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Digital currency and privacy

Kee-Youn KaNG
School of Business, Yonsei University

We develop a monetary model in which a private company issues digital currency
and uses payment data to estimate consumers’ preferences. Sellers purchase pref-
erence information to produce goods that better match consumers’ preferences.
A monopoly arises in the digital currency industry, and digital currency is not is-
sued if the inflation rate is sufficiently high. Due to reinforcing interactions be-
tween the value of preference information and trade volume, multiple equilibria
(with and without digital currency) can exist, depending on market structures for
monetary exchanges. When left to market forces alone, socially efficient uses of
payment data may not occur.

Keyworbps. Digital currency, privacy, transaction data, preference information,
strategic complementarities.
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1. INTRODUCTION

As our economy has become more digitalized, electronic payments have steadily in-
creased over recent decades (see Stavins (2017)). Although electronic means of pay-
ment (henceforth, E-money), such as debit cards, Alipay, and PayPal, differ from tra-
ditional cash in many respects, one important difference is privacy: Cash retains user
privacy, while digital currency transactions are collected by the company that operates
the electronic payment system. Payment histories can indicate individual preferences
for certain items, and this preference information, combined with users’ personal infor-
mation, can be used for marketing purposes and to design better goods that are more
tailored to consumers’ preferences. Thus, payment history data have commercial value
and their importance has increased with advances in analytical technologies such as
machine learning.

Although economic studies on digital currency have emerged recently since a surge
in the Bitcoin price, the practice of using payment data of digital currency has received
relatively little attention in academic areas. The following questions still need to be ad-
dressed: Under which conditions does the E-money business—issuing digital currency
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and commercially using payment data—exist in equilibrium, and is it good or bad for a
society? How does monetary policy affect the E-money business? How do equilibrium
outcomes depend on market structures? What are the effects of government’s market
interventions on real allocations and welfare?

In this paper, we construct a money search model in which a private payment plat-
form company issues E-money that is backed by government-issued cash, similar to
PayPal and debit cards, to address the above questions. The company can estimate
buyers’ preferences using E-money transaction data and sell the preference informa-
tion to sellers. A seller can use the preference information to produce goods that are
customized for buyers’ preferences, which increases the total trade surplus. The pre-
cision of the preference information increases with the amount of payment data, and
the company provides rewards for using E-money to attract more buyers to use it. Buy-
ers incur disutility from providing personal information, including payment histories, to
the company and, hence, use E-money only if the rewards are higher than the disutility;
otherwise, they use cash.

An increase in the trade volume raises the additional surplus that the seller can ob-
tain by selling customized goods, so it increases the value of preference information and
the company’s profit. If the inflation rate is sufficiently high, the trade volume is too
small for the company to make profits, so the E-money business does not exist. Mean-
while, buyers hold more real balances to buy customized goods when the E-money busi-
ness exists. Thus, reinforcing interactions exist between the trade volume and the value
of preference information. Because of these interactions, multiple equilibria can exist
with different transaction patterns (with and without E-money) when buyers and sellers
are randomly matched and bargain over the terms of trade. However, the multiplicity
disappears in competitive search equilibrium because the posted terms of trade work as
a coordinating device.

Once the company has incurred the cost for reward payments to obtain preference
information, the marginal cost of selling the information to an additional seller is zero.
Thus, a monopoly arises in the E-money industry with Bertrand competition. In the
model, the private benefit of the E-money business is lower than its social benefit be-
cause of the money holding cost and the externality problem, i.e., the company does not
fully internalize the buyers’ benefit of consuming customized goods when the E-money
business exists. Thus, when left to market forces alone, socially efficient uses of payment
data may not occur.! Providing a subsidy to sellers directly incentivizes information
users, so it is more effective for supporting efficient uses of payment data than subsidiz-
ing the E-money issuer.

Although the literature on privacy is extensive, relatively little attention has been
given to privacy in monetary economics.? Kahn, McAndrews, and Roberds (2005) inves-

1The externality problem disappears under competitive search, but the socially efficient E-money busi-
ness may not exist when the money holding cost exists.

2A nonmonetary model that is closely related to our model is Bergemann, Bonatti, and Gan (2022) in
which a monopolist intermediary buys preference information directly from individual consumers and re-
sells the information in a product market, and they show the presence of informational externalities. We
differ from their model as we focus on the special characteristics of the digital currency industry and the
effects of government policies.
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tigate the role of privacy in money transactions and Garratt and van Oordt (2021) show
that individual customers do not preserve their privacy in payments at the socially op-
timal level. Guennewig (2023) shows that final goods producers issue digital currency
to obtain their consumers’ information. More related, Garratt and Lee (2021) show that
payment data that can be used to design future goods drive the formation of a market
monopoly.

However, in those earlier studies, merchants obtain customers’ private data, while
the payment platform company obtains the payment data in our model, complement-
ing the previous works. Chiu and Koeppl (2022a) investigate dynamic feedback loops
between the data and activity sides of the platform. In their model, the platform com-
pany obtains consumers’ information, but there are no digital currencies and govern-
ment issued money. Furthermore, in contrast to the previous studies cited above, our
model is based on Lagos and Wright (2005), so it admits the analysis of the effects of
monetary policy on the economic uses of payment data. In particular, we derive testable
implications regarding the relation between the inflation rate and the profitability of the
E-money business.

We also contribute to the growing literature on digital currency. Chiu and Wong
(2015) and Carli and Uras (2023) examine how E-money improves the efficiency of the
economy. Chiu and Koeppl (2022b) and Kang (2023) investigate double spending incen-
tives in the Bitcoin system, and Choi and Rocheteau (2021) and Pagnotta (2022) study
cryptocurrency pricing. Ferndndez-Villaverde and Sanches (2019), Schilling and Uh-
lig (2019), and Kang and Lee (forthcoming) explore the macroeconomic implications
of cryptocurrencies via currency competition. While these papers focus on analyzing
the economic implications of technical features of digital currency, such as blockchain
technology, we focus on the privacy issue of digital currency payments.3

The rest of the paper is organized as follows. Section 2 presents the model envi-
ronment. In Section 3, we characterize bargaining equilibrium, and in Section 4, we
conduct a welfare analysis. Section 5 investigates competitive search equilibrium. In
Section 6, we extend the model with multiple E-money issuers. Section 7 concludes the
paper. Appendix A contains proofs.

2. ENVIRONMENT

The basic framework of the model is based on Lagos and Wright (2005) and Rocheteau
and Wright (2005). Time is indexed by t =0, 1, 2, ..., and each time period ¢ is divided
into three subperiods: morning (m), afternoon (a), and evening (e). A continuum of
buyers and sellers exists, each with unit mass. Each buyer has preferences, given by

o0

Eo Yy B'[X:—Hi—1,8+v(q) + au(x)],
t=0

3There also has been extensive research on central bank digital currency (see Ferndndez-Villaverde,
Sanches, Schilling, and Uhlig (2021), Keister and Monnet (2022), and Williamson (2022a,b), and Chiu,
Davoodalhosseini, Jiang, and Zhu (2023)).
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and each seller has preferences, given by

e¢]

EOZBI[Xt —H; —c(hq,t) — he,t]-
t=0

Here B € (0, 1) is the discount rate, and X, g;, and x; are consumption in the morn-
ing, afternoon, and evening, respectively, and H;, 4, , and k., are labor supplies in the
morning, afternoon, and evening, respectively. We assume that v, u, and c are twice
continuously differentiable with v(0) =0, v" <0 < v/, v/(0) = 00, v'(c0) =0, u(0) =0,
u' <0<u,u'(0)=o00, u'(c0)=0,c(0)=0, ¢ >0, and ¢” > 0. Furthermore, we assume
that v/ (x)u’” (x) > [u”(x)]? for all x > 0. Here a > 0 is a parameter that affects the buyer’s
utility in the evening, 6 > 0 is a parameter that captures the buyer’s disutility by forgo-
ing privacy, the exact definition of which will be provided later, and 1, is an indicator
function that takes the value of 1 if a buyer forgoes privacy and 0 otherwise.

Agents can produce one unit of the perishable consumption good with one unit of
labor supply in each subperiod. We call goods produced in the morning, afternoon, and
evening morning goods, afternoon goods, and evening goods, respectively, and we set
morning goods as the numeraire goods.

In the morning, there is a centralized Walrasian market in which all agents trade nu-
meraire goods and assets. Buyers and sellers meet in large groups trading afternoon
goods in a competitive market in the afternoon. Finally, in the evening, there are bilat-
eral meetings between buyers and sellers. In pairwise meetings, a buyer and a seller bar-
gain over the terms of trade, which are determined according to the bargaining solution
of Kalai (1977), where the seller’s bargaining power is 6 € (0, 1).

Ideally, buyers would like to borrow output from sellers in the afternoon and evening
markets and to repay loans the next morning. Such credit arrangements are ruled out
here because agents are anonymous and no device is available to record credit histories.
Consequently, any trades between buyers and sellers must occur on a quid pro quo basis
through the use of a medium of exchanges.

There exists fiat money that is traded at price ¢, in terms of numeraire goods in
the morning in period ¢. Money is supplied by the government at the beginning of the
morning with a lump-sum transfer 7, = (y — 1)¢,M,_ to each buyer, where M;_; is the
money stock in period ¢ — 1. Thus, the money stock grows at a constant gross rate vy.
We focus on policies where y > 8 because equilibrium does not exist otherwise. When
v = B, we consider equilibrium obtained by taking the limit y — B. Furthermore, we
assume that y < 8/6 because money is not used in the evening otherwise.

At the beginning of the morning, buyers are subject to an idiosyncratic shock, which
determines whether they consume early (in the afternoon) or late (in the evening). Let
p € (0, 1) denote the probability that a buyer goes to the afternoon market and a buyer
goes to the evening market with probability 1 — p. Note that this shock is realized at
the beginning of the morning. Thus, buyers know which market they will go to in the
subsequent period when they make decisions in the morning. We call buyers who go
to the afternoon market early buyers and those who go to the evening market late buy-
ers.
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Individual preference in the evening In the model economy, N € N, different tastes
exist for evening goods, and a buyer has one of those tastes with probability 1/A/. The
evening taste is realized in the afternoon, and buyers’ evening tastes are their private
information. If a late buyer consumes customized goods tailored to his/her taste in the
evening, then a« = apy; otherwise, and @« = ey, where 0 < ¢y < ay. Given the value of «,
we define the threshold values of trade volume in the evening market and real balances
as

Ooju(x) + (1 — 60)x}

1
5 (1

x;= u’_l(i> and m! =
Q;
foreachie {H, L}.

We assume that a seller can produce a customized product tailored to a particular
taste only if the seller prepared the production of that product by incurring s > 0 units
oflabor at the beginning of the evening. Furthermore, there exists a collection of infinite
numbers of different evening tastes, and in each period, A/ evening tastes are randomly
chosen from that collection. Thus, the set of evening tastes changes over time, similar
to a passing fad, and the probability that a particular evening taste is realized in a given
period is zero. Consequently, sellers cannot prepare the production of a customized
product unless they know what evening tastes are realized in the current period.

