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Abstract. Decentralized autonomous organizations (DAQOs) are entities without central
leadership and operate based on a set of decision-making rules encoded into smart con-
tracts using blockchain technology. In this study, we develop a theoretical model of DAO
governance featuring strategic token trading under token-based voting to investigate
potential conflicts of interest between a large participant (a “whale”) and many small par-

ticipants. Our results show that ownership concentration has a negative effect on plat-
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form growth, but platform size, token illiquidity, and long-term incentives can mitigate
this negative effect. We confirm these predictions using novel voting data on major
DAOs from 2020 and 2024.
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1. Introduction

Blockchain technology has popularized decentralized
autonomous organizations (DAQOs) as a new kind of
organizational structure that runs as “smart contracts”
on the blockchain. DAOs have experienced rapid
growth in recent years, with the number of DAOs
increasing by 300% in 2022 alone (Pixelplex 2023).
Unlike traditional corporations, which are governed by
a board and a management team and rely on legal
enforcement and centralized intermediaries, DAOs are
entities without central leadership and are instead
collectively owned and managed by their members
through decision-making and economic rights pro-
vided by tokens (Han et al. 2025).! In the traditional
corporate governance paradigm, the key conflict is the
principal-agent problem between dispersed share-
holders and managers, and governance mechanisms
such as boards, large blockholders, and activist inves-
tors are designed to mitigate this conflict. In contrast,
DAOs generally rely on smart contracts and gover-
nance tokens instead of centralized managers, with
many rules embedded directly in code. This structure
introduces new governance challenges, particularly

when ownership of governance tokens is highly con-
centrated, allowing a small number of large holders to
capture control and impose their preferences on the
system (Makarov and Schoar 2022).

We focus on the resulting conflict between large
token holders, commonly referred to as “whales,” and
dispersed small token holders, whom we call “users.”
Whales are the DAO analogue of large blockholders in
public corporations, but their power is exercised more
directly through token-based voting on protocol-level
decisions (e.g., fee schedules, reward allocations, and
treasury management), and their positions can be rap-
idly adjusted through on-chain trading. This setting
provides a useful laboratory for corporate governance:
it isolates a horizontal conflict among investors (large
versus small token holders) in the absence of a central
manager and allows us to study how ownership
concentration, token trading, and voting rules jointly
shape value creation and expropriation in a pure, code-
based governance environment. We show that these
features generate new insights for the broader corpo-
rate governance literature about when large investors
discipline or, instead, amplify governance risk and
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how trading frictions and lock-up policies can mitigate
such risk.”

On the one hand, DAOs can offer benefits through
increased transparency and democratic decision mak-
ing. For example, Uniswap, a decentralized exchange
(DEX), employs a two-step governance structure that
involves off-chain discussions (“temperature checks”)
before voting on proposals via the Ethereum block-
chain to decide on new liquidity pools and fee struc-
tures. This bottom-up governance structure harnesses
collective wisdom to allow the platform to evolve and
grow. On the other hand, despite their potential bene-
fits, there is also been evidence against the effectiveness
of DAOs in practice. For example, there have been
instances of governance failure on DEXs, notably “rug
pulls,” where large holders (e.g., developers) make
unfavorable changes to seek private benefits and subse-
quently dump tokens, harming minority token holders
(Li et al. 2022). Notorious cases of such rug pulls
include the YAM Finance and SushiSwap incidents. In
the YAM Finance incident, the developers behind the
project created a bug in the smart contract that caused
the entire project to collapse, resulting in significant
losses for investors. The SushiSwap incident involved
the original developer of the project, known as “Chef
Nomi,” abruptly leaving and selling all of their SUSHI
tokens, causing the price to plummet and leading to
investor losses.

These rug-pull incidents highlight an important
but understudied issue in DAO governance: the con-
flict of interest between large token holders (whales)
and small token holders (users). Whales can swing
vote outcomes with their large holdings, whereas dis-
persed users cannot do so individually. Open-market
trading of governance tokens with voting rights may
therefore enable whales to accumulate sufficient voting
power to manipulate votes, generating short-term pri-
vate gains at the expense of minority token holders.
This governance risk can impede platform growth and
erode the platform’s intrinsic value, which we define as
the discounted value of future service flows that the
platform generates for users.’ Using a token-based vot-
ing framework, our paper studies the triangular rela-
tionship between the value of a DAO platform, its
ownership concentration, and token trading. In the
empirical analysis, we proxy changes in intrinsic value
using the growth rate of the platform’s total value
locked (TVL), the dollar value of assets deposited in
the protocol, or the growth rate of its user base. Our
paper is the first to investigate, both theoretically and
empirically, the conflicts of interest between whales
and small token holders in DAOs, their negative conse-
quences for platform value and growth, and gover-
nance mechanisms that can mitigate these effects.

To formally study the aforementioned problem, we
develop an equilibrium model of a DAO platform

featuring token-based voting and dynamic token trad-
ing. Initially, one unit of tokens is issued upon the
establishment of the platform, and voting rights are
equally distributed across all token units (i.e., “one
token, one vote”). The platform uses a token-based vot-
ing system to decide whether to implement a proposal
based on the vote outcome.

The model features a continuum of small partici-
pants, referred to as users, and a large participant,
referred to as the whale. The platform generates utility
flows for participants based on their token ownership.
If the incentives between users and the whale are misa-
ligned, the whale may benefit privately from imple-
menting a value-destroying proposal for users. The
whale must acquire enough tokens to win the vote
(e.g., half of the tokens under majority rule), despite
users’ opposition to the proposal. Yet, acquiring tokens
may incur significant costs due to price impact. The
platform’s intrinsic value will be undermined if the
whale’s self-serving proposal is expected to be imple-
mented in equilibrium. Consequently, platforms with
more severe governance problems will generate lower
growth in value.

The whale faces a trade-off between its private bene-
fit and the cost of implementing a value-destroying
proposal. This cost arises from two sources: the loss in
the platform’s intrinsic value caused by the whale’s
own stake in the platform and the transaction costs
incurred by acquiring tokens to pass the proposal.
Given convex trading costs, it becomes more advanta-
geous for the whale if it needs to acquire fewer tokens
to influence the vote outcome. Therefore, ownership
concentration can significantly lower the cost of acquir-
ing voting rights, implying that platform growth
should be negatively associated with ownership con-
centration (Prediction 1). In other words, the more con-
centrated the whale’s voting power is, the more likely
it is to destroy the platform’s value.

We further examine how other key DAO characteris-
tics shape the negative relation between whale owner-
ship concentration and platform growth. Our second
main result is that higher service value—the per-period
value of services generated for users—attenuates this
negative association (Prediction 2). Because the whale
already holds a substantial stake in the platform, it is
less willing to support value-destroying proposals that
would reduce the platform’s intrinsic value and, in
turn, its own payoff.

Our third finding is that higher token illiquidity
mitigates DAO governance risk (Prediction 3). When
tokens are illiquid, it is more expensive for the whale to
acquire extra tokens to implement self-serving propo-
sals. Therefore, illiquidity can shield users against the
negative effects of bad governance. This insight aligns
with the purpose of quadratic voting schemes, which dis-
courage a single participant from achieving dominant
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voting power. Therefore, token illiquidity serves as a nat-
ural quadratic voting scheme that does not have disad-
vantages such as a Sybil attack under token-based voting
schemes.* However, the beneficial effect of illiquidity on
governance wears off rapidly as ownership concentration
increases.

This seemingly paradoxical result, where illiquidity
can benefit the governance of a DAO, hinges on the fact
that active monitoring of management is absent due
to DAOs” autonomous nature. As noted in our litera-
ture review, liquidity is known to have a beneficial
effect on the governance of traditional corporations by
facilitating active monitoring in the presence of
principal-agent problems between management and
shareholders (e.g., Bolton and Von Thadden 1998,
Maug 1998, and Pagano and Roell 1998). The beneficial
effect of token illiquidity on DAO governance aligns
with important recent theoretical developments, nota-
bly Levit et al. (2024), who demonstrate that trading
frictions can enhance shareholder welfare by prevent-
ing the shareholder base from becoming too extreme in
a traditional corporate governance framework (see our
literature section for further details).

In addition, our model suggests that if a whale also
pursues a platform’s long-term growth, the platform
may expand more swiftly and increase in value. There-
fore, an alternative governance model that rewards the
whale for making long-term commitments, such as one
that imposes a lock-in period, can mitigate potential
governance concerns in DAOs (Prediction 4). Imposing
a lock-in period affects only whales (or other strategic
traders) seeking to manipulate vote outcomes by mak-
ing their exit more expensive. In this sense, a lock-in
period can be understood as “targeted illiquidity” for
whales, which does not generate the side effects of
general illiquidity but has positive multiplier effects
through user participation.

We further illustrate a feedback channel between
governance and user participation. Increased user
participation enhances the platform’s service value,
thereby discouraging whales from implementing
value-destroying proposals by reducing their incen-
tives to do so. Conversely, enhanced governance
induces more users to participate by improving the
platform’s service value. This feedback mechanism
results in multiple equilibria: one characterized by
high participation, value, and good governance, and
the other marked by low participation, value, and
poor governance. However, we also demonstrate that
extending lock-in periods can eliminate the equilibrium
with lower user participation by enhancing governance
through the channel of token illiquidity. Therefore,
the concept of targeted illiquidity through lock-in peri-
ods not only serves to safeguard against malicious
actors but also fosters genuine participation, ultimately
strengthening the overall health of platforms.

We bring these predictions to the data, uncovering
consistent evidence that largely supports our theory.
We begin with the largest DAOs that sponsored propo-
sals through Snapshot, a dominant off-chain voting
platform, during the period running from July 20, 2020,
through September 1, 2024. Our final sample includes
570 DAOs with price and volume data for their gover-
nance tokens, as well as information on TVL and user
counts, which proxy for platform size. Importantly,
we manually collect data on the various governance
mechanisms used by these decentralized platforms,
such as governance tokens and staking models, the
latter of which include vote-escrow /locking strategies
that reward investors with greater voting power and
yields for locking their governance tokens. Our sam-
ple includes most major DAO platforms and is more
comprehensive than those used in earlier studies.
For example, Fritsch et al. (2024) feature only three
platforms.

We perform weekly panel regressions to examine
the relationship between platform growth and voting
power concentration. Because proposals are typically
not made every day, we convert the voting data to
weekly series. If multiple proposals are sponsored in a
given week, we use weekly averages of voting power
concentration. Our main dependent variable is the
weekly growth rate of TVL, and our independent vari-
able of interest is the Herfindahl-Hirschman Index
(HHI) of voting power for each DAO, which is lagged
by one week. We control for DAO and time fixed
effects, with standard errors clustered at the DAO
level.

We find a negative and significant correlation
between TVL growth and the HHI of voting power. A
one-standard-deviation increase in HHI is associated
with a 3.9-percentage-point decrease in weekly TVL
growth. In addition, we find a convex relationship
between platform growth and ownership concentra-
tion: growth is lowest when a whale holds an interme-
diate share of tokens—large enough to reduce the
trading costs of influencing governance, but not large
enough to fully internalize the resulting loss in the plat-
form’s intrinsic value, making value-destroying actions
most likely in this region. Our results are robust to
using user-base growth as an alternative dependent
variable or using predicted HHI based on airdrops as a
shock to voting power distribution. These findings are
consistent with our first theoretical prediction, which
states that platform growth accelerates when voting
power is more decentralized.

We further test and confirm our second prediction
that the negative effect of the HHI of voting power on
TVL growth is reduced when a platform has a larger
user base and, hence, a higher network value. We also
find that token illiquidity, proxied by the Amihud
(2002) illiquidity measure, is positively correlated with
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platform growth, but the positive correlation weakens
as ownership concentration increases (Prediction 3). A
whale may accumulate significant voting power to
pass a proposal that generates private benefits (e.g., a
proposal that drains the funds of a liquidity pool), hurt-
ing other investors. Such actions are ex ante more
costly when tokens are illiquid, prompting whales to
align their incentives with minority token holders.

Finally, we test our last prediction by examining
DAOQOs that have shifted from the one-token, one-vote
model, which is used by most DAOs such as Lido and
Uniswap, to a staking model. Pioneered by Curve
Finance, a DEX launched in 2020, a growing number of
protocols have adopted a staking model, which assigns
vote weights and yields that are generally proportional
to a lock-in period. That is, investors can lock their gov-
ernance tokens to gain more voting power and enhance
their investment yields. We find that DAOs using a
staking model, including vote escrow, for token voting
generate an average TVL growth rate that is about
5.6-7.2 percentage points higher than growth for DAOs
without using a staking model. This is an economically
significant effect, given that our sample DAOs, on aver-
age, generate a slightly negative weekly growth rate.
We obtain larger effects, 8.4- to 9.0-percentage-point
higher TVL growth rates for DAOs using a staking
model, when using a matched sample of control DAOs
based on major DAO characteristics.

1.1. Related Literature

Our study contributes to three strands of literature: DAO
governance and token-based platforms; blockchain eco-
nomics and digital governance; and the broader litera-
ture on corporate governance, shareholder voting, and
blockholder control. To the best of our knowledge, we
are the first to theoretically examine DAOs’ governance
issues and derive equilibrium implications in a setting
with token-based voting and dynamic token trading.
Existing work on DAO voting primarily provides empir-
ical descriptions of the distribution of votes (Appel and
Grennan 2023a, b; Fritsch et al. 2024); a contemporaneous
theory paper by Aoyagi and Ito (2022) is a notable
exception, but it focuses on competition among DAOs
rather than conflicts of interest among DAO investors,
which we analyze in this paper. More recently, Fan
et al. (2025) analyze the functioning of vote delega-
tion in MakerDAO, and Cong et al. (2025) document
governance centralization in DAOs—low participa-
tion, highly concentrated voting power, and abnormal
(often insider) trading around governance proposals.
We are also the first to provide empirical evidence
linking decentralization to platform growth and token
valuation, expanding the theoretical intuitions pro-
posed by Cong et al. (2021) and Sockin and Xiong
(2023b). Using novel voting data on DAOs, we show
how minority token investors can endogenize their

participation decision to avoid being harmed by
whales, how costly token acquisition by whales can
improve governance, and how alternative governance
mechanisms such as staking and vote-escrow models
can increase long-term incentives of whales and, in
turn, platform growth. Overall, our study provides a
comprehensive analysis of DAO governance issues and
their potential solutions, both theoretically and empiri-
cally, thus filling an important gap in the literature.

