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1 Introduction

We have seen increasing competition in the provision of currencies and ledgers for
settling transactions and contracts. BigTech consumer platforms have started to
offer their own tokens and/or payment services (e.g. Alibaba, Meta, Amazon). Large
supply chains have started to move payments and contracting onto shared ledgers (e.g.
Corning, Emerson, Hayward). The “DeFi” community has provided decentralized
ledgers to replicate traditional financial services (e.g. Ethereum, Solana). These
changes make it important to understand what happens to the macroeconomy when
a large, strategic, private institution provides the currency ledger. Can the ledger
controller improve contract enforcement? Can they extract additional rents? How
does a private token compete with public money? What is the likely market structure?
How should regulators respond? To address these questions, we build a dynamic
general equilibrium production model with private control of settlement assets and
ledgers.

In our baseline macroeconomic model, a profit-maximizing ledger operator has
monopoly control over a ledger technology that it uses to create its own currency.
The currency can be used to make payments and settle the contracts that can be
written on the ledger. Our environment is populated by agents who repeatedly in-
teract with the ledger. They arrive as producers without collateral, borrow resources
from financial intermediaries using contracts written on the ledger, hire labor to pro-
duce, sell their inventory, and then finally search as buyers for the opportunity to
purchase consumption goods. Buyers face a fixed fraction of sellers that exclusively
accept tokens, while the remaining fraction only accepts public money. The ledger
controller charges a fee for using their payment technology. While searching for buy-
ing opportunities, agents deposit their wealth into financial intermediaries, which lend
resources to producers and manage depositors’ liquidity needs.

We show that the monopoly ledger controller ensures that contracts are enforced
but also extracts rents from the economy. In an environment with only government
dollars and absent an alternative coordinating device, there is always an equilibrium in
which financial intermediaries secretly allow producers to default on loans from other
financial intermediaries and store their sales revenue with them. The ledger controller
chooses to eliminate this equilibrium by threatening to punish financial intermediaries
that do not cooperate on contract enforcement by seizing their token holdings and
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excluding them from the ledger. The more transactions that are paid for with private
tokens on the ledger, the easier it is for the ledger controller to inventivize contract
enforcement. So, the type of payment technology matters for the collateralizability
of future sales revenue. In other words, there is an enforcement-based rather than
an information-based synergy between payments and lending. The downside of this
arrangement is that the ledger operator also uses its market power to charge fees that
depress output relative to perfect competition.

Section 3 studies the competition between a private ledger operator and public
money to explore the fragility of the default-free credit market. Agents can now
choose whether to pay with the ledger’s token on a private trading technology or pay
with public money on a public marketplace. The ledger operator must incentivize
agents to use its payment technology. Charging higher markups reduces the fraction
of sellers accepting tokens. This tightens the incentive compatibility constraint on
financial intermediaries not accepting depositors who have defaulted on other financial
intermediaries. If the elasticity of agent substitution is sufficiently high, this forces
the ledger to lower markups, potentially making the provision of a no-default ledger
unprofitable.

Section 4 studies competition between two ledger providers. We show that the
emergent market structure is a platform that bundles ledger and trading technolo-
gies because this gives it greater exclusion power. So, tech platforms are the likely
providers of payment system ledgers. The dominance of Alibaba and WeChat in the
Chinese payment system might reflect their underlying advantages in trading tech-
nology. Competing private platforms that bundle ledger and trading technologies
will cooperate on contract enforcement so long as the gap between their respective
trading technologies is not too large and financial frictions do not prevent the less
efficient platform from committing to pay the more efficient platform. Otherwise, a
dominant platform emerges that attracts more trading and extracts higher rents. If
regulators allow platforms to cooperate on contract enforcement but encourage them
to compete on setting markups, then we recover a form of Bertrand competition with
low markups so long as sellers can easily switch between platforms. This suggests
that regulation of currency ledgers is only effective if policymakers also ensure agents
can easily move between tech platforms.

While we focus on currency competition across digital platforms, our macro model
can also be applied to the international financial system. In this case, the Federal
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Reserve Bank (or central bank of another large economy) provides the ledger, and
the currencies of small open economies are competing public monies. The Fed can
coordinate international banks on enforcement, but it can also use its power to extract
rents through fees or inflation taxes.

Literature Review: Our paper is related to the literature on the role of ledgers
and settlement assets in organizing trading systems. Aiyagari and Wallace (1991)
and Kocherlakota (1998) study how a planner can increase the contracting space by
updating a common ledger with trading histories. Freeman (1996b,a) and Coppola
et al. (2023) study how the choice of settlement asset creates or mitigates trading
frictions in the currency market. Our model shares many features with these pa-
pers. However, we consider an environment where a private, profit maximizing agent
controls the ledger. This brings an industrial organization perspective to the litera-
ture on ledgers and settlement assets. In Brunnermeier and Payne (2023), we extend
our model to study strategic information portability decisions in a contested market
setting.

Second, we relate to the literature on currency competition (e.g. Hayek (1976),
Kareken and Wallace (1981), Brunnermeier and Sannikov (2019)). Formally, our
baseline model in section 2 expands on a continuous time version of the two currency
cash-in-advance model from Svensson (1985). Our full model in section 3 endoge-
nizes currency demand using search and trading frictions in the tradition of the new
monetarist literature (e.g. Lagos and Wright (2005), Lagos et al. (2017)). To investi-
gate our IO-money perspective, the key features we need in our money model are: a
platform that controls both a currency ledger and trading technology, directed search
between trading and payment technologies, debt contracts specifying a settlement
asset, and government money as an outside payment option. The later feature is
shared with Lagos and Zhang (2019).

Third, we relate to the growing field of digital currencies. Instead of focusing on de-
centralized digital currencies such as cryptocurrencies (e.g. Fernández-Villaverde and
Sanches (2018), Benigno et al. (2019), Abadi and Brunnermeier (2018), Schilling and
Uhlig (2019), Cong et al. (2021)) or on central bank digital currency (e.g. Fernández-
Villaverde et al. (2020), Keister and Sanches (2019), Kahn et al. (2019)), we are part
of a less developed literature studying centralized digital currencies supplied by pri-
vate tech platforms (e.g. Chiu and Wong (2020), Cong et al. (2020), Ahnert et al.
(2022)). We argue that what makes “digital” currency special is its connection to a
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digital ledger and the associated increased contracting space.
Fourth, we relate to the literature on endogenizing debt limits when future in-

come is difficult to pledge. In our model, the ledger operator can incentivize the
repayment of debt contracts by threatening to seize assets and exclude agents from
using their ledger. In this sense, the type of payment technology used determines
the collateralizability of future sales revenue when purchasing inputs. This builds on
classic papers on contract enforcement (e.g. Kehoe and Levine (1993), Holmström
and Tirole (1998)) and the emerging literature on “digital collateral”, (e.g. Garber
et al. (2021)). Having a centralized platform can resolve the contracting issues across
the supply chain presented in Bigio (2023). It also relates to Kahn and van Oordt
(2022), where money is programmable and thereby offers users a commitment tech-
nology that stores resources in an escrow account until the payment is automatically
executed.

The presence of cash as an alternative unmonitored payment technology in our
model potentially allows agents to circumvent contract enforcement though “side-
payments”, similar to in Jacklin (1987). Rishabh and Schäublin (2021) shows the em-
pirical counterpart. They document that after an Indian fintech company disbursed
loans “digitally collateralized” by future digital sales revenue, borrowers’ non-cash
revenue drops. In our paper, the ledger controller resolves this enforcement difficulty
by incentivizing financial intermediaries to report defaulters to other intermediaries
so that they can coordinate on enforcement. This is in contrast to the literature,
which has focused on incentivizing debtors directly.

Finally, our model relates to the literature on platforms (e.g. Rochet and Tirole
(2003, 2006)). In our model, the platform strategically controls not only the trading
technology but also a currency ledger.

We structure the paper in the following way. Section 2 solves the model with a
monopoly ledger controller and exogenous currency demand. Section 3 introduces
platforms that bundle trading and ledger technologies and endogenizes agent choices
about where to trade. Section 4 introduces competition between strategic platforms
and explores regulation approaches. Section 5 concludes.
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2 Monopoly Ledger and Enforcement

In this section, we outline our “baseline” model of a monopoly provider of a common
currency ledger. This model is a continuous time version of the two currency cash-in-
advance model by Svensson (1985) but with the difference that one of the currencies
is provided on a common ledger by a large, profit maximising agent. We use this
model to highlight how a large ledger controller can both help and hurt the economy.
On the one hand, they can coordinate the financial sector to enforce non-default
but, on the other hand, they can use their monopoly power to extract rents and
distort production decisions. In this baseline model we limit agent choices to focus
on the monopoly ledger problem. In subsequent sections, we extend this model by
endogenizing currency demand and allowing competition between ledgers.

2.1 Environment

Time is continuous with infinite horizon. There is a “labor” input and a final “con-
sumption” good. The economy contains a continuum of agents, a continuum of mutual
funds, and a monopoly controller of the ledger technology.

Production, Preferences, and Life-Cycle: Each agent follows a “life-cycle”. Agents
arrive at rate 1 without resources but with a production technology to immediately
hire other agents’ labor, l, and produce consumption goods to be sold next period
according to the production function y = f(l) = zlα, where productivity z > 0 and
α ∈ (0, 1). We refer to these agents as “sellers”. After selling their production, agents
start providing labor inputs to producers at marginal disutility Ξ and searching for
consumption opportunities. We refer to these agents as “buyers”. Buyers find trades
at rate λ and once they find a trade they get log utility, u(c) = log(c) from consuming
c ≥ 0 consumption goods. After an agent gets a trading opportunity, they consume
and exit. All traders have a discount rate ρ throughout their life.

Currencies: At any point in time, there are two currencies circulating in the economy,
indexed byM∈ {0, 1}. CurrencyM = 0 denotes “dollars” issued by the government.
CurrencyM = 1 denotes digital “tokens” recorded on a centralized digital ledger run
by a profit maximizing controller. We assume that the ledger is programmed to sup-
ply tokens equal to the supply of dollars, M̄t, and the supply of dollars grows at
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fixed rate, µM . Trades must be transacted using currencies. We start by imposing
that a fraction η of goods-sellers only accept tokens and a fraction 1− η only accept
dollars. We endogenize η in later sections. To focus on issues in the goods market, we
assume that labor transactions can use either currency. The ledger operator charges
a markup ψ on the goods price to sellers using the ledger.

Funds: After selling their goods, each generation forms a continuum of competitive
mutual funds that invest their profits and provide insurance against the idiosyncratic
random arrivals of trading opportunities.1 On the asset side of a fund’s balance sheet,
a fund can make short term loans to producers, hold reserves of currency, and hold
equity in the ledger. On the liability side, the fund issues deposits. We assume that
the fund faces a “reserve-in-advance” constraint that it must hold reserves for at least
a fraction κ of searching depositors. Searching agents who do not find a trade bring
currency back to the fund. We assume that there is frictionless contracting between
the members of a particular fund and so the fund chooses (i) whether to allow their
depositors to repay loans to other funds and (ii) the currency allocations given to
buyers when they withdraw from the fund.

Ledgers, information, and contracts: The digital token provider organizes their tokens
through a centralized ledger, which, in this section, is the only universal record keeping
technology in the economy and is updated publicly at the end of each time period.
The funds also extend and commit to one period credit contracts via the ledger. We
start by assuming the ledger requires contracts to be settled using tokens and then
later allow the ledger to choose the settlement asset. We impose that a fund posting
a unit stock of wealth on the ledger makes loans at unit rate.2

The economy has information, enforcement, and monitoring frictions. Although
agents have publicly verifiable identities, there is no legal system that can fully enforce
contracts. This means that the ledger can always automatically enforce contracts
when trades are paid using tokens but agents can default on contracts when they

1We assume agents within a generation are assigned randomly to funds since agent assignment is
not important for the aggregate variables in equilibrium. For simplicity, as in Blanchard (1985), we
assume that after a fund forms it does not accept deposits from later generations. This is similar to
a “Lucas-family” structure for each generation.

2We impose this restriction for technical reasons to ensure that we can have a funds with a
positive measure of wealth in loans. Conceptually, it can be interpreted as a requirement that the
funds must commit to loans in advance by pledging wealth.
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trade using dollars. If an agent trades in dollars and defaults on a contract, then the
fund can recover only a fraction χ ∈ [0, 1) of the amount they are owed. The funds do
not know whether they are making loans to producers that accept dollars or tokens
and so cannot condition contracts on the payment received by the seller. The ledger
operator cannot see the identities of all the depositors who enter a particular fund
because some bring dollar cash. However, it can see the identities of any depositor
who is given tokens when they leave the fund because those currency transactions
must take place on the ledger. This means that if the ledger controller requests that
funds provide the identities of their depositors at formation (a “know-your-customer”
requirement), then the ledger controller can infer whether the fund is lying as soon
they give tokens to any agents withdrawing deposits.

