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Abstract
This article formalizes the legal requirements governing cross-border art transactions as 

an explicit, tiered rule-based reasoning procedure and evaluates whether that procedure re-
produces the determinations reached by senior art law counsel. The formalization separates 
bright-line legal preconditions, direct sanctions matches, prior judicial determinations of ti-
tle, export-licence validity, authority-to-transfer, beneficial-ownership chain confidence, and 
unresolved evidentiary contradiction, each stated as an explicit conditional rule tied to a spe-
cific triggering fact, from the genuinely graded legal standards (provenance continuity, own-
ership coherence, documentary completeness of export support, temporal gap severity) that 
the governing instruments themselves state as a matter of degree. A fixed priority ordering 
governs their interaction: mandatory rules resolve a transaction outright, structural rules cap 
the graded standard regardless of its value, the graded standard determines the gate state only 
within whatever range the rules leave open, and borderline cases route to mandatory human 
escalation. Transaction permissions are derived through an eight-stage gate sequence whose 
preconditions are the conjunction of the applicable rules at each tier, never a single weighted 
score. Against a retrospective corpus of 1,847 documented art transactions and a 623-transac-
tion adversarial corpus built to represent known exploitation patterns, the formalized procedure 
reproduces the determination of independent senior art law counsel in 93.7% of adversarial 
cases, against 70.9% for a buyer-domicile-only rule configuration, and the resulting graded 
standard, aggregated as the Evidentiary Sufficiency Index (ESI) once all higher-tier rules clear, 
predicts eventual transaction invalidation with an AUC-ROC of 0.884 against a 0.731 base-
line. A counter-intuitive finding illustrates why the tiered ordering is legally necessary: high 
provenance documentation completeness, a graded standard, co-occurred with transaction 
invalidation in 35.0% of invalidated cases, because the governing deficiency lay in the bright-
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line authority-to-transfer and beneficial-ownership rules, neither of which a favourable graded 
standard can override.
Keywords: art market regulation, cross-border transaction compliance, jurisdictional vector 
analysis, evidentiary sufficiency, beneficial ownership transparency, anti-money laundering, 
provenance documentation

1. Introduction
The global art market processed approx-

imately $65 billion in transactions in 2022 
(Mc Andrew, 2023). No framework current-
ly in use evaluates the legal sufficiency of a 
cross-border transaction jointly, across sanc-
tions exposure, beneficial ownership trans-
parency, provenance documentation, move-
ment legality, and payment structure at once, 
even though enforceability turns on all five to-
gether. The U.S. Senate PSI (2020) traced the 
consequence in the auction trade directly: the 
four major houses’ voluntary AML programs 
never identified ultimate beneficial owners, 
since counterparty screening and provenance 
review each drew on evidence checked against 
its own separate standard. The Fifth EU An-
ti-Money Laundering Directive (European 
Parliament & Council, 2018) then imposed 
unified compliance obligations on art market 
participants from January 2020 without spec-
ifying any architecture that could satisfy them 
together, so the gap it named stayed legally 
binding while remaining, in practice, unbuilt 
(Hufnagel & King, 2020).

This article examines where the current 
legal framework for cross-border art trans-
actions breaks down, and tests a computa-
tional alternative: jurisdiction modelled as a 
multi-element vector, evidentiary sufficiency 
scored across several documentary dimen-
sions at once, and transaction permission 
granted only through stage gates whose pre-
conditions require the joint legal state to hold 
across all five dimensions at once.

2. Literature Review
Art market data carries a selection bias 

that comes from the market itself, and it 
skews provenance records in exactly the di-
rection that makes undocumented transac-
tions look legitimate. Korteweg et al. (2015) 
put a number on the financial side of this: 
correcting for the tendency of higher-expect-
ed-return paintings to reach auction at all 
drags the estimated Sharpe ratio of passive 
art investment down from 0.27 to 0.11. The 

same mechanism reaches the legal record 
too. Works with contested or incomplete 
ownership histories are submitted for formal 
review less often, appear in published cata-
logue raisonné entries less often, and re-en-
ter the documented market less often, so 
what any compliance system sees is already 
tilted toward the clean cases. Velthuis (2013) 
offers one reason the gap has persisted: gal-
lery pricing functions as symbolic commu-
nication, which is why transparency norms 
have not moved toward financial-market 
standards even under years of regulatory 
pressure (Velthuis, 2003).

