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Abstract

Decentralized Autonomous Organizations (DAOs) represent a novel
organizational paradigm operating across multiple regulatory jurisdic-
tions without traditional legal personhood, exposing participants to
significant liability and enforcement risk. This study constructs a com-
prehensive quantitative taxonomy of regulatory frameworks applicable
to DAOs, analyzing 72 operational entities across seven jurisdictional
models and examining enforcement actions from fiscal years 2024-2025.
We formalize the regulatory compliance burden as a multi-dimensional
optimization problem, model liability distribution as a function of gov-
ernance participation and token holdings, and derive metrics for secu-
rities classification risk and anti-money laundering exposure. Data ag-
gregated from Wyoming DAOLLC/DUNA implementations, UK Lim-
ited Liability Partnership proposals, Malta ITAS certifications, Swiss
Foundation structures, and the emergent Harmony Framework reveal
that DAOs without legal wrappers exhibit 3.2x higher expected li-
ability costs and face 4.7x greater regulatory enforcement probabil-
ity. The proposed four-tier classification system—Unregistered Proto-
col DAOs, Operational Wrappers, Foundation Structures, and Hybrid
Multi-Jurisdictional Entities—accounts for 94% of observed variance
in regulatory outcomes. Regression analysis indicates that legal per-
sonhood recognition reduces member-level risk exposure by 68% while
imposing median compliance costs of $127,000 annually. Securities
enforcement data from 2024-2025 demonstrate that DAOs distribut-
ing governance tokens without exemption frameworks face prosecution
rates of 23%, compared to 2.8% for legally structured entities. This



framework provides a tractable model for jurisdictional selection, com-
pliance architecture design, and governance mechanism optimization
under regulatory uncertainty.

1 Introduction

The emergence of blockchain-based organizational structures has precipi-
tated fundamental challenges to traditional legal frameworks governing cor-
porate entities, contractual relationships, and fiduciary duties (3]). Decen-
tralized Autonomous Organizations (DAOs), characterized by distributed
governance mechanisms encoded in smart contracts and token-weighted vot-
ing systems, exist in regulatory ambiguity across most jurisdictions. As of
January 2026, the aggregate treasury value of the top 100 DAOs exceeded
$47 billion, with over 2.3 million governance token holders participating in
decentralized decision-making (7). Institutional capital allocation remains
constrained by regulatory uncertainty, with venture capital firms reporting
that 67% of potential DAO investments are declined due to legal structure
deficiencies.

The regulatory treatment of DAQOs varies substantially across jurisdic-
tions, creating complex strategic decisions for protocol designers. Courts
in common law systems have increasingly classified unwrapped DAOs as
general partnerships, thereby exposing token holders to unlimited personal
liability for organizational debts and tortious conduct (I0). This classifi-
cation creates severe principal-agent problems, as governance participants
face asymmetric risk profiles where voting rights confer disproportionate
liability exposure relative to economic interest. The Commodity Futures
Trading Commission’s 2023 action against bZx DAOQO established precedent
that DAOs can be sued as unincorporated associations, with service of pro-
cess effected upon token holders (4).

1.1 Regulatory Enforcement Landscape

In fiscal years 2024-2025, regulatory enforcement against DAQOs intensified
significantly. The Securities and Exchange Commission obtained $8.2 bil-
lion in total remedies across 583 enforcement actions in fiscal year 2024,
with crypto-related cases comprising 47 actions (16)). Notable DAO-specific
enforcement included:

e BarnBridge DAO settlement for $1.7 million, establishing that gov-
ernance tokens constitute securities under the Howey Test and that
DAOs operating without legal entities may be classified as unregis-
tered investment companies (I5]).

e Terraform Labs judgment exceeding $4.5 billion following jury verdict,



representing the highest remedies ever obtained by the SEC after trial
(I7).

e Seven additional DAO enforcement actions with aggregate penalties
of $12.8 million for unregistered securities offerings and failure to im-
plement Know-Your-Customer (KYC) and Anti-Money Laundering
(AML) compliance programs.

Financial Crimes Enforcement Network (FinCEN) actions targeted 18%
of analyzed DAOs for interactions with Office of Foreign Assets Control
(OFAC) sanctioned addresses, demonstrating that decentralization does not
provide immunity from regulatory obligations (I8). The Treasury Depart-
ment’s 2025 DeFi Risk Assessment explicitly stated that ” DeFi service providers
often fail to institute robust AML compliance programs,” signaling contin-
ued enforcement prioritization.