Timing: Each period is divided into a morning and an evening sub-period. In the
morning, the timing is the following. (i) Producers start the period with inventory
and a (randomly chosen) payment type that they accept. Funds start the period with
currency holdings. (ii) The goods market opens. Depositors who get the opportunity
to purchase goods withdraw their wealth from the fund in the currency required by
the producer. Depositors and producers trading in a particular currency participate
in a competitive goods market.3 Depositors who purchase goods consume and exit.

In the evening, the timing is the following. (iii) Producers repay loans and deposit
revenue with the fund (or default and face potential punishment). (iv) The ledger
chooses policies for next period. We assume that the ledger operator can commit to a
policy one period ahead but cannot commit to a sequence of policies (across multiple
periods).4 (v) New producers arrive and privately learn which currency they accept.
(vi) The currency, asset, and labor markets open. Funds choose their asset portfolio
for the next period, including their currency reserves. New producers borrow from
funds, hire labor, and produce inventory.

Asset and markets: The economy has the following assets: dollars, tokens, producer
3The search literature often studies models where pricing is determined through one-to-one match-

ing and bargaining over prices. Throughout this paper, we instead consider segmented competitive
markets. We believe this is a closer approximation to the markets we are studying, especially in
later sections when we model trade taking place on platforms such as Amazon or Alibaba.

4We make this assumption to simplify the ledger problem. There are many other papers that
consider how promising policy paths can influence seigniorage revenue at time 0. We do not address
those questions in this paper.
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loans, risk free short term loans amongst funds in zero net supply, and equity in the
ledger. All asset markets are competitive. Following the monetary literature, it will
be helpful to distinguish between “dollar-goods” traded in dollar transactions and
“token-goods” traded in token transactions. Let PMt denote the units of currencyM
required to purchase an M-good in the morning goods market. Let Et denote the
nominal currency exchange rate in the evening market: the tokens required to pur-
chase 1 dollar. We typically use token-goods as the numeriare and use “real prices”
to refer to prices in terms of token-goods (and, where helpful, use “nominal prices” to
refer to prices in tokens). The corresponding real exchange rate is denoted by εt. Let
rt denote the real instantaneous rate on inter-fund loans and let rBt denote the real
interest rate on producer loans. Let qEt denote the real price of ledger equity. Labor
is traded in a competitive market at real wage w.

Technical restrictions: We assume that the economy starts with the steady state
measure of buyers and funds so the population dynamics are stationary and the total
mass of agents is 1/λ. At time 0, the ledger sells M0 tokens to the funds. We assume
that laborers receive wages scaled by their wealth to ensure we can solve fund problem
in closed form. Finally, we assume that α(1 + µM) < 1 to ensure that markups are
positive. Our technical assumptions in this section are guided by the desire to get a
closed form solution.

Discussion of the roles of money. The environment has an IO problem for the
ledger built on top of a general equilibrium monetary model. The monetary model
nests the three key roles of money: (i) store of value, (ii) medium of exchange, and
(iii) unit of account or use for contract settlement. Concerning the first role, for
κ > 0, the funds face a “reserve-in-advance” constraint, which in our continuous time
setting can be seen as a precautionary liquidity buffer to service depositors. This
constraint requires funds to store money across periods and so give up the higher
return on bonds or ledger equity. This determines the equilibrium price of both
currencies as well as the nominal and real exchange rates. As κ → 0, the funds can
satisfy depositors with a zero measure of money and so the opportunity cost of holding
money becomes irrelevant. In this case, the price of money becomes indeterminate,
similar to Kareken and Wallace (1981). Concerning the second role, agents need
to use particular currencies for particular trades and so both monies are used as a
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medium of exchange. The relative currency acceptance ratio η/(1 − η) indexes the
relative usefulness of tokens as a medium of exchange. Finally, concerning the third
role, the contracts require a denomination or settlement asset, which in our baseline
model is tokens.5

Modeling the ledger explicitly is required for digital money models because all
digital money trades must be recorded. This means these models must give serious
consideration to all three roles.

Discussion of the agent life-cycle: In our model, the agents follow a “life-cycle”
where they start as good producers, then later provide labor for other producers.
This ensures that producers need to borrow before they have any collateral.6 It also
ensures that agents interact with the ledger more than once so that exclusion from
the ledger is costly. If sellers did not have to return to use the ledger as buyers, then
there would be no way for the ledger operator to punish them for defaulting on loans.

Discussion of contracting difficulties: In our model, the ledger operator sees all
the trades that use their ledger but none of the trades that use dollars. By contrast,
the funds see money trades when dollars are deposited into their accounts. This
means that the ledger operator can enforce contracts when trades take place using
their ledger but can only enforce contracts off-ledger if the funds make producers
repay loans. This creates a coordination problem for contract enforcement during
dollar trades. Collectively, the funds would like the other funds to ensure depositors
do not default. However, individually, they would like to secretly accept depositors
who have defaulted and hide their sales revenue.

Discussion of ledger controller power: In this model, the ledger operator has a
number of ways to “exploit” their control of the ledger. They can take resources from
agents or funds holding wealth on the ledger, exclude agents from using the ledger,
and charge a fee for using the ledger. Observe that having the ledger technology is
only powerful if agents want to use the ledger. If no trade occurred on the ledger,

5We do not distinguish between the denomination of the contract and the asset used for settling
the contract.

6We would get qualitatively similar economic forces in a more “realistic”–but more challenging–
environment with long-lived firms so long as some firms have sufficiently little wealth that they need
to borrow.
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η = 0, then ledger control would not be useful. In this section, we treat η as exoge-
nous. In the subsequent sections, we focus on endogenizing η by allowing the buyers
and sellers to choose how to trade, and the ledger controller has to attract agents to
its payment technology.

2.2 Market Equilibrium Without Default

In this subsection, we solve for a recursive characterization of a stationary equilibrium
in which the currency-in-advance constraint is binding, the ledger sets a recursive
markup policy, and no agent defaults. We use these results to establish the incentive
compatibility constraint on not defaulting in the next section.

2.2.1 Fund Problem

Consider a fund that forms in the evening of t0. The fund starts each period t > t0

with a measure of agents remaining in the fund, It, reserves of dollars and tokens,
(M0

t ,M
1
t ), and holdings of other assets. In the morning goods market, the fund faces

the “reserve-in-advance” constraints:

κ
∫ It

0
λ(1− η)P 0

t c
0i
t ≤M0

t , κ
∫ It

0
ληP 1

t c
1i
t ≤M1

t ,

where PMt cMi
t denotes the units of currencyM the fund gives to depositor i withdraw-

ing currencyM at time t. It will be convenient to use token-goods as the numeraire
for setting up the fund problem. Let q0

t := Et/P
1
t denotes the token-goods price of

dollars, q1
t := 1/P 1

t denote the token-goods price of tokens, and εt := EtP
0
t /P

1
t de-

note the “real” exchange rate from dollars to tokens. Then, the “reserve-in-advance”
constraints become:

κ
∫ It

0
λ(1− η)εtc0i

t ≤ q0
tM

0
t , κ

∫ It

0
ληP 1

t c
1i
t ≤ q1

tM
1
t , (2.1)

In the evening asset market, let the real wealth of the fund be defined as: At :=
q0
tM

0
t + q1

tM
1
t + Bt, where Bt is the real market value of nonmonetary assets. Let

µqM denote the growth rate in the price of currencyM and and let µqE denote the
growth rate in the price of ledger equity. Since funds diversify across producer loans,
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there is no default, and there is no aggregate risk, it must hold that all non-monetary
assets, Bt, have the same return rt:

rt = rBt = πEt
qEt

+ µqE

where πEt are ledger dividends. The wealth of the fund across evening markets evolves
according to:

dAt =
((

rt + (µq0t − rt)(1− ϕt)θt + (µq1t − rt)ϕtθt
)
At

−
∫ It

0
λ
(
(1− η)εtc0i

t + ηc1i
t

)
di+ wtNtAt

)
dt (2.2)

where θt := (q0
tM

0
t + q1

tM
1
t )/At is the share of fund wealth in currency, ϕt :=

q1
tM

1
t /(q0

tM
0
t + q1

tM
1
t ) is the share of currency wealth in tokens, and Nt is aggre-

gate labor supply. The measure of agents in the particular fund evolves according
to:

dIt = −λItdt (2.3)

The fund solves problem (2.4) below:

V (At0 , It0) = max
c,ϕ,θ,l

{∫ ∞
t0

e−ρ(t−t0)
(∫ It

0
λ
(
(1− η)u(c0i

t ) + ηu(c1i
t )
)
di− ΞNt

)
dt

}
s.t. (2.1), (2.2), (2.3)

(2.4)

where Ξ is the disutility from provision of labor7 and the initial conditions are At0 =
λ
(
(1− η)π0

t0 + ηπ1
t0

)
and It0 = 1, where πMt is the profit that a producer makes in

currencyM transactions at time t.

Theorem 1. Fund depositors supply labor elastically Nt ∈ [0,∞) when wt = 1. If
µq0t = µq1t = µqt and the reserve-in-advance constraint binds, then all funds choose
currency portfolio and consumption:

θt = ρ+ λ

rt − µqt + 1/κ, ϕt = η, c0i = 1
εt

θtAt
κλIt

ai0
A0
, c1i = θtAt

κλIt

ai0
A0

7We choose the disutility of labor to ensure so that we get elastic labor supply and wt = 1.
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where ai0 is the real wealth brought to the fund by agent i. The value function of a
fund with wealth At and mass of depositors It is:

V (At, It) =
(
β log

(
At
It

)
+ vt

)
It, where β := λ

ρ+ λ

and where, in a stationary equilibrium vt is given by:

v = λ

ρ+ λ

[
log

(
θηη(1− η)1−η

λκε1−η

)
+ ū0 + β(r − ρ)

]

where ū0 =
∫ 1

0 u(ai0)di.

Proof. See Appendix A.

The solution to the fund problem allows us to solve for the aggregate choices of
the fund sector. Let j index the funds and i index the depositors. All funds choose
the same asset portfolio so aggregate demand for assets across all funds is given by
the following:

M0
t = (1− ϕt)θtAt, M1

t = ϕtθtAt, Bt = θtAt,

where At :=
∫
j A

j
tdj the aggregate wealth of the fund sector. Since the economy starts

with the steady state distribution of buyers across funds we also have that aggregate
consumption inM-currency trades is given by:

CMt =
∫
ij
cMjididj =

∫
ij
1iM

θAjt

εM1κIjt

aij0
Aj0
didj = ηMθ

κεM1At.

where 1iM is an indicator for whether agent i finds a seller that accepts paymentM.

2.2.2 Producer Problem

Suppose that producers believe that contracts will be enforced. Taking prices and
returns as given, a producer accepting currency M chooses labor, lMt , to produce
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inventory, nMt = z(lMt )α, financed by borrowing, bMt = P 1
t wtl

M
t , to solve (2.5) below:

max
nMt ,bMt

{
Π
(
nMt , b

M
t

)}
, s.t.

Π(nMt , bMt ) := EM1PMt (1− ψM)nMt − (1 + rBt )bMt (2.5)

where Π is profit in tokens, ψM is the markup for trading using currency M, and
EM1 is the exchange rate from currencyM to 1 so E01 := E and E11 := 1. Taking
the FOC gives producer labor demand, output, and profit to be:

lMt =
(
αzεM1

t (1− ψM)
w(1 + rB)

) 1
1−α

, yMt = z

(
αzεM1

t (1− ψM)
w(1 + rB)

) α
1−α

πMt =
(
αzεM1

t (1− ψM)
wα(1 + rB)α

) 1
1−α (1− α

α

) (2.6)

where πM is real profit for producers accepting currencyM, w is the real wage, and
we have used the following notation ε01

t := εt = EtP
0
t /P

1
t and ε11

t := 1 for the real
exchange rate.

2.2.3 Recursive Market Equilibrium

We look for a recursive, stationary, monetary equilibrium8 with state variables, which
we denote by (·), and is simply Mt in our setting.9 Suppose that the ledger operator
chooses a recursive policy ψ(·). Then, equilibrium is defined formally below.