A seller may attempt to contact individual buyers to learn their realized evening
tastes. However, there is no way to verify whether an individual buyer provides the cor-
rect information. In particular, we assume that buyers incur some disutility from provid-
ing personal information to others due to privacy concerns, which will be discussed fur-
ther later. Furthermore, a late buyer has a zero probability of meeting the seller to whom
he/she provided the preference information because of the random matching process
in the evening. Thus, buyers always have an incentive to provide incorrect information
to keep their privacy, so sellers cannot obtain information about realized evening tastes
by asking individual buyers.

Digital currency and privacy In this economy, there is a private company that can issue
electronic money (henceforth, E-money) and we assume that E-money must be backed
by government issued money.* For example, the government can prohibit private sec-
tors from issuing pure fiat money to maintain the efficacy of monetary policy or agents
are reluctant to receive money issued by a private company unless it is backed by gov-
ernment issued money.® Specifically, if an agent deposits money to the company by

4We can construct a model such that the company supports online transactions by issuing credit cards
that have two distinctive features: (i) Credit card users purchase goods with credit and make monthly pay-
ments on credit card bills, and (ii) the credit card company transfers money to merchants quickly, in con-
trast to standard loans, on behalf of its users. However, the main implications from the model with the
credit card company do not differ from those in the model with the E-money company.

5The Chinese government, for example, forbids using any privately issued money in China, while it al-
lows people to use Alipay and WeChat Pay that are basically backed by Renminbi. Furthermore, although
it is not illegal to use cryptocurrencies for trades in countries, such as Japan, South Korea, and the United
States, cryptocurrencies are not widely used in retail transactions in those countries in contrast to debit
cards and PayPal that are backed by government issued money.
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opening an account, then the company puts the same amount of E-money into the
agent’s account. In this sense, E-money is equivalent to debit cards and Alipay in reality.

We assume that the company is a monopoly, but in Section 6 we show that a
monopoly arises although multiple companies can issue their own E-money. Agents
must open a new account in the morning to use E-money in the current period and
the account is closed the next morning. The company cannot restrict the number of
users and distributes its profits to buyers in the morning. Finally, we assume that the
company can collect each individual’s E-money transaction data, which could provide
useful information as described below.

In reality, an individual who cannot find products that meet his/her preference per-
fectly because those products are not yet available in the market can cater to his/her
preference to some degree by consuming available goods appropriately. For example,
suppose that John wants to enjoy high-quality coffee at home in the morning, but does
not have a sophisticated espresso machine and good skills in making coffee. In this case,
he can satisfy his needs in part by going to Starbucks in the morning, although what
he really wants is to enjoy quality coffee on his balcony seeing the sunrise. As shown
in this example, preferences could affect consumption behaviors, so consumption pat-
terns could provide some information about individuals’ preferences that can be used
to develop more customized products, such as advanced Nespresso capsule coffee ma-
chines in our coffee example.

Similar to the example described above, early buyers’ evening tastes could affect
their consumption behaviors in the afternoon although they do not go to the evening
market because they want to consume goods early in the afternoon. This implies that
the company can estimate evening tastes realized in the current period by analyzing
E-money transactions in the afternoon. Obviously, the accuracy of estimation would in-
crease with the sample size by the fundamental rule in statistics. Based on this rationale,
we assume that the company obtains the correct preference information with probabil-
ity «(B) € [0, 1] by analyzing E-money transactions in the afternoon, where B € [0, p]
is the mass of early buyers who use E-money in the afternoon and « is an increasing
function with x(0) =0 and k(p) = 1.57

Sellers would buy preference information because they can prepare the production
of customized goods tailored to realized evening tastes with preference information,
which increases the total trade surplus in the evening. Let ¢, denote the price of each
taste information in period ¢ in terms of morning goods in the next period ¢ + 1. We
assume that sellers can commit to making payments for information purchases the next
morning.

6In the model, preference information of an individual buyer reveals preference information of other
buyers who share the same evening taste. In this sense, our model resonates data externality, whose eco-
nomic implications have been investigated in Bergemann, Bonatti, and Gan (2022) and Ichihashi (2021).
However, in contrast to the models of data externality, the company cannot learn individual buyer’s evening
taste because a buyer always has incentives to provide inaccurate information about himself/herself. Fur-
thermore, analyzing afternoon transaction data does not reveal each buyer’s preference and it only provides
information about realized evening tastes in the current period.

"We assume that «(p) = 1 to obtain a closed form solution for equilibrium allocations. If k(p) < 1, we
cannot obtain the closed form solution, but main implications do not change based on the numerical anal-
ysis.
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In reality, many people are inherently reluctant to reveal private information to oth-
ers. We capture this feature in the model with disutility é similar to Choi, Doh-Shin, and
Byung-Cheol (2019): When a buyer opens an account at the company, the buyer incurs
& > 0 units of fixed disutility in the morning to agree that the company obtains his/her
personal information, including payment histories, and can use the obtained informa-
tion for commercial purposes.® This disutility is associated with, for instance, privacy
concerns such as data hacking or privacy costs originating from the agent’s own taste
for keeping privacy. Consequently, the company must compensate buyers for using E-
money, such as the Bounty Payments program of PayPal and assorted benefits provided
by debit card issuers.

The reward can have two forms: fixed and proportional rewards. In Appendix B, we
show that the profit maximizing company does not provide a proportional reward be-
cause it distorts buyers’ decisions about money holdings, which generates an additional
cost to the company. Thus, in this paper, we assume that the company provides only
fixed rewards. This implies that the company does not compensate late buyers for using
E-money in the evening because evening transaction data have no value to the company
and providing a fixed reward does not affect the quantity of late buyers’ money holdings
in the evening. On the other hand, the company provides R;;+1 > 0 units of numeraire
goods to a buyer in the morning in period ¢ + 1 if the buyer used E-money for afternoon
transactions in period ¢.%

Figure 1 summarizes the sequence of events in a representative period. Throughout
the paper, the E-money business means the business of obtaining and selling evening
taste information by issuing E-money. In what follows, we call money supplied by the
government P-money to emphasize that it is paper money rather than electronic money.

3. EQUILIBRIUM

In this section, we characterize equilibrium of the model economy as follows. First, we
study agents’ value functions in each subperiod. Second, we study the optimal decisions
of buyers, sellers, and the company. Third, we study market clearing conditions. Then
we characterize equilibrium.

3.1 Value functions

Morning market In the morning, agents consume numeraire goods, supply labor,
and readjust their portfolios. We define an indicator variable ¢, € {0, 1} such that

8In the model, we assume that buyers incur privacy cost § when they open an account at the company to
capture worries that an individual experiences when he/she provides personal information, such as name,
phone number, and social security number, to open a new account, for example, at a bank or on social
media. Alternatively, we can assume that buyers incur disutility § when they use E-money. However, the
main results do not change because, in equilibrium, buyers will never accumulate E-money in the morning
unless they use it in the afternoon or evening market for transactions.

9Alternatively, we can assume that the company transfers R, units of money (or E-money) in terms of
morning goods in the next period to an early buyer at the end of the afternoon in period ¢ if he/she used
E-money for afternoon transactions in period ¢. This alternative assumption raises the company’s cost in
equilibrium, but the main implications do not change.
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Sellers make payments for Eveningtaste of each Comnany estirnates the set of
information purchases in the buyeris realized realized evening tastes by
previous evening market analyzing E-money transactions in
the afternoon market

Morning market Afternoon market Evening market
Buyers’ preference shock| Buyers decide Sellers decide the amount
(early or late buyers) is money portfolio of the information about
realized Early buyers and eveningtastes to buy

sellers trade in the

competitive market Late buyers and

sellers trade in
bilateral meetings

Company pays fixed rewards to
buyers who used E-money in
the previous afternoon market

Ficure 1. Timeline of a representative period.

t; = 1 if a buyer used E-money in the afternoon in period ¢ and ¢; = 0 otherwise. Let
Vnﬁ: farly(m p» Me, 1,1) denote the early buyer’s value function at the beginning of the
morning in period ¢ with m, units of real P-money, . units of real E-money, and previ-
ous action ¢;_.

Then, by virtue of the quasi-linearity of preferences, V> early( mp,

Mme, t;,—1) is given as

b,earl
Vit y(mp: Mey 4—1) =Mp +Me + T+ T+ Rety 1

+ max {— ¢ (m’p-i-m/e) — 1y >0}6+V (m m )} 2)
m’p,m’g ({bt—H

Here, ; is dividend payments from the company, m’, and m, are the real balances of P-

money and E-money, respectively, both in terms of numeraire goods in the next period,

1;,,,-0; is an indicator function that takes the value of 1 if m; > 0 and 0 otherwise, and

Valf ((m',, m,) is the value of the early buyer with portfolio (m,, m;) in the afternoon in

period ¢. Similarly, the value function Vb late(m p» Me, 1,—1) of alate buyer with portfolio

(mp, m.) and previous action ¢,_1 at the beginning of the morning in period ¢ is given as

b,1
Vo ate(mp» Mey 4—1) =Mp + Me + T+ + Ryt

~|—max{ id (m)y +m,) — 12018+ V2 (', m)} 3)
miymy | Pr

where Vbt(m’ m,) is the value of the late buyer in the evening with portfolio (m),, m).

Next, the seller’s value function V;, ,(m, m,, n) in the morning in period ¢ W1th port-
folio (mp, m.) and the number of unpaid information purchases n € {0, 1, ..., N'} in the
previous evening is given as

Vo i(Mp, me, n) =mp +me —ne;_1 + max{ ¢ (m’p+m’e)+VS (m m )} (4)

mlp, Nl t+1
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where V) ,(m',, m,) is the value function of the seller with portfolio (m/,, m,) in the after-
noon in period .

Afternoon market Sellers are indifferent between P-money and E-money as a medium
of exchange given a one-to-one exchange ratio between them. Thus, the price of af-
ternoon goods cannot vary depending on the type of payment method. Let p; denote
the market price of afternoon goods in period ¢ in terms of morning goods in the next
period. Then the buyer’s value in the afternoon is given as

Vo (my, m,) = g}naqx{v(qp +qe) + BV 1 (M), — pidp, M, — pige, 1)) (5)
pr4e
subject to
)y~ pigp =0 (6)
m, — piGe = 0, @)

where g, and ¢, are the quantities of afternoon goods purchased with P-money and E-
money, respectively, ¢, = 1 if g, > 0 and ¢; = 0 otherwise, and an:, 10 0)is the buyer’s
value at the beginning of the morning in period ¢ + 1 before the realization of the shock
on the timing of consumption, i.e., Vn};y[+1(', )= pV,z:fj:rlly(-, 5+ (1= p)V,s,'E:‘f(-, o).
In the afternoon in period ¢, sellers sell afternoon goods in a competitive market at

price p; in exchange for money. Thus, the seller’s value in the afternoon is given as

Vi mlpy mi) = max{—c(q}, +q2) + Vi, (m, + pidyy m, + pide)} ®)
pr4e
where ¢}, and g¢; are the quantities of afternoon goods that the seller sells in exchange
for P-money and E-money, respectively, and V;},(m’,, m,) is the seller’s value function at
the beginning of the evening with asset portfolio (m/,, my).

