire on
ownership of payment instruments and their use, attitudes toward payment instruments, cash

withdrawal behavior and cash holdings, typical payment behavior and socioeconomic information.

Respondents to the payment-methods survey subsequently completed a payment-diary survey for
a period of seven days. In this second survey, consumers recorded each discretionary purchase
with the purchase day and time, the amount, the payment instrument used and the type of merchant
where the purchase was made. A total of 2,126 people were interviewed and returned a fully

completed payment diary.'?

' The survey was fielded during the period immediately before (August-September 2020) and at the beginning
(October-November 2020) of the second wave of the COVID-19 pandemic in Switzerland. We account for the
possible influence of the pandemic on observed discretionary spending and payment behavior by including
month*language fixed effects in our main regressions. Interviews were conducted in German, French and Italian. The
interview language serves as a regional indicator.

12 Further details are available in SNB (2021).
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The third survey is a behavioral survey that was administered as a follow-up to the payment diary
survey. Specifically, after completion of the payment diary, all participants who used the internet
were asked to participate in a follow-up online survey.'® If they agreed, participants received this
second survey approximately two weeks (on average) after completion of the first survey. A total
of 1,164 respondents participated in the third survey. After data cleaning, the final sample

consisted of 1,138 respondents.'*

For the first survey, a stratified random sample was drawn from a sampling frame provided by the
Swiss Federal Statistical Office, which is based on administrative population registers. The strata
are based on the characteristics of language region, gender and age. A comparison of
sociodemographic characteristics of the payment methods survey and the self-selected behavioral

survey sample indicates that selection biases are small (see Appendix Al).

Outcome Variables

We study three primary outcome variables. The variable Consumption measures daily
discretionary spending in CHF. This variable was measured by accumulating all recorded
transactions during the seven days of the payment diary. As reported in Table 1, we have
information on discretionary spending in six categories: Consumables (shops selling day-to-day
items), Restaurants & Leisure, Durables (shops selling clothes, electronics etc.), E-commerce
purchases, Other Services (e.g. hairdressers), and Other spending (incl. person-to-person transfers,

payments for in-house services, donations etc.).'?

Table 1 shows that on average, respondents spend 78.5 CHF per day on discretionary items.
Consumables, restaurants and leisure together account for 34.2 CHF of daily spending, while
durables and E-commerce together account for a further 17.6 CHF. The ratio of consumable to
durable spending in our data (roughly 2:1) is comparable to that reported by Kuchler and Pagel
(2021) for their sample of U.S. consumers. Other Services and Other spending average 7 CHF and

19.6 CHF per day across households. Table 1 reveals significant variation in daily spending across

13 Only 4.3% of respondents of the “Payment Methods Survey” answered that they never use the internet.

14 We eliminated persons without recorded payment transactions and person who do not possess cashless payment
instruments. For details, see the preanalysis plan. Participants were rewarded for the first survey (100 CHF) and for
the second survey (10 CHF).

15 Purchases are conducted by the survey respondent. The household benefiting from these purchases may consist of
additional persons. Household income (HH income) and Household size belong to the set of socioeconomic control
variables (see Appendix A2.3).
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households with notable outliers in most spending categories. This is unsurprising for payment-
diary survey data, which by nature are limited to a short observation period. We account for

outliers in robustness tests.

Total discretionary spending in our sample compares well to aggregate private consumption
expenditure. We compare annual per capita consumption from national accounts (excluding
estimated housing expenditure) with projected annual per capita consumption from the payment
diary. This back of the envelope calculation indicates that the payment diary survey covers 75%
(93%) of nonhousing National Account private consumption expenditures (depending on whether
one uses the adult population or the total population). This diary-to-aggregate-spending ratio is

similar to other international payment diary studies (Bagnall et al. 2016; Schuh 2018).

Figure 3 reports average daily spending by income group (Panel A) and age group (Panel B). The
figure lends further credibility to the payment diary data we employ for our analysis. Average
spending increases with income but does so less for consumables than for Other spending
categories. Average spending also increases with age, while the share of spending on Restaurants

and Leisure or E-commerce declines with age.

Table 1. Outcome variables

mean p50 sd min max n
Main outcome variables
Consumption 78.47 52.55 104.45 1.03 1293.60 1138
Card Intensity 3.48 4.00 0.95 1.00 5.00 1138
Withdrawal Frequency 5.84 6.00 1.22 1.00 10.00 1081
Consumption by category
Consumables 22.83 18.16 28.56 0.00 711.97 1138
Restaurants and Leisure 11.41 4.97 18.73 0.00 324.96 1138
Durables 10.50 0.00 32.92 0.00 576.82 1138
E-commerce 7.11 0.00 22.05 0.00 248.26 1138
Other Services 7.02 0.00 28.98 0.00 482.03 1138
Other 19.59 4.55 76.69 0.00  1160.00 1138

Notes: The table reports descriptive statistics for our outcome variables. Variable definitions are
presented in Appendix A2.
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Figure 3. Consumption by income and age groups

Panel A. Income groups (in CHF per month)
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Note: For each subsample, the figure shows average daily spending by category in CHF as well
as the average share of spending (in %) per category across households.
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Our second outcome variable measures respondents’ preferred payment instrument. The variable
Card intensity measures respondents’ self-assessed frequency of use of cash vs. cashless payment
instruments. It ranges from 1 to 5, where 5 = “always cashless” and 1 = “always by cash”. We
choose this survey-based measure rather than the observed payment choice from the payment diary
for two reasons. First, this measure captures the general payment behavior of the respondent rather
than payment behavior during a specific week. Second, as some purchases may be cashless only
(e.g., E-commerce), using the payment diary data to measure consumption and payment choice

could lead to mechanical correlations between the two.

Our third outcome variable measures the frequency of cash withdrawals and is again taken from
the payment survey. Withdrawal frequency is a measure on a ten-point scale with 10 = “daily” and

1 = “never”.

Figure 4 illustrates payment behavior and cash management behavior in our sample. The majority
of respondents (85%) pay predominantly by card or are mixed (situational) payers. Additionally,
most respondents (82%) withdraw cash between once per week and once per month.
Unsurprisingly, the use of cash as a payment instrument is positively correlated with the number

of cash withdrawals.
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Figure 4. Payment choice and cash management
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Note: The figure shows the distribution of respondents by their payment behavior (Card
intensity) and cash management behavior (Withdrawal frequency).

Present Bias

We follow previous approaches (e.g., Ameriks et al. 2007; Gathergood 2012) to elicit indicators
of present-focused preferences from qualitative survey questions rather than incentivized task
choices. ' The survey instruments employed in the behavioral survey are based on validated scales
or on scales that have been used in other large-scale surveys. Appendix A2 contains a definition
of all behavioral variables. To measure present bias, we use responses from two qualitative survey
questions on impulsivity and procrastination. Ericson and Laibson (2018) document that
impulsivity and procrastination are key behaviors associated with the present-focused preferences

of consumers.

16 See Imai, Rutter, and Camerer (2021) and Cheung, Tymula, and Wang (2021) for two recent meta-analyses on
estimates of quasihyperbolic discounting parameters using incentivized task choices.
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Impulsivity: “How would you describe yourself: Do you generally think things over for a long
time before acting — in other words, are you not impulsive at all? Or do you generally act without
thinking things over for long — in other words, are you very impulsive? Please answer on a scale
from 0 to 10, where () means not at all impulsive and 10 means very impulsive” (own translation).

Source: German Socio-Economic Panel 2018, Question 16, Kantar Public (2019).

Procrastination: “/ tend to postpone tasks, even though I know that it would be better to deal with
them immediately. Please answer on a scale from 0 to 10, where 0 means ‘does not describe me

at all’ and 10 means ‘describes me perfectly™. Source: Global Preference Survey, Falk et al.
(2022), Falk et al. (2018).

The variable Present bias is defined as the average response to these two survey questions (a higher
value captures stronger present bias). Figure 5 presents the distribution of the variable Present
bias. We classify respondents into High present bias consumers and Low present bias consumers

depending on whether the score is above or below the median.

Figure 5. Present bias
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Note: The figure presents the distribution of the variable Present bias across the full sample. In
our empirical analysis, respondents with above-median (below-median) levels are categorized as
High or Low present bias consumers.

Note that our model makes different predictions for naive and sophisticated present-biased
consumers compared to rational consumers. However, our elicitation of time preferences does not
yield a precise measure of naiveté or sophistication regarding time-inconsistent preferences.!” One
may argue that our direct survey questions on procrastination and impulsivity may yield different
answers from naive vs. sophisticated consumers, conditional on their underlying level of present
bias. On the one hand, sophisticated present-bias consumers may be more likely to state that they
procrastinate and act impulsively. On the other hand, sophisticated present-bias consumers may
be more likely to self-constrain their intertemporal choices and thus report less procrastination or
impulsive behavior. In our empirical hypotheses and analyses, we compare the payment choice,
money management and intramonth consumption of consumers with high present bias to that of
consumers with low present bias, under the assumption that there is a significant share of both

naive and sophisticated present bias consumers.