Our work is broadly related to the literature on the
wisdom of crowds, information cascades, and decen-
tralization in cryptocurrency markets.” Notable theo-
retical contributions to token-based platforms include
Goldstein et al. (2024), Li and Mann (2025), Chod and
Lyandres (2021), Gan et al. (2021), Lee and Parlour
(2022), and Cong et al. (2022). A string of empirical
studies in this area also contributes to our understand-
ing of the issues at play during and after platforms’
fundraising (Howell et al. 2020, Bourveau et al. 2022,
Lee et al. 2022, Lyandres et al. 2022, Davydiuk et al.
2023).° Within this strand, our paper is the first to com-
bine an equilibrium model of token-based voting with
detailed DAO-level voting and TVL data to study how
ownership concentration and token trading shape plat-
form value and growth.

Our paper also contributes to the burgeoning litera-
ture on blockchain economics and its governance
implications in the new digital era (Harvey 2014, Mali-
nova and Park 2016, Yermack 2017, Cong and He 2019,
Tsoukalas and Falk 2020, Saleh 2021, Makarov and
Schoar 2022). Bena and Zhang (2022) analyze the trade-
off between user adoption and technology advance-
ment in the optimal design of a governance token.
Ferreira et al. (2023) show that the proof-of-work sys-
tem in a blockchain ecosystem allows large firms that
produce equipment and manage mining pools to capture
blockchain governance by leveraging their advantage
in operating these pools to influence votes. Benhaim
et al. (2023) find that committee-based consensus using
approval voting converges to optimality quickly and
has the potential to address issues raised by commonly
employed mechanisms. Sockin and Xiong (2023b) show
that tokenization through utility tokens can be a commit-
ment device that prevents the owner of a platform from
exploiting its users. Cong et al. (2025) find in proof-of-
stake protocols that token concentration and staking-
induced lockups can stabilize token prices, consistent
with our findings on the mitigating role of lock-in. Our
paper complements this strand of literature by studying
DAO governance, which operates without a central
authority to govern the organization, and by document-
ing how staking and lock-in mechanisms affect platform
growth in practice.

Our theory also draws on key insights from the
extensive literature on organizational economics, corpo-
rate governance, shareholder voting, and blockholder
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governance (e.g., Shleifer and Vishny 1986; Harris and
Raviv 1989, 2008; Holmstrom and Tirole 1989; Burkart
and Lee 2008). Specifically, our paper is related to the
literature that examines the interplay between corpo-
rate control and the trading of ownership shares, as
seen in works such as Maug (1998), Bolton and Von
Thadden (1998), and Pagano and Roell (1998). Previous
studies in this line of literature emphasize the monitor-
ing role of large shareholders in correcting managerial
failures.” Our paper is closely related to the recent litera-
ture that studies the effect of pivotality on voting in con-
nection with trading of voting rights (e.g., Posner and
Weyl 2014 and Lalley and Weyl 2018). In particular,
two recent papers, Levit et al. (2023, 2024), have made
significant contributions to the literature on governance
outcomes related to voting and trading in traditional
corporate setups.® Our paper complements this litera-
ture by studying governance problems related to token-
based voting and token trading that arise in DAO
setups. DAO governance differs from traditional gover-
nance models along several important dimensions.
First, the autonomous nature of DAOs means that no
overseeing agent manages these organizations, imply-
ing that principal-agent conflicts are less central. Sec-
ond, in DAO governance, the traditional distinction
between users and shareholders is blurred, which, com-
bined with the network externality of user participa-
tion, has significant implications for the value of DAOs.
Third, we explore the impact of targeted illiquidity on
DAO governance—particularly through the adoption
of lock-in periods, a trend gaining traction across vari-
ous platforms (see the discussion in Section 6). These
stark differences necessitate a new approach to gover-
nance in DAOs, which our theoretical and empirical
analysis aims to provide.

2. Institutional Background
A corporation is a legal structure that separates its
owners (shareholders) from its managers (agents). It
operates on a top-down governance model where
agents are given authority to manage the company on
behalf of shareholders, who expect to receive earnings
based on their ownership in the business. However,
under this centralized governance structure, agents
may prioritize their own interests over those of share-
holders if proper monitoring mechanisms and incen-
tives are not in place. This is known as the managerial
agency problem. Several approaches have been pro-
posed to address it, such as blockholder ownership,
managerial stock options, board independence, and
markets for control and competition (Adams et al.
2010, Bebchuk and Weisbach 2010).

An alternative to this structure is a DAO. Unlike a
corporation, a DAO is not managed by a single person
or team, but rather, governed by all its members

through a token-based voting system. Members dis-
cuss and make decisions online and implement
changes using smart contracts on a decentralized led-
ger. This allows for immediate implementation of new
policies once consensus is reached among members
who hold tokens issued by the platform. DAOs are fun-
damentally different from corporations in terms of con-
trol and decision making. As emphasized in Han et al.
(2025), many prominent protocols adopt hybrid organi-
zational structures that pair a DAO with foundations,
core development teams, or other legal entities (e.g.,
the Uniswap Foundation and Labs). Below, we delve
deeper into the key distinctions between these two
organizational structures.

2.1. Automation and Decentralization-Based
Economies of Scale

DAOs can leverage automation and decentralization
to achieve economies of scale. Their decentralized
governance structure allows participation from any-
one who owns tokens and has an interest in the orga-
nization, giving DAOs the potential to reach a broader
user base more efficiently and respond to user needs
more quickly than centralized organizations. Deci-
sions are made through online voting and recorded on
a public blockchain, enabling collective management
of resources. Smart contracts are used to implement
agreements reached through voting, while blockchain
technology ensures transparency and immutability of
a platform’s policies, contributing to the efficiency and
scalability of DAOs. However, network congestion
and the resulting excessive gas fees, especially on the
Ethereum blockchain, have recently popularized vot-
ing through off-chain platforms that connect to partici-
pants’ digital wallets or layer-2 blockchains.”

2.2. Direct Token-Holder Democracy
In a DAO, decisions are made through direct token-
holder democracy, where token holders have a vote
proportionate to their token ownership. This allows
small token holders to have a say in the organization’s
management. In a corporation, the board, on behalf of
shareholders, selects managers, who are the agents, to
run the company. In a DAO, however, there are gener-
ally no agents. This lack of intermediaries raises ques-
tions about how to define agency problems and what
governance mechanisms are required to address them.
An important issue is the potential conflicts of inter-
est between a DAO’s minority token holders and large
token holders, the latter of whom are known as whales.
These conflicts may arise if whales prioritize short-
term capital gains over long-term development of the
platform’s services, potentially harming the interests of
minority holders. This concern is reinforced by the
prevalence of fraud and manipulation by platform
insiders and whales in the cryptocurrency industry
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(Li et al. 2018, 2022; Xia et al. 2021; Phua et al. 2024).
Therefore, to achieve efficiency, DAOs need gover-
nance measures that align whales’ interests with those
of minority token holders.

2.3. The Absence of Regulations

Initial coin offerings (ICOs) and initial DEX offerings
are commonly used by DAOs to raise capital, but they
lack sufficient regulatory oversight and intermediaries
to safeguard the interests of minority token investors.
In the absence of these safeguards, it is crucial for
DAO members to share information and collaborate to
improve the organization’s operations. The literature
suggests that the crowd’s wisdom can help overcome
information asymmetry and associated governance
issues in ICOs (Bourveau et al. 2022, Lee et al. 2022).
Because DAOs operate under a bottom-up control
structure, the larger the token-holder base is, the more
wisdom the crowd can generate, potentially leading to
sustainable long-term value.

The following section theoretically explores the poten-
tial conflicts of interest between whales and minority
token holders in a DAO and offers potential solutions to
align the incentives of these two groups. In Section 5, we
empirically test the resulting predictions using novel
data.

3. Model

3.1. Setup

We consider an infinite-horizon, discrete-time model
with a platform that provides services, such as bilateral
or multilateral transactions among users. An arche-
typal example of such a platform is a decentralized
exchange, where cryptocurrencies are traded in a peer-
to-peer manner. To use the platform’s services, one
must obtain tokens (or coins). The platform operates as
a DAO, which does not have any central authority, but
is instead collectively managed by its community of

Figure 1. Timeline of the Model

Lock-in Period

token holders. Through the use of smart contracts,
these token holders can participate in voting on propo-
sals to implement changes to the platform.

Consider a situation where a proposal is brought up
for the platform to make changes to its services. How-
ever, because of potential conflicts of interest arising
from the varying benefits and costs of the proposed
changes, participants are not in unanimous agreement.
The platform’s final decision will be determined by the
outcome of a vote, according to a prespecified rule.

The timeline is as follows. In t =0, the platform is
established and issues a unit mass of tokens, which are
distributed among the participants (a whale and users,
defined in the next subsection). In t =1, participants
vote for or against a proposal using their tokens; if the
proposal passes, it is automatically implemented by a
smart contract. From t =1 onward, the platform pro-
vides utility flows to participants based on their token
holdings. Figure 1 illustrates the timeline and sum-
marizes the key elements of the setup discussed below.

3.1.1. Participants. In this model, there are two types
of participants: small participants, whom we will refer
to as users, and a large participant, whom we will refer
to as the whale. All participants are assumed to be risk-
neutral, and their discount factor is denoted by 0. The
risk-free rate is given by r, = 1/6 — 1."

Upon the establishment of the platform, the whale
receives 1o units of tokens. The whale represents an
individual or institution with vested interests in the
platform (e.g., founders, developers, and financiers
such as venture capitalists). Because participants other
than the whale are dispersed, the whale’s initial hold-
ings, represented by 1y, reflect the level of ownership
concentration within the platform. We denote by y; the
units of tokens the whale holds in period t.

We assume that there is a continuum of users in one-
unit mass who derive utility from using the platform’s

(in case the Whale implements the proposal)

t=0 t=1 t=2 t=T,+1

t=T,+2 .. t=T t=T+1

* The whale exits ‘

* Voting for or against the
proposal
* Implement the proposal

¢ The platform is
established vote

based on the outcome of the

¢ Ineachperiodt =1,
* Each participant receives a utility
flow based on holdings

* The whale receives y,
units of token

* Each user decides
whether to participate

* Each participant trades tokens

* Liquidation is not allowed during
the lock-in period if the proposal is
implemented
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services. They are dispersed and competitive. To par-
ticipate, a user indexed by i must pay a one-time partic-
ipation cost of ¢; 20 in t =0 and purchase an equal
fraction of 1—1p units of tokens at an exogenously
given initial offering price of P without incurring
any other transaction costs. The cost ¢, is individual-
specific and has a continuous cumulative distribution
function G(-) defined on the interval [0, 1]."" We
assume that there is a positive mass Ny of users with
zero cost— that is, G(0) = Ny. This ensures that there
are users who will always participate in the platform.
We denote by U the set of participating users, and by N
the total number of participating users:

N=/ di.
ieu

We also denote by x; ; the units of tokens held by user i
in period ¢.

3.1.2. Technology. A participant, whether a user or
the whale, holding X; tokens in period ¢ >1 derives
utility from the platform during that period according
to the following equation:'?

U(Xy) = A(@)NX;, ey

where N represents the total number of participating
users. The utility flows can be monetary payoffs or util-
ity of service, and the value of service per unit of tokens
is given by A(a)N, where A(a) captures the technology
(or efficiency) component and N captures the network
effect of user participation (see, e.g., Cong et al. 2021
and Sockin and Xiong 2023b).

The technology component A(a) is determined by
the action a € {R,I}, where a =] means that the pro-
posal is implemented (i.e., the proposal passes), and
a = R means it is rejected. In t =1, the platform imple-
ments the proposal (a = I) if the total mass of votes in
favor of its implementation exceeds a minimum thresh-
old of x:

]l(ﬂw = I)yl +/ Xi1 ]l(ll,‘ = I)dl > 3_C, (2)
u

where 4; € {I, R} and a,, € {I, R} are the vote of each par-
ticipating user i € I/ and that of the whale, respectively,
which are equal to I if they prefer the implementation
of the proposal, and R otherwise. The indicator func-
tions 1(ay, =1I) and 1(a; =I) equal one if a, =1 and
a; = I, respectively, and zero otherwise. The threshold x
is prespecified upon the establishment of the platform.
For example, we set X = 1/2 in the case of the majority
rule.

To explore potential conflicts between users and the
whale, we assume that implementing the proposal
would destroy value for users if A(R) > A(I)=(1—-0)
A(R), where 0 is a positive parameter that captures the
loss in efficiency due to the implementation of the

proposal.’® The whale obtains some private benefit if
the proposal is implemented. We assume that the
whale’s benefit from implementing the proposal is
given by a random variable B, which has a cumulative
distribution function F(-) defined on the interval [0, c0).
The value of B is initially unknown, but becomes public
in t = 1. For tractability, we assume that F’(-) > 0 (or the
probability density function is positive on the support)
to ensure a well-behaved equilibrium solution.

Once the realization of the whale’s private benefit B
becomes public in t =1, users correctly infer the equi-
librium outcome. That is, users have rational expecta-
tions about the outcome of the voting event and the
corresponding price path. Users take the implementa-
tion of the proposal a € {I,R} and the path of token
prices {P{},-, under the action a as given.

We denote by P(a) the intrinsic token value to users
given the status of the proposal implementation 2 and
the mass of participating users N. It is given by the pre-
sent value of utility flows per unit of tokens:

A(a)N
1-6°

P(a)=> 6°A(@N = 3)
s=0

In the absence of the whale, the price would converge

to this intrinsic value.