Evening market Late buyers and sellers are randomly matched in the evening and bar-
gain over the terms of trade. Note that the company does not provide any proportional
rewards for using E-money in the evening. This implies that given the one-to-one ex-
change ratio between P-money and E-money, what matters to a late buyer and a seller
in a meeting is the total real balances—sum of P-money and E-money—and the com-
position does not matter. Thus, the bargaining outcome in a bilateral meeting given the
late buyer’s portfolio (m;,, m,) is a pair (x, d) that specifies the quantity of evening goods
x produced by the seller and the sum of P-money and E-money transfers d from the late
buyer to the seller in terms of morning goods in the next period.

Given that the value functions of buyers and sellers in the morning are linear in as-
set holdings and the seller’s bargaining power is 6 € (0, 1), the terms of trade (x, d) are
obtained by solving the problem

malix{oz,-u(x) —x} 9
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subject to

. Oaju(x)+ (1 —0)x
B
d< m’p +m, (11)

d (10)

where «; = ay if the seller can produce customized goods and otherwise, «; = e, (10)
is the bargaining rule, i.e., —x + Bd = 0[a;u(x) — x], and (11) is the feasibility constraint.
The next lemma solves the maximization problem (9) describing the terms of trade.

Lemwma 1. Given late buyers’ real balances (m’p, m,,) and parameter value «; fori € {H, L}
in a pairwise meeting, the terms of trade, (x, d), are given as

(x,d) = (ii(m;, +m},), c?,-(m;, +m))

(x}, mY) ifm), +m

(<I>i_1(m}, +m,), m/p +m,) ifm +m

/
e= (12)
e

where ®;(x) = [Oa;ju(x)+ (1 — 0)x]/B foreachi e {H, L}.

See Appendix A for proofs.
Given the bargaining solution, the value of late buyers with asset portfolio (m,, m)
in the evening is

Vo (mly, m) = odau(Rp (m, +m,)) — Bdu (m), +m;)]
+(1- w,)[aLu(ch(m;) +my)) — ,BdAL(miD +m,)]
+.Ban;,t+1(m/p!m/g» 'vt)y (13)

where o, is the probability that a late buyer meets a seller who can produce customized
goods tailored to the buyer’s taste in a bilateral meeting and ¢; = 0 because late buyers
do not trade in the afternoon market.

When the company sells preference information at the beginning of the evening, a
seller optimally chooses the amount of information z € {0, ..., N’} that he/she will buy at
unit price ¢,. Based on the above arguments, the seller’s value function at the beginning
of the evening with asset portfolio (m,, m,) is given as

Ves,t(m/p’ m/c)
W[Hmm,}ma + By iy + )| dF (1, i1e)
(1 —p)(N—«(B)n)
nefo0,..,N} . 5 AL - - -
x [[—xL(mp i) + By (7 + 1) | dF (i p, 1)
—ns+ BVy, 1o (), mi, 1)

p’
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where F,(m,, m.) is the cumulative distribution of late buyers at the beginning of the
evening in period ¢ holding m’p < m, and m, < m, units of real balances in terms of
morning goods in the next period. In (14), 1 — p is the probability that a seller has a meet-
ing because there are 1 — p mass of late buyers and unit mass of sellers in the evening.

3.2 Agents’ optimal decisions

In this subsection, we study the optimal behaviors of each economic agent in stationary
equilibrium in which all real quantities are constant over time and, thus, ¢//¢;11 = .

Buyers’ choices In the morning, buyers determine the portfolio of real balances. Note
that the company does not provide rewards for using E-money in the evening and using
E-money only incurs privacy cost é to late buyers. Thus, late buyers will not hold any E-
money, i.e., m, = 0, and only use P-money in the evening. However, early buyers receive
R units of morning goods in the next period as a reward for using E-money. Thus, if
BR > 8, early buyers will use a positive amount of E-money. Without loss of generality,
we assume that early buyers carry only E-money into the afternoon market if BR > 4.
This leads to the following lemma, whose proof is omitted.

LeMmwmaA 2. For afternoon transactions, early buyers use E-money if BR > 8 and use P-
money otherwise. Late buyers always use P-money for evening transactions.

Buyers will not carry any money into the next morning because the buyer’s value
functions in the morning are linear in money holdings and y > 8. Then, from (2) and
(5)-(7), we obtain the early buyer’s problem as

;na}IX{(BR —8)1ig,~0 — YP(qp + qe) + v(gp + qe)},

prde

where 1;,,.0, is an indicator function that takes the value of 1 if g, > 0 and 0 otherwise.
Note from Lemma 2 that early buyers will either choose g, > 0 and g. =0 or g, > 0 and
qp = 0. Then the first-order condition is given as

o= v'(qp) ifge=0
v'(qe) ifgp,=0.
Letting m,, denote the real P-money in terms of numeraire goods in the next period,

we obtain, from Lemmas 1 and 2, (3), and (13), the late buyer’s problem in the morning
as

(15)

max
mp

—(y = Bymp + o[anu(fn(mp)) - Bdr (mp)]
+ (1 — o)[aru(kL(mp)) — Bdr(mp)] ’

where w is the probability that a buyer meets a seller who can produce evening goods
tailored to the buyer’s evening taste. Then the first-order condition for m, is given as

¥y — B =o[an (k1(mp)) & (mp) — By (m)]

+ (1= o)L (RL(mp) 2] (mp) — Bd (mp)]. (16)
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Sellers’ choices In the morning, sellers spend all real balances to purchase numeraire
goods and do not carry any money into the next subperiods due to the money holding
cost, given that y > 3, as can be verified by (4), (8), and (14).

In the afternoon, sellers optimally supply goods given the market price p. Specifi-
cally, from (4), (8), and (14), we can write the seller’s problem in the afternoon market
as

max{—c(q;, + ;) + Bp(q;, + a2)

qpqé

which gives

(¢, +4q})=Bp a17)

as the optimality condition.

In the evening, sellers decide the amount of information purchases. As shown in
(16), all late buyers make the same choice for real balances given the probability w. Let
m, be the equilibrium real P-money balance of late buyers in the evening. Then, from
(4), (12), and (14), the seller’s problem of information purchase in the evening can be

written as
(1= p)k(B)D(my) }
o ] G0 g, 1o
where
D(mp) = 0{agu(Xg(mp)) — g (mp) — [aru(Xp(mp)) — i1 (mp)]} (19)

is the difference in the seller’s trade surplus in a meeting between when the seller can
produce customized goods tailored to the buyer’s taste and when he/she cannot. As-
suming that sellers purchase preference information if they are indifferent, the seller’s
optimal choice for the number of information purchases is given as

n—= (1—p)x(B) (20)
0 ifD(m,) < 7]\/@—}— Be)
P (1= p)k(B)’

The next lemma describes the properties of the D(-) function, which provides a useful
intermediate step for equilibrium characterization.

LemMA 3. Forallmj, < mj,, D'(mp) >0, and for allm, > my;, D(mp) =D, where

D = 6lagu(x};) — xf| — 0[aru(x]) — x7 ] (21)

The main implication of Lemma 3 is that an increase in the seller’s trade surplus
from being able to produce customized goods in a pairwise meeting increases with the
late buyer’s real balances that determine the trade volume in the evening market. Thus,
sellers’ incentives to purchase preference information rise with the trade volume in the
evening market.
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Company’s choices The company decides the reward R for using E-money in the af-
ternoon market and the price of each preference information ¢. Given the monopoly
power and the results of Lemma 2, the company sets the reward as

R=— (22)
B
whenever it runs its business. Then all early buyers use E-money, i.e., B = p, and, hence,
the company obtains the correct preference information with certainty, i.e., x(B) = 1.19
Next, given the seller’s choice described in (20) with x(B) = 1, the company sets the price
for each preference information as

_ (A =p)D(mp) —Ns
QD— BN .

(23)

3.3 Market clearing conditions

In equilibrium, asset and goods markets must clear. First, because E-money is backed by
P-money, the sum of demands for E-money and P-money should be equal to the supply
of money coming from the government. Thus, we obtain

y[pp(qp+ ge) + (1 — pYmy| = M,

as a market clearing condition in the money market. Second, buyers’ demand for after-
noon goods should be equal to the supply from sellers. Thus, a market clearing condi-
tion in the afternoon is given as

pqp=q, and pg.=q,. (24)

3.4 Equilibrium characterization

Late buyers only use P-money, and early buyers use either P-money or E-money in equi-
librium. Thus, there are two relevant cases: (i) equilibrium in which all buyers use
P-money, and (ii) equilibrium in which early buyers use E-money. We call the first equi-
librium P-equilibrium and the second equilibrium E-equilibrium in what follows. Note
from (15), (17), and Lemma 2 that early buyers’ demands and sellers’ supplies in the
afternoon market do not depend on the type of money that is used in the afternoon.
Furthermore, late buyers use only P-money. Thus, in what follows, we drop the index
j € {e, p} in q; and m; that specifies the type of money traded in each subperiod unless
it causes any confusion.
From (15), (17), and (24), we obtain

g=4q(y), (25)

10This result hinges on the assumption of the constant disutility 6 across buyers. If we introduce het-
erogeneity in disutility 6, it is possible that B € (0, p) and «(B) € (0, 1) in equilibrium. However, the main
implications do not change with heterogeneous 6.
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where g : [B, c0) — R is a decreasing function of y determined by

.
@) _y (26)
d(pq(v)) B

Then we obtain the price of afternoon goods as p = ¢’(pg(y))/B from (17) and (24).

In E-equilibrium, the company obtains correct preference information with cer-
tainty and sellers purchase all preference information. Thus, a late buyer meets a seller
who can produce customized goods tailored to his/her taste in the evening with cer-
tainty, i.e., ® = 1. On the other hand, w = 0 in P-equilibrium. Then, from (12) and
(16), we obtain the equilibrium real balance m of late buyers and trade volume x in the
evening as

x=Xyg(y) and m= EZH(y) in E-equilibrium (27)
x=X.(y) and m= JL (y) inP-equilibrium, (28)
where
~. A | v(1—0)
=i~ (= ay) )
~ 0 i ~i 1-26 ~i
Gz u(x (7));( )Xi(y) 30)

are decreasing functions of y for each i € {H, L}.
In summary, we have the following proposition, whose proof is omitted, which de-
scribes economic outcomes in each equilibrium.

ProposITION 1. Given monetary policy v, real allocations and prices are as follows:

(D) In E-equilibrium, g =14q(y), x =Xn(y), m = du(y), p=c(pg(y))/B, and ¢ =[(1 —
p)D(dp (7)) — Nsl/(BN).

(D) In P-equilibrium, g =G(y), x =%.(y), m =d.(y), and p = ' (pG(y))/B-

In money search models, as the money growth rate vy increases, the inflation rate
and the money holding cost increase in a stationary equilibrium. Thus, buyers accu-
mulate less money in the morning for transactions in subsequent subperiods, and trade
volumes in the afternoon and evening markets fall, as shown in (25)-(30). A decrease in
demand for afternoon goods decreases the market price of afternoon goods. Finally, as
real balances of late buyers in the evening decrease, the value of preference information
decreases by the result of Lemma 3 and, hence, the price of preference information ¢
falls.