Intramonth Consumption Pattern

Our analysis of intramonth consumption patterns is based on a between-person comparison for
respondents who report their payment diary for the early period of the month to those who report
their diary for the late period of the month. Information on the pay day of respondents is not
directly available in our surveys. However, in Switzerland, most employees have a pay day around
the 25" of the month. For retired persons, the typical disbursement date for pensions is around the
5" day of a month.'® We use this information to define the dummy variable Late Period, which is
one if the payment diary was recorded in the latter half of the period between pay days. Figure 6
reports average daily spending by respondents in the early vs. late period of the month. On average,

spending falls from 83 CHF for early period observations to 75 CHF for late period observations.

17 This concords with the majority of the literature: “clean data that permit precise identification of the degree of
naivete has proven hard to find. More often, we see either evidence that indicates at least some sophistication [...] or
evidence that indicates at least some naivete” (O'Donoghue and Rabin 2015, p.276). Kuchler and Pagel (2021) separate
naive from sophisticated consumers by measuring whether paycheck sensitivities of consumption are affected by the
occurrence of larger, regular payments that affect available resources.

18 For persons in education, we assumed that pay day is the last day of the month. For all other persons, we cannot
assign a pay day. For further details and a discussion, see the preanalysis plan.
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Again, lending credibility to the data, the figure reveals that the decline in spending over the month

is driven by Restaurants and Leisure, Durables and Other spending.

Figure 6. Consumption by period of the month
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Note: The figure compares average daily spending of respondents observed in the early period of
the month (after pay day) to those observed in the late period of the month (before pay day).
Spending is reported by category in CHF as well as the mean share spending in each category
across households.

Covariates

In our regression analysis, we employ a broad set of socioeconomic control variables, as well as a
set of behavioral control variables. Socioeconomic controls include age, gender, education,
income, household size, labor force status, urban—rural classifications, and language. These are all
taken from the payment survey. In addition, we match the location of all survey respondents to
public information on the network of ATMs and bank branches in Switzerland. These data provide
us with an indicator of the physical distance and travel time to the nearest cash withdrawal point
for respondents’ municipalities. Appendix A2 provides definitions, and Appendix A3 provides

summary statistics of all covariate variables.
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Behavioral control variables include the Discount Rate, Risk Taking, Memory of Numbers,
Financial Literacy and Trust in Institutions. These controls are all taken from the behavioral
survey. Measures on time discounting and risk preference are based on the validated survey
instruments of the Global Preference Survey (Falk et al. 2022) containing both a qualitative and a
quantitative component (staircase method). Our survey measure of memory rests on a survey
experiment that probes respondents’ numeric memory. Validation exercises (see Appendix A4)
suggest that the Behavioral Survey delivers reliable estimates of survey respondents’ behavioral
traits. We compare our results regarding temporal discounting and risk preferences with the results

from the Global Preference Survey for Switzerland.

4. Empirical Hypotheses

Motivated by our model in Section 2, we test three hypotheses related to (i) consumption, (ii)
payment choice and (iii) cash management. These correspond to the main hypotheses registered

in our preanalysis plan.'’

The main prediction of our model is that payment choice affects discretionary spending for naive
consumers with high levels of present bias, while this is not the case for consumers with low levels
of present bias. As discussed in Section 3, our data do not allow us to separate naive from
sophisticated present-biased consumers. Our Hypothesis H1 thus relies on the assumption that a
significant share of consumers with high levels of measured present bias are naive with respect to

their self-control problem.

H1 (Consumption): For consumers with high present bias, a higher frequency of cashless
payments is associated with higher spending. For consumers with low present bias, discretionary

spending is unrelated to payment behavior.

Our model predicts that payment choice is driven by the (nonmonetary) costs of cash withdrawals
and cash holdings (fear of loss or theft) compared to the costs of cashless payments (fear of
nonacceptance or outages, privacy and security concerns). Moreover, the frequency of cash

withdrawals is driven by the relative costs of cash withdrawals to cash holdings. Both of these

1% Due to comments received on our theoretical predictions as well as due to data limitations, the specification of our
hypotheses and the related empirical tests deviate partially from our preregistration.
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trade-offs should, however, be less relevant to the choice of sophisticated present-biased
consumers. Our model predicts that these consumers may adapt their choice of payment instrument
and cash management to limit their intramonth liquidity and, thus, self-control consumption.
Again, our data do not allow us to separate naive from sophisticated present-biased consumers.
Our Hypotheses H2 and H3 thus both rely on the assumption that a significant share of consumers
with high levels of measured present bias are sophisticated with respect to their self-control

problem.

H2 (Payment choice): For consumers with high levels of present bias, the relationship between
cash management costs, card payment costs and payment choice is weaker than for consumers

with low present bias.

H3 (Cash management): For consumers with high levels of present bias, the relationship between
cash management costs and ATM withdrawal frequency is weaker than for consumers with low

present bias.

Our model also makes predictions for the intramonth pattern of consumption. In particular, we
expect a front-loading (pay-day effect) of spending only for present-biased consumers who impose
a one-time liquidity constraint on their spending at the beginning of the month. 2* We do not have
the necessary information to identify self-imposed liquidity constraints by card payers (i.e.,
monthly card spending limits). We do have information on liquidity constraints for cash payers,
as we observe the frequency of ATM withdrawals. Cash payers who withdraw from an ATM only
once per month are predicted to have front-loaded consumption if they are present biased. As
shown in Figure 3 above, however, there are only very few cash payers with infrequent cash
withdrawals in our sample. We therefore refrain from testing this prediction. Instead, we report an
exploratory analysis in which we test Hypothesis 1 separately for observations in the early/late

period of the month.

20 A more general prediction based on our model would be that cash-paying, naive present-biased consumers who
withdraw cash infrequently would display a declining profile of daily spending between cash withdrawals.
Unfortunately, our data is not well suited to test this prediction as we observe cash withdrawal and spending behavior
for a period of 7 days only, and spending behavior at the daily level is very noisy.
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5. Results: Consumer Spending

Our key hypothesis (H1) is that cashless payments lead to an increase in spending among present-
biased consumers but not among consumers with low present bias. This hypothesis is derived from

our model, which predicts that (naive) present-biased consumers who pay by card will spend more

than they had planned in both the early and late periods of the month (see Figure 2).

Figure 7 reveals that — across all respondents — discretionary spending increases with the card
intensity of payment behavior. If we focus on consumables (incl. Restaurant, Leisure) and durable

nominal spending (incl. E-commerce) there is a monotonic relationship between Card Intensity

and discretionary spending.

Figure 7. Payment behavior and discretionary spending
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observations for Card Intensity="always cash" we combine the first two categories ("always

cash", " predominantly cash").
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There are at least 2 reasons why we may observe a positive correlation between cashless payments
and consumer spending even if payment choice does not causally affect consumption. First, the
observed correlation may be spurious, i.e., driven by socioeconomic characteristics that are
correlated both with payment choice and discretionary spending. Second, the observed correlation
may be driven by reverse causality; consumers may choose to pay cashless because they plan high
consumption.

Our first identification challenge is one of the potential omitted variables, leading to a positive
spurious correlation between cashless payment choice and consumer spending. However, it is not
obvious that a spurious correlation would be positive. On the one hand, (high) education is likely
to be associated with digital affinity and thus cashless payments, while education is also correlated
with income and spending. On the other hand, age should be negatively correlated with digital
affinity but positively correlated with spending (see Figure 3 above). Moreover, note that if there
were a spurious positive correlation between cashless payments and spending driven by underlying
socioeconomics, we would expect to find this correlation both for consumers with high and low
levels of present bias. In contrast, our hypothesis (H1) suggests a causal effect of payment choice

on consumption for consumers with high present bias only.

In a first step to tackle the identification challenge of omitted variables, we conduct a multivariate
OLS regression that incorporates a broad set of socioeconomic and behavioral control variables
from our survey data. Moreover, we estimate regression equation [ 1] separately for the subsample

of consumers with high vs. low present bias.

[1] Log(Consumption); = a + B, - Card Intensity; +y - X; + ¢

The results reported in Table 2 suggest that conditional on socioeconomic covariates, an increase
in card intensity by one standard deviation (0.95) is associated with a 6.5% increase in
discretionary spending (see column 1).2! Consistent with our hypothesis, we find that among
respondents with high present bias (column 2), the estimated effect is twice the magnitude of that
for respondents with low present bias (column 3). These findings are confirmed in specifications

with additional behavioral controls (columns 5-7). However, in both sets of specifications, a Wald

21 A full table of coefficient estimates is provided in Appendix A5. For all estimations involving consumption as the
dependent variable, we exclude 20 consumers who stated that they faced unusual restrictions during the payment diary
recording week (because they were sick, faced Covid mobility restrictions, chose self-isolation due to Covid, etc.).
This sample exclusion deviates from the PAP. Including these consumers would not affect the results qualitatively.
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test suggests no statistically significant difference in the coefficient estimates for Card Intensity
between respondents with high vs. low present bias. In addition to the subsample analyses, we
estimate a model in which Card Intensity is interacted with High Present Bias (columns 4 and 8).
These specifications are more restrictive than separate subsample regressions, as all but one
coefficient is constrained to be equal for High and Low Present Bias individuals. The estimated
coefficient for the interaction term is not significantly different from zero, which is in accordance

with the Wald test results.