3.1.3. Token Lock-in. DAOs often utilize governance
mechanisms that lock in token positions for voting par-
ticipants, such as vote-escrowed tokens. For example,
in the case of Curve Finance, a DEX, token holders lock
their Curve DAO tokens (CRV) and receive vote-
escrowed CRV (veCRV) that are used for Voting.14 The
longer holders lock their CRV, the more veCRV they
receive. To incorporate this feature into the model, we
introduce a lock-in period, denoted by T}, which repre-
sents the duration during which voters cannot liquidate
their holdings. This lock-in period delays liquidation by
an additional period of time only when the proposal is
implemented (a = I). Specifically, the whale cannot lig-
uidate its tokens from t = 2 through ¢ = Ty + 1 but it can
start liquidation from period ¢ = T; +2. When the pro-
posal is not implemented, however, the whale can liqui-
date its tokens immediately from ¢ = 1."?

Finally, we assume that the whale needs to liquidate
its position within a finite horizon of T, where T >
T, + 1. For instance, the whale can be an institutional
investor with a specific investment horizon. In other
words, the horizon T represents the time frame within
which the whale must divest its position to ultimately
realize profits and meet its financial obligations to
investors.'®

The window from T +2 through T represents the
period during which the whale can liquidate its posi-
tion after casting its vote. As we demonstrate later, this
difference reflects the whale’s flexibility in its trading
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decisions. Therefore, when the whale has reduced flexi-
bility in liquidating tokens due to a longer lock-in
period or a tighter liquidating schedule, it becomes
more sensitive to token illiquidity.

3.1.4. Trading. The platform’s tokens are traded on
exchanges. We assume that trading costs are an increas-
ing convex function of trading volume. Although con-
vex trading costs may arise from various sources, one
major source is token illiquidity (e.g., Kyle 1985). For
tractability, we assume that trading costs are a qua-
dratic function of the amount of tokens traded, AX:

C(AX) = %(AX)Z, @)

where A > 0 is a parameter that captures the magnitude
of illiquidity (see, e.g., van Binsbergen et al. 2024 for fur-
ther discussions). Additionally, we assume that short
sales are not allowed.

For mathematical tractability, we impose restrictions
on the model’s parameter values. Specifically, we assume
that the platform is valuable enough; the parameter
A(R), which represents the lower bound of the value of
utility flows to users, is large enough. As shown later,
this ensures that user participation in the platform is pri-
marily driven by utility flows rather than considerations
such as speculation. Although users’ speculation does
influence their decisions, it assumes a secondary role in
our model.

3.2. Optimal Choices
3.2.1. Users’ Problem. In periodst=1,2,..., each par-
ticipating user maximizes her expected utility of enjoy-
ing the platform’s services, as well as trading gains.
Because users are symmetric once they participate in
the market, from now on we suppress the index i for
notational convenience.

Given the platform’s action a in t=1, a user’s
value in period ¢ > 1 can be represented in a recursive
form as:

A
Vi(xi—1) = max A(@N(x;—1 + Ax;) — P{Ax; — EAxf
Xt

+ 6V?+1 (xt_l + Axt), (5)

subject to the constraints:
Xt =Xp1+ Axt; (6)
xt 2 0. (7)

The first term in Equation (5) represents the utility flow
associated with the token holdings, the second term is
the cost of acquiring Ax; units of tokens (or the pro-
ceeds from selling these tokens), the third term is trad-
ing costs defined in Equation (4), and the fourth term
is the user’s continuation value given her choice. Equa-
tion (7) represents short sale constraints for token trad-
ing, which are always satisfied in equilibrium.

By solving the optimization problem in Equation (5),
we can represent the value function of a user as an
affine function of her token holdings at the beginning
of the period.

Lemma 1. The value function of a user in period t>1
with token holdings x;_1 at the beginning of period t is
given by

Vi(xi-1) = ar + Bxi_1, 8)
where o is the present value of future trading gains:
— IS s—t 2
ar =572 0 (P@) = PYY, ©)
and B is the marginal value of tokens:
B =P(a). (10)
The optimal trading strategy in period t given price P§ is
Ax; = L”)A_ P (11)

Proof. See the appendix. O

3.2.2. Token Prices. The market clearing condition
states that the sum of all the trading volumes should
be net zero:

NAx; + Ay; = 0. (12)

Equation (12), together with Equation (11), implies that
the inverse demand function of users is given by

P? = P(a) — AAx;. (13)

Therefore, when the whale trades Ay; units of tokens,
Equation (12) implies that given a4, the equilibrium
price of tokens is a function of Ay;:

P(Ay;;a) = P(a) + %Ayt. (14)

Equation (14) shows that the price has to increase
above the intrinsic value whenever the whale buys
additional tokens and decrease below the intrinsic
value whenever the whale sells these tokens. In the
absence of the whale’s trading, the price equals the
intrinsic value."”

3.2.3. The Whale’s Problem. In f = 0, the whale receives
Yo units of tokens from the platform. From t = 1 onward,
the whale participates in trading tokens. At the end of
period t = 1, the whale may vote on the proposal.

On the one hand, the whale can strategically accu-
mulate more tokens to influence the vote outcome. On
the other, the whale needs to unwind its position,
completely liquidating it by period T. Therefore, the
whale will begin unwinding its position starting from
t =1 in case the whale does not pursue the implemen-
tation of the proposal. However, if the whale wants to
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implement the proposal, it will accumulate enough
units to change the vote outcome, but those holdings
used for voting in t =1 will be locked for Ty periods.
After the lock-in period is over, the whale can begin lig-
uidating those holdings starting from t = T}, + 2.

The whale trades tokens in a manner similar to users
in Equation (5) but incorporates its own price impact
into its optimization problem. We can represent the
whale’s value, given y;_1, in a recursive form as:

Ve (ye1) = max A(@)N(y—1 + Ay;) — P(Ayg; a) Ay,

A
- EA.%Z + 0V, 1 (Y1 + Ay), (15)
subject to the constraints:

Ye=VYi1+ Ay (16)
yi 20, (17)
yr2y, if1<t<Tp+landa=], (18)

and the boundary condition:
yr=0. (19)

The interpretation of Equation (15) is identical to that
of a user in Equation (5) except that the price of tokens
P(Ays;a) is a function of the whale’s own trading
volume Ay; (see Equation (14)). The boundary condi-
tion in Equation (19) ensures that the holdings are
completely liquidated by period T. By optimally reduc-
ing its position over the investment horizon, the whale
can maximize its expected utility, considering the
trade-off between token payoffs and trading costs.
Equation (17) represents short sale constraints for token
trading, which are always satisfied in equilibrium.
Equation (18) represents the fact that the whale cannot
liquidate its holdings used for voting until the end of
the lock-in period after implementing the proposal.'®

Substituting the price function Equation (14) into
Equation (15), we can represent the objective function
as follows:

Ve, (Y1) = max A@)N(yi-1 + Ayy) — P(a)Ay;

Aw "
- 74%2 +0V3 11 (Y1 + Ayy), (20)

where A, is the effective cost of trading per unit of
tokens for the whale:

Ao = A(NN+ 2). 1)

The interpretation of Equation (20) is that the whale
trades tokens at their intrinsic value, denoted as P(a),
and incurs the effective trading cost A,,, which reflects
both the quadratic transaction cost in Equation (4) and
the extra price impact in Equation (14).

We obtain the following result by solving the whale’s
problem in which the whale needs only to liquidate its

current position, denoted as y;_1. This arises when
the constraint in Equation (18) is nonexistent, either
because the lock-in period has ended (t > 71, +2) or
because there is no lock-in period due to the rejection
of the proposal (2 = R).

Lemma 2. Given initial token holdings vy, and the
absence of the constraint in Equation (18), the whale’s opti-
mal trading strategy in period s > t is given by

_ _s—(-n_ Y1
Ays= =0 o (22)

where I'(t,T) is a function that is strictly greater than one for
all values of t < T:

T . 67(T7t) _ O
T(tT)= 5" *EW. (23)
k=t -

Furthermore, the value function in period t under a € {I, R}
is given by
Aw Vi

Vgu,t(]/tfl) =P@)y;-1— 71‘(1‘ )

(24)

Proof. See the appendix. 0

The optimal trading strategy in Equation (22) reflects
the schedule of liquidating the initial holdings over the
remaining periods, considering the impact of the dis-
count factor."”” The value in Equation (24) reflects the
intrinsic value of the whale’s current token holdings
less the cost of liquidating them under the optimal
trading strategy.

3.3. Equilibrium

3.3.1. The Whale’s Strategic Trading Under Different
Vote Outcomes. In ¢ =1, the value of private benefit B
realizes. Given B, the whale decides whether to imple-
ment the proposal jointly with trading of tokens. To
solve the whale’s optimization problem in t=1, we
first analyze the value given the implementation of the
proposal a and trading volume Ay; under a realized
value of B.

Lemma 3. To implement the proposal, it is optimal for the
whale to purchase the minimum amount of tokens that are
just enough to pass the proposal—that is, Ay; = max
(¥ — y0,0). Given the realized value of B, the whale’s value
when implementing the proposal in t =1 is given by

V()= B + Py
Private benefit  pyyrinsic value
Aoy o crenAw (Yo + Ayr)?
_Lupp gt fe W R AV
2 A rreeT, ) %0

Trading costs
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and the whale’s value when choosing not to implement the
proposal is

R (1) = e ¥
Vo) = PR)yg —= LT 27)

Intrinsic value

Trading costs

Proof. See the appendix. O

Because the proposed changes do not benefit users,
they do not support the implementation of the pro-
posal. Because trading is costly, the whale purchases
only the minimum amount necessary to gain just
enough voting power, which is ¥ —1,, to ensure a
desired outcome in the vote. This is evident from the
observation that the whale’s value is decreasing in Ay,
as shown in Equation (26).

From Equation (26), we also observe that the whale’s
value reflects its private benefit plus the intrinsic value
from implementing the proposal less the trading costs.
Note that the intrinsic value is lowered to P(I)y due to
the implementation of the proposal. The trading costs
involve the cost of acquiring additional tokens to influ-
ence the vote and the cost of liquidating the increased
amount of tokens in subsequent periods. The whale’s
behavior can be viewed as a form of rug pull scheme in
this context.

In contrast, the whale’s value when choosing not to
implement the proposal (Equation (27)) is determined
by the intrinsic value under the status quo minus
the trading costs associated with liquidating the ini-
tial holdings. In this scenario, the whale does not
obtain the private benefit but benefits from a higher
valuation of tokens as a result of rejecting the value-
destroying proposal. Additionally, trading costs are
reduced because the whale does not need to accumu-
late more tokens to influence the vote outcome.

3.3.2. The Whale’s Voting Decision. The whale imple-
ments the proposal if and only if the value of imple-
mentation, me(yo), exceeds the value of rejection,
VE (o). By Lemma 3, this is equivalent to
B> B,

where B is the private-benefit threshold above which
implementation is optimal:*’
B=  6P(R

N —

Loss in intrinsic value

Aw - + L+ [yo+ (X _y0)+]2 yz
+2{[(x_y°) Pt T(T.+2,T) _F(l?T)}'

Increment in trading costs

and 0 € (0,1) captures the efficiency loss from imple-
mentation via P(R) — P(I) = OP(R). The whale therefore
implements the proposal only if B covers both the loss

in intrinsic value and the incremental trading costs
from strategically acquiring additional tokens.

The dependence of B on the whale’s initial holdings
Yo reflects a simple trade-off. A larger stake increases
the intrinsic value at risk, which discourages imple-
mentation, but reduces the additional tokens needed
to reach the voting threshold ¥, which lowers trading
costs. For empirically relevant parameter values—
such as when yy is small relative to X or when illiquid-
ity is high—this implies that B first decreases and
then increases in v (see Equation (A.28) in the appen-
dix). Hence, the likelihood of implementing a value-
destroying proposal is highest at intermediate ownership
concentration. Figure 2 illustrates this hump-shaped
relationship.

Proposition 1. Under sufficiently high token illiquidity,
greater ownership concentration can have adverse effects on
governance by increasing the likelihood of value-destroying
vote outcomes. In particular, there is a hump-shaped rela-
tionship between ownership concentration and the likeli-
hood that a value-destroying proposal is implemented.

Proof. See the appendix. O

The platform’s service value further shapes this rela-
tionship. A higher baseline service value strengthens the
disciplining effect of ownership concentration: when the
whale holds a larger stake, the higher intrinsic value
at risk makes value-destroying actions less attractive.
Figure 2(a) shows this interaction.

Token illiquidity plays a complementary role. Higher
illiquidity raises the cost of acquiring and unwinding
the additional tokens used to influence the vote, so the
private benefit required to justify a value-destroying
proposal increases. When the whale starts from a rela-
tively small position, illiquidity has a strong governance
benefit by making vote manipulation expensive; as
approaches and exceeds X, this marginal benefit weak-
ens. Figure 2(b) depicts these comparative statics.

Proposition 2. Increased ownership concentration ampli-
fies the positive effect of high service value on governance
but weakens the positive governance effect of illiquidity.

Proof. See the appendix. O

It is worth noting that this pattern is consistent
with the spirit of quadratic voting schemes, which seek
to prevent a single participant from amassing over-
whelming voting power. In our setting, illiquidity can
improve DAO governance because governance is exer-
cised directly by tokenholders: frictions discourage
manipulative trading rather than impeding monitor-
ing. By contrast, in traditional firms, liquidity can facili-
tate governance by enabling blockholders who actively
monitor management.

Finally, the lock-in period T} operates through a sim-
ilar channel. A longer lock-in increases the private-



Downloaded from informs.org by [216.73.217.84] on 14 June 2026, at 02:52 . For personal use only, all rights reserved.