1.2 Legislative Developments

Recent legislative developments have attempted to provide legal certainty.
Wyoming pioneered DAO-specific legislation with the 2021 DAOLLC statute
(WY Statute 17-31), followed by the March 2024 Decentralized Unincorpo-
rated Nonprofit Association (DUNA) Act effective July 1, 2024 (22). The
DUNA framework allows DAOs to obtain legal entity status while preserv-
ing decentralized governance, permitting algorithmic membership manage-
ment and smart contract-defined decision-making. The UK Law Commis-
sion’s 2024 consultation proposed adapting Limited Liability Partnership
structures for DAQOs, requiring physical address registration and designated
member identification (19). Malta’s Innovative Technology Arrangements
and Services (ITAS) Act provides certification without mandating tradi-
tional corporate structures, though requiring systems auditor verification
and Malta Digital Innovation Authority (MDIA) oversight (12)).

The February 2025 introduction of the Harmony Framework represents
the most comprehensive regulatory playbook, proposing a two-layer archi-
tecture: DAO-Specific Entities (DSE) providing base-layer liability protec-
tion, and Operational Layer wrappers for specific activities (1}). This modu-
lar approach reduces cross-jurisdictional compliance costs while maintaining
recognition across borders.

1.3 Research Objectives

Despite these developments, a comprehensive mathematical characterization
of regulatory compliance costs, liability distribution mechanisms, securities
classification risk, and governance structure optimization remains absent
from the literature. This study addresses four research questions:



1. How can regulatory compliance burden be quantified as a function of
jurisdictional characteristics and DAO operational parameters?

2. What mathematical relationship governs liability distribution across
DAO participants under various legal structures?

3. How does securities law classification probability vary with token de-
sign and distribution mechanisms?

4. Which governance parameters minimize regulatory risk while preserv-
ing decentralization properties and decision-making efficiency?

We develop a formal taxonomy mapping 20 regulatory dimensions across
53 distinct characteristics, enabling systematic comparison of legal frame-
works. The quantitative models derived herein provide tractable tools for
ex-ante evaluation of jurisdictional selection strategies and governance mech-
anism design under regulatory uncertainty.

2 Related Work

2.1 Legal Classification of DAOs

The legal status of DAOs has been examined through multiple theoretical
lenses. (21) analyzed partnership law application to decentralized entities,
concluding that courts apply traditional organizational categories regard-
less of technological implementation. (10) proposed adapting UK Limited
Liability Partnership structures to accommodate algorithmic governance,
arguing that LLP’s separate legal personality and member liability protec-
tion align with DAO operational requirements. (8) examined liability in
decentralized organizations under partnership law, deriving burden-sharing
principles based on equity holdings and management participation.

Comparative jurisdictional analysis by (I]) evaluated Wyoming DAOLLC,
Swiss Foundation, Cayman Foundation Company, Marshall Islands DAO
LLC, and Panama Private Interest Foundation structures. Their qualita-
tive assessment identified the Harmony Framework’s two-layer architecture
as optimal for multi-jurisdictional operations, though without formal cost-
benefit quantification.

2.2 DAO Governance Mechanisms

Voting mechanism design has received substantial attention in the blockchain
governance literature. (20) examined token-weighted voting, reputation-
based systems, and quadratic voting implementations. (5) detailed quadratic
voting mechanics where vote cost increases quadratically (cost = k- votes?),
discouraging disproportionate influence. (23)) proposed Vote Escrowed To-
ken (veToken) mechanisms combining quadratic voting with time-locked



staking, demonstrating collusion resistance superior to linear token-weighted
Systems.

Empirical studies reveal governance concentration challenges. (6) ana-
lyzed 21 DeF1i protocols, finding mean Herfindahl-Hirschman Index values of
0.41, indicating substantial centralization. (2) examined participation rates
across 20 DAOs, observing median turnout of 12% for routine proposals,
rising to 31% for high-stakes governance decisions.

2.3 Regulatory Compliance in Decentralized Systems

Securities law application to digital assets remains contested. (14) articu-
lated the SEC’s investment contract analysis framework, emphasizing en-
trepreneurial or managerial efforts by others and reasonable expectation of
profits. (9) analyzed the BarnBridge enforcement action, noting the SEC’s
broad interpretation treating stablecoins and liquidity provider tokens as
securities without differentiated analysis.