While our survey data provide us with a very rich set of socioeconomic and behavioral covariates,
it is feasible that the OLS estimates in Table 2 are still subject to omitted variable bias. To address
this issue of unobservables, we complement our OLS analysis with an instrumental variable
analysis. We instrument Card Intensity with the variable Cash Rating, which — as discussed in
detail in Section 6 below — captures respondents’ subjective assessment of cash vs. card payments
on six different dimensions (Ease of use, Acceptance, (monetary) Costs, Transaction speed,
Security, and Hygiene). The results in Section 6 reveal a strong correlation between Cash Rating
and Card Intensity. Our identifying assumption is therefore that — conditional on covariates — Cash
Rating affects discretionary spending only through its influence on payment choice. It seems
plausible to assume that the relative assessment of cash vs. cashless payments in terms of

convenience and cost has no direct causal effect on total discretionary spending.??

The results of the instrumental variable (IV) analysis are reported in Table 3. The full sample
estimates confirm a significant positive effect of payment choice on discretionary spending
(column 1). The magnitude of the estimate is larger and more precisely estimated for respondents
with high present bias (column 2) than for respondents with low present bias (column 3). The
difference in estimates for high vs. low present-biased consumers is accentuated when we add
behavioral controls (columns 6-7). The interaction term of Card Intensity * High Present Bias is

again not significant (columns 4 and 8).%

22 Note that survey respondents provide a general assessment of payment instruments’ attributes before the payment
diary. Including Cash Rating or individual perception variables (Ease of use, Acceptance, Costs, Transaction speed,
Security, and Hygiene) along Card Intensity in our model shows that the perception variables are not found to be
statistically significant. This provides some evidence in favor of our assumption.

2 Given the nonstandard nature of the standard errors arising from the instrumental variable regression, we cannot
report a cross-equation Wald test, as in Table 2.
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Our second identification challenge relates to two-way causality. Our model suggests that the
planned consumption level of consumers should affect their payment choice. In the model, the
(nonmonetary) costs of both cash and cashless payments increase with consumer spending. If these
costs increase faster for cash than card payments for a specific good, we would expect consumers
with high planned consumption for that good to use cashless rather than cash payments. In contrast,
the use of cashless payments by naive present-biased consumers may lead actual spending to
exceed planned spending. Moreover, planned consumption should affect payment choice at least
as strongly for consumers with low present bias as it does for consumers with high present bias.?*
In contrast, given a level of planned consumption, cashless payments should affect actual spending

more for consumers with high present bias.

We address two-way causality by (i) exploiting available information on planned versus actual
spending of our respondents and (ii) testing the differential predictions for consumers with high
vs. low present bias. For this exercise, we make use of the fact that prior to starting their payment
diary, all respondents were asked to give an estimate of the amount of their discretionary spending
over the following seven days. We employ this measure of Predicted Consumption as an indicator

of planned consumption.

24If a significant share of sophisticated present-biased consumers exists and if they self-control their spending through
costly payment choices, we would expect planned spending to affect payment choice less for consumers with high
present bias (see Hypothesis 2).
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Figure 8. Actual vs. Predicted Consumption

log(Consumption)

2 4 6 8
log(Predicted Consumption)

Note: The figure juxtaposes Predicted Consumption as estimated by respondents before the
payment diary recording period and actual consumption by 5% buckets of respondents ordered
by Predicted Consumption.

Figure 8 compares predicted consumption to actual consumption in our sample. On average, actual
consumption (78 CHF) exceeds average predicted consumption (48 CHF) by 63%, with 73% of
consumers spending more than predicted.? It is likely that the observed discrepancy between
predicted and actual consumption is driven both by noisy assessments of planned spending
(prediction error) and by ex-post deviations from (precise forecasts of) planned spending.?® Note
that low-income consumers display the smallest and least frequent discrepancies between

predicted and actual consumption.

To account for actual vs. planned consumption, we replicate our IV regression equation [4], adding
the logarithm of Predicted Consumption as an explanatory variable. The results are reported in

Table 4.7 As with our OLS and IV estimates in Tables 2-3, we find that the estimated coefficient

25 When writing the PAP, we did not understand the availability of the data on predicted consumption. Therefore, this
analysis has not been included in the PAP. As Predicted Consumption is missing for some consumers, the sample
average of Consumption for the limited sample slightly deviates from respective full sample results.

26 For a recent discussion of consumer prediction errors related to inflation see, e.g., D'Acunto, Malmendier, and
Weber (2022).

27 An alternative specification would be to define our dependent variable as log(Consumption) — log(Predicted
Consumption). In this case, controlling for log(Predicted Consumption) as a scaling variable yields a linear
transformation of our chosen specification.
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of Card Intensity is larger and more precisely estimated in the sample of respondents with high
present bias (column 2) than in the sample of respondents with low present bias (column 3). The
results are confirmed when adding behavioral controls in columns (6-7). Overall, the results of
Tables 2-4 confirm Hypothesis H1: Cashless payments are associated with higher discretionary

spending — and this association is driven by consumers with high present bias.

Robustness tests

Appendix A6 presents robustness tests of our Table 4 results. In Panel (A), we account for
measurement error in our diary measure of discretionary spending by (i) excluding consumers with
less than 4 reported transactions during the diary week, by (ii) excluding the consumers with the
5% lowest and highest reported spending, by (iv) keeping only observations for consumers who
report a normal spending week and by (iv) adding controls for respondents self-reporting a week
with higher or lower spending compared to a normal week. In Panel (B), we (i) omit respondents
who report that they are situational payers (Card Intensity =3), (ii) omit respondents who report
individual transactions of more than 1,000 CHF in their payment diary, (iii) add a control for
respondents who report individual transactions of more than 1,000 CHF in their payment diary,
and (iv) omit Other spending from the dependent variable. Overall, these robustness tests confirm
our Table 4 (columns 6-7) results, although the magnitude of the estimates differ between

specifications.

Heterogeneity

Appendix A7 provides a heterogeneity analysis of our Table 4 results (IV estimates). In Panel A,
we compare the results for consumable vs. durable spending. Our estimates suggest that for
respondents with high present bias, the impact of cashless payments on spending is slightly

stronger for durable goods than for consumables.

In Panel B, we compare respondents by age group. Our estimates suggest that among respondents
with high present bias, the impact of cashless payments on spending is least pronounced for young

consumers.

In Panel C, we compare respondents by income group. Our estimates suggest that among
respondents with high present bias, the impact of cashless payments on spending is pronounced

both for low- and for high-income consumers.
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In Panel D, we compare respondents by whether we observe them in the early period of the month
(after pay day) or the late period of the month (before pay day) groups. Figure 6 shows that the
discretionary spending of consumers in our sample is higher after pay day than before pay day.
Our subsample estimates suggest, however, that this is unrelated to present biased preferences or

to payment choice.

6. Payment Choice and Cash Management

Our Hypothesis H2 predicts that the relationship between cash management costs, card-payment
costs and payment choice should be weaker for consumers with high present bias than for
consumers with low present bias. The reason for this is that some sophisticated present-biased
consumers may purposefully choose costly payment methods to self-control their intramonth
consumption. We test this hypothesis by estimating equation [2] separately for the subsample of

consumers with high vs. low present bias:

[2] Card Intensity; ..
= Opyp T+ ﬂl - Cash Ratingi + ﬁz - Distance to ATML + ﬁg . Incomei + ﬁ4

- Conscientiousness; +y - X; + €;

As discussed in Section 3, our indicator of payment choice Card Intensity is a categorical variable
based on consumers’ self-assessed payment behavior (values range from 1 to 5) — a higher value
means more cashless payments. We employ four indicators to capture the relative costs of cash
management versus cashless payments. Cash Rating is a subjective assessment of cash versus card
payments on six different dimensions: Ease of use, Acceptance, (monetary) Costs, Transaction
speed, Security, and Hygiene. A higher value of Cash Rating indicates a more favorable rating of
cash as a payment instrument. We further employ two indicators of cash management costs that
are motivated by inventory models of cash demand. Distance to ATM is a proxy variable for “shoe-
leather” costs of withdrawing cash, and /ncome is a proxy variable for cash holding costs. Distance
to ATM measures the average distance to the nearest ATM in kilometers for households living in
the respondents’ municipality of residence. Income is a categorical variable for respondents’
monthly household income (ranging from 1 to 5). Additionally, we approximate the effort of bank
account management by the discrete variable Conscientiousness. This variable is derived from two

survey questions about respondents’ degree of self-organization. We hypothesize that the effort
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costs of imposing spending limits are lower if someone is well organized. All regressions include

a comprehensive set of covariates X;.

