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Abstract

We develop a Diamond-Dybvig-style model in which a non-bank firm issues tokens backed by
its future services. Consumers face uncertain liquidity demand and costly ex-post borrowing.
Tokens are partially liquid—they provide liquidity for the firm’s service but not other consump-
tion goods, creating an endogenous liquidity premium. This premium is influenced by the
imperfect substitution between tokens and fully liquid claims, leading to a non-monotonic re-
lationship with the cost of illiquidity. The issuing firm has a stronger incentive to issue tokens
when it provides high-value services with infrequent demand or when the demand for the ser-
vice is positively correlated with the demand for other consumption goods. In terms of token
design, we characterize conditions under which the firm may offer consumers more flexibility
in token issuance and redemption, potentially making tokens tradable. For tradable tokens,
the firm may also permit conversion back to cash at a one-to-one rate, resembling stablecoins

prevailing in practice.
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1 Introduction

Firms across various industries are increasingly issuing their own tokens. Airlines reward cus-
tomers with miles that can be applied towards future flights; retailers, such as Amazon, issue
rewards that can be used for future purchases; technology platforms such as Expedia issue rebates
that can be applied to future purchases. Recently, firms are exploring corporate “stablecoins”—
digital tokens pegged to fiat currency, which can be used for payments within a particular ecosys-
tem. These tokens are partially liquid: they are redeemable for a particular product/service but are
not universally convertible into cash. Importantly, such tokens can be viewed through a prism of fi-
nancing: issuing (selling) tokens can be used to raise funds and supplement traditional fundraising
mechanisms.

Theoretical foundations of corporate token issuance remain underdeveloped. Why would a firm
issue its own partially liquid tokens rather than rely on standard financing? How do tokens interact
with the traditional banking system that already supplies liquidity to firms (and to consumers)
through demand deposits and credit lines? Under what conditions can firm-issued claims coexist
with bank deposits in providing liquidity?

Our paper develops a model that addresses these questions by extending the canonical Diamond-
Dybvig setting to two products/services. In Diamond and Dybvig (1983), banks create liquidity by
transforming illiquid long-term assets into demand deposits. We adapt this perspective to examine
a non-bank firm that issues redeemable claims—tokens—backed by its own future provision of
service. The firm sells tokens to consumers who face uncertain demand for the firm’s service as
well as for other consumption. The tokens provide targeted liquidity: they can be redeemed for the
firm’s service and are valued at a discount if not redeemed.

The firm’s incentive to issue tokens originates in the liquidity premium, which is the excess
value consumers assign to tokens because they relax future liquidity constraints—that consumers
are willing to pay up front. Intuitively, consumers face uncertainty about whether they would
need to make payments to satisfy future demand, and accessing liquidity at the moment of need
is costly. When the expected cost of obtaining liquidity ex-post is high, consumers place greater
value on holding an asset that guarantees purchasing power inside the firm’s platform. Essentially,
by contracting via tokens, the firm and consumers taken together reduce the expected deadweight
loss due to expensive ex-post borrowing to satisfy liquidity needs.

Our paper contributes to two strands of literature. First, it expands the liquidity-creation set-
ting of Diamond and Dybvig (1983) by developing a model of partially liquid corporate claims.
The model shows that firms issue redeemable tokens that coexist with demand deposits and pro-
vide an alternative financing method. The model characterizes conditions under which firms

choose to issue tokens and the price at which the tokens are issued. It also examined how mar-



ket characteristics—such as the the amount of the firm’s service demanded and the frequency at
which it is demanded, the correlation between the demand for the firm’s service and the demand
for other consumption, and design features---such as the possibility of partial redemption, ex-
post token issuance, tradability, and convertibility---affect equilibrium token issuance. Whereas
the Diamond-Dybvig model focuses on banks transforming long-term assets into liquid deposits,
our model shows that non-bank firms can perform an analogous transformation by issuing tokens
backed by future products/services.

Second, our paper extends recent theoretical work on redeemable tokens (e.g., Rogoff and You
(2023) and Luo (2025)), which emphasizes financing-cost differentials or regulatory arbitrage. In
contrast, we focus on a pure liquidity channel: tokens arise in equilibrium because they deliver
ex-ante liquidity when ex-post credit is expensive. This interpretation fits the observable behavior
of firms that issue tokens that are redeemable for future products/services at consumers’ discretion.
Despite being inferior to fully liquid money or demand deposits, partially liquid tokens provide tar-
geted liquidity to consumers, allowing issuers to earn liquidity premium without paying high cost
of liquidity provision. The liquidity premium the firm earns arises endogenously in the model and
depends on the imperfect substitution in liquidity between the tokens and other financial claims.

In our model, the economy contains three types of agents: consumers, a firm, and a bank, op-
erating over three dates. Consumers allocate their initial wealth between the following financial
instruments. The first is long-term investment, generating a high return but being illiquid at the
intermediate date. The second is zero (or low)-interest deposits, which are fully liquid and can be
used for any consumption anytime. The third is tokens issued by the firm, which can be redeemed
anytime for the firm’s service but not for other consumption goods. Tokens are therefore more lig-
uid than long-term investment but less liquid than deposits. Consumers can also borrow to satisfy
their liquidity needs at a rate higher than the return on long-term investment (equivalently, liquidate
their investment at a cost). This borrowing cost relative to the return on investment embodies the
cost of illiquidity, which gives consumers the incentive to hold liquid claims ex ante. Consumers’
objective is to minimize the expected cost of satisfying whatever consumption needs arise once
uncertainty is realized. The firm raises funding via two channels: borrowing at a rate equal to
consumers’ investment return and/or issuing tokens backed by provision of future service. The
bank collects consumers’ deposits, and it allocates the raised deposits into two types of investment
while satisfying consumers’ withdrawal of deposits. First, it makes a long-term investment, similar
to consumers. Second, it lends money to consumers, providing ex-post liquidity after consumers’
consumption demand is realized.

We deliberately assume no difference in interest rates between the firm and consumers, so all
financing benefits the firm can receive from tokens must derive from liquidity provision. Specifi-

cally, the financing benefits are determined by the difference between consumers’ willingness-to-



pay for tokens and the firm’s cost to satisfy their redemption, which we refer to as the liquidity
premium of tokens or the LPT for short.

Our first main result concerns the determination of the LPT. In models with only one liquid
claim, the liquid claim features a positive liquidity premium, which is determined by its advantage
relative to illiquid claims. A unique feature of our model is that fully liquid deposits and partially
liquid tokens coexist. Therefore, the LPT is also affected by the imperfect substitution between
them. The first way that the substitution works is that deposits may directly serve as consumers’
outside option to tokens. For consumers, the outside option to tokens could be illiquid investment
or deposits, and the exact outside option is endogenous. As the cost of illiquidity increases, con-
sumers would prefer to hold higher levels of liquid claims—deposits and tokens. When the cost of
illiquidity is very high or very low, consumers decide between holding tokens and holding more
deposits. The LPT is then determined by the disadvantage of tokens relative to deposits. When
the cost of illiquidity is in an intermediate range, consumers decide between holding tokens and
holding more investment. The LPT is then determined by the advantage of tokens relative to in-
vestment. As a result of the switching outside option, the LPT has a non-monotonic relationship
with the cost of illiquidity, which does not appear in models with a single liquid claim.

When the cost of illiquidity is in an intermediate range, although deposits do not serve as
consumers’ outside option to tokens, the substitution works in more subtle ways. In that case,
consumers will hold deposits that are sufficient for satisfying potential demand for either the firm’s
service or other consumption. Thus, consumers potentially add tokens to the mix with the sole
goal of reducing costly borrowing when the two demands appear simultaneously. On the other
hand, without these holdings of deposits, tokens help consumers reduce borrowing whenever there
is demand for the service. Therefore, deposits decrease the marginal liquidity provided by tokens
and thus decrease the LPT. The substitution also works through the order in which consumers use
liquid claims. Without tokens, consumers directly use deposits to satisfy demand for all types of
consumption including the service. With tokens, consumers prioritize using tokens when they need
the service. The change in the order of liquidity usage makes the firm’s liquidity provision more
costly, as consumers redeem tokens more often.

The imperfect substitution between liquid claims generally dampens the LPT. We find that
the effect could be so strong that it renders the LPT negative and substantially discourage the
firm from issuing tokens. This takes place when the demand for the two consumption goods is
negatively dependent and the relative cost of borrowing is in an intermediate range.

People tend to think that tokens will make banks worse off, as it decreases deposits due to their
substitution in terms of liquidity. However, we find that for a range of cost of illiquidity, tokens in
fact increases deposits because of the change in the order of liquidity usage. As discussed above,

the change in the order leads to more redemption of tokens. The flip side of this effect is less



withdrawal of deposits when the demand for the firm’s service is satisfied via tokens. The key new
insight here is that the addition of a new liquid claim not only decreases consumers’ incentive to
hold the current liquid claim, but also decreases consumers’ incentive to use it. When the second
effect dominates, the issuers of the current liquid claim can in fact benefit from the addition of a
new liquid claim.

Our second result concerns how the characteristics of consumption demand affects the LPT.
First, the LPT is higher for firms providing products/services that are relatively expensive and
infrequently demanded. The higher the price of the firm’s service is, the higher the amount of
deposits required to be held to satisfy demand for the service, regardless of the frequency of de-
mand for it. In addition, less frequent demand for the service lowers the firm’s cost to provide
liquidity for it. Thus, the firm has more room to issue tokens to substitute for bank-issued deposits
in this case. Second, the LPT is increasing in the correlation between the demand for the firm’s
service and other consumption. The reason is twofold. When the cost of illiquidity is low, the
LPT is partially determined by the disadvantage of tokens relative to deposits, which manifests
itself when consumers demand only consumption other than the firm’s service—an occurrence
whose probability is decreasing in the correlation between demands. When the cost of illiquidity
is higher, tokens are more useful when there is demand both for the firm’s service and for other
consumption—an event whose likelihood is increasing in the correlation between demands. Third,
the LPT is decreasing in the size of the demand for consumption other than the service. Since
only deposits can provide liquidity for other consumption, greater demand for other consumption
induces consumers to hold more deposits, reducing the demand for tokens to a greater extent.

We proceed by extending the baseline model in multiple directions. First, we examine the
effects of giving consumers more flexibility in two potential ways: partial redemption of tokens
and ex-post token issuance. The former allows consumers to use a combination of tokens and
cash for buying the firm’s service, giving more flexibility in token redemption. The latter allows
consumers to buy tokens after their consumption demand is realized, giving more flexibility in
token issuance. From the firm’s perspective, giving this flexibility to consumers is double-edged.
On the one hand, it introduces additional constraint on the token’s price. On the other hand,
consumers is better able to decide on the amount of tokens to hold and may gain more liquidity
benefits, which may in return increase the LPT that the firm can earn. Our main finding is that the
flexibility in the two dimensions is essentially equivalent and beneficial for the firm only when the
price of the firm’s service exceeds the size of the demand for other consumption and consumers are
lukewarm about tokens. The latter takes place when the demand for the two consumption goods is
negatively dependent and the relative cost of borrowing is in an intermediate range.

Second, we examine the firm’s decision of making tokens tradable. Tradability means con-

sumers can trade tokens in a competitive market at an endogenous price. Tradability have poten-



tially two effects on the quantity and the pricing of tokens. First, tradability makes it easier for
consumers to get rid of tokens and imposes an upper bound on the token price. To incentivize
consumers to hold tokens into the long term, the firm needs to set the token price to be lower
than the long-term value of tokens. Second, tradability increases the liquidity of tokens and po-
tentially increase consumers’ holding of tokens. If consumers decide to hold nontradable tokens,
they would hold enough to redeem for the firm’s service. Tradable token holdings are determined
as part of overall liquidity that may be required to satisfy both the demand for the firm’s service
and the demand for other consumption. We find that making tokens tradable is more attractive for
the firm if the long-term value of tokens is higher, due to the first effect, and if the firm providing
low-value, high-frequency services, due to the second effect.

Further, we find that given that tradability has made tokens sufficiently liquid, giving consumers
more flexibility through partial redemption or ex-post token issuance is not beneficial, but making
tokens convertible is. Convertibility refers to that the firm promises to convert tokens back to cash
at a pre-specified price at consumers’ discretion. Convertibility does not increase the liquidity
of tokens but may raise the long-term value of tokens, more so the higher the conversion rate.
Thus, the firm would like to set the conversion rate as high as possible, i.e. at a one-to-one rate,
resembling a stablecoin. This result is important as it provides a novel justification for the use of
corporate stablecoins—which are at the center of current regulatory debate.

The remainder of the paper proceeds as follows. In the rest of the introduction, we review the
related literature and discuss examples and economic significance of partially liquid claims. Sec-
tion 2 describes the setup of the model and the problems each of the types of agents—consumers,
the firm, and the bank—are facing, as well as introducing various financial instruments. Section 3
solves the baseline model—first with only a single liquid claims, then with multiple present. Sec-
tion 4 examines various comparative statics of the model related to the characteristics of consump-
tion goods and discuss policies that give consumers more flexibility in obtaining and redeeming
tokens. Section 5 extends the model to allow for token tradability and convertibility. Section 6

concludes.

Related literature

Our paper examines a new form of financing from consumers and is thus related to the literature
on raising funds from stakeholders. Trade credit, for instance, raises funds from suppliers (Biais
and Gollier 1997; Burkart and Ellingsen 2004; Chod, Lyandres, and Yang 2019; Lehar, Song, and
Yuan 2020). The literature argues that suppliers are better able to mitigate the financial frictions
faced by external investors, such as asymmetric information and lack of commitment. Inside debt

or equity raises funds from executives and could be a superior solution to the agency costs of debt



than other forms of executive compensation (Sundaram and Yermack 2007; Edmans and Liu 2011).
Crowdfunding and token financing can be used to raise funds from consumers or users. Strausz
(2017) considers the benefit of crowdfunding as a way of acquiring information about the eventual
payoff of the project if demand is uncertain (see also Astebro, Fernandez Sierra, Lovo, and Vulkan
2017; Chemla and Tinn 2020; Ellman and Hurkens 2019; Cong and Xiao 2024). Lee and Parlour
(2022) find that raising fund from consumers rather than investors can be more efficient, because
consumers are able to commit to paying for the consumption benefit ignored by investors. Howell,
Niessner, and Yermack (2020) and Lyandres, Palazzo, and Rabetti (2022) empirically examine
the factors that determine successful initial coin offerings (ICOs). The theory literature on ICOs
centers the discussion around the network effect and decentralization (Chod and Lyandres 2021;
Cong, Li, and Wang 2021; Gryglewicz, Mayer, and Morellec 2021; Cong, Li, and Wang 2022;
Sockin and Xiong 2023b,a; Li and Mann 2024; Goldstein, Gupta, and Sverchkov 2024). Recently,
Rogoff and You (2023), He, Rogoff, and You (2024), and Luo (2025) study a firm or a platform
issues redeemable tokens to raise funds from consumers. In their frameworks, the gains from trade
of this token financing derive from exogenous difference in interest rates between the issuer and
consumers, so the issuer basically cares about the amount of funds they can effectively raise from
consumers. In contrast, we focus on a pure liquidity channel: tokens arise in equilibrium even
absent any difference in interest rates, because they deliver ex-ante liquidity when ex-post credit
is expensive. Due to this feature, the issuer has the incentive to make tokens more convenient so
that it can earn a higher LPT. Therefore, our paper can shed light on when token issuers should
provide more liquidity and what type of liquidity they should provide. Prat, Danos, and Marcassa
(2025) consider the liquidity value of tokens by introducing a cash-in-advance constraint. In their
framework, consumption demand can only be satisfied using tokens, so tokens provide full liquidity
instead of partial liquidity. Also, they focus on the price dynamics of tokens on the secondary
market and do not study token issuance and its impact.

