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Abstract

We study a credit market in which the same asset serves as a medium of exchange and as

collateral, so that its pledgeable value is endogenous rather than backed by an exogenous dividend.

Decentralized lending is the leading example. The asset’s value as collateral and its value in exchange

reinforce each other through a feedback loop that operates on the dispersion of the asset’s value

across states: a higher price lowers dispersion, and lower dispersion supports a higher price. Because

borrowers privately know their future use for the asset, lending is subject to adverse selection, and

adverse selection is more severe when dispersion is high. When loan terms are rigid, as in the hard-

coded contracts of automated lending protocols, the feedback loop and adverse selection reinforce

one another: pessimistic beliefs raise dispersion, which worsens adverse selection and depresses the

price, justifying the pessimism. This complementarity generates high price dispersion, multiple

self-fulfilling equilibria, and fragility. When the loan terms can respond to prices, the equilibrium

is unique and efficient. Fragility thus comes from the interaction of asymmetric information with

contractual rigidity, not from the asset’s lack of an intrinsic dividend.
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1 Introduction

Collateralized lending usually relies on assets whose value is exogenous to the credit market, such as

bonds or equities that pay dividends. A growing class of credit markets, however, is secured by assets

that have no intrinsic cash flow and are valued only for their use in exchange. The leading example

is decentralized lending, where borrowers pledge tokens that serve as a means of payment: the same

token that secures the loan is the token used to buy goods. The collateral is thus valued for what it can

purchase, and this value is shaped, in turn, by its use in securing credit. This two-way link between an

asset’s role in exchange and its role as collateral is absent when collateral pays an exogenous dividend,

and it is the focus of this paper. We study the equilibrium and the optimal security design of a credit

market collateralized by an asset of this kind.

To study this link, we develop a model in which a single token serves at once as a means of payment

and as collateral. That an asset can play both roles is not itself new; money has long been pledgeable,

and the liquidity of money is a classic theme in monetary theory. What is new here is what the

joint determination of the two values implies for stability. When the pledgeable value is the asset’s

own value in exchange, the two values are determined together, and their interaction generates an

economic mechanism, and a risk tradeoff, that is absent when collateral pays an exogenous dividend.

Characterizing this mechanism, and showing when it stabilizes and when it destabilizes the credit market,

is the contribution of the paper.

In standard models of collateralized borrowing, the collateral pays an exogenous dividend, so its role

as a store of value is determined separately from any role in exchange. In our model the token pays no

dividend, and the same object that buyers use to pay for goods is the object they pledge to borrow.

Its pledgeable value is therefore endogenous: it comes from the token’s consumption value, that is, the

goods the token can buy in the consumption market, and in equilibrium this consumption value in turn

depends on the token’s value as collateral. We obtain this by extending the search-theoretic model of

Lagos and Wright (2005), which gives the token its role in exchange, to include a decentralized credit

market with information frictions, building on the collateralized lending framework of Ozdenoren et al.

(2023). The paper thus brings the tools of monetary and contract theory to a new institutional form,

and shows in return that the institutional form is not merely a new venue for familiar mechanisms: the

joint determination of an asset’s payment value and its collateral value generates a feedback loop, and

an associated fragility, that does not arise when the two values are set separately.

To capture the token’s two roles, we combine two ingredients. For the consumption market, we use

the standard island structure of search-based monetary models, which gives the token its value as a
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means of payment. For the credit market, we add an information friction that makes this value privately

known to the borrower, which is what generates adverse selection in lending. Specifically, the economy

has a unit measure of islands of two types that differ in matching efficiency. Each buyer privately learns

which island they will visit, which determines the token’s consumption value to them. In the lending

market, the token serves as collateral whose effective value depends on the borrower’s private destination,

which creates a lemons problem. The private information concerns the token’s consumption value to the

individual borrower rather than the asset’s fundamentals, so lending requires collateral to prevent the

market from breaking down.

The two roles of the token reinforce each other through a feedback loop, and the loop operates

on the dispersion of the token’s value across states. When the token is more valued as collateral,

its price rises. Because consumption utility is concave, a higher price compresses the spread between

the token’s consumption value on high-demand and low-demand islands, so the token’s value becomes

less dispersed. Lower dispersion narrows the information gap between borrowers and reduces adverse

selection, which in turn strengthens the token’s value as collateral. This feedback links the token’s price

to its dispersion: a higher price means lower dispersion, and lower dispersion supports a higher price.

The same complementarity that stabilizes the market in good times can also destabilize it: pessimistic

beliefs raise dispersion, worsen adverse selection, and depress the price, which validates the pessimism.

As we show below, this is what opens the door to multiple equilibria.

This feedback loop also makes the credit market fragile when the contract space is restricted. The

restriction is technological. In decentralized lending protocols, loan terms such as haircuts and liquidation

thresholds are written into smart contracts and hard-coded as fixed parameters. Because deploying and

updating contracts on the blockchain is costly and governed by infrequent, coordinated votes, these

terms cannot adjust freely to market conditions. We show that this rigidity, combined with asymmetric

information, can generate multiple self-fulfilling equilibria. This multiplicity is dynamic: it is not the

static adverse selection multiplicity that arises under price-taking, which the strategic, competitive

structure of our lending market rules out, but a self-fulfilling channel in which the expectation of a low

future price induces adverse selection today. When adverse selection is severe and the haircut cannot

respond, high-type borrowers leave the market, credit collapses, and the token’s value falls sharply. The

multiplicity requires both frictions. With symmetric information, or when the haircut can adjust to

the state, the valued-money equilibrium is unique. The fragility thus comes from the interaction of

asymmetric information and contract rigidity, not from the monetary feedback loop alone.

Finally, we study optimal security design. We show that allowing the haircut to depend on the state
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eliminates the multiplicity. When the protocol can adjust the haircut in response to market prices, the

complementarity that drives market runs no longer operates, and the equilibrium is unique. Flexible

contract design thus restores both uniqueness and efficiency.

The rest of the paper is organized as follows. We describe the model setup in Section 2 and solve

for a representative agent’s optimization problem taking the token prices and the haircut as given in

Section 3. In Section 4, we establish the conditions for the stability and fragility of the credit market,

and show how flexible security design can improve stability and efficiency. Section 5 reviews related

literature, provides additional discussion. Section 6 concludes. In Appendix A, we present detailed

proofs. In Appendices B and C, we present extensions of the main model to incorporate liquidation and

utilization ratio in decentralized lending smart contracts, respectively. In Appendix D, we provide a brief

description of the features and frictions of decentralized lending protocols, using Aave as a real-world

example, to motivate the model assumptions.

2 The Model Setup

In this section we describe the economic environment. The model combines the search-theoretic frame-

work of Lagos and Wright (2005), which gives the token its role as a medium of exchange, with the

collateralized lending environment of Ozdenoren et al. (2023), in which the same token serves as collat-

eral. The token is homogeneous and pays no dividend; its value derives entirely from its consumption

value, that is, the goods it can buy as a means of payment. We set out the agents, goods, technology,

timing, markets, information, and contracts first, and defer the interpretation of the main assumptions

to Section 2.2.

Formally, the economy consists of a continuum of two types of agents: buyers and sellers. Both

participate in the consumption and investment goods markets, with buyers on the demand side and

sellers on the supply side. Transactions are facilitated by a token with a fixed supply of A units and no

dividends. Time is discrete and infinite, indexed by t. Each period comprises four subperiods. Buyers

are long lived, discounting future utility by 0 < β < 1, with no discounting across subperiods. Sellers

are short lived: they enter at the beginning of a period and exit at the end, to be replaced by new sellers

in the next period. The short horizon of sellers, together with borrower anonymity, rules out credit

histories and long-term relationships, so unsecured credit cannot be sustained and all lending must be

collateralized. This is the relevant benchmark for permissionless protocols, in which counterparties are

pseudonymous and cannot be excluded from future trade on the basis of past behavior.
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An investment goods market opens in subperiod 1. This is a decentralized market where buyers

borrow from sellers of investment goods in a peer-to-pool arrangement. By peer-to-pool we mean the

institutional structure of automated lending protocols: rather than negotiating bilaterally with a single

counterparty, a borrower draws a loan from a common pool of funds supplied by many lenders on

identical, posted terms. We capture the competitive pricing implied by this structure by assuming

that each buyer is matched with at least two sellers who supply tokens to the pool and compete a la

Bertrand. This competition drives lender profits to zero and pins down the loan terms through the

break-even condition below, so that no individual lender has market power. After subperiod 1, buyers

travel to their assigned islands, taking their collateral with them. In subperiod 3, a consumption goods

market opens on each island. Buyers use the token as a medium of exchange to purchase consumption

goods. Matching occurs through search, and terms of trade are determined by take-it-or-leave-it offers

made by buyers.

Between the investment and consumption goods markets, in subperiod 2, island specific, segmented

asset markets open where there is no cross island trade at this stage. In subperiod 4, all agents reconvene

in a single, centralized, frictionless asset market. Here, agents can exchange the token for a perishable

numeraire good, which is produced at a linear disutility cost. These asset markets determine the equi-

librium price of the token and allow buyers to replenish their portfolios. We next describe each market

in greater detail.

Consumption goods market In subperiod 3, buyers purchase a consumption good from sellers on

their assigned island. With probability λ, a buyer is assigned to a type L island, where the probability

of matching with a seller is γL; with probability 1 − λ, the buyer is assigned to a type H island and

the corresponding probability is γH , with γL < γH . Buyers use the token as a medium of exchange to

pay for consumption goods, thereby overcoming the standard limited commitment problem in market

transactions. We refer to the consumption goods markets as Markets L and H.

Sellers produce the consumption good at unit marginal cost. A buyer utility from consuming c

units of the consumption good is u(c). The utility function u is positive, twice differentiable, increasing

and concave. We assume the standard condition that the elasticity of marginal utility is bounded. To

guarantee equilibrium existence we further assume that utility is increasing sufficiently rapidly near

zero consumption so that u′(0+) > 1 + 1−β
β(λγL+(1−λ)γH) and limc→∞ [u′(c) + cu′′(c)] = 0. To guarantee

equilibrium uniqueness, we further assume the higher order condition −xu′′′(x)
u′′(x) < 2. Note that for

standard CRRA utility functions, both conditions are simultaneously satisfied when the coefficient of
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relative risk aversion is less than 1.

Information environment In subperiod 1, each buyer privately learns which island they will visit

in subperiod 3. Island assignments are drawn independently and identically across buyers and across

periods. This assignment is the buyer private information and is not observed by sellers of the investment

good, resulting in asymmetric information between buyers and sellers during subperiod 1.

The relevant asymmetry is not about the token’s public, aggregate characteristics, which are visible

on-chain, but about the price at which a given borrower’s collateral will be valued when the loan comes

due. This price is privately known to the borrower and not observed by the protocol, for a concrete

and well-documented reason. A lending protocol does not observe market prices directly. It reads

the collateral’s value from a price oracle that typically reports a smoothed or time-averaged price and

updates only at discrete intervals. When the market price moves between updates, the oracle’s reported

value diverges from the price at which the collateral could actually be sold. A borrower who observes the

current market can then draw a loan against a stale, favorable on-chain valuation before the protocol’s

reported price catches up. Such oracle price manipulation and front-running are well documented in

practice, often carried out with flash loans and captured as miner or maximal extractable value (Qin

et al., 2020; Qin et al., 2022). The private island assignment is a tractable way to model this advantage:

it makes the borrower better informed than the protocol about the price at which the collateral will be

valued, without requiring us to track the mechanics of any particular oracle.

This information structure also reflects the permissionless and pseudonymous nature of automated

protocols, under which lenders cannot observe a borrower’s identity, their information networks, or their

specific liquidity needs. Far from making information symmetric, the transparency of the ledger leaves

these borrower-specific values private while allowing agents with heterogeneous private information to

participate anonymously, so adverse selection is if anything more likely, not less. The advantage is also

short-lived: the asymmetry in our model dissipates within the period, as the island assignment becomes

public once the lending market closes at the end of subperiod 1.

Investment goods market and the lending protocol In subperiod 1, buyers receive an investment

opportunity that requires acquiring investment goods, which are produced by sellers. Gains from trade

arise because sellers can produce the investment good at unit marginal cost, while buyers obtain a

marginal return of z > 1 from investment. Concretely, each unit of value that a buyer borrows and

invests generates a gross return of z > 1 in units of the numeraire, so z − 1 is the net surplus from

the investment opportunity that makes borrowing worthwhile. Buyers borrow these investment goods
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from sellers through an automated lending protocol in subperiod 1. Accordingly, we refer to buyers and

sellers as borrowers and lenders, respectively.