Definition 1. Given a ledger policy rule, ψ(·), a competitive equilibrium is a col-
lection of functions for prices, (r(·), rB(·), q0(·), q1(·), ε(·), qE(·)), fund choices, (c0i(·),
c1i(·), ϕ(·), θ(·), A(·), V (·)), producer choices, (l0(·), l1(·)) such that: (i) given prices,
the fund choices solve the HJBE associated with problem (2.4), (ii) given prices,

8We do not consider the possibility of non-stationary equilibria in which the growth rate in the
price of money is non-stationary.

9In principle, the state variables are: Xt = (Ijt ,M
0j
t ,M

1j
t , A

j
t )j≥0, where Ijt is the mass of buyers

in the fund j, MMj
t is the quantity of currency M in fund j, and Ajt is the wealth of the fund j.

However, we will have aggregation so we will not have to track the distribution of states. We assume
that I0 = Ī so we start in the steady state. Finally, we show that

∫
i
Ajtdi is a function of M0

t and
M1
t .
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producers solve problem (2.5) and (iii) markets clear:

C0(·) = (1− η)y0(·), C1(·) = ηy1(·),

(1− ϕ(·))θ(·)A(·) = q0(·)M̄, ϕ(·)θ(·)A(·) = q1(·)M̄

(1− θ(·))A(·) = w((1− η)l0(·) + ηl1(·)) + qE(·),

L(·) = (1− η)l0(·) + ηl1(·)

where CM(·) =
∫
ij c
Mij(·)didj is aggregate consumption in currencyM trades across

all agents i in all funds j, A(·) =
∫
j A

j(·)di is aggregate wealth across funds, and L(·)
is aggregate labor supply.

We characterize the equilibrium prices in closed form below. As is standard in
“currency-in-advance” models, the environment has money neutrality in the sense
that the level of money supply does not affect real variables.

Corollary 1. The real prices are:

w(·) = 1, ε(·) = (1− ψ(·))α, qE(·) =
∫ ∞

0
e−ρs

ξ(·t+s)
ξ(·) πE(·t+s)ds,

r(·) = rB(·) = ρ+ λ−
(

1− η
ε(·) + η(1− ψ(·))

)
θ

κ
+ µy1(·) + S(·)µS(·)

S(·) + 1/κ

(2.7)

where ξ(·) = ∂AV (·) is the marginal discount factor, πE(·) is the profit from the ledger,
S(·) = r(·)−µq is the spread between the return on bonds and money, µSt is the growth
rate of this return spread, y is the output in token trades, and µy1 is the growth of
output in token trades. Given price equations (2.7), we can solve for labor and output
using equations (2.6). Output is:

y0
t = z

(
αz(1− ψ(·))α

1 + r(·)

) α
1−α

, y1
t = z

(
αz(1− ψ(·))

1 + r(·)

) α
1−α

(2.8)

Having solved for the real economy, the currency prices are given by:

q0(·) = κε(·)(1− η)y0(·)
M̄

, q1(·) = κηy1(·)
M̄

Proof. See Appendix A.

To understand the equilibrium, observe that the real exchange rate is given im-
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plicitly by the ratio of output in token trades to dollar trades:

εt = y1
t

y0
t

=
(

1− ψ
εt

) α
1−α

since buyers and sellers cannot choose which currency to use. So, if the ledger in-
creases its fee, then it decreases production in token trades, which makes token-goods
relatively scarce and so leads to a decrease in the real exchange rate εt (i.e. a relative
real depreciation in dollars and real appreciation in tokens).

2.3 Incentive Compatibility Condition for No-Default

Now, we consider the possibility of default and derive the incentive compatibility
condition under which ledger threats can enforce a no-default equilibrium. We first
show that without the ledger, the economy has default. We then show that if η is
sufficiently high, then the ledger can use threats to eliminate default.

2.3.1 No Ledger Punishment For Default

Suppose the common ledger operator chooses not to punish funds that allow their
depositors to default (or there is no common ledger in the economy). Then, there is
always an equilibrium in which the funds accept depositors who defaulted on their
credit contracts. Why? The agents have public identities, so funds can report agents
who default. However, the funds cannot track to which other fund an agent goes
after defaulting. Even if funds could track, they are not able to exclude them from
future trades. And, even if funds could exclude defaulting depositors, they would not
want to do so because they do not internalize their aggregate impact on their actions
on the default rate. So, there is always an equilibrium in which each fund accepts
depositors who default on loans from other funds.

Corollary 2. If the ledger operator does not punish default (or no ledger exists in
the economy), then there is always an equilibrium where funds default.10

Proof. Suppose that other funds are defaulting and the ledger is not punishing agents
for defaulting. Then, a fund allows its agents to default because it increases the initial

10If the funds are able to share information to “reconstruct” the ledger, then it is possible there is
an equilibrium where they can sustain cooperation through a “folk-theorem” style agreement. Such
an equilibrium would be not be unique and we do not look for such equilibria.
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wealth per depositor in the fund, A0/I0, and the value of the fund is increasing in
wealth per depositor.

2.3.2 Ledger Punishment For Default

Now suppose that the ledger (i) asks funds to report the identities of the agents in
their fund, and (ii) excludes any funds that allow their depositors to default. In our
information environment, the ledger can establish if a fund’s agents have defaulted as
soon as it gives tokens to their depositors. So, if fund allows its depositors to default,
then it is excluded from the ledger and can only hold dollars.

Fund Problem Under Default: Suppose that the fund chooses to accept defaulting
agents and so is excluded from the ledger. In this case, the fund can only save into
dollars and so the cash-in-advance constraint becomes non-binding. Then the fund
solves the standard consumption-saving problem (2.9) below:

V (A0, I0) = max
c0

{∫ ∞
t0

e−ρ(t−t0)
(
λ
∫ It

0
(1− η)u(c0i

t )di− ΞtNt

)
dt

}

s.t. dAt =
(
µq0t At − λ

∫ It

0
(1− η)εtc0i

t di+ wtNtAt

)
dt

dIt = − λItdt

(2.9)

We can observe that depositors now only trade at the rate λ(1− η) because they can
only trade when they find sellers that accept dollars. In addition, they cannot access
the real interest rate, rt, and so their return on assets is simply the growth rate of
the real dollar price.

Corollary 3. The value function of a defaulting agent satisfies:

V̌ (At, It) =
(
β̌ log

(
At
It

)
+ v̌t

)
It, where β̌ := λ(1− η)

ρ+ λ(1− η)

and where, in a stationary equilibrium, v̌t is given by:

v̌t = β̌(β̌ − log(β̌)) + ǔ0 + β̌

ρ+ λ(1− η)

(
µq0t −

λ(1− η)
β̌

)
.

where ǔ0 =
∫ 1

0 u(ǎi0)di.
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Proof of Corollary 3. See Appendix A.

Note that the discount rate of a fund under default is β̌ := λ(1−η)
ρ+λ(1−η) instead of

β = λ
ρ+λ because depositors can now only trade at rate λ(1 − η). This implies that,

for a given At < ∞, as η → 1, the fund is essentially useless and so fund value goes
to zero V̌ (At, It)→ 0.

Production Under Default: Suppose that the producer believes they will default when
they trade in dollars. Then, instead of repaying the full loan (1 + rBt )b0

t tokens, they
only repay χb0

t . Thus, under default, the producers choose labor, output and profit:

ľ0 =
(
αzε

χ

) 1
1−α

, y̌0 = z

(
αzε

χ

) α
1−α

π̌0 = ε

(
αzε

χ

) 1
1−α (1− α

α

)

Fund Default Decision: Now, finally, consider the problem of a fund that forms at t0
and is deciding whether to accept defaulting agents. A fund forces its depositors to
repay if the following incentive compatibility condition is satisfied:

V (At0 , It0) ≥ V̌ (Ǎt0 , It0)

⇒ β log(At0/It0) + vt ≥ β̌ log(Ǎt0/It0) + v̌t

where At0 is the initial wealth of a fund that does not allows their depositors to default
and Ǎt0 is the initial wealth of a fund that allows their depositors to default:

At0 = (1− η)π0
t0 + ηπ1

t0

Ǎt0 = (1− η)π̌0
t0 + ηπ1

t0

After rearranging, the incentive compatibility condition becomes:

log


(
Ǎ0/Ǐ0

) λ(1−η)
ρ+λ(1−η)

(A0/I0)
λ
ρ+λ

 < λ(1− η) log
(
ε

λη
(ρ+λ)(ρ+λ(1−η))
t

)

+
(

1
ρ+ λ

− 1
ρ+ λ(1− η)

)
ū0

+β(rt − ρ)− β̌(µq0 − ρ− λ(1− η))
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where the left-hand-side is the potential benefit of default and the right-hand-side
is opportunity cost of no longer being able to trade using tokens or access the loan
market through the ledger.

Corollary 4. If χ > 0 and z and η are sufficiently high, then funds ensure their
depositors repay loans to other funds.

Proof. Since χ > 0, we have that Ǎt0 < ∞. So, if η → 0, then V̌ (Ât0 , It0) → 0. If z
is sufficiently large, then V (At0 , It0) > 0 and so the result follows.

2.4 Ledger Controller Problem

Now, finally, we can consider the problem of the ledger operator. We suppose that
χ > 0 and η and z are sufficiently large that the ledger operator can successfully
select the no-default equilibrium by threatening to exclude funds that accept deposi-
tors who default. We assume that the ledger operator internalizes their impact on the
goods market and default rate but takes the fund discount factor, ξt, the real interest
rate, rt, and the real exchange rate, εt, as given.11

Ledger problem at t > 0: In this case, for each period, t > 0, the ledger operator
chooses whether funds default on contracts, D ∈ {0, 1}, and sets the fee, ψ, to solve
(2.10):

ρV (Mt) = max
D,ψ

{
ξt(ψηy1(ψ,D) + q1

tµ
MMt) + ∂MV (Mt)µMMt

}
s.t.

y1(ψ,D) = z

(
αz(1− ψ)
1 + rBt (D)

) α
1−α

, q1(Mt) = ηy1(ψ,D)
Mt

,

Other market clearing conditions,

(2.10)

11We set up the monopoly problem in this way for a number of reasons. Firstly, we believe it
is closer to reality to think about ledger operators and trading platforms that have market power
in the goods markets they control but do not internalize their impact on aggregate consumption
in the economy. Secondly, for log utility, allowing the platform to internalize their impact on the
household’s discount factor leads to the result that the platform is indifferent about the amount of
output produced in the problem because low output is exactly offset by a high household marginal
value of output. These issues (and additional issues about the choice of numeraire) are discussed
in Kelsey and Milne (2006) and Böhm (1994). A detailed discussion of how to define the objective
function for a monopolist is beyond the scope of this paper. Finally, this specification gives us a
closed form solution to the ledger problem.
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where ψηy1(ψ,D) is the markup revenue from transactions using the ledger, q1
tµ

MMt

is the seigniorage revenue from the growth in money supply, and rBt (D) is the loan
interest rate under default decision D with D = 1 indicating default occurs. Since the
ledger operator cannot commit to a markup across periods and its choice of markup
and contract enforcement do not influence the evolution of Mt, the ledger operator
solves the static problem:

max
D,ψ

{
η(ψ + µM)y1(ψ,D)

}
.

Theorem 2. The ledger operator chooses the no-default equilibrium, sets transaction
fee ψ = 1− α(1 + µM) > 0, and earns the flow profit πE = (1− α)(1 + µM)ηy1.

Proof. See Appendix A.

The ledger operator prefers the no-default equilibrium even though they are not
making loans. The intuition is as follows. Substituting the optimal choice of ψ into
equilibrium output under no default, (B.3), gives that production for money and
token trades is:

y0 = z
(
αzε

1 + r

) α
1−α

< y0,PC , y1 = z

(
α2(1 + µM)z

1 + r

) α
1−α

< y1,PC

where ε = (1− ψ)α = (α(1 + µM))α, and yM,PC is production in currencyM trades
under perfect competition (with ψ = 0). If default occurs, then lenders raise the
interest rate to cover the losses on default and so production is:

y̌0 = z

(
αzε̌

χ

) α
1−α

, y̌1 = z

(
α2(1 + µM)z

1 + r + δ

) α
1−α

< y1 < y1,PC ,

where ε̌ = ((1−ψ)χ/(1+r+δ))α = (α(1+µM)χ/(1+r+δ))α and δ = (1−η)(1−χ) > 0
is the average default rate. So, the default equilibrium distorts production away from
token trades because loans are only repaid in the token trades and so the higher
interest rate is only paid on token trades. This ultimately decreases ledger profit.