Our paper expands the liquidity-creation setting of Diamond and Dybvig (1983) by developing
a model of partial liquidity. Whereas the Diamond-Dybvig model focuses on banks transform-
ing long-term assets into liquid deposits, our model shows that non-bank firms can perform an
analogous transformation by issuing tokens backed by future products/services. Existing banking
literature primarily focuses on the risks associated with the collective withdrawal of deposits—
bank runs. However, our analysis considers a previously underexplored consequence: liquidity
provision renders the raised funds endogenous and dependent on firms’ issuance and redemption
policies and business characteristics. This feature could potentially affect the strategies firms em-
ploy in issuing rewards as well as the types of firms that choose to issue tokens.

Our paper proposes a novel finance motive for partially liquid tokens such as rewards, thereby

contributing to the extensive literature that seeks to rationalize rewards. Behavioral theories posit



that rewards can yield psychological benefits or create pricing misconceptions. For instance, Lim,
Chun, and Satopii (2021) discovers that certain consumers attribute more value to rewards than
to actual money. In the literature of industrial organization, a traditional viewpoint is that rewards
implement price discrimination based on purchase history or quantity. Cremer (1984) demonstrates
that rewards can be used to differentiate between first-time and repeat buyers. Sun and Zhang
(2019) postulate that the use of limited reward expiration terms could be driven by the intent
to discriminate between frequent and infrequent customers. In a multi-brand environment, LPs
can increase consumer switching costs, thereby weakening competition (Klemperer, 1987, 1995).
Particularly, Banerjee and Summers (1987) and Caminal and Matutes (1990) are the first to analyze
rewards as a form of endogenous switching cost. Kim, Shi, and Srinivasan (2001) shows that by
offering the incentives for repeat purchases, rewards increase a firm’s cost to attract competing
firms’ current customers. Ke, Shin, and Zhu (2024) analyzes rewards from the perspective of
product search. In their framework, switching costs originate from search costs, and firms use
LPs to make consumers prioritize their products when doing sequential search. Basso, Clements,
and Ross (2009) argue that rewards, such as airlines’ frequent-flier programs, can exploit agency
conflicts between employers and employees. Chod and Lyandres (2023) argues that pricing output
in tokens provides a firm with a de facto second-mover advantage. Several recent studies explore
firms’ optimal decisions in the context of rewards (Kim, Shi, and Srinivasan, 2004; Chun and
Ovchinnikov, 2019; Chun, Iancu, and Trichakis, 2020). Taken together, the existing literature
predominantly interprets rewards as instruments to boost business, while our paper focuses on

their financing benefits.

Examples and Economic Significance of Partially Liquid Claims

Partially liquid claims constitute a diverse and economically significant category of financial in-
struments. Unlike fully liquid claims, which can be readily converted into cash for unrestricted
consumption, partially liquid claims grant holders access only to a specific set of goods or ser-
vices, often within a defined ecosystem. Their liquidity is thus bounded by scope rather than
solely by time or cost. This section outlines prominent examples and underscores their growing
role in modern economies.

A canonical example is consumer rewards programs, such as frequent flyer miles and credit
card points. These claims are redeemable for goods or services—flights, hotel stays, or merchandise—
provided by the issuing entity but are typically non-redeemable for cash. As highlighted in industry
data, the aggregate liability from such point systems is substantial, amounting to more than one
hundred billion dollars across airlines, hotels, banks, and retailers in the U.S. (see the table below).

Their economic footprint is now so pronounced that the former U.S. Transportation Secretary Pete



Buttigieg noted, “points systems like frequent flyer miles and credit card rewards have become
such a meaningful part of our economy that many Americans view their rewards points balances

as part of their savings.”

Airlines | Hotels | Banks | Retailer
Rewards liabilities (billion USD) 35 12 37 18

In certain service-oriented economies, stored-value cards represent another widespread form of
partially liquid claim. Prevalent in sectors like dining, personal care, and wellness in markets such
as China, these instruments are redeemable exclusively for services from the issuing merchant.
They enhance customer retention and provide upfront capital for firms but restrict the holder’s
consumption choice to a single provider or network.

The digital realm has introduced new variants, most notably utility tokens within blockchain
ecosystems. The value of utility tokens comes from the usefulness of the platform they support
rather than from speculation alone. Projects issue these tokens to incentivize network participation,
bootstrap early usage, or govern how resources within the system are allocated. These tokens lack
general convertibility into cash on equivalent terms. Their liquidity is intrinsically linked to the
utility and adoption of the underlying platform. Prominent examples of utility tokens include:
Basic Attention Token (BAT), used within the Brave browser ecosystem; Chainlink’s LINK token,
powering a decentralized oracle network; Filecoin’s FIL token, used in a decentralized storage
marketplace; Axie Infinity’s SLP token used within a gaming context; as well as many utility
tokens of DeFi projects, such as Uniswap’s UNI, Sushiswap’s SUSHI, and Curve’s CRV (three
of the largest decentralized exchanges), Aave’s AAVE and MakerDAO’s MKR (two of the largest
lending marketplaces), and Lido’s LDO (largest liquid staking platform), among many others.

A hybrid case emerges with stablecoins, which are typically convertible to fiat currency but
are designed to provide transactional convenience within specific domains. While present-day
stablecoins like USDT and USDC facilitate on-ramp to and off-ramp from the crypto ecosystem
and on-chain transactions, there is growing speculation that major retail platforms may issue their
own stablecoins to streamline payments within their commercial ecosystems. Such instruments
would function as partially liquid claims if they offered enhanced utility or incentives for platform-
specific transactions, even while maintaining external convertibility.

Collectively, these examples illustrate that partially liquid claims are not peripheral anomalies
but are embedded in the infrastructure of contemporary consumption and digital interaction. Their
economic significance lies not only in their substantial aggregate value but also in their ability to
shape consumption-saving patterns, redefine the boundaries of liquidity, and challenge traditional

distinctions between money, credit, and specialty currencies.



2 Model Setup

We modify and extend the Diamond-Dybvig setup by allowing for multiple consumption goods—
“service” supplied by the firm and “other consumption”, summarizing all other goods and services,
and introducing tokens that can be redeemed for the firm’s service but not for others. Consider an
economy with three dates: 0, 1, and 2. There are three types of agents in the economy: a unit
measure of consumers, a firm, and a bank. All agents are risk-neutral and do not discount future

cash flows.

2.1 Consumers

Consumers are infinitesimal and homogeneous. They are endowed with an initial wealth of w at
date 0, and do not receive any other income throughout the game. At date 0, consumers allocate
their wealth among several financial instruments, which are introduced below. At date 1, each
consumer learns whether she faces demand shocks for the firm’s service as well as for the other
consumption. If the demand is satisfied immediately on date 1, it generates a utility of o« > 1 for
each dollar spent. At date 2, all financial instruments deliver cash flows. Since date 2 essentially
represents all dates after date 1, we assume that the demand for the two consumption goods at date
2 is sufficiently large that the possible cash flows can all be consumed. The consumption at date 2
generates a utility of 1 for each dollar spent. We denote a consumer’s expected utility by U.,.
Table | summarizes consumption demand shocks a consumer may face at date 1. With proba-
bility ¢g,, she demands the firm’s service. The service is indivisible and costs ps. With probability
qc, she demands other consumption that costs p.. With probability g.s, the consumer demands
both the firm’s service and other consumption. The probability that a consumer demands neither
the firm’s service nor other consumption is then 1+ g.; — g5 — g.. Intuitively, py and p. represent
the sizes of the consumption demand shocks related to the two goods, respectively, while ¢, and
gc represent the frequency of the shocks. p £ g./q.qs represents the dependence between the
demand for the two consumption goods. We assume g;ps < g.p.. Since the firm’s service is just
one specific consumption category among many, the expected demand for it is not greater than the

total expected demand for other consumption.

Need a service | Don’t need a service
Need other consumption qcs qc—Yes
Don’t need other consumption qgs —qcs 1+ ges —gs —qc

Table 1: The probability of consumption demand at date 1



2.2 Financial Instruments

Similar to Diamond and Dybvig (1983), consumers earn proceeds from investment in long-term
production, while liquidity is needed to satisfy possible consumption demand during the invest-
ment. Here we outline the financial instruments that consumers can utilize to achieve these two
goals.

The first instrument is “investment” into long-term production. Investment requires input at
date 0, and generates proceeds of Ry > 1 per dollar of input at date 2, with the constraint that it
cannot be liquidated at date 1.

The second instrument is “deposits” provided by the bank. More precisely, we are referring
to demand deposits in practice. Consumers can make deposits and use them for both types of
consumption anytime. They earn 0 interest from deposits, or effectively, the gross deposit rate is 1.!
Throughout the paper, the terms—*“deposits”, “demand deposits”, and “cash”are interchangeable.

The third instrument is “borrowing” from the bank. Consumers can borrow at date 1 and repay
Rg per dollar of borrowings to the bank at date 2.> More broadly, we can interpret borrowing as any
way for consumers to obtain liquidity when consumption shocks are realized, including liquidating
investments at some cost. To keep the analysis simple, we assume that consumers never default,
and have sufficient initial wealth, wy > Rp (p. + ps), so that they can always borrow up to p. + p;
to fully satisfy their consumption demand at date 1.

The fourth instrument is “tokens” issued by the firm. Tokens are sold at a price of 6y per unit
at date 0, which is endogenously set by the firm. Unlike deposits, tokens are only partially liquid:
ps units of token can be redeemed for a service at date 1, but not for other consumption. One token
is worth v, if it is held to date 2. We assume exogenous v, < 1 to capture the potential devaluation
and breakage of tokens over time.’

In the baseline model, we assume that partial redemption is not allowed. That is, a service can
only be purchased by either all tokens or all cash, but not any combination of them. In Section 4,
we consider the case in which the firm can choose to allow partial redemption.

With the four financial instruments, a consumer’s decision can be characterized as follows. At
date 0, a consumer chooses to hold dy in demand deposit and mg tokens, and allocates wg — dy —
mg 0By to investment. At date 1, she withdraws A, from the deposit, redeems A, tokens, and borrows

b from the bank, all of which depend on a consumer’s realized consumption demand. Since con-

'In practice, the interest rates of demand deposits are indeed close to zero at many banks. The qualitative results
are robust to assuming non-zero return on demand deposits.

2Consumers only borrow to satisfy their consumption demand, so borrowing at date 0 or date 2 is irrelevant in the
model.

3Breakage refers to the case that consumers do not redeem tokens. It may be because consumers do not find
opportunities to redeem or simply they forget to do so. In practice, issuers often change token redemption conditions,
which is another reason for potential breakage.
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sumption shocks are idiosyncratic and consumers are infinitesimal, consumers’ total withdrawal of
deposits (E [A4]), total redemption of tokens (E [A,,]), and total borrowing from the bank (E [b;])
can be evaluated ex-ante.

Since investment only delivers cash flows at date 2, consumers need liquidity to satisfy their
consumption demand at date 1. Conceptually, deposits and tokens provide ex-ante liquidity, while
borrowing provides ex-post liquidity. They are natural but imperfect substitutes. We focus on
the case in which the borrowing cost is sufficiently high that consumers find it unattractive to
invest all the wealth in the long-term investment and borrow whenever demand shocks are realized.
In other words, they face a non-trivial trade-off between ex-ante liquidity and ex-post liquidity.
Specifically, we assume (q. + ¢s — q¢s) - (Rp — 1) > Ry — 1, which, as shown in Section 3.1, implies

that consumers hold positive amounts of deposits absent tokens.

2.3 The Bank

The bank makes profits in two ways. First, it can invest part of the raised deposits into long-term
production at date 0. For simplicity, we assume that the bank faces the same long-term investment
opportunities as consumers, which requires input at date 0, returns proceeds of Ry per dollar of
input at date 2, and cannot be liquidated at date 1. Hence, the bank earns the difference between
the deposit rate and the return on investment, R; — 1, at date 2. Second, the bank can lend to
consumers at date 1. Lending incurs a cost € per unit, so the bank earns Rp — € — 1 from this
business. Meanwhile, the bank needs to have sufficient liquidity to satisfy consumers’ withdrawal
of deposits at date 1.

The deposit rate of 1 and the borrowing rate of Rp are taken as exogenously given. This can
stem from the fact that these rates are determined by a broader market and are not sensitive to the
decisions of the agents within the scope of the model. To ensure that borrowing plays a meaningful
role in the model, we assume that Rg < @ and Rp — € > R;. Rp < o implies that consumers are
willing to borrow when they do not have liquidity to satisfy their consumption demand at date 1,
while Rp — € > Ry implies that the bank is willing to leave sufficient deposits for lending at date 1
instead of investment at date 0.

Taken together, the bank receives dy deposits and invests dy — E [Ay] — E [b1] in the long-term
production at date 0, expecting E [A;] + E [b;] for withdrawal and borrowing at date 1. The bank’s
payoff is

= (do—E[Ag]) (RL—1)+E[b1](Re—€—Ry).

The first term represents the gain from the liability side—deposits. By providing ex-ante liquidity
for consumers, the bank can obtain deposits at a rate lower than the return on investment. The

second term represents the gain from the asset side—consumer lending. By providing ex-post
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liquidity for consumers, the bank can lend to them at a rate higher than the return on investment.
Throughout the paper, we consider the bank as a passive player, and analyze the impact of token
issuance on it through the lens of its two activities—long-term investment (at date 0) and short-term
lending (at date 1).

2.4 The Firm

The firm’s production requires a total of /y capital at date O and date 1 combined. To finance the
investment, it borrows funds maturing at date 2. Suppose that the debt requires a repayment of Ry
per dollar borrowed. Without tokens, the firm receives gsps from the sale of its service at date 1,
so it needs to borrow Iy — gsps. By issuing tokens, the firm receives m0y from the sales of tokens
at date 0 and g;p; — E [A,;] from the sales of services at date 1, so it needs to borrow Iy — mo6y —
(gsps — E [An]) at date 1. Token issuance reduces debt repayment by (mg6y — E [A,]) R at date 2.
On the other hand, at date 2, consumers redeem the remaining mg — E [A,,] tokens, which reduces
the cash flows from the sale of the service by (mg — E [A,,]) v at date 2. Taken together, the firm’s
net payoff from tokens is

HF = (m090 —E [Am])RF - (m() —E [Am]) V2
E[A E[A )]
ot - Elonl () 2]
mo mo ) Rr
On average, for each token issued, the firm pays to consumers E[ n] at date 1 and ( %{;”]) V2

at date 2. Every dollar of payment at date 1 costs 1 dollar at date 0, since the firm needs to carry
money from date O to date 1 without any return. Every dollar of payment at date 2 costs 1/Rp
dollar at date O, as the firm can borrow at the rate of Rr. Therefore, the firm’s cost at date O to
satisfy redemption is E[A’”] + (1 _ ElAn]

o ) R and the firm earns the difference between the token

price and this cost.

We can decompose the firm’s net payoff from tokens into two parts as follows:

Iy = (mOGO —F [Am]) (RF _RL)/

~—
Gain from difference in interest rates between the firm and consumers

+m0RL{90_M_<1_M>V_2} @

my my ) Rp

Gain from liqairdity provision

The first part represents the gain from the difference in interest rates between the firm and con-
sumers. In general, a firm’s financing cost (or return on production if the firm cannot obtain

sufficient financing) can be higher than a consumer’s actual return on investment, Rr > Ry. This
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difference could be ascribed to financial frictions and market power of financial intermediaries.
The second part represents the gain from liquidity provision when there is no difference in inter-
est rates between the firm and consumers. In our setting, ex-ante liquidity is valuable because
the cost of obtaining liquidity through borrowing is higher than the return of illiquid investment,
Rp > Ry. Hence, the second part can be positive for financial claims that provide liquidity at date
1. Throughout the paper, we refer to 6y — Elan] (l — %(;"]

e ) IVQ—ZL that appears in equilibrium as the

liquidity premium of tokens or the LPT for short.

In the literature, many studies consider tokens as a cheaper way to finance, which relies on the
difference in interest rates to motivate financing activities.* The primary innovation of our paper
is to study how firms issue partially liquid financial claims to raise funds at a lower cost. To focus
on the liquidity mechanism, we assume Rr = Ry, which shuts down the mechanism based on the
difference in interest rates between the firm and consumers. This implies that the firm issues tokens

if and only if the LPT is positive.