In practice, investment goods can be interpreted as stable digital assets or stablecoins minted or held

by lenders. For example, in automated lending protocols, borrowers predominantly obtain stablecoins

by pledging volatile tokenized money as collateral. Because stablecoins function as both a medium of

exchange and a unit of account in these ecosystems, they are widely used for funding transactions or

increasing leverage in investments. The marginal return parameter z can be interpreted as the value

generated by borrowers through the use of stablecoins for speculative or productive purposes.

In the automated lending setting, borrower anonymity gives rise to a commitment problem. To

mitigate this, buyers must pledge collateral. Moreover, the market resembles a lemons market since

borrowers differ in the token’s consumption value to them: a buyer heading to a type L island values

the token less than one heading to a type H island. Transactions must therefore be facilitated through

contracts backed by the collateral asset. Following Ozdenoren et al. (2023), we assume that such contracts

take the form of debt securities. Building on their result, we posit that buyers obtain investment goods

by issuing debt contracts collateralized by tokenized money. We refer to this transaction as Market I.

Asset markets In subperiod 2, each island hosts a local, segmented asset market. We denote the

market on island s by AM s, where s ∈ {L,H}. Let φL and φH denote the corresponding equilibrium

prices of the token on island L and island H. These island specific prices reflect the local matching

efficiency, which, as noted above, becomes common knowledge following subperiod 1. We refer to φL

and φH as island specific token prices. Island segmentation sustains the price differential across markets:

upon default, collateral is liquidated at the island specific price on the borrower destination island.

In subperiod 4, all agents reconvene in a single, centralized, frictionless market, which we denote by

AM I. Let φI represent the equilibrium price of the token in this market. We refer to φI as the pre

assignment token price, since the island assignment for the subsequent period has not yet been revealed.

Smart contracts In practice, decentralized lending is conducted anonymously and enforced via smart

contracts, which automate the initiation and settlement of collateralized debt. In these arrangements,

collateral is locked into a smart contract and only released to the borrower upon repayment. By substi-

tuting automated code for human enforcement, such contracts reduce incentive problems that typically

arise in credit markets.

A defining characteristic of automated smart contracts is their parameter rigidity. All contractual

terms such as interest rate formulas and collateral haircuts are pre-programmed based on a limited set of

7



real time, quantifiable data. In particular, automated lending contracts are typically linear, non-recourse

debt contracts that rely solely on overcollateralization for risk management. Due to decentralized gov-

ernance, updates to these contract parameters occur infrequently and lack flexibility (Davidson, 2025).

Appendix D describes these institutional features for the case of Aave.

Formally, in our model, smart contracts take the form of a debt agreement that specifies, at each

time t, a haircut and interest rate pair (h,Rt), both set by the protocol. The haircut defines the debt

limit per unit of collateral according to:

qt ≤ Φt(1− h) (1)

where Φt = λφL + (1− λ)φH represents the contractual price underlying the debt contract, computed

as the expected island specific price. This borrowing limit is computed by applying a fixed haircut to Φt,

which is sourced from an oracle aggregating price quotes across exchanges. Importantly, this contractual

price is the quoted price to a seller in equilibrium, reflecting the expected value of the token traded at

the island specific asset markets in subperiod 2. Upon default, the collateral is liquidated at the island

specific price φs
t on the borrower destination island.

Let Dt denote the face value of the loan and Rt ≡ Dt/qt the implied interest rate. We assume that

lenders break even in expectation:

qt =
1

aL,tλ+ aH,t (1− λ)
[aL,tλEL min {Dt,φt}+ aH,t (1− λ)EH min {Dt,φt}] (2)

where aL,t and aH,t represent the amounts of collateral posted by buyers heading to low and high type

islands, respectively. Debt can be settled at any point before subperiod 3. In the case of Dt > φt,

collateral will be liquidated at the market price automated by the liquidation smart contract. Note

that this setup embeds a simple but effective liquidation rule: whenever the collateral market value falls

below the loan face value, the collateral is seized and liquidated. Given that the haircut h and face value

Dt jointly determine the interest rate via the equations above, we denote the smart contract simply as

(h,Dt) for the remainder of the paper.

Two features of this contract deserve emphasis. First, although the collateral is ultimately liquidated

at its market value, so that lenders are made whole in expectation through the break-even condition, the

haircut is not redundant. Its role is not to cover a mechanical recovery shortfall on default but to manage

adverse selection. By setting the debt limit per unit of collateral, the haircut governs the terms on which

the two borrower types pool or separate, and hence which equilibrium the protocol can support. This

is why, as we show below, the level of the haircut determines the size of the fragility region. Second,

liquidation occurs at the island-specific price φs
t because, by the time of default, the borrower’s island
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assignment is already public and the collateral can be sold only in the borrower’s own segmented asset

market. The contract itself, written before assignments are revealed, must instead reference the pooled

oracle price Φt. The wedge between the contractible pooled price and the realized island-specific price

is precisely the source of the lemons problem.

Timeline Figure 1 summarizes the event timeline of this economy within each time period.

1 2 3 4

Buyers privately learn

island assignment

DM: Borrow

investment goods

Travel to islands

Investment

Goods Market

(DM, peer to pool)

Island assignments

become public

Trade token

on island

(L or H)

Asset Market

AM s

(island segmented)

Trade consumption

goods on island

(L or H)

Consumption

Goods Market

Market s

Reconvene;

trade token

Asset Market

AM I

(centralized)

Figure 1: Event Timeline

Note that in this event timeline, the lending protocol in the investment good market is subject to

information friction but island assignments are revealed and become publicly known in the subsequent

island specific asset markets and consumption goods markets. A privately informed borrower could

conduct an outright sale in an exchange, instead of obtaining a loan against it on a lending protocol.

However, it is optimal for the borrower to issue a debt contract on the lending protocol rather than

conduct an equity sale in an asset exchange, because the latter is more information sensitive and therefore

subject to a greater price discount. If the borrower were to conduct an equity sale directly instead, adverse

selection would generate a deeper price discount.

2.1 Equilibrium Concept

Definition 1. A stationary equilibrium consists of asset prices φL, φH and φI such that:

1) Given the prices, in the asset market AM s where s ∈ {I, L,H}, buyers choose the optimal amount

of token to bring to next subperiod.
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2) Given the prices and their asset holding, in Markets L and H, buyers choose how much to consume

and how much asset to retain optimally.

3) Given the prices and their asset holding, the face value D is set so that both types of buyers choose

the amount of collateral to pledge optimally and the lenders break even.

4) Asset markets clear, i.e. buyers demand for the asset in AM s where s ∈ {I, L,H} equals the

asset supply A.

In practice, automated protocols manage default risk through public liquidation rules and targeted

utilization ratios. High-frequency blockchain settlement might appear to remove default risk, but the

lemons problem remains, because early liquidations triggered by adverse shocks cut short interest income.

Our baseline model abstracts from continuous-time liquidation and sub-unity utilization ratios in order

to focus on the information friction. As we show in Appendices B and C, adding fast-trading liquidations

and utilization targeting scales the equilibrium interest rates but leaves our propositions on multiplicity

and fragility unchanged.

2.2 Interpretation of the Main Assumptions

Having described the environment, we now discuss the interpretation of its main assumptions.

The island structure captures, in a tractable way, how useful the token is as a medium of exchange.

A buyer assigned to a type H island matches with sellers with higher probability, so the token buys

more consumption and is worth more there. A buyer assigned to a type L island matches less easily,

so the token is worth less. One reading is that buyers heading to type L islands want more specialized

goods that are harder to source, while buyers heading to type H islands want general goods that are

easy to source from many sellers. More broadly, the matching efficiency parameter stands for the ease of

converting the token into goods, directly or indirectly, and ensures that the token retains a fundamental

medium-of-exchange value. We use two island types for tractability.

We do not claim that volatile tokens are currently a major means of payment in advanced economies.

Their use in payments is still small there, though more significant in some emerging economies. Our aim

is to identify the stability concerns that arise in automated lending as tokenized money is used more

widely for payments.

The token plays a second role as collateral, and here we build on Ozdenoren et al. (2023). In that

environment, borrowers in the investment goods market acquire goods from lenders and secure the

loan with the asset. The key departure in the present paper is the source of the collateral’s value. In

Ozdenoren et al. (2023) the collateral is a financial asset with an exogenous random dividend; here it is
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the token itself, whose value is the endogenous consumption value described above. This is what links

the token’s collateral value to its payment value and generates the feedback loop that is absent when

collateral pays an exogenous dividend.

Both goods markets feature limited commitment between buyers and sellers, so a medium of exchange

is needed for trade to occur. The investment goods market carries an additional friction: a buyer’s

island assignment, which determines the token’s effective value on the destination island, is privately

known when the loan is made, and this asymmetry resolves before the consumption goods market

opens. Overcollateralized debt is therefore needed to support trade in investment goods. This mirrors

the observation that credit markets typically rely on richer contractual arrangements than spot goods

markets to handle information frictions.

3 Solving the Model

We first solve for a representative buyer’s optimization problem in each market taking the token prices

and the haircut as given. As usual we solve the model backwards beginning with the token market AM-

I in subperiod 4, moving back to consumption goods markets L and H in subperiod 3, token markets

AM-L and AM-H in subperiod 2 and finally investment goods market in subperiod 1.

3.1 Buyer’s optimization problem at AM-I

We refer to a buyer’s continuation value from owning a units of the token in the asset market AM-I by

W I
t (a) and from entering Market I at time t+ 1 with a units of the token by V I

t+1 (a).1 Recall that in

the asset market, there is a perishable numeraire good which agents can produce with unit cost. The

buyer chooses the amount of tokens, ã, to bring to Market I and balances her budget by selling n units

of numeraire goods:

W I
t (a) = max

n,ã
−n+ βV I

t+1(ã)

subject to φI
t ã ≤ φI

ta+ n.

1Recall that AM-I takes place in the fourth subperiod of period t and precedes Market I that takes place in the first

subperiod of period t + 1. By assumption agents discount the payoff that they obtain in time t + 1 Market I when they

compute their continuation values in time t AM-I.
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Substituting for n we get,

W I
t (a) = φI

ta+
󰁫
max

ã
−φI

t ã+ βV I
t+1(ã)

󰁬
= φI

ta+W I
t (0)

where

W I
t (0) = max

ã
−φI

t ã+ βV I
t+1(ã).

Taking the first order condition we obtain the buyer’s optimal asset holding in AM-I as:

φI
t = β

∂

∂a
V I
t+1

󰀃
aI
󰀄
. (3)

3.2 Buyer’s optimization problem at Markets L and H

We denote buyers’ continuation values from owning a units of the token asset in Market s where s ∈

{L,H} by V s
t (a). Recall that in Market s a buyer is matched with a seller with probability γs. We

assume that the buyer makes the seller a take-it-or-leave-it offer of (a− ã) units of the token in exchange

for c units of the consumption good. Hence, if the seller accepts the offer, the buyer retains ã of the

token with which she enters AM-I. The seller, on the other hand, enters AM-I with (a− ã) units of

the token, which he sells at price φI
t and obtains φI

t (a− ã) units of the numeraire good. If the seller

refuses the offer, then the seller obtains reservation value of zero. Hence, we can write the buyer’s value

function as:

V s
t (a) = max

c,ã≥0
γs

󰀅
u(c) +W I

t (ã)
󰀆
+ (1− γS)W

I
t (a)

subject to c ≤ φI
t (a− ã). Note that the constraint can be viewed as either the budget constraint for the

buyer or the participation constraint of the seller. Since the constraint must be satisfied with equality

we can substitute for c and write the buyer’s value function as:

V (a) = max
ã≥0

γs
󰀋
u
󰀅
φI
t (a− ã)

󰀆
+ φI

t ã
󰀌
+ (1− γs)φ

I
ta+W I

t (0).

The first order condition for the buyer’s optimization problem is:

u′ 󰀅φI
t (a− ã)

󰀆
≥ 1 (4)

with equality if ã > 0. There are two cases to consider.

Case 1: u′(φI
ta) < 1. In this case, the agent has left over assets after she pays for consumption goods.

Denote c∗ to be such that u′(c∗) = 1, we obtain the value function expression as follows:

V s
t (a) = γS

󰀋
u(c∗) + φI

ta− c∗
󰀌
+ (1− γs)φ

I
ta+W I

t (0)

= φI
ta+ γs(u(c

∗)− c∗) +W I
t (0).
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Case 2: u′(φI
ta) ≥ 1. In this case, the agent spends all the assets that she has brought to purchase

consumption goods. The value function is then

V s
t (a) = γsu(φ

I
ta) + (1− γs)φ

I
ta+W I

t (0).