Figure 9 (Panel A) displays the distribution of Card Intensity for consumers with high versus low
levels of present bias. The figure reveals that there is no notable difference in payment behavior

between the two groups.

Table 5 reports the OLS regression results for equation [2].?® The results reveal a strong correlation
of payment choice with our subjective measure of the relative convenience and costs of cash vs.
cashless payments: Our full sample estimates (column 1) imply that a one-standard decrease in
Cash Rating (0.10) is associated with a 10% increase in Card Intensity. The economic magnitude
of this estimate is smaller (9.0%) in the sample of consumers with high present bias (column 2)
than in the sample of consumers with low present bias (11.3%, column 3). However, a Wald test
suggests no significant difference between the two estimates (see column 3). The Table 5 estimates
reveal that objective indicators of shoe-leather costs (Distance to ATM) and cash holding costs
(Income) are unrelated to payment choice. This also applies to our indicator of effort costs to
manage cashless payments (Conscientiousness). These results are confirmed in specifications that
add behavioral controls (columns 4-6) and thus account for any correlation between present bias

and risk preferences, discounting or numeracy and financial literacy.

In light of seminal inventory models of cash management, it is somewhat surprising that the
distance between a consumer’s residence and the nearest ATM has no impact on payment choice.
However, there are at least three reasons why this finding seems reasonable in the Swiss context
we study. First, the distance between residence and the nearest ATM is small for most households
in Switzerland. Second, many ATMs are located close to retail shops, so the extra distance of
traveling to an ATM is negligible. Third, many households commute to work by public transport

and therefore frequently pass ATMs, which are located at all major train stations.

28 We note that our outcome variable Card Intensity is an ordinal variable on the scale of 1-5. We present estimates
from OLS regressions for expositional reasons. The use of ordered regressions results in qualitatively similar results.
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Figure 9. Present bias, payment choice and cash management

Panel A. Distribution of Card Intensity by present bias level
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Panel B. Distribution of Withdrawal Frequency by present bias level
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Note: The figure shows the distribution of Card Intensity (Panel A) and Withdrawal Frequency
(Panel B) for consumers with high versus low present bias. Variable definitions are presented in
Appendix A2.
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Appendix A8 provides a full table of coefficient estimates. Therefore, we confirm that payment
choice is strongly correlated with age. Appendix A9 reports the results of a robustness test in which
we examine which dimensions of our indicator Cash Rating (Ease of use, Acceptance, (monetary)
Costs, Transaction speed, Security, and Hygiene) exert the strongest influence on payment choice.
We replicate the regression in Table 5, replacing the indicator Cash Rating with ratings for each
of these dimensions separately. The results suggest that convenience, i.e., ease of use and
transaction speed, have the strongest effect on payment choice, while acceptance has the weakest
effect. Our results also reveal that hygiene concerns about the use of cash due to fear of COVID-

19 transmission and security are significant drivers of payment choice.

Hypothesis H3 stipulates that the cash withdrawal frequency of present-biased consumers should
be less sensitive to cash management costs than that of rational cash users. Again, this effect would
be driven by sophisticated present-biased consumers who purposefully withdraw often from an
ATM to maintain a low cash inventory and thereby self-control their spending. We test this
hypothesis by running regression equation [3] separately for respondents with high vs. low present
bias. Our indicators of cash management costs Distance to ATM and Income are motivated by
standard inventory models of cash demand. When we add the variable Card Intensity as an
explanatory variable, as conditional on income and thus planned spending, the cash holding costs

are higher for consumers with a larger share of cash payments.

[3] Withdrawal frequency;
= Q. + By - Distance to ATM; + 3, - Income; + 3 - Card Intensity;
+ Y - Xi + €;

Figure 9 (Panel B) displays the distribution of Withdrawal Frequency separately for respondents
with high versus low levels of present bias. The figure reveals no notable difference in the

frequency of ATM withdrawals between the two groups.?’

2 For our analysis of cash management, we exclude 106 respondents (9.3% of our sample) who report that they always
pay by card (Card Intensity =5).
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Table 6 reports the OLS regression results of equation [3]. *® The full-sample estimates in column
1 confirm that higher cash holding costs, as measured by higher income and lower card intensity,
are associated with more frequent cash withdrawals. In contrast, we find no evidence that the
physical distance to the nearest ATM affects withdrawal frequency. No effect of cash-holding
costs (as measured by income) on the frequency of cash withdrawals is found for the subsample
of respondents with high present bias (column 2), whereas a significant positive effect is found for
respondents with low present bias (column 3). The difference is also confirmed by a Wald test.
Among respondents with low present bias, a one standard deviation increase in income (1.4) is
associated with a 3.4% increase in cash withdrawal frequency. Among respondents with high
present bias, this effect is almost zero (0.01%). These results are confirmed in specifications that

add behavioral controls (columns 4-6).

Taken together, the results reported in this section provide no conclusive evidence that present-
biased consumers adapt their payment choice and money management strategy with the possible
goal of exerting self-control over their spending. This finding is consistent with previous evidence
from nonexperimental studies documenting that present-biased consumers display only weak

demand for costly commitment strategies (cf.Ericson and Laibson 2018).

7. Conclusion

The rise of cashless payments has raised the concern that some consumers will be induced to spend
beyond their means. In this paper, we examine one channel through which digital payments may
lead to overspending: The use of a payment card relaxes intramonth liquidity constraints for

consumers, as they have access to their entire bank account balance at all times.

We present a model of intramonth consumption in which liquidity constraints are endogenously
determined by payment choice and cash management. Our model predicts that (naive) present-
biased consumers who predominantly pay cashless will overspend, while present-biased
consumers who pay by cash will not. Our model also predicts that sophisticated present-biased
consumers may choose costly payment behavior and cash management to self-control their

spending.

30 We note that our outcome variable Withdrawal Frequency is an ordinal variable on the scale of 1-10. We again
present estimates from OLS regressions for expositional reasons. The use of ordered regressions results in qualitatively
similar results.
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We test these predictions using a proprietary dataset that links a payment-methods survey, a
payment-diary survey and a behavioral survey for a representative sample of 1,138 Swiss
consumers. Our analysis follows a preanalysis plan. Our main finding is that consumers with high
levels of present bias spend more when they pay frequently by card as opposed to paying
frequently by cash. For consumers with low levels of present bias, we find that spending is

unaffected by payment instrument usage.

Our findings inform policy-makers concerned with the impact of the digital economy on consumer
behavior. Our results reveal that digital payments may indeed induce higher discretionary spending
by impulsive consumers. At first glance, this would suggest an important role of prepaid payment
cards or of mobile-payment applications that allow consumers to manage and restrict their liquidity
in a convenient manner. Designers of instant payment services or central bank digital currency

wallets may also want to consider such features.

Our representative survey data enable us to provide an analysis of payment choice and
discretionary spending for a broad set of consumers. Our heterogeneity tests reveal that the effect
of cashless payments on spending is strong both for low- and high-income consumers but not for
young consumers. However, the small size of subsamples in our dataset implies that our
comparisons across consumer groups need to be interpreted with care. Further research should
seek to replicate our findings in larger samples of consumers that are of particular interest to

policy-makers, i.e., low-income households and young adults.
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Appendix Al. Sample composition of full survey and follow-up survey

SNB Payment SNB Behavioral
Methods Survey  Survey

Observations 2126 1138
Gender =Female (%) 1065 (50.1) 544 (47.8)
Age (%)

15 bis 34 549 (25.8) 278 (24.4)

35 bis 54 660 (31.0) 394 (34.6)

55+ 917 (43.1) 466 (40.9)
Region (%)

DS 1282 (60.3) 681 (59.8)

WS 532 (25.0) 297 (26.1)

T 312 (14.7) 160 (14.1)
Urban rural typology (%)

Intermediate 469 (22.1) 268 (23.6)

Rural 358 (16.8) 177 (15.6)

Urban 1299 (61.1) 693 (60.9)
Income (%)

unter 4000 237(12.2) 97(9.2)

4000-5999 351 (18.0) 181(17.2)

6000-7999 365 (18.7) 186 (17.6)

8000-9999 340(17.4) 197 (18.7)

10000+ 657 (33.7) 393 (37.3)
Education (%)

high 902 (42.9) 545 (48.4)

intermediate 1009 (48.0) 494 (43.9)

low 192(9.1) 87(7.7)
Labor force status (%)

Other 62(2.9) 31(2.7)

Unemployed 59(2.8) 35(3.1)

Employed 1230 (57.9) 694 (61.0)

In Education 211(9.9) 113(9.9)