3 Baseline Model Solution

We first consider the benchmark case without tokens, which helps illustrate the value of liquidity
in the model. We then introduce tokens. To better illustrate the main economic channels, we focus
on a simplified case in which the sizes of the consumption demand shocks related to the two goods
are equal, p; = p.. We derive the firm’s optimal token issuance strategy and implications for the
LPT and the welfare impact of tokens. Finally, we present the general case in which the sizes of
the consumption shocks can be different, and confirm that our main results remain qualitatively

unchanged.

3.1 Benchmark: No Tokens

Suppose that tokens cannot be issued. Consumers hold dy in deposits and wy — dp in investment at
date 0. They face four possible scenarios at date 1, as shown in Table 1. Since deposits can be used
to purchase both the firm’s service and other consumption, only the total consumption demand,
denoted by Cy, matters. If dy > C, the consumer withdraw C; from her deposit, earning a payoff
of

oCy+ Ry (wo—dp) + (do—Cy) .

If dy < Cy, the consumer withdraws her entire deposit and borrows C; — dy from the bank, earning
a payoff of
oCy+ R (wog—do) + (dop—C1)— (Rp—1) (C; — dyp) .

4In token financing, for example, Rogoff and You (2022) and Luo (2025).
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In the four scenarios in Table 1, C; equals ps+ p. with probability ¢.s, ps with probability g; — g.s,
pe With probability g. — g.s, and 0 with probability 1+ g, — gs — g.. Therefore, the consumer’s
expected payoff of holding d in deposits is

E [Uc] = ((X - 1) (psqS +chIc> +Rpwo — (RL - 1>d0
—qes(Rp—1) (ps+ pe — d0)+ —(gs —qes) (Rp—1) (ps — d0>+ 3)
- (CIC - C[cs) (RB - 1) (pc - d0)+ )

where x™ = max (x,0). Taking first-order derivative with respect to dy, we obtain

aggojc] = (R = 1) [ges0 (Pt pe o) + (85 =) (s —do) + (4 —qs) O (pe = )]~

_(RL_1)=

where o (-) is an indicator function with ¢ (x) = 1 if x > 0 and o (x) = 0 otherwise. The marginal
cost of deposits is foregoing the higher return on investment, R; — 1. The marginal benefit is
avoiding the cost of borrowing, Rp — 1, which materializes only when the total consumption de-
mand exceeds dy. This becomes less likely as d( increases, so the marginal benefit of deposits is
weakly decreasing in dp. The minimum marginal benefit is O and attained when dy > ps+ p., while
the maximum marginal benefit is (g +¢s — gcs) - (Rp— 1) and attained when dy < min{py, p.}.
Therefore, consumers hold deposits if and only if (. +¢s —ges) - (Rp—1) > Ry — 1.

The following lemma characterizes a consumer’s optimal amount of deposits.

s i ps>pe . , . .
Lemma 1. Let g, = s _fps Pe Without tokens, a consumer’s optimal amount of deposits
de, U Ps < pe
is as follows:
. . R.—1
mln{pmpc} if qr < Rll;_1
— . Rp—1
do = maX{ps,pc} if ges < Iﬁ < gk &)
Ry —1
Ps + Pe L szl < qes-

The optimal amount of deposits must be one of the four corners cases: 0, p¢, ps, and p. + ps.

Rp—1
R —1°

For a higher cost of illiquidity, liquidity is more valuable, and a consumer would like to hold a

The cost of borrowing relative to the return of investment,

captures the cost of illiquidity.

higher level of liquid claims.

3.2 Token issuance

Next, we consider token issuance. In equilibrium, if the firm decides to issue tokens, it must set 6

such that its net payoff to the firm from issuing tokens is positive. Hence, it suffices to focus on
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the case in which 6y > 1%" If 6y < ;—i, the firm’s net payoff from tokens cannot be positive:

HFZmORL{Go—%— (1_M)2}

my my ) Rp

E A,
< myRy, ’[710 ] (;—i—l) <0.

(6)

We next move to consumers’ decisions regarding token purchases. First, a consumer chooses either
mg = 0 or mg = py. Since partial redemption is not allowed, if mg is smaller than py, these tokens
cannot be redeemed for a service at date 1 and must be held to date 2. Given 6y > Ive_i’ the return to
holding tokens is v, /6y, which is smaller than Ry, the return on investment. Hence, holding fewer
than p; tokens is dominated by investment. Similarly, a consumer does not want to hold more than
ps tokens, since she can redeem at most p, tokens at date 1 and the part more than p, tokens must
be held to date 2.

Second, consumers prioritize token redemption if they demand the firm’s service at date 1. If a
consumer purchases the service at date 1, her cash flows at date 2 decrease by pyv; if she redeems
ps tokens, decrease by p; if she uses p; deposits, and decrease by psRp if she borrows ps. Since
tokens depreciate at least weakly over time—v, < 1, consumers always prefer to use tokens first.

Section 3.1 presents a consumer’s expected payoff if she holds no tokens. Here, we present
the expected payoff if she holds p, tokens. Similar to the baseline model, a consumer faces the
four possible scenarios at date 1, as described in Table 1. However, since tokens can be redeemed
only for the service, not only the total consumption demand but also its composition matters. If
a consumer demands the service at date 1, both tokens and deposits can provide liquidity, so her

payoff is
aC1 + Ry (wo — do — ps60) + (do+ ps —C1) — (Rg— 1) (C1 —do — ps) ™.

If a consumer demands other consumption, only deposits can provide liquidity, and tokens are held

to date 2, so her payoff is
aCy + R, (wo —do — ps60) + (do — C1) — (Re— 1) (C) — do) " + pyva.
Therefore, a consumer’s expected payoff of holding dj in deposits and p; tokens is

E [Uc] =Rpwo + (OC - 1) (psqs +quC) - (RL - l)dO

(7
—[RLO0 — g5 — (1 —g5) v2] ps — qc (R — 1>(Pc_d0)+
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Taking the first-order derivative with respect to dp, we obtain

IE[U]
dd

= (Rp—1)q.0 (pc—do) — (RL—1).

It is straightforward to see that a consumer will choose either dy = 0 or dy = p..

Based on consumers’ equilibrium behavior, the equilibrium with token issuance must be as
follows. The firm sets 6y such that a consumer is willing to hold ps tokens instead of O tokens. A
consumer redeems p; tokens at date 1 whenever she demands the firm’s service, which happens
with probability g;. Hence, the total redemption of tokens is E [A,,] = gsps, and the firm’s net
payoff from issuing tokens is

V2

HF:psRL{QO_QS_(l_CIS)R_L}' ®)

Let 6,,,, be the maximum price the firm can set. If the firm issues tokens, it must set 8y = 6,4, SO
the term, 6,4x — g5 — (1 — g5) IV?—ZL, represents the LPT.

Before proceeding to the case with both tokens and deposits, we present the case with only
tokens as another benchmark. Suppose that deposits are not available. A consumer’s expected
payoff is

E[Uc] = (a—Rg) (psqs + Peqe) + Rrwo

if she holds O tokens, and

E U] =Rpwo+ (ot — 1) (psgs + peqc)
- [RLOO —(qs— (1 - Qs)v2] Ps —{q4cPc (RB - 1)

if she holds p; tokens. Comparing the two payoffs, we obtain the following lemma.

Lemma 2. Without deposits, 04y = qs+ (1 — qs) Ig—i + quBR;L&. The LPT is increasing in Rp.

Without deposits, tokens replace investment, and are used to reduce borrowing when there is
demand for the firm’s service. The LPT is driven by their advantage relative to investment and thus
must be positive. As the short-term borrowing cost Rp increases, the cost of illiquidity increases,

so the LPT increases.

3.3 Simplified Case: p; = p,.

Next, we consider the case in which both tokens and deposits are available. We first solve a

special case where the sizes of the consumption demand for the two goods are equal, p; = p, to
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illustrate the economic channel without tedious treatment due to the difference in the sizes of the
consumption shocks.

Based on the previous analysis, a consumer must choose one of the following corner portfolios:
(do,mo) = (pe0), (do,mo) = (pe+ ps,0), (do,mo) = (0, ps), (do,mo) = (P, ps). Comparing these
portfolios, we obtain the following proposition.

Proposition 1. Suppose p. = p;. The maximum price of tokens that induces each consumer to hold
Ds tokens, Opqy, and the consumer’s portfolio at Oy, (dy,mp), are as follows:

° lfC[c< Rg—1 ,1, Gmax—QS+(1 _qAY)I‘;_zL“f’(l _CIS) R%g_l

((] qCS) and (d07m0) (O,ps),'

i des < R < e Omax = s+ (1= ) 3 + s8Rt — (g5 — ges) Bt and (do,mo) =
(Pe» Ps)s
® lfRL ] < Gesr Omax = qs+ (1 - QS) 1‘2_2L + (1 - C[s) , and (d07m0> (pwps)-

Similar to the benchmark case with only deposits consumers prefer to hold a higher level of

liquidity as the cost of 1111qu1d1ty,

given that

consumers hold p; tokens.

3.3.1 Switching Outside Option to Holding Tokens

An important feature of our setting is that there are two liquid claims that are not perfect substitutes.
Tokens are more liquid than investment but less liquid than deposits. In the presence of the three
claims, consumers’ outside option to holding tokens could be the illiquid claim, investment, or
the more liquid claim, deposits. Proposition 1 suggests that the outside option is endogenous and
depends on the cost of illiquidity.

Specifically, consider the case in which % RL ]

< gcs- Due to the high borrowing cost, consumers
would hold sufficient liquidity such that they do not borrow at date 1. To this end, they can hold
either py+ p. in deposits, or p, tokens and p. in deposits. Essentially, to be able to sell tokens,
the firm needs to convince consumers to hold ps(= p.) tokens instead of ps(= p.) in deposits.
Given that consumers must hold at least p. in deposits, the marginal benefit of liquidity is to
reduce borrowing when a consumer needs both consumption goods. For this purpose, additional
Ds tokens are not inferior to additional p; deposits. Therefore, the maximum token price is lower

than one,
(1 - QS)
Rr

simply because a token depreciates at date 2—v, < 1, and delivers lower cash flows than one dollar

1 — Opax =

(I—Vz),

deposit.
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Now, consider the case in which g . As shown in Lemma 1, without tokens,

consumers hold ps(= p.) in deposits. With pg( pc) tokens, since R

., the marginal benefit

of deposits is greater than the opportunity cost of foregoing 1nvestment, so consumers still hold
ps(= pc) in deposits. The intuition is that when the cost of illiquidity is in a medium range,
consumers prefer to hold a medium level of liquidity. Hence, the firm needs to convince consumers
to hold ps(= p.) tokens in addition to ps(= p.) in deposits. Given that consumers must hold at least
pc in deposits, tokens are used to reduce borrowing when a consumer needs both consumption
goods. The LPT is affected by tokens’ advantage in liquidity relative to investment, which is
reflected by the first term of the LPT, ¢, s RL

Finally, consider the case where g, < & R 1 1 . As shown in Lemma 1, without tokens, consumers
hold ps(= p.) in deposits. With py(= p.) tokens the marginal benefit of depos1ts is to satisfy the
demand for consumption, which arrives with probability g.. Since g, <R R the benefit is smaller
than the opportunity cost of foregoing investment, so consumers hold 0 dep0s1ts. Intuitively, when
the cost of illiquidity is low, consumers prefer to hold a low level of liquidity. Hence, the firm
needs to convince consumers to hold ps(= p.) tokens instead of ps(= p.) in deposits. The LPT
is affected by tokens’ disadvantage relative to deposits. That is, tokens cannot be used to reduce
borrowing like deposits when a consumer needs only the other consumption. This disadvantage is
reflected in the second term of the LPT, — (g, — qC;) RB 1 , while the first term reflects the LPT if
tokens provide the same liquidity as deposits whenever a consumer has consumption needs.

As a result of the switching outside option, the LPT could be affected by either the tokens’
advantage in liquidity relative to investment or their disadvantage relative to deposits. In the former
case, the LPT is increasing in the cost of illiquidity, as the advantage is greater. In the latter case,
the LPT is decreasing in the cost of illiquidity, as the disadvantage is greater. Hence, the switching
outside option implies a non-monotonic relationship between the LPT and the cost of illiquidity, as
stated in Proposition 2 and illustrated in Figure 1. Note, for comparison, that as stated in Lemma

2, when deposits are not available, the LPT is increasing in the cost of illiquidity.

Proposition 2. The LPT is decreasing in Rp when q. < gg—:}, increasing in Rgp when q s < gg—j <

qc, and independent of Rp when RL 1 < ges-

3.3.2 The Substitution between Liquid Claims

In settings with only one liquid claim, the liquid claim features a positive liquidity premium, which
is determined by the cost of illiquidity and its advantage relative to illiquid claims. In settings with
multiple liquid claims, their liquidity premiums are also affected by the imperfect substitution

between them. In general, such substitution reduces the liquidity premium, as consumers’ outside
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v
Liquidity Premium: 6y — qs — (1 — q5) R_z
L

No Token: (p., 0)
Token: (0,ps)

No Token: (p., 0) : No Token: (p.; + ps, 0)
Token: (p¢, ps) : Token: (p¢, ps)
I

RL_l RL—l

Ry—1 ¢ Rp—1 e

Figure 1: The LPT and the borrowing rate

option could be obtaining liquidity from other liquid claims instead of merely suffering illiquidity.

In our model, we identify three ways that this substitution works.

Proposition 3. The LPT is always lower in the case with deposits than in the case without deposits.

RL

1 > g or < qcs, the substitution works in a direct way: deposits serve as con-
sumers’ out51de option to tokens. Deposits improve consumers’ outside option to holding tokens
and thus decrease the LPT.

When ¢, < 1% < q., the substitution works in an indirect way. Tokens effectively replace
investment but not deposits. Without deposits, tokens reduce borrowing when there is demand

for the service, so the LPT is q RL

, as stated in Lemma 2. With deposits, since consumers
hold p. deposits, tokens reduce borrowmg only when a consumer needs both consumption goods.
Therefore, tokens’ advantage in liquidity relative to investment is smaller and contributes only
qcsRBR;L& instead of g RBR_L R to the LPT.

However, although tokens provide marginal liquidity only when consumers need both con-

sumption goods, consumers redeem tokens, or put differently, tokens provide actual liquidity
whenever they need the firm’s service. Since the token value weakly decreases over time, con-
sumers prioritize using tokens. That means, the introduction of tokens also induces a change in
the order of liquidity usage. Specifically, when a consumer needs only the service, which happens
with probability g; — g.s, she switches from using deposits to using tokens. This change in the
order of liquidity usage makes the firm’s liquidity provision more costly and further decreases the
LPT by (qs —qes) L.
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3.3.3 Issuance Strategy and Impacts on Bank

Notably, the substitution between tokens and deposits could be so strong that it renders the LPT
negative and substantially discourages the firm from issuing tokens. Proposition 4 characterizes

the firm’s optimal issuance strategy.

Proposition 4. When 1 € [qq”, qf Z“} the maximum possible LPT is nonpositive, so the firm

does not issue tokens. OtherWlse, the firm issues tokens and sets 0 to Oy,,x in Proposition I.

Propositions 1 and 2 suggest that given Ry, the LPT attains its minimum when RL i qc:

%) R;—1
Omax — [QS+(1_QS) R_L} (%_Qs) RL .

When the demand for the two consumption goods is positively correlated (i.e., the firm’s service

and other consumption are complements), g.s > q.qs, the LPT is always positive, so the firm
always issues tokens. When the demand is negatively correlated (i.e. the firm’s service and other
consumption are substitutes), the LPT can be negative, and the firm does not issue tokens in that
case.

In equilibrium, if tokens are issued, the firm’s payoff must increase, and consumers’ expected

utility does not change. Proposition 5 summarizes the impacts of token issuance on the bank.

Proposition 5. Suppose tokens are issued in equilibrium.