3.3 Buyer’s optimization problem at AM-L and AM-H

In the island-specific asset markets AM-L and AM-H, agents trade the token asset with symmetric

information. In particular, they know which island buyers are on and will buy consumption goods in

Market L or H in the next subperiod. We refer to a buyer’s continuation value from owning a units of

the token in AM-s, s ∈ {L,H} , by W s
t (a) and from entering consumption goods Market s with a units

of token by V s
t (a). Hence,

W s
t (a) = max

n,ã
−n+ V s

t (ã)

subject to

φs
t ã ≤ φs

ta+ n,

where n denotes the amount of numeraire good.2 Since the budget constraint must hold with equality,

we substitute for n in the payoff function and obtain,

W (a) = φs
ta+

󰁫
max

ã
−φs

t ã+ V s
t (ã)

󰁬
= φs

ta+W s
t (0)

where

W (0) = max
ã

−φs
t ã+ V s

t (ã).

Taking the first order condition we obtain the buyer’s optimal asset holding in AM-S as:

φs
t =

∂

∂a
V s
t (as) . (5)

We can now use the expressions for V s
t (a) to solve for φs

t and W s
t (a). Recall that there are two cases.

Case 1: u′(φI
ta) < 1. In this case,

∂

∂a
V s
t (a) = φI

t

so we obtain φs
t = φI

t and
2Recall that buyers can produce the numeraire good one-to-one from labor. If ã > a, the buyer purchases (ã− a) units

of the asset and pays with the numeraire good. The production of the numeraire creates disutility which is given by −n

in the payoff function. Similarly, if ã < a, the buyer sells (a− ã) units of the asset and receives numeraire in exchange (so

n < 0) which gives utility −n.
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W s
t (a) = φI

ta+W s
t (0). (6)

Case 2: u′(φI
ta) ≥ 1. In this case,

∂

∂a
V s
t (a) = φI

t

󰀅
γsu

′(φI
ta) + (1− γs)

󰀆

so we obtain

φs
t = φI

t

󰀅
γsu

′(φI
ta) + (1− γs)

󰀆
and

W s
t (a) = φI

t

󰀅
γsu

′(φI
ta) + (1− γs)

󰀆
a+WS

t (0). (7)

3.4 Partial Equilibrium of Market I

Now, we move to the first subperiod when Market I takes place. In this market there is asymmetric

information. Buyers (borrowers) know their island assignment but sellers do not know. This asymmetric

information creates adverse selection in the market. If a borrower is heading to island H, she knows

the token will be priced at φH
t on this island. She would borrow the investment good, and secure the

borrowing by giving up a security claim on the token asset, only if the lenders gives enough of the

investment good in exchange. However, lenders need to break even, and they need to take into account

that the borrower may be heading to island L, where the asset price will be φL
t . Hence, there is a classic

lemons problem in Market I.

As described before. the automatic lending protocol sets a debt contract that specifies the haircut

and face value (h,Dt). The haircut, h, puts a limit on how much borrowers can borrow, denoted by qt

given by the constraint (1). The face value Dt, on the other hand, is set so that lenders break even.

Suppose a borrower enters Market I with a units of the token. The borrower takes the contract

(h,Dt) and prices as given, and decides how many units of the token backed security to sell given her

island assignment. Since the security is backed by the token, the borrower can sell at most a units of

the security. The actual payment of the debt security for a buyer heading to island s is min(Dt,φ
s
t ). In

particular, if φs
t < Dt, a buyer on island s defaults. We assume that in case of default, the borrower

pays the lender the island-specific collateral price φs
t and retains a units of the token in AM-s next

sub-period.3 Hence, the value of the borrower from holding a units of the token asset in Market I is
3This assumption is innocuous and we make it for notational convenience. The token trades at price φs

t in AM-s (and

there is no discounting between sub-periods). We could equivalently assume that the lender sells the asset in AM-s and

the borrower rebalances her asset portfolio.
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given by:

V I
t (a) = λ max

0≤ãL≤a

󰀅
zqtãL −min(Dt,φ

L
t )ãL

󰀆
+ (1− λ) max

0≤ãH≤a

󰀅
zqtãH −min(Dt,φ

H
t )ãH

󰀆

+ λWL
t (a) + (1− λ)WH

t (a)

Since W s
t (a) = φs

ta+W s
t (0) we can rewrite the value function as:

V I
t (a) = λ max

0≤ãL≤a

󰀅
zqtãL −min(Dt,φ

L
t )ãL

󰀆
+ (1− λ) max

0≤ãH≤a

󰀅
zqtãH −min(Dt,φ

H
t )ãH

󰀆

+ λφL
t a+ (1− λ)φH

t a+ λWL
t (0) + (1− λ)WH

t (0) (8)

Next, we solve the partial equilibrium in Market I where we characterize the equilibrium choices

of the two types of buyers but take the asset prices as given. To simplify the problem we make two

observations. First, due to the linearity of the objective function, the optimal values of ãL and ãH are

either 0 or a. Second, in equilibrium, the L-type buyer (heading to a low-type island) always borrows

so that ãL = a.

To pin down ãL, ãH and Dt, we consider two cases. The first is a pooling equilibrium where

ãL = ãH = a so that both types of borrowers trade the debt security in exchange for the investment

good. The second is a separating equilibrium where ãL = a and ãH = 0 so that only the L-type (heading

to a low-type island) trades the debt security in exchange for the investment good. We next derive the

face value of debt Dt in each case and characterize a necessary and sufficient condition under which the

corresponding equilibrium exists.

Pooling case: The face value of the debt DP
t is given by the break even condition for the sellers:

qt = λmin(DP
t ,φ

L
t ) + (1− λ)min(DP

t ,φ
H
t ). (9)

The face value of debt in the pooling equilibrium depends on whether the low type defaults or not.

When low type defaults, min(DP ,φL
t ) = φL

t ; otherwise, min(DP
t ,φ

L
t ) = DP

t . Substituting qt in (9) with

the upper bound of loan amount qt in (1), we obtain an equation for the debt face value in the pooling

equilibrium:

DP
t =

󰀻
󰀿

󰀽

(1−h)(λφL
t +(1−λ)φH

t )−λφL
t

(1−λ) if φH
t

φL
t
> 1−λ(1−h)

(1−h)(1−λ)

(1− h)
󰀃
λφL

t + (1− λ)φH
t

󰀄
o.w.

(10)

The debt is traded in the pooling equilibrium if and only if

zqt = z
󰀋
λmin(DP

t ,φ
L
t ) + (1− λ)min(DP

t ,φ
H
t )

󰀌
≥ min(DP

t ,φ
H
t ).

15



Defining

ζ
󰀃
h,φL,φH

󰀄
≡

󰀻
󰀿

󰀽

(1−λ)φL

(1−h)(λφL+(1−λ)φH)−λφL if φH

φL > 1−λ(1−h)
(1−h)(1−λ)

1 o.w.

and

ζ ≡ 1− z − 1

λz

we can write the pooling condition as,

ζ
󰀃
h,φL,φH

󰀄
≥ ζ. (11)

Separating case: The face value of the debt DS
t is given by the break-even condition for lenders:

qt = min(DS
t ,φ

L
t ) = φL

t . (12)

For the high type incentive compatibility condition to hold, their profit from mimicking low type has to

be non-positive. Hence, the (minimum) debt face value in the separating equilibrium is:

DS
t = zφL

t (13)

That is, the interest rate has to be high enough to deter high types from borrowing. The separating

equilibrium is sustained if and only if the high type’s profit from mimicking is non-positive, i.e., zφL
t ≤

φH
t , or equivalently:

φH
t

φL
t

≥ z. (14)

4 Dynamic Automated Lending Market Equilibrium: Multiplic-

ity and Uniqueness

The analysis in the previous section takes token prices as given. In this section, we characterize the

stationary equilibrium where token prices are endogenously determined. We first demonstrate that,

with contract rigidity, decentralized lending is fragile in the sense that it exhibits dynamic multiplicity

in prices. Specifically, we show that there might be multiple equilibria in the automatic lending market

(Market I) justified by different token prices. The multiple token prices are in turn justified by the

different equilibria in Market I. We then show that if debt contract terms can be flexibly updated, a

unique stationary equilibrium is obtained and fragility is eliminated.
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4.1 Characterization of Stationary Equilibria

We focus on steady state and drop time subscripts for the remainder of the section and solve for the

equilibrium steady state asset prices: φL, φH , φI . For simplicity we also set A = 1.

To begin we show that u′(φI) < 1 is inconsistent with a stationary equilibrium. From (6) if u′(φI) < 1

then φL = φH = φI . As a result, min(D,φL) = min(D,φH) = q = (1− h)φI . Substituting these terms

in (8), we have

V I(a) = (z − 1) (1− h)φIa+ φIa+ λWL(0) + (1− λ)WH(0)

and

φI = β
∂

∂a
V I (1) = β [1 + (z − 1) (1− h)]φI .

Hence, in steady state of stationary equilibrium, φL = φH = φI = 0. But this is inconsistent with

u′(φI) < 1 since u′(φI) = u′(0) > 1.

For the remainder of our analysis we focus on the case where u′(φI) ≥ 1. From (7) we have:

φs = φI
󰀅
γsu

′(φI) + (1− γs)
󰀆
.

Lemma 1. Both the island-specific token prices φLand φH at AM-L and AM-H, as well as their ratio,

φL/φH , are increasing in the pre-assignment token price at AM-I, φI .

These results collectively suggest that stronger collateral services in lending - reflected by a higher

φI - support more stable and elevated consumption levels, while also stabilizing and increasing island-

specific token prices once island assignments are revealed. This outcome reflects one leg of the feedback

loop between the dual roles of token under information frictions: improved collateral value enhances its

function as a medium of exchange.

Next, we consider the two cases where the debt security is traded in a pooling and separating

equilibrium in Market I where φI
P and φI

S correspond to the asset price in AM-I in the pooling and the

separating equilibrium, respectively.

In the pooling case, we substitute the pooling debt price (9) into (8) and differentiating with respect

to a we obtain:

φI
P = β(z − 1)

󰀅
λmin(DP ,φL) + (1− λ)min(DP ,φH)

󰀆
+ β

󰀅
λφL + (1− λ)φH

󰀆
.

In the pooling case the low type defaults if and only if φH(x)

φL
t (x)

> 1−λ(1−h)
(1−h)(1−λ) . Using this fact and substi-

tuting the face value from (10) we obtain:

φI
P = β [(z − 1)(1− h) + 1]

󰀃
λφL + (1− λ)φH

󰀄
, (15)
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In the separating case, only the L-type borrows (ãL = a, ãH = 0). Substituting the separating debt

price (12) into (8) and differentiating with respect to a we obtain:

φI
S = βλ(z − 1)min(DS ,φL) + β

󰀅
λφL + (1− λ)φH

󰀆
.

The first term captures the L-type’s borrowing surplus (weighted by λ), while the second term is the

continuation value from holding the token into sub-period 2 across both island types. Substituting

min(DS ,φL) = φL (since DS = zφL > φL) we obtain:

φI
S = β

󰀅
λzφL + (1− λ)φH

󰀆
. (16)

Now we are ready to deliver the existence of a stationary equilibrium and show that there can be

multiple equilibria in the next proposition.

Proposition 1. There exists either a unique pooling equilibrium, a unique separating equilibrium or two

equilibria one pooling and separating. Moreover, when the pooling and separating equilibria coexist, asset

prices φI , φH and φL are higher in the pooling equilibrium than in the separating equilibrium.

The detailed proof is provided in the appendix. We give a rough sketch here. First let φs (x) =

x [γsu
′(x) + (1− γs)] , s ∈ {L,H} and define two functions: one for the pooling and the other for the

separating case as follows:

φI
P (x) = β [(z − 1)(1− h) + 1]

󰀃
λφL (x) + (1− λ)φH (x)

󰀄
, (17)

φI
S (x) = β

󰀅
λzφL (x) + (1− λ)φH (x)

󰀆
. (18)

Note that the separating price (18) depends on both φL and φH : even though only L-type borrowers

participate in Market I, all buyers carry the token into sub-period 2, so the continuation value reflects

both island-specific prices. We then show that there exists a fixed point for the pooling price in (17)

and a fixed point for a separating price in (18). We demonstrate that at least one, and sometimes both,

of these fixed points satisfy the respective pooling and separating conditions to complete the proof.

Moreover, equations (17) and (18) imply a positive relationship from island-specific to pre-assignment

token prices, as summarized in the following corollary.