The existence of each type of equilibrium depends on whether the company can
make positive profits from running its business. The company can make all early buyers
use E-money and sell all preference information to all sellers by setting the reward as (22)
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and the information price as (23). Thus, the company’s profit is given as

o (1-p)D(m) —Ns—pé
B B

where m is the late buyer’s real P-money balances in the evening market in equilibrium.
Then it must be that D(m) > (Ns + p8)/(1 — p) for E-equilibrium to exist because the
company has no incentive to run its business otherwise. On the other hand, it must
be that D(m) < (Ns + pd)/(1 — p) for P-equilibrium to exist because, otherwise, the
company can make nonnegative profits from running its business. These arguments
lead to the next proposition.

) (31)

PRrRoOPOSITION 2. Stationary monetary equilibrium exists as follows:

() Suppose that (N's + p8)/(1 — p) < D(mj ). Then there exist y1 > > > 8 such that
(a) for all vy € (B, y1], E-equilibrium exists, and (b) for all y > vy», P-equilibrium
exists.

(I) SupposethatD(mj) < (Ns+pd)/(1—p) < D. Then, there exists y3 > 8 such that
(a) for all y € [B, y3], E-equilibrium exists, and (b) for all y > B, P-equilibrium
exists.

(II) Suppose that D < (N's + pd)/(1 — p). Then, for all y > B, P-equilibrium exists.

Proposition 2 shows how the value of (N's + p8)/(1 — p) and the inflation rate vy to-
gether determine the existence of each type of equilibrium. Figure 2 depicts how the
parameter space is subdivided with (AMs + pd)/(1 — p) on the vertical axis and y on the
horizontal axis, illustrating Proposition 2 graphically.

The effects of parameters 6, s, N, and p on the type of equilibrium are straightfor-
ward. Here pé is the early buyers’ disutility from forgoing privacy for using E-money, N's

N¢+ps
lI-p
D
P-eq.
D(mp)
P-eq. & E-eq
E-eq.
0 ¥
p i) ’ly
Tilhria Ns+pb
F1GURE 2. Typology of equilibria in (y, =1, ) space.
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is the total investment cost that sellers incur to prepare the production of customized
goods in the evening, and 1 — p is the probability that a seller meets a buyer in the
evening market. Thus, if 8, s, A/, and p are sufficiently high, as illustrated in the third
case of Proposition 2, the costs of obtaining and harnessing preference information are
higher than the expected payoff; hence, the company cannot make nonnegative profits
from its business.

Next, Proposition 2 shows that the company is more likely to run the E-money busi-
ness when 7 is low, while E-money is not circulated when 1 is sufficiently high.!11? The
economic mechanism for this result is in line with our earlier observation. As vy in-
creases, late buyers carry less P-money into the evening market, which reduces the value
of preference information to sellers by the results of Lemma 3. Consequently, the price
of preference information and the company’s profit decrease. Thus, it is more likely that
the company runs the E-money business making nonnegative profits when vy is low and
vice versa.'3

One noticeable result in Proposition 2 is that the model can generate multiple sta-
tionary monetary equilibria: For all y € (y2, y1] when (Ns + p8)/(1 — p) < D(m}) or
for all y € [B, y3] when D(m}) < (Ns + pd)/(1 — p) < D, both E-equilibrium and P-
equilibrium can exist. The intuition for this finding is as follows. For intermediate in-
flation, if late buyers expect that they can buy customized goods in the evening, they
accumulate a sufficient amount of money, which motivates sellers to buy preference
information from the company. On the other hand, if late buyers expect that they can-
not buy customized goods in the evening, they hold too little money in the evening to
incentivize sellers to buy preference information, which justifies late buyers’ initial ex-
pectation. This complementarity leads to multiple equilibria.

A multiplicity of equilibria due to strategic complementarities has been discussed in
previous studies. For instance, in the platform model with two-sided markets, such as
Rochet and Tirole (2003) and Hagiu and Spulber (2013), one group’s benefit of using the
platform increases with the size of the other group that uses the platform, which gen-
erates strategic complementarities and multiple equilibria. The E-money business in
our model is similar to a platform in the sense that it connects suppliers of information
(early buyers) and users of information (sellers). However, early buyers’ choices do not
depend on sellers’ decision on information purchases: Early buyers only care about the
privacy costs and the rewards for using E-money. Strategic complementarities in our
model exist between the seller’s investment decision and the real balances of late buyers
who do not use E-money.

Berentsen, Camera, and Waller (2007) show that the existence of a monetary equilibrium with credit
requires some positive inflation, while E-money and P-money coexist when inflation is sufficiently low in
our model.

12This result implies that an increase in the inflation rate can decrease the variety of goods that sellers can
produce because sellers can produce customized goods only if the E-money business exists. In this sense,
our model is related to Shevchenko (2004) and Dong (2010) who investigate how economic environments,
such as inflation and search frictions, affect the variety of goods.

13Note that our model delivers potentially testable predictions about the relation between the inflation
rate y and the profitability of the E-money business: An increase in y reduces the company’s profit and
thereby drives out the E-money business from the economy.
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More related, in the money search literature, Lester, Postlewaite, and Wright (2012)
show that if agents can verify the asset’s quality at a cost, then strategic complemen-
tarities exist between buyers’ asset demand and sellers’ information investment. This
strategic complementarity can generate multiple equilibria similar to our model.'*
However, our model differs from Lester, Postlewaite, and Wright (2012) in the way that
sellers obtain information. In their model, sellers pay an exogenous fixed cost to obtain
information about the asset’s quality, while the price of preference information in our
model is determined by the profit maximizing company in equilibrium. Furthermore,
the company in our model is a big player, so it may be able to lead to E-equilibrium
when multiple equilibria are feasible as follows.

Suppose that when the company sells preference information, it promises to com-
pensate a seller if he/she does not make a sufficient surplus from selling customized
goods because the matched buyer in a bilateral meeting holds less than dp () units of
real P-money.’® Note that the company can correctly infer the sellers’ trade surplus in
the evening in equilibrium by observing aggregate variables, such as aggregate trade vol-
umes in the evening, although the company cannot directly observe the trade volume
of individual sellers in the evening market. Thus, the company can make compensation
contingent on those aggregate variables.

Then sellers will buy preference information without the concern of making insuf-
ficient surplus in the evening. Anticipating that sellers will prepare to produce cus-
tomized goods in the evening market, late buyers will carry dy () units of real P-money
into the evening. Thus, the company does not need to compensate sellers in equilib-
rium, and guaranteeing the seller’s surplus can eliminate P-equilibrium when multiple
equilibria are feasible, similar to finding that a bank—a big player—can prevent bank
run equilibrium by announcing the suspension of convertibility in Diamond and Dybvig
(1983).

However, the company cannot use the surplus guarantee if some late buyers do not
have an individual taste for evening goods. Suppose that the u € (0, 1) fraction of late
buyers does not have evening tastes and that their utility in the evening is a; u(x). Then
the w fraction of late buyers will bring dy (y) units of real balances into the evening mar-
ket even though sellers can produce customized goods, and the other 1 — u faction of
late buyers will hold dH(y) units of real balances. Thus, there are sellers who met a
late buyer with d, 1 (7y) units of real balances and sellers who met a late buyer with d, L (y)
units of real balances in the evening.!® In this case, the company needs to provide com-
pensation based on information about trade surpluses reported by individual sellers.

14There are other asset exchange models, such as Trejos and Wright (2016), Burdett, Trejos, and Wright
(2017), and He and Wright (2019), that show the existence of multiple equilibria. However, in those models,
multiple equilibria exist because of a self-fulfilling prophecy of the asset’s liquidity—if an agent thinks oth-
ers value the asset high, then the agent would give high payment to get the asset—not because of a strategic
complementarity. Furthermore, in those models, the asset is indivisible and multiple equilibria do not exist
if the asset is fiat.

158pecifically, what the company does is to guarantee 0[ayu(iy (JH(y))) - fﬂ(gﬂ(y))] units of trade
surplus to a seller in the evening if the seller buys preference information.

160therwise, introducing the assumption that the u fraction of late buyers does not have evening taste
does not change equilibrium outcomes except that an increase in the seller’s trade surplus in the evening by
preparing the production of customized goods without the surplus guarantee is now given as (1 —u)D(m)).
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However, the company cannot verify each seller’s trade volume in the evening, so sellers
will always misinform the company of their surplus to obtain compensation. Thus, the
company cannot use the surplus guarantee as a tool for supporting E-equilibrium when
multiple equilibria are feasible.

4. WELFARE ANALYSIS

In this section, we examine the model’s normative properties in terms of social welfare,
investigate the optimal monetary policy, and explore the effects of government inter-
ventions, such as providing subsidies, on real allocations and welfare. We define the
sum of expected utilities in a steady state equilibrium across agents with equal weight
as our welfare measure,

W =pv(q) — c(pq) + (1 — p)[eju(x) — x| = Liemp;(N's + p8),

where i = H in E-equilibrium, i = L in P-equilibrium, and 1.—g; is an indicator function
that takes the value of 1 if the economy is in E-equilibrium and 0 otherwise. Specifically,
given the results of Proposition 1, welfare is given as

W =Wp(y) = pv(q(y)) — c(pq(v)) + (1 — p)[aLu(XL(y)) — FL(¥)] (32)
in P-equilibrium and
W =We(y) = pv(q(y)) — c(pq(v)) + (1 — p)[anu(Xa(v)) — Xu(¥)] — (Ns+p8) (33)

in E-equilibrium. Because the company runs the E-money business in E-equilibrium
and does not in P-equilibrium, Wg(y) — Wp(y) measures the social net benefit of the E-
money business. The next lemma shows how the inflation rate vy affects this social net
benefit.

LemwMA 4. The social net benefit Wg(y) — Wp(vy) decreases with .

To obtain the intuition for the results of Lemma 4, note that the trade volume x in the
evening market falls as y increases. A decrease in x, in turn, reduces the contribution of
the E-money business to welfare—an increase in the trade surplus au(x) — x by raising
a from o to ag—while social cost N's + pd stays at a constant level. Thus, the social net
benefit of the E-money business Wg(y) — Wp(y) decreases with .

In the model economy, what the company considers when it decides whether to run
the E-money business is the profit from the business, not its social benefit. Thus, the
company may run (may not run) the E-money business although it is socially unde-
sirable (desirable). However, the next proposition shows that whenever the economic
environment described by (V, s, p, 8, v) supports nonnegative profit from the E-money
business in E-equilibrium, welfare is higher with the active E-money business than with-
out it.
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PropPoOSITION 3. Suppose that the company can make nonnegative profits from its busi-
ness when late buyers hold dg (y) units of real balances, i.e., E-equilibrium can exist. Then
WE(y) > Wp(y), so welfare is higher with the E-money business than without it.

The intuition for the results of Proposition 3 is as follows. As shown in (31) and (33),
the private cost of running the E-money business equals its social costs N's + p8, so
the company fully internalizes the social cost of the E-money business. On the other
hand, the main source of the E-money business’ revenue is the increase in the seller’s
trade surplus by selling customized goods in the evening market (private benefit), while
the E-money business’ positive effects on welfare are the increase in the total trade sur-
plus from trading customized goods in the evening (social benefit), and there is a wedge
between the private and social benefits of the E-money business for the following two
reasons.