In Pension 561 (26.4) 264 (23.2)
Language (%)

German 1262 (59.4) 670 (58.9)

Francais 550(25.9) 308(27.1)

Italiano 314 (14.8) 160 (14.1)

Note: Column percent in parentheses.
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Appendix A3. Descriptive statistics of covariate variables

Panel A Main explanatory variables

Mean p50 SD Min Max N
Present Bias 4.21 4.00 1.96 0.00 9.50 1136
High Present Bias 0.48 0.00 0.50 0.00 1.00 1136
Distance to ATM 1.17 0.80 1.09 0.20 11.60 1138
High Income 0.56 1.00 0.50 0.00 1.00 1054
Conscientiousness 5.43 6.00 1.39 1.00 7.00 1125
Late Period 0.33 0.00 0.47 0.00 1.00 869
Predicted Consumption 47.70 35.71 63.50 0.00 1000.00 1096

Panel B. Socioeconomic control variables

Age 15-24 0.12 0.00 0.33 0.00 1.00 1138
Age 25-34 0.12 0.00 0.32 0.00 1.00 1138
Age 35-54 0.35 0.00 0.48 0.00 1.00 1138
Age 55+ 0.41 0.00 0.49 0.00 1.00 1138
Male 0.52 1.00 0.50 0.00 1.00 1138
Edu High 0.48 0.00 0.50 0.00 1.00 1126
Edu Middle 0.44 0.00 0.50 0.00 1.00 1126
Edu Low 0.08 0.00 0.27 0.00 1.00 1126
Edu NA 0.01 0.00 0.10 0.00 1.00 1138
HH Income -4000 0.09 0.00 0.29 0.00 1.00 1054
HH Income 4000-5999 0.17 0.00 0.38 0.00 1.00 1054
HH Income 6000-7999 0.18 0.00 0.38 0.00 1.00 1054
HH Income 8000-9999 0.19 0.00 0.39 0.00 1.00 1054
HH Income 10000+ 0.37 0.00 0.48 0.00 1.00 1054
Income 3.58 4.00 1.37 1.00 5.00 1054
Household Size 1 0.18 0.00 0.38 0.00 1.00 1136
Household Size 2-4 0.75 1.00 0.43 0.00 1.00 1136
Household Size 5+ 0.07 0.00 0.26 0.00 1.00 1136
[talian 0.14 0.00 0.35 0.00 1.00 1138
French 0.27 0.00 0.44 0.00 1.00 1138
Urban 0.61 1.00 0.49 0.00 1.00 1138
Intermediate 0.24 0.00 0.42 0.00 1.00 1138
Employed 0.61 1.00 0.49 0.00 1.00 1137
In edu 0.10 0.00 0.30 0.00 1.00 1137
Unemployed 0.03 0.00 0.17 0.00 1.00 1137
Retired 0.23 0.00 042 0.00 1.00 1137
Other Labor Force Status 0.03 0.00 0.16 0.00 1.00 1137

Note: See continuation.
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Appendix A3. Covariate variables (cont.)

Panel C. Transaction and consumption structure

Mean p50 SD Min Max N

Consumption 78.47 52.55 104.45 1.03 1293.60 1138
Number of Transactions 10.92 10.00 5.44 1.00 36.00 1138
Average Amount per Transaction 52.01 35.87 68.96 2.34 938.31 1138
Spending Share Monday 0.14 0.07 0.18 0.00 1.00 1138
Spending Share Tuesday 0.14 0.07 0.18 0.00 1.00 1138
Spending Share Wednesday 0.15 0.08 0.19 0.00 1.00 1138
Spending Share Thursday 0.15 0.08 0.19 0.00 0.97 1138
Spending Share Friday 0.18 0.1 0.20 0.00 1.00 1138
Spending share Saturday 0.17 0.10 0.21 0.00 1.00 1138
Spending share Sunday 0.08 0.00 0.16 0.00 0.95 1138
Share Durables 0.11 0.00 0.19 0.00 1.00 1138
Share Restaurants 0.17 0.09 0.21 0.00 1.00 1138
Share Leisure 0.03 0.00 0.09 0.00 1.00 1138
Share E-commerce 0.08 0.00 0.18 0.00 1.00 1138
Share Other Services 0.06 0.00 0.14 0.00 0.92 1138
Share Other 0.16 0.08 0.21 0.00 1.00 1138
Panel D. Behavioral control variables

Discount Rate 0.00 -0.24 0.83 -1.22 2.16 1107
Risk Taking 0.00 -0.05 0.88 -1.75 2.77 1096
Memory of Numbers 2.20 2.00 0.78 0.00 3.00 1138
Financial Literacy Score 2.20 2.00 0.83 0.00 3.00 1138
Trust in Institutions 1.98 2.00 0.45 1.00 4.00 1054
Panel E. Perceptions of payment instruments

Cash Rating 0.89 0.90 0.10 0.49 1.33 1105
Cash Rating - Security 0.91 0.92 0.20 0.25 1.75 1105
Cash Rating - Acceptance 0.99 1.00 0.13 0.25 1.40 1105
Cash Rating - Ease of use 0.93 1.00 0.16 0.25 1.33 1105
Cash Rating - Transaction speed 0.89 0.92 0.19 0.25 1.40 1105
Cash Rating - Costs 1.06 1.08 0.14 0.25 1.75 1105
Cash Rating - Hygiene 0.57 0.57 0.24 0.25 1.43 1105
Cash Rating - Budget control 1.01 1.00 0.22 0.25 1.75 1105

57



Appendix A4. Validation of survey responses

To validate our behavioral variables, we compare the results from the SNB Behavioral Survey
(SNB) with responses from the Global Preferences Survey (GPS) and the Socio-Economic Panel
(SOEP). In the following, all results are weighted.

Risk and time preferences

To measure time preferences/patience and risk-taking, we employ survey scales of the GPS.
When comparing the respective measures, please note that the GPS data are normalized with the
“world” mean and standard deviation such that we can compare the distribution and the pattern
of results for subsamples but not the levels. To center the distributions, we rescaled the GPS
measure of risk taking and patience to a mean value of zero.

Table AS5.1. Descriptive statistics GPS and SNB

a) Risk-taking b) Patience
Survey Survey

GPS SNB GPS SNB
Mean -0.00 -0.00 Mean -0.00 -0.00
25th percentile -0.60 -0.61 25th percentile -1.00 -0.53
Median -0.01 0.02 Median -0.01 0.26
50th percentile -0.01 0.02 50th percentile -0.01 0.26
75th percentile 0.61 0.58 75th percentile 1.08 0.64
Standard deviation 0.91 0.85 Standard deviation 1.17 0.83
Number of nonmissing values 997 1,051 Number of nonmissing values 992 1,060

Note: Weighted.
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Figure A4.1. Distribution of Risk-taking
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Figure A4.3. Risk-taking by subsamples

Risk-taking by language Risk-taking by age
French ® below 35 ®
GPS German - GPS 35-54 o
Italian ® above 54 |-@
French ® below 35 °
SNB German - SNB 35-54 ®
Italian ® above 54 ®
T T T T T T T T T T
-3 -2 -1 0 A -2 -1 0 A 2
mean of risktaking mean of risktaking
Risk-taking by gender
Male ®
GPS
Female o
Male @
SNB
Female |--@:

20 a2
mean of risktaking

Note: Weighted

Figure A4.4. Patience by subsamples

Patience by language Patience by age
French ® below 35 ®
GPS German ° GPS 35-54 o
Italian o above 54 |-
French L below 35 *
SNB German ® SNB 35-54 -
Italian |- above 54 ®
T T T T T T T T T T
-4 -2 0 2 -3 -2 -1 0 A 2
mean of patience mean of patience
Patience by gender
Male ®
GPS
Female °
Male ®
SNB
Female ®

2 10 A
mean of patience

o

Note: Weighted

Assessment: With respect to risk-taking, the distributions of the SNB survey and the GPS are
rather similar. With respect to patience, we find a sizably higher share of patient respondents in
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the SNB survey than in the GPS (in the SNB, 60% have values larger than zero; in the GPS, the
respective value is 49%). As the GPS data were collected in 2012 and the SNB in 2020, we can
only speculate that this shift is related to the timing of the surveys. In 2020, the respondents were
accustomed to low interest and inflation rates, (cf. Ruggeri et al. 2022) and the COVID-19
pandemic may have had an effect.