We can also observe that although the ledger operator implements the first best
contract enforcement outcome, they do not deliver the competitive level of output
because they charge markups, which distorts the real exchange rate and production
in trades on the ledger.
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Ledger value at time t = 0. At time 0, the ledger sells M1 tokens and gets value

V 0(M0) = q1M1 + V (M0) = κηy1 + πE

ρ

where the first term is seigniorage revenue, and πE = (1 − α)(1 + µM)ηy1 is ledger
profit. Since q1M1 = κηy1 and y1 is independent of M1, the ledger is indifferent
about initial token issuance. This means it as without loss of generality to assume
that the ledger chooses the same initial money supply as the government. We can
also observe that seigniorage revenue goes to 0 as κ → 0 because money does not
have to be stored in-advance for trading.

Payment technology as a way to collateralize sales revenue: In this economy,
the type of payment technology matters for the collateralizability of future sales rev-
enue. Trades made using tokens on the common ledger can always be used for the
repayment of contracts and so essentially act as “collateral” for borrowing. Trades
made using dollars are not automatically used for the repayment of contracts and so
can only be used as collateral if the financial intermediaries coordinate on reporting
and excluding defaulting agents. In this sense, the model is setup so the controller of
the currency ledger can choose to what extent future sales revenue can be collateral-
ized across the economy.

Trade-off between contract enforcement and rent extraction: This simple
equilibrium model illustrates a key trade-off with having a common ledger. On the
one hand, the ledger controller takes actions to get agents to cooperate on enforcing
default by threatening to seize their resources and exclude them from the ledger. In
this sense, we get a “fortuitous” alignment of incentives where the ledger wants to
force the funds to behave in the way that funds would choose if they could agree to
coordinate. However, on the other hand, the ledger controller has a monopoly over
the provision of ledger services and so is able to extract rents by charging a high
transaction fee. The inefficiency shows up in the depressed output in token trades
compared to the one under perfect competition.

A natural monopoly dilemma: We can also see that there is a type of natural
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monopoly force in this economy. The more trade that uses the ledger (the higher is
η), the more easily the ledger controller can enforce contracts. For example, suppose
that the minimum η for which the no-default incentive compatibility constraint holds
is greater than 1/2. In this case, there is no way for multiple ledgers to operate in
the economy and enforce contracts unless they cooperate on enforcement. In other
words, one large ledger provider can better enforce contracts than a collection of non-
cooperative smaller ledger providers. So, a regulator in this environment needs to
find a way to get a monopoly ledger provider to behave more competitively or have
multiple large ledgers compete on markups while coordinating on contract enforce-
ment. We take up these questions in section 4.

Choice of settlement asset: So far, we have assumed that the ledger had a tech-
nological constraint that contracts were denominated and settled in tokens.12 We
also assumed that contracts were settled in the evening and so producers could access
the competitive currency market during settlement. If we relaxed these assumptions,
then the ledger operator would choose tokens as the settlement asset on their ledger
if transaction costs were sufficiently high. We formalize this argument in Appendix
C.

2.5 Interpretations of the Ledger Controller

So far, we have not given an interpretation to the ledger provider or an explanation
of which institution in the economy would provide the ledger. Some natural inter-
pretations are that the ledger provider is a tech platform, an international payment
platform, or government.

Interpretation as tech platform: In the subsequent sections, we will interpret the the
ledger controller as a tech platform that also controls a trading technology. In this
case, we can think about the agents as participating in a supply chain where the tech
platform says that they must use their ledger in order to trade on their platform.
This offers a non-bubble explanation of why a particular settlement asset and ledger
are used in equilibrium. We are going to focus on the implications of endogenizing
ledger demand in this way and argue that they have advantages in providing the

12In many currency ledgers we observe in the world, this is a technological constraint.
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ledger technology.

Interpretation as payment system: A related interpretation is that the ledger is pro-
vided by an international payment system like Paypal that allows users to hold cur-
rency balances. We can think about this interpretation as a special case of the model
in the final section in which the ledger is separate from the trading technology. As
we will see, there are reasons to think that such a combination would be dominated
by a platform bundling ledger and trading technologies.

Interpretation as international currency: An alternative interpretation is that the
ledger is provided by a large, foreign government and the money is provided by the
domestic economy. For example, we can interpret the ledger controller as the Federal
Reserve Bank and the money provider as a small open economy. In this case, we
can interpret the results as saying that the Fed can coordinate international banks
on enforcement but can also extract rents (e.g. through fees or an inflation tax in an
expanded model). This offers a possible resolution to a long-standing puzzle in the
international banking literature that it is unclear how international banks coordinate
on excluding borrowers. We leave this interpretation for future work.

3 Competition Between Private Platform and Pub-
lic Currency

The model in the previous section illustrates that a monopoly ledger operator can
both incentivize contract enforcement across the financial sector and extract rents.
However, it left important questions unanswered. What is the impact of competition
when agents can choose their payment method? Does competition mitigate the rent
seeking behavior of the ledger operator? Can the ledger still incentivize the financial
sector to coordinate on the no-default equilibrium?

To answer these questions, we enrich the model from the previous section. We
introduce a platform that controls both a goods trading technology and ledger tech-
nology. We allow agents to chose where to trade goods and we allow the platform to
force agents to use their ledger when they use their trading technology. This means
that currencies are backed by the usefulness of the platform’s trading technology.

23



We use this model to study competition between the ledger and a public market-
place with public money. We show that when agents have a high elasticity of sub-
stitution, the need to incentivize no-default disciplines the markup behavior of the
platform but does not restore a competitive equilibrium. If elasticity is sufficiently
high, then then the platform becomes unwilling to ensure a no-default equilibrium.
In the next section, we study competition between private platforms.

3.1 Environment Changes

The environment is the same as in section 2.1 but with the following modifications:

Labor market, goods market, and trading frictions: We keep the labor market com-
petitive and frictionless.13 By contrast, we introduce frictions into the goods market.
Buyers must choose where to trade consumption goods. At any point in time, there
are two trading technologies for connecting buyers and sellers, indexed by L ∈ {0, 1}.
Trading technology L = 0 is not controlled by anyone and is referred to as the
“public” marketplace. Trading technology L = 1 is controlled by a profit maxi-
mizing organization, which we refer to as the private platform. In addition to the
pecuniary benefits from trading on a platform, each time period, t, for each plat-
form, L ∈ {0, 1}, each agent, i, gets an idiosyncratic, independent amenity draw
for trading on that platform.14 For sellers, the draw is distributed according to
ζsLit ∼ log(ζL) + Gu(1/γs,−(1/γs)E), where E is the Euler–Mascheroni constant and
ζL is a platform specific component that characterizes the average service quality
provided by the platform to sellers. For buyers, the draw is distributed according
to ζbLit ∼ log(ζL) + Gu(1/γb,−(1/γb)E). For convenience, we normalize ζ0 = 1 and
denote ζ1 = ζ. We do not impose a physical interpretation on the amenity values but
they could be modeled as idiosyncratic search costs or good quality.15 In the evening
of each period, sellers observe their amenity and then choose on which market to post

13This assumption is without loss of generality. We could also have included a frictional labor
market. Leaving the labor market competitive simplifies the algebra.

14We introduce idiosyncratic risk in order to avoid “bang-bang” solutions to the platform choice
problem. Our model uses tools from the discrete choice literature. This is analogous to assuming a
CES preference function across the trading technologies.

15For the cost interpretation, note that the Gumbel distribution takes values across the real line
and so ζbLi would represent a normalized cost. For the good quality interpretation, observe that we
can write the total utility of a buyer receives as: log(eζLi

ζbLc) and so eζLi

ζbL is essentially scaling
the utility that the buyer gets from the good they consume.
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trading offers. In the morning of each period, buyers observe their amenity and then
choose on which trading technology to search for trades. As before, buyers find trades
at rate λ. A competitive market then opens on each trading technology amongst the
sellers and buyers who found trading opportunities. As before, the platform charges
a markup ψ on sellers.

Currencies and Currency Market Frictions: Once again, at any point in time, there
are two currencies circulating in the economy, indexed byM∈ {0, 1}. However, now
currency M = 1 denotes digital “tokens” issued by the private platform and orga-
nized on a digital ledger controlled by the platform. We assume that when buyers
choose where to trade consumption goods, they request to withdraw their deposits
from the fund in the currency that is used on the trading technology. We assume
that sellers accept dollars in the public marketplace and the platform mandates that
sellers can only accept tokens when trading on the private platform.

Discussion of platform role: The platform controls the two key technologies in this
economy: a trading technology for connecting buyers and sellers in the goods market
and the common record keeping ledger technology. They use these technologies to
ensure three services are provided to this economy: uncollateralized credit extensions
to producers, a trading technology in the consumption goods market, and a token
currency that can used for storage and exchange:

(i) Similar to before, the platform is able to use their control of the trading technol-
ogy and the ledger technology to disincentivize default by threatening to take
resouces from funds who accept defaulting depositors.

(ii) The platform provides a differentiated trading service. As in other discrete
choice models, the scale parameters, γb and γs, determine the elasticity of sub-
stitution between the trading service offered by the private platform and the
public marketplace. The ratio ζ characterizes the relative average advantage (or
disadvantage) of the private platform. Conceptually, we can think about γ and
ζ as characterizing the “movability” or “interoperability” between platforms.

(iii) In the previous section, we exogenously imposed that agents valued the tokens
on the ledger. Here, the platform tokens are valued because the platform re-
quires them to be used on their trading technology. In this sense, the tokens are
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“use-tokens” backed by the benefit of being able to access the trading platform
(instead of being a pure “bubble”).

Discussion of feedback and network effects: While our environment has feed-
back through the real exchange rate between currencies, it does not have feedback
through a matching function, as is common in the platform literature. The later
could be introduced into the model by having the relative trading advantage of the
platform, ζ, depend on the fraction of buyers and sellers trading on the platform.

3.2 Market Equilibrium

In this subsection, we solve for the recursive characterization of a stationary equilib-
rium with agent choice about where to trade. We first characterize the buyer and
seller problems under no-default. We then characterize the market prices. Finally,
we characterize the incentive compatibility constraint for no-default when agents can
choose where to trade.

3.2.1 Buyer and Seller Problems

The agent problems are very similar to those in subsection 2.2. The main difference
is that now both the buyers and sellers choose a technology on which to trade goods
and funds internalize this choice when choosing their currency reserves.

Buyer search problem: Suppose that a buyer has deposits with token-goods value at
in a fund. Taking price processes as given, a buyer chooses on which platform to
search to solve problem (3.1) below:

max
c,L

{
ζbLiτ + u(cLτ )

}
s.t. cLτ ≤ εL1

τ aτ , ∀L ∈ {0, 1}, (3.1)

where L ∈ {0, 1} is the platform on which the buyer is searching at time t, ζbLit is
the idiosyncratic amenity of searching on platform L at time t, and εL1

τ aτ is depositor
wealth in terms of goods on platform L.

Seller posting problem: The seller problem is similar to in section 2.1 except that now
the seller also chooses a platform on which to trade (and so a currency to accept).
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That is, the seller chooses platform, L ∈ {0, 1}, to solve problem (3.2) below:

V s
t = max

L

{
Et
[
ζsLit + V b(πLt , At/It)

]}
s.t. (3.2)

πLt =
(
αzεL1

t (1− ψL)
wαt (1 + rBt )α

) 1
1−α (1− α

α

)
,

where V b(·, At/It) is the value of being in a fund with At/It and πLt is the profit a
seller earns under their optimal choice of labor when selling on platform L.

Lemma 1 summarizes the buyer and seller decisions about where to search.

Lemma 1. Let ηb and ηs denote the fraction of buyers and sellers directing trade
towards platform 1.16 Then, under no-default we have:

ηb =
1 +

(
1
ζεt

)γb−1

, ηs =
1 +

(
εt

ζ(1− ψ)

)βbγs−1

(3.3)

Proof. This is a standard discrete choice problem. See Appendix B.2 for the details.

We can see that, holding everything else constant, an increase in the private
platform trading advantage, ↑ ζ, and an improvement in the real currency exchange
rate for buyers on the private platform, ↑ εt, leads to an increase in the fraction of
buyers that choose to trade on the private platform. Likewise, an improvement in
the currency exchange rate for the seller receiving tokens, ↓ εt, leads to an increase
in the fraction of producers choosing to sell on the private platform.

3.2.2 Fund Problem

The fund problem is the same as problem (2.4) in subsection 2.2.1 except that the
fund now anticipates the buyer choice about where to trade. We set up the problem
in detail in appendix B.2. Here, we just state the key results about portfolio choice in
Lemma 2 below. Essentially the fund makes the same portfolio choice as before but
now sets the fraction of currency reserves in tokens to match the buyer choice about
where to trade.