First, expecting to consume customized goods, late buyers hold more real balances
in E-equilibrium than in P-equilibrium. Thus, the trade volume of noncustomized
goods, and thereby the trade surplus, is higher in E-equilibrium than in P-equilibrium
when the money holding cost exists, i.e., )%L(EH()/)) > X1 (y) for all y > B. This implies
a higher social benefit than the private benefit of the E-money business ceteris paribus,
because the main source of the private and social benefits of the E-money business is
obtained by subtracting the surplus from trading noncustomized goods from the sur-
plus from trading customized goods.17 Second, in the model, the seller’s trade surplus is
the 6 € (0, 1) fraction of the total trade surplus in the evening market given the bargain-
ing rule. Thus, the private benefit is scaled down by 6 in contrast to the social benefit.
For these two reasons, the social benefit is higher than the private benefit. Thus, when-
ever the company makes a nonnegative profit from running the E-money business, it
must be that Wg(y) > Wp(vy).

Note from (1), (12), (29), and (30) that )%L(EH(B)) =X (B) = x}. Thus, when y = 3,
the surplus from trading noncustomized goods under each type of equilibrium is the
same, so the first channel, described above, that generates the wedge between the so-
cial and private benefits of the E-money business disappears. Next, the second channel
originates from the bargaining assumption in bilateral meetings, and this channel may
disappear under a different market structure in the evening. For instance, suppose that
late buyers and sellers trade in the evening through a matching platform operated by the
company. Then the company can extract the additional surplus that late buyers obtain
from trading customized goods by raising the late buyers’ fees for using the platform.
Furthermore, in Section 5, we show that the company can also extract the late buyer’s
additional surplus without running the matching platform if the search is directed with
the price posting in the evening.

17Specifically, note from (19), (31), (32), and (33) that the private and social benefits are obtained by
subtracting e u(Xy (dy (y))) — X1 (dy(y)) and apu(X1 (y)) — X1 (y), respectively, from apu(Xg (y)) —Xu (y).
Because late buyers carry more real balances in E-equilibrium than in P-equilibrium expecting to consume
customized goods, it must be that ch(JH(y)) > X1,(y) with the strict inequality when y > 8. Thus, we
subtract a higher value from agyu(Xy(y)) — ¥y (y) when we calculate the private benefit than when we
calculate the social benefit.
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The alternative interpretation of the results of Proposition 3 is that the company does
not fully internalize the positive effects of using payment data on welfare, so the socially
efficient E-money business may not exist in equilibrium. Specifically, note from (30),
(31), Proposition 1, and Lemmas 3 and 4 that Wg(y) — Wp(y) and the company’s profit 7
decrease with y. Thus, if y* and y** exist such that Wg(y*) = Wp(y*) and the company
earns zero profit when y = y**, it must be that y* > y** by the results of Proposition 3.
Then, for all y € (y**, y*), the company does not run the E-money business although
the E-money business improves social welfare. This result is formally stated in the next
proposition.

PROPOSITION 4. Assume that (N's + p8)/(1 — p) < D/6. Then there exist y* > B and
v** € [B, v*) such that for all y € (y**, y*), We(y) > Wp(y), but the company does not run
the E-money business and the economy is in P-equilibrium.

As explained earlier, socially efficient uses of payment data may not exist because
the private benefit of the E-money business is lower than its social benefit. Thus, the
government may fix this problem by subsidizing the E-money industry. Specifically, we
consider two schemes for subsidy policy: The government provides A units of numeraire
goods to the company the next morning if the company issues E-money (subsidy to the
company) and the government provides a seller A /A units of numeraire goods the next
morning for buying each evening taste information (subsidy to sellers).'®19 We assume
that the government raises funds for the subsidy with lump-sum taxes on buyers in the
morning.

Note that the company can extract the government’s subsidy to sellers by selling
preference information at a higher price. However, the identity of the subsidy recipi-
ent could affect sellers’ incentives to prepare the production of customized goods and,
thereby, welfare in a different way, as described in the next proposition.

PROPOSITION 5. Suppose that Wg(y) > Wp(y) andD(JH(y)) < (Ns+p8)/(1—p),sothe
company does not run the socially efficient E-money business. If the government supports
the E-money industry with A > [N's + pd — (1 — p)D(JH(y))]/B units of subsidy, then
welfare W under each subsidy scheme is given as follows:

(D) Under the subsid;ito the company, W = Wg(vy) z'fD(JH(y)) >Ns/(1—p)and W =
Wp(y) — pdif D(du(y)) <Ns/(1—p).

(II) Under the subsidy to sellers, W = Wg(vy).

When D(dy(y)) = N's/(1 — p), sellers prepare the production of customized goods
unless price ¢ is too high as shown in (20), and the company can make nonnegative

18The government can also subsidize early buyers for using E-money in the afternoon. However, its
economic effects are the same as those of subsidizing the company, because the company can make early
buyers use its E-money with less (even negative) rewards for using it in the afternoon.

19Note that the total amount of subsidies under each scheme is A, because sellers buy A" number of
evening taste information.
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profit under each subsidy scheme. However, when D(g 1(y)) <Ns/(1—p), theincrease
in the seller’s expected surplus from selling customized goods is lower than the fixed in-
vestment cost NV's. Thus, sellers would not prepare the production of customized goods
without any support. In this case, if the government gives subsidies to the company, the
company issues E-money to obtain subsidies without selling preference information.
Thus, real allocations are the same as in P-equilibrium except that early buyers incur
privacy costs, so W = Wp(y) — pé. On the other hand, if the government subsidizes sell-
ers for buying preference information, they will prepare the production of customized
goods. Thus, the economy is in E-equilibrium and W = Wg (7). As shown from the above
analysis, the subsidy to sellers is more effective than the subsidy to the company because
the former directly incentivizes sellers, who are the final users of preference information,
to harness preference information.

We now analyze the effects of monetary policy, i.e., changes in y, on welfare. As
shown in Proposition 1, ¢ and x decrease with +y in each type of equilibrium. Because
the trade volumes in the afternoon and evening markets are inefficiently low for all
v > B, welfare W decreases with vy in each type of equilibrium. Furthermore, as shown in
Proposition 2, a decrease in y tends to change the equilibrium type from P-equilibrium
to E-equilibrium, thereby discontinuously increasing welfare by supporting socially effi-
cient uses of payment data. Thus, welfare monotonically decreases with . This implies
that the optimal monetary policy is the Friedman rule as stated in the next proposition,
whose proof is omitted.

ProprosSITION 6. Optimal monetary policy is the Friedman rule, i.e., y = B.

The results of Proposition 6, however, do not necessarily imply that the Friedman
rule always achieves the highest welfare. Although the Friedman rule eliminates the
money holding cost, the socially efficient E-money business may not exist due to the
externality problem. Specifically, if D < (Ns + p8)/(1 — p) < D/6, the economy is in P-
equilibrium under the Friedman rule as shown by Proposition 2, while welfare is higher
with the active E-money business than without it as shown by (32) and (33). However,
with appropriate use of the subsidy to sellers, the Friedman rule achieves the highest
welfare in the model economy.

5. COMPETITIVE SEARCH IN THE EVENING

In this section, we adopt the concept of competitive search, where sellers post their
terms of trade for evening transactions and late buyers direct their search in the
evening, to understand how equilibrium outcomes depend on the market structure in
the evening. We assume that the economy is composed of different submarkets in the
evening, where a submarket is identified by its terms of trade posted by sellers.?? We fur-
ther assume that within any submarket, late buyers and sellers are randomly matched.

201n this section, we remove the upper bound g/6 for vy, because the seller’s bargaining power 6 does not
matter in the model with competitive search.
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Note that the equilibrium outcomes in the afternoon markets are the same as in bar-
gaining equilibrium, so we focus on the equilibrium outcomes in the evening market.

The sequence of events is as follows. At the beginning of the morning, the com-
pany announces its reward policy R and price ¢ for each evening taste information.
After observing (R, ¢), each seller decides whether to prepare the production of cus-
tomized goods in the evening. Given the linear preference of sellers in the morning and
evening, a seller will either buy all evening taste information or buy no information.?!
If the seller chooses to sell customized goods in the evening under the assumption that
he/she can buy the correct preference information, the seller posts the terms of trade
(xH, dir) for customized goods in the morning.22 Otherwise, the seller posts the terms
of trade (xr, dr) for noncustomized goods in the morning. Finally, based on the ob-
served terms of trade in the morning, late buyers decide which particular submarket
identified by (x;, d;)ic;m, 1y they will visit in the evening and the quantity of real balances
that they carry into the evening market.

Let U’ denote the expected surplus of a late buyer in the evening given (R, ¢), net
of the money holding cost. Then, in any active submarket (x;, d;) foreach i € {H, L}, we
have

—(v—B)d,-erin{l, %}[aiu(xi)—ﬁdi]=Ub, (34)
4
where n; denotes the ratio of buyers per seller in a submarket (x;, d;).

When a seller posts his/her terms of trade in the morning, the seller takes U® as
given, and (x;, d;) determines the length of the queue, n;, in his/her submarket. Specifi-
cally, if the seller chooses to sell noncustomized goods, his/her expected surplus is given
as

V= xﬁf(n{min{l, np}H(—xp +Bdp)} (35)
subject to (34) with i = L. On the other hand, if the seller decides to sell customized
goods under the assumption that the seller can buy the correct preference information
from the company, then his/her expected surplus is given as

Vip= max {min{l, ng}(~xn+Bdu) —N(s+Be)) (36)
subject to (34) with i = H.

The type of goods that sellers can sell depends on whether the company actively
runs the E-money business. First, if R > §/8, then the company will obtain the correct
preference information, and sellers will optimally decide the type of evening goods that
they will sell. Thus, the seller’s expected surplus, denoted by V¢, from actively partici-
pating in the evening is given as * = max{}}}, V/'}. On the other hand, if R < §/8, then

21We assume that sellers choose to prepare the production of customized goods if they are indifferent.

221f a seller chooses to prepare the production of customized goods, he/she can post the terms of trade
for customized goods and noncustomized goods. However, the seller prepares the production of cus-
tomized goods only if it is better to sell customized goods than noncustomized goods. Thus, we assume
that the seller only posts the terms of trade for customized goods in the morning without loss of generality.
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the company does not obtain preference information, so sellers have no choice but to
sell noncustomized goods in the evening and V¥ =}’

The equilibrium value of the late buyer’s expected surplus U” given (R, ¢) is deter-
mined such that the ratio of buyers per seller in the different submarkets is consistent
with the mass of late buyers and sellers in the evening. To make the analysis clear, we
index each seller by i € [0, 1], define () C [0, 1] as the set of active sellers participating in
the evening, and let n(i) denote the measure of late buyers per seller in the submarket
of seller i € (). Then, in competitive search equilibrium, the condition

NdE/ n(i)di=N*e€[0,1— p]
Q

must hold, where N is the aggregate demand for active late buyers by sellers and N* is
the aggregate supply of active late buyers in the evening.

To set the stage of equilibrium characterization, we first derive the upper bound of
the late buyer’s surplus in any equilibrium given (R, ¢). Let Ui and UZ denote the
upper bound of the late buyer’s surplus when he/she chooses to buy noncustomized
goods and customized goods, respectively. Then, from (34)-(36), we obtain

U = —%)_CL(')’) +aru(xr(y)) (37)
—b Y - - Y
UHz—ExH(y)—i-aHu(xH(y))—EN(s—i-BgD), (38)
where
=. _ -1 L
xi(y)=u (B%‘) (39)

foreachi e {H, L}. Using these definitions, we characterize the competitive search equi-
librium given (R, ¢) in the next proposition.