Additionally, the differences could be due to the different compositions of the two samples. With
respect to language, age and gender subsamples, we find that the SNB survey generates very
similar patterns of results as the GPS. In particular, this holds for patience, which corroborates
the view that there was a level shift in patience while subsample differences remain unaffected.
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Appendix AS. Card intensity and consumption — OLS estimates, full results

O} 2 3) “) ®) ©6) N ®)
Outcome variable Consumption Consumption Consumption Consumption Consumption Consumption Consumption Consumption
Sample All High Present Bias Low Present Bias All All High Present Bias Low Present Bias All
Age 15-24 -0.57+%* -0.53%* -0.59*% -0.57%%* -0.64%+* -0.55%* -0.76%* -0.64%+*
(0.17) (0.23) (0.30) (0.17) (0.18) (0.25) (0.29) (0.18)
Age 25-34 -0.30%#* -0.23* -0.31%* -0.30%%* -0.25%* -0.07 -0.32%* -0.24%*
(0.09) (0.12) (0.11) (0.09) 0.11) (0.14) (0.15) (0.11)
Age 55+ 0.19%#* 0.14%% 0.26%* 0.18*#* 0.20%#* 0.17%% 0.25%% 0.19%#*
(0.05) (0.06) (0.10) (0.05) (0.06) (0.07) (0.10) (0.06)
Male 0.01 0.05 -0.04 0.01 -0.03 -0.02 -0.08 -0.03
(0.06) (0.05) (0.08) (0.06) (0.07) (0.06) (0.11) (0.07)
Edu Low -0.21%* 0.16 -0.57%%* -0.20%* -0.22 0.29 -0.65* -0.21
(0.09) (0.14) (0.18) (0.09) (0.14) (0.20) (0.33) (0.14)
Edu Middle -0.07 0.00 -0.11% -0.07 -0.04 0.05 -0.10 -0.04
(0.07) (0.11) (0.06) (0.07) (0.08) (0.13) (0.07) (0.08)
HH Income 4000-5999 0.39%#* 0.50%%* 0.30 0.39%#* 0.44%%% 0.53%%% 0.37 0.44%%%
(0.10) (0.15) (0.19) (0.10) (0.13) (0.17) (0.22) (0.13)
HH Income 6000-7999 0.47+%% 0.55%%* 0.43* 0.46%** 0.5]%%* 0.59%** 0.51%* 0.51%*
(0.15) (0.19) (0.23) (0.15) (0.18) (0.21) (0.25) (0.18)
HH Income 8000-9999 0.55%+* 0.66%** 0.48%* 0.55%#* 0.53%#* 0.69%** 0.42% 0.53%%*
(0.14) (0.20) (0.20) (0.14) 0.17) (0.22) (0.23) (0.17)
HH Income 10000+ 0.65%** 0.75%%% 0.61%* 0.65%** 0.69%** 0.81%%% 0.63** 0.69%**
(0.12) (0.15) (0.23) (0.13) (0.16) (0.17) (0.26) (0.16)
Urban -0.04 0.04 -0.08 -0.04 -0.01 0.01 0.02 -0.02
(0.09) (0.09) (0.13) (0.09) (0.08) (0.08) (0.11) (0.08)
Intermediate 0.12 0.18 0.06 0.11 0.09 0.08 0.12 0.09
(0.12) (0.12) (0.20) (0.12) (0.12) (0.14) (0.17) (0.12)
Household Size 2-4 -0.16%* -0.25%* -0.04 -0.15%* -0.17* -0.25%* -0.04 -0.17
(0.07) (0.09) (0.14) (0.07) (0.10) (0.10) (0.14) (0.10)
Household Size 5+ -0.18 -0.27 -0.03 -0.17 -0.23 -0.30 -0.07 -0.22
(0.12) (0.24) (0.20) (0.12) (0.16) (0.29) 0.21) (0.15)
In edu -0.43%* -0.80%** -0.01 -0.43%* -0.36 -0.94%3 0.23 -0.37*
(0.18) (0.22) (0.37) (0.19) (0.21) (0.23) (0.36) (0.21)
Unemployed -0.01 0.14 -0.17 0.00 -0.01 0.23 -0.22 -0.01
(0.08) (0.18) (0.16) (0.08) (0.14) (0.18) 0.21) (0.14)
Retired 0.11 0.14 0.08 0.11 0.12 0.13 0.11 0.12
(0.07) (0.09) (0.13) (0.07) (0.08) (0.11) (0.13) (0.08)
Other Labor Force Status -0.07 -0.04 -0.12 -0.08 -0.08 -0.03 -0.12 -0.08
(0.09) (0.15) (0.18) (0.09) (0.11) (0.16) 0.21) (0.11)
Card Intensity 0.07%* 0.09%* 0.05 0.05 0.07** 0.09%* 0.07 0.05
(0.03) (0.04) (0.04) (0.04) (0.03) (0.04) (0.05) (0.05)
High Present Bias 0.00 -0.17 0.00 -0.18
(0.06) (0.14) (0.06) (0.16)
Card Intensity * High Present Bias 0.05 0.05
(0.04) (0.05)
Discount Rate 0.04 0.01 0.06 0.04
(0.03) (0.04) (0.05) (0.03)
Risk Taking 0.02 0.01 0.02 0.02
(0.04) (0.04) (0.05) (0.04)
Memory of Numbers -0.02 -0.12 0.05 -0.03
(0.04) (0.07) (0.06) (0.04)
Financial Literacy Score 0.01 0.06 -0.03 0.01
(0.05) (0.06) (0.06) (0.05)
Trust in Institutions 0.02 -0.05 0.10 0.02
(0.07) (0.13) (0.08) (0.07)
Constant 3.40%%* 3.2k 34208k 34844k 3.3k 3.47%%% 3.08*** 3.47%%%
0.21) (0.27) (0.36) (0.22) (0.33) (0.48) (0.42) (0.38)
P-value: Card Intensity 0.08 0.318
Mean of outcome variable 3.94 3.90 3.98 3.94 3.96 3.92 4.00 3.96
Adj. R2 0.17 0.24 0.10 0.17 0.18 0.26 0.11 0.18
Observations 1019 492 527 1019 899 433 466 899
Socioeconomic controls Yes Yes Yes Yes Yes Yes Yes
Behavioral controls No No No Yes Yes Yes Yes
Transaction structure No No No No No No No
Method OLS OLS OLS OLS OLS OLS OLS

Note: The table shows the results of OLS regressions. The dependent variable is the log of Consumption. All regressions include socioeconomic controls. Behavioral controls are added in regressions of columns (4-6).
All regressions include Language X Month fixed effects. Clustered standard errors (Region X Month) in parentheses. "P-value: Card Intensity" denotes the p-value of a one-sided test whether the coefficient of Card
Intensity is the same in column 2 and 3 (or 5 and 6, respectively).***(**)[*] denotes statistical significance at the 1(5)[10]% level.
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Appendix A8. Present bias and payment choice - full results

M @ @ @ ® ©
Outcome variable Card Intensity Card Intensity Card Intensity Card Intensity Card Intensity Card Intensity
Sample All High Present Bias Low Present Bias All High Present Bias Low Present Bias
Age 15-24 0.27*+%* 0.39* 0.20 0.22%* 0.35 0.13
(0.07) (0.22) (0.19) (0.10) (0.24) (0.16)
Age 25-34 0.14%* 0.05 0.21%* 0.15 0.06 0.21%*
(0.06) (0.13) (0.08) (0.09) (0.16) (0.08)
Age 55+ -0.10 0.02 -0.21* -0.09 0.06 -0.22%*
(0.08) (0.09) (0.12) (0.07) (0.10) (0.10)
Male 0.01 0.02 -0.03 -0.06 -0.03 -0.11
(0.08) (0.08) (0.10) (0.08) (0.09) (0.11)
Edu Low -0.19 -0.30 -0.16 -0.25% -0.38* -0.11
(0.11) (0.20) (0.21) (0.13) (0.22) (0.21)
Edu Middle -0.15%* -0.22%** -0.10 -0.13 -0.18%* -0.09
(0.07) (0.06) (0.11) (0.08) (0.08) (0.12)
Urban 0.12 0344 -0.06 0.09 0.29%* -0.05
(0.08) (0.10) (0.14) (0.10) (0.11) (0.16)
Intermediate 0.04 0.19%* -0.09 0.02 0.15 -0.07
(0.09) (0.07) (0.14) (0.08) (0.09) (0.14)
Household Size 2-4 -0.01 -0.20%* 0.15 -0.06 -0.23%* 0.09
(0.03) (0.09) (0.10) (0.04) (0.09) (0.09)
Household Size 5+ 0.03 -0.3 0.28 0.02 -0.26 0.25
(0.13) (0.22) (0.19) (0.15) (0.25) (0.24)
In edu -0.46%+* -0.34 -0.63%%* -0.45%* -0.3 -0.61%**
(0.11) (0.22) (0.17) (0.18) (0.27) (0.20)
Unemployed -0.29* -0.27 -0.41* -0.12 -0.01 -0.25
(0.15) (0.25) (0.21) (0.16) (0.15) (0.26)
Retired -0.13 -0.17 -0.07 -0.11 -0.15 -0.07
(0.12) (0.11) (0.15) (0.13) (0.14) (0.15)
Other Labor Force Status -0.26* -0.03 -0.48%* -0.14 -0.04 -0.26
(0.14) (0.20) (0.19) (0.19) (0.20) (0.32)
Cash Rating -3.46% % -3.03%** =377 -3.56%** =315k -3.89%**
(0.30) (0.41) (0.60) (0.31) (0.48) (0.60)
Distance to ATM (log) 0.04 0.05 0.03 0.03 0.01 0.05
(0.05) (0.06) (0.07) (0.06) (0.06) (0.08)
Income 0.00 0.04 -0.03 -0.01 0.04 -0.06
(0.03) (0.03) (0.05) (0.03) (0.03) (0.05)
Conscientiousness -0.01 0.00 -0.02 -0.02 -0.01 -0.04*
(0.02) (0.02) (0.02) (0.02) (0.03) (0.02)
High Present Bias 0.07 0.06
(0.05) (0.05)
Discount Rate -0.05 0.01 -0.12%*
(0.03) (0.04) (0.05)
Risk Taking 0.04* -0.02 0.07
(0.02) (0.04) (0.05)
Memory of Numbers -0.09%* -0.05 -0.11%*
(0.04) (0.05) (0.05)
Financial Literacy Score 0.07* 0.03 0.10
(0.04) (0.04) (0.06)
Trust in Institutions -0.08* -0.06 -0.07
(0.04) (0.08) (0.07)
P-value: Cash Rating 0.182 0.187
P-value: Distance to ATM 0.389 0.329
P-value: Income 0.127 0.042
P-value: Conscientiousness 0.210 0.199
Mean of outcome variable 3.50 3.55 3.47 3.52 3.55 3.49
Adj. R2 0.21 0.22 0.21 0.21 0.20 0.24
Observations 997 478 519 878 421 457
Socioeconomic controls Yes Yes Yes Yes Yes Yes
Behavioral controls No No No Yes Yes Yes
Transaction structure No No No No No No
Method OLS OLS OLS OLS OLS OLS