Han, Lee, and Li: Decentralized Autonomous Organization Governance
Management Science, Articles in Advance, pp. 1-30, © 2026 The Author(s)

11

Figure 2. (Color online) Ownership Concentration vs. Threshold for the Private Benefit
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quidity levels.

benefit threshold required to justify implementation by
shortening the effective liquidation window after vot-
ing. In this sense, lock-in acts as targeted illiquidity
for the whale. Moreover, the effect of extending the
lock-in period is stronger when illiquidity is higher.
As A approaches zero, the impact of T}, vanishes, con-
sistent with lock-in operating through trading fric-
tions. Figure 3 illustrates these effects.

Proposition 3. The likelihood of implementing a value-
destroying proposal decreases with the length of the lock-in
period, and this effect is more pronounced in the presence of
greater illiquidity.

Proof. See the appendix. O

3.4. Equilibrium User Participation in
the Platform

We now close the model by solving for the equilib-
rium participation of users, which, in turn, determines
the ex ante value of the DAO platform. Suppose that
N users participate and that (1 — o) units of tokens
are available for the ICO after allocating 1o units to
the whale. The ICO price per token is exogenously
given by P. By symmetry, each participating user
acquires an equal share (1 —yp)/N. In what follows,
we endogenize N by equating the benefits and costs of
participation.

Using the equilibrium price process under the two
possible outcomes (implementation or rejection of the
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Figure 3. (Color online) Lock-In Periods vs. Threshold for
the Private Benefit at Various Levels of Illiquidity Parameters
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proposal), we obtain the value for a representative user

int = 0, conditional on 2 and N.

Lemma 4. Given N, the value for each individual user in
t = 0 when a =1 is given by

1-— ]/0

V{(N) = (6P(I) — P)

A + 1y +E—wo)']
+5m{[(x—yo) P +o" 1—F(TL+2T) }

and when a = R, it is given by
2

- 11— Ay
P) +5ﬂﬁn1ﬂ

V§(N) = (0P(R) —

Proof. See the appendix. O

Recall that the whale implements the proposal if
and only if there is a strong enough incentive misalign-
ment between the whale and users (B > B). It is then
clear that the probability of implementing a value-
destroying proposal is equal to 1 — F(B). Therefore, a
user’s expected value for participating in the DAO
platform in t = 0 equals

E[VE(N)] = (1 — F(B))VH(N) + E(B)VE(N). (28

The following lemma decomposes the expected value
in Equation (28) into two components: the present
value of utility flows (“intrinsic value”) and the present
value of trading profits.

Lemma 5. For a given N, a user’s expected value for par-
ticipating in the DAO platform can be decomposed into two
separate components as follows:

E[VE(N)] = ®(N) + Q(N), (29)

where O(N) represents the intrinsic value, which increases
in N, and Q(N) represents the value generated from trad-
ing profits, which decreases in N, such that

{6A(R)

O(N) = [1-00- F(B))]——}(l o)

ON) =51 {P(B) +(1-F(B)) [{(fc ~y)'T’

T(1,T)
L+ [y0+(x —]/0) ]
ot T(T.+2,T) ]}

When the platform’s value is significantly greater than
transaction costs (conditions in Equations (A.36) and
(A.37)), the value of participating in the platform, denoted
as E[V{(N)], increases as the number of participating
users, N, grows.

Proof. See the appendix. O

Given our result in Lemma 5, the expected value of a
participating user in Equation (29) shows two opposing
effects with respect to the number of participating
users, N. First, user participation exhibits strategic com-
plementarity because it increases the value of participa-
tion through heightened utility flows resulting from
network effects; hence, ®(N) increases in N. Second,
user participation demonstrates strategic substitutabil-
ity because it diminishes the profit associated with
market making; hence, Q(N) decreases in N. However,
the lemma further shows that the latter effect becomes
of second order when the platform value significantly
outweighs transaction costs. Under this condition, the
expected value of participation increases with greater
user participation, N.

Finally, we solve the following equation for the equi-
librium mass of participating users:

N* = GE[VH(N))). (30)

where N* is the equilibrium mass of participating
users. We define the condition under which the ICO
price is attractive enough in any state of the world as
follows:

OA(I)N
POy, =75

We establish the existence of at least one fixed point for
Equation (30) and characterize conditions under which
multiple equilibria can arise.

>P. (31)

Theorem 1. (i) Under the condition in Equation (31), there
exists an N* € [Ny, 1] that solves Equation (30). Multiple
equilibria arise only when the impact of increased participa-
tion on the intrinsic value ®(N) outweighs that on the spec-
ulative value Q(N). (ii) In the case of multiple equilibria,
imposing a long enough lock-in period can eliminate the
one with a smaller mass of participating users.
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Proof. See the appendix. O

Theorem 1 demonstrates the existence of an equilib-
rium and, notably, that any improvement in DAO
governance results in a multiplier effect. There is a feed-
back channel between governance and user participa-
tion. More user participation prevents the whale from
implementing a value-destroying proposal, thereby
enhancing governance. Conversely, enhanced gover-
nance induces more users to participate by improving
the platform value. In particular, illiquidity for the
whale, whether due to trading costs or a lock-in
period, is likely to prevent the whale from making a
value-destroying proposal (Proposition 3). This, in
turn, encourages more users to participate in the plat-
form, further enhancing its value.

When the feedback effect between participation and
governance is strong enough, multiple equilibria can
occur.”! Increased user participation enhances the plat-
form’s value, preventing the whale from implementing
value-destroying proposals. Conversely, decreased user
participation diminishes the platform’s value, encourag-
ing the whale to exploit private benefits by proposing
value-decreasing changes. Therefore, there can be two
separate stable equilibria: one equilibrium where there
is a larger number of participating users with high plat-
form value and good governance, and the other equilib-
rium where there is a smaller number of participating
users with low platform value and poor governance.
Figures 4 and 5 illustrate these equilibria.

According to Theorem 1(i), increasing the lock-in
period enhances governance by raising the threshold
B. Consequently, a sufficiently long lock-in period can
eliminate the equilibrium with low user participation,
as stated in Theorem 1(ii).

This finding shows that the illiquidity created by a
longer lock-in period can eliminate the “bad” equilib-
rium when governance—participation feedback is
strong. Unlike general trading frictions, lock-in mainly
constrains whales (or other strategic traders), so tar-
geted illiquidity can curb manipulation and mitigate
the downsides of concentrated ownership. Figure 6
illustrates this mechanism.

In summary, by incentivizing user engagement and
providing safeguards against value-detrimental propo-
sals, DAOs can foster more inclusive and sustainable
ecosystems. The concept of targeted illiquidity through
lock-in periods not only protects against malicious
actors, but also encourages honest participation, rein-
forcing platforms’ overall health.

3.5. Theoretical Predictions

We now summarize the model’s main predictions that
guide our empirical analyses. These predictions follow
directly from Propositions 1-3 and the related discus-
sions in Sections 3.3 and 3.4. Accordingly, we test the
model’s comparative statics by examining how the plat-
form’s intrinsic value—and, equivalently, its growth—
varies with ownership concentration and liquidity/
lock-in.**

Prediction 1. There exists a convex relationship between
platform growth and ownership concentration, with the for-
mer decreasing in ownership concentration at low levels of
concentration.

Prediction 2. A higher service value mitigates the negative
correlation between higher ownership concentration and
platform growth.

Prediction 3. Higher token illiquidity is positively corre-
lated with platform growth when ownership concentration

Figure 4. (Color online) Fixed Points for Equilibrium Participation
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Figure 5. (Color online) Feedback Effects and Multiple Fixed Points for Equilibrium Participation
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is low, and the positive correlation weakens when concen-
tration increases.”

Prediction 4. The provision of long-term incentives to
large token holders is positively associated with platform
growth.

4. Data Description

Our empirical analyses draw on data from various
sources. Individual DAO investors’ voting records come
from Snapshot, a widely used voting platform that
enables DAOs and other blockchain protocols, such as
decentralized finance (DeFi) protocols, to create proposals

Figure 6. (Color online) Fixed Points Under Various Lock-In
Periods (T =0vs. Ty =7)
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5,P =4.5,T =10,Np = 0.32, F(B) = min((B/4.5)"*,1), G(V) = min{Np +
Vx (1—Ng)*/12,1}.

and manage votes.”* Unlike traditional on-chain voting
systems that levy gas fees on voters for processing crypto-
currency movements between wallets, this off-chain plat-
form allows gas-free voting. We select the Snapshot
sample because it is the primary voting platform for the
majority of DAOs (DeXe Protocol 2023).

We download all votes cast on proposals that were
active from July 20, 2020, through September 1, 2024.
The data set includes a DAO’s name, symbol, and con-
tract address of its voting token, proposal name and
text, start date and deadline of voting, voter address,
vote date, and number of votes cast.”” Because anyone
can create a DAO and feature it on the voting platform,
most of the DAOs on the platform are small and do
not appear to have any underlying business. Hence,
we begin with a subsample of DAOs that are more
likely to possess underlying businesses: specifically,
705 DAOs that had received at least 10 proposals by
the end of our sample period.

For most DAOs, participants use the underlying gov-
ernance tokens to cast votes. However, an increasing
number of DAOs have shifted to a staking model,
including the vote-escrow/locking mechanism that
rewards investors with greater voting power and
yields for locking their governance tokens. For each
DAO, we locate the contract details of its voting token
by manually searching its contract address on the cor-
responding blockchain explorer (e.g., etherscan.io,
bscscan.com, or polygonscan.com). These contract
details are used to determine a DAO’s voting strategy.
That is, whether investors of the DAO cast votes using
its governance token or a staked token, including a
vote-escrowed /locked token.

We then manually search these DAO names on
CoinMarketCap, a website that is a top source of
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cryptocurrency market data and that covers most
major cryptocurrencies. This step yields 570 cryptocur-
rencies that are associated with the DAOs. We then
download their daily price and volume data.

Because a number of DAOs adopt staking, including
vote-escrow /locking, strategies, ownership of the
underlying native governance token is unlikely to cap-
ture a voter’s economic ownership represented by her
votes cast. Therefore, we use the number of votes cast
to proxy for a DAO member’s ownership. Because
many DAQOs do not feature proposals on a daily basis,
we convert the voting data into weekly series. Specifi-
cally, for each proposal, we compute the Herfindahl-
Hirschman Index of voting power, which is calculated
by squaring the share of each individual’s votes before
summing the resulting numbers, the fraction of votes
cast by the top three voters, and the number of voters.*®
We then average each of the three variables for each
DAO-week pair using proposal deadlines.

To capture the size and growth of DAOs, we obtain
daily total value (TVL) locked for each DAO from
DefilLlama, which is a TVL aggregator and analytics
dashboard for DeFi protocols. TVL measures the total
value of assets deposited in a DeFi protocol, with the
locked assets being associated with activities such as
lending, staking, and liquidity provision.”” TVL is an
important metric for assessing the potential of a proto-
col. An increase in the TVL of a DeFi platform is typi-
cally followed by an increase in liquidity and usability.

Defillama tracks protocols from over 80 blockchains,
including major ones such as Ethereum, BNB Chain
(formerly known as Binance Smart Chain), Polygon,
Avalanche, and Fantom. We manually search the name
of each DAO on DeFilLlama and download the aggre-
gate daily TVL series when available. In addition, we
obtain the number of daily users from Moralis, a devel-
opment platform that provides APIs and infrastructure
for blockchain-based applications. We merge week-
end price, volume, TVL, and user data into our weekly
voting data set using name and symbol.

4.1. Descriptive Statistics

Before reporting the summary statistics for the key
variables in our study, we plot the aggregate TVL for
our sample DAOs. As shown in Figure 7, during the
week of July 20, 2020, our platforms” combined TVL
was around $1.3 billion, a relatively low starting point.
However, TVL grew quickly when the DeFi and cryp-
tocurrency spaces boomed as the COVID-19 pandemic
dragged on, likely attributed to easy monetary policy
and increased interest from retail investors. Total valu-
ation surpassed $145 billion in November and Decem-
ber 2021 before declining in January 2022. By July 31,
2022, aggregate TVL was only $45.8 billion, a drop of
more than 68% from its peak. Total valuation contin-
ued to decline, reaching roughly $28 billion in mid-

Figure 7. Total Value Locked Over Time
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Notes. This figure plots the weekly combined total value locked for our
sample DAOs. The sample period runs from July 20, 2020 (the week
beginning July 20, 2020) to September 1, 2024 (the week beginning
August 26, 2024).

October 2023 before sharply rebounding. As of August
2024, however, aggregate TVL remained less than 50%
of its late-2021 peak. We note that this boom-and-bust
pattern is consistent with the valuation cycle for the
broader DeFi industry—the peak TVL of $181 billion
was reached in December 2021 before dropping precip-
itously. This comparison also shows that our data set
captures most major DeFi platforms.

We then report the geographic distribution of our
sample DAOs and their major types. As shown in
Table 1, Panel A, nearly 48% of the DAOs have no
physical headquarters. The United States hosts the sec-
ond largest group of DAOs (16.3%), followed by Asia
(12.1%) and the European Union (10.7%). Panel B reports
that 46.7% of the DAOs feature Web3 functionality,
including asset management, gaming, (social) media
and community, and public goods, among others. DeFi
platforms, including lending protocols, decentralized
exchanges, yield protocols, and stablecoins, are a close sec-
ond (43%), followed by infrastructure DAOs, which create
or manage tools to scale the cryptocurrency industry.

As shown in Table 2, during our sample period, the
average platform has a TVL of $915 million, whereas
the median is only $51 million, suggesting that the dis-
tribution of DeFi valuations is highly skewed. The aver-
age and median weekly TVL growth rates are —0.9%
and —0.5%, respectively, with an interquartile range of
—6.9% to 5.9%. The weekly returns on the associated
(governance) tokens are more negative, with the aver-
age and median being —1.9% and —2.3%, respectively.