3. Materials and Methods
The deficiency the literature keeps cir-

cling back to has a concrete cause: compliance 
systems in the art market treat legal juris-
diction as a single attribute and evidentiary 
sufficiency as a checklist to work through in 
order. Neither assumption survives contact 
with how a cross-border transaction actual-
ly runs. The object sits in one jurisdiction of 
storage, moves through an export jurisdiction 
and however many transit jurisdictions apply, 
arrives in an import customs territory, has its 
payment cleared in one jurisdiction, has title 
pass formally in another, and involves parties, 
including traced beneficial owners, domiciled 
across still more. Each of these generates its 
own mandatory obligations.

The framework proposed here models 
jurisdiction as a vector J, with each element 
corresponding to one legally significant geo-
graphic dimension of the transaction. The 
vector selects the applicable rule bundles: 
sanctions and restricted-party screening, 
AML pattern indicators, beneficial owner-
ship and control transparency, provenance 
and documentary sufficiency, movement le-
gality and customs readiness. These run in 
parallel, and their outputs feed a composite 
legal state that governs transaction permis-
sions through a staged gate structure.

Documentary sufficiency is quantified 
through an Evidentiary Sufficiency Index 
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(ESI ∈ [0, 1]) aggregating six sub-scores: the 
Provenance Continuity Index (PCI), mea-
suring the fraction of the claimed ownership 
timeline supported by documents meeting 
a minimum confidence threshold; the Own-
ership Coherence Score (OCS), measuring 
agreement across documents about owner 
identity within each ownership period; the 
Authority-to-Transfer Score (ATS), a bina-
ry-threshold measure of whether the trans-
ferring party’s authority is documented for 
the specific transaction type; the Export 
Legality Support Score (ELSS), measuring 
documentary support for the lawfulness of 
the object’s last permanent movement; the 
Contradiction Density Score (CDS), defined 
as the ratio of weighted contradicting to sup-
porting evidence; and the Temporal Gap Se-
verity Index (TGSI), weighting ownership 
timeline gaps by their recency.

Provenance completeness and ownership 
coherence work differently. The underlying 
instruments, the Fifth Directive and indus-
try due-diligence practice among them, state 
these as matters of degree, and the formaliza-
tion keeps that distinction intact: bright-line 
requirements are rules that fire on a single 
fact and override the aggregate score, while 
standards of sufficiency are weighted compo-
nents that only combine into a graded aggre-
gate once every applicable rule has already 
cleared. Collapsing the two, treating a stan-
dard as a rule or a rule as a graded input, is 
itself the formalization error the architecture 
is built to avoid.

Tier 1, bright-line rules (mandato-
ry, not subject to override): 

Rule S0 (direct sanctions match): If 
the counterparty or any beneficial owner ap-
pears on a designated-persons sanctions list, 
every gate is blocked, without exception.

Rule O1 (prior judicial determina-
tion): If a title claim contradicts a final judi-
cial determination of title, Gates 5 and 7 are 
blocked. A judicial determination of title is 
treated as res judicata and is not reopened by 
subsequent documentary claims (Gersten-
blith, 2023).

Rule M2 (export licence validity): 
If the export licence is absent, suspended, or 
expired, Gate 7 is blocked.

Rule AML1 (structuring pattern): If 
the payment structure exhibits split payments 

across two or more jurisdictions, each below 
the applicable reporting threshold, enhanced 
due diligence is required and Gate 5 is routed 
to conditional opening pending that review.

Tier 2, structural caps (override the 
graded aggregate regardless of its val-
ue):

Rule S1 (clearing-nexus sanctions): 
If the payment-clearing jurisdiction is the 
United States, OFAC restricted-party screen-
ing is required and the Authority-to-Transfer 
Score must clear the trust threshold θtrust.

Rule S2 (beneficial-owner chain 
-confidence exposure): If the benefi-
cial-ownership confidence value falls below its 
configured threshold θBOC, Gates 5 and 7 are 
blocked.

Rule A1 (authority-to-transfer ceil-
ing): If the transferring party is a trust or cor-
porate structure and its Authority-to-Trans-
fer Score falls below θATS, the Evidentiary 
Sufficiency Index is capped at θATS, regardless 
of provenance continuity or ownership co-
herence.

Rule C1 (contradiction density ceil-
ing): If the Contradiction Density Score ex-
ceeds