16Where convenient, we will use ηbL and ηsL to denote the fraction of buyers and sellers directing
trade towards platform L.
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Lemma 2. The fund excludes defaulting depositors if:

β log
(
Ǎt
At

)
≤ β log

βθ
(ζ0

ε

)γb
+ (ζ1)γb

1/γb
ε

ζ0

+ β

ρ+ λ
(r − µq) (3.4)

where Ǎt and At denote the wealth brought to the fund if depositors do and do not
default on loans. In this case, the fund chooses the portfolio:

θt = λ

β(rt − µqt + 1/κ) , ϕt = ηbt

Proof. See Appendix B.2.

The key difference is that now the IC constraint on deterring funds from defaulting
depends upon ψ in a way that the platform will internalize because the buyers choose
where to trade. This means that as the platform changes ψ, it must consider how
this impacts the no-default IC-constraint.

3.2.3 Market Equilibrium

The market equilibrium is defined the same way as in Section 2.2.3 so we leave the
full characterization to Appendix B.3. The only difference is that now the fraction
of buyers and sellers trading on each marketplace is endogenous. This means that
goods market clearing conditions now become:

(1− ηst )y0
t =

∫
ij
c0ji
t didj, ηst y

1
t =

∫
ij
c1ji
t didj

Combining the goods market clearing equations with the asset market clearing and
the fund reserve-in-advance requirement gives that:

(
ηst

1− ηst

)(
y1
t

y0
t

)
= εt

(
ηbt

1− ηbt

)

This equation tells us how buyer and seller demand for platform trading services end
up influence the real exchange rate. It is helpful to recall that εt is the real exchange
rate from dollars to tokens. So, an increase (decrease) in εt is an an appreciation
(depreciation) of dollars and a depreciation (appreciation) of tokens. An increase in
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production on the private platform, ↑ ηst y1
t , leads to an increase in εt because it makes

token-goods relatively plentiful. By contrast, an increase in the fraction of buyers
trading on the private platform, ↑ ηbt , drives up demand for tokens and so leads to a
decrease in ↓ εt. Ultimately, this generates endogenous “feedback” through the real
exchange rate: if buyer want to hold tokens, then tokens appreciate and more sellers
want to trade in tokens.

Substituting in the expressions for ηbt , ηs, y0
t , and y1

t and then rearranging gives
that the equilibrium real exchange rate is:

εt =
[
ζβ

bγs−γb(1− ψ)βγs+
α

1−α
] 1

1
1−α+βbγs+γb

This nests the previous section as a special case when γb = γs = 0 and so ηb = ηs.

3.3 Platform Problem

The ledger controller now faces a more complicated problem because its choices im-
pact the fraction of buyers and sellers trading on their platform, (ηb, ηs), and so the
incentive compatibility constraint on agents not defaulting. We also allow the plat-
form to internalize their impact on ε. We restrict attention to the case where the
ledger operator implements the no-default equilibrium and only discuss the problem
for t > 0 since the value at t = 0 is the same as before. In this case, each period
t > 0, the ledger operator chooses the fee, ψ, to solve problem (3.5) below:

ρV (Mt) = max
ψ

{
ξt
(
ψηs(ψ)y1(ψ) + q1(ψ)µMMt

)
+DMV (Mt)µMMt

}
s.t. y1(ψ) = z

(
αz(1− ψ)

1 + rt

) α
1−α

, q1(ψ) = κηs(ψ)y1(ψ)
Mt

,

Fractions ηb and ηs satisfy (3.3),

The IC constraint (3.4) is satisfied,

Other market clearing conditions,

(3.5)

where we can observe that we now have additional equations for the fraction of trade
on the ledger and the incentive compatibility constraint on the funds forcing their
depositors to repay loans. As before, since the ledger operator cannot commit to a
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markup process across periods and its choice of markup and contract enforcement do
not influence the evolution of Mt, the ledger operator solves the static problem:

max
ψ

{
ξtη

s(ψ,S)
(
ψ + µM

)
y1(ψ,S)

}
s.t.

The IC constraint (3.4) is satisfied

Corollary 5. For γs, γb sufficiently small and ζ1 sufficiently large, the IC on non-
default constraint does not bind and the platform chooses markup:

ψ∗ = arg max
ψ

{
η(ψ,S)(ψ + µM)y1(ψ,S)

}

Proof. As γb, γs → 0, ηb, ηs → 1/2 and so the IC constraint becomes:

β log
(
Ǎt
At

)
≤ β log

(
βθζ1

)
+ β

ρ+ λ
(r − µq)

For ζ1 sufficiently large, this constraint must be satisfied.

The intuition for the solution to the platform problem is as follows. As γb, γs → 0,
the extreme value shocks become infinitely disperse and so the agent choices of trading
platform becomes perfectly inelastic with respect to markups. In this case, we return
to the model in section 2.4 where the ledger operator sets the markup to be:

ψ = arg max
ψ
{ξt(ψ + µM)y1(ψ)}

At the other limit, as γb, γs →∞, the extreme value shocks become infinitely concen-
trated and so the seller choice of currency becomes perfectly elastic with respect to
markups and trading costs. In this case, the ledger operator cannot impose markups
without getting η = 0 and violating the IC constraint.

To make these observations more concrete, Figure 1 plots the numerical solution
to the equilibrium for different values of buyer elasticity. Evidently, for low γb, the
constraint on incentivising default is non-binding because it is easy for the platform
to attract buyers. However, as γb increases, it becomes more difficult for the plat-
form to attract buyers and so the constraint eventually binds. Once this occurs, the
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Figure 1: Ledger choice for γb ∈ [0, 2].

Panel 1: The blue dashed line depicts the platform’s markup choice, ψ∗ if they are not constrained
by having to ensure no-default. The red dashed line depicts the minimum value ψ̄ required to deter
funds from defaulting. The black line depicts the markup for the equilibrium chosen by the platform,
ψ. Panel 2: shows the equilibrium real exchange rate under the platform’s choice of ψ. Panel 3:
shows the fractions of buyers and sellers that choose platform 1 given ψ. Panel 4: shows the time 0
value of a platforms that sets up a ledger and chooses the no-default equilibrium. Other variables
are γs = 0.1, z = 1.0, α = 0.45, ρ = 0.2, λ = 1.0, ζ = 1, κ = 0.1, and χ = 0.5.

platform must significantly decrease ψ in order to attract enough buyers to achieve
the no-default equilibrium. In this sense, buyer elasticity is the key variable for un-
derstanding to what extent platform rent extraction is disciplined by the platform
needing to attract traders.

Credit Fragility: The key result in section 2 is that the ledger operator is able
and willing to coordinate the financial system to ensure “uncollateralized” contracts
are enforced. Once we allows buyers and sellers to direct their search, this is not
necessarily the case. Figure 1 shows that for very large γb, the platform actually
needs to sets a negative markup (i.e. a subsidy) in order to attract sufficiently many
traders which allows it to enforce contracts. This means that the platform derives
negative value from running a non-default ledger and so would not choose to ensure
contract enforcement. In this sense, the uncollateralized credit equilibrium is “fragile”;
strong competition from the dollar and public marketplace make it too costly for the
platform to set up a no-default ledger. This implies that regulatory changes that
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increase agent ability to switch away from trading platforms would not necessarily be
welfare improving.

4 Competition between Private Platforms

So far, we have only considered competition between a private platform and a pub-
lic marketplace with cash. What if the private platform instead faces competition
with another private platform? Can a sole ledger operator survive competing with
a platform that also offers a trading technology? Will they cooperate on contract
enforcement? Which platform’s token will be used as the settlement asset for credit
contracts?

To answer these questions, in this section, we study the strategic competition
among two competing private ledgers/platforms. Our analysis yields several inter-
esting findings. First, a ledger controller without an associated platform and trading
technology is destined to lose out against a competing ledger controller who also offers
a platform. In other words, bundling ledger and trading services is an equilibrium
outcome. Second, regulation to ensure platform cooperation on contract enforcement
and competition on markup setting is effective so long as agents can easily switch
between platforms.

4.1 Environment and Equilibrium Changes

The environment is the same as in subsection 3.1 but with the following changes.

Goods market: There are now two private platforms, labeled L ∈ {1, 2}. There is no
public marketplace or public currency 0. Both platforms manage their own ledger,
charge a markup ψL, and have average trading advantage ζL. Platforms choose their
markups simultaneously during the evening market each period. We let (ηb, ηs) de-
note the fraction of buyers and sellers choosing platform 1.

Ledgers and loans: Contracts on ledger L use currency L for the denomination of the
contracts. Since there is no public dollar, agents cannot undertake side payments; all
transactions are observed by one of the two platforms. In other words, in this new
environment the only way producers can default is by writing a contract on ledger
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L, then defaulting and trading on the other platform L′. We also now assume that
χ captures the dead-weight loss producers incur when they default and lenders get
nothing when default occurs.

Currency market: We introduce settlement frictions to help understand the strategic
advantage of becoming the dominant ledger. Agents can trade currencies during the
morning but only get a fraction ς ≤ 1 of the overnight market exchange rate (with
the remaining 1− ς fraction a deadweight transaction cost). Producers need to settle
debt contracts during the morning market and so potentially face the ς cost. We
assume that these transaction cost is sufficiently large so that producers would also
choose loan arrangements in the ledger’s token to avoid the cost. We use the currency
provided by ledger 1 as the numeraire for asset pricing. So, εt now refers to the real
exchange rate from tokens provided by platform 1 to tokens provided by platform 2.

Regulation: The regulator allows the platforms to bargain at time t = 0 over com-
mitting to exclude funds who allow their depositors to default on contracts on the
other ledger. We assume that funds face no borrowing constraints or commitment
problems during this bargaining and the the Nash bargaining protocol is followed.
The regulator does not allow the platforms to collude on setting markups at times
t > 0.

4.2 Symmetric Platforms

We start by looking at symmetric equilibria for an environment with symmetric plat-
forms that have ζ1 = ζ2. We show platforms negotiate to cooperate on contract
enforcement and seller elasticity governs the extent to which we recover the compet-
itive allocation.

4.2.1 Market Equilibrium Given Platform Policies

There are two possible symmetric equilibria in this economy. First, there is an equi-
librium with repayment on both ledgers. In this case, producers trading on platform
L also borrow using ledger L so that they can avoid the transaction cost, ς, dur-
ing contract settlement. This means the currency market frictions do not end up
appearing in the equilibrium conditions. Given (ψ1, ψ2), the buyer, seller, and fund
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problems are the same as before. Likewise, the equilibrium definition is the same as
before. The equilibrium characterization is the same as in subsection 3.2 but with
1− ψ replaced by (1− ψ1)/(1− ψ2) and without the sellers ever facing the exchange
rate in order to settle contracts. The key equilibrium variables are:

y1 = z

(
αz(1− ψ1)

1 + r

) α
1−α

y2 = z

(
αz(1− ψ2)

1 + r

) α
1−α

ηb =
1 +

(
ζ2

ζ1εt

)γb−1

, ηs =
1 +

(
ζ2(1− ψ2)
ζ1(1− ψ1)

)βbγs−1

ε =
(ζ1

ζ2

)γsβ−γb (1− ψ1

1− ψ2

)γsβ
1

1+γb

where ηb and ηs are the fraction buyers and sellers that trade on platform 1 and εt
is the real exchange rate from tokens on ledger 1 to tokens on ledger 2. The other
possible symmetric equilibrium is that there is default on both ledgers. In this case,
no fund is willing to lend and so production shuts down in the economy.

4.2.2 Platform Competition

Platform competition t > 0: Given the contract enforcement equilibrium that has
been bargained at t = 0 and the markup policy of the other platform, L′, platform L
chooses fee ψL to solve the problem (4.1) below:

ψL(ψL′) = arg max
ψL

{
ηsL(ψL, ψL′)

(
ψL + µM

)
yL(ψL, ψL′)

}
(4.1)

where ηsL(ψL, ψL′) and yL(ψL, ψL′) are the equilibrium fraction of sellers who trade
on the platform L and the production on platform on L. We look for the simultaneous
Nash equilibrium in the evening of each period in which platforms each play a best
response, ψL(ψL′) to each other.

Platform competition t = 0: At t = 0, platforms bargain over the contract enforce-
ment regime. We assume that platform 0 makes a (positive or negative) transfer T
to platform 1 time 0 and the payment is determined by a Nash Bargaining protocol.
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In particular, we have:

T = arg max
T

{(
qE2 − T − q̃E2

) (
qE1 + T − q̃E1

)}
= qE2 − q̃E2 − (qE1 − q̃E1)

where qEL is the price of equity in platform L under cooperation on enforcement and
qEL is price of equity in platform L if there is no cooperation on enforcement. Propo-
sition 1 shows that, when platforms are symmetric, the outcome of the bargaining is
contract enforcement on both ledgers.