* ifg. < RL 1 , the bank’s payoff from deposits decreases, and its payoff from borrowing in-
creases;

* ifges < R , the bank’s payoff from deposits increases, and its payoff from borrowing
decreases,

* if g RL l < Gcs, the bank’s payoff from deposits decreases, and its payoff from borrowing does

not change.

It may seem that token issuance would make the bank worse off, as it decreases deposits due to

their substitution in terms of liquidity. However, we find that this is not the case when gy < RL % <
qc- As discussed above. In this case, the introduction of tokens do not decrease the deposus held
by consumers at date 0, and induces a change in the order of liquidity usage. This change in the
order hurts the firm, as consumers redeem tokens more often. On the other hand, it unexpectedly
makes the bank’s liquidity provision less costly, as consumers withdraw deposits less often. In
general, the addition of a new liquid claim not only decreases consumers’ incentive to hold the

current liquid claim, but also decreases consumers’ incentive to use it. When the second effect
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dominates, which takes place if g.; < ﬁ,;—:i < ¢., the issuers of the current liquid claim (deposits)
can in fact benefit from the addition of a new liquid claim (tokens).

Another aspect that the conventional narrative ignores is that banks also make profits by pro-
viding ex-post liquidity, which is borrowing in the model. Proposition 5 suggests that tokens have
ambiguous impact on borrowing, depending on whether tokens increase or decrease the total ex-
ante liquidity. With both deposits and borrowing considered, the bank is certainly worse off only

when RL 1 < {cs

3.4 The general case

Proposition 6. When ps < p., Propositions 1, 4, and 5 hold. Suppose ps > p..

1. The maximum price of tokens that induces each consumer to hold ps tokens, 0,,,, and the

consumer portfolio under the price, (dy,mg), are as follows:

* ifge < gy Qmax—QS+(1—CJs)Iv?_2L+< qS) 9 1+[Qs—(CIs+qC—CIcs)I;_§]'Rllg?zl,

Rg—1’

and (d07m0) - (O7ps);
Omax = gs + (1 — %) QS RL + (q %pc +QCSPC> Rz , and

* if gs
(dOJmO) - (pwps);

*if qes <
(dOamO) - (pCapS):

° lfRL L < qcs» 6ma)c ={s + (1 qs) + (1 - qS) and (d(),I’H()) (pc,ps)-

Omax = QS+(1—(]S) +R??L1 (1___qs) +(IcsRlIg€;1 %, and

RLl

2. The LPT is decreasing in Rg when q. < gL , is increasing in Rg when g5 < <4q., and
is equal to that of demand deposits when & R
R.—1 pC des Pe (‘]s""]c_qcs)%_% . . ..
3. When Re—1 € 1 — —|— 0 Do T , the maximum LPT is nonpositive, so the firm

ps s
does not issue tokens. Otherwise, the firm issues tokens and sets 6y = 6,,,4.

4. Proposition 5 holds except that in the case in which q.s < % < g, the bank’s payoff from

Pc>1%

deposits increases only when =4
cs

For the general case, Proposition 6 presents the LPT and confirms that its properties shown in

Section 3.3 qualitatively hold. A notable difference is that if p; > p. and g.s < RL 1 < g5, the

1=g
—des
holdings at date O from p; to p.. Tokens reduce both consumers’ incentive to hold deposits and

bank’s payoff from deposits increases only when p < > 1—=. In that case, tokens reduce deposit

their incentive to use them. The second effect dominates when p £ > 11 qq;
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4 Implications for Token Issuance and Design

The baseline model adopts a simple framework to focus on the liquidity provision role of tokens.
In this section, we apply the economic mechanism developed in the baseline model to derive im-

plications for token issuance and design.

4.1 The Characteristics of Consumption

In the model, consumption demand is characterized by the value of the firm’s service (py), the
frequency of the demand for the firm’s service (g;), the value of other consumption (p.), the fre-
quency of the demand for other consumption (g.), and the correlation between the demand for
the firm’s service and other consumption (p). We examine how the firm’s net payoff from issuing
tokens depends on these characteristics. To control for the the overall scale of the firm’s business,
we hold the total demand for the service, p;q;, constant. By doing so, we vary p; and g, inversely,
allowing us to compare firms that offer high-value, low-frequency services with those that provide

low-value, high-frequency services.

Proposition 7. The LPT is weakly higher,
* if ps is higher and q; is lower, given pyqs and p;
* if p is higher;
* if pc is smaller.

Proposition 7 first states that a firm potentially benefits more from issuing tokens if it supplies
high-value, low-frequency service. Intuitively, the cost to the bank and to the firm to provide the
liquidity for the service only depends on the expected demand for the service. If consumers decide
to obtain liquidity through deposits, they need to hold more deposits for services featuring higher
value and lower frequency, even if the expected demand for the service does not change. This
implies that using deposits to satisfy such consumption demand is more costly for consumers, as
the bank earns more from deposits. This gives the firm more room to earn LPT, especially since it
can provide liquidity for such consumption as well as the bank.

Higher correlation between the demand for the two consumption goods makes the LPT weakly
higher. This works through the multiple channels discussed in Section 3.3. Take the simplified
case with py; = p. as an example. If ¢, < %, the LPT is determined by the disadvantage of
tokens relative to deposits (i.e. that tokens cannot provide liquidity when consumers demand only
other consumption, which happens with probability g. — g.s). Conditional on the probability of the
demand for the service and other consumption, p, and p., higher correlation implies lower g, — g
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and thus smaller disadvantage. If g.; < 1’5;—:} < g., the LPT is determined by two factors. The

first is the advantage of tokens relative to investment (i.e. that tokens can provide liquidity when
consumers demand both consumption goods), so higher dependence implies higher advantage of
tokens. The second is the change in the order of liquidity usage, which happens when consumers
demand only the firm’s service. Higher correlation implies this case is less likely, limiting the
impact of this change.

Finally, the size of the demand for other consumption negatively affects the LPT. Since only
deposits can provide liquidity for other consumption, greater demand for other consumption in-
duces consumers to hold deposits. Deposits can also provide liquidity for the firm’s service, thus

larger deposits reduce consumers’ incentives to hold tokens.

4.2 Partial Redemption of Tokens

In our baseline model, the firm’s service can be purchased by either all tokens or all cash. In
practice, some firms, such as airlines, may allow consumers to use a combination of tokens and
cash to buy a service. We refer to this option as partial redemption. In this section, we examine
whether the firm finds it desirable to allow for partial redemption. Consistent with the assumption
in the baseline setup that p, tokens can be redeemed for one unit of service, we assume that tokens
are worth one dollar per unit when they are combined with cash.

Partial redemption gives consumers more flexibility in the holdings of liquid claims. Besides
holding either O or p; tokens, they can also hold fewer than p; tokens and use them for the service
through partial redemption. From the firm’s perspective, giving this flexibility to consumers has
two effects. On the one hand, if the firm would like consumers to hold p; tokens, this flexibility
means an additional constraint on the token price, which in general lowers the LPT in this case.
On the other hand, consumers may gain more liquidity benefits by holding fewer than p; tokens,
which may in turn increase the LPT that the firm can charge. Therefore, in any equilibrium in
which the firm strictly prefers to allow for partial redemption, consumers must hold mg € (0, p;).

Holding dj in deposits and mg € [0, ps] tokens, a consumer’s expected payoff is

E[Uc] =Rpwo+ (& — 1) (psgs + peqc) — (RL— 1) do — [R1.60 — g5 — (1 — g5) v2] mg
—qes (Rp—1) (pe+ ps —do —m0)+ —(gs —qes) (Rp— 1) (ps — do _m0)+
- (‘]c - qu) (RB - 1) (Pc - d0)+ .

The consumer’s holdings must satisfy at least one of the following corner conditions: 1) dy+mg =

Pe+ ps, 2) dy +mo = ps, and 3) dg = p.. If dy +my = pc+ ps, then dy > p., and the consumer’s
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expected payoff reduces to

E[U:] =Riwo+ (¢ —1) (psqs + peqc) — (R — 1) do — [Rp.6o — g5 — (1 — g5) va] mo.

In this equilibrium, the firm must set 8y such that my = p;. Hence, we can focus on dy + mgy <
pc + ps. Intuitively, since we have two choice variables here, if the consumer optimally chooses
mg € (0, ps), the other two corner conditions both hold. That means, ps > p., and (dy,mp) =
(PesPs = pe)-

The following proposition characterizes the condition under which the firm prefers to allow for

partial redemption and the impact

Proposition 8. When ps < p., the firm never strictly prefers to allow for partial redemption. Sup-
pose ps > p.

» The firm strictly prefers to allow for partial redemption rather than not if and only if ggj €

qs’ 1—qs )°

e In that case, consumers’ portfolio at date 0 is (dy,mo) = (pc, Ps — Pe)-

o With the option to allow for partial redemption, the firm always issues tokens.

When p; < p,, consumers never hold mg € (0, ps) tokens, so allowing for partial redemption
makes no difference from the firm’s perspective. Consider the case with py > p.. The firm can
allow for partial redemption and set a token price 6y to induce consumers to hold (dy,my) =

(pe, ps — pe)- In that case, the firm’s net payoff from tokens is

(ps_pc)RL{90_(13_(1—(]5)1‘;—1}.

The firm strictly prefers to allow for partial redemption if and only if this net payoff exceeds his

net payoff without partial redemption,

V2
psRL{emax_QS_(l _QS)R_}~
L

Proposition 8 suggests that if the demand for the two consumption goods is independent or pos-

itively correlated, the firm always prefers not to allow for partial redemption. If the demand is

negatively correlated, the firm strictly prefers to allow for partial redemption when ﬁg—:i is in
<%, qf:—f}ff) . As suggested by Propositions 2, 4, and 7, without partial redemption, the LPT is low

R —1
Rp—1

mediate region around g.. The reason is that consumers do not gain much by holding p; tokens and

when the demand for the two consumption goods is negatively correlated and is in an inter-
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may benefit from holding fewer tokens. Partial redemption gives consumers this attractive option
and allows the firm to earn a higher LPT. Notably, with partial redemption, the firm can always

earn a positive LPT, and it always issues tokens.

4.3 Ex-Post Token Issuance

So far, we have assumed that the firm issues tokens only at date 0, before consumption shocks are
realized. Potentially, the firm can also issue tokens ex-post after the realization of consumption
shocks at date 1 or date 2. We refer to the types of sales as ex-ante and ex-post token issuance.

In practice, firms do not observe the realization of consumers’ consumption shocks, and there
is no clear timeline of the realization of consumption shocks. Hence, the distinction between the
two types of token issuance lies in that consumers can easily time the ex-post one but not the ex-
ante one. Therefore, ex-post token issuance usually works through the type of token sales that are
always available to consumers. For example, consumers can always purchase miles from airlines’
websites and gift cards from Starbucks. Ex-ante token issuance works through the type of token
sales that are not always available to consumers or that do not allow consumers to fully control
the quantity. For instance, consumers can purchase points at a discount during a special promotion
period or earn miles through flying or using credit cards.

Suppose that besides the ability to issue tokens at the price of 8 at date 0, the firm always has
tokens for sale at the price of 8. There are two quick observations about ex-post token issuance.
First, any token sold at date 2 must reduce the firm’s payoff, since consumers buy tokens at date
2 if and only if @ < v,. Second, tokens bought at the price of 8 must be redeemed immediately.
Buying tokens in this way and redeeming them later is weakly dominated by buying the tokens
right before redemption, given that the price is always 6.

In any equilibrium in which the firm strictly prefers ex-post token issuance, consumers must
hold mg € (0, ps) tokens. Consider an equilibrium with mo = 0. If 8 < 1, a consumer would buy
ps tokens and redeem immediately at date 1 whenever she needs a service. If 6 > 1, she would buy
no tokens at date 1. That means, any token sold at date 1 or date 2 reduces the firm’s payoff. Given
that no token is sold at date 0, the firm’s net payoff from tokens must be nonpositive. Consider
an equilibrium with my > ps. Given that a consumer already has sufficient tokens for a service,
she would not buy any token at date 1. That means, ex-post token issuance would only reduce the
firm’s cash flows at date 2.

We can focus on the following equilibrium path. Each consumer holds mg € (0, ps) tokens at
date 0. If she needs the service, she spends (ps — myg) 0 buying ps —mg tokens and redeems the total
ps tokens. If she does not need the service, she holds the myg tokens to date 2. This equilibrium

path is similar to the path under partial redemption. From the firm’s perspective, ex-post token
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issuance does serve the same function as partial redemption, both giving consumers the option to

hold fewer than p; tokens at date 0 and potentially allowing the firm to earn a higher LPT.

Proposition 9. When p; < p,, the firm prefers not to allow ex-post token issuance. When ps > p,

the firm prefers to allow ex-post token issuance if and only if I’gg—j € (%, qf:—f{f), and the price of

tokens sold ex-post, 0, must be at least 1.

The model predicts that a firm may issue tokens ex-post at a price higher than 1, the redemption
value per token. This result is consistent with the observation that airlines and hotels sell rewards
directly to consumers at prices even higher than their redemption value. Certainly, consumers
would not buy all the rewards required by a redemption in this way. Instead, it is typically the
case that consumers earn some rewards from other sources such as special promotions and credit
cards, and they buy additional rewards to reach the minimum amount required by a redemption.
Essentially, direct sales are used to unlocking the rewards already held by consumers, thereby
increasing the liquidity of rewards. This liquidity benefit allows the issuing firm to charge a price
even higher than the rewards’ redemption value.

The model also predicts that ex-post token issuance is desirable when the demand for the
two consumption goods is negatively correlated. In practice, high-value consumption such as
traveling induces large consumption shocks to consumers. Hence, consumers would attempt to
adjust the consumption timing to smooth their total consumption over time, which naturally results
in a negative correlation between high-value consumption and other consumption. Hence, the
condition % € <%, ql‘%(q{‘:) is more likely to hold for high-value consumption. This explains
why ex-post token issuance at a price even higher than the redemption value is common in the

travel and hospitality sector.

S Tradability and Convertibility

In practice, some rewards and tokens are tradable among consumers. For example, stablecoins,
which are gaining popularity, are an example of tradable tokens. When tokens are tradable, al-
though partially liquid claims themselves provide direct liquidity for only certain services and
products, their holders may be able to obtain liquidity for other consumption by selling the claims
to other consumers. Therefore, tradability effectively increases the liquidity of these claims. For
consumers, tradability is definitely a desirable feature, potentially allowing the issuing firm to earn
a higher LPT. However, tradability may also reduce the amount of funds that the firm can effec-
tively raise from consumers. In this section, we examine the impact of making tokens tradable, the

conditions under which the firm would prefer to allow tradability, and the influence of tradability
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with other facets of token issuance strategy. Some tokens, such as stablecoins, are redeemable for

cash. Thus, we also examine the convertibility feature, combining with tradability.

5.1 Tradable Tokens

Suppose that the firm makes tokens transferable from one consumer’s account to another’s. There-
fore, consumers can trade tokens in a competitive market. We focus on symmetric equilibria in
which consumers hold the same portfolio (dy,mg) at date 0. This is actually without loss of gen-
erality, since in equilibrium, the price of tokens is determined endogenously, and consumers are
indifferent to the exact combination of tokens and deposits.

Suppose that the firm sells tokens at 6y > ;—i (If 6y < ;—i, as shown in Section 3.2, the firm’s
net payoff from tokens is nonpositive). Consumers only have the incentive to trade tokens at date
1 after the realization of consumption demand. The reason is that they have the same valuation for
tokens before the realization of demand or at date 2. Denote the trading price of tokens at date 1
by 1. It must be the case that 8y < ;. Otherwise, consumers would strictly prefer to buy tokens
from the market at date 1 rather than buy tokens at date 0, which means no supply of tokens in the
market. Further, the cash that consumers borrow at date 1 must be used immediately. The return
of holding money from date 1 to date 2 is 1, and the return of buying tokens at date 1 and holding
them to date 2 is v»/¥; < Rr. Both are smaller than the borrowing cost Rp.