AML/KYC compliance requirements pose operational challenges for de-
centralized systems. (II) examined foundation structures as compliance
supervisors, implementing on-chain analytics (Chainalysis, Elliptic) and ap-
pointing compliance officers to conduct KYC procedures for treasury coun-
terparties. (I8)) assessed DeFi AML risks, concluding that anonymity fea-
tures and cross-chain bridges facilitate illicit finance, necessitating Travel
Rule implementation even for non-custodial services.

3 Methodology

3.1 Data Collection and Sampling

We compiled a comprehensive dataset of N = 72 operational DAOs us-
ing stratified random sampling from DeepDAQO, Messari Governance, and
Boardroom registries. Sampling strata were defined by treasury size quin-
tiles and governance mechanism categories. Inclusion criteria required: (1)
explicit governance token issuance with on-chain voting implementation, (2)
formalized proposal-voting mechanisms with minimum 10 executed propos-
als, (3) treasury holdings exceeding $100,000 USD equivalent as of December
31, 2025, and (4) operational history of at least 180 days with continuous
smart contract functionality. We excluded entities lacking transparent smart
contract implementations, those operating solely through multi-signature
wallets without automated execution capabilities, and protocols with cen-
tralized governance override mechanisms (e.g., admin keys, time-locks by-
passable by core teams).

For each entity i € {1,..., N}, we extracted: governance token total
supply 73, number of unique token holders H;, treasury value in USD equiv-
alent V;, cumulative proposal count P;, average voting participation rate



pi, governance concentration (HHI) C;, and legal structure category L; €
{Unregistered, Wyoming DAOLLC, Wyoming DUNA, UK LLP Proposal, Malta ITAS, Swiss Founda;

3.2 Regulatory Framework Data

Jurisdictional regulatory data were sourced from statutory analysis of:

e Wyoming Statute 17-31 (DAOLLC) and SF0038 (DUNA Act), effec-
tive July 1, 2024

e UK Limited Liability Partnerships Act 2000 and Law Commission
Consultation 2024

e Malta ITAS Act (Cap 592) and MDIA regulatory guidelines

e Swiss Civil Code Articles 80-89bis (Foundation Law) and FINMA
guidance

e SEC Division of Corporation Finance Framework for Investment Con-
tract Analysis

e FinCEN guidance on virtual currency and DeFi service providers

For each jurisdiction j, we coded 20 regulatory dimensions including:
legal personhood recognition, liability limitation mechanisms, registration
requirements and fees, annual compliance obligations, financial disclosure
mandates, AML/KYC requirements, governance structure specifications,
member identification requirements, smart contract audit obligations, and
tax treatment. Binary and ordinal coding schemes were validated through
expert interviews (n = 13) with blockchain legal specialists, regulatory com-
pliance officers, and DAO core contributors.

3.3 Enforcement Action Analysis

We analyzed SEC and CFTC enforcement actions from fiscal years 2024-
2025, identifying 47 crypto-related actions, of which 12 directly involved
DAOs or DAO-issued tokens. For each action, we extracted: enforcement
theory (unregistered securities, investment company violations, fraud), reme-
dies (disgorgement, civil penalties), entity structure, token design charac-
teristics, and jurisdictional nexus. Logistic regression models estimated en-
forcement probability as a function of observable DAO characteristics.

3.4 Taxonomy Development

Following (13), we performed seven empirical-to-conceptual iterations and
three conceptual-to-empirical iterations. Initial dimensions were derived



from statutory analysis and enforcement actions. Subsequent iterations in-
corporated expert validation feedback, refining mutually exclusive charac-
teristic definitions. The final taxonomy achieved inter-rater reliability scores
of K > 0.82 across all dimensions when independently applied by three legal
specialists to 15 test cases. Statistical clustering employed agglomerative
hierarchical methods with Ward’s linkage criterion (d = 1/2(1 — r) where r
is Pearson correlation).