Note: The table shows the results of OLS regressions. The dependent variable is Card Intensity. All regressions include socioeconomic controls. Behavioral controls are
added in regressions of columns (4-6). All regressions include Language X Month fixed effects. Clustered standard errors (Region X Month) in parentheses. "P-value: Cash
Rating" denotes the p-value of a one-sided test whether the coefficient of Cash Rating is the same in column 2 and 3 (or 5 and 6, respectively). Similar for Distance to ATM,
Income and Conscientiousness. ***(**)[*] denotes statistical significance at the 1(5)[10]% level.
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Appendix A9. Present bias and payment choice - individual perception variables

Q) @ (©) (©) ®) (O]
Outcome variable Card Intensity Card Intensity Card Intensity Card Intensity Card Intensity Card Intensity
Sample All High Present Bias Low Present Bias All High Present Bias Low Present Bias
Cash Rating - Ease of use -0.78%** -1.00%** -0.55%* -0.88*** -1.04%** -0.79%*
(0.15) (0.26) (0.25) (0.17) (0.35) (0.33)
Cash Rating - Acceptance -0.12 0.03 -0.21 -0.03 0.10 -0.13
(0.17) (0.20) (0.30) (0.19) (0.19) (0.29)
Cash Rating - Costs -0.47%* -0.39 -0.48* -0.47* -0.36 -0.50*
(0.21) (0.36) (0.28) (0.24) (0.39) (0.27)
Cash Rating - Transaction speed -0.827%%* -0.48* -1.06%** -0.83%** -0.48 -1.06%**
(0.17) (0.27) (0.29) (0.17) (0.33) (0.27)
Cash Rating - Security -0.50%** -0.54%* -0.45%* U -0.55%* -0.45%*
(0.16) (0.21) (0.20) (0.15) (0.22) (0.21)
Cash Rating - Hygiene -0.49%* -0.39%* -0.70%** -0.53%k -0.50%* -0.64%**
(0.13) (0.16) (0.17) (0.13) (0.20) (0.18)
Distance to ATM (log) 0.05 0.06 0.04 0.03 0.02 0.05
(0.05) (0.06) (0.07) (0.06) (0.07) (0.08)
Income 0.01 0.04 -0.03 -0.01 0.04 -0.06
(0.02) (0.03) (0.05) (0.03) (0.03) (0.04)
Conscientiousness -0.01 0.00 -0.02 -0.02 -0.01 -0.04
(0.02) (0.02) (0.02) (0.02) (0.03) (0.02)
High Present Bias 0.07 0.06
(0.05) (0.05)
P-value: Distance to ATM 0.360 0.344
P-value: Income 0.117 0.034
P-value: Conscientiousness 0.167 0.165
Mean of outcome variable 3.50 3.55 3.47 3.52 3.55 3.49
Adj. R2 0.21 0.22 0.21 0.22 0.20 0.24
Observations 997 478 519 878 421 457
Socioeconomic controls Yes Yes Yes Yes Yes Yes
Behavioral controls No No No Yes Yes Yes
Transaction structure No No No No No No
Method OLS OLS OLS OLS OLS OLS

Note: The table shows the results of OLS regressions. The dependent variable is Card Intensity. All regressions include socioeconomic controls. Behavioral controls are added in
regressions of columns (4-6). All regressions include Language X Month fixed effects. Clustered standard errors (Region X Month) in parentheses. "P-value: Cash Rating" denotes
the p-value of a one-sided test whether the coefficient of Cash Rating is the same in column 2 and 3 (or 5 and 6, repectively). Similar for Distance to ATM and Income.
*HE(*FF)[*] denotes statistical significance at the 1(5)[10]% level.
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Appendix B:
Cashless Payments and Consumer Spending '

This Version: November 2023

Martin Brown  Yves Nacht Thomas Nellen  Helmut Stix

This Appendix provides the empirical underpinning and derivations of our theoretical model.
Appendix B1: Empirical underpinning

Our model makes two key assumptions regarding payment choice and the money management of
consumers.

e First, consumers commit to a specific type of payment instrument for each type of
good/purchase that they make. This assumption follows, e.g., Telyukova (2013) in that
the same consumer may pay some goods by cash and others by card. However, in
contrast to Telyukova (2013) we allow for endogenous choice of payment instrument for
different good types rather than assuming that some goods have to be paid by cash.

e Second (and related), we assume that consumers do not change their payment instrument
for a specific good within the month, i.e., they do not pay by card for a “cash good” when
they run out of cash, or alternatively, they do not pay by cash for a “card good” when
they hit a monthly limit on their card expenditures. This assumption stands in contrast to
models of dynamic payment method choice and money management (Alvarez and Lippi
2017).

Figure B1.1 provides an empirical underpinning of these two assumptions.

Panel A and Panel B show point estimates from regressions at the level of individual
transactions. The dependent variable is Cashless Payment (0/1), which indicates whether a
transaction was conducted in cash (=0) or noncash (=1). The explanatory variables comprise a
set of transaction-specific variables: the transaction amount (log), dummy variables for the
payment locations (type of good/service), the day of the week and an indicator of whether the
transaction took place before (Late Period=1) or after the pay day (Late Period=0).

The top panel refers to data from the SNB payment diary used in this paper. The bottom panel
refers to payment diary information from 17 euro area countries (European Central Bank 2022).

! Martin Brown: Study Center Gerzensee and University of St. Gallen, Email: martin.brown@szgerzensee.ch; Yves
Nacht: Swiss National Bank, Email: yves.nacht@snb.ch; Thomas Nellen, Swiss National Bank, Email:
thomas.nellen@snb.ch; Helmut Stix: Oesterreichische Nationalbank, Email: helmut.stix@oenb.at. We thank Daniel
Grodzicki (discussant), Andreas Fuster, Nicole Hentschel, Florian Hett, Silvio Schumacher, Andy Sturm and an
anonymous referee for helpful comments. We also received helpful comments from participants at the Economics of
Payments XI conference at the Bank of Canada, the 2023 Swiss Winter Conference on Financial Intermediation, and
seminar participants at ESSEC Paris, Goethe University Frankfurt and the Swiss National Bank. The views, opinions,
findings, and conclusions or recommendations expressed in this paper are strictly those of the authors. They do not
necessarily reflect the views of the Swiss National Bank (SNB), the Oesterreichische Nationalbank and the
Eurosystem. The SNB, the OeNB and the Eurosystem take no responsibility for any errors or omissions in, or for the
correctness of, the information contained in this paper. Supplementary Material is available at: https://osf.io/epmuv/.
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In both panels, we restrict the sample to mixed payers, i.e., persons who state that they use both
cash and cards.

In the case of the SNB survey, 87% of survey participants state that they are mixed payers (based
on the variable Card Intensity, see Appendix A2). The ECB survey contains only a roughly
comparable question on payment preferences in a shop, omitting important spending categories
such as services and restaurants; * according to this, 22% state that they have no clear preference
between cash and cashless payments.