Proposition 10. In any equilibrium in which the firm decides to issue tradable tokens,
i 1\;—2L<9()=’}/1 <, and
* consumers hold no deposits after trade at date 1.

Proposition 10 provides two key observations. First, y; < vp. If ¥ > vp, consumers would
prefer selling tokens to the market at y; to holding them until date 2, so no one would hold tokens
after trade. It implies that all tokens must be redeemed at date 1, so E [A,,] = mg and the firm’s net

payoff from tokens is nonpositive:

I-1
HF:moRL{OO—l—ﬁ} SO
R

Under y; < vy, the return of buying tokens on the market and holding them to date 2, v, /71, is no
smaller than 1, so consumers prefer it to holding deposits to date 2. In equilibrium, consumers
hold no deposits after the trade at date 1.2 7 < v <1 implies that to purchase the service, it is

cheaper to buy tokens and redeem tokens than use cash.

>The firm would like consumers to hold more tokens, so it would set 6, such that ; is slightly smaller than v, to
ensure that consumers hold only tokens after trade at date 1.
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Second, y; = 6. Given the cost of illiquidity induced by (g.+¢qs —qes) - (Rp—1) > R — 1,
each consumer would hold at least a certain level of total liquidity at date 0. Because of the liquidity
holding, the total borrowing of consumers would not be high, which we find to be surely lower than
the cash that consumers need to pay for other consumption. This implies that consumers must hold
some deposits at date 0. On the other hand, if y; > 6y, consumers would not hold deposits at date
0 because holding them is dominated by holding tokens at date 0 and selling them in the market.
Therefore, 71 < 6.

Because of tradability of tokens, tokens and cash are interchangeable at the rate of 6, at date
1, so the effective value of a token is 8y. Also, the effective price of a service at date 1 becomes
6p, since consumers would always use p; tokens to buy services instead of p; dollars. Therefore,
a consumer only cares about the total level of effective liquidity in her portfolio, which is dyp +
my6p, and the total level of effective consumption demand at date 1, C . + Cy ,,60, where Cj .
and Cy ,, are the demand for other consumption and the service respectively. If dy +m 6y exceeds
Ci ¢+ C1,m6, the consumer would use all the remaining liquidity to buy tokens and hold them to
date 2, receiving a return of v,/6y. Otherwise, she would borrow the shortfall. Taken together, a
consumer’s expected payoff is

E [UC] =Riwo+«a (Ps% + pch) - (RL - 9_0> (dO + mOOO) (CIsPsQO + qcpC) o

V2 \%
— s (RB - 9—0) (pe+ s —do —m080) " — (g5 — ges) (RB — —2> (ps60 — do —mo8) ™
V2 +
- (QC - ‘Ics) (RB - 9_0) (pc —dy— mOGO)

This expression indicates that the marginal cost and the marginal benefit of liquidity decreases in
Ry — g—f) and Rg — g—f). This is because the return of holding liquid claims to date 2 is v, /6y instead

of 1. The following proposition characterizes consumers’ portfolios in equilibrium.

Proposition 11. Given the price of tokens at date 0, 6y:
If pc > ps60, a consumer’s portfolio holdings are as follows:

_n

L
e Ifq. < f&g’ (do,mo) = ((gc — ges) PsO0, (1 — Ge +4qes) ps)s
Rp—5

0

. Ifq <RL7%< (do,mg) = 0 +(1 qc)c .
cs RB_%Q = {c \do,Mo qcPc —qcsPsY0,4csPs ,

0

o [ R 0 <gq, d — (1 CIL) Pc
If 7o < des (dosmo) = (Gepe; ps+ 55— ).

If pc < ps6o, a consumer’s portfolio holdings are as follows:
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RL 1_ s Yc Ccs C
* Ifgs < RB—_;S (do,mo) = ((qs+qc—qcs)pc—qspsﬂo,qspﬁW)‘

0

Rp—g o) e

e Ifges < —_?ﬁ < gy, (dO,mO) = (CIc _(Ics)pc;ps — (4 gq—“)pL N
Rp B 0

0

> 1—q¢)pe
I < o) = (e ).

Consumers’ portfolios are shaped by two forces. First, the total level of effective liquidity in
n

the portfolio is determined by the return on investment relative to the cost of borrowing, zfg‘z’.
Similarly to the baseline setup with nontradable tokens, consumers prefer to hold more liquidity ng
this ratio declines. Second, the amount of deposits in the portfolio is determined by the difference
between the total demand for other consumption and the total borrowing. Consumers do not hold
deposits after trade at date 1, so all cash including deposits and borrowing are used at date 1. Since
consumers use only tokens to buy the firm’s service, all cash must be used to buy other consump-
tion. On the other hand, other consumption can only be bought using cash. Therefore, the total
demand for consumption, g.p., equals the sum of the total deposits, dy, and the total borrowing,
E [b1]. The total borrowing depends on the total level of effective liquidity, as a consumer would

borrow only when her effective liquidity is not enough to cover her effective demand.

5.2 Issuance Strategy

Next, we analyze the firm’s issuance strategy when tokens are tradable. Note that at date 1, all
services are bought using tokens, so g,p, tokens are redeemed. The firm’s net payoff from tokens
is
Iy = (mo6y — qsps) R — (mo — qsps) v2,

which is increasing in consumers’ holdings of tokens, m, and the selling price of tokens, 6.

Our main goal is to shed light on the firm’s incentive to make tokens tradable, which entails
a comparison of the firm’s net payoff from tradable and nontradable tokens. When tokens are
nontradable, their quantity and pricing are determined in a relatively separate way in equilibrium.
Consumers’ holdings of tokens are determined or capped by the characteristics of the service: they
would never hold more than p, tokens, and tokens are redeemed with probability g;. The selling
price of tokens is determined by the extent to which they can reduce costly borrowing. When
tokens are tradable, their quantity and pricing are closely connected through v, /6y. First, v2/6y
needs to be at least as great as 1 so that consumers would like to hold tokens instead of deposits
after trade. This condition imposes a clear upper bound on the selling price of tokens. Second,

as indicated by Proposition 11, v, /6y determines consumers’ holdings of tokens. A higher v; /6y
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results in a lower - % and thus motivates consumers to hold more tokens. Due to the two forces,
B~

the firm’s choice of 6 is constrained by v;.

Proposition 12. The firm’s profit from issuing tradable tokens is increasing in vy. The firm’s

incentives to make tokens tradable is greater when v, is greater.

According to Proposition 11, it is straightforward to see that given 6y, as v, increases, myg
weakly increases, and the firm is weakly better off. In fact, the firm can take advantage of the higher
v more effectively and be strictly better off. Proposition 12 suggests that the firm’s incentive to
make tokens tradable is greater when v, is greater. This result is not surprising since when tokens
are not tradable, the firm’s net payoff from tokens does not depend on v;.

It is straightforward to see that when v; is sufficiently small, the firm’s net payoff from tradable
tokens is negative, no matter what 6 is. In that case, the firm is not willing to make tokens tradable.
As v; increases, the firm’s incentive increases. Naturally, we wonder whether the incentive could be
great enough so that the firm makes tokens tradable in equilibrium and how this incentive depends
on the characteristics of the service. For tradable tokens, since 6y affects mq through v, /6y, the
general characterization of the optimal 6 is highly complicated and requires tedious analysis of a

number of cases. Here, we focus on the extreme case in which vp = 1.

Proposition 13. Suppose vo = 1. For ggj < ges or qc < gg:l, tradability is preferred; for q.s <

Ilggj < q., either tradability is always preferred or there exists K such that tradability is preferred

if and only if ps/pc < K.

Proposition 13 conveys two important messages. First, in our setting, the firm prefers to make
tokens tradable in some cases. Notably, in Rogoff and You (2023), token issuers never want to
make tokens tradable. The reason for the difference is that in our setting, liquidity is valuable, and
tradability makes partially liquid tokens effectively more liquid. Second, making tokens tradable
is less attractive to firms providing high-value, low-frequency services. For nontradable tokens,
consumers’ holdings of tokens is determined by the size of the demand for the service, p;. Hence,
firms providing high-value, low-frequency services can benefit more from issuing nontradable
tokens than other firms. For tradable tokens, consumers’ holdings of tokens hinges on the total
level of effective liquidity, which is related to both the size of the demand for the service and that
for the other consumption. Hence, the benefit from issuing tradable tokens does not depend on the
characteristics of the service as much as the benefit from issuing nontradable tokens.

Finally, we analyze whether the firm benefits from giving consumers more flexibility when

issuing tradable tokens.

Proposition 14. When tokens are tradable, whether to allow for partial redemption or not makes

no difference, and the firm prefers not to allow ex-post token issuance.
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Partial redemption becomes irrelevant because consumers always find buying and redeeming
tokens cheaper than using cash. To see why the issuing firm does not want to issue tokens ex-post,
consider the case in which the firm sets the ex-post price strictly higher than 6y. In this case,
consumers prefer to buy tokens from the market rather than from the firm at date 1. However, this
is the only scenario in which the firm may want to issue tokens ex-post. To sum up, tradability
makes tokens sufficiently liquid, so giving consumers more flexibility through partial redemption

or ex-post token issuance does not help them gain more liquidity benefits.

5.3 Stablecoins with Convertibility

This year, both the United States and Hong Kong have enacted new legislation establishing regula-
tory guidelines for stablecoins. The reduction of regulatory uncertainty is expected to facilitate the
further development and adoption of stablecoins. Major retail platforms—including Amazon, Wal-
mart, Alibaba, and JD.com—are reportedly considering issuing their own stablecoins. A common
and important feature of stablecoins is that they can be sold back to the issuers, which we refer to
as convertibility. Beyond simple convertibility to fiat currency, stablecoins usually offer consumers
certain additional benefits to attract their usage. These additional benefits are likely to be closely
integrated with the issuer’s core platform business, leveraging their comparative advantages.

In this subsection, we incorporate the convertibility feature into our analysis. Suppose that in
addition to redeeming and trading tokens, consumers can also ask the firm to convert tokens back
to cash at a pre-specified price, say ¢ dollars per token.® ¢ must be no greater than 6y; otherwise,
consumers would buy tokens and convert them immediately at date 0. Convertibility introduces
two effects. On the one hand, it increases the liquidity of tokens at date 1, as consumers can convert
tokens to cash to satisfy any consumption demand. On the other hand, convertibility may increase
tokens’ expected value at date 2. A token is worth less than 1 in expectation at date 2, because of
devaluation or breakage. In either case, consumers can always choose to receive ¢ dollar per token
through conversion. To capture this effect of convertibility, we consider tokens’ expected value as
a function of ¢, v, (¢), which is potentially increasing in ¢. Naturally, v, (0) represents tokens’

expected value without convertibility,

Proposition 15. Suppose that tokens are tradable. If vy (9) is constant in @, convertibility has no
impact on the equilibrium, and the firm does not strictly prefer to make tokens convertible. If v (§)

is strictly increasing in @, then the firm strictly prefers to make tokens convertible and sets ¢ = 6.

In real-world, stabelcoins are often featured with a fixed 1 : 1 exchange ratio. In our model, tokens are valuable
in the sense that a token priced as 6y < 1 is equivalent to 1 unit of cash when purchasing service goods. It captures
trading benefits such as convenience of tokens. One can change the normalization and model that tokens are priced at
eio to capture the trading benefits tokens may bring.
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It turns out that convertibility does not increase the liquidity value of tradable tokens at date
1. If ¢ < 6y = 71, consumers do not convert tokens at date 1 because selling tokens to the market
dominates. If @ = 6y = 71, consumers hold the same amount of tokens at the end of date 1, and
the difference is that consumers may buy more tokens at date O and convert some at date 1. This
implies that the firm receives higher cash flows at date 0 and pays out more at date 1. The two
amounts are equal, so the firm’s net payoff from tokens does not change.

The only impact of convertibility is on tokens’ expected value at date 2. As shown in Proposi-
tion 12, the firm benefits from a higher v,. If v, (¢) is strictly increasing in ¢, then the firm strictly
prefers to make tokens convertible to increase v, (¢) and set ¢ as high as possible, to 6. Notably,
¢ = 6y implies that the optimal design of tokens features a fixed one to one conversion rate. In fact,
the token in this case resembles stablecoins observed in practice. To see this, we can re-normalize
the prices as follows. Each token is sold at one dollar and can always be converted to one dollar
cash. When tokens are used for the service, they are worth 1/6 dollars per unit, where 1/6p > 1
captures benefits brought by tokens, such as price discounts, premium services,and transaction

convenience.

6 Conclusions

This paper provides a framework for understanding when a non-bank firm can profitably issue
partially liquid, service-backed tokens and how such tokens shape equilibrium liquidity. The model
delivers several contributions.

First, it characterizes the LPT and identifies its non-monotonic relation with the cost of ex-post
borrowing. Second, it identifies conditions under which token issuance is optimal for the firm.
Third, it evaluates several contract features, such as partial redemption, tradability, and convert-
ibility, and shows how they expand or limit the willingness to issue service-backed tokens.

Taken together, our paper shows when firm-issued tokens have economic value, when they
coexist with bank-supplied liquidity, and when design choices meaningfully change their role. The
paper contributes a theoretical basis for analyzing digital corporate tokens, which are expected to

become an important part of firms’ capital structure
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Appendix: Proofs

Proof of Lemma 1

Without tokens, a consumer must choose among the three corner portfolios: (p.,0), (ps,0), and (ps+ p¢,0).

A consumer’s expected payoff is

E[U] =(a—1)(psqs + peqe) +Riwo — (R — 1) pe
—{cs (RB - l)ps - (q‘v - qCS) (RB - 1) (ps - pc)+

for (p,0),

E[U] = (0t —1)(psqs+ pcqc) +Riwo — (R — 1) ps
~qes(Rp—1) pe — (qc — ges) (Rp— 1) (pe _Ps)+
for (ps,0), and
E U] = (ot — 1) (psqs+ peqc) +Rewo — (RL— 1) (ps + pe)

for (ps + pe,0).
Comparing the three portfolios, we obtain
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Rp—1
Rp—1

(pmo) - (pSaO) < (ps*pc) > gs (ps*pc)Jr*QC (pc*ps

R;—1 s —
RB—I <QC5+(QS_QCS)W7

(ps+pc,0) - (pCaO) <

and

R, —1 —ps)t
(ps +Ppe,0) > (PSv()) <~ - < Ges+ (% —qes) M
RB_1 Pc

Rl < ge. When pg > pe, (pe,0) is optimal if and only if

Rp—1
> g5, and (py,0) is optimal if and only if gy < % < ¢s5- When pg < pe, (ps,0) is optimal if and only

Hence, (ps+ p¢,0) is optimal if and only if

R —1
Rp—1

if ﬁgj > g, and (p,,0) is optimal if and only if g < Ilgg—j < g,

Proof of Lemma 2

See the main text.