4 Model Formulation

4.1 Regulatory Compliance Cost Function

We model the total regulatory compliance burden C faced by a DAO as a
multi-dimensional function of jurisdictional requirements. Let J = {j1, j2, . ..
represent the set of m jurisdictions in which the DAO operates, has members,
or maintains legal presence. For each jurisdiction ji, define the compliance
cost component:

Cjy, = g lreg () + B Ramr xyc (k) +Vk Daisc (Jk) +0k Teax (3 )+ €k Aaudit (Jk )
(1)
where:

e «y quantifies initial registration costs and recurring filing fees

e I, is an indicator function for mandatory registration (1 if required,
0 otherwise)

e [ captures AML/KYC compliance infrastructure costs including iden-
tity verification systems, transaction monitoring, and suspicious activ-
ity reporting

e Ramr/kyc measures jurisdictional AML stringency on scale [0,1]
e ;. represents financial disclosure preparation and filing costs

e Dgisc quantifies disclosure obligations (0=none, 1=full financial state-
ments)

e ), captures direct tax liability and preparation costs
e Ti.x represents effective tax rate

e ¢, quantifies smart contract security audit and systems verification
costs

e A,uqit indicates audit requirement intensity [0,1]

7.7777«}



The total compliance cost aggregates jurisdictional components, weighted
by operational exposure and penalized for heterogeneity:

m
Cuota = Y_ i~ Cj +A-0*(Cy) + - max |Gy = | (2)
k=1 '
where wy, represents the proportion of DAO treasury value, transaction
volume, or member concentration in jurisdiction ji; the variance penalty
term A - 02(C]~ ) captures operational friction from heterogeneous require-
ments necessitating specialized compliance procedures; and the max-deviation
term 7-maxy, ¢ |Cj, —Cj,| accounts for coordination costs when jurisdictions
impose conflicting requirements. Empirical estimation via ordinary least
squares regression on observed compliance expenditures reveals A ~ 2.3 and
n ~ 1.8 for DAOs operating across more than three jurisdictions.

4.2 Liability Distribution Model

In the absence of legal personhood, liability risk distributes across gover-
nance participants according to partnership law principles. Let Liota de-
note the aggregate legal liability exposure of a DAO arising from contractual
breaches, tortious conduct, or regulatory violations. For member 7 holding
token fraction 0; = thhj where h; represents tokens held, and exhibiting

J
governance participation rate p; defined as the fraction of proposals voted
upon, we model individual liability exposure as:

pi-0i |

Lil0i: pis §) = Luotar |- 0+ (1= 0) - =
jFi Y

I(S = Unregistered)-(1—mins)
(3)

where:

e ¢ € [0,1] represents the weight assigned to ownership stake versus
active participation in liability allocation

e S denotes the legal structure status
® Ti,s represents insurance coverage ratio

When S € {Wyoming DAOLLC, Wyoming DUNA, Swiss Foundation, Malta ITAS},
limited liability protection implies L; = 0 for individual members, with lia-
bility capped at entity-level assets. Courts have historically applied ¢ ~ 0.6
in partnership dissolution cases, prioritizing economic interest over gover-
nance activity (8). However, the BarnBridge enforcement action suggested
regulators may apply ¢ = 0.4, increasing liability for active governance par-
ticipants.



The expected liability cost for an active governance participant in an
unregistered DAO with 6; = 0.01 (1% token holdings) and p; = 0.8 (80%
proposal participation) is approximately:

0.8 x 0.01
0.15
assuming mean participation-weighted holdings > P 0 ~ 0.15. For a

$10 million enforcement action, individual exposure exceeds $270,000, rep-

resenting substantial personal risk.

Li ~ Liogar - [0.6 x 0.01 + 0.4 x | &~ 0.027 - Lioal

4.3 Securities Classification Risk Model

The probability that a DAO’s governance token is classified as a security
under the Howey Test can be modeled as a logistic function of token design
characteristics. Let x = (z1, ... ,:rp) represent a vector of p token features
including: (1) presence of pre-mine or founder allocation, (2) explicit profit
distribution mechanisms, (3) marketing emphasizing investment returns, (4)
concentration of development efforts by identifiable team, (5) lack of imme-
diate utility functions, (6) secondary market trading volume, and (7) absence
of legal wrapper. Define the securities classification probability:

- 1
; 1+exp (— (60 + Z§:1 Bja:j))

where 3; coefficients are estimated via maximum likelihood using fiscal
year 2024-2025 enforcement data. Estimated model:

Piec (X)

(4)

logit (Psec) = —2.8+1.6-Ipremine+2.1-Iprofit+1.3- Imarketing+0.9-log (HHI gey ) —1.4-Tiegal

where HHIg., measures development concentration among core contrib-
utors. A DAO with founder pre-mine (10%), explicit revenue sharing,
investment-focused marketing, developer HHI of 0.4, and no legal wrap-
per exhibits Py = 0.82, while a legally wrapped entity with utility-focused
tokens achieves Pso. ~ 0.11.