ProrosITION 7. Define the cutoff level of the price of evening taste information as

o = %N{—%fmm +agu(ip(y)) - [—%xm) + aLu(ch(y))“ - %. (40)

Then the equilibrium outcomes with competitive search given (R, ¢) are as follows:

(D IfR > 6/B and ¢ < ¢*, then all active sellers sell customized goods, (xg, dy) =
(Eu(y), (F(Y) + N (s + Be)/B), nr =1, Ub =Ty, VS =0, and N4 = N* =1 — p.

(D) IfR < 8/B or ¢ > ¢*, then all active sellers sell noncustomized goods, (xr,dr) =
(ZL(Y), ¥L(y)/B), nL <1, Ub =T, Vs =0, and N* = N* =1 — p,
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In the evening, late buyers are on the short side of the market because a unit mass
of sellers go to the evening market while a 1 — p mass of late buyers go there. As a re-
sult, late buyers have all the market power and extract the entire match surplus in com-
petitive search equilibrium. Thus, sellers receive zero surplus.?®> Next, the company
cannot obtain preference information if R < §/8 because no early buyers use E-money.
Furthermore, sellers must buy preference information to prepare for the production of
customized goods. Thus, sellers sell customized goods only if R > §/8 and the price of
preference information is sufficiently low as ¢ < ¢*. Since all active sellers sell either
customized goods or noncustomized goods, we call equilibrium where sellers sell non-
customized (customized) goods P-equilibrium (E-equilibrium) similar to the baseline
model with the bargaining.?*

We now investigate the company’s optimal decision. Given the results of Proposi-
tion 7, the company will set (R, ¢) = (8/B, ¢*) if it chooses to run the E-money busi-
ness. Note that ny =1 and N? =1 — p in E-equilibrium. Thus, the company sells
preference information to the 1 — p measure of sellers and the profit is given as 7 =
[(1 — p)BNe* — pd]/B. Using (40), we can express the company’s profit as a function of
v such that 7= =1I1(vy)/B, where

[(y)=(1- P){—)_CH(’)’) + %CYHU()_CH(V)) +x(y) — gaLu()_CL(’Y)) —Ns} —pd. (41)

Then the company will run the E-money business and the economy is in E-equilibrium
if and only if I[1(y) > 0. This leads to the next proposition.

ProposITION 8. Stationary monetary equilibrium with competitive search exists as fol-
lows:

) If agu(xyy) — x5 — lapu(xy) — x71 = [(1 = p)Ns + pdl/(1 — p), thereis v > B
such that (a) for all y € [B, y°1, E-equilibrium exists, and (b) for all y > v, P-
equilibrium exists.

D) If agu(xyy) — x5 — lapu(x;) —x;1 < [(1 = p)Ns + pdl/(1 — p), then for all y > B,
P-equilibrium exists.

The effects of 5, NV, s, p, and vy on the equilibrium type are similar to those in the
bargaining model by the same rationale. However, in contrast to the bargaining model,
there is a unique equilibrium under competitive search. This is because the terms of
trade posted by sellers work as a coordinating device and internalize any strategic com-
plementarity between late buyers’ money demand and sellers’ decisions about the type
of goods.

230ne thing to note is that when active sellers sell customized goods, they can offer late buyers their mar-

ket expected utility UZ without generating a negative payoff for themselves only if there is no congestion
on the seller’s side, i.e., ny = 1, in contrast to the case when they sell noncustomized goods. This is because
sellers must incur cost MV (s + B¢) before being matched to sell customized goods as shown in (36).

24All open submarkets have the same terms of trade because the solutions to (35) and (36) are unique.
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Another feature of competitive search equilibrium is that the company harvests the
entire gains created by trading customized goods while the company only extracts the
increase in the sellers’ surplus in bargaining equilibrium. The intuitive explanations are
as follows. In competitive search equilibrium, the late buyer’s payment to a seller equals
the total cost of producing evening goods, including the cost of purchasing preference
information when customized goods are traded. Consequently, an increase in the price
of preference information ¢ transfers the late buyer’s surplus to the company. In par-
ticular, Ulz = U?I when ¢ = ¢* as shown by (37), (38), and (40). Thus, the company can
fully extract the increase in the match surplus from trading customized goods by setting
¢ ="

Does this finding imply that the company runs the E-money business in a socially ef-
ficient way? To answer this question, we investigate welfare in competitive search equi-
librium. From (25) and Proposition 7, we obtain welfare W under competitive search
as

WS =Wgs(y) = pv(q()) — c(pq(v)) + (1 — p)[aru(XL(y)) — XL(y)] (42)

in P-equilibrium and

WS =Wgs(y) = pv(q(y)) — c(pq(v)) + (1 — p)[anu(Xu(¥)) — Xu(¥)]
—(1—p)Ns—pé (43)

in E-equilibrium. Then, the E-money business contributes to social welfare whenever
Wgs(y) = Wgs(y) = 0.

Note from (41)—(43) that for all y > B8, Wg(y) — Wg*(y) > I1(vy). Thus, the socially ef-
ficient E-money business does not exist if W;®(y) — Ws*(y) > 0 > II(y) because the com-
pany runs the business only if II(y) > 0. However, note that Ws*(8) — Wg*(8) =11(8).
Thus, when y = g8, the company runs the E-money business if and only if W*(8) >
Wg*(B). Consequently, in competitive search equilibrium, the Friedman rule not only
maximizes the trade surplus, but also supports the socially efficient use of payment data.
Thus, the Friedman rule always achieves the highest welfare in contrast to the bargain-
ing model. This is because the company completely internalizes the increase in the
trade surplus from trading customized goods as the revenue, thereby eliminating the
externality problem, and the Friedman rule removes the money holding cost.

Competitive search equilibrium also differs from bargaining equilibrium in terms
of the level of welfare. First, for all y > B, the trade volume in the evening is higher
in competitive search equilibrium than in bargaining equilibrium, i.e., ¥;(y) > X;(vy) for
i € {H, L}, as described in Propositions 1 and 7. This is because competitive search equi-
librium is basically equivalent to having late buyers and sellers commit to the terms of
trade before being matched, which resolves the holdup problem that exists in bargaining
equilibrium. Second, as shown in (33) and (43), when the company runs the E-money
business, 1 — p mass of sellers incurs A's units of cost in competitive search equilib-
rium, while unit mass of sellers incurs that cost in bargaining equilibrium. For these two
reasons, welfare is higher in competitive search equilibrium than in bargaining equilib-
rium.



156 Kee-Youn Kang Theoretical Economics 19 (2024)

6. MULTIPLE E-MONEY ISSUERS

We have assumed that the monopoly company runs the E-money business. We now ex-
tend the baseline model such that there exists / > 2 companies indexed by j € {1, ..., J}
that can issue their own digital currency and estimate evening taste information by ana-
lyzing afternoon transactions of their own digital currency.?® Because buyers must pro-
vide personal information to different companies for using different E-moneys, we as-
sume that buyers incur disutility § whenever they open an account at each company.?®
Finally, to focus on the effects of introducing competition in the E-money business in-
dustry, we assume that all companies have the same technology that the monopoly
company has in the baseline model to estimate preference information from afternoon
transaction data and we focus on equilibrium in which companies do not cooperate.?’

We first consider the model with bargaining in the evening. The extended model
generates a game among companies and we adopt pure strategy subgame perfect Nash
equilibrium as our equilibrium concept for the game. Specifically, at the beginning of
the morning, each company j € {1, ..., J} decides whether to run the E-money business
and chooses its reward scheme for using its E-money in the afternoon. Then, in the
evening, a company determines the price of preference information that the company
obtained from its E-money transaction data in the afternoon.

In the model, providing proportional rewards causes an additional cost for a com-
pany by distorting buyers’ E-money holdings (see Appendix B), and the probability that
a company obtains the correct preference information by analyzing afternoon transac-
tion data only depends on the mass of its E-money users. Consequently, it is optimal for
a company to only provide a fixed reward to early buyers if the company decided to run
the business. This implies that any active companies will provide R = §/8 units of the
fixed reward for using their E-moneys in the afternoon and they will obtain the correct
evening taste information with the certainty similar to the monopoly company in the
baseline model.

Suppose that only one company issues its E-money and acquires preference infor-
mation. Then the optimal behavior strategy of that company in the evening is monopoly
pricing given by (23), and equilibrium outcomes are exactly the same as in the base-
line model. Now suppose that multiple companies obtain preference information in
the evening. Then Bertrand competition leads all of them to set their price of prefer-
ence information equal to the marginal cost, which is zero due to the nonrivalry prop-
erty of information, and those companies make negative profits. Consequently, if there
is company j € {1, ..., J} whose strategy includes issuing its E-money with the reward
R = §/B, then the best responses of other companies are not to run the E-money busi-
ness. Furthermore, given that other companies do not issue E-money, the best response

25For instance, Alibaba Group and Wechat issue Alipay and Wachat pay, respectively, and use transaction
data of their own digital currency.

26For example, if a buyer opens accounts at two companies to use two types of E-money, then the buyer
incurs 26 units of disutility.

27Specifically, a company j € {1,...,J} obtains the correct preference information with probability
k(B;) € [0, 1], where B; € [0, p] is the mass of company ;’s E-money users in the afternoon.



Theoretical Economics 19 (2024) Digital currency and privacy 157

of company j is issuing E-money with R = §/8 and selling preference information at the
monopoly price in the evening. This argument leads to the next proposition.

ProproSITION 9. A monopoly arises in the E-money business industry, i.e., only one com-
pany runs the E-money business, and equilibrium allocations and the type of equilibrium
that exists are the same as in the baseline model with the monopoly company.

We now consider the economy with competitive search in the evening. In this case,
each company chooses its reward policy R and price of preference information ¢ to-
gether in the morning. Any active companies will set the reward as R = /8 by the same
reasoning as in the model with bargaining. If multiple companies run the E-money
business making nonnegative profits in equilibrium, then any company can increase
its profit by selling preference information at a slightly lower price to attract all active
sellers. Thus, equilibrium with multiple active companies cannot exist and a monopoly
arises.

However, in contrast to bargaining equilibrium, the monopoly company must earn
zero profit in competitive search equilibrium because, otherwise, any company can
increase its payoff by posting ¢ slightly lower than that of the existing company to
attract all active sellers. Thus, the price of preference information is given as ¢ =
pd/[(1 — p)BN]. Note from Proposition 7 that sellers sell customized goods only if
o = pd/[(1 — p)BN] < ¢* in competitive search equilibrium, which requires II(y) > 0
as can be verified from (40) and (41). Thus, Proposition 8 characterizes the existence
of each type of competitive search equilibrium (E-equilibrium or P-equilibrium) in the
extended model, and real allocations, except price ¢, are the same as in the competitive
search model with the single company.

7. CONCLUSION

In this paper, we have developed a money search model in which an electronic payment
platform company issues E-money and estimates consumers’ preferences by analyzing
E-money transaction data. Sellers purchase preference information to produce goods
that better match consumers’ preferences. We have shown that a monopoly arises in
the E-money industry and that the company does not issue E-money if inflation is suf-
ficiently high. Socially efficient uses of payment data may not occur because of a wedge
between the social and private benefits of using payment data.