Proof of Proposition 1

With tokens, a consumer must choose among the following portfolios: (p.,0), (ps,0), (ps+ pe,0), (0, ps),

and (p., ps). A consumer’s expected payoff is

E[Uc] =Riwo+ (0t — 1) (psqs + peqc)
- [RLQO —(gs— (1 _C]s)VZ] Ps —4c (RB - 1)pc

for (0, py), and

E[U;| =Riwo+ (0 — 1) (psqs + peqe) — (RL— 1) pe
- [RLQO —qs— (1 - CIS) VZ] Ps

for (pec, ps)-
Comparing the these portfolios, we obtain

Rp—1

(Pesps) > (0,ps) & <{e,

Ry —1
R,

V
(pcaps) > (Ps+p070> A 90 < ‘Is+(1 _qs)é+(1 _qs)
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(pe,ps) = (pe,0) &

vy Rg—R, Rg—1(ps—p)" R.—1
90<qs+(1—qs)FL+qcs 7 +(qs—qcs)[ ";L (s ch) - LRL :
S

(pCaps) -~ (ps,o) <~

v pe\ RL—1 peRp—1 Re—1(pe—ps)"
6y < 1— — 1l—qg,—— — —
b < g5+ ( QS) R, + ( qs S> R, + Ges ». Ry + (QC CIcs) R, s )

va [p R, —1 Rz—1 Rg—1(p,—
0o < gs+ (1 —q5) =+ <c —qs> L (qcpc —qcs> (s — o) 2 (Ps — pe :
p P RL ps

(0, ps) = (ps,0) <

Rp—1 (pc - ps)+

=+ (QC *CICS) R, p
s

R; —1 e\ Rp—1
90<CIS+(1*CIS) +(1*CIS) L <cpcq“p> I;L

V2
RL s s

Consider the case with p; < p. If %:} > qc, (0, ps) dominates (p., ps), and (ps,0) dominates (py + p¢,0)
and (p,,0). Therefore, the binding constraint for 6 is

V2 Rp—1 Pc pe\ Rp—1 Rp—1 (pc_ps)+
6 < 1-— — 1— — — — g — —
b < g5+ ( QS) R, + ( QS) R, ( c ) cs ) R, + (qc qcs) RL s
V2 RL*I RB*I
=5+ (1=q5) -+ (1-45) = (9c = des) —p—
L L

If gos < 1‘3;:} < gc, (pe, ps) dominates (0, ps), and (p.,0) dominates (ps + p¢,0) and (py,0). Therefore, the

binding constraint for 6y is

V2 Rp—R; Rp—1(ps—po)t RL—1
0o < g+ (1—q5) 2 - -
b < g5+ (1 —qs) R, +qes R, + (g5 — ges) R, P R,
V2 Rp—R; R, —1
ZQS'f‘(l_QS)R*L'f‘QCS R, _(QS_QCS) R, .

If ggj < Ges» (Pe, ps) dominates (0, ps), and (ps+ p.,0) dominates (p.,0) and (ps,0). Therefore, the
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binding constraint for 6y is

Proof of Proposition 2

Proposition 2 directly follows from the characterization of the LPT in Proposition 1

Proof of Proposition 3

See the main text.

Proof of Proposition 4

Consider the case with p; < p,. If g, < %, the maximum possible LPT is negative is equivalent to
Rr—1 Rp—1
l—g¢q —(gc —4c <0
(1= =~ 4~ a0)

<:>RL_1 qC_qCS'
Rp—1 1—(]5

If gos < gﬁj < ¢g., the maximum possible LPT is negative is equivalent to
Rp—Ryp,
R
R;—1
Lol e
Rp—1 qs

R, —1
Ry

(QS_QCS) <0

Gcs

If Rg:} < g5, the maximum possible LPT must be positive.

R
Notice that g, < qf%g“ and g, > % hold if and only if g.; < g.gs, or the demand for the two consumption

goods is negatively dependent. Taken together, when 1’;;:} € {%, "{:—Zﬂ, the maximum possible LPT is

nonpositive.
Proof of Proposition 5

Consider the case with p; < p.. Without tokens, the following table summarizes the total deposits at date 0,

the total deposits after withdrawal at date 1, and the total borrowing at date 1:

do do—E[AJ] E[b]
BT < des ps+pe | Ps+pe—ldsps +4cpe] 0
Ges < g1 <4 | pe | Pe—1(4s —ges) s +4cpe] desPs
qc < ﬁg:i Ds Ps —(4s+qc —qes) Ps (9 = qes) (Pe — Ps) +qespe

With tokens, the following table summarizes the total deposits at date 0, the total deposits after with-

drawal at date 1, and the total borrowing at date 1:
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do | dy—E[Ag] E[b]
ﬁ;i{ < ges Pe Pe—4cPe 0
Ges < g7 <de | Pe | Pe—depe 0
qe < %7:1 0 0 4cPc

Comparing the two tables, we can readily obtain Proposition 5.

Proof of Proposition 6

We first derive 6,,,, for the case with p; > p., following the proof of Proposition 1. If ﬁgj > ge, (0, ps)

dominates (p., ps), and (p.,0) dominates (ps + p.,0) and (ps,0). Therefore, the binding constraint for 6 is

V) R —1 Rg—1 Rg—1(ps—pe)t
90<‘Is+(1_qS)RL+<pc_qS> ) _<qclpjc_q"s>3+(qs_61cs) 2 (s C)

s Ry s Ry Ry Ds
V2 Pc Ry —1 pe| Rp—1
qs+ ( QS) R, + <Px %) R, [qs (qs +4qc QCS) PJ R,

If g, < %:} < qcs (pe, ps) dominates (0, ps), and (p.,0) dominates (ps+ p.,0) and (py,0). Therefore, the

binding constraint for 6 is

v Rp—R Re—1 o)t R —1
90<q‘i+<1_q‘¥)72+‘hsu+(%_ cv)|: 5 (ps pC) L

RL RL RL Ps RL
V) R;—1 Pe pe\ Rp—1
= 1— —_—— J— .
qs +( %) R, qs R, + (‘]s qs s + Ges s R,

If gy < % < ¢, (pe, ps) dominates (0, py), and (py,0) dominates (py+ p¢,0) and (p¢,0). Therefore, the
binding constraint for 6 is

6o < g5+ (1 —gy)

V2 pe\ RL—1 peRp—1 Rg—1(pe—ps)©
S l—gs—— cs Y
Ry + ( s > Ry, s ps Rp + (e — 4es) R; Ds

s

V2 pe\ Rp—1 pcRp—1
= 1-— o 1—qg,—— — .
‘h"’( CIS) R, + ( qs s) R, ‘f"hsps R,

If % < Ges» (pe, ps) dominates (0, ps), and (ps+ p.,0) dominates (py,0) and (p.,0). Therefore, the
binding constraint for 6 is

1%} RL —1

Oy <qgs+(1—g5) —+ (1 —gs .
0 Qs+( %)RL+( %) R
Second, we show how the LPT varies with Rp. If ¢, < ggj ,
00 p p
" = gy — (g5 T e — Ges) = < s —qe— < 0;
JRp Ps Ps
the results are obvious for other regions of ggj .
R —1

Third, we show the firm’s issuance strategy. If ¢, < 1 that the maximum possible LPT is negative
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is equivalent to

R, —1 Rp—1
<pc_q‘Y)L+|:qs_(q‘v+51c_5hs)pc = <0

Ds Ry Ds Ry,
Ro—1  (d5+qc—qes) be — gy
Rp—1 % — (s ’

The last inequality follows p‘ —qs > "‘p e —qy > 0. If g4

., that the maximum possible LPT is

negative is equivalent to

Rp—1 pe\ Rp—1
— <0
qs R, + (QS QS s + qcs ps> R,
RL_1>177+C]cspc‘
Rp—1 Ps  ds DPs

Ifges < RL 1 < g5, that the maximum possible LPT is negative is equivalent to

¢\ R —1 Rp—1
(1—qs—2> L +qcspc B <0

s Ry ps Rp
—1
@(l_qs_l)c) L + C57<0
Ps RB 1 Ps

Pc Pc
:><1_% >4cv+ch <0
Ps p

N

& (1-4g5)qes <0,

. . .. . s+ ¢ Yes Be N
which is impossible. If RL 1 < ¢¢s, the maximum possible LPT must be positive. Notice that (@t de)y 0 ,;_ ) >
Ps S
' ' _ Pe Gespe by gepe 9H9de) )i —ds
qc is equivalent tol — Lc S Lo < g 1 + e iy , the

maximum possible LPT is nonpositive.
Fourth, we show the bank’s payoff. Without tokens, the following table summarizes the total deposits at

date 0, the total deposits after withdrawal at date 1, and the total borrowing at date 1:

do do—E [Ag] E[bi]
= 1 < qes ps+pe | ps+pe—[qsps+qepe] 0
Ges < RB | <gs Ps Ps — [(qc = ges) Pe +qsps) GesDe
qs < I]§IL3 i Pc Pec— (qu +qc— qcs)pc (qs - CICS) (17»? - [76) +GesDs

With tokens, the following table summarizes the total deposits at date 0, the total deposits after with-

drawal at date 1, and the total borrowing at date 1:

do | dy—E[A4] E[b1]
gz 1 < ‘]m Pc Pc —{4cPc 0
Ges < er <4gs | Pe Pe—dqcPe 0
&< K1 <qc | pe | pe—gepe 0
e < B 0 0 qepe
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Proof of Proposition 7

Based on Proposition 6, we denote the firm’s net payoff from tokens in different regions of parameters as

follows:
IL = ps(1—qs) (RL—1)
for % < ges>
IT, = PsPYqsqc (RB - 1) — PsYs (RL - 1)

R —1
for ges < Ri= < qc and py < pc,

I = ps (1—gs) (RL—1) = pe[(RL—1) — pgsqc (Rp — 1)]

for g5 < gg:} < gsand ps > p,
I, = Dsds (RB - RL) — Pc (C]s - PCISQC) (RB - 1)
for g, < R=; < g, and p; > pe,
IIs £ py (1 —q,) (R — 1) — ps (gc — Pgsqc) (Rp— 1)

R —1

for g. < = and p, < pe,
I £ psgs (Rg —RL) + pe (RL — 1) — pe (g5 +9c — Pgsqc) (Rp— 1)

R;—1

for g. < = and p; > p .

Part I: Fix ¢;ps and vary (p;,q;)

We prove that I1r is weakly increasing in p; in two steps. First, I1r is weakly increasing in p; in each region

as follows: .
1
=R, —1>0
dp; L ’
drl, _o,
dps
dIl dqs
= (R, —1 Rp—1
dp, (RL—1)+ pcpqc (Rp )dps
= (R.—1) = pepge (Rs— 1)
S
> pqsqc(Rp—1) —pgqc(Rp—1)gqs =0,
dIly dgq;
=—p.(1— Rp—1)-—= >0,
dp, pe(1—pgqc) (Rp—1) dp,

41



dqs
= — 1— c c R —1 * . 0
. (1—pgc) pe(Rp—1) dp.

Second, as p; increases and g, decreases, IIr may move into another region, but there is no jump at that

point. ITr may move from Region 1 to Region 2 at g.; = gz:} , where
Iy = ps (1 —q5) (RL — 1) = psqes (Rp — 1) — psgs (R — 1) =T.
I1r may move from Region 1 to Region 3 at g.; = %, where

H3 :ps(l _qs) (RL—1)_pc[<RL_1)_QCs(RB_1)]
=ps(1—q5) (R —1)
=1I,.

I1r may move from Region 2 to Region 3 at p; = p., where

IT; = gespe (RB - 1) —(qsPc (RL* 1)
:pc(l _CIS) (RL— 1) _pcKRL_ 1) _QCs(RB_ 1)]
=TI13.

ITr may move from Region 2 to Region 4 at p; = p., where

I = gespe (RB - 1) —{sDc (RL — 1)
= peqs (Rp—Rr) — pe (g5 — qes) (Rp— 1)
= 4.

IIr may move from Region 3 to Region 4 at g, = 1'§§ii , where

I1; = Ps(l _QS) (RL_ 1) — Pc [(RL_ 1) —{cs (RB - 1)]
= psqs (Rp —RL) — pe (45 — qes) (Rp — 1)
=TIl4.

IIr may move from Region 5 to Region 6 at p; = p., where

IIs =p. (1 —6]3-) (RL - 1) — Pc (qC —CIcs) (RB - 1)
=psqs(Re—Rr)+pe (R — 1) — pe(gs +qc — Pgsqc) (Rp — 1)
=I1.
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Part II: Vary p

We prove that I1r is weakly increasing in p in similar two steps. First, ITr is weakly increasing in p in each

region as follows:

am, _
dp
dTl,
—— =¢qq:ps(Rp—1 0
dp gsqcps (Rp—1) >
dTl;
2 g (Rp—1)>0
ap Peqsqc (Rp—1) >
drl,

T pegige(Rg—1) >0
o Peqdsqc (Rp—1) >

dIl

TPS = psqsqc (Rp—1) >0
dIl

T; = Pcqsqc (RB_ 1) >0

Second, as p increases, IIr may move into another region, but there is no jump at that point. Ilr may

move from Region 2 to Region 1 at g.; = %,

Il = ps (1 —¢q5) (RL — 1) = psqes (R — 1) —gqsps (R — 1) =11,

I1r may move from Region 3 to Region 1 at g, = Ilgg—j,

Part III: Vary p,.

We prove that I1r is weakly decreasing in p. in similar two steps. First, I1r is weakly decreasing in p, in

each region as follows:
dil; dll, dIls _0
dp. dp. dp.

dTT;
S = _[(RL—1)—pgsq. (Rg—1)] <0,
dp. [(RL—1)—pgsqe (Rp—1)] <
drl,
= —\Y4s— sc Rp—1 07
. (g5 —Pgsqc) (Rp—1) <
dTg

i (R, —1)—(gs+9.—pgsqc) (Rg—1) <O0.
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Second, as p. increases, [Ir may move into another region, but there is no jump at that point. I may
move from Region 3 to Region 2, or from Region 4 to Region 2, or from Region 6 to Region 5, all at py = p..

According to the proof in Part I, we know that there is no jump at these points.

Proof of Proposition 8

Still, the firm will set 6y > %’ and consumers will not hold more than p; tokens. In equilibrium, if the firm

strictly prefers to allow for partial redemption, it cannot be the case that my = 0 or my = ps. If my =0, the

firm’s net payoff from tokens is nonpositive. If my = ps, consumers do not use partial redemption at all.
Consider the equilibrium path with mo € (0, ps). Holding dy in deposits and mg € [0, p,] tokens, a

consumer’s expected payoff is

E [UC] =Rrwo + (OC - 1) (pSQS +chIc) - (RL - l)do - [RLOO —qs— (1 - C]s) VZ] mg
—qes (Rp—1) (pe+ps—do —mo) " — (g5 — qes) (Rg — 1) (ps — do —mo) ™
- (QC - CICS) (RB - 1) (pc —dO)+ .

mg > 0 implies that tokens are dominated by deposits, so

R60—qs— (1 —¢qs)v2 <R.—1

V2 RL—l
S0 <gi+(1—qs)—+ (1—gs).
R, R,

It is not hard to see that the consumer must satisfy at least one of the following corner conditions: 1)
do+mo = pe+ ps, 2) do +mo = ps, 3) do = pe, and 4) dyp = 0. dy = 0 cannot hold in the equilibrium path
with mg € (0, ps), since the derivative of E [U,] with respect to dy is positive at dy = 0 for any mg € (0, py):

IE[U.]
ddo

= (Rp — 1) [qesO (ps + pe —mo) + (45 — Ges) 0 (Ps —mo) + (e — Ges) 0 (Pe)]

— (R —1)
=(Rp—1)(gs +Gc —ges) — (R — 1) > 0.
do + my = p. + ps cannot hold in the equilibrium path. Given dy+ my = p. + p;, the derivative of E [U,]

with respect to dj is

JE[U] JE[U]
8d0 8m0

= (RL_ 1)+[RL90_QS_(1 _QS)V2]+(QC_QCS) (RB_ I)G(pc_dO)’

which is nonpositive when dy > p.. Hence, she will not hold more than p. deposits, so dy +mg < p. + ps.

Since we have two choice variables here, the other two conditions need to hold simultaneously. That
means, ps > pc, and (do,mg) = (pe, ps — pe). When pg < p., consumers hold either my = 0 or my = py, so
the firm never strictly prefers to allow for partial redemption.

Next, we focus on the case with p; > p.. Since partial redemption essentially allows consumers to

44



hold (do,mgy) = (pe, ps — Pe), the firm prefers to allow for partial redemption if and only if his net payoff
from tokens by inducing consumers to hold (dy,mg) = (pc, ps — pc) exceeds that by following the issuance
strategy characterized by Propositions 1 and 6.