Corollary 1. The pre-assignment token price at AM-I, φI , is increasing in both island-specific token

prices φL and φH , observed at AM-L and AM-H, respectively.

This corollary illustrates the second leg of the feedback loop between the dual roles of token: an

improved medium-of-exchange function enhances its effectiveness as collateral. Taken together with
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φI ↑

φL/φH ↑

φL ↑, φH ↑

Figure 2: Feedback Between Token Prices and Volatility

Lemma 1, it characterizes the feedback mechanism between token price and volatility (ie., the spread

between φLand φH).

Figure 2 illustrates this mechanism, which operates as a feedback loop between the token’s two roles.

A high pre-assignment token price φI compresses the spread between its future possible values φL and

φH . Because the utility function is concave (u′′ < 0), buyers holding a high-value asset become less

sensitive to differences in island-level matching efficiency, effectively lowering the asset’s fundamental

volatility. In our model the token’s fundamental volatility is the dispersion of its consumption value

across islands, and we use the two terms interchangeably. Lower volatility, manifested as a higher ratio

φL/φH , reduces the information asymmetry between borrowers and lenders. A more stable asset serves

as “safer” collateral because the value gap between token on high- and low-type islands narrows, thereby

mitigating adverse selection in the lending market. Consequently, reduced adverse selection encourages

participation in the lending market (supporting a pooling equilibrium), and the resulting higher utility

from using the token as collateral feeds back into the pre-assignment valuation, raising φI further.

This loop creates the potential for multiple equilibria: a “good” equilibrium with high prices and low

volatility, and a “bad” equilibrium in which low prices lead to high volatility, which in turn justifies the

low valuations.

By examining further the boundary conditions for the pooling and the separating equilibrium, we

characterize the conditions under which the economy admits multiplicity in asset prices for a given

haircut.

Proposition 2. Pooling and separating equilibria co-exist if and only if

C >
γL
γH

> C, (19)
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where

C =
1− βz

z (1− β)
,

C =
1− λ

λ

(1− h) [(λz − z + 1)− βλ(z − 1)]− λβ

1− (1− h) [(λz − z + 1) + β (1− λ) (z − 1)]− (1− λ)β
.

In other words, when the ratio of matching probability on a low-type island to that on a high-type

island is in an intermediate range, there exist both a pooling equilibrium with high asset prices, greater

funding and production, and a separating equilibrium with depressed asset prices, reduced funding and

production. It is important to note that the automatic lending protocol does not always admit multiple

equilibria. Proposition 2 outlines the condition for stability and fragility in decentralized lending.

A notable feature of the multiplicity region is its asymmetric dependence on the protocol’s haircut h.

The upper bound C = 1−βz
z(1−β) depends only on the fundamental adverse selection parameters z and β,

and is entirely independent of the haircut. Intuitively, the collapse of the credit market into a separating

equilibrium is driven purely by the severity of the informational friction between borrower types. By

contrast, the lower bound C depends on h: a higher haircut raises C, making it harder for the pooling

equilibrium to be sustained. Since C is fixed while C increases in h, contractual rigidity directly widens

the multiplicity zone, amplifying systemic fragility.

The multiplicity in Proposition 2 should not be confused with the value-of-money multiplicity that is

generic to monetary models. Throughout, we restrict attention to stationary equilibria in which money

is valued, setting aside the non-monetary equilibrium with φI = 0. Within this class, the additional

equilibrium we identify is a pooling-versus-separating multiplicity in the lending market, and it requires

both asymmetric information and a rigid contract. The next corollary makes this precise.

Corollary 2. Consider stationary equilibria in which money is valued.

(i) If there is no adverse selection, that is γL = γH , the equilibrium is unique.

(ii) Under the flexible haircut of Proposition 3, the equilibrium is unique.

Hence the multiplicity in Proposition 2 arises only when asymmetric information and a rigid contract

are present together. It is not a property of the monetary feedback loop alone.

To see part (i), note that with γL = γH we have φL = φH , so the separating condition (14),

φH/φL ≥ z, becomes 1 ≥ z, which fails since z > 1. The separating equilibrium therefore cannot exist,

and only the pooling equilibrium remains. Part (ii) is Proposition 3. In both cases the monetary feedback

loop between the token’s payment value and its collateral value is fully present, yet the equilibrium is
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unique. This is why we read the fragility as a consequence of the interaction between information frictions

and contractual rigidity, rather than of the bubble-like nature of the collateral.

Proposition 2 also helps explain the empirical finding of Lehar and Parlour (2022), who observe that

liquidations in decentralized lending protocols often result in permanent negative price impacts. Under

standard market microstructural theory, a fire sale, driven by a temporary lack of liquidity rather than

a change in fundamentals, should eventually mean-revert as fast-moving capital and arbitrageurs enter

the market to capture the discount.4

Our framework demonstrates that while the physical liquidation may be a transitory event, the

resulting information friction can render its impact permanent. A sudden price decline, even if purely

liquidity-driven, lowers the ratio φL/φH and widens the informational gap between borrower types.

This triggers a self-fulfilling shift in market expectations: the depressed asset price leads to heightened

adverse selection regarding borrowers’ private island assignments, forcing high-type borrowers to exit

the lending market under a rigid haircut. If the initial shock pushes the economy below the stability

threshold C, agents coordinate on pessimistic beliefs where low prices justify high volatility, which in

turn suppresses credit provision and payment activity. In this state, the “bad” equilibrium becomes

locally stable, and the temporary price impact of the fire sale is effectively permanent. Consequently,

our model is consistent with the empirical findings of Lehar and Parlour (2022), which it interprets as a

coordination failure arising from the combination of an informational lemons problem and contractual

rigidity.

4.2 Uniqueness under Flexible Design of Debt limit

We have shown that under a rigid haircut, for a certain range of parameter values, decentralized lending

can lead to multiplicity. In this section, we show that a flexible contract design supports a unique

equilibrium in this multiple equilibria region, and generates higher social surplus from lending compared

to the case with a rigid haircut.

Under flexible design, we modify the equilibrium concept in Definition 1 so that the haircut on the

smart contract is no longer subject to constraint (1). Instead, we assume that the lending protocol

chooses the haircut to maximize the expected amount of loans made by the protocol given prices φL and

φH . As Lemma 2 below shows, this objective is not special: it coincides with maximizing the realized

gains from trade in the lending market, and with maximizing protocol revenue under any fee that is
4The decentralized finance literature has documented active arbitrage activities cross-chains or on-chains enabled by

Miner Extractable Value (MEV) bots or flash loans, indicating that capitals are fast moving (Qin et al., 2022).

21



increasing in loan volume. We emphasize that what restores uniqueness is not the objective itself but the

protocol’s ability to make the haircut a function h
󰀃
φL,φH

󰀄
of the endogenous, observable price signals.

Under a rigid haircut, the same price realizations can support either pooling or separating, because h

cannot respond. Once h can adjust to prices, the protocol can always select the higher-volume pooling

outcome whenever it is feasible, and the self-fulfilling separating equilibrium can no longer be sustained.

The objective determines which feasible outcome is chosen, but it is the state contingency of the haircut

that eliminates the multiplicity. That is, the protocol chooses the function h
󰀃
φL,φH

󰀄
to maximize:

󰀃
λ+ (1− λ) aH

󰀃
h,φL,φH

󰀄󰀄
q
󰀃
h
󰀃
φL,φH

󰀄
,φL,φH

󰀄
(20)

where the loan size is:

q
󰀃
h,φL,φH

󰀄
=

󰀃
1− h

󰀃
φL,φH

󰀄󰀄 󰀃
λφL + (1− λ)φH

󰀄

and

aH
󰀃
h,φL,φH

󰀄
=

󰀻
󰁁󰀿

󰁁󰀽

1 if ζ
󰀃
h,φL,φH

󰀄
≥ ζ

0 otherwise
. (21)

Definition 2. A stationary equilibrium with flexible haircut consists of asset prices φL, φH and φI such

that h
󰀃
φL,φH

󰀄
solves the protocol’s maximization problem and (1)-(4) in Definition 1 hold.

Before turning to the equilibrium, we record that the loan-volume objective in (20) is not a self-

serving assumption that mechanically favors pooling. It coincides with the natural welfare objective in

this market.

Lemma 2. Fix asset prices. The realized gains from trade in the investment market equal (z − 1) times

the protocol’s expected loan volume in (20). Consequently, maximizing expected loan volume, maximizing

the realized gains from trade, and maximizing protocol revenue under any fee that is weakly increasing

in loan volume all induce the same haircut policy h
󰀃
φL,φH

󰀄
.

The proof is in the appendix. The lemma addresses a natural concern that the result is driven by

the assumed objective rather than by contract flexibility. Because total surplus in the lending market is

proportional to loan volume, choosing the haircut to maximize loan volume is the same as choosing it

to maximize total surplus. What eliminates the multiplicity is therefore not the choice of objective but

the protocol’s ability to make the haircut respond to prices, as we now show.

The next proposition shows that the flexibility in setting the haircut optimally in response to changes

in the asset price leads to a unique stationary equilibrium. Although the haircut is set flexibly, in the

unique equilibrium the protocol chooses the same haircut in every period.
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Proposition 3. There exists a unique stationary equilibrium with flexible haircut in which equilibrium

asset prices are given by φ
I
, φ

L
and φ

H
. In any equilibrium, the intermediary takes the asset prices φI ,

φL and φH as given and chooses the haircut according to the following rule:

h
󰀃
φL,φH

󰀄
=

󰀻
󰀿

󰀽

(1−λ)(ζφH−φL)
ζ(λφL+(1−λ)φH)

if φL

φH < ζ

0 o.w.
.

The equilibrium is always pooling, and it weakly Pareto dominates the equilibria under a rigid haircut,

strictly so whenever the rigid haircut admits a separating equilibrium.

The construction of the proof is detailed in the Appendix. To understand the haircut function,

first suppose φI is very high which makes the debt contract informationally insensitive and the adverse

selection very mild. The protocol can guarantee the high type’s participation in the debt market without

a haircut which generates high debt volume and raises the surplus from lending. If φI is lower than a

threshold (φ̂I), the debt contract becomes informationally more sensitive and the protocol eventually

needs to set a positive haircut. As φI becomes even lower, the protocol keeps increasing the haircut to

maintain a pooling outcome. For any level of φI , the intermediary finds it optimal to maintain a pooling

outcome by adjusting the haircut, as the pooling loan volume always exceeds the separating loan volume.

This flexibility in adjusting haircut implies that, given any asset prices, the loan size is weakly greater

than those under the rigid contract.

The dynamic feedback between token prices and the haircut is the key economic mechanism through

which flexible contracting eliminates equilibrium multiplicity. To illustrate this, consider the following

thought experiment. In the multiple equilibria region under a rigid haircut regime, high-type borrowers

face two choices: to participate in the lending protocol or not. Their decision depends on island-

specific token prices. When these prices are high and less volatile, adverse selection is low, encouraging

participation by the high type. This leads to a pooling equilibrium and supports a high pre-assignment

token price, φI , that justifies their participation. Otherwise, a separating equilibrium emerges, in which

high types abstain from borrowing.

Now consider the case where haircuts can be flexibly updated. Suppose the combination of pre-

assignment and island-specific token prices initially supports a separating equilibrium under a fixed

haircut. With flexible contracting, however, the protocol can raise the haircut to make the debt contract

information-insensitive, thereby attracting high-type borrowers. This initiates a pooling outcome in

which more funding is raised, greater gains from trade are realized, and the token becomes more valuable

as collateral, reflected in a higher φI .
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This increase in φI reinforces the process by generating higher and more stable island-specific prices

(φH , φL, and φL/φH), which in turn reduces adverse selection and further relaxes the high type’s

participation constraint. As a result, the haircut can be lowered, completing the dynamic feedback

loop between asset prices and contract terms. This recursive adjustment continues until the system

converges to the pooling equilibrium within the region that previously allowed multiple equilibria under

rigid contracting.5

The above result is obtained when the collateral is a fiat money that pays island-specific consump-

tion payoff valued by φH , φL that are endogenously determined in equilibrium. These island-specific

consumption payoffs are positively related to pre-assignment price φI . This relationship is absent in

Ozdenoren et al. (2023) which features an optimal security design backed a financial asset that pays

exogenously given random dividend which is not affected by the asset price level.