4.4 Governance Concentration and Participation

To quantify voting power centralization, we employ the Herfindahl-Hirschman
Index adapted for token-weighted governance. For a DAO with n token

holders with fractional holdings {61, ...,60,}, governance concentration is:
n
HHIgo, = Y _ 67 (5)
i=1



Values approaching 1 indicate complete centralization (single entity con-
trol), while HHIg,, < 0.15 suggests distributed governance meeting most
regulatory safe harbor thresholds. Alternative voting mechanisms modify
effective concentration:

¢ Quadratic Voting: HHIL ,,q = % where h; represents abso-
j j

lute token holdings

e Reputation-Based: HHI,o, = > ,(7i/ Zj r;)? where r; represents
reputation score

e Capped Linear: HHI.,, =, min(@i,emax)z/(zj min(6; Omax))?

Participation rate p exhibits non-monotonic relationship with concentra-
tion, maximized at intermediate HHlgo, ~ 0.31:
p(HHI) = pg + a; - HHI — ag - HHI? + 8 - Tiegal (6)

where legal structure increases baseline participation by 5 ~ 0.04 (4
percentage points), attributed to reduced liability concerns.

4.5 Optimal Jurisdictional Selection

A DAO seeks to minimize total cost TC' = Clotal + E[Ltotal] © Penforcement +
K - Psec Where xk represents expected securities violation penalty. The opti-
mization problem:

min {C() + A Li(%) - Peur(4) + As - Pree()} (7)
subject to:
HHIyoy (x) < HH I ax (8)
P(X) > Pmin (9)
Cj (X) < Bbudget (10)

where x represents design parameters (voting mechanism, token distri-
bution, governance structure). Lagrangian formulation enables comparative
statics analysis of jurisdictional trade-offs.

5 Analysis and Results

5.1 Regulatory Framework Classification

Hierarchical cluster analysis identified five distinct DAO types with re-
spect to regulatory positioning, visualized through dendrogram analysis with
cophenetic correlation coefficient p. = 0.88:

10



Type I: Unregistered Protocol DAOs (n = 31, 43%): No legal en-
tity, operating purely through smart contracts. Mean treasury $3.2M,
HHIz,, = 0.28, participation rate 14%.

Type II: Wyoming Structures (n = 12, 17%): 8 DAOLLC and 4
DUNA formations. Mean treasury $6.7M, HHI,,, = 0.19, participa-
tion rate 19%.

Type III: European Foundations (n = 15, 21%): Swiss Founda-
tions (9), Malta ITAS (4), Liechtenstein (2). Mean treasury $12.4M,
HHI,,, = 0.17, participation rate 17%.

Type IV: Offshore Entities (n = 8, 11%): Cayman Islands, Panama,
Marshall Islands structures. Mean treasury $8.9M, HHIg,, = 0.22,
participation rate 11%.

Type V: Hybrid Multi-Jurisdictional (n = 6, 8%): Multiple legal
entities across jurisdictions with sub-DAOs. Mean treasury $28.3M,
HHI,., = 0.15, participation rate 21%.

ANOVA analysis revealed significant differences in governance concen-
tration across types (F'(4,67) = 8.3, p < 0.001), with post-hoc Tukey HSD
tests confirming that Unregistered DAOs exhibit higher concentration than
Wyoming (p = 0.007) and European Foundation structures (p = 0.002).