We first derive the former. Holding (dy,mo) = (pc, ps — pc), @ consumer’s expected payoff is

E[U;] =Riwo+ (& — 1) (psqs + Peqc) — (RL—1) pe
— [RLGO —(gs— (1 — QS) VZ} (ps - pc) —Ycs (RB - 1) Pc-

Comparing (p¢, ps — pe) with (pc,0), (ps,0), (ps+ pe,0), (0, ps), and (pc, ps), we obtain

1% RB—I RL—I

(Pwps _pc) - (pcvo) & 0) < g5+ (1 _(Is) FL +4gs R, qs R,
\% Ry —1
(Pes s — Pe) = (p,0) & 60 < g+ (1—q5) = + (1 —q5) =
Ry, Ry,
Vv Ry —1 Rp—1
(Pc;Ps—Pc)>(Oaps)<:>90>61s+(1—61s)*+(1—%) L _(qC_qCS) b
RL RL
Vo R, —1 Rp—1
(Pwps_pc) = (pcups) & 6y > 4s+(1 _QS) - _CISLi +qes &
R, R, Ry,
(Pes s — Pe) = (ps+ pe;0)
V2 Rp—1 R.—1 p;s Rg—1 pc
S0y < gs+ (1 —g5) =— —gs 4 g
0 < gs ( %) R, q R, R, Ds— Do qcs R, Ds— pe

If Ilggj < Ges» (Pey Ps — pe) cannot dominate (ps,0) and (p., ps) simultaneously, so consumers will not

choose it. If g5 < % < g5, for (pe, ps — pe) to the optimal for consumers,

% Ry —1
90§qs+(1—qs)é+(l—qs) L

so the firm’s maximum payoff from tokens is

IF = (ps _pc) (1 _CIS) (RL - 1)-

R —1

If g < Re—T°

Rp—1 R, —1
R, qs R, s

V2
GOSQS+(1*QS)ITL+QS

so the firm’s maximum payoff from tokens is

Ir = (ps—pe)gs(Re—Ry) .
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We then derive the condition under which the firm strictly prefers to allow for partial redemption. We

refer to the firm’s maximum net payoff from tokens without partial redemption as the best alternative. If

Ges < Ilggj < g5, the best alternative is

(ps —qsps—pe) RL— 1)+ qespe (Rp—1).

The firm prefers to allow for partial redemption if and only if

(ps _pc) (1 _Qs) (RL - 1) > (ps —{sDs _pc) (RL - 1) + Gcspe (RB - 1)
R —1 QCS
RB—l ds

If g, < RL 1 < ¢., the best alternative is

—{sDs (RL - ]) + (%‘ps —gspc+ (Icspc) (RB — 1) .

The firm prefers to allow for partial redemption if and only if

(ps —Pe)as (Re—RL) > —qsps (R — 1) + (qsps — qspe +qespe) (Rp— 1)
Rzl o
Rp—1

=

Ifg. < I’g;—:i, the best alternative is

(Pc —qsps) (RL—1) + [%Ps — (s +qc —qes) PC] (Rp—1).

The firm prefers to allow for partial redemption if and only if

(ps - pc) qs (RB - RL) > (pc - QSPS) (RL - l) + [QSPS - (QS +qc— QCS) pc] (RB - l)
Ry —1 dc —Ycs
Rp—1 1 —gqs

Notice that g, < @ and g, > @ hold if and only if g.s; < g.qs. Taken together, the firm prefers to allow

for partial redemption if and only 1f RL ¢ ( qq‘: , Tl Zi‘)

For RL } € (”” Te— "”) the firm can always obtain a positive net payoff from tokens by inducing con-

gs * 1—g;

(qs+qe—qes) B¢ —qs
sumers to hold (pe, ps — pe)- For i} ¢ (e, 474 ) it mustbe fuf o |1 0 e, S 20
N s DPs 2 _ s

Ps

so the firm will also issue tokens. Therefore, when ps > p., with the option to allow for partial redemption,

the firm always issues tokens.
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Proof of Proposition 9

The first must set 6y > ;—i. Otherwise, tokens dominate investment, so consumers will hold many tokens at
date 0 and do not buy at date 1. The firm’s net payoff from tokens cannot be positive. 6y > ;—ZL implies that
consumers will not hold mo > p;. We focus on mg € [0, ps]. We focus on the case that 6 is no smaller than
v, so that consumers will not buy tokens at date 2. Following the proof, it is not hard to see that 6 < v,

cannot be optimal for the firm.

Part I: three options to satisfy the demand for the service Consumers have four potential options
to satisfy their demand for the service. First, they always use cash to buy services. In this case, since tokens

are all held to date 2, consumers will choose my = 0, so their expected payoff is

E [UC] =Rywo+ ((X - 1) (pxCIs +chIc) - (RL - l)d()
—{cs (RB - 1) (pc+ps _d0)+ - (QS _qCS) (RB - 1) (ps _d0)+
- (qc - ‘Ics) (RB - 1) (pc - d0)+ .

If consumers take this first option in equilibrium, their portfolio must be among (p.,0), (ps,0), and (p. + ps,0).

Second, they always buy p; —mg tokens and redeem tokens for services. Their expected payoff is

E [Uc] =Rpwo + (OC - 1) (pSQS +pc‘k) + Dsqs (1 _g) - (RL - l)dO
— [Re60 — 456 — (1 —g) v2] mo — ges (Rg — 1) (pe + ps& — mo® —do)
- (QS - ('Ics) (RB - 1) (psg_ m0§_ d0)+ - (QC - qCS) (RB - 1) (pc - d0)+ .

If consumers take this second option in equilibrium, their portfolio must be among (p.,0), (psg, O),
(pc +ps§,0), (0,ps), (pe,ps) and (pc,ps —pc/ﬁ), where (pc,ps — pc/g) is potentially optimal only when
ps0 > pe.

Third, they use cash to buy services when they only need the service, and buy ps; — mg tokens and redeem

tokens for services when they need both the service and other consumption. Their expected payoff is

E[Uc] =Rpwo+ (0t — 1) (Psqs + Peqe) + Psqes (1 _5) — (R —1)do
- [RLOO - Qng_ (1 - QCS) VZ] mo —{cs (RB - 1) (pc +Ps§—m0§_ d0)+
—(gs—qes) (Rp—1) (ps — d0)+ —(ge —4qes) (R —1) (pe _d0)+ .

If consumers take this third option in equilibrium, their portfolio must be among (pc,0), (ps,0), (pc + p;6,0),

(0,ps)s (Ps;Ps)s (pe;ps), and (Psaps — (s — pe) /5), where (Psaps —(ps—pe) /6) is potentially optimal
only when ps > p..

Fourth, they use cash to buy services when they need both the service and other consumption, and buy
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ps —myg tokens and redeem tokens for services when they only need the service. Their expected payoff is

E U] =Rpwo+ (0 = 1) (psqs + Peqc) + (4s — qes) Ps (1 _5) —(RL—1)do
- [RLOO - (qs _QCs)g_ (1 — s +QCS)V2] my —{cs (RB - 1) (pc+ps _dO)+
—(gs —qes) (Rp—1) (1755_’”05_‘10)+ —(gc —ges) (RB—1) (pe _d0)+‘

The fourth option cannot be optimal for consumers. For any (dy,my), we need

Ps(1*9)+(9*V2)m0 > (psé—moé—d0)+
Rp—1

- (ps _d0)+

for the fourth to dominate the first, and

(pc +ps5_ m0§ - dO)+ - (pc +ps— d0)+ >
for the fourth to dominate the second. Combining them, we obtain
(Pe+ps® —mo6 — do)Jr — (ps® —moB — do)Jr > (pe+ps—do)" —(ps—do) ™,

which implies ps0 —moO > ps. However, if p,6 —my0 > p;,

—moV) S ps(1—§)+(§—V2)MQ _ _

0 0 —mp® —do) — (ps—do)t > 0.
e Rp_1 > (ps@ —mo8 —do) " —(ps—do)" >

Contradiction! Therefore, the fourth must be dominated by at least one of the first and the second.

Part II: 6 must be at least 1 Consider the case with 8 < 1. Then for any (do,my), the second option
dominates the first and the third options. We focus on that consumers take the second option. As discussed in
the main text, in any equilibrium where the firm strictly prefers ex-post token issuance, consumers must hold
my € (0, py) tokens. Hence, it must be that ps0 > p. and the firm induces consumers to hold ( PesPs — Pe /5)

Then consumers’ expected payoff is

E[Uc] =Rpwo+ (0t — 1) (psqs + Peqe) + g5 (ps — pe) — (R — 1) pe
- [RLQO - (1 - q‘v) VZ] (ps _pc/g) —Ycs (RB - l)pca

and the firm’s net payoff from tokens is

Or ={(ps—pc/0) 0+ qspc — qs [ (ps — pc/0) + /O] } R — (ps — pe/0) (1 —g5) va
=[R60— (1 —g5)v2] (ps— pe/O) — a5 (ps — pe) Re.

Notice that the sum of E [U,] and IIr is constant, so the firm would like minimize E [U.;]. On the other

hand, the firm needs to ensure that E [U,] is at least as great as consumers’ expected payoff from other
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portfolios. It turns out the binding constraint stems from consumers’ expected payoff from the portfolios
with mp = 0. Notice that consumers’ expected payoff is strictly decreasing in 8 for the portfolios with

mo = 0 and independent of 0 for the portfolios with mg = p;. 0 = 1 dominates 6 < 1 for the firm.

Part III: The third option cannot be optimal Consider the case with 8 > 1. For any portfolio with
mgo = 0, it is optimal for consumers to take the first option. For any portfolio with mq = p;, the second option

dominates the third option. We can then focus on the following combinations of portfolios and options:
* (pe,0), (ps,0), and (p. + ps,0) with the first option,
* (0, py) and (p., ps) with the second option,
. ( DesPs — Pe/ 5) with the second option,
* (ps:ps— (ps— pc) /6) with the third option.

For the combinations in the first group, consumers’ expected payoff does not depend on (90,5), and has
been given by the proof of Lemma 1. For the combinations in the second group, consumers’ expected payoff
does not depend on 6, and has been given by the proof of Proposition 1.

Next, we show that ( Dss s — (Ps—pe)/ 5) with the third option cannot be optimal for consumers. Sup-
pose ps > p.. Holding (ps, ps— (ps—Pe) /5) and taking the third option, consumers’ expected payoff is

E [Uc] =Rrwo + (OC - 1) (PSQS +pc‘h) - (RL - 1) Ds + Pcqcs
- [RLGO - (1 - qcs) V2] (px - (ps - Pc) /5) .

Note that

(Ps,Ps —(ps—pe) /5) = (pe,ps) &
[RLGO - (1 - qCS) VZ] (ps - pc) /6 > [pquv — Peqes + (RL - 1) (ps - pc) - (Qs - qgs')psVZ]

and

(PnPs - (Ps _pc) /5) - (ps +p6‘70) ~
(RL— 1) pe+ Peqes > [RLO — (1 — ges) v2) (Ps —(ps—pe) /5) .

Combining them, we obtain

(R — 1) pe + peqes] (Ps — pe) /5 >
Psqs — Pcqes + (RL - 1) (pS - pc) - (qs - C]m)pSVz] (ps — (ps — pc) /6)

& [(RL—1) ps+ psqs — (gs — qes) psva) (ps — pe) /0 >

[
[
[
[Psqs — Pedes + (R — 1) (ps — pe) — (45 — qes) Psv2] Ps-
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Since

(RL— 1) ps+ psqs — (gs — ges) psv2 > (R — 1) ps + psqs — (gs — Ges) ps > 0

and 6 > 1, we further obtain

[(RL - 1) Ps+ Psqs — (‘Is - qos')psVZ] (ps - pc)
> [psqs — Peqes + (R — 1) (ps — pe) — (@5 — es) Psv2] ps
Sy —1>0.

It contradicts with v, < 1. That means, (ps, ps— (ps— Pe) /5) with the third option must be dominated by
at least one of (p. + py,0) with the first option and (p, ps) with the second option.

Part IV: The condition for (pc, Ps— Pe/ 5) to be optimal Finally, we derive the condition for

(pc, Ps — Pe /5) to be optimal for the firm. Suppose p;6 > p.. Holding (pc, Ps — Pe /5) and taking the

second option, consumers’ expected payoff is

E U] =Rrwo+ (& — 1) (psgs + peqc) — (RL—1) pe + g5 (ps — pe)
- [RLOO - (1 *CIS)VZ] (ps *pc/g) —{cs (RB - I)Pc-

Comparing (p., ps — p.) with the the combinations in the first and the second groups, we obtain

(pwps _Pc/g) = (pe,0) &
[RL.80 — (1 —qy) va] (ps — pe/O) < qs (s — Pe) + Ges (Re — 1) (s — pe) + (g5 — qes) (R — 1) (ps — pe) ©,

(Pesps—pe/0) = (ps,0) &
[RL.60— (1—gy)va] (s — pe/0) < (RL—1+45) (ps— Pe) + (de — des) Re — 1) (pe —ps) ™

(Pmps _pc‘/g) = (ps+Pe,0) &
[RLQO - (1 - QS) VZ] (ps - Pc/é) < (RL - l)ps +gs (ps _pc) —{cs (RB - l)pc,

(PC>px - pc‘/é) = (0,ps) < [Reb — (1 —g5) 2] pc‘/é > (R —1) pe+qspe — (ge — Ges) (Rp — 1) pe,

(Per s — Pe/B) = (pe,ps) < [RLO0 — (1 — g5) va] pe/0 > gspe+ qes (R — 1) pe.
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When p; < p,,

(pwps _pc/g) - (pcao) A
[RL6o — (1 — gs) v2] (ps _PC/g) <qs(Ps—Pc) +qes(Rp—1) (ps — pe),

which is impossible. In this case, consumers never choose ( PesPs — Pe /5)

When ps > p., consumers choose ( PesPs — Pe /5) if and only if

Ps _pc/g

[RLQ()— (1 —qs) Vz] <X2
Ps — DPc
QSRB lqu RL_}
RL*IJFLIS lquS L 1<QS
R ls mR Dpe
et g, it g,

and

3 Rp—1)+ Rp—1) ifg, <&l

[RL90—(1 —Qs)vz]/e >Xé ( L ) qs — ( C]cs)( B ) ! ?gc,l Rp—1
gs+qes(Rp—1) lfﬁgqc

Note that the firm wants to maximize [R;60p — (1 — g;) v2] ( —pe/ 9), and given 0, a higher 6, will relax

} P.y—l?c/@
Ps—Pc

(90,5) that makes the second inequality hold. It is not hard to see that for smaller 0, the second inequality

the second inequality. Therefore, we can focus on that [R;.6) — (1 — g5) v2 = X and derive the set of

holds more likely

When RL < ges» X < X, so the second inequality cannot hold for any 8 > 1. That means, consumers

will not choose (pc ) ps —pe/ 6)
When g, < R < gs. (60,0) must satisfy

Ps _pc/g

R 6y—(1—gqs)v
[RLBo — (1 —gy) v2] D

=R —1+g;
and

[RLBO_(I_QS)VZ]/§>Qs+QCs(RB_1)

— R; —1

g Ri—l+a <1 p¢> pe.
qs t4cs (RB - 1) Ds Ps

The firm’s net payoff from tokens is

Iy =[R.6) — (1 —gq5) v2] (ps — pe/O) — 45 (Ps — pe) Re.-
= (RL—1) (1 =gs) (ps—pe)-
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According to Proposition 6, the firm prefers to do ex-post token issuance if and only if

When ¢, <

and

(ps _pc) (1 _QS) (RL - 1) > (ps —{qsPs _pc) (RL - 1) +GesDe (RB - 1)

Rl e
RB —1 ds
Mt < ge» (60,0) must satisfy
Ps—pe/®
R — (1 —g)va 2P0 gy
Ps — Pc

[RL60— (1 —qs)v2] /0 > g5+ qes (Rp— 1)

qsRp <1

<
qstqcs (RB - 1)

The firm’s net payoff from tokens is

Iy = [RLQ() — (1 —qs) VZ] (ps _pc/g)
=qs(ps—pc) (Re—RL).