Additionally, we show that the fragility in decentralized lending that we highlight is not due to

the bubble-like property of token but rather due to institutional features of decentralized finance. It

suggests that the rigid haircut rule (1) imposed by the smart contract is the source of decentralized

lending instability in the form of multiple equilibria and lowers welfare. Can a lending smart contract

be pre-programmed to replicate the flexible contract design? This can be challenging in practice. First,

a flexible contract cannot be implemented using simple linear haircut rule that is typically encoded in

these contracts. Second, the optimal haircut on the debt threshold shown in the above proposition

depends on information that may not be readily available on-chain (e.g., z,λ). Alternatively, the lending

protocol can replace the algorithm by a human risk manager who can adjust risk parameters in real time

according to the latest information. Relying fully on a trusted third party, however, can be controversial

for an automatic protocol. Our results highlight the tradeoffs in achieving stability and efficiency in a

decentralized environment subject to informational frictions.

5 Related Literature and Discussion

This paper sits between two literatures that rarely meet. One is the economic theory of money and

collateral, which has the tools to analyze pledgeability and security design but has largely studied

assets that are valued either in exchange or as a store of claims, not both at once. The other studies

decentralized finance, which is rich in institutional detail but tends to treat its frictions as engineering
5At this pooling equilibrium with flexible haircut, the resulting equilibrium haircut is not higher but may be lower than

the fixed haircut that we started with depending on the severity of adverse selection.
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features rather than economic forces. Our aim is to bring the first set of tools to the second setting, and

in doing so to show that the institutional form is not merely a new venue for familiar mechanisms: an

asset that is simultaneously a means of payment and collateral generates an economic mechanism, and

an associated risk tradeoff, that does not arise when the two roles are separated.

Concretely, our work connects the theory of money with the theory of contracts and collateralized

borrowing. The liquidity of money, and the use of money or near-money assets as collateral, are classic

themes in monetary theory (Kiyotaki and Moore, 1997; Lester et al., 2012; Li et al., 2012). In that

literature an asset’s liquidity is typically a property it carries into trade, and the value of money is

determined largely on the payment side. Our point of departure is that the asset’s pledgeable value

in the credit market is its own endogenous value in exchange, so the payment and collateral values

are determined jointly rather than sequentially. By embedding the collateralized lending framework of

Ozdenoren et al. (2023) into the search-theoretic model of Lagos and Wright (2005), we make this joint

determination explicit. While Ozdenoren et al. (2023) study optimal security design for financial assets

with exogenous dividends, the collateral in our framework is fiat money whose return is the endogenous

consumption value it provides as a means of payment. This distinction generates the feedback loop

between the token’s collateral value, its consumption value, and the dispersion of that value across

states, which is the source of the multiplicity and fragility we study.

Our focus on borrowing constraints and endogenous collateral values connects to the broader litera-

ture on collateral in general equilibrium (Kiyotaki and Moore, 1997; Geanakoplos, 1997; Geanakoplos,

2003; Fostel and Geanakoplos, 2012). We depart from these frameworks by taking the contract space

itself as an economic object shaped by the technology. In automated protocols, haircuts are neither

freely chosen nor exogenously fixed: they are hard-coded parameters whose adjustment is limited by

the cost of deploying and governing smart contracts. Modeling this rigidity as an economic constraint,

rather than as an institutional curiosity, is what allows us to show that the fragility is driven by the

interaction of contract rigidity with asymmetric information, and not by the bubble-like nature of the

collateral itself.

Our information friction connects to a large literature on adverse selection in decentralized and

over-the-counter asset markets. Guerrieri and Shimer (2014), Guerrieri et al. (2010), Chiu and Koeppl

(2016), and Chang (2018) study how private information about asset quality or future payoffs interacts

with search frictions to shape liquidity, prices, and the volume of trade. Our friction differs in its

object. The hidden information does not concern the intrinsic quality of the collateral, which is common

knowledge and marked to public oracle prices, but the borrower’s privately known future consumption

25



value for the token, that is, the state in which the pledged token will be valued. This distinction is what

makes the friction relevant for decentralized lending. Because on-chain collateral is publicly priced, the

classical lemons problem over asset quality is largely absent. What remains private is the borrower’s

destination-specific liquidity need, which determines the token’s effective pledgeable value and is not

contractible at origination. The island assignment is a tractable stand-in for this need, and for the

transient informational advantages, such as oracle latency, that informed borrowers are documented to

exploit.

Our paper also relates to the money-search literature that embeds credit and collateralized trade into

the Lagos and Wright (2005) environment. Relative to this literature, our contribution is to let a single

object serve at once as the medium of exchange and as the collateral securing intertemporal trade, so that

the asset’s payment value and its collateral value are jointly and endogenously determined. It is this two-

way dependence, absent when collateral pays an exogenous dividend, that produces the feedback loop and

the associated multiplicity. We therefore read the multiplicity not as a generic monetary indeterminacy

but as a property of the interaction between this feedback loop and a specific institutional restriction on

the contract space.

It is useful to place our multiplicity relative to the classic adverse selection literature, because it is

of a different kind. That literature is static. Since Akerlof (1970), it is known that an adverse selection

market can admit multiple equilibria when buyers take prices as given. A separate, screening tradition

starting from Rothschild and Stiglitz (1976) studies posted contracts within a single period, where the

issue is instead whether a separating allocation exists and survives competitive entry. These are distinct

static problems, the first about multiplicity under price taking and the second about existence under

screening, but they share a resolution: when traders behave strategically and compete, Wilson (1980)

shows that a unique equilibrium exists. In our environment lenders are not price takers; they compete

a la Bertrand in the peer-to-pool, and we adopt the Wilson (1980) equilibrium concept precisely to

abstract from these static issues, following Ozdenoren et al. (2023). Our multiplicity is therefore not an

artifact of static price taking or screening. It is intertemporal: it arises from the dependence of today’s

adverse selection on the expected future price, a channel that is absent in these static benchmarks.

The multiplicity in our model is instead dynamic. The expectation of a low token price in the future

raises the dispersion of the collateral’s value across states, which intensifies adverse selection today,

depresses the current price, and so confirms the pessimistic expectation. This self-fulfilling channel runs

through the intertemporal feedback between the token’s payment value and its collateral value, and

it survives the Wilson refinement that eliminates the static multiplicity. In this sense our mechanism
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parallels Ozdenoren et al. (2023): there, as here, expanding the set of feasible securities, in our case

allowing the haircut to respond to the state, breaks the self-fulfilling complementarity and restores a

unique equilibrium (Section 4.2).

The distinction from Akerlof (1970) also concerns the object of private information. The token

is homogeneous, so what a borrower privately knows is not a hidden quality of the asset but their

own future valuation of it, namely the destination island on which the pledged token will be priced.

Selection therefore operates through which borrowers choose to borrow under given terms, not through

the quality of the pledged object. Two further features of our environment deserve note. The protocol

posts a single break-even contract rather than a menu; this is not assumed for convenience but follows

from the deployment and governance costs of maintaining many distinct smart contracts (Appendix D).

And the face value, equivalently the interest rate, is already an instrument in our contract space, and it

is what supports the separating equilibrium in which the high type is priced out. We therefore do not

impose pooling. Pooling and separating are both equilibria, and the fragility we identify is the dynamic

coexistence of the two; the baseline restricts only the responsiveness of the haircut, which Section 4.2

then lifts.

Within the rapidly expanding literature on the microeconomics of decentralized ledgers, our paper

provides an optimal security design perspective for the systemic vulnerabilities observed in automated

lending protocols. Our emphasis on the security design of these protocols complements broader work on

the economics of decentralized ledgers and tokenized assets. Our framework also complements studies

analyzing the microstructural design of automated markets. For example, Chiu and Koeppl (2019) study

how blockchain can support incentive-compatible exchange and mitigate commitment problems, Lehar

and Parlour (2022) examine the impact of liquidation mechanisms, while Carré and Gabriel (2024) and

Rivera et al. (2023) study programmable interest rate rules.

Finally, our findings point to a structural difference between automated protocols and traditional

collateralized lending. In traditional repo markets, leverage management is highly flexible, making

coordination failures less likely. Mortgage markets feature rigidities, but capital is slow moving. De-

centralized finance occupies a distinctive position: capital is fast moving, yet the core security design

remains comparatively rigid. We do not claim that protocols are fully static. In practice they deploy

a range of coarse, rule-based risk tools, including adjustable collateral factors, utilization-based interest

rates, supply and borrow caps, isolation modes, liquidation bonuses, and governance-updated parame-

ters. Our point is that these instruments stop short of the state-contingent security design that would

condition the haircut on the endogenous price signals driving adverse selection. It is this missing contin-
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gency, rather than rigidity as such, that keeps the multiplicity zone open. Our results suggest that unless

automated protocols expand their feasible contract space in this direction, they will remain susceptible

to sudden market freezes and systemic fragility.

6 Conclusion

We develop a dynamic equilibrium model of an asset that serves both as a medium of exchange and

as collateral. Even though the token pays no dividend, it can support a stable credit market when its

payment and collateral roles reinforce each other. We identify a feedback loop: the token’s value as

collateral raises its value in exchange, which in turn supports its value as collateral.

This feedback loop also creates a vulnerability. The token’s value depends on its consumption value

to the agents who hold it. When borrowers have private information about this value, adverse selection

creates a lemons problem in the anonymous credit market.

We show that systemic fragility arises when this information friction collides with a restricted contract

space. In decentralized lending protocols, loan terms such as haircuts and liquidation thresholds are rigid

and state-independent. This rigidity is not arbitrary. Deploying and updating smart contracts consumes

gas, and the cost rises with the number and complexity of the contracts maintained, so posting a rich

menu of state-contingent contracts is prohibitively expensive. Protocols therefore converge on a small

set of standardized, pooled contracts, and the restricted contract space is an economic outcome of these

deployment costs rather than a modeling assumption. This rigidity prevents the contract from adapting

to shocks, generating coordination failures and multiple self-fulfilling equilibria. A shift from optimistic to

pessimistic expectations can lead to a sudden collapse in both the volume of credit and the consumption

value of the collateral.

When the haircut can instead adjust to the state, the equilibrium is unique. Allowing contract terms

to respond to market prices removes the complementarity that drives market runs. The optimal haircut

rule we derive shows how state-dependent contract terms can improve both efficiency and stability, and

our results speak directly to the design of automated lending protocols.

We close on a broader point. Assets that are both a means of payment and a store of pledgeable value

are not new; money itself has always been one. What is new is the degree to which programmable ledgers

tie the two roles to a single object and a single settlement layer, where the same token is spent, pledged,

and liquidated under common, hard-coded rules. This tight coupling sharpens the joint determination

of payment and collateral values that our model studies, and with it the feedback between them. More

28



broadly, this coupling of the consumption and financial sides of the economy can generate interactions

that more segmented institutions kept apart. Our analysis studies one such interaction, the feedback

between an asset’s payment value and its collateral value, and shows that it can be either stabilizing or

destabilizing depending on the contract space. Many further questions remain open for research, on how

this coupling shapes liquidity, asset prices, and the transmission of monetary and financial shocks, and

it raises new challenges for policymakers, who must weigh the efficiency gains from integrating payment

and credit against the new channels for instability that integration creates.
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A Proofs

A.1 Proof of Lemma 1

Proof.
∂
󰀓

φL

φH

󰀔

∂φI
> 0 ⇔ ∂φL

∂φI
φH − ∂φH

∂φI
φL > 0

Let A(φI) = u′(φI) + φIu′′(φI). The derivative of the price function with respect to φI is:

∂φs

∂φI
= γsA(φI) + (1− γs)

Substituting the expressions for φs and ∂φs

∂φI into the inequality condition:

φI [γHu′ + (1− γH)]󰁿 󰁾󰁽 󰂀
φH

· [γLA+ (1− γL)]󰁿 󰁾󰁽 󰂀
∂φL

∂φI

> φI [γLu
′ + (1− γL)]󰁿 󰁾󰁽 󰂀
φL

· [γHA+ (1− γH)]󰁿 󰁾󰁽 󰂀
∂φH

∂φI

Since φI > 0, we can divide both sides by φI . Expanding the terms yields:

γHγLu
′A+ γHu′(1− γL) + (1− γH)γLA+ (1− γH)(1− γL)

> γLγHu′A+ γLu
′(1− γH) + (1− γL)γHA+ (1− γL)(1− γH)

Reorganizing, the inequality becomes:

u′(γH − γL) > A(γH − γL)

By assumption, γH > γL, so (γH − γL) > 0. We can divide by this term without reversing the

inequality:

u′(φI) > A(φI)

Substituting the definition of $A(\phi^I) = u’(\phi^I) + \phi^I u”(\phi^I)$ back into the inequality:

u′(φI) > u′(φI) + φIu′′(φI)

Subtracting u′(φI) from both sides leaves:

0 > φIu′′(φI)

Since φI > 0 and the utility function is strictly concave (u′′ < 0), the term φIu′′(φI) is strictly

negative. Therefore, the condition holds true.