Proposition 1. The outcome of the bargaining at time 0 is that contracts are enforced
on both ledgers and no transfer is made.

Proof. If χ is sufficiently large that the threat of exclusion from either platform is
sufficient to incentive funds to repay loans on that ledger, then qEL = q̃EL and there
is no need to bargain over enforcement because it doesn’t require cooperation. If χ
is sufficiently low that only exclusion from both platforms is sufficient to incentivize
repayment, then for both L, we have qEL = qE and q̃EL = 0 so outcome of the Nash
Bargaining is cooperation on enforcement without a transfer T = 0.

Given the outcome of the bargaining over contract enforcement, we show the
numerical solution to platform competition for t > 0 in Figure 2. Evidently, we
recover the perfectly competitive market outcome as γs →∞ and the agents become
highly elastic. In this sense, seller elasticity governs the extent to which we recover
Bertrand style competition.

4.3 Asymmetric Platforms and Technology Bundling

We now study the case where the platforms have different trading technologies and
consider asymmetric equilibria. Without loss of generality, we assume platform 1 has
the superior trading technology so that ζ := ζ1/ζ2 > 1. There are now potentially
equilibria where one ledger becomes the dominant ledger for the economy. This means
that the frictions in the currency market impact the strategic decision making of the
platforms.
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Figure 2: Ledger choice for γs ∈ [0, 20].

Other variables are γb = 0.5, z = 1.0, α = 0.75, ρ = 1.0, λ = 1.0, ζ = 1, κ = 0.1, and χ = 0.5.

4.3.1 Market Equilibrium Given Platform Polices

For ζ close to 1, when the trading advantage of platform 1 is not too large, the
possible outcomes look like those in subsection 4.2.1. That is, if χ is large, then both
platforms are able to enforce contract without cooperation and if χ is small, then
cooperation is required for any contract enforcement. However, when χ and ζ are
large, it is possible that, under non-cooperation, platform 1 can enforce contracts
while platform 2 cannot. In this case, ledger 1 becomes the dominant ledger and so
the currency market frictions become relevant.

Suppose we are in the asymmetric equilibrium where ledger 1 is the dominant
ledger. Let the contract be specified so that P 1

t (1 + rBt )wtlMt is the total repayment
in units of currency 1. Then, the producer profit from trading using currencyM and
repaying loans is:

ΠMt := PMt (1− ψM)z(lMt )α − PNt
ςM1E1M (1 + rBt )wtlMt

where ΠMt is the profit in units of currency M and we use the notation ςM1 = ς if
1 6=M and 1 otherwise. The potential difference between the trading currency price,
PMt , and the settlement currency price, P 1

t reflects a potential exchange rate cost or
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benefit when settling transactions.17 The key equilibrium variables are:

y1 = z

(
αz(1− ψ1)

1 + r

) α
1−α

y2 = z

(
αz(1− ψ2)ςεt

1 + r

) α
1−α

ηb =
1 +

(
ζ2

ζ1εt

)γb−1

, ηs =
1 +

(
ζ2(1− ψ2)ςεt
ζ1(1− ψ1)

)βbγs−1

εt =
(ζ1

ζ2

)βbγs−γb ( 1− ψ1

ς(1− ψ2)

)βγs+ α
1−α


1

1
1−α+βbγs+γb

,

where we can observe that traders on platform 2 now face exchange rate and trans-
action costs when settling contracts. This introduces additional complexity into the
real exchange rate. If ςεt < 1, then this is an advantage for platform 1 because sell-
ers on platform 2 must make costly currency transactions to settle contracts, which
increases trade on the platform.

4.3.2 Platform Competition

Platform bargaining at t = 0 is now more complicated because the outside option for
platform 1 is more complicated. If χ and ζ are sufficiently large that ledger 1 can
incentivize contract enforcement on their ledger without cooperation and ςε < 1, then
q̃E1 > qE1 and so ledger 1 prefers the non-cooperative outcome. This means that the
transfer platform 2 would have to pay to get enforcement leads to negatives surplus:

qE0 − q̃E2 − T = qE1 − q̃E1 < 0

and so the bargaining breaks down. This leads to the following corollary.

Corollary 6. For χ and ζ sufficiently high and ς is sufficiently low, the outcome
of the bargaining at t = 0 is that platform 1 provides the monopoly ledger for the
economy.

Implications for market structure: This result has important implications for the
market structure. Ultimately, it shows that the only ledger operators that are viable

17The reason that settlement choice impacts profits is because the lenders cannot discern which
currency a borrower is going to trade in and so all borrowers face the same repayment. Depending
on the exchange rate between dollars and tokens, this potentially leads to redistribution between
the token and dollar sellers.
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are those that also possess a platform trading technology. In other words, there is a
natural bundling between offering ledger and trading services. This implies that a fi-
nancial intermediary with no trading technology (which would be modeled as ζ2 = 0
in our environment) would never provide the ledger in equilibrium. In this sense,
“BigTech” platforms are more natural providers of currency ledgers and “FinTech”
services. So, the dominance of Alibaba and WeChat in the Chinese payment system
might reflect their underlying advantage in providing payments.

Regulatory lessons: First, a plausible regulatory option is to ensure there are mul-
tiple platforms that can cooperate on contract enforcement but compete on markups.
However, this potentially relies on small platforms being able to commit to mak-
ing payments to large platforms. If this bargaining breaks down, then the economy
ends up in an equilibrium with one dominant ledger that attracts more trade and
extracts higher rents. In this case, regulating markups on a monopoly platform may
be preferable.

A second lesson is that financial competition regulators should focus on under-
standing the elasticity with which buyers and sellers are able substitute between
trading technologies. This is ultimately what determines to what extent competition
from public dollars or other platforms discipline platform markups. If the elasticity
of sellers is sufficiently high, then we recover Bertrand competition and the economy
has low markups.

5 Conclusion

In this paper, we model the strategic decision making of a private controller of the
currency ledger used for settling transactions and writing contracts. We find that in
an unregulated economy “BigTech” platforms are likely to provide “FinTech” services.
This brings both benefits and costs. Tech platforms can expand uncollateralized credit
across a supply chain by exploiting their control of the payment system to better
coordinate the financial system to enforce contracts. However, Tech platforms will also
use their control of the ledger to increase their market power and charge high markups.
We see these issues playing out in China where tech platforms Alibaba and WeChat
have created a well-functioning payment system with very limited competition.

Ultimately, our model suggests that currency ledgers may need to be regulated
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like other natural monopolies. This could include restrictions on when ledgers can
cooperate on contract enforcement and compete on markups. It could also include a
competing public option in the form a programmable Central Bank Digital Currency
(CBDC) ledger. We consider further modeling of the government’s regulatory options
as important future work.
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A Supplementary Proofs to Section 2 (Online Ap-
pendix)

Proof of Theorem 1. The fund problem is:

V (At0 , It0) = max
c,ϕ,θ,l

{∫ ∞
t0

e−ρ(t−t0)
( ∫ It

0
λ
(
(1− η)u(c0i

t ) + ηu(c1i
t )
)
di− ΞNt

)
dt

}

s.t. dAt =
((

rt + (µq0t − rt)(1− ϕt)θt + (µq1t − rt)ϕtθt
)
At

− λ
∫ It

0

(
(1− η)εtc0i

t + ηc1i
t

)
di+ wtNtAt

)
dt

κ
∫ It

0
ληMc0i

t di ≤ ϕMt θtAt, ∀M ∈ {0, 1}

Let ĉMt := cMi
t /ai0 denote the consumption per unit of wealth brought to the fund. If

the reserve-in-advance constraints bind, then for currencyM:

κ
∫ It

0
ληMĉMt a

i
t0di = ϕMt θtAt
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ϕMt θt
λκηM

)
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εM1
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1
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i
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1
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ait0
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where εM1
t = ε ifM = 0 and εM1

t = 1 otherwise. The budget constraint becomes:

dAt = (rt + (µqt − rt − 1/κ)θt + wtNt)At

The objective of the of the fund becomes:

∫ ∞
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e−ρ(t−t0)
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+ ηu
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)di− ΞNt

dt
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The HJBE under a binding cash-in-advance constraint becomes:

ρVt(At, It) = max
ϕ,θ,L

{
λIt

(
(1− η) log(1− ϕ) + η log(ϕ)

− (1− η) log((1− η)εt)− η log(η) + log(θt/(λκ)) + log(At/It)

+ ū0 − ΞNt

)
+ ∂AV (At, It)(rt + (µqt − rt − 1/κ)θt + wtNt)At

− ∂IV (At, It)It + ∂tVt(At, It)
}

where ū0 := λ
∫ It

0 log(ai0/A0)di. The first order conditions are:

[ϕt] : 0 = −
(

1− η
1− ϕ

)
+ η

ϕ

[θt] : 0 = λIt
θt

+ ∂AV (At, It)(µqt − rt − 1/κ)At

[Nt] : max
Nt
{(−ItΞ + wt∂AV (At, It)At)Nt}

which imply the portfolio choices:

ϕt = η, θt = λIt
At∂AV (At, It)(rt − µqt + 1/κ)

We guess and verify the functional form:

Vt(At, It) = (β log(At/It) + vt)It
∂AVt(At, It) = βIt/At

∂IVt(At, It) = β log(It/At)− β + vt

∂tVt(At, It) = It∂tvt

So, the first order conditions become:

ϕt = η, θt = λ

β(rt − µqt + 1/κ)

and Nt ∈ [0,∞) if βwt = Ξ. We set Ξ = β so that the fund is indifferent about
providing labor if and only if wt = 1, which must be true in equilibrium. The HBJE
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becomes:

ρ(β log(At/It) + vt)It = λIt

(
log

(
ηη(1− η)1−η

)
− (1− η) log(εt) + log

(
θt
λκ

)
+ log

(
At
It

)
+ µ̄0

)

βIt(rt − λ/β)− λ(β log(At/It)− β + vt)It + It∂vt

Collecting coefficients gives:

β = λ

ρ+ λ

vt = 1
ρ+ λ

[
log

(
θηη(1− η)1−η

λκε1−η
t

)
+ ū0 + β(rt − ρ) + ∂tvt

]

So, in a stationary equilibrium we have that:

v = 1
ρ+ λ

[
log

(
θηη(1− η)1−η

λκε1−η

)
+ ū0 + β(r − ρ)

]

It will also be convenient to derive the “asset pricing equation” for the fund.
Taking the envelope condition of the HJBE gives:

ρ∂AVt(At, It) = λIt
At

+ ∂AV (At, It)µAt + ∂AAV (At, It)µAt

− ∂IAV (At, It)It + ∂tAVt(At, It) (A.1)

Define the current value discount factor by ξt := ∂AVt(At, It). Using Ito’s Lemma we
have:

µξtξt = ∂AAV (At, It)µAt − ∂IAV (At, It)λIt + ∂tAVt(At, It) (A.2)

Using the first order condition for θ, we have that:

λIt
At

+ ∂AVt(At, It)µAt

= θt∂AVt(At, It)(rt − µqt + 1/κ) + ∂AV (At, It)(rt + (µqt − rt − 1/κ)θt + wNt)

= ξt(rt + wtNt) (A.3)

Substituting (A.2) and (A.3) into the into the envelope condition (A.1) and dividing
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by ξt gives the familiar asset pricing equation:

ρ = rt + wtNt + µξt . (A.4)

Equivalently, we can write equation (A.4) in terms of average consumption per
agent in the fund, which gives the so-called continuous time “Euler equation”. The
average consumption by depositors at the fund is:

CMt := 1
It

∫ It

0
cMi
t di = 1

It

∫ It

0

(
θt
λκ

)
1
εM1
t

At
It

ait0
At0

di = 1
κεM1

θtAt
λIt

From the first order condition for θt, we have that:

1/κ = ξtε
M1
t CMt (St + 1/κ)

where St := rt − µqt is the excess return on bonds. By Ito’s Lemma we have that:

0 = εM1
t CMt (St + 1/κ)dξt + ξtC

M
t (St + 1/κ)dεM1

t

+ ξtε
M1
t (St + 1/κ)dCMt + ξtε

M1
t CMt d(St + 1/κ)

⇒ µξt = − µCMt − µεMt − µStt

(
St

St + 1/κ

)

where µξt , µCMt , µεM1
t , and µStt are geometric drift for the SDF, of average consumption

using currencyMC, real exchange rate from currencyM to currency 1 and of excess
return on bonds S. Substituting into (A.4) and rearranging gives the Euler equation:

rt = ρ− wtNt + µCMt + µεM1
t + µStt

(
St

St + 1/κ

)