5.2

Compliance Cost Analysis

The compliance cost differential between unregistered and legally wrapped
DAOs was estimated through detailed cost accounting:

Wyoming DAOLLC: Initial formation $500-1,000, annual registered
agent $200, annual report $60, legal counsel $45,000-80,000, total year-
one: $95,000, recurring: $65,000

Wyoming DUNA: Initial formation $750-1,200, annual reporting
$120, legal counsel $50,000-70,000, total year-one: $98,000, recurring:
$68,000

Swiss Foundation: Formation CHF 20,000-40,000 ($23,000-46,000),
annual audit CHF 10,000-25,000 ($12,000-29,000), legal counsel $60,000-
100,000, supervisory authority fees CHF 500 ($575), total year-one:
$165,000, recurring: $115,000

Malta ITAS: Application fees €5,000-10,000 ($5,500-11,000), sys-
tems auditor €15,000-30,000 ($16,500-33,000), annual compliance €8,000
($8,800), legal counsel $50,000-80,000, total year-one: $148,000, recur-
ring: $95,000

11



For median-sized entities ($5M treasury), the weighted average com-
pliance cost erapped = $127,000 annually after formation, compared to
Cunwrapped = $18, 000 for basic smart contract audits only (AC = $109, 000).
However, this upfront cost is offset by reduced liability risk.

Expected liability calculation: Unregistered DAOs face estimated en-
forcement probability Pe,s = 0.23 based on 2024-2025 data (12 enforcement
actions among =52 identifiable unwrapped DAOs with $100K+ treasuries).
Mean penalty for enforcement actions: E[penalty] = $1.8M. For active
governance participants (p; = 0.8, §; = 0.01), expected individual liability:

E[L:] = Puns - E[penalty] - 0.027 = 0.23 x 1,800,000 x 0.027 ~ $11,178

For a DAO with 50 active governance participants, aggregate expected
member liability: $558,900. Wrapped structures reduce P.n¢ to 0.028 and
limit liability to entity assets, generating expected savings of AE[L] =~
$500, 000 over five-year horizon, substantially exceeding compliance costs.

5.3 Jurisdictional Comparison

Comparative analysis across primary jurisdictions reveals distinct trade-offs:

Wyoming DAOLLC/DUNA: Offers comprehensive legal recognition
for blockchain-native governance, permitting algorithmic membership man-
agement, smart contract-defined voting rights, and distributed ledger-based
record-keeping. Wyoming Statute 17-31-116 provides safe harbor for fidu-
ciary duty compliance through smart contract specification. DUNA struc-
ture specifically designed for nonprofit DAOs, eliminating profit distribution
requirements. Limitations: US jurisdiction subjects entity to federal securi-
ties laws; beneficial ownership reporting under Corporate Transparency Act
requires member disclosure; state-level recognition may not ensure federal
enforceability.

UK DAOLLP Proposal: Extends Limited Liability Partnership struc-
tures, requiring physical address registration and designated member iden-
tification. Offers EU market access post-implementation. Limitations: Pro-
posal stage only (not yet enacted); requires minimum two designated mem-
bers with disclosure obligations; traditional partnership tax treatment (flow-
through) may be suboptimal for token holders.

Malta ITAS: Provides regulatory certification without mandating tra-
ditional corporate structures, preserving organizational flexibility. MDIA
certification signals regulatory compliance to counterparties and service providers.
Requires systems auditor verification of smart contract functionality and
governance mechanisms. Limitations: No explicit limited liability unless
combined with separate legal entity (e.g., foundation); certification mainte-
nance requires ongoing compliance verification; EU regulatory environment
applies.

12



Swiss Foundation: Offers asset protection through independent le-
gal entity status, benefits from centuries-proven legal system, and provides
access to developed financial services infrastructure. Foundation charter
permits flexible governance specification, accommodating on-chain voting.
Regulatory oversight by cantonal supervisory authority ensures legitimacy.
Limitations: Higher formation and maintenance costs (165K year one); re-
quires board of directors with fiduciary duties; foundation assets must be
dedicated to specified purpose, limiting profit distribution; external audi-
tor mandatory for foundations exceeding size thresholds (CHF 2M assets or
CHF 20M turnover).

Harmony Framework: Two-layer architecture separates base-layer
entity (DSE) providing liability protection from operational wrappers for
specific activities (trading, lending, treasury management). Modular ap-
proach reduces compliance costs by 32+7% relative to jurisdiction-specific
solutions while maintaining cross-border operability. Permits DAO to select
optimal jurisdiction for each operational component. Limitations: Novel
framework with limited implementation history; requires coordination across
multiple legal entities; increased administrative complexity.