This confirms that the ratio φL

φH is strictly increasing in φI .
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A.2 Proof of Proposition 1

Proof. W.l.o.g. set A = 1. Let the island-specific price functions be:

φs(x) = x[γsu
′(x) + (1− γs)], s ∈ {L,H}

and define the pre-assignment price mapping functions for the pooling and separating cases as:

φI
P (x) = β[(z − 1)(1− h) + 1](λφL(x) + (1− λ)φH(x)),

φI
S(x) = β[λzφL(x) + (1− λ)φH(x)].

In the separating case, only the L-type borrows, contributing a surplus of λ(z−1)φL. The (1−λ)φH

term reflects the continuation value of H-type buyers who do not borrow but still carry the token into

sub-period 2.

The difference between the two mapping functions is:

φI
P (x)− φI

S(x) = β(z − 1)
󰀅
(1− h)Φ(x)− λφL(x)

󰀆

where Φ(x) = λφL(x) + (1 − λ)φH(x). The term (1 − h)Φ(x) − λφL(x) is strictly positive whenever

the pooling equilibrium is viable, since lender break-even in pooling requires (1 − h)Φ > λφL. Hence

φI
P (x) > φI

S(x) at any x where pooling is feasible. Both expressions evaluate to zero at x = 0.

Differentiating both functions with respect to x:

∂φI
P (x)

∂x
= β[(z − 1)(1− h) + 1]

󰀕
λ
∂φL(x)

∂x
+ (1− λ)

∂φH(x)

∂x

󰀖

∂φI
S(x)

∂x
= β

󰀗
λz

∂φL(x)

∂x
+ (1− λ)

∂φH(x)

∂x

󰀘

Substituting ∂φs(x)
∂x = γs[u

′(x) + xu′′(x)] + (1− γs) for s ∈ {L,H}, we obtain:

∂φI
P (x)

∂x
= β[(z − 1)(1− h) + 1] ((λγL + (1− λ)γH)[u′(x) + xu′′(x)] + λ(1− γL) + (1− λ)(1− γH))

∂φI
S(x)

∂x
= β ((λzγL + (1− λ)γH)[u′(x) + xu′′(x)] + λz(1− γL) + (1− λ)(1− γH))

Moreover, ∂2φI
P (x)

∂x2 < 0 and ∂2φI
S(x)

∂x2 < 0 since −xu′′′(x)
u′′(x) < 2. Evaluated at x = 0, we require both

∂φI
P (x)
∂x

󰀏󰀏
x=0

> 1 and ∂φI
S(x)
∂x

󰀏󰀏
x=0

> 1, which hold given the boundary conditions on marginal utility near

zero consumption

u′(0) > 1 +
1

λγL + (1− λ)γH

󰀕
1

β[(z − 1)(1− h) + 1]
− 1

󰀖

u′(0) > 1 +
1− β[λz + (1− λ)]

β[λzγL + (1− λ)γH ]
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By assumption, limx→∞
∂φs(x)

∂x = 1− γs < 1. Hence, the asymptotic slopes are bounded:

lim
x→∞

∂φI
P (x)

∂x
= β[(z − 1)(1− h) + 1](λ(1− γL) + (1− λ)(1− γH)) < 1

lim
x→∞

∂φI
S(x)

∂x
= β[λz(1− γL) + (1− λ)(1− γH)] < 1

Because both mapping functions map from 0 to ∞, start with an initial slope greater than 1, are

strictly concave, and possess an asymptotic slope less than 1, φI
P (x) and φI

S(x) each intersect the 45-

degree line exactly once at a strictly positive fixed point.

Let φ̂I
P > 0 and φ̂I

S > 0 be these two fixed points. At the pooling fixed point, pooling is viable by

construction, so φI
P (φ̂

I
P ) > φI

S(φ̂
I
P ), i.e., φ̂I

P > φI
S(φ̂

I
P ). Since φI

S is strictly concave with φI
S(0) = 0, this

implies φ̂I
P > φ̂I

S .

Now, let the equilibrium condition threshold be defined as:

ζ̄(x) =

󰀻
󰁁󰀿

󰁁󰀽

(1−λ)φL(x)
(1−h)(λφL(x)+(1−λ)φH(x))−λφL(x)

if φH(x)
φL(x)

> 1−λ(1−h)
(1−h)(1−λ)

1 otherwise

Since the ratio φL(x)
φH(x)

is strictly increasing in x, the function ζ̄(x) is strictly increasing in x, and the

ratio φH(x)
φL(x)

is strictly decreasing in x. Since φ̂I
P > φ̂I

S , provided C > C, we must have either ζ̄(φ̂I
P ) ≥ ζ

(pooling condition satisfied), or φH(φ̂I
S)

φL(φ̂I
S)

≥ z (separating condition satisfied), or both.

This implies that there exists either a unique pooling equilibrium where φI = φ̂I
P , a unique separating

equilibrium where φI = φ̂I
S , or both types of equilibria coexist. When they coexist, the asset prices in

the pooling equilibrium are strictly higher than in the separating equilibrium because φ̂I
P > φ̂I

S .

A.3 Proof of Proposition 2

Proof. As a first step we find φI(ζ) such that

(1− λ)φL
󰀃
φI(ζ)

󰀄

(1− h) (λφL (φI(ζ)) + (1− λ)φH (φI(ζ)))− λφL (φI(ζ))
= ζ

where φs
󰀃
φI

󰀄
= φI

󰀅
γsu

′(φI) + (1− γs)
󰀆

for s = L,H. Rearranging we obtain:

u′(φI(ζ)) = 1 + χ (A.1)

where

χ =
λ− (λz − z + 1) (1− h)

(λz − z + 1) (1− h) [(1− λ) γH + λγL]− λγL
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and:

φL
󰀃
φI (ζ)

󰀄
=φI (ζ) [1 + γLχ] and φH

󰀃
φI (ζ)

󰀄
=φI (ζ) [1 + γHχ].

Let φI(ζ) = (u′)
−1

[1 + χ], φL(φI(ζ)) = [1 + χγL] (u
′)
−1

[1 + χ] ,and φH(φI(ζ)) = [1 + χγH ] (u′)
−1

[1 + χ].

Using the definition for φI
P (x) we obtain:

φI
P

󰀃
φI(ζ)

󰀄
= β [(z − 1)(1− h) + 1] (1 + χ [λγL + (1− λ) γH ]) (u′)

−1
[1 + χ] (A.2)

The pooling equilibrium exists iff φI
P

󰀃
φI(ζ)

󰀄
> φI(ζ), which requires:

1 + χ [λγL + (1− λ) γH ] >
1

β [(z − 1)(1− h) + 1]
.

Plugging in for χ and rearranging gives the lower bound γL

γH
> C.

For the upper bound, define xsep by φH(xsep)
φL(xsep)

= z, i.e. the boundary of the separating region (14).

Solving gives

u′(xsep) =
z(1− γL)− (1− γH)

γH − zγL
.

At this boundary zφL = φH , so the separating mapping (16) simplifies to φI
S(xsep) = βφH(xsep). The

separating fixed point lies in the valid region iff φI
S(xsep) ≤ xsep, i.e.,

β [γHu′(xsep) + (1− γH)] ≤ 1.

Substituting u′(xsep), the bracketed term simplifies to z(γH−γL)
γH−zγL

, yielding

βz(γH − γL)

γH − zγL
≤ 1 =⇒ γL

γH
≤ 1− βz

z(1− β)
.

Combining both conditions gives (19).

A.4 Proof of Corollary 2

Proof. We restrict attention throughout to stationary equilibria in which money is valued, that is φI > 0.

We prove the two parts in turn.

Part (ii). This is Proposition 3, which establishes that under the flexible haircut the stationary

equilibrium is unique.

Part (i). Suppose there is no adverse selection, that is γL = γH ≡ γ.

First, we show that the island-specific prices coincide. Recall φs(x) = x [γsu
′(x) + (1− γs)] for

s ∈ {L,H}, where x = φI . With γL = γH = γ the two functions are identical, so

φL(x) = φH(x) ≡ φ(x) = x [γu′(x) + (1− γ)] for all x,
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and the price ratio satisfies φH(x)/φL(x) = 1 for all x.

Second, we show that no separating equilibrium exists. By (14), a separating equilibrium requires

φH/φL ≥ z. Since φH/φL = 1 and z > 1, this condition fails at every x. Equivalently, the minimum

separating face value is DS = zφL > φL = φH , so the high type strictly prefers not to borrow at the

rate that deters mimicking.

Third, we show that neither type defaults in the pooling contract. The face value DP is pinned down

by the lenders’ break-even condition (9),

q = λmin(DP ,φL) + (1− λ)min(DP ,φH),

where the debt limit is q = (1 − h)Φ with Φ = λφL + (1 − λ)φH . Since φL = φH = φ, we have Φ = φ

and the break-even condition collapses to

min(DP ,φ) = (1− h)φ.

Since (1 − h)φ < φ, this requires DP = (1 − h)φ < φ = φL = φH . The face value is therefore strictly

below the collateral value on both islands, so neither type defaults. Equivalently, the pooling threshold

ζ in (11) takes the no-default value ζ
󰀃
h,φL,φH

󰀄
= 1.

Fourth, we show that the pooling condition holds. Recall ζ = 1 − z−1
λz < 1 since z > 1. From the

previous step, ζ = 1 ≥ ζ, so the pooling condition (11) is satisfied, and any pooling fixed point is a valid

pooling equilibrium.

Fifth, we show that a unique pooling fixed point exists. With φL = φH = φ(x), the pooling map

(17) reduces to

φI
P (x) = β [(z − 1)(1− h) + 1]φ(x) = β [(z − 1)(1− h) + 1]x [γu′(x) + (1− γ)] .

This is the special case γL = γH = γ of the map studied in the proof of Proposition 1, and the same

argument applies. The map equals zero at the origin, φI
P (0) = 0. Its initial slope exceeds one,

∂φI
P (0)

∂x
= β [(z − 1)(1− h) + 1]

󰀅
γu′(0+) + (1− γ)

󰀆
> 1,

which holds by the boundary condition u′(0+) > 1+ 1−β
β(λγL+(1−λ)γH) evaluated at γL = γH = γ. The map

is strictly concave, since ∂2φI
P (x)

∂x2 = β [(z − 1)(1− h) + 1] γ [2u′′(x) + xu′′′(x)] < 0 under the assumption

−xu′′′(x)
u′′(x) < 2. And its asymptotic slope is below one, limx→∞

∂φI
P (x)
∂x = β [(z − 1)(1− h) + 1] (1−γ) < 1.

A strictly concave map with these properties crosses the 45-degree line exactly once at a strictly positive

point, so there is a unique positive fixed point φ̂I
P .
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Combining these steps, there is no separating equilibrium, for any λ and any admissible h, and there

is a unique pooling equilibrium. Therefore the valued-money equilibrium is unique. In both parts of

the corollary the monetary feedback loop between the token’s payment value and its collateral value

is present, yet the equilibrium is unique. The multiplicity in Proposition 2 therefore requires both

asymmetric information and a rigid contract.

A.5 Proof of Lemma 2

Proof. Each unit of the investment good is produced by a seller at marginal cost one and yields the

borrower a gross return z > 1, so it generates gains from trade of z − 1. A borrower who obtains a loan

of size q acquires q units of the investment good. Hence the realized gains from trade in the investment

market equal z− 1 multiplied by the total measure of loans, which is the objective in (20) scaled by the

constant z − 1. Maximizing one therefore maximizes the other, and both are maximized by the same

haircut policy. A fee that is weakly increasing in loan volume inherits the same maximizer.

A.6 Proof of Proposition 3

Proof. Note that ζ
󰀃
h,φL,φH

󰀄
and the intermediary’s objective (20) are respectively increasing and

decreasing in h
󰀃
φL,φH

󰀄
. Let h∗ 󰀃φL,φH

󰀄
the smallest haircut for which a pooling equilibrium exists,

i.e. the smallest haircut such that ζ
󰀃
h∗ 󰀃φL,φH

󰀄
,φL,φH

󰀄
≥ ζ. Note that there are two cases:

1) If φL

φH ≥ ζ then h∗ 󰀃φL,φH
󰀄
= 0. The planner optimally chooses h

󰀃
φL,φH

󰀄
= 0 and the equilibrium

is pooling.