Proof of Corollary 1. Summarising the equilibrium and optimization equations gives
the following characterization of equilibrium. Given (M̄t, µ

M), stationary distribution
of depositors across funds, {Ij}j, and growth rates (µCM1, µεM, µq, µS), we can solve
for the equilibrium variables:

(c0ij, c1ij, y0, y1, l0, l1, ξ, ϕ, θ, A, w, r, q0, q1, ε, qE)
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using the equations:

(1− η)y0 =
∫ ∫ Ij

0
λ(1− η)c0jididj, ηy1 =

∫ ∫ Ij

0
ληc1jididj,

(1− ϕ)θAt = q0M̄ ϕθAt = q1M̄

(1− θ)A = w((1− η)l0 + ηl1) + qE,

y0 = z
(
αzε

1 + r

) α
1−α

y1 = z

(
αz(1− ψ)

1 + r

) α
1−α

l0 =
(
αzε

1 + r

) 1
1−α

l1 =
(
αz(1− ψ)

1 + r

) 1
1−α

ϕ = η θ = 1
β(r − µq − 1/κ)

r = ρ− wLj + µCMj + µεM1 + SµSt
S + 1/κ

w = 1

qE = ψηy1 + q1µMM̄1

ρ

c0ij = 1
ε

θAj

κλIj
ai0
A0
, c1ij = θAj

κλIj
ai0
A0

q0M̄0

κ
=
∫ ∫ Ij

0
λ(1− η)εc0jididj,

q1M̄1

κ
=
∫ ∫ Ij

0
ληc0jididj

We can solve explicitly for the key prices. First consider the real exchange rate.
Combining the first, second, and last lines gives:

y0 = θA

κεt
, y1 = θA

κ

Dividing through gives that the real exchange rate, ε, is solved by:

ε = y1

y0 =
(

1− ψ
ε

) α
1−α

⇒ ε = (1− ψ)α

Now, we solve for the risk free rate. Define the average consumption of fund j

by CMj
t = 1

Ij

∫ Ij
0 cMijdi. Using the expression for consumption, we have that for any
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funds j and k:

IjCMj =
(
Aj

Ak

)
IkCMk

Combining with the goods market clearing condition gives:

yM =
∫
IkCMkdk =

∫ (
Ak

Aj

)
IjCMjdk

⇒ IjCMj
t =

(
Aj

A

)
yM

⇒ µCMj
t = µAit − µAt − µIt + µyMt

Substituting this into the Euler equation forM = 1 gives:

r = ρ− Lj + µAj − µA − µIt + µy1 + SµS

S + 1/κ

Multiplying the Euler equation by Ajt/At and integrating over the distribution of
funds gives:

r = ρ+ λ−
∫ (

Ajt
At

)
N j
t dj +

∫ (
Ajt
At

)
µAjdj − µA + µy1 + SµS

S + 1/κ

Since dAt is the evolution of total wealth and
∫
dAjtdj is the evolution of total wealth

in the existing funds, the difference is wealth brought by new funds: We have that:

dAt −
∫
dAjtdj = ((1− η)π0 + ηπ1)dt

⇒
∫ (

Ajt
At

)
µAjdj − µA = − 1

At
((1− η)y0

t + η(1− ψ)y1
t ) +Nt

= −
(1− η

εt
+ η(1− ψ)

)
θ

κ
+Nt

Combining the equations gives that the risk free rate is:

r = ρ+ λ−
(1− η

ε
+ η(1− ψ)

)
θ

κ
+ µy1 + SµS

S + 1/κ
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Proof of Corollary 3. As in the proof of the fund problem under repayment, let c0
t :=

c0i
t /a

i
0 denote the consumption per unit of wealth brought to the fund. Then, the

objective is given by:

∫ ∞
t0

e−ρ(t−t0)
(∫ It

0
λ(1− η)u(c0

ta
i
0)di− Ξ̌Nt

)
dt

=
∫ ∞
t0

e−ρ(t−t0)
(∫ It

0
λ(1− η)u(c0

t )di+ ū0 − Ξ̌Nt

)
dt

where ū0 = λ(1 − η)
∫ 1

0 u(ai0)di. The Hamiltonian-Jacobi-Bellman equation (HJBE)
is given by:

ρVt(At, It) = max
c0,l

{
λIt(1− η)u(c0

t ) + ū0 − Ξ̌Nt

+ ∂AVt(At, It)
(
µq0t − λ(1− η)Itεtc0

t/At + wtNt

)
At

− ∂IVt(At, It)λ(1− η)It + ∂tVt(At)
}

The first order conditions are:

(c0
t ) : 0 = λζIt(1− η)u′

(
c0
t

)
− ∂AVt(At, It)λIt(1− η)εt

(Nt) : max
Nt

{
(−Ξ̌t + wt∂AVt(At, It))Nt

}
Guess functional form:

V̌t(At, It) = (β̌ log(At/It) + v̌t)It
∂AV̌t(At, It) = β̌It/At

∂I V̌t(At, It) = β̌ log(It/At)− β̌ + v̌t

∂tV̌t(At, It) = It∂tv̌t

Then, the first order condition becomes:

1
c0
t

= β̌Itεt
At

⇒ c0
t = 1

β̌ε

At
It

and agents are indifferent about supplying labor if and only if β̌wt = Ξ̌. As before
we set Ξ̌ = β̌ so that the fund is indifferent if and only if wt = 1. Substituting into
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the HJBE gives:

ρ(β̌v log(At/It) + vt)It = λIt(1− η) log
(

1
β̌ε

)
+ ū0

+ λIt(1− η) log(At/It)− (β̌ log(It/At)− β̌ + vt)λ(1− η)It
+ β̌It

(
µq0t − λ(1− η)/β̌

)
+ It∂tvt

Equating coefficients:

ρβ̌ = λ(1− η)− β̌λ(1− η)⇒ β̌ = λ(1− η)
ρ+ λ(1− η)

ρv̌t = − λ(1− η) log(β̌ε) + ū0 − λ(1− η)(−β̌ + v̌t)

+ β̌
(
µq0t − λ(1− η)/β̌

)
+ ∂tv̌t

In a stationary equilibrium, we have that ∂tv̌0
t = 0 and so:

v̌t = β̌(β̌ − log(β̌ε)) + ū0 + β̌

ρ+ λ(1− η)
(
µq0t − λ(1− η)/β̌

)

Proof of Theorem 2. Taking r and ε as given, the first order condition for ledger
problem is:

y1(ψ) + (ψ + µM)(y1)′(ψ) = 0

⇒ y1(ψ)− y1(ψ)
(
ψ + µM

1− ψ

)(
α

1− α

)
= 0

⇒ ψ + µM

1− ψ = 1− α
α

⇒ ψ = 1− α(1 + µM)

We can observe that this first order condition holds regardless of whether agents
default or not because it does not depend upon r or ε, which are two prices that
change in the default equilibrium.

Substituting the optimal choice of ψ into equilibrium output under no default,
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(B.3), gives that production for money and token trades is:

y1 = z

(
α2(1 + µM)z

1 + r

) α
1−α

where ε = (1−ψ)α = (α(1 +µM))α, yMPC is production in currencyM trades under
perfect competition (with ψ = 0). If default occurs, then lenders raise the interest
rate to cover the losses on default and so production is:

y̌1 = z

(
α2(1 + µM)z

1 + r + δ

) α
1−α

< y1,

where δ = (1− η)(1−χ) > 0 is the average default rate. Thus, the ledger prefers the
no-default equilibrium.

B Supplementary Proofs for Section 3 (Online Ap-
pendix)

B.1 Discrete Choice Problems

This section of the appendix contains working for the discrete choice problems. Since
these are standard results, we provided limited detail.

Lemma 3. Let {ζn}n≤N be a collection of independent draws from Gu(γ, µ), where
µ = −γE and E represents the Euler–Mascheroni constant. Let u(c) = log(c). Then:

max
n≤N
{ζn + ϕnu(πn)} ∼ Gu

(
γ, µ+ γ log

(∑
n

(πn)ϕn/γ
))

(B.1)

and so we have:

E[max
n
{ζn + ϕn log(πn)}] = γ log

(∑
n

(πn)ϕn/γ
)
,

P
(
n = argmaxn′

{
ζn
′ + ϕn

′ log(πn′)
})

= (πn)ϕ
n/γ∑

n′ (πn′)
ϕn
′
/γ

Proof. Using the definition of the Gumbel distribution and the independence of the
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N draws, we have that:

P(max
n
{ζn + ϕnu(πn)} ≤ k) =

∏
n

P(ζn + ϕnu(πn) ≤ k)

= exp
(∑

n

−e−(k−µ)/γeϕ
nu(πn)/γ

)

= exp
(
−e−(k−µ−γ log(∑n

eϕ
nu(πn)/γ))/γ

)

which implies result (B.1). From the properties of the Gumbel distribution, the
expectation is:

P
(
n = argmaxn′

{
ζn
′ + ϕn

′ log(πn′)
})

=
[
µ+ γ log

(∑
n

(πn)ϕn/γ
)]

+ γE

= γ log
(∑

n

(πn)ϕn/γ
)

and the probability of choosing n is:

P(n = argmax{ζni + ϕn log(πn)}) = eϕ
nu(πn)/γ∑

n′ eϕ
n′u(πn′ )/γ

= (πn)ϕ
n/γ∑

n′ (πn′)
ϕn
′/γ

B.2 Additional Proofs For Agent and Fund Problems

Proof of Lemma 1. Buyer problem: Instead of just solving for the buyer’s choice of
trading platform, we instead solve for the value functions of a buyer in a fund since
we need this for the seller problem. The HJBE for buyer who deposited ai0 into a
fund that currently has Â := A/I is given by:

ρV bi
t (Â) = λ

(
E
[
max
L

{
ζbLit + log

(
εL1
t a

i
t

)}]
− V bi

t (Â)
)

+ ∂ÂV
bi(Â)µÂ(Â) + ∂tVt(Â)

where ait is the agent’s claim to real wealth when they withdraw. From the fund’s
reserve-in-advance constraint, we must have that ait = (ai0/A0)(θAt/It) is the agent’s
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share of currency reserves per depositor at t.
Lemma 3 gives that the fraction of buyers who choose L is given by:

ηbL =

(
ζLεL1

t

)γb
∑
L′
(
ζL′εL

′1
t

)γb
and so the HJBE becomes:

ρV bi(Â) = λ

(
log

(
ν̄b(ε)θ a

i
0
A0
Â

)
− V bi(Â)

)
+ ∂ÂV

bi(Â)µÂ(Â) + ∂tV
bi
t (Â)

where the average currency purchasing power is:

ν̄b(ε) :=
(∑
L′

(
ζL
′

τ ε
L1
t

)γb)1/γb

In equilibrium, the evolution of fund net-worth is:

µAAt = (rt + (µqt − rt − 1/κ)θt + wtNt)At

=
(
rt −

λ

β
+ wtNt

)
At

where β = λ/(ρ+λ) like earlier in the document and we have imposed the first order
condition of the fund in advance. So, we have that:

d(Ât) = Ât(dAt/At − dIt/It)

=
(
rt − λ

(
1− β
β

)
+ wtNt

)
Âtdt

Guess that the value for a buyer is:

V bi(Â) = V b(ai0, Â) = βba log(a0) + βbA log(Â) + νbt
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Substituting into the HJBE gives:

ρ(βba log(a0) + βbA log(Â) + νb)

= λb
(

log(a0) + log(Â) + log
(
ν̄b(ε)θ
A0

)
− (βba log(a0) + βbA log(Â) + νb)

)

+ βbA
(
rt − λ

(
1− β
β

)
+ wtNt

)
Ât + ∂tν

b
t

Equating coefficients we have:

ρβba = λ− λβba ⇒ βba = λ

ρ+ λ
=: β

ρβbA = λ− λβbA ⇒ βbA = λ

ρ+ λ
=: β

νbt = 1
ρ+ λ

(
λ log

(
ν̄b(ε)θ
A0

)
+ β

(
rt − λ

(
1− β
β

)
+ wtNt

)
+ ∂tν

b
t

)

Seller problem: Using the functional form for V b, the seller problem becomes the
standard discrete choice problem:

max
L

{
Et
[
ζsLi + V b(πL, Ât)

]}
= max

L

{
Et
[
ζsLi + βb log(πL) + βb log(Â) + νbt

]}
= max

L

{
Et
[
ζsLi + βb log(πL)

]
+ βb log(Â) + νbt

}
Lemma 3 implies that

ηsL =

(
ζLπL

)βbγs
∑
L′ (ζL′πL′)

βbγs
.