During our sample period, the average protocol has
about 40,300 users, compared with a median of 5,700,
again highlighting the skewed nature of the DeFi
space. The average and median weekly user growth
rates are 1.7% and 0.1%, respectively. Moreover, the
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Table 1. Descriptive Statistics: Geographical Distribution
and Types of DAOs

Number Percent (%)
Panel A: Geographical distribution

Region
Africa 6 1.1
Americas ex U.S. 28 49
Asia 69 12.1
EU 61 10.7
Europe ex EU 27 4.7
Global 271 47.5
Oceania 15 2.6
Us. 93 16.3
Total 570 100

Panel B: Types of DAOs

Type
DeFi 245 43.0
Infrastructure 59 104
Web3 266 46.7
Total 570 100

Notes. In this table and Table 2, we report descriptive statistics on
the DAOs in our sample. The sample period runs from July 20, 2020,
to September 1, 2024. DeFi platforms include lending protocols,
decentralized exchanges, yield protocols, and stablecoins. Infrastructure
DAOs create or manage tools to scale the cryptocurrency industry.
Web3 functionality includes asset management, gaming, (social) media
and community, and public goods, among others. Ex, excluding.

average weekly HHI of voting power is 0.32 (equiva-
lent to 3,200 points based on a maximum of 10,000
points), suggesting that the market is highly concen-
trated.”® The largest three whales, on average, com-
mand more than two-thirds of the voting power.
Remarkably, even at the 25th percentile, the top three
whales still dictate 47.6% of the votes.

Table 2. Descriptive Statistics: DAO-Level Characteristics

The average (median) number of platform partici-
pants is 363 (28). In a given week, nearly a third of the
platforms use staking, including vote escrow, as part
of their voting strategy. The average Amihud illiquid-
ity measure and return volatility are 0.22 and 11.6%,
respectively.

5. Empirical Analyses

5.1. Ownership Concentration and Platform
Growth

To test whether there exists a convex relationship

between platform growth and ownership concentra-

tion, as outlined in Prediction 1, we estimate the follow-

ing specification:

Growth; ; = a + pHHI; i1 + pHHI; || + X 11
+ 6i + (3,5 +€it, (32)

in which Growth;; represents TVL growth or user
growth for DAO i during week t. HHI; ;1 is DAO i’s
HHI of voting power during week t — 1. X; ;1 is a set
of lagged DAO characteristics. We also include DAO
fixed effects (6;) and year-month fixed effects (6;). Stan-
dard errors are clustered at the DAO level.

In Table 3, we focus on the relationship between
weekly TVL growth and past week’s HHI of voting
power and its square term. In column (1), we control
for region and DAO-type fixed effects, instead of DAO
fixed effects. These factors may simultaneously influ-
ence both TVL growth and ownership concentration.
For example, DAOs in different jurisdictions may be
subject to varying legal requirements, which could
influence governance outcomes. As shown, the esti-
mated coefficient for HHI? is positive, indicating that

Average 25th percentile Median 75th percentile Std. Dev. Obs.
Variable 1 2) 3) 4) (5) 6)
TVL ($billion) 0.915 0.006 0.051 0.401 2.708 5,899
TVL growth —0.009 —0.069 —0.005 0.059 0.204 5,840
#Users (thousand) 40.3 2.1 5.7 20.8 124.4 8,328
User growth 0.017 —0.001 0.001 0.008 0.167 8,160
Token return —0.019 —-0.116 —0.023 0.060 0.246 8,433
HHI 0.322 0.119 0.237 0.455 0.273 9,828
Top 3 ownership 0.676 0.476 0.716 0.922 0.266 9,718
#Participants 363.1 8 28 90 1,934.7 9,828
Staking 0.328 0 0 1 0.469 9,828
Amihud illiquidity 0.218 0.006 0.027 0.128 2.548 8,450
Return volatility 0.116 0.032 0.051 0.084 3.704 8,592

Notes. In this table and Table 1, we report descriptive statistics on the DAOs in our sample. The sample period runs from July 20, 2020, to
September 1, 2024. TVL is total value locked in billions of dollars, reported by Defillama. TVL growth is the weekly growth rate of TVL. #Users is
the number of users in thousands, reported by Moralis. User growth is the weekly growth rate of the number of users. Token return is the weekly
return of the native token associated with each DAO. For each DAO, HHI is the average Herfindahl-Hirschman Index of the number of votes
cast for proposals that end in a given week; Top 3 ownership is the average fraction of votes cast by the top three voters for proposals that end in a
given week; and #Participants is the average number of voters voting on proposals that end in a given week. Staking is an indicator equal to 1 if a
platform uses staking, including vote escrow, as part of its voting strategy and zero otherwise. Amihud illiquidity is the Amihud (2002) illiquidity

measure, defined as the weekly average of 100/|Return|/DollarTradingVolume using daily data. Return volatility is the volatility of daily token
returns in a given week. Obs., observations; Std. Dev., standard deviation.
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Table 3. Ownership Concentration and TVL Growth

Dependent variable: TVL growth

Variable (1) ) 3) 4)
HHI —0.122%** —0.140*** —0.143**
(—3.030) (—2.891) (—2.546)
HHI? 0.098*** 0.121%** 0.107**
(2.610) (2.652) (2.035)
HHI —0.135**
(—2.952)
HHI? 0.394%*
(2.129)
log(Lagged TVL) —0.035%** —0.035***
(—5.219) (—5.206)
log(Lagged token price) 0.021%** 0.021%**
(4.087) (4.181)
Region FEs Y N N N
DAO-type FEs Y N N N
DAO FEs N Y Y Y
Time FEs Y Y Y Y
Observations 5,839 5,834 4,982 4,982
R? 0.016 0.057 0.098 0.098

Notes. In this table and Table 4, we report results on the relationship between ownership concentration and platform
growth. The sample period runs from July 20, 2020, to September 1, 2024. All regressions are performed at the
weekly frequency. HHI is the predicted value of HHI when regressing HHI; ; on PostAirdrop,,t, which equals one for
periods after an airdrop launch for DAO 7 and zero otherwise, and lagged platform size (either log(Lagged TVL) or
log(Lagged #users)) and log(Lagged token price). Log(Lagged TVL) is the logarithm of total value locked in billions of
dollars as of the end of the past week. Log(Lagged #users) is the logarithm of the number of DAO users as of the end
of the past week. Log(Lagged token price) is the logarithm of the native token price as of the end of the past week. All
other variables are as defined in Tables 1 and 2. Time FEs refer to year-month fixed effects, and standard errors are
clustered at the DAO level. In each column, we report estimated coefficients and their associated t-statistics.
Singleton observations are dropped from each fixed-effects model.

*Statistical significance at the 10% level; **statistical significance at the 5% level; ***statistical significance at the
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the relation between platform growth and ownership
concentration is indeed convex. The estimate remains
largely unchanged after controlling for DAO fixed
effects, which subsume region and DAO-type fixed
effects, as reported in column (2). As shown in column
(3), we also obtain consistent results when further con-
trolling for platform size (the logarithm of past week’s
TVL) and the price of the native token (the logarithm of
past week’s native token price).

We use the estimates in column (3) to illustrate the
economic significance of the results. A one-standard-
deviation increase in HHI is associated with a 3.9-
percentage-point decrease in weekly TVL growth. The
marginal effect of HHI equals —0.143 +0.214 X HHI.
The turning point, therefore, occurs at HHI = 0.67, sug-
gesting that increases in concentration reduce TVL
growth throughout the vast majority of the observed
distribution, with the negative effect gradually attenu-
ating as ownership becomes extremely concentrated.
This aligns with our theoretical prediction of a hump-
shaped relationship between ownership concentration
and the likelihood of value-destroying vote outcomes
(Proposition 1).

Although we have controlled for DAO fixed effects
and major DAQO characteristics, including platform size
and native token price, there may still be omitted vari-
ables that jointly influence both ownership concentra-
tion and platform growth. We further sharpen the
identification by using airdrop events hosted by our
sample DAOs as shocks to governance token distribu-
tion, which helps to establish causality. An airdrop is
an initiative to distribute tokens to current or potential
users for free, which helps establish an equitable gover-
nance mechanism by decentralizing the token holdings
of a platform. Governance token airdrops have been
adopted by major DeFi platforms, such as Uniswap,
Curve, and linch.

For each DAO in our sample, we collect airdrop
data from Airdrops.io, CoinMarketCap, the DAO’s
website, and internet searches. This step yields 138
DAGO:s that launched airdrop events during our sample
period. We then regress HHI; ; on PostAirdrop, ,, which
equals one for periods after an airdrop launch for DAO
i and zero otherwise, and lagged platform size and
native token price. The coefficient on PostAirdrop, ,
equals —0.071, with a t-statistic of —2.40. This evidence
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suggests that token ownership indeed becomes more
decentralized after airdrops. We then replace HHI; ; in
column (3) with the predicted value of HHI and rerun
the regression. As shown in column (4), the results
are qualitatively similar to those reported in columns
(1))

To the extent that some proposals involve deploying
assets locked in the protocol, a reduction in TVL does
not necessarily indicate value destruction. As a robust-
ness check, we use user adoption growth instead of
TVL growth as an alternative dependent variable to
assess whether a proposal is value-enhancing or detri-
mental.?’ As shown in Table 4, the results are qualita-
tively consistent with those reported in Table 3. Overall,
our evidence supports a convex relationship between
DAO platform growth and ownership concentration.

5.1.1. Service Value, Ownership Concentration, and
Platform Growth. To test whether a higher platform
valuation reduces the negative relationship between
platform growth and ownership concentration (Predic-
tion 2), we replace HHI? in Equation (32) with an inter-
action term of HHI and the logarithm of lagged TVL
and re-estimate the equation. A positive coefficient for

the interaction term implies that ownership concentra-
tion has a less negative effect on TVL growth for more
established platforms, which provide a greater service
value. Indeed, Table 5, column (1) shows that the esti-
mated coefficient on HHI X log(Lagged TVL) is positive
and statistically significant at the 1% level, lending sup-
port to Prediction 2. Interestingly, platform size itself
has a negative effect on TVL growth. This is intuitive
because larger and more mature platforms tend to
grow more slowly (Cong et al. 2021).

As a robustness analysis, we also replace HHI with
the predicted value of HHI, obtained in the previous
subsection, and rerun the regression. As shown in col-
umn (2), consistent with our main results in column
(1), the coefficient on HHI X log(Lagged TVL) is positive
and significant at the 5% level. In columns (3) and (4),
we use user growth to proxy for platform growth and
obtain qualitatively similar results.

5.2. Whales’ Ownership, Concentration, and
Platform Growth

To test whether higher ownership concentration weak-

ens the positive correlation between token illiquidity

and platform growth at low levels of concentration

Table 4. Ownership Concentration and User Growth

Dependent variable: user growth

Variable (1) (2) 3) 4)
HHI —0.149*** —0.176*** —0.123***
(—5.440) (—5.132) (—2.656)
HHI? 0.102*** 0.132#** 0.100**
- (4.055) (4.324) (2.457)
HHI —0.064***
- (—2.735)
HHI? 0.112%
(2.445)
log(Lagged #users) —0.070%** —0.070%**
(—4.181) (—4.193)
log(Lagged token price) —0.002 —0.002
(—1.376) (—1.219)
Region FEs Y N N N
DAO-type FEs Y N N N
DAO FEs N Y Y Y
Time FEs Y Y Y Y
Observations 8,160 8,157 7,397 7,397
R? 0.022 0.080 0.168 0.168

Notes. In this table and Table 3, we report results on the relationship between ownership concentration and platform
growth. The sample period runs from July 20, 2020, to September 1, 2024. All regressions are performed at the

weekly frequency. HHI is the predicted value of HHI when regressing HHI; ; on PostAirdrop, , which equals one for
periods after an airdrop launch for DAO i and zero otherwise, and lagged platform size (either log(Lagged TVL) or
log(Lagged #users)) and log(Lagged token price). Log(Lagged TVL) is the logarithm of total value locked in billions of
dollars as of the end of the past week. Log(Lagged #users) is the logarithm of the number of DAO users as of the end
of the past week. Log(Lagged token price) is the logarithm of the native token price as of the end of the past week. All
other variables are as defined in Tables 1 and 2. Time FEs refer to year-month fixed effects, and standard errors are
clustered at the DAO level. In each column, we report estimated coefficients and their associated t-statistics.
Singleton observations are dropped from each fixed-effects model.

*Statistical significance at the 10% level; **statistical significance at the 5% level; ***statistical significance at the

1% level.
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Table 5. Service Value, Ownership Concentration, and Platform Growth

Dependent variable: TVL growth User growth
@ @ ®) @
HHI —0.845*** —0.269***
(—6.079) (—3.260)
HHI x log(Lagged TVL) 0.046%**
(5.902)
HHI —0.426* —0.298*
(—-1.923) (—1.660)
HHI x log(Lagged TVL) 0.031**
(2.407)
log(Lagged TVL) —0.056*** —0.036***
(—6.836) (—5.2006)
HHI x log(Lagged #users) 0.027%**
(2.909)
HHI x log(Lagged #users) 0.040**
(2.036)
log(Lagged #users) —0.077*** —0.079%**
(—4.339) (—3.622)
log(Lagged token price) 0.023*** 0.022%** —0.002 —0.002
(4.142) (4.160) (—1.354) (—1.305)
DAO FEs Y Y Y Y
Time FEs Y Y Y Y
Observations 4,982 4,982 7,397 7,397
rR? 0.120 0.097 0.172 0.184

Notes. In this table, we report results on the relationship between platforms’ service value, ownership concentration,
and platform growth. The sample period runs from July 20, 2020, to September 1, 2024. All regressions are
performed at the weekly frequency. HHI is the predicted value of HHI when regressing HHI;; on PostAirdrop, ,,
which equals one for periods after an airdrop launch for DAO i and zero otherwise, and lagged platform size (either
log(Lagged TVL) or log(Lagged #users)) and log(Lagged token price). log(Lagged TVL) is the logarithm of total value
locked in billions of dollars as of the end of the past week. log(Lagged #users) is the logarithm of the number of DAO
users as of the end of the past week. log(Lagged token price) is the logarithm of the native token price as of the end of
the past week. All other variables are as defined in Tables 1 and 2. Time FEs refer to year-month fixed effects, and
standard errors are clustered at the platform level. In each column, we report estimated coefficients and their
associated f-statistics. Singleton observations are dropped from each fixed-effects model.