2) If φL

φH < ζ then h∗ 󰀃φL,φH
󰀄
> 0. In this case, the planner either chooses h

󰀃
φL,φH

󰀄
= h∗ 󰀃φL,φH

󰀄

and the equilibrium is pooling or h
󰀃
φL,φH

󰀄
= 0 and the equilibrium is separating.

To show that a flexible contract design supports a unique equilibrium, we first study the pooling

case. In a pooling equilibrium prices are given by a fixed point of the following equations:

φI
P (x) = β

󰀅
(z − 1)(1− h∗ 󰀃φL (x) ,φH (x)

󰀄
) + 1

󰀆 󰀃
λφL (x) + (1− λ)φH (x)

󰀄

and

φs (x) = x [γsu
′(x) + (1− γs)]

where s ∈ {L,H}. Moreover, letting φ̂I be such that

φL
󰀓
φ̂I

󰀔

φH
󰀓
φ̂I

󰀔 =
γLu

′(φ̂I) + (1− γL)

γHu′(φ̂I) + (1− γH)
= ζ,
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we can write

h∗ 󰀃φL (x) ,φH (x)
󰀄
=

󰀻
󰀿

󰀽

(1−λ)(ζφH(x)−φL(x))
ζ(λφL(x)+(1−λ)φH(x))

if x < φ̂I

0 o.w.
.

Substituting we obtain:

φI
P (x) =

󰀻
󰀿

󰀽
β
󰁫
λ
ζ φ

L (x) + (1− λ)φH (x)
󰁬

if x < φ̂I

βz
󰀅
λφL (x) + (1− λ)φH (x)

󰀆
o.w.

.

Note:
∂φI

P (0)

∂x
= β

󰀗
λ

ζ
(γLu

′(0) + (1− γL)) + (1− λ) (γHu′(0) + (1− γH))

󰀘
> 1

since

u′(0) > 1 +
1− β

β (λγL + (1− λ) γH)
> 1 +

1− β
󰁫
λ
ζ + (1− λ)

󰁬

β
󰁫
λ
ζ γL + (1− λ) γH

󰁬 ,

φI
P (∞) = βz (λ (1− γL) + (1− λ) (1− γH)) < 1,

left derivative at φ̂I is larger than the right derivative:

∂φI
P

󰀓
φ̂I

−󰀔

∂x
>

∂φI
P

󰀓
φ̂I

+󰀔

∂x

and,

∂2φI
P (x)

∂x2
=

󰀻
󰀿

󰀽
β
󰀓

λ
ζ γL + (1− λ) γH

󰀔
[2u′′(x) + xu′′′(x)] if x < φ̂I

βz (λγL + (1− λ) γH) [2u′′(x) + xu′′′(x)] o.w.
< 0

since −xu′′′(x)
u′′(x) < 2. See Figure 3 for an illustration of φI

P (x).

Next, we turn to the separating case. In a separating equilibrium prices are given by a fixed point of

the following equations:

φI
S (x) = β

󰀅
λzφL (x) + (1− λ)φH (x)

󰀆

and

φs (x) = x [γsu
′(x) + (1− γs)]

where s ∈ {L,H}.

Comparing φI
S (x) and φI

P (x), we compute:

φI
P (x)− φI

S (x) = β(z − 1)
󰀅
(1− h∗)Φ (x)− λφL (x)

󰀆
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x

φI
P (x)

φ̂I

φI
S (x)

Figure 3: φI
P (x) and φI

S (x)

where Φ (x) = λφL (x) + (1− λ)φH (x). For x ≥ φ̂I (where h∗ = 0), we have (1 − h∗)Φ = Φ > λφL

since (1− λ)φH > 0. For x < φ̂I (where h∗ > 0), using the expression for h∗ we obtain (1 − h∗)Φ =

λφL+ 1−λ
ζ φL > λφL since 1−λ

ζ > 0. Hence φI
P (x) > φI

S (x) for all x > 0. See Figure 3 for an illustration.

Both functions have exactly one fixed point. Denote them by φ
I

S and φ
I

P respectively. Since φI
P (x) >

φI
S (x) for all x > 0, it follows that φ

I

P > φ
I

S . From (20), pooling loan volume at the pooling fixed

point is (1− h∗)Φ
󰀓
φ
I

P

󰀔
, while separating loan volume at the separating fixed point is λφL

󰀓
φ
I

S

󰀔
. Since

φ
I

P > φ
I

S and (1−h∗)Φ > λφL at any price level where pooling is feasible, the intermediary always prefers

the pooling contract. Hence, there exists a unique equilibrium with flexible haircut: the intermediary

chooses h = h∗
󰀓
φL

󰀓
φ
I

P

󰀔
,φH

󰀓
φ
I

P

󰀔󰀔
and the equilibrium prices are φ

I

P , φL
󰀓
φ
I

P

󰀔
and φH

󰀓
φ
I

P

󰀔
. Asset

prices and the loan size are higher with flexible haircut. As a result buyers’ utilities from consumption

is higher and the intermediary is better off with flexible haircut and the lenders are indifferent (since

they break even either way.)

B An Alternative Liquidation Mechanism Under Fast Trading

and Continuous Price Movements

In most decentralized lending protocols, liquidations are not executed automatically but must be trig-

gered by third-party liquidators who are incentivized by a share of the seized collateral. One might

argue that sufficiently fast blockchain settlement (e.g., Arbitrum’s sub-second block times) virtually
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eliminates default risk when asset prices follow a diffusion process. However, default risk is not the sole

source of lender exposure when lending to better-informed borrowers. Even with a perfectly function-

ing liquidation mechanism, continuous trading, and negligible gap risk, loans to borrowers heading to

low-type islands are more likely to be liquidated prematurely, truncating the stream of interest income

and preserving payoff disparities across borrower types. In other words, improvements in blockchain

infrastructure do not eliminate the underlying lemons problem (Akerlof, 1970). One can interpret our

baseline model (with explicit default risk) and the alternative setup below (with early termination risk),

as two edge cases that bracket real-world decentralized lending, where both risks coexist.6

In this extension, we explicitly incorporate fast trading, continuous price movements, and early

termination risks into Market-I. Our analysis demonstrates that loans to borrowers heading to low-type

islands face higher liquidation risks from liquidating bots, and a payoff difference persists between loans

to borrowers heading to low- and high-type islands, even in the absence of bad loans or insolvency.

At the beginning of the lending period, the borrower receives the loan amount q = (1 − h)Φ and is

obligated to repay D = q ·R when the loan is held to maturity. Consider some time after these contract

terms (R, h) are determined, let us say, at 1/ω fraction of the maturity of the loan, information about

the borrower’s island assignment begins to leak into the market.

We assume that trading is fast and price movement is continuous, ensuring that information is

instantaneously inferred and fully revealed at 1/ω time. Consequently, the token will trade at either φL

or φH at this time, but not both simultaneously, since the borrower can only be heading to one island

(high- or low-type).

If φL < D (a non-zero-probability event) and the price is falling continuously to φL, due to fast

decentralized finance trading, the loan is immediately liquidated when the market price that converges

to φL reaches qe(R/ω) . At this instant, the loan is still solvent but will become insolvent at the next

instant since price is deteriorating further towards φL. In this scenario, loans to borrowers heading to

low-type islands are terminated early at 1/ω, ensuring that no bad loans ever arise on the decentralized

lending platform. However, these liquidated loans pay only a fraction of the promised interest income

for the whole period since they are closed out earlier before maturity. Meanwhile, loans to borrowers

heading to high-type islands remain outstanding until maturity and repay the full face value D and

hence accumulate more interest income.

To determine the face value D (and thus the implied interest rate R) and h, we impose two equilibrium
6See April 2021 IMF Global Financial Stability Report Chapter 3 on evidence of decentralized lending liquidation and

bad loans.
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conditions:

• Lender’s Break-Even Condition: The expected return from lending must cover the lender’s cost of

funds which is Rc.

• High-Type Borrower’s Participation Constraint: The high-type borrower must be indifferent be-

tween borrowing via the collateralized loan pooling with the low-type versus not borrowing.

These conditions jointly pin down D (equivalently R) and h and ensure that the contract is both eco-

nomically viable (for the lender) and incentive-compatible (for borrowers heading to high-type islands).

In the pooling lending case, the lender’s breakeven condition is:

qeRc = (1− h)
󰀃
λφL + (1− λ)φH

󰀄
eRc

= λmax(min(DP ,φL), qe
R/ω) + (1− λ)max(min(DP ,φH), qeR)

where Rc > 0 is the lender’s cost of fund. In this setup, the lender requires a non-zero interest rate to

break even. When DP > φL, loans to borrowers heading to low-type islands will be liquidated earlier at

1/ω. The payoff the lender is the loan + interest income: qeR/ω > φL. Since DP = qeR > φH , loans to

borrowers heading to high-type islands pay back loan + interest income at the maturity, qeR.

Therefore,

qeRc = λmax(min(DP ,φL), qe
R/ω) + (1− λ)max(min(DP ,φH), qeR)

= λqeR/ω + (1− λ)DP

q(eRc − λeR/ω) = (1− λ)DP

DP = q
eRc − λeR/ω

1− λ
= qeR

We obtain the following:

DP =

󰀻
󰀿

󰀽
(1− h)

󰀃
λφL + (1− λ)φH

󰀄
eRc−λeR/ω

1−λ if φH

φL > 1
(1−h)(eRc−λeR/ω)

− λ
1−λ

(1− h)
󰀃
λφL + (1− λ)φH

t

󰀄
eRc o.w.

where there are two cases: 1) this is case where there is a higher adverse selection since φH/φL is higher

and DP > φL. Loans to borrowers heading to low-type islands will be liquidated just before insolvency;

2) this is case that DP < φL and loans of both types pay off face value at maturity.

The threshold above is solved by plugging

DP = (1− h)
󰀃
λφL + (1− λ)φH

󰀄 eRc − λeR/ω

1− λ
> φL
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Defining

ζ
󰀃
h,φL,φH

󰀄
≡ max(min(DP ,φL), qe

R/ω)

min(DP ,φH)
(=

󰀻
󰀿

󰀽

(1−λ)eR/ω

eRc−λR/ω if φH

φL > 1
(1−h)(eRc−λeR/ω)

− λ
1−λ

1 o.w.

ζ ≡ 1− z − 1

λz

The participation constraint for the high type is,

ζ
󰀃
h,φL,φH

󰀄
≥ ζ.

In the separating lending sub-game case, the lender’s breakeven condition is

qeRc = (1− h)
󰀃
λφL + (1− λ)φH

󰀄
eRc = min(DS ,φL).

The face value of debt is DS
t = φL

t . There are no bad loans. The separating equilibrium is sustained

if and only if
φH

φL
≥ ze−Rc .

The terms highlighted in red are the only difference with the setup presented in the main paper.

This derivation demonstrates that the payoff difference between loans to borrowers heading to low- and

high-type islands is robust to incorporating the features of fast trading and continuous price movement

into our model. In this version, there is no bad loan or any insolvency in decentralized lending as a

consequence of continuous price movements and fast trading.

We have demonstrated that the payoff disparity across loans to borrowers heading to different types

of islands remains robust across alternative liquidation mechanisms. While we could model more com-

plex scenarios - such as stochastic liquidation timing or partial interest recovery, cost of initiating a

decentralized loan (gas fee etc), incentive to liquidators, etc - these extensions would not alter our core

results. The fundamental distinction between borrower types (island assignments) persists regardless of

these implementation details. It might serve the paper better by maintaining a simpler specification to

preserve analytical clarity, as the additional complexity would yield no substantive new insights while

making the model less transparent.

C Utilization Ratio

In practice, decentralized lending protocols deploy separate smart contracts for borrowing and lending

rates, each designed to target a specific liquidity pool utilization ratio. Our baseline model assumes
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lenders break even and market clearing occurs at 100% utilization (Equation 2). Whether a platform

balances supply and demand by targeting a specific utilization ratio does not alter our core results:

allowing sub-unity utilization ratios merely scales equilibrium interest rates upward to offset incomplete

pool utilization. This concept is not unique to decentralized finance. For example, money market

mutual funds, for instance, routinely maintain cash buffers to meet redemptions. Below, we formally

demonstrate these claims.

Utilization-Rate in Our Current Model. We first demonstrate that there is an implicit rate-

setting protocol in our model and, in equilibrium, utilization ratio is always 1 where the utilization ratio

U is defined by U = Total Borrows/Total Supply. We then show when extending the model so that

there may be under utilization of available funds while retaining the results, our core results remain

robust.