APPENDIX A: OMITTED PROOFS

Proor oF LEmMa 1. Takeanyi € {H, L} for «;. The objective function a;u(x) — x is max-
imized when x = x} and increases with x for all x < x}. Thus, if m} < m;, +m),, (x,d) =
(x}, m}) must be the solution because it satisfies (10) and (11). Next, if m’P +m, < m7,
then x = x7 is not attainable, and (x, d) = (Cbi_l(m; +m),), m;? + m,,) solves the max-
imization problem (9). By combining the above two cases, we obtain the results of
Lemma 1. O
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Proor oF LEMMA 3. Note from (12) that for all m, > m},;, Xy (mp) = xj,; and &1, (m)) =
xj ,and, hence, D(mp) = 0lagu(xy;) — xj;] — 0lapu(x]) — x7 ] Eﬁby (19). Next, if m} <
my < my;, then D(mp) = 0lagu(Xy(mp)) — Xp(mp)] — Olapu(x}) — x7 ], which strictly
increases with m, for all m, < m},. Finally, suppose that m, < mj . Then (12) gives

Baru(Xr(mp)) + (1= 0)xL(mp) = 6agu(i(mp)) + (1 — 0)kn(mp) = Bmy, (44)

and, hence, X; (m,) > Xy (m)) because ay > ay . Substituting (44) into (19), we obtain
D(mp) =X (mp) — Xg(mp). Taking the derivative and using (44), we obtain

B B
aaLu/()ACL(mp))-i-l—B OaHu’(ﬁH(mp))+1—0’

D/(mp) =

which is positive because X1 (mp) > Xy (mp). In summary, D'(m) > 0 for all m, < mj,.
O

ProoF oF PropPosITION 2. In E-equilibrium, m = JH(y) as shown in (27) and by sub-
stituting this result into (31), we obtain the company’s discounted profit as

,BW:(I—p)D(gH(‘)’))—Ns—P& (45)

Thus, in E-equilibrium, it must be that D(dy (y)) = (Ns + p8)/(1 — p) to have = > 0.28
For all y > B, we obtain from (12), (19), and (30) that

D(du(y)) = Olaru(Xa(y)) — Xa(y)] — O[CVLM()ACL(JH('}’))) - )ACL(JH('Y))]-

Note that D(dH(y)) decreases with vy by the results of Lemma 3, lim,,_, g/¢ D(dH(y)) =
and 11my_>BD(dH(y)) = D. Thus, if (Ns + pd)/(1 — p) < D(mj ), there exists y; €
[ (mL) B/6) such thatD(dH(yl)) = (Ns+p8)/(1—p),and E- equlllbnum exists for all
Y =71 Next, if D(mj ) < (Ns+ p8)/(1 —p) <D, there exists y3 € [, dH (mj7 )) such that
D(dH(yg)) = (Ns+ p8)/(1 — p), and E- equ1hbr1um exists for all y < y3. Finally, ifD <
(Ns+p8)/(1 — p), then for all y > 3, D(dH(y)) < (Ns+ p8)/(1 — p), so E-equilibrium
cannot exist. In summary, E-equilibrium exists if one of the following conditions holds:
(D) (Ms+p8)/(1—p) < D(m})and y € [B, n1], or (i) D(m} ) < (N's+p8)/(1—p) < D and
Y € 1B, y3l. _

Next, in P-equilibrium, late buyers hold dy (y) units of real P-money by (28). Thus,
if the company runs the E-money business by setting (R, ¢) as described in (22) and
(23), the company’s profit is given as = = [(1 — p)D(EL(y)) — Ns — p8]/B by (31). In P-
equilibrium, the company should not be able to make nonnegative profits, so it must be
that D(dL(y)) <Ns+p8)/(1— p) for P-equilibrium to exist. Note that ﬁD(dL(y))/(?y <
0, dL(B) mL and lim,_, g/¢ D(dL(y)) =0. Thus, if D(m} ) < (N's+ p8)/(1 — p), then for
all y> B, D(dr(y)) < (Ns + pd)/(1 — p) and P-equilibrium exists. On the other hand,

28Note that when we derive (45), we implicitly assume that the company can sell preference information
at a positive price, which requires that D(JH(V)) > N's/(1 — p) by (23). However, whenever the company
makes nonnegative profits, it must be that D(JH(y)) > N's/(1 — p). Thus, the company sells preference
information at a positive price.
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if (Ws + pd8)/(1 — p) < D(mj), there exists y2 € [B, 8/6) such that D(JL(yz)) = Ns+
p8)/(1 — p) and P-equilibrium exists for all y > y,. In summary, P-equilibrium exists if
one of the following conditions holds: (i) (Vs 4 p8)/(1 — p) < D(mj ) and y > v, or (ii)
D(mj}) < (Ns+p8)/(1—p).

Finally, we now show that y» < y; when LN; + p6)/(1~— p) < D(m7). In the above
analysis, y; and vy, are defined such that D(dg(y1)) = D(dp(y2)) = (Ns+ pd)/(1 — p).
Note from (30) that JH(y) > JL(y) for all v > B. Thus, it must be that y; > y» because
aD(cZ(y))/&y < 0 for each i € {H, L} by the results of Lemma 3 and (30), which finishes
the proof. O

ProoF oF LEMMA 4. From (29), (32), and (33), we obtain
W) = Wp(y)] _ [u/(EH(v)) _u(FL) ]B(l —p)(y—B)
ay u'(Ea(y) u(ZLy)] yB-60y)?
Because u/(x)/u”(x) decreases with x by the property of the utility function u(-) and

X (y) > X1 (y), itmust be that J[Wg(y) — Wp(y)]1/dy < 0. Thus, Wg(y) — Wp(y) decreases
with 7. O

PROOF OF PROPOSITION 3. Assume that D(JH(y)) > (Ns + p8)/(1 — p), so the com-
pany’s profit is nonnegative under E-equilibrium allocations. From (12), (19), (29), and
(30), we obtain that

D(du(y)) = 0{lanu(Fn(y)) — ¥u(y) — [eru(Gr(du () — i (du()])
< 0{agu(Xu(y)) —Xu(y) — [aru(XL(y)) — XL (v)]}
<apgu(Xp(y)) = Xa(y) — [eru(XL(y)) — XL ()],

where we use the property that X7 (y) < XL(gH(y)) < x} to obtain the first inequal-
ity. Then, whenever D(dg(y)) = (Ns + p8)/(1 — p), it must be that Wg(y) > Wp(y),
because Wg(y) > Wp(y) if and only if apu(¥y(y)) — ¥ (y) — lapu(ZL(y)) — XL(y)] =
(Ns+pd)/(1 - p). U

PROOF OF PROPOSITION 4. Assume that (Ns + p8)/(1 — p) < D/6. Then, from (1),

(21), (29), (32), and (33), it can be shown that Wg(B) — Wp(B) > 0. Next, note that

lim,_, g/g{WE(y) — Wp(y)} = —(N's + pd). Then, by the result of Lemma 4, there exists

aunique y* € (B, B/0) such that Wg(y*) = Wp(vy*) and Wg(y) > Wp(y) for all y < vy*.
Next, define y** such that

Ns+pd
1

Y1 if < D(mi)

y*=1vys ifD(m]) <

where y; and vys3 are given in Proposition 2. Then, for all y > y**, E-equilibrium does
not exist as shown in Proposition 2. Furthermore, y; and vy are defined such that the
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company'’s profit is zero (see the proof of Proposition 2). Thus, by results of Lemma 4
and Proposition 3, it must be that y* > y**, which finishes the proof. O

PROOF OF PROPOSITION 5. Take any A > [N's+ p& — (1 — p)D(gH(y))]/B. Consider the
subsidy to the company. If (1 — p)D(JH(’}’)) > N, then ¢ > 0 by (23) when m ), = JH(y),
and 7= [(1 — p)D(gH(y)) —Ns—p8]/B+A>0. Thus, the economy is in E-equilibrium
and W = Wg(y). Next, if (1 — p)D(du(y)) < N's, then ¢ < 0 for all m,, < dy(y) by (23).
However, the company’s profit without selling preference information is positive as = =
—pé/B + A > 0 due to the subsidy. Thus, the company issues E-money without selling
preference information. As a result, real allocations are the same as in P-equilibrium
except that early buyers incur privacy costs, so W = W, (y) — pé.

Now consider the subsidy to sellers. Assuming that m, = JH(y), (18) shows that
sellers buy all evening taste information if 8(Ne —A) < (1 — p)D(g 11 (v)) — N's given the
subsidy. Then the company will set the price as ¢ = [(1 — p)D(d (y)) + BA — N'sl/BN,
and 7= [(1 — p)D(JH(y)) —Ns—pd]/B+ A > 0. Thus, the economy is in E-equilibrium
and W = Wg(vy). O

ProoFr oF PrRoPosITION 7. Note from (34) that o;u(x;) — Bd; > 0 must hold because
Ut > 0. Suppose that an active submarket (x;, d;) exists with n; > 1. Then there exist
n; € (1, n;) and d; > d; such that —(y — B)d; + [a;u(x;) — Bd;]/n; = U?, so the seller can
find a profitable deviation, which is a contradiction. Thus, in any active submarket, it
must be that n; < 1. We focus on the case with R > §/8 and show that equilibrium out-
comes when R < 8/ are equivalent to the case with R > §/8 and ¢ > ¢*. Note from (37),
(38), and (40) that ﬁ[;{ > UI;J if and only if ¢ < ¢*, and we divide the analysis depending
on the relative value of U and U .

Caskt 1. Assume that ¢ < ¢*, s0 Uy > Us. If UP > Ty, sellers cannot offer late buy-
ers their market expected surplus without suffering a negative payoff, so no sellers will
participate in the evening. In what follows, we focus on the case with U? < UZ.

(i) Suppose that U? = UZ. From (34) with i = H and (36), we obtain

Vi = max{nH max[—xH + EaHu(xH) — EUb:| —N(s+ Bgo)}. (46)
nH XH Y Y

Since U? = U?{, the solution to (46) is (xy, ny) = (X (y), 1) and V}; = 0. Then, from (34)
with i = H, we obtain dy = [¥y (y) + N (s + B¢)]/B. Next, from (34) with i = L and (35),
we obtain

VLszmax{anax[—xL—i—éaLu(xL)— EUb]}. 47
nL 04 Y

XL



Theoretical Economics 19 (2024) Digital currency and privacy 161

Given that U? = UI;I > Ui, it must be that n;, = 0, so an active submarket for noncus-
tomized goods does not exist.?? Because V¥ =1/}, = 0, some sellers may be inactive, so
N9 €0, 1]. On the other hand, N* =1 — p because U? > 0.