*Statistical significance at the 10% level; **statistical significance at the 5% level; **statistical significance at the 1%
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level.

(Prediction 3), we estimate the following specification,
conditional on whether the top three voters control less
than 50% of the votes, a common passing threshold for
DAGOs:

Growth;+ = a + BHHI; +—1 + pHHI; 11 X Hlliquidity, ,
+ ‘}/Xj/t7] + (S,' + (St +€it, (33)

in which Growth;,; represents TVL growth or user
growth for DAO i during week t. HHI; ;1 is DAO i’s
HHI of voting power during week t — 1. Illiquidity, , ,
represents either the Amihud illiquidity measure or the
native token’s return volatility during the previous
week. X; ;1 include the logarithm of past week’s TVL
and the logarithm of past week’s native token price.
Because illiquidity may correlate with platform size,
similar to the negative association between illiquidity
and a stock’s market capitalization (see Amihud 2002,
among many others), controlling for such DAO charac-
teristics helps mitigate omitted-variable bias. We also
include DAO fixed effects (6;) and year-month fixed

effects (0;). Standard errors are clustered at the DAO
level.

Table 6, Panel A, column (1) reports results for the
subsample where the top three voters control less than
50% of the votes. As shown, the estimated coefficient
on the interaction term is negative and significant, sup-
porting our prediction that the initial beneficial effect
of illiquidity on governance diminishes rapidly as
concentration increases (see Proposition 2). Indeed,
consistent with Proposition 2, token illiquidity under
low ownership concentration positively predicts TVL
growth, with an effect of 2.4 percentage points when
the illiquidity measure increases by one standard devi-
ation. We note that the aforementioned effect disap-
pears as ownership becomes highly concentrated, as
predicted. As reported in column (2), the coefficient on
the interaction term between HHI and Amihud illi-
quidity turns positive when whales control the vote. In
columns (3) and (4), we re-estimate Equation (33) by
replacing the dependent variable with user growth and
obtain consistent results.
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As in Section 5.1, we regress HHI; ; on PostAirdrop, ,,
lagged platform size, and native token price for each
subsample, defined by whether the top three voters
collectively own either less than or more than 50% of
the votes. We then replace HHI with its predicted value
and re-estimate Equation (33). As shown in Panel B, the

results are qualitatively similar to those reported in
Panel A.

Token price volatility may play a similar role as illi-
quidity because increased price volatility may make it
more expensive for whales to acquire tokens. There-
fore, as a robustness analysis, we replace illiquidity

Table 6. Whales” Ownership, Concentration, and Platform Growth

Dependent variable: TVL growth User growth
Top 3 ownership
<50% >50% <50% >50%
©) 2 ®) (4)
Panel A: Concentration, illiquidity, and platform growth
HHI —0.647** 0.035 —0.275* 0.003
(—2.341) (0.974) (—1.906) (0.025)
HHI x Amihud illiquidity —2.446** 0.150 —2.877** 1.222
(=2.119) (0.128) (—2.007) (0.288)
Amihud illiquidity 0.198** —0.300 0.685* —0.253
(1.988) (—0.607) (1.826) (—0.389)
log(Lagged TVL) —0.039*** —0.076*
(—3.081) (—1.827)
log(Lagged #users) —0.077** —0.070**
(—2.250) (—2.477)
log(Lagged token price) 0.020** 0.009 —0.001 —0.008
(2.045) (0.861) (—0.257) (—0.935)
DAO FEs Y Y Y Y
Time FEs Y Y Y Y
Observations 1,000 3,767 1,828 5,200
R? 0.455 0.238 0215 0.152
Panel B: Predicted concentration, illiquidity, and growth
HHI —0.625** —0.005 —0.330** —0.026
(—2.048) (—0.697) (—2.051) (—0.225)
HHI x Amihud illiquidity —3.557** 0.130 —4.668** 0.574
(—2.322) (0.767) (—2.167) (0.199)
Amihud illiquidity 0.265* 0.055 0.761** —0.107
(1.813) (0.864) (2.348) (—0.420)
log(Lagged TVL) —0.040%** —0.037***
(—3.120) (—4.210)
log(Lagged #users) —0.095** —0.081**
(—2.179) (—2.484)
log(Lagged token price) 0.019* 0.010** 0.003 —0.007
(1.926) (2.522) (1.009) (—0.754)
DAO FEs Y Y Y Y
Time FEs Y Y Y Y
Observations 1,000 3,767 1,828 5,200
R? 0.455 0.312 0.284 0.203
Panel C: Concentration, return volatility, and growth
HHI —0.660** —0.020 —0.548** 0.017
(—2.160) (—1.149) (—2.068) (1.416)
HHI x Return volatility —7.488** 0.084 —4.909** 0.003
(—2.206) (0.898) (—2.242) (0.077)
Return volatility 0.617** —-0.016 0.413* —0.001
(2.166) (—0.974) (2.226) (—0.073)
log(Lagged TVL) —0.051*** —0.036***
(—5.308) (—4.480)
log(Lagged #users) —0.075** —0.061**
(—2.487) (—2.231)
log(Lagged token price) 0.030*** 0.019*** —0.009 —0.001
(3.348) (3.503) (—0.932) (—0.091)
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Table 6. (Continued)

Dependent variable: TVL growth User growth
Top 3 ownership
<50% >50% <50% 2>50%
@ @ ® @
Panel C: Concentration, return volatility, and growth
DAO FEs Y Y Y Y
Time FEs Y Y Y Y
Observations 1,006 3,845 1,880 5,345
R? 0.276 0.100 0.266 0.125

Notes. In this table, we report results on the relationship between ownership concentration and platform growth,
conditional on the top three whales” ownership. The sample period runs from July 20, 2020, to September 1, 2024. All
regressions are performed at the weekly frequency. Columns (1) and (3) feature a sample where the weekly average
fraction of votes cast by the top three voters is less than 50%, whereas the sample for columns (2) and (4) includes

weekly observations where the average fraction of votes cast by the top three voters is no less than 50%. HHI is the
predicted value of HHI when regressing HHI;; on PostAirdrop, ,, which equals one for periods after an airdrop
launch for DAO i and zero otherwise, and lagged platform size (either log(Lagged TVL) or log(Lagged #users)) and
log(Lagged token price). Amihud illiquidity is the Amihud (2002) illiquidity measure as of the end of the past week.
Return volatility is the volatility of daily token returns during the past week. Log(Lagged TVL) is the logarithm of total
value locked in billions of dollars as of the end of the past week. Log(Lagged #users) is the logarithm of the number of
DAO users as of the end of the past week. Log(Lagged token price) is the logarithm of the native token price as of the
end of the past week. All other variables are as defined in Tables 1 and 2. Time FEs refer to year-month fixed effects,
and standard errors are clustered at the platform level. In each column, we report estimated coefficients and their
associated t-statistics. Singleton observations are dropped from each fixed-effects model.

*Statistical significance at the 10% level; **statistical significance at the 5% level; ***statistical significance at the 1%

level.

with token price volatility in the past week. Table 6,
Panel C reports results that are largely consistent with
those in Panel A.

Overall, our results reported in Sections 5.1 and 5.2
support the theoretical prediction that ownership
concentration is negatively associated with platform
growth (under the condition when whales do not con-
trol the vote outcome). Both high platform value and
illiquidity can contribute to platform growth by incen-
tivizing large token holders to refrain from engaging in
value-destroying activities. However, these two effects
diverge as ownership concentration increases, as our
theory predicts. The positive effect of high platform
value is amplified with a larger stake (greater token
ownership), whereas the influence of illiquidity weak-
ens as the threshold for achieving complete control
draws nearer.

5.3. Platforms’ Long-Term Incentives and Growth
On most DeFi platforms, such as Lido and Uniswap,
voters use native governance tokens to vote on
proposals. They use the one-token, one-vote model.
However, in recent years, a growing number of DeFi
protocols have shifted to a staking model, the vote-
escrow model in particular, which was pioneered by
Curve Finance, a DEX launched in 2020. Investors
would lock their governance tokens for up to four
years. Vote weights and shares of rewards are gener-
ally proportional to the preset time periods, which
means that those who lock governance tokens for a

longer period will accrue greater voting power and
enhanced yields. This mechanism potentially provides
stronger long-term incentives to whales, making them
more patient. Such a mechanism would boost platform
growth, as outlined in Prediction 4.

Table 7, columns (1) and (2) report that DAOs using
a staking model, including vote escrow, for token vot-
ing generate an average TVL growth rate that is about
5.6-7.2 percentage points higher than that of platforms
that do not use a staking model. The control sample
includes all platform-week observations where a plat-
form does not use a staking model.

A potential concern is that the positive relationship
between TVL growth and staking may be mechanical
because staking naturally increases the number of
tokens locked in the protocol, thereby boosting TVL.
To address this concern, we conduct a matched sample
analysis and match the control group based on plat-
form characteristics. Specifically, for each DAO using a
staking model (treated DAO), we select a control DAO
from the same region and type with the closest size,
measured by TVL. We find that 91.4% of the treated
DAOs have a valid match. We obtain somewhat larger
coefficient estimates when estimating the regression
using the matched sample, as shown in columns (3)
and (4).

We repeat the analysis by replacing TVL growth
with user growth as the dependent variable. As shown
in columns (5)-(8), DAOs using a staking model for
token voting experience average user growth rates that
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Table 7. Platforms’ Long-Term Incentives and Growth

Dependent variable: TVL growth

User growth

Full sample

Matched sample

Full sample Matched sample

M @ ®)

4 ©) (6) ) ®)

Staking 0.072%* 0.056*** 0.084***
(5.058) (3.820) (3.389)

log(Lagged TVL) —0.033***

(—-4.747)
log(Lagged #users)
log(Lagged token price) 0.022%**

(4.250)
DAO FEs Y Y Y
Time FEs Y Y Y
Observations 5,834 4,982 3,956
R? 0.067 0.103 0.105

0.090%** 0045+ 0.035* 005744 0.046*
(3.582) (3.163) (2.348) (2.831) (1.964)
—0.027***
(—3.137)
~0.002 —0.003
(—1.185) (-1.187)
0.024%% —0.069*** —0.099***
(3.351) (—4.153) (—4.209)
Y Y Y Y Y
Y Y Y Y Y
3,288 8,157 7,397 5,289 4,659
0.150 0.077 0.164 0.131 0.225

Notes. In this table, we report results on whether long-term incentives of a platform are associated with platform growth. The sample period
runs from July 20, 2020, to September 1, 2024. To create the matched sample, for each DAO using a staking model (treated DAO), we select a
control DAO from the same region and of the same type with the closest size, measured by TVL. Log(Lagged TVL) is the logarithm of total value
locked in billions of dollars as of the end of the past week. Log(Lagged #users) is the logarithm of the number of DAO users as of the end of the
past week. Log(Lagged token price) is the logarithm of the native token price as of the end of the past week. All other variables are as defined in
Tables 1 and 2. Time FEs refer to year-month fixed effects, and standard errors are clustered at the DAO level. In each column, we report
estimated coefficients and their associated t-statistics. Singleton observations are dropped from each fixed-effects model.
*Statistical significance at the 10% level; **statistical significance at the 5% level; ***statistical significance at the 1% level.

are 3.5-5.7 percentage points higher than those of plat-
forms that do not use a staking model. All estimates
are significant at the 5% level.

6. Discussion

Before we conclude, we briefly discuss how DAO gov-
ernance practices in the field relate to our theoretical
and empirical findings. Governance mechanisms for
DAOs have evolved rapidly and increasingly aim to
navigate potential conflicts of interest between whales
and small users in an environment without intermediar-
ies or blockholder oversight.

As shown in Section 3, although token illiquidity can
deter whales from exploiting a platform, sacrificing
general token liquidity can be costly, leading to market
inefficiency and high transaction costs for users. This
trade-off motivates what we call targeted illiquidity:
mechanisms that raise the cost of opportunistic behav-
ior by large, strategic token holders while preserving
liquidity for ordinary users. In our framework, lock-in
periods and similar restrictions on exit for whales
increase the cost of passing value-destroying proposals
and generate positive multiplier effects through user
participation.

Recent DAO designs can be viewed through this
lens (see Han et al. 2025 for further discussion). Beyond
the vote-escrow model pioneered by Curve, many plat-
forms have adopted staking and voting protocols (e.g.,
KyberDAO), conviction voting systems (e.g., Aragon),
and quadratic voting models (e.g., Gitcoin), as well as
architectures that separate governance tokens from

utility tokens (e.g., Maker governance tokens versus
DAI). Although these mechanisms differ in implemen-
tation, a common theme is that they either (i) tie voting
power and rewards to long-term commitment, or (ii)
dampen the ability of a single large holder to exert
dominant influence at low cost, thereby raising the
effective threshold for whales’ private benefits (B in
our model).*

7. Conclusion

In this paper, we explore conflicts of interest among
token holders in DAOs, which are powered by open-
source smart contracts. We develop a new theory that
can explain why whales, defined as large token holders
in a DAO, may disrupt the long-term growth of a plat-
form through rug pulls, in which they inflate token prices
before they start unwinding their positions. Our theoreti-
cal model features a whale who enjoys private benefits
from controlling the platform. The whale weighs these
private benefits against the cost of manipulating vote out-
comes, the latter of which includes a loss in public value
and trading costs due to token illiquidity.

Our model predicts four major results: (1) a negative
correlation between whales” voting power concentra-
tion and DAO growth; (2) a mitigation of such a nega-
tive correlation as platforms become larger and more
widely adopted; (3) similar dampening effects for plat-
forms with illiquid tokens; and (4) the alleviation of
these DAO governance issues by shifting toward stak-
ing models that encourage long-term commitment
among whales.
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Our empirical evidence strongly supports these the-  Then, the first-order condition is*'

oretical predictions. Using proposal-level vote out- A@N +8p — P — AAx, = 0, (A.3)

comes and token-trading information from 570 DAOs o ) )

operating between July 2020 and September 2024, we ~ hich implies the optimal trading amount:

confirm a negative correlation between voting power Ax, = A(@)N + 0B — P§ . (A4)

concentration and platform growth, which is mitigated
by platform size, token illiquidity, and alternative vot-
ing mechanisms, such as staking models, that create
targeted illiquidity.