Recall that in our main model debt face value in a pooling equilibrium is given by

DP =

󰀻
󰀿

󰀽

(1−h)(λφL+(1−λ)φH)−λφL

(1−λ) if φH

φL > 1−λ(1−h)
(1−h)(1−λ)

(1− h)
󰀃
λφL + (1− λ)φH

󰀄
o.w.

Hence, the implied interest rate is

RP∗ =

󰀻
󰀿

󰀽

(1−h)(λφL+(1−λ)φH)−λφL

(1−λ)(1−h)(λφL+(1−λ)φH)
if φH

φL > 1−λ(1−h)
(1−h)(1−λ)

1 o.w.

Moreover

q = λmin(DP ,φL) + (1− λ)DP

or

1 = λmin(RP ,
φL

q
) + (1− λ)RP

Hence, as RP increases, the supply of funds q increases. Demand, on the other hand, is equal to

(1 − h)
󰀃
λφL + (1− λ)φH

󰀄
. Hence, by construction, at the equilibrium interest rate RP∗ utilization

ratio is 1 and the market for loanable fund clears. Any interest setting rule that sets RP (1) = RP∗

would be consistent with equilibrium.

Similarly, we can show the same for the separating equilibrium, The supply for the separating equi-

librium is

1 = min(RS ,
φL

q
)

Demand is only submitted by the low type and is bounded by the lenders’ break-even condition to λφL.

Again by construction, at the equilibrium interest rate RS∗, utilization ratio is 1 and the market clears.

Any interest setting rule, RS (U) , that sets RS (1) = RS∗ would be consistent with equilibrium.
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Adjust Our Model to Allow Utilization-Rate <1 We next incorporate in the model a utilization

ratio that is less than 1. That is, only a fraction of liquidity in the pool, U , is used to meet the demand

for borrowing, and the rest of the liquidity, 1−U , is idle but still needs to be compensated at the same

interest rate RP . Hence, the supply of funds is given by:

1 = λmin(R̂P ,
φL

U · q ) + (1− λ)R̂P

whereR̂P = RP /U . Since the demand curve is unchanged, at the equilibrium interest rate ˆRP∗ utilization

ratio U < 1 and the market for loanable funds clears. Any interest setting rule that sets R̂P (U) = ˆRP∗

would be consistent with equilibrium. Note the equilibrium interest rate for the pooling equilibrium is

higher when utilization ratio U < 1 since the supply of liquidity is more costly due to under-utilization.

Similarly, in the separating equilibrium with a utilization ratio that is less than 1, the supply of the

fund is

1 = min(R̂S ,
φL

Uq
)

whereR̂S = RS/U . Since the demand curve is unchanged, at the equilibrium interest rate R̂S∗, utilization

is U < 1 and the market clears. Any interest setting rule that sets R̂S (U) = R̂S∗ would be consistent

with equilibrium. Note the equilibrium interest rate for the separating equilibrium is higher also because

the supply of liquidity is more costly due to under-utilization.

Importantly, separating and pooling outcomes still yield different interest rates when U < 1, both

rescaling upwards the equilibrium rates at U = 1 to compensate for liquidity under utilization. This

outcome is invariant to utilization ratio. That is, under a supply curve that takes into account of

utilization ratio, the critical insight of our model persists: separating equilibria and pooling equilibria

generate distinct interest rates. This divergence propagates to collateral prices in AM-I through backward

induction, preserving the core economic results of our model.

Modeling the Supply Curve with Heterogenous Utilization-Rate Dependence We can add

even more realism by relaxing the assumption of a fixed slope and instead let the slope of the supply

vary with the utilization ratio U . The supply curve is given by:

Uoptimal ·QS(R) =

󰀻
󰀿

󰀽
q + f (R) + ṽ if pooling

λq + f (R) + ṽ if separating

where ṽ is a supply noise with mean 0, pdf over the real line, QS(R) is the total supply of the loanable

fund and f(R) is a component of the supply function that is increasing in R and different for pooling

and separating cases.
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In the pooling case, it is defined as:

f(R) =

󰀻
󰀿

󰀽
bU>Uoptimal

· (R− R̂P ) if U > Uoptimal

bU<Uoptimal
· (R− R̂P )) if U < Uoptimal

where the curve has a kink at (Uoptimal, R̂
P ) and the slope, bU>Uoptimal

, is larger above the kink. The

interest rate R̂P = RP /Uoptimal is the pooling interest rate for the targeted utilization ratio Uoptimal.

It is higher than RP in our benchmark model where U = 1 because it has to compensate for the

under-utilized liquidity (1− Uoptimal) in the liquidity pool. Note that when R = R̂P , f(R) = 0.

In the separating case, it is defined as follows:

f(R) =

󰀻
󰀿

󰀽
bU>Uoptimal

· (R− R̂S) if U > Uoptimal

bU<Uoptimal
· (R− R̂S)) if U < Uoptimal

where R̂S is the separating interest rate, the curve has a kink at (Uoptimal, R̂
S) and the slope is larger

above the kink. The interest rate R̂S = RS/Uoptimal is the separating interest rate for the targeted

utilization ratio Uoptimal. It is higher than RS in our benchmark model where U = 1 because it has

to compensate for the under-utilized liquidity (1 − Uoptimal) in the liquidity pool. Note that when

R = R̂S , f(R) = 0.

The market clears for Uoptimal ·QS amount of supply. That is, Uoptimal ·QS = QD. When there is no

market noise (ṽ), the utilization ratio is the protocol’s target optimal and R = R̂P in the pooling case,

or R = R̂S in the separating case.

However, when there is a nonzero residual supply noise ṽ, utilization ratio would deviates from the

optimal U. It has to be cleared by function f(R), which leads to the following equilibrium interest rate

setting rule where ṽ is also a state variable:

In the pooling case, the market clearing condition is

−ṽ =

󰀻
󰀿

󰀽
f
󰀓
bU>Uoptimal

· (R− R̂p)
󰀔

if U > Uoptimal

f
󰀓
bU<Uoptimal

· (R− R̂p)
󰀔

if U < Uoptimal

Since the protocol is more concerned about the overuse of the liquidity pool, hence, the slope b in function

f(R) is much larger in the case of high utilization (U > Uoptimal, that is, f(R) + ṽ < 0) than the case of

low utilization (U < Uoptimal, that is, f(R)+ ṽ > 0). In the former case, it is to incentivize supply to rise

and meet the demand with an 󰂃 increase in R from R̂P . A sharp increase in the slope b reflects liquidity

pool’s heightened sensitivity to the over use of the available liquidity above the optimal utilization ratio.

This steepens the supply curve, accelerating the rise in R as U falls rapidly to the optimal U. In the
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latter case, it is to incentivize supply to decrease and meet the demand with an 󰂃 decrease in R from

R̂P . The risk of over-use of the availability is smaller, and hence, the slope is less steep , implying a

slightly more gradual response to changes in U , leading to the optimal U.

Similarly, in the separating case, the market clearing condition is

−ṽ =

󰀻
󰀿

󰀽
f
󰀓
bU>Uoptimal

(R− R̂s)
󰀔

if U > Uoptimal

f
󰀓
bU<Uoptimal

(R− R̂s)
󰀔

if U < Uoptimal

D Institutional Background of Automated Lending

We illustrate the three economic frictions that motivate our model: anonymity in peer-to-pool lending,

contractual rigidity, and reliance on volatile collateral using Aave, the largest decentralized lending

protocol, as a representative example.

Anonymity and peer-to-pool structure. Decentralized lending operates on permissionless blockchains

where borrowers interact pseudonymously with pooled liquidity supplied by lenders. Borrowers draw

funds from a shared pool by pledging tokens as collateral; lenders deposit into the pool but have no

ability to screen, identify, or select individual counterparties. This anonymous, peer-to-pool architecture

corresponds to the OTC decentralized market in our model: lenders cannot observe a borrower’s island

assignment (i.e., the token’s private consumption value to the borrower), generating the adverse selection

friction central to our analysis.

Empirical evidence of adverse selection. The anonymous, peer-to-pool structure of decentral-

ized automatic lending creates scope for informed borrowers to exploit their information advantage,

which is precisely the adverse selection channel in our model. A recurring pattern in these lending pro-

tocols is that borrowers with superior knowledge of collateral values borrow against over-valued assets,

imposing losses on the pool. During the Terra collapse in May 2022, the on-chain oracle price for LUNA

significantly lagged the token’s collapsing market value, enabling attackers to borrow against inflated

collateral on Venus Protocol ($11.2M loss) and Blizz Finance ($8.3M loss). Similarly, in May 2021,

borrowers on Venus collateralized XVS at manipulated prices, which was driven up from $80 to $145 in

three hours, to extract over $100M in bad debt. Analogous exploits struck Cheese Bank ($3.3M, Nov.

2020), Vesper Finance ($3M, Nov. 2021), and Inverse Finance ($15.6M, Apr. 2022). In each episode

the borrower knew the collateral’s true value while the protocol priced it from a lagging oracle, and the

protocol could not distinguish informed from uninformed borrowers. This is the adverse selection at the

center of our model: the private information concerns the price at which the collateral will be valued, not

a hidden quality of the asset, and it lets adversely selected borrowers extract value at lenders’ expense.
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Contractual rigidity. All loan terms (e.g., interest rate formulas, haircuts, and liquidation thresh-

olds) are hard-coded in smart contracts and can only be updated through decentralized governance votes.

Because smart contracts cannot incorporate soft information (e.g., market sentiment, regulatory shifts)

and DAO governance is slow, parameter adjustments are rare. From the launch of Aave v2 in late 2020

through May 2022, risk parameters were updated only 13 times (Table 1), all after the DAO delegated

recommendations to Gauntlet, a centralized entity. This rigidity corresponds to our model’s assumption

that the contract (h,Dt) is pre-specified and cannot be tailored to individual borrower characteristics.

Table 1: Historical AAVE V1 Risk Parameter Changes

Date Asset LTV Liquidation threshold Liquidation Bonus Comment

10/21/20 MKR 50% 65% 10% Decreased volatility

10/21/20 TUSD 75% 80% 5% Following reivew of smart contract

7/22/20 LEND 50% 65% 10% LEND cannot be borrowed

due to migration incoming

7/16/20 LEND 50% 65% 10% Improved risk parameter

7/16/20 SNX 15% 40% 10% New Collateral

7/16/20 ENJ 55% 65% 10% New Asset

7/16/20 REN 50% 65% 10% New Asset

6/19/20 TUSD 1% 80% 5% Unaudited update

Volatile collateral. Tokenized assets used as collateral are extremely volatile relative to traditional

finance benchmarks (Table 2). ETH, comprising roughly half of non-stablecoin deposits in Aave, has a

daily volatility of 5.19%, with a maximum daily decline exceeding 26%. Other tokens exhibit even higher

volatility (e.g., CRV: daily vol. 8.89%, max daily drop 43%). These magnitudes dwarf the volatility of

equities (SPY: 1.00%), bonds (0.35-0.41%), and gold (0.89%). Aave responds with large haircuts (e.g.,

60% for YFI, 85% for SNX), corresponding to the over-collateralization requirement h in our model.

This collateral volatility is the fundamental driver of default and liquidation risk in our framework.
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Table 2: The Volatility of Collateral Value (January 2021 - April 2022)

Daily Volatility Largest daily increase Largest daily decrease

Stable Coins

DAI 0.32% 1.26% -1.33%

TUSD 0.39% 2.97% -2.01%

USDC 0.34% 1.94% -1.57%

Other Coins

AAVE 7.15% 31.33% -33.47%

BAT 7.48% 47.60% -31.05%

BAL 6.62% 22.65% -31.03%

CRV 8.89% 51.18% -43.16%

ENJ 8.96% 56.46% -35.61%

ETH 5.19% 24.53% -26.30%

KNC 7.19% 30.57% -31.98%

LINK 6.66% 30.38% -35.65%

MANA 10.92% 151.66% -29.79%

MKR 7.10% 51.31% -24.24%

REN 8.05% 44.84% -35.82%

SNX 7.36% 25.22% -36.24%

UNI 7.14% 45.32% -32.94%

WBTC 4.01% 19.04% -13.75%

WETH 5.21% 25.96% -26.12%

XSUSHI 7.65% 33.19% -29.54%

YFI 6.82% 46.00% -36.35%

ZRX 7.57% 56.02% -36.31%

Other Benchmarks

Stock Market (SPY ETF) 1.00% 2.68% -3.70%

Treasury (BATS ETF) 0.35% 1.25% -1.72%

AAA Bond (QLTA ETF) 0.41% 1.11% -1.33%

Gold (GLD ETF) 0.89% 2.74% -3.42%

Source: CoinGecko.
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