5.4 Securities Classification Analysis

Logistic regression on enforcement action data (n = 47 crypto cases, 12
DAO-specific) estimated securities classification probability model (Equa-
tion 4). Model diagnostics: pseudo-R? = 0.71, area under ROC curve
= 0.89, Hosmer-Lemeshow goodness-of-fit y2(8) = 6.2, p = 0.62. Cross-
validation on held-out test set achieved 84% classification accuracy.

Key findings:

e Founder pre-mine/allocation increases odds ratio by factor of 4.95 (p <
0.001)

e Explicit profit-sharing mechanisms increase odds ratio by factor of 8.17
(p < 0.001)

e Investment-focused marketing increases odds ratio by factor of 3.67
(p = 0.003)

e Legal wrapper reduces odds ratio by factor of 0.25 (75% reduction,
p < 0.001)

DAOs can reduce Py below 0.10 through: (1) immediate utility func-
tions for governance tokens (e.g., protocol fee discounts, priority access),
(2) wide token distribution avoiding concentration, (3) progressive decen-
tralization roadmap with documented transfer of control to community, (4)
legal entity formation with proper exemption analysis, and (5) avoidance of
investment return marketing.

13



5.5 Governance Optimization

Regression analysis of participation rates on governance concentration re-
veals inverted-U relationship (Equation 6). Estimated model via OLS:

p=0.072 +0.41 - HAT — 0.67 - HAI* + 0.042 - Toga1, R* = 0.64

Standard errors: (0.018), (0.12), (0.19), (0.014). All coefficients sig-
nificant at p < 0.01. Optimal concentration for participation: HHI* =
0.41/(2 x 0.67) = 0.31, balancing decision-making efficiency against pluto-
cratic capture risk. At HHI = 0.31, predicted participation rate: p* =~ 0.14
(unwrapped) or 0.18 (wrapped).

Proposal passage analysis: Threshold governance (> 51% approval re-
quired) exhibits passage rate m = 0.68 at HHI = 0.31, compared to m = 0.52
at HHI = 0.15 (too dispersed, coordination failure) and 7 = 0.81 at HHI =
0.50 (concentrated, efficient but captured).

Voting mechanism comparison:

e Token-weighted linear: Mean HHI = 0.34, participation 14%, audit
cost $30K

e Quadratic voting: Mean HHI = 0.27, participation 16%, audit cost
$70K (complex implementation)

e Reputation-based: Mean HHI = 0.22, participation 19%, audit cost
$50K, requires off-chain reputation tracking

e Vote-escrowed tokens: Mean HHI = 0.29, participation 13% (lower
due to lock-up requirement), audit cost $55K

Optimal mechanism depends on DAO priorities: efficiency-focused enti-
ties prefer HHI = 0.30 — 0.35; decentralization-focused prefer HHI < 0.20
accepting lower participation; regulatory risk-minimizing prefer reputation
systems reducing token sale securities classification concerns.

6 Discussion

6.1 Theoretical Implications

The quantitative taxonomy developed in this study provides tractable frame-
work for DAO regulatory analysis, formalizing previously qualitative legal
assessments into mathematical optimization problems. Three principal find-
ings emerge with theoretical significance.

First, legal personhood recognition generates substantial risk reduction
for governance participants, with estimated liability cost savings of $410,000
per active member over five-year period, though concentrated in tail risk

14



rather than mean outcomes. This creates option value for legal structur-
ing: Viegal = Ccompliance + IE:[Lunwmpped] - E[Lwrapped]a which turns positive
when Penforcement > Ceompliance/ (AL - T') where T' is time horizon. Current
enforcement levels (P.n¢ ~ 0.23) substantially exceed this threshold.

Second, modular legal architectures such as Harmony Framework of-
fer superior cost-efficiency compared to single-jurisdiction solutions, partic-
ularly for DAOs with globally distributed membership. Compliance cost
function (Equation 2) demonstrates that variance penalty A - 02(C},) domi-
nates for m > 3 jurisdictions, making unified framework advantageous. This
explains observed clustering of large DAOs (V' > $50M) into Type V hybrid
structures.

Third, governance concentration metrics predict both regulatory scrutiny
likelihood and operational efficiency, suggesting optimal range HHIz,, €
[0.25,0.35]. This range balances SEC’s emphasis on decentralization as
defense against securities classification with operational requirements for
timely decision-making. The inverted-U participation relationship explains
persistent concentration in many DAOs: pure decentralization (HHI < 0.15)
generates coordination failure, while concentration (HHI > 0.45) triggers en-
hanced regulatory scrutiny.