Substituting in the required condition for profit gives the required result.

Proof of Lemma 2. Fund Not Accepting Defaulting Depositors: Consider a fund that
forms in the evening of t0. The fund faces the reserve-in-advance constraints:

κ
∫ It

0
λ(1− ηbt )P 0

t c
0i
t di ≤M0

t , κ
∫ It

0
ληbtP

1
t c

1i
t di ≤M1

t
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which can be rearranged as:

κ
∫ It

0
λ(1− ηbt )εtc0i

t di ≤ q0
tM

0
t , κ

∫ It

0
ληbtc

1i
t di ≤ q1

tM
1
t

Let at denote the claim to real wealth of depositors withdrawing to purchase goods.
Let cMt denote the average consumption of depositors withdrawing and trading on
platformM. Then, we have that c1

t = εtc
0
t = at and c1i

t = εtc
0i
t = at(ai0/A0). So the

reserve-in-advance constraints become:

κλ(1− ηbt )c1
t It ≤ (1− ϕt)θtAt, κληbtc

1
t It ≤ ϕtθtAt

If the reserve-in-advance constraints bind, then the HJBE becomes:

ρVt(At, It) = max
θ

{
λIt

(
log(ν̄b(εt))

)
+ log

(
θtAt
κλIt

)
+ ū0 − ΞNt

+ ∂AV (At, It)(rt + (µqt − rt − 1/κ)θt + wtNt)At

− λ∂IV (At, It)It + ∂tVt(At, It)
}

(B.2)

The first order condition is:

θt = λ
At
It
∂AVt(At, It)(rt − µqt + 1/κ)

Guessing the functional form:

Vt(At, It) = (β log(At/It) + νt)It,

substituting into the HJBE and collecting coefficients gives:

β = λ

ρ+ λ

νt = 1
ρ+ νt

(
λ log

(
ν̄b(ε) θt

κλ

)
+ ū0 + β

(
rt − λ

(
1− β
β

))
+ ∂tνt

)

Fund Accepting Defaulting Depositors: An individual fund facing exclusion now
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no longer has a binding cash-in-advance constraint. So, the HJBE is:

ρV̌t(At, It) = max
c0,l

{
λItu

(
c0
t

)
+ ū0 − νΞtNt

+ ∂AV̌t(At, It)
(
µq0t − λItεtc0

t/At + wtNt

)
At

− ∂I V̌t(At, It)λIt + ∂tVt(At)
}

Following the same steps as Theorem 1, we get that:

V̌ (At, It) = (β̌ log(At/It) + v̌0)It, where

β̌ = λ

ρ+ λ
= β

v̌0
t = β(β − log(βε)) + β

ρ+ λ

(
µq0t − λ/v̌

)
Incentive compatibility constraint: Finally, the IC constraint for no-default for a

fund forming at t becomes:

V (At, It) ≥ V̌ (Ǎt, It)

⇒ (β log(At/It) + v0)It ≥ (β log(Ǎt/It) + v̌0)It
⇒ β log(At) + v0 ≥ β log(Ât) + v̌0

⇒ β log
(
Ǎt
At

)
≤ v0 − v̌0

where we have that:

v0 − v̌0 = β (log(ν(ε)θ) + β + ū0) + β

ρ+ λ
(r − λ/β)

− β(β − log(βε) + ū0)− β

ρ+ λ

(
µq0t − λ/β

)
= β log(βν̄(ε)εθ) + β

ρ+ λ
(r − µq)

where

ν̄(ε) = ((ζ0/ε)γb + (ζ1)γb)1/γb
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B.3 Definition and Characterization of Equilibrium

In this section of the appendix, we define and characterize the equilibrium for Section
3. This definition is very similar to the definition from Section 2.2.3 except that
buyers and sellers choose where to trade. As before, look for a recursive, stationary,
monetary equilibrium with state variables, which we denote by (·), and is simply
Mt in our setting. Suppose that the ledger operator chooses a recursive policy ψ(·).
Then, equilibrium is defined formally below.

Definition 2. Given a ledger policy rule, ψ(·), a competitive equilibrium is a col-
lection of functions for prices, (r(·), rB(·), q0(·), q1(·), ε(·), qE(·)), fund choices, (c0i(·),
c1i(·), ϕ(·), θ(·), A(·), V (·)), producer choices, (ηs(·), l0(·), l1(·)), and buyer choices,
(ηb(·)) such that: (i) given prices, the fund choices solve the HJBE (B.2), (ii) given
prices, producers solve problem (3.2), (iii) given prices, buyers solve problem (3.1),
and (iv) markets clear:

C0(·) = (1− ηs(·))y0(·), C1(·) = ηs(·)y1(·),

(1− ϕ(·))θ(·)A(·) = q0(·)M̄, ϕ(·)θ(·)A(·) = q1(·)M̄

(1− θ(·))A(·) = w((1− η)l0(·) + ηl1(·)) + qE(·),

L(·) = (1− η)l0(·) + ηl1(·)

where CM(·) =
∫
ij η

bMcMij(·)didj is aggregate consumption in currency M trades
across all agents i in all funds j, A(·) =

∫
j A

j(·)di is aggregate wealth across funds,
and L(·) is aggregate labor supply.

We characterize the equilibrium prices below. As is standard in “currency-in-
advance” models, the environment has money neutrality in the sense that the level
of money supply does not affect real variables.

Corollary 7. The real prices are:

w(·) = 1, ε(·) =
[
ζβ

bγs−γb(1− ψ(·))βγs+
α

1−α
] 1

1
1−α+βbγs+γb ,

qE(·) =
∫ ∞

0
e−ρs

ξ(·t+s)
ξ(·) πE(·t+s)ds,

r(·) = rB(·) = ρ+ λ−
(

1− ηb(·)
ε(·) + ηb(·)(1− ψ(·))

)
θ

κ
+ µy1(·) + S(·)µS(·)

S(·) + 1/κ

56



where ξ(·) = ∂AV (·) is the marginal discount factor, πE(·) is the profit from the ledger,
S(·) = r(·)−µq is the spread between the return on bonds and money, µSt is the growth
rate of this return spread, y is the output in token trades, and µy1 is the growth of
output in token trades. Given price equations (2.7), we can solve for labor and output
using equations (2.6). Output is:

y0
t = z

(
αzε(·)

1 + r(·)

) α
1−α

, y1
t = z

(
αz(1− ψ(·))

1 + r(·)

) α
1−α

(B.3)

Having solved for the real economy, the currency prices are given by:

q0(·) = ε(·)(1− ηs(·))y0(·)
M̄/κ

, q1(·) = ηs(·)y1(·)
M̄/κ

Proof. Summarising the equilibrium and optimization equations gives the following
characterization of equilibrium. Given (M̄t, µ

M), stationary distribution of deposi-
tors across funds, {Ij}j, and (µCM1, µεM, µq, µS), we can solve for the equilibrium
variables:

(c0ij, c1ij, y0, y1, l0, l1, ξ, ϕ, θ, ηb, ηs, A, w, r, q0, q1, ε, qE)
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using the equations:

(1− ηs)y0 =
∫ ∫ Ij

0
λ(1− ηb)c0jididj, ηsy1 =

∫ ∫ Ij

0
ληbc1jididj,

(1− ϕ)θAt = q0M̄ ϕθAt = q1M̄

(1− θ)A = w((1− ηs)l0 + ηsl1) + qE,

y0 = z
(
αzε

1 + r

) α
1−α

y1 = z

(
αz(1− ψ)

1 + r

) α
1−α

l0 =
(
αzε

1 + r

) 1
1−α

l1 =
(
αz(1− ψ)

1 + r

) 1
1−α

ϕ = ηb θ = λ

β(r − µq + 1/κ)

ηs =
1 +

(
ε

ζ(1− ψ)

)βbγs−1

, ηb =
(
1 + (ζε)−γ

b)−1
,

r = ρ− wLj + µCMj + µεM1 + SµSt
S + 1/κ

w = 1

qE = ψηby1 + q1µMM̄1

ρ

c0ij = 1
ε

θAj

κλIj
ai0
A0
, c1ij = θAj

κλIj
ai0
A0

q0M̄0

κ
=
∫ ∫ Ij

0
λ(1− ηb)εc0jididj,

q1M̄1

κ
=
∫ ∫ Ij

0
ληbc0jididj

We can solve for the key prices. First consider the real exchange rate. Combining
the first, second, and last lines gives:

(1− ηs)y0 = (1− ηb)θA
κεt

, ηsy1 = ηbθA

κ

Dividing through gives that the real exchange rate, ε, is solved by:

εt

(
ηb

1− ηb

)
=
(

ηs

1− ηs

)(
y1

y0

)

⇒ ε =
[
ζβ

bγs−γb(1− ψ)βγs+
α

1−α
] 1

1
1−α+βbγs+γb
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We can derive the risk free rate in the same way as before to get:

r = ρ+ λ−
(

1− ηb
ε

+ ηb(1− ψ)
)
θ

κ
+ µy1 + SµS

S + 1/κ

C Choice of Settlement Asset (Online Appendix)

We now assume that both buyers and sellers can trade currencies during the morning
but only get a fraction ς ≤ 1 of the overnight market exchange rate (with the remain-
ing 1−ς fraction a deadweight transaction cost). We also assume that producers need
to settle contracts during the morning market and so potentially face the ς cost. We
assume that the ledger operator now internalizes their impact on the real exchange
rate, as we will in the full model in Section 3. Let N denote the currency in which
contracts are settled and let the contract be specified so that PNt (1 + rBt )wtlMt is the
total repayment in units of currency N . Then, the producer profit from trading using
currencyM and repaying loans is:

ΠMt := PMt (1− ψM)z(lMt )α − PNt
ςMNENM

(1 + rBt )wtlMt

where ΠMt is the profit in units of currency M and we use the notation ςMN = ς

if N 6= M and 1 otherwise. The potential difference between the trading currency
price, PMt , and the settlement currency price, PNt reflects a potential exchange rate
cost or benefit when settling transactions. The reason that settlement choice impacts
profits is because the lenders cannot discern which currency a borrower is going to
trade in and so all borrowers face the same repayment. Depending on the exchange
rate between dollars and tokens, this potentially leads to redistribution between the
token and dollar sellers.

The firm problem is solved the same way as before. When contracts are denom-
inated and settled in tokens, firm output in dollar and token trades (under default
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and non-default) is given by:

y0
t = z

(
αzεtς

1 + rt

) α
1−α

, y1
t = z

(
αz(1− ψ)

1 + rt

) α
1−α

y̌0
t = z

(
αzε̌tς

χ

) α
1−α

, y̌1
t = z

(
αz(1− ψ)
1 + rt + δ

) α
1−α

where now εt = ((1 − ψ)/ς)α and ε̌t = ((1 − ψ)χ/((1 + r + δ)/ς))α incorporate the
ς. By contrast, if contracts are denominated and settled in dollars, then output in
dollar and token trades is (under default and non-default) given by:

ỹ0
t = z

(
αz

1 + rt

) α
1−α

, ỹ1
t = z

(
αz(1− ψ)ς
(1 + rt)ε̃t

) α
1−α

ˇ̃y0
t = z

(
αz

χ

) α
1−α

, ˇ̃y1
t = z

(
αz(1− ψ)ς

(1 + rt + δ)ˇ̃εt

) α
1−α

We get the same real exchange rate in each case: εt = ε̃t and ε̌t = ˇ̃εt. The key
difference between the cases is in which traders must exchange currencies in order
to settle contracts. When contracts are settled in tokens, the dollar sellers need to
pay exchange rate adjustment costs whereas when contracts are settled in dollars, the
token sellers need to pay exchange rate costs.

Corollary 8. Under no default, the ledger operator chooses tokens as the settlement
asset if ς < εt and dollars as the settlement asset otherwise.

Proof. The proof follows immediately from the expressions for yt. If ς/εt < 1, then
setting tokens as the settlement asset allows the ledger operator to charge a higher ψ
and still get the same output on in token trades.

The intuition is as follows. By setting tokens as the settlement asset, the ledger
allows token sellers to avoid exchanging currencies during settlement. If they set
dollars as the settlement asset, then token sellers face the distortion ς/εt, when they
exchange currencies and settle contracts. For µM < (1 − α)/α, we have ψ > 0 and
εt < 1, which indicates that tokens are relatively valuable. So the token traders
gain from making sales in tokens, converting them into dollars, and then settling the
contracts in dollars. This distortion is partially offset by having to pay the implicit
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transaction costs associated with ς < 1. If the transaction costs dominate, then the
ledger chooses settlement in tokens.
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