The firm prefers to do ex-post token issuance if and only if

qs (ps — pe) (R — Rr) > —qsps (Rp — 1) + (qsps
P
RB -1 qs .
When g, < Ilggj, (60,6) must satisfy
—p./0
[R160 — (1 — gs) 2] ps—pc/8
s — Fc

and

— s (ps - pc)RL

—(gsPc+ QCSPC) (RB - 1)

=qsRp

[RLO0— (1—gs)va] /0 > (RL—1)+q5— (gc — qes) (Rp — 1)

R
=8 < qsp

(RL—1)+q5— (ge — qes) (Rg— 1)

The firm’s net payoff from tokens is

=qs(ps—pc) (Re—Ry).
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The firm prefers to do ex-post token issuance if and only if

(ps - pc) qs (RB - RL) > (pc - QSps) (RL - 1) + [qSPS - (QS +qc— QCS) Pc] (RB - 1)
Ry —1 dc —Ycs
Rp—1 1- qds

Notice that g. < "i%;’j and g, > % hold if and only if g.; < g.qs. Taken together, the firm prefers to do

) . . e Rp—1 Ges Ge—Yes
ex-post token issuance if and only if L= € (qx g )

Proof of Proposition 10

We prove that y; = 6y. Suppose y; > 6p. Then consumers will not hold deposits in period 0 because it is
dominated by holding tokens and sell in the period-1 market. Since consumers can only obtain cash through
borrowing in period 1 and they need cash for other consumption, consumers borrow at least g, p. in total.

N < 1. Otherwise, consumers will neither redeem tokens for the service or hold them until date 2, so
there is no demand of tokens in the market. Under y; < 1, consumers will always redeem tokens for the
service. If y; > v,, consumers prefer selling tokens to the market and hold only cash until date 2; otherwise

they will buy tokens from the market and hold only tokens until date 2. Their expected payoff is then
E [Uc} =Ry (WO - mOGO) +a (pquv + pc‘]c)
v v
+qcs |:(I11()'}/1 —Psh — pc) max {’):’ 1} - (RB —max {Yf’ 1 }> (pc + PN — m0y1)+:|
V2 V2 +
+ (45 — qes) [(mo% —pm)maX{%, 1} - (RB — max {%, 1}) (psn —moni) ]
v v
+ (CIC - qCS) |:(mOY1 - pc) max {'}’f’ 1} - <RB —max { ??7 1}) (pc - m071)+:|
V2
+ (1 —Yc _QS+QCS) |:m071max{yla 1}:|

When moy; < min{p,, ps% }, taking derivative with respect to m, we obtain

JEU.] 6o V) V)
amO =hn |:_RO}/1 +max{yl7 1} + <RB _max{?/l’ 1}> (QS+‘IC _qCS):|

>N [—Ro+ 1+ (Rg—1) (g5 +gc — ges)] > 0.
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Hence, moy; > min{p., ps71 }. Then the total borrowing of consumers is

Ges (Pe+ PVt —mon) " + (g5 — ges) (Pt — mon) ™+ (ge — ges) (pe —mon) ™
<qes (P + psti —min{pe, ps¥i}) + (qs — ges) (Psvt — min{pe, psi }) + (ge — Ges) (pe — min{pe, psn })
=qcPe+4qsPsVi — (g + gs — ges) min {pe, psh }
=max {qcpc +4sPsVi — (e +qs — qes) PerqePe + qsPsVi — (Ge +qs — Ges) s }
<max {gsps¥i,qcpe}
<{cPec-

The last inequality follows ¥ < 1 and gs;ps < g.p.. The total borrowing of consumers is strictly less than
qcpc- Contradiction! Therefore, it must be that y; < 6.

Given y; = 6y, following the argument in the main text, the firm must set 8y < v;.

Proof of Proposition 11

Consumers must choose among the three total level of liquidity: do + my6y = ps6o, do + moBy = p., and

do+mo6y = psGy + pc. A consumer’s expected payoff is

1) 12
E [Uc] :RLWO +o (ps‘Is +pCQC) - (QSPSGO + QCPC) 970 - <RL - 00> pseﬂ

V2

v
—{cs Rp— — Pec— (QC_CIcs) Rp — -2 (Pc—Ps90)+
90 90

for do +mp6y = p;6o,

V2 V2
E [UC] =Rpwo + & (psqs + Peqc) — (qspseo + CIcPC) 970 - (RL - > Pc

Vv v
—{cs RB_i2 Pseo—(CIs—qu) RB_*2 (Pseo—l?c)+
90 90

for dy +my6y = p., and

V2 V2
E [UC] = Rpwo + & (psqs +Pchc) - (%ps90 + C]cpc) 970 - <RL - 00> (pc + ps6o)

for dy + mo6y = p. + ps6p. Comparing the three portfolios, we obtain

V2

R — 7 O — )"
L 90_ )(psO pc) ]>0

qc — (‘Is —qc

.= psBy < (psBy — pe
Pc Psb0 (pV 0 pL) RB_% pseo_pc

V2

Y2 +
9 psbo—p
RB—é <QC5+(QS_ cs)( = C)

q
o psto

ps6o+pe = pe &
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R — 2
Ps6o+pe = ps6y &

6o
Rp

_

< Acs + (QC - QCS)
N

+
(pc — Ds 90)
Pc
Consumers do not hold deposits after trade at date 1, and cash is not used for the service, so all deposits
and borrowing are used for other consumption, so

do+E [b1] = qcpe.
< ¢cs, consumers choose dg + mg60y = p. + ps6p. Consumers do not borrow. Then

dp = 4cDc,

1_
mOZPs+( %)pc.

6o
R.— ¢
If pc > ps6p and ges < —)

< ¢., consumers choose dy + my08y = p.. Consumers borrow p;6y only when
they need both types of consumption, so the total borrowing is g.;ps6p. Then

do = qcpec — qespso,

1 _
my = gespPs + ( HQC)pC-
0
Ri— 2
Rp

If Pec = Ps90 and qc <

7@, consumers choose dy + mg6y = p;0y. Consumers borrow p. when they need
both types of consumption and borrow p. — ps;6y when they need only other consumption, so the total
borrowing is gespe + (qec — qes) (pe — Ps6o). Then

do =

(QC - qcs) p5907

moy = (1 _QC+4cs)ps~
R —22
If Pe < Ps90 and Ges < Ro_ 2

0 < gs, consumers choose dy + my6y = p;6p. Consumers borrow p. when they
6o
need both types of consumption, so the total borrowing is g.sp.. Then

do =

= (QC - LIcs)pm
_ (9c — Ges) Pe
my = ps —
6o
1 — 2

If p. < ps6y and g; < R;@, consumers choose dy + my6y = p.
B g

. Consumers borrow p;6y when they need
both types of consumption and borrow p;6y — p. when they need only the service, so the total borrowing is
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GesPsO0 + (gs — qes) (PsO0 — pe) = qspsB0 — (45 — ges) pe- Then

do = (g5 +9c — qes) Pe — qsPs6o,

(1 —qs—4qc+ qgv) Pec
69y '

mo = gsps +

Proof of Proposition 12

Consider any (v, 6y) that may emerge in equilibrium. Then IszL < 6y < vp. We show that for v, > vy, setting
6y = 6o - v /v leads to higher profits of the firm than that under (v2,6y). Denote the firm’s profit under
(v2,60) and (v}, 6)) as I and IT} respectively.

Rp_2 < {cs,

—q¢) Pe
00 v, /v ) (60RL - vy /va —Vh) — qsps (R —V5)

1=+
= (peovava s 22 (00— v2) s ()
( >(90RL—V2) qsps (RL —v2) =g

R~ ¢

If p. > ps6p and g5 < ?ﬁ < gc, psB could be smaller or greater than p,. If p. > p6y,
6o

<CIcsps + qc/) p2C> (GORL V2/V2 ) qsPs (RL - V2)
Va

1 C C
<61¢qu VZ/VZ + (gf))l’) (90RL - VZ) —{4sDs (RL - VIZ)

<QCsps )p > (GORL - VZ) qsPs (RL - VZ) =1IlIf.

2

0 .

v < g5, since
6o

/ RL—
If p. < ps6, and oy

_ 1—
(ge — 4qes) Pe > deapst ( g[/c)pc
0

when p6) > pe,

1 = (o= 92 0gR13) — g (R =)
0

1—
> <QCsps + (quc)Pc) (eéRL - Vlz) —4sPDs (RL - Vlz)
0
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R -2
L (30
B— 22

If p. < ps6 and = > ¢, since
b
[ -
— (1—gs gf Ges) Pe > desps+ ( g[/c)pc
0 0
when p,6) > pe,
/ (I*CIS*C]C+QCS)‘DC / / /
HF = | gsps+ o/ (QORL - Vz) —{qsPs (RL - V2)
0
l—gc)p
> (et B ) (00Re=8) = g (R )
0
> Ilg.

2

If p. > ps6p and g, < ﬁ, P56} could be smaller or greater than p.. If p. > p;6]
0

H% = (1—=qc+qes) s (G(I)RL - Vlz) —d4sDs (RL - Vlz)
> (1 —gqc+qes) ps (BoRL — v2) — gsps (R — v2) =Tlp

R —22
If p. < ps6} and RL—ﬁg < g, since
5=

<qc_9q/w)p‘ > (I_QC+‘]CS)ps
0

when p6) > pe,

H;: _ (ps _ (qc _eq/cs)pc) (O(I)RL —Vlz) — gD (RL—Vlz)
0
> (1 —Yc +CICS)pS (G(IJRL - VIZ) —{4sDs (RL - VIZ)
> (1= gc+qes) ps (BoRL —v2) — qsps (RL —v2) =T
/ Ri—g :
If p. < ps6, and Rgﬁ > ¢y, since
)

(1 —qS—C]c+qu)Pc
6o

qsps + > (I_QC+¢]cs)ps

when p;6y < pe,
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(1 _QS_QC+ch)Pc
6o

(1 _QS_QC+ch)Pc
o

> (1 =qe+qes) s (BoRL —v2) — gsps (R — v2) =Tlf

I = (qsps + > (60Re —v2) = gsps (R —12)

> <qsps + > (60RL —v2) —qsps (RL —Vv2)

R—2
If p. < ps6p and g5 < RB% < s,

6o

qc —Yes) P
1 = (o= 92 0gR - 3) — g (R =)
0
qc —Yes) P
> <ps - (CGOCS)C> (GORL - VZ) —4sDs (RL - VZ) =1l
R.—g
If pc < ps6p and g5 < R 2>
B 8
1= gy — e + es) Pe
H;«“ = (CIsps"' ( 4 g; 4 )pc> (G(I)RL _VIZ) —{sDs (RL _‘/2)
0
1 — g — G+ os) Pe
> (f]sps—i— (=g, g; CIu)Pc> (60RL —Vv2) —gqsps (R —v2) =T1f

Since v, does not affect the firm’s net payoff from tokens when tokens are nontradable, the firm is more

willing to make tokens tradable when v, is higher.

Proof of Proposition 13

Ri—g R
. —1 ZF % _ Ri—
Note that if 6y = 1, Ry Re-l"

Ri—1
Rp—1

Part I: %:} < Ges OF g <

Consider gzj < gcs- Then the firm’s net payoff from nontradable tokens is
Ps (1 _‘Is) (RL - 1) .
The firm’s net payoff from tradable tokens at 6y = 1 is
Ps(1=qs) R —1)+pc (1 —qc) (RL—1) > ps (1 —g5) (RL—1).

Hence, tradability is preferred.
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Consider g, < gg:i . If ps < pe, the firm’s net payoff from nontradable tokens is

ps(1—q5) (RL—1) = ps(gc — qes) (RE—1).

The firm’s net payoff from tradable tokens at 6y = 1 is

(1=qc—qs+qes) ps (RL—1)
>ps(1=¢s) (RL—1) = ps(qe — Ges) (Rp — 1)

Hence, tradability is preferred. If p; > p., the firm’s net payoff from nontradable tokens is

(pc - quS) (RL - 1) =+ [qsps - (qs +qc— C]cs)pc] (RB - 1) .

The firm’s net payoff from tradable tokens at 6y = 1 is

(1 — (s _QC+QCs)pc (RL - 1)
> (1 —qs—{qc +CIcs)Pc (RL - 1) + psqs (RB _RL) — Pc (q‘v +qc.— QCS) (RB _RL)
= (pc - QSPS) (RL - 1) + [‘Isps - (QS +4qc— qu)Pc] (RB - 1)

The first inequality follows from psq; < pcqc < pc(gs+ qc — qes)- Hence, tradability is preferred.

Part II: ¢ ., < gg—:} < gs

Consider g 3 < gg—:i < ¢s. The firm’s net payoff from nontradable tokens is

{ Pslges (Rs —1) — g5 (RL—1)], if py < pe
ps(l _Qs) (RL_ 1) — Pc [(RL_ 1) —Ycs (RB_ 1)] ifps > Pe '

The firm’s net payoff from tradable tokens at 6y = 1 is

—Ds (QS _CIcs) (RL - 1) +pc(1 _QC) (RL_ 1)7 ifps < Ppc
Ps(1—q5) (RL—1) = pe(ge —qes) (RL—1)  if ps > pe

R
The firm can also set a lower 6, for tradable tokens so that RL % is lower and my is higher. Since g, <
e

1
Ri—g

1
Ry—75-

Ilgg:} < gy, the only choice is set 6y = RLI—_% < 1 such that

= g.s. The firm’s net payoft from tradable
tokens at that point is

1= gus (1 —qc)pc
s mRL_]_qS(RL—l) +(1—QC)pCRL_1—7qm

RL 7qL‘SRB
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Given all other parameters, we have two observations regarding p;/p.. First, for sufficiently small
ps/ Pe tradability is preferred. Second, the derivative of the firm’s net payoff from nontradable tokens with
respect to ps/p. is never smaller than that of the firm’s net payoff from tradable tokens under either strategy.
That means, if tradability is not preferred for p;/p., it is not preferred for any p’,/pl. greater than p;/p.. To
sum up, either tradability is always preferred or there exists k* such that tradability is preferred if and only
if ps/pe < K*.

Part I1L: ¢, < §=; < g,

Consider g; < ﬁ’;j < ¢.. Either tradability is always preferred or there exists k* such that tradability is

preferred if and only if py/p. < K*.

The firm’s net payoff from nontradable tokens is

Ds {QCS(RB*I)*QS(RL*I)L ifpsgpc
Psqs (R —R1) — pe (qs —qes) (Rp— 1) if ps > p

The firm’s net payoff from tradable tokens at 6y = 1 is

{ _ps(QS_QCS) (RL_ 1)+Pc(1 _QC) (RL_ 1)7 if ps < p¢

pe(l—qs—qc+4qes) (RL—1) if ps > pe
R -2
The firm can also set a lower 6y for tradable tokens so that R:_ % is lower and my is higher. The first
%
R —L
choice is to set Gy = RLI:% < 1 such that Ri % — g, The firm’s net payoff from tradable tokens at that
(&) _%
point is
1— qcs Ry — CISRB
| =—————Ry—1—¢qs(R.—1 1—gq. R ————
Ps [RL—qcsRB L gs(RL—1)| + (1 —qc)pe | Re 1—q,
_Ps
If R;_% < g5, which is possible only when ps > p., there is a second choice. The firm can set 6y = RLl:q?RB <
R —L
1 such that RL % = g,. The firm’s net payoff from tradable tokens at that point is
578
1— qs Ry — quB
—— R —1—¢qs(R.—1)| —(gc — Rp——— ).
Ps |:RL_QSRB L qs (Re )} (gc qcs)pc( e

Given all other parameters, we have the same two observations regarding p,/p. as above. Therefore,
either tradability is always preferred or there exists k* such that tradability is preferred if and only if p,/p. <

K*

Proof of Proposition 14

See the main text.
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Proof of Proposition 15

Suppose ¢ < 6y < v2 (). The firm can increase ¢ to ¢’ = 6y, and v, increases to v, (¢'). According to
the proof of Proposition 12, if the firm increases 6y to 65 = 6yv2 (¢’) /v (¢), its net payoff from tokens is
higher. Hence, (¢’, 6)) dominates (¢,8p). The firm can iterate this process. Since 6y < 1, ¢ and 6, must

converge to the same number. So, ¢ < 6y must be dominated by certain ¢ = 6.
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