Figure B1.1. The importance of payment characteristics
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Amount (log)
Location==2 -
Location==6 - —_—

Location==8 -

I
|
:—o—
I
l
Location==9 —_— :
Location==11+ :
Tuesday —.:—
Wednesday - —i.—
Thursday —0:—
Friday ———
Saturday R —

Sunday - e

Late Period - —+—
T
. . 0

Amount (log) 4
Location==2 - —
Location==3 - —_—
Location==4 -
Location==5 - _.}_
Location==6 - — |
Location==8 :
Location==10 - —o—,—

— lo——

.

Tuesday
Wednesday -
Thursday I
Friday -

B PN
I
Saturday - —f——
I
N
|
T
0

Sunday -

Note: The figures show point estimates and 95% confidence intervals from a panel regression
(Switzerland) and an OLS regression (Euro Area). In each case, the sample is restricted to mixed payers,
i.e., payers who use both cash and cards. Note that the payment locations are not harmonized between the

2 The question is:”If you were offered various payment methods in a shop, what would be your preference?”
(Cash/Card or other cashless payment/I have no clear preference between cash and cashless payment).
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two datasets. Standard errors are clustered at the person level. The Euro Area survey data are taken from
the “Study on the payment attitudes of consumers in the euro area (SPACE)” (European Central Bank
2022).

In both panels, the regression results confirm that the transaction amount and the payment
location have the strongest effect on the probability that a transaction is conducted cashless; thus,
the payment choice of mixed payers is systematically related to the type of good purchased.
Conditional on the type of purchase, we find much weaker variation in payment choice by period
of the month or by day of the week.

Technical note: In the case of the Swiss payment diary, persons are observed for 7 consecutive
days (SNB 2021). Therefore, we can estimate a panel regression with person-fixed effects, which
allows us to control for unobserved heterogeneity across individuals. In the case of the Euro
Area, persons are observed for one day only. Therefore, the point estimates are from an OLS
regression that contains, in addition to the transaction-specific control variables, a set of basic
socioeconomic control variables.
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Appendix B2: Consumption distortion due to present bias.

The objective of the consumer is to maximize utility from the current month and future
consumption, subject to a resource constraint and intramonth liquidity constraints. From the
perspective of the period t=0, t=1, and t=2, the consumer maximizes the following objective
function:

Ut=0(61’ Cy, Ly, L1) = .Bu(CA,lr CB,l) + .Bu(CA,Z: CB,Z) + ﬁv(Y —C; — Cz) - M(Cl' Cz)- [la]
Up=1(Cy, Cy, Lo, Ly) = U(CA,L CB,l) + .BU(CA,Z; CB,Z) + pv(Y — C; — (). [1b]

Ut=2(Cl; Cy, Ly, L1) = u(CA,z; CB,Z) + ﬁv(Y —-C - Cz)- [1c]

Subject to the intramonth liquidity constraints
Cl = CA,l + CB,l S Ll

Cz = CA,Z + CB,Z S LZ

We assume a strictly concave utility function u(C.); u’ > 0, u” < 0 for intramonth
consumption. The value function v(.) captures the (discounted) utility of future consumption out
of savings, given expectations about future lifetime income. For simplicity, we assume that this
value function is linear: v’ > 0, v"" = 0.

Consider a present-biased consumer, i.e., a consumer for whomf < 1.
At t=0, the first-order condition for optimal consumption is given by
u’(CA,l,t=0) = u,(CB,l,t=0) = u’(CA.Z,t=0) = u,(CB,Z,t=0) =
This implies a smooth intramonth consumption path for each good type:
Cape=0 = Caze=0 = (4

_ — X
CB,l,L':O - CB,Z,L’=0 = CB

At t=1, the first-order condition for optimal consumption is given by
u,(CA,l,t=1) = u,(CB,l,tzl) = .Bu,(CA.Z,tzl) = Bu,(CB,Z,tzl) = pv'
This implies:
Cane=1> Cape=1 =4

J— *
Cpt=1> Cpat=1 = Cp
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At t=2, the first-order condition for optimal consumption is given by
u’(CA.Z,t=2) = u,(CB,Z,t=2) = pv'
This implies:
Caze=2 > Cy
Cpat=2 > Cp
We define for each good type i
AC; = Cipp=1 — C = Cigp=r — (7
We note from above that:
u'(C; + AC) = pu'(C}) = B
and by linear approximation:
u'(CF + AC) =u'(C) +u''(C]) - AC;
or:

(1 - pu'(c) _
Ty

Note that the elasticity of intertemporal substitution (EIS) for good i is defined as

AC
¢
present bias® and the elasticity of intertemporal substitution for good i.

Thus, we have that the relative distortion of consumption for good i — depends on the degree of

i

== (1= B) IS,

L

3 We assume that present bias is a personal trait that applies equally to all goods consumed. See Duckworth and
Tsukayama (2015) for a review of the literature on domain-specific impulsivity and self-control.
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Appendix B2: Self-control

a) Pure cash payers

As displayed in Figure 2, the consumption path of consumers who are present-biased and pure
cash payers will depend on whether they withdraw once or twice from the ATM.

2 ATM withdrawals: C; = C, = C~
1 ATM withdrawal C;, =C*+AC; C, =C*—AC

Let us define M(.) as the money management costs associated with the payment choice and
money management strategy

For a sophisticated present-biased consumer, the ex-ante utility of each of these consumption
paths — from the viewpoint of the planning period t=0 — is:

Uprm=2t=0 = Pu(C*) + pu(C*) + pv(Y — 2C*) — Myry =
Uprm=1t=0 = pu(C* + AC) + pu(C* — AC) + v (Y — 2C*) — Myry=1

We first approximate the anticipated utility loss due to frontloading or overspending compared to
smooth consumption, ignoring money management costs for the moment:

Uprm=2t=0 — Uarm=1t=0 = 2u(C*) — pu(C* + AC) — pu(C* — AC)

We note that
u'(C*+ AC) = v’
u'(C*) =1
We can approximate as follows:
u(C* + AC) = u(C*) + AC - Bu'(C*)
u(C*— AC) =u(C*) — AC-u'(C*)

Usrm=2,4=0 — Unrm=14=0 == BL2u(C*) —u(C* + AC) — u(C* — AC)]
= B[AC - u'(C") — ACB - ' (C)]
= B[1—BlAC-u'(CY)
= B[1— BI2EIS- C*-u'(C*)
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Consider now the extra cost for a sophisticated cash-payer of implementing a smooth
consumption path instead of a frontloaded consumption path. This implies withdrawing two
times from the ATM rather than once:

¢ C
MATM:Z_MATle:25+fE—S—fC:S_fE

A sophisticated cash payer will change her money management strategy to two ATM
withdrawals if the additional money management costs are lower than the welfare loss due to
frontloaded consumption:

B[1 — BI2EIS - C* - u'(C*) > s _fg

b) Pure card-payers

The consumption path of consumers who are present biased and pure card payers will depend on
whether they withdraw once or twice from the ATM.

With limit on PoS spending: C; = C, = C*
Without limit on PoS spending C;=C"+AC; C, =C"+AC

Let us again define M (.) as the money management costs associated with the payment choice
and money management strategy

For a sophisticated present-biased consumer, the ex-ante utility of each of these consumption
paths — from the viewpoint of the planning period t=0 — is:

Uimit.t=0 = pu(C*) + pu(C*) + pv(Y — 2C*) — Myimir
Unovimit,t=0 = Bu(C* + AC) + pu(C* + AC) + Bv(Y — 2C* — 2AC) — Myorimit

We first approximate the anticipated utility loss due to frontloading or overspending compared to
smooth consumption, ignoring money management costs for the moment:

ULimit,t:O - UNoLimit,t:O = ZBU—(C*) + BU(Y —2C") — ZBU(C* + AC) — BU(Y — 2C" — 2A0)

We note that
u'(C*+ AC) = pv'
u'(C*) =7
We can approximate as follows:

u(C*+ AC) = u(C*) + AC - pu'(C*)
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Upimit.c=o — Unovimit.c=0 = 2Bu(C*) + Bu(Y — 2C*) — 2Bu(C* + AC) — Bu(Y — 2C* — 2AC)
=2Bu(C*) — 2Bu(C* + AC) + Bv'2AC
=B[v'2AC — 2AC - B(CH)]
= 2 B[1— BI2EIS - C*-u'(C*)

Consider now the extra cost for a sophisticated card payer of implementing a smooth
consumption path instead of overspending. The extra cost equals the effort costs of imposing a
limit on monthly PoS payments.

Mpimic — MyoLimic = €

A sophisticated card payer will impose spending limits on her debit card if the related additional
money management costs are lower than the welfare loss due to frontloaded consumption:

2 B[1—BI2EIS-C*-u'(C*) > e

c) Mixed-payers

Consider a consumer who is present biased and is committed to paying good C, by cash and
good Cy by card. For self-control of her consumption of the cash good Cy4, the consumer will
follow the considerations discussed for a pure cash payer above. For self-control of her
consumption of the card good Cg, the consumer will follow the considerations discussed for a
pure card payer above.
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