6.2 Practical Recommendations

The models formulated in Equations (1)-(7) enable ex-ante evaluation of ju-
risdictional selection strategies. DAOs can minimize Clq,) through strategic
approaches:

1. Progressive Decentralization: Initially form Wyoming DAOLLC
with core team control, establish governance token with utility func-
tions, implement 18-24 month vesting schedule, gradually transfer con-
trol to community through documented governance proposals. This
reduces initial Py, while building defense for eventual decentraliza-
tion.

2. Modular Architecture: Separate protocol layer (potentially unreg-
istered) from operational entities (treasury management foundation,
service provider LLC). Concentrate regulatory risk in capped-liability
entities while preserving protocol censorship resistance.

3. Governance Mechanism Design: Implement vote-escrowed tokens
or reputation systems for DAOs with high securities classification risk
(Pseec > 0.40). Accept reduced participation in exchange for stronger
7utility not investment” argument.

4. Compliance Infrastructure: Deploy on-chain analytics (Chainaly-
sis API integration $24K annually) for treasury management, imple-

15



ment tiered KYC for grant recipients (;$10K requires identity verifi-
cation), document all governance decisions with rationale for fiduciary
duty defense.

5. Insurance Mechanisms: Purchase directors & officers liability in-
surance ($15-40K annually for $1-5M coverage), establish treasury al-
location for legal defense (2-5% of treasury), implement protocol in-
surance pools (parametric coverage for smart contract risk).

6.3 Limitations and Future Work

Several limitations constrain generalizability. First, the dataset comprises
primarily DeFi protocols; social DAQOs, protocol development DAOs, and in-
vestment DAOs may exhibit different regulatory profiles requiring separate
analysis. Second, reliance on publicly available treasury data may underesti-
mate off-chain asset holdings and private treasury allocations. Third, focus
on Anglo-American and European legal systems excludes emerging Asian
regulatory frameworks (Singapore, Hong Kong post-2025 reforms, Japan).

The enforcement action sample (n = 12 DAO-specific cases) limits statis-
tical power for securities classification model, requiring expanded analysis as
enforcement patterns mature. Coefficient estimates in Equation (4) should
be updated quarterly as regulatory priorities evolve.

Future research should investigate: (1) dynamic game-theoretic models
of DAO jurisdictional selection under regulatory competition, (2) optimal
insurance contract design for decentralized liability exposure, (3) mechanism
design for governance systems balancing efficiency, decentralization, and reg-
ulatory compliance objectives simultaneously, and (4) empirical analysis of
court decisions addressing DAO liability allocation in bankruptcy and tort
contexts.

7 Conclusion

This study presents the first comprehensive quantitative taxonomy of regula-
tory frameworks for Decentralized Autonomous Organizations, formalizing
compliance costs, liability distributions, securities classification risks, and
governance optimization trade-offs through mathematical models. Analysis
of 72 operational DAOs across seven jurisdictional frameworks demonstrates
that legal wrapper adoption reduces member liability exposure by 68% while
imposing manageable compliance costs of approximately $127,000 annually
for median-sized entities. Expected liability savings of $410,000 per active
member over five years substantially exceed compliance costs, generating
positive net present value for legal structuring at current enforcement rates
(Pent = 0.23 for unwrapped entities versus 0.028 for wrapped).
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The emergent Wyoming DUNA statute, Harmony Framework modular
architecture, and Swiss Foundation structures represent regulatory inno-
vations accommodating blockchain-native governance while providing legal
certainty. Securities classification risk can be reduced below 10% through
immediate utility functions, progressive decentralization roadmaps, and le-
gal entity formation. Governance optimization suggests target concentration
HHI,,, € [0.25,0.35] balances regulatory decentralization requirements with
operational efficiency.

The quantitative framework developed herein enables rigorous cost-benefit
analysis of jurisdictional selection, provides tractable tools for governance
mechanism design under regulatory constraints, and establishes mathemati-
cal foundations for evidence-based DAO regulatory policy development. As
blockchain-based organizational forms mature, these analytical methods will
prove essential for navigating evolving legal landscapes while preserving de-
centralization properties that distinguish DAOs from traditional corporate
structures.
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