(ii) Suppose that U b e (o0, ﬁ?{). Then, from (34) with i = H and (36), we obtain (46),
and it must be that ny = 1 because U? < UZ. Next, from (34) with i = L and (35),
we obtain (47). Given that UZ > Uﬁ, it must be that V; > V;} with strict inequality
ifn; <1or Ul;, > UZL. Thus, all active sellers sell customized goods, (xy, dy, ny) =
(X (y), legu(Xg(y)) — UP1/y, 1) by (34) and (46), and V* = V5 > 0. Since V* > 0 and
U’ > 0, all sellers and late buyers participate in the evening, i.e, N =1and N*=1—p

(iii) Suppose that U = 0. Then late buyers are indifferent between actively par-
ticipating or not in the evening. If some late buyers participate, all active sellers sell
customized goods, (xy, dy, ng) = (Xu(y), lagu(xg(y)) — U1/y, 1), VS =V} > 0, and
N? =1 by the same reasoning as the case where U? € (0, Ul;,). Since U? = 0, we have
N <1l-p

From the analysis of three cases above, one can show that N¢ = N* only if U? =
UZ Thus, if ¢ < ¢*, then all active sellers sell customized goods, (xy,dy, ny) =
(FH (), [XH()+N(s+Be)]/B, 1), UP = UH VS =0,and N¢ = N’ = 1 — p in competitive
search equilibrium.

CASE 2. Assume that ¢ > ¢*, so UZ < Ulz. In what follows, we focus on the case where
Ub < Ui because otherwise, no sellers will participate in the evening.

(i) Suppose that U? = Ui. From (34) with i = H and (36), we obtain (46). Since
Uy < U,li, it must be that ny = 0 and there exists no active submarket in which cus-
tomized goods are traded. Next, the solution to (35) is x; = ¥1.(y), dr. = X1.(y)/B, and
ny, < 1. Thus, any active sellers post (X (y), Xz (y)/B) to sell noncustomized goods in
the evening and V= I/} = 0. Smce VS=0and U’ >0,N9€[0,1]and N°=1—

(ii) Suppose that U € (0, UL). Then the solution to (35) is (xz, dr, ny) = (xL(y),
x1(y)/B, 1) and V} > 0. Furthermore, given that UZ < Uﬁ, it can be verified from (34)-
(36) that I} > V};. Thus, any active sellers sell noncustomized goods and '* = V. Be-
cause J7 > 0 and Ub>0,wehave N9 =1and N* =1 —p

(iii) Suppose that U? = 0. Then late buyers are indifferent between actively partici-
pating or not in the evening. If some late buyers participate, all active sellers sell non-
customized goods, (xr,dr, np) = (X(y), XL(y)/B, 1), V¥ =V} >0, and N4 =1 for the
same reasons as the case where U? € (0, ﬁZ) Because U? =0, wehave N <1—p

The analysis of the three cases above shows that N¢ = N* only if U® ﬁi. Thus, if
¢ > ¢*, then Ub = UL, V'S =0, all active sellers post (xz, dr) = (X.(y), XL(y)/B) to sell
noncustomized goods, n; < 1,and N¢ = N* = 1 — p in competitive search equilibrium.

. 1 7b b . . .
291n the knife edge case with U, = U, ny. > Ois feasible and V) = 0. However, we assume that active sell-
ers sell customized goods when they are indifferent between selling customized goods and noncustomized

goods. Thus, no sellers sell noncustomized goods when U? = UI;I > UZ.
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Now suppose that R < §/8. Then the company cannot obtain evening taste informa-
tion in the evening, so any active sellers sell noncustomized goods. Thus, equilibrium
outcomes are equivalent to the case with R > §/8 and ¢ > ¢*. By combining the equi-
librium outcomes in Cases 1 and 2, and the case with R < §/8, we obtain the results of
Proposition 7. U

Proor or ProposITION 8. Note from (1), (39), and (41) that limy_, o II(y) = —(1 —
p)N's — pd, TI(B) = (1 — p)lagu(xy) — x5 — lapu(x}) — x;1} — (1 — p)N's — pd and
I'(y) < 0. Thus, if agu(x};) — x3; — lapu(x}) — x51 = [(1 — p)Ns + pél/(1 — p), there
exists y° > B such that I[1(y*®) = 0. Then, for all y € [B, y*], [1(y) > 0 and E-equilibrium
exists, and for all y > ¥, II(y) < 0 and P-equilibrium exists. On the other hand, if
agu(xy) — x5 —lepu(xy) —x;]1 < [(1—p)Ns+pdl/(1—p), thenforall y > g, II(y) <0,
so P-equilibrium exists. O

ProoF oF PrRoPosSITION 9. Abehavior strategy of company j € {1, ..., J} in the morning
is the fixed reward R; for using its E-money in the afternoon and a behavior strategy
in the evening is the price of evening taste information ¢;. Note that setting R; < §/8
is equivalent to not running the E-money business because no early buyers use j’s E-
money, so company j does not obtain evening taste information. Thus, ¢; is irrelevant.
Without loss of generality, we set Rj =0 and ¢; = &£ > 0 if company j chooses not to run
the E-money business. Let £ C {1, ..., J} denote the set of companies that issue their E-
money with the fixed reward R > §/8. In what follows, we solve subgame perfect Nash
equilibrium by using backward induction starting from a game in the evening.

In the subgame in the evening, suppose that |£| = 1, where | L] is the cardinality of L.
Then the optimal behavior strategy of company j € £ in the evening is monopoly pric-
ing given by (23) and it is Nash equilibrium of this subgame. Next, suppose that |£] > 1.
Sellers will buy preference information from one of the companies that sell the informa-
tion at the lowest price, because all companies in the set £ have the correct information.
Suppose that ¢, = minje, ¢; > 0. Then any company j € £ can raise its revenue by
setting the price of preference information as go} = @min — ¢ for a sufficiently small £ > 0
to attract all sellers. Thus, the only Nash equilibrium in the subgame in the evening with
|£| > 1 consists of ¢; =0 forall j € L.

We now analyze companies’ optimal decisions in the morning. The above analy-
sis shows that whenever |£| > 1, companies in the set £ end up making negative prof-
its as m = —p&/B. Suppose that there is one company j € {1, ..., J} with the strategy
(1 —p)D(mp) —Ns]/BN if|L]=1

if|1£] > 1
sponses of other companies j' # j are not to run the E-money business. Given that
all other companies j' # j do not run the E-money business, company j’s strategy
{R}, ¢;j} = {8/B, ¢} is the best response. Thus, for any j € {1, ..., J}, a profile of strate-
gies {{R}, ¢}, {R;, @i}ixj} = {{8/B, &}, {0, £}} constitutes subgame perfect Nash equilib-
rium. O

{R}, ¢;j} ={8/B, ¢}, where ¢ = . Then the best re-
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APPENDIX B: REWARD POLICY FOR USING E-MONEY

In the main body, we assumed that the company provides only the fixed reward to early
buyers for using E-money. However, the company can also provide proportional re-
wards: The company can subsidize the s, € [0, 1] and s, € [0, 1] fractions of the E-
money payments in the afternoon and evening, respectively.? In this appendix, we
show that the assumption that the company only provides the fixed reward is without
loss of generality by illustrating that the profit maximizing company does not provide
proportional rewards.

Given the fixed reward R, privacy cost 8§, and proportional reward s, > 0, early buy-

ers will either use E-money or P-money. If the early buyer chooses to use E-money, then
his/her surplus is

ssaﬂyzrr;ax{BR—s—yp(l — 5)qe +v(ge)}, (48)

and if the early buyer chooses to use P-money, then his/her surplus is

5p = max{—ypq, +v(g,)). (49)
P

Given the monopoly power, the company will set R and s, such that Sfarly = S;aﬂy.

By substituting the optimality conditions, yp(1 — »,) = v'(g.) and yp = v'(q),) into (48)

early early
e =S

and (49), respectively, the condition that S p ~ gives

BR=38—{—yp(l —5)v"  (yp(1 = 50)) + v(v' " (yp(1 - 504)))}
+{=ypv  yp) +v(v' " (vp)) }

Next, the company pays ps,q. units of E-money, which is backed by P-money, to sellers
in the afternoon as subsidies for buying goods with E-money in the afternoon market.
Combined with the fixed reward, the total cost of attracting each early buyer is given as

8+ [ypv’_l('yp(l — %a)) — v(v’_l(yp(l — %a))) — ypv’_l(yp) + v(v’_l(yp))].

Note that the term in the square bracket is strictly positive for all >, > 0 and zero with
4, = 0. Thus, it is optimal for the company to set s, = 0.

We now show that a company’s profit decreases with s, so it is optimal for the com-
pany to set s, = 0. Note that there is no reason for the company to provide any rewards
to late buyers for using E-money in the evening if early buyers do not use E-money in the
afternoon. Thus, we assume that early buyers use E-money. Similar to early buyers, late
buyers will either use P-money or E-money for evening transactions given the propor-
tional reward », > 0 and the fixed privacy cost 6. To analyze how s, affects a company’s
profit, we assume that late buyers choose to use E-money for evening transactions.

30Because evening transaction data have no value to the company, if the company provides any reward
to late buyers, it must be a proportional reward that could affect late buyers’ trade volume in the evening
market.
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Given that late buyers hold E-money, we can rewrite the bargaining problem in the
evening as

mzilx{aiu(x) — X+ Bred} (50)

subject to
—x + Bd = 0{a;ju(x) — x + Bc.d} (51)
(1 —3)d <me (52)

for each i e {H, L}. Let %{(m.) and c?f(me) denote the solution to the above maximiza-
tion problem given i € {H, L} and the late buyer’s E-money holdings m.. Note that
fcf(me) increases with ¢, whenever constraint (52) binds.
Given the proportional reward s, and late buyer’s E-money holdings ., sellers buy
all preference information if D¢(m.) > N'(s+ B¢)/[(1 — p)k(B)], where
D¢(m,) = 0{ aHu()AC?](me)) _)QH(me)‘i‘B%e‘%z{(me) (53)
— [aru(x] (me)) — £§ (me) + Bred] (me)]

is an increase in the seller’s trade surplus in the evening by preparing the production of
customized goods when the company provides proportional rewards for using E-money
in the evening.

Using the monopoly power, the company will set the price of preference information
as ¢ = [(1 — p)k(B)D*¢(m.) — N's]/BN and sell all preference information to all sellers.
The cost of running the E-money business consists of the fixed rewards to early buy-
ers for using E-money in the afternoon and s,d° units of E-money transfers in each
bilateral meeting in the evening as proportional rewards to late buyers. Then we obtain
discounted net profit as

Bm=(1—p)D*(me) = Ns—[pd+ (1 — p)yx.d®], (54)

where we impose the condition that «(B) = 1, because all early buyers use E-money in
the afternoon market, i.e., B = p, given that R = §/8.

Note that late buyers will minimize idle E-money that is not used in the evening
market. This implies that (1 — %e)c?f;[(me) = m, by (52). Then, from (51)-(53), we obtain

Brme — B[aru(XS (me)) — &5 (me) + Breeds (me)]. (55)

D(m,) = —x§;(me) + T

Note that the term apu(x] (m.)) — x§ (me) + ,B%ec%i(me) increases with s, as shown in
(50)—(52). Then, from (51), the binding (52), (54), and (55), we obtain

dBm) Oxime)  me(y—B)  dlaru(Ff(me) - (me) + Breds (m,)] “o
92, 2, (1 — 3,)? 2,
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This implies that it is optimal for the company to set ¢, = 0. Thus, the profit maximizing
company does not provide any proportional rewards: 3¢, = ¢, = 0.
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