Overall, our research fills a significant gap in the litera-
ture on DAO governance by incorporating microfounda-
tions for conflicts of interest among different token
holders and providing insights into alternative voting
mechanisms to improve the effectiveness of this new
type of digital organization. The effectiveness of DAOs is
an important economic issue in the digital age, and thus,
our research contributes to innovation in organizational
economics and offers practical implications for corporate
finance and governance policies. Further questions re-
main to be explored in this research area. We hope to
return to these questions in subsequent research.
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Appendix

Proof of Lemma 1. We conjecture that the value function

of the user in f > 1 is an affine function of x;_1 as follows:
Vi(xeo1) = ar + i1, (A1)

where a; and f are constants. Note that a; is time-
dependent, whereas f is not. We can ignore the short sale
constraint (x; >0) because it is always satisfied in equilib-
rium. Then, Equations (5) and (A.1) imply
A
Vi(xq) = max A(@)N(x;—1 + Ax;) — P{Ax; — EAxf
Xt
+06[are1 + Blxi—1 + Axy)]

= max A(@)Nxi_1 + 01 + Bxe—1]
Xt

+(A@)N + 6 — PY)Ax; — %Axf. (A2)

A

Therefore, substituting the solution in Equation (A.4) into
the objective function in Equation (A.2) yields the indirect
value function as follows:

| (A@N +op — P)?

2A
Equation (A.5) together with the initial conjecture in Equa-
tion (A.1) implies that

ar = Oay + %(A(a)N +0p — PIY?, (A.6)

Vi(xt-1) = Oarsn + (A@N +6B)x, 1. (A5)

and
B =A(@)N + 0. (A7)

Solving for a; and f yields
p=1 s AN =Pl@) (A8)

where the second equality is due to Equation (3). This
together with Equation (A.6) in turn implies

‘ 1
= O + ﬁ(P(a) — P92 (A.9)

By recursive substitution, we obtain the following from
Equation (A.9):

o = % ; 5 H(P(a) — P7). (A.10)

Therefore, this verifies that our initial conjecture in Equa-
tion (A.1) is indeed true. Furthermore, substituting Equa-
tion (A.8) into Equation (A.4) yields Equation (11), which
finishes the proof. O

Proof of Lemma 2. Assume that either the lock-in period is
over (t > Tr +2) or the proposal is rejected (a = R). Then, the
constraint in Equation (18) is nonexistent. Using the objec-
tive function Equation (20) and the constraints in Equations
(16), (17), and (19), the whale’s optimization problem in
Equation (15) can be rewritten as follows:

T s /\w
Ve, i(yi1) = max Y 6" A@N(i1 + Y Aye) — P@)Ays —TAysz ,
{Aystser 5=t k=t
(A.11)
subject to

T

Yior=—y_Ays. (A12)
s=t

Then, we can maximize the objective function Equation
(A.11) subject to the constraints Equations (16), (17), and
(19). Because the short sale constraint is always satisfied,
we can use the Lagrangian of the problem, defined as:

T
L= ¢&"
s=t
T
+1n (ym + Z Ays), (A.13)
s=t

x /\ZU
A(@)N (yu +° Ayk> — P(a)Ays — 7Ay§]
k=t
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where 1 is the Lagrangian multiplier. The first-order condi-
tion with respect to Ay, is

657f(1 _ 6T75+1)

A(a)N{ 175 } — 87 (P(a) + AdpAys) = =1,  (A.14)

or equivalently,
6T s+1

Ala )N(l—(5

The second-order condition is always satisfied. Then, the
optimal solution for Ay, given n is given by

T—s+1
Ays = " {A( )N(%) —P(a)+5*<5*f>q}. (A.16)

) —P(a) — ApAys = -6y, (A15)

Using the constraint Equation (A.12), summing across
the first-order conditions Equation (A.15) for all Ay;’s yields

A@)N (ﬁ) <T b1 = 8T, T)) —(T—t+1)P(a)

+ /lw]/tfl = _r(tl T)?], (A17)
where I'(t, T) is a constant strictly greater than one:
T —(T—t+1) ~(T-1)
“k-p _ O -1 0 -0
TtT)=> 6 %"= ST 1% (A.18)
k=t

Then, the Lagrangian multiplier 1 is given by

1

= _F(t,T){ (a)N( : )(T_Hl b

—(T—t+1)P(a) + Awyt_l} . (A.19)

Using Equations (A.16) and (A.19), we derive the closed-
form solution for Ay:

_ (s—t) Y1 1 A(ﬂ)N_
ag= ooy L [ Pa)
5=
1-— TG (T—t+1) . (A.20)
Because of Equation (3), we have
Ays = —56h I (A21)

T(t,T)

Finally, substituting Equation (A.21) into Equation (A.11)
yields the indirect value in Equation (24). O

Proof of Lemma 3. In the case where the whale does
not implement the proposal, there is no private benefit.
Therefore, the value function in ¢ =1, represented in Equa-
tion (27), is immediate from Lemma 2.

We now consider the case where the whale implements
the proposal. Referring to Equation (24) in Lemma 2, the
value in t = T; +2, immediately following the lock-in peri-
od’s end, is given as:

2
Aw Y1

2 T(TL+2,T) (A22)

Vi 1 2(yre1) = PDyr 1 —

Note that, during the lock-in period 2<t<T; +1, the
whale cannot liquidate. Then, substituting Equations (3)
and (A.22) into the recursive formulation of the value in
Equation (20) shows that the value in the preceding period

t =Tp +1 can be expressed as:
A
Va1 (yr) = Aﬁi’; 0 P(Dyr, — %Aﬁm

Aw (yr, + Ay, 1)
2 T(T,+2,7)

From Equation (A.23), it’s clear that the optimal value for
Ayr, +1 should be zero. The derivative of the objective func-
tion with respect to it is strictly negative, indicating that
increasing the holding incurs trading costs without addi-
tional benefit. Decreasing it is not feasible due to the lock-in
constraint. Therefore, we can conclude that:

v Ao VE
1 — I N )
w,TL+1(yTL) - P(I)]/TL 0 > T(TL T 2, T) . (A24)

(A.23)

Applying the same reasoning to the preceding periods, up
to t =2, which marks the start of the lock-in period, leads to
the formulation for the value at f = 2 as follows:

I () = nAe Y
Va,(y1) =Py =67 = (T +2T) (A.25)

Using Equations (20) and (A.25), we can represent the
whale’s value with the choice of Ay; int =1, givena =1 and
B, as follows:
st A Aw (Yo + Ay1)°

2 T(T. +2,T)
(A.26)

Aw
1(]/0) max B +P(Dyo — —Ayl

where the constraint Ay; > X —yp is due to the fact that the
whale’s minimum holdings to implement the proposal is ¥.

Using the same logic that led to the derivation of Equa-
tion (A.24) from Equation (A.23), we conclude that the
whale should purchase only the amount required for the
proposal to be implemented. Purchasing more than that
would result in trading costs without any benefit; Ay; =
X —yo if yo <X, and Ayy =0 if yp > ¥. Therefore, the value of
the whale in t=1 when implementing the proposal is
expressed as:

A i
Vio1(¥0) = B+ P(yo — " [max(x — yo,0)]

6TL+1/\ [y0+max(x Yo, 0)]

2 Ta+zm O B2

Proof of Proposition 1. The first-order derivative of the
threshold for the private benefit B with respect to token
concentration v is given by

OP(R) — Ay |:.’J_C — (1 — ﬁ)yo}

6TL+1 1
(T, +2,T) I(1,7)

ify0<3_C,'

8y0

OP(R) + Ay { ]yo >0 otherwise.

(A.28)

Equation (A.28) shows that, if yo <X, the first-order deriva-
tive of B with respect to vy is negative if and only if

OP(R) < £~ (1= 5 ol

This condition is likely to occur when (i) yo is relatively
small compared with X because I'(1,T) > 1 (Lemma 2), and
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(ii) when there is higher illiquidity (A, is higher). Higher the price process should be governed by
illiquidity makes it more difficult for the whale to accumu- . .
late additional tokens to manipulate vote outcomes. B P(I) — 5 -T2 Ao+ (X —yo) T, +2<t<T;

It is easy to check that the second-order derivative of B _ N I(TL +2,T) (A31)
with respect to yp is positive. From Equation (A.28), we can b P(l) f2<t<T,+1 ’
obtain ort>T+1.

25 Aw<1*ﬁ)>0 ifyo <x;

(3}/0)2: |
“IT(Ty +2,T) T(1,7T)

]>0 otherwise. O

Proof of Proposition 2. The derivative of B with respect to
A reveals that the threshold for the private benefit to imple-
ment the proposal increases in illiquidity:

oA~ 2N (T, +2,T) TI@1,T)
(A.29)

@_N+2{[(iy0)+]z+6n+1 [y0+(5c,y0)+]2 % } > 0.

The cross-derivative of B with respect to A and yj is

N+2 _ 1 . _
25 N (—x + [1 _7F(1,T)] y0> <0 ifyo<x;
Jydd | N+2[ o7
N |TT +2.D) — T, T)} Yo >0 otherwise. O

Proof of Proposition 3. The derivative of B with respect to
T; reveals that the threshold for the private benefit to
implement the proposal increases in the length of the lock-
in period:*

B Ay

JB , 0T (1 —06) (—Ino)
oT, 2

> 0.
(1 _ 6TL+]7T)2

[vo+(x —y0)']

In other words, a longer lock-in period will provide the
whale a shorter time frame to liquidate its position. One
can also observe that the impact of a longer lock-in period
is amplified in the presence of greater illiquidity:

PB N+2 _ v 0 ol
T oA 2N [yo+ (& =y0)] aTL. (F(TL +2,T)> =

. A iy 9 5Ll
Note that the last inequality is positive because 5 (F(TTZ,T))
>0for0<o<1. O

Proof of Lemma 4. The equilibrium price process can be
obtained from the inverse demand function Equation (14)
and the optimal trading schedule of the whale. If the whale
chooses to implement the proposal, it purchases X — o unit
of tokens (Lemma 3) when y, < X. Therefore, the price in t =
1is given by

P} =P(I) + % max(X — yo,0). (A.30)

The whale’s holdings at the beginning of period t = 2 become
X, but the whale cannot liquidate them until t = T; +2 due to
the lock-in period. This condition, together with the optimal
trading schedule in Equation (22) for t > Ty + 2, implies that

This price process reflects the whale’s optimal trading strat-
egy of liquidating its increased holdings of X over the
whale’s liquidation horizon. Because of the risk neutrality
of users, the price reverts to the intrinsic value (the value
users place on the platform) whenever the whale is not
actively trading.

More specifically, initially at t = 1, the price surpasses the
intrinsic value (P} > P(I)) due to the whale’s accumulation
of tokens for manipulating the vote outcome. However,
once the whale exploits the private benefit, the price drops
below the intrinsic value during the whale’s liquidation
period.** In the absence of a lock-in period, this drop occurs
immediately at t = 2 so that P} < P(I). With a lock-in period,
the decline is delayed because the whale cannot sell right
away, but the same downward pressure emerges once lig-
uidation begins.

If the whale chooses not to implement the proposal,
it starts liquidating the tokens immediately from t=1.
Then, Equation (14), together with the optimal trading
schedule in Equation (22), implies that the price process is
governed by

—e-nA Yo .
P(R)—6 V2 if1<t<T;
PR = ®) NI(1,7) (A.32)

P(R) ift>T+1.

This price process reflects the whale’s optimal trading strat-
egy of liquidating its initial holdings of yo over the horizon
from t=1 through T. Note that the price impact of the
whale’s selling in Equation (A.32) is smaller than that in
Equation (A.31) due to a smaller trading volume.

When the whale implements the proposal (2 =1I), the
value function of a participating user in Lemma 1 together
with the equilibrium price process in Equation (A.31)
implies that the intercept in the value function in t =Ty +2
is given by

11 1
aTi+2 =55 1 +5+ +6T*TL*2

A [yo+max(x —y0,0)]”
T 2N? [(Ty +2,T) ’

Alyo + max(x — yo,0)] 2
NT(T. +2,7) >

(A.33)

where the second equality is due to the definition of I'(;,-) in
Equation (23). Because P! = P(I) for all 2<t< T, +1, Equa-
tion (A.33) together with Equation (A.30) in turn implies
that the intercept in the user’s value function in t=1 is
given by

1
ay = ﬁ(p(z) — P2+ 6"y,

ST+l [yo + max(¥ — yo,O)]2

max(x — yo,())2 + (T, +2.7)

_ A
T 2N?
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Therefore, the value of the userint =1 is

[yo +max(x — yo,())]2
(T, +2,T)

Vi(xp) = ﬁ max(¥ — 1o, 0)* + 67"

+ P(I)xo.

Finally, the user’s value with holdings xo = (1 —yo)/N in
t =0, given N, is determined by:

VI(N) = —Px + 6V (%)

= (6P(I) — P)=

sTet [yo + max(X — yo. 0J

max(X — yo, 0)* + (T, +2.7)

2N2

When the whale does not implement the proposal (2 = R),
the value function of a participating user in Lemma 1,
together with the equilibrium price process in Equation
(A.32), implies that the intercept in the value function at
t =1, given N, is represented by:

/\yo

M TONAT(L, T

Then, the value of the user in t =1 is

/\ 2
VE(xg) = = 0

N, ) H PR

Therefore, we can obtain the user’s value with holdings
x0=(1—-yo)/Nint=0, given N, as follows:

VR(N) = —Pxg + 6V (xo) = (6P(R) — P) -0 4 s A Yo
0 1 N 2N2T(1,T)

Proof of Lemma 5. To investigate the effect of user partici-
pation on the value of participation, we first evaluate the
derivative of B with respect to N. The following equation
reveals two forces that affect the threshold for the private
benefit:

9B _OA(R) A alyo+ @—yo) T
N1 5" {[(" i (R
2
_ F(%l/OT) } (A.34)

The first element reflects the bolstered platform value
driven by increased user participation. With more users
participating, the platform’s value rises due to increased
utility flows as a result of network effects. The second ele-
ment stems from improved token liquidity due to greater
user participation. When more users participate, token
transaction costs decrease, thanks to increased market-
making activities provided by an expanded pool of users.

However, the latter effect is of second order compared
with the former effect when the platform is valuable
enough—that is, A(R) is sufficiently large relative to A. That
is, Equation (A.34) reveals that the derivative of B with
respect to N can be positive with sufficiently large A(R) or
sufficiently small A.

From Equation (28), the expected value of a participating
user is

E[VG(N)] = @(N) + Q(N),

where ®(N) is defined as

O(N) = (IFEBIPR) + (1~ FENPD] - PH L, (a3

and Q is the remaining part in the value. Then, using Equa-
tion (A.35) and the definition of P(a) in Equation (3), it is
easy to see that

BN = {6A(R)

[1- 60— E®)) ——}(1 ).

Let us consider the following set of parameter values that
satisfy

A 4> {[(x g P

(T, +2,T) LT[
(A.36)

4 5Tt [yo+ (& —yo)" I’ v }

and

= oA

]/2 _ + L+ [y0+(x—y0)]
>m{r(l—?ﬂ+[(’c—yo)] + o 17},

[(T, +2,T)
(A.37)

where Ny is the mass of users with zero cost (recall that
G(0) = Np). Under the condition specified in Equations (A.36)
and (A.37), it is immediate that the derivative of B with
respect to N should be positive for any N > Nj because the
first term is constant and the second term on the right-hand
side of Equation (A.34) decreases in N.

Now, we prove that the value of participation increases
in N under the condition in Equations (A.36) and (A.37).
First, we find that ®(-) increases in N:

O'(N) = 6A( )6

FE-30 24D 1 y)>0
The inequality is due to the maintained assumption that
F'(-) > 0 and because the derivative of B with respect to N is
positive under the given condition.

Second, we find that the derivative of Q(-) with respect to
N is given by

I(1,7)

L+ []/0+(X ]/0) ] A
5T 1F(TL+2T):|} ZNZ {[(x yO) ]

= +12 2 D
+6TL+1 [yO + (x yO) ] yO }F/(B)aB <0.

AN =62 {F(B) +(1—F(B)) {[(J‘cyo)ﬂz

(T, +2,T) IQ,T) ON
Equation (A.36) implies that

- +72
5A(R)9 {[(i R S e Lk G

(1 =y0) = T(T, +2,T)

s ,
T T)HF(B)>0
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Likewise, Equation (A.37) implies that
P A = W A - 12
ﬁ(l — ) — bm {F(B)m +(1—F(B)) {[(x = y0)']

o+ [yo + (& — o)’
+67 1—I“(TL+2,T) H>o.

Hence, we conclude that @'(N)+Q'(N) >0 (implying that
E[V{(N)] increases in N) under the conditions specified in
Equations (A.36) and (A.37). O

Proof of Theorem 1. Under the condition in Equation (31),
the ex ante value of participation, denoted by E[V{(N)],
is positive by Equation (29) for any value of N € [Ny, 1]. To
see this, note that 2 = is the worst state for users because
P(I) < P(R), and P(a) is increasing in N. Hence, Equation
(31) implies

6P(a) — P > 6P(I)|n=n, — P >0,

for all a € {I, R} and all N € [Ny, 1]. Because the trading-profit
component is nonnegative, it follows that E[V{(N)] >0 for
any N € [Ny, 1]. Consequently, G(E[V}(Ny)]) > Ny due to the
monotonically increasing nature of G(+) as a cumulative dis-
tribution function, as well as the assumption that G(0) = N.
Furthermore, G(-) is bounded above by one because it is a
cumulative distribution function.

Note that the right-hand side of Equation (30) is continu-
ous in N due to the continuity of both E[V{(N)], given in
Equation (29), and G(-). Then, the right-hand side of Equa-
tion (30) is a continuous mapping from [Ny, 1] to [Ny, 1].
Hence, by the Intermediate Value Theorem, there exists a
solution N* € [Ny, 1] to Equation (30).

Furthermore, there exists a unique solution whenever the
right-hand side of Equation (30) is nonincreasing in N.
Then, it is necessary that the right-hand side of Equation
(30) should be increasing at least in some region to have
multiple equilibria. From Lemma 5, the ex ante value
E[V{(N)] is increasing in N when @'(N) > —)'(N). There-
fore, there are multiple equilibria only if the impact of
increased participation on the intrinsic value ®(N) out-
weighs that on the speculative value Q(N). O

Endnotes

! As emphasized in Han et al. (2025), many prominent protocols in
practice adopt hybrid organizational structures that combine a
DAO with foundations, core development teams, or other legal
entities (e.g., Uniswap’s Foundation and Labs). These hybrids rein-
troduce familiar principal-agent relationships at the corporate layer
while still relying on token-based voting over key parameters of the
deployed smart contracts. Our model is best interpreted as captur-
ing the “pure” DAO layer in which token holders directly govern
the protocol. The horizontal governance conflict we study between
large and small token holders remains present in such hybrid
arrangements, on top of any additional principal-agent frictions.

2DAOs can exhibit a range of conflicts of interest—between users
and developers/foundations, short-term activists and long-term
community members, different token classes (e.g., stakers versus
liquid holders), and even attackers and honest participants in gov-
ernance attacks (Han et al. 2025). Among these, the conflict between
whales and dispersed users is first order for most major DeFi DAOs
because (i) token ownership is highly concentrated in practice, (ii)

whales can credibly assemble sufficient voting power to implement
value-destroying proposals, and (iii) their trading and voting
behavior directly shapes platform growth, which is precisely what
our theoretical framework and empirical analysis are designed to
capture.

8 Throughout the paper, we use “DAO” and “platform”
interchangeably.

“ A Sybil attack is a situation where an attacker exploits a network
system by creating a large number of pseudonymous identities and
uses them to gain a disproportionately large influence.

5 There is a growing literature on cryptocurrency markets that
examines arbitrage and market integration (Makarov and Schoar
2020), user adoption and service value (Sockin and Xiong 2023a),
and the portfolio implications of including cryptoassets (Han and
Wang 2025). In parallel, a strand in cryptocurrency asset pricing
studies the time-series and cross-sectional determinants of crypto-
currency returns; see, for example, Liu and Tsyvinksi (2021), Liu
et al. (2022), and Borri and Shakhnov (2022). Our work is comple-
mentary to this strand and sheds light on cryptocurrency markets
and pricing through the lens of DeFi and DAO governance.

6 Our work is also related to the emerging literature on decentra-
lized finance (e.g., Barbon and Ranaldo 2021, Capponi and Jia 2021,
Harvey et al. 2021, Makarov and Schoar 2021, Park 2021, Augustin
et al. 2022, Cong et al. 2023, Lehar and Parlour 2025).

”In models featuring monitoring by blockholders, Maug (1998)
demonstrates that a more liquid stock market increases monitoring
activities by allowing investors to cover monitoring costs through
informed trades. Bolton and Von Thadden (1998) demonstrate that
a firm is more likely to adopt a dispersed ownership structure if
there is greater active trading in the secondary market and if regula-
tions enable takeovers as a means of gaining control.

8 In Levit et al. (2024), multiplicity of vote outcomes can arise because
of the reinforcement between voting and trading, as the shareholder
base changes in a self-fulfilling manner. Levit et al. (2023) show that a
voting premium can emerge due to the price impact of blockholders
who want to accumulate more shares to control vote outcomes.

9 For more information on specialized off-chain voting platforms,
see Snapshot (https://docs.snapshot.org/).

10 We assume risk-neutral participants for tractability, but our qual-
itative results extend to risk-averse agents. One can reinterpret the
intrinsic value as a risk-adjusted fundamental that already reflects
any ex ante discount for governance risk. Introducing risk aversion
and explicit risk premia then scales the level of token values in each
governance state without changing the comparative statics that are
central to our analysis. This is analogous to much of the market
microstructure literature, where risk aversion modifies quantitative
magnitudes but leaves the structure of equilibrium behavior largely
intact. For example, the informed trader’s strategy in Kyle (1985)
closely parallels that of a risk-averse trader in Holden and Subrah-
manyam (1994). Likewise, risk aversion of marginal investors influ-
ences pricing through risk premia—Vives (1995) exclude risk premia
because marginal investors are risk-neutral, whereas Grossman and
Stiglitz (1980) include them because marginal investors are risk-
averse—without overturning the core economic mechanisms.

" The individual-specific cost ¢, can be considered as the aggrega-
tion of various types of costs that arise when initially participating
in the platform. They may include costs related to information
acquisition, effort exertion, commissions, and so on. The level of
these costs may vary among individuals due to differences in their
connection to the platform, knowledge, or wealth, among other
factors.

2 The tokens provide access to services for the current period
immediately after trading. For instance, if a participant begins
period t with a holding of X;_; and purchases an additional AX;
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units of tokens during the period, their holdings in period t generat-
ing utility flows will be X; = X;_1 + AX;.

B reality, the situation is far more intricate. Consider, for instance,
a scenario where a whale’s interests align with those of users. The
whale can benefit users by generating value-increasing proposals.
This possibility is exemplified by cases with low private benefits in
our model, where A(R) would represent the potential value achiev-
able due to the presence of a benevolent whale. Sometimes, how-
ever, multiple whales may harbor different objectives—one aligns
with users, whereas the others do not. In these scenarios, the compe-
tition between these whales shapes the governance outcome. Our
paper deliberately sidesteps delving into further complexities, such
as those tied to varying preferences. Instead, we concentrate solely
on the tension between large and small token holders—an issue
prevalent in recent DAO governance, exemplified by rug pull inci-
dents discussed in the introduction.

14 Other examples of vote-escrowed tokens include Frax Finance
(FXS) and Dopex (DPX).

% We assume that the whale will not vote at all if it does not sup-
port the proposal, and, as a result, its holdings are not locked in.

16 See, for example, Dow et al. (2021, 2024) and van Binsbergen et al.
(2024, 2026) for related discussions.

7 Because users share the same intrinsic valuation P(a), they only
trade in order to absorb the whale’s orders. When the whale buys
(Ay; > 0), users sell at a price above P(a); when the whale sells
(Ay: <0), users buy at a price below P(a). Hence, users earn expected
trading gains at the whale’s expense that are proportional to (Ay;)*.
This is captured by the future trading gains term in Equation (9),
which is therefore always nonnegative (and equal to zero only when
the whale does not trade)

18 Note that when there is no lock-in period (i.e., Tr =0), this con-
straint never binds.

19 In the case where the discount factor is one, this term simplifies
to the total trading volume divided by the remaining number of
days before the liquidation:

Y

Ays = — =,
Y T—t+1

forall t <s<T. (25)

20 We denote x* as max(x,0).

2! This aligns with findings in the literature on the multiplicity of
equilibria in the presence of self-fulfilling forces in financial markets
(e.g., Ozdenoren and Yuan 2008, Ganguli and Yang 2009, Bebchuk
and Goldstein 2011, Goldstein et al. 2014, Goldstein and Yang 2015,
Levit et al. 2024). In particular, Levit et al. (2024) show that multiplic-
ity arises due to the feedback between the composition of the share-
holder base and the expected vote outcome through the trading of
shares (see our literature section). In their model, the likelihood of
multiplicity increases with greater disagreement or reduced trading
frictions. The multiplicity in our model occurs through the channel
of user participation, which generates network externality in the
platform’s value.

22 We use platform growth as a proxy for a higher B—that is, a
lower likelihood of value-destroying outcomes. Although B is not
directly observable, the model implies that a higher B increases par-
ticipation and the platform’s intrinsic value, which should be
reflected in higher subsequent TVL growth, as shown in Section 3.4.

22 In our theoretical and empirical analyses, we focus on economi-
cally meaningful cases where whales’ holdings are below the criti-
cal threshold x.

24 To use the voting platform, a DAO needs to claim a domain on
the Ethereum Name Service, a blockchain equivalent of the internet
naming convention known as the Domain Name System. This vot-
ing platform automates key aspects of investor voting, including

selecting the voting mechanism, validating proposals and votes,
and providing real-time vote tallies.

% Information on voting strategies is being manually collected
because the original data from Snapshot is incomplete.

26 Some DAOs allow token holders to delegate their votes to a
third-party delegate, who will be responsible for voting on propo-
sals. In our data, an individual or voter refers to a delegate, imply-
ing that the HHI of voting power captures the concentration of
delegates’ voting power.

27 In certain situations, double counting may take place when one
protocol facilitates operations with another protocol. Starting August
2022, Defillama reports TVL figures by removing double counting
among protocols.

28 Regulators generally consider markets in which the HHI is in
excess of 2,500 points to be highly concentrated. See the Horizontal
Merger Guidelines (2010) issued by the U.S. Department of Justice
and the Federal Trade Commission.

29 We thank an anonymous referee for making this suggestion.

30 For details on specific mechanisms, see Posner and Weyl (2014),
Lalley and Weyl (2018), and the design documents of platforms
such as Curve, Kyber, Aragon, and Gitcoin.

31 The second-order condition is always satisfied because A is positive.

32 Our model generalizes the approach used in van Binsbergen et al.
(2024) by further including strategic trading under price impact (i.e.,
endogenous prices) and utility flows of the investment opportunity.

33 The lock-in length T is an integer. We write 9B /9T, by treating T},
as a real variable to simplify notation. The underlying comparative
static is discrete and can be stated as the forward difference B(T; +
1) — B(Ty) > 0 for integer Ty ; the sign conclusion is unchanged.

34 The price pattern observed when a value-destroying proposal is
implemented is reminiscent of pump-and-dump schemes, where
prices are artificially inflated and subsequently experience signifi-
cant declines (Li et al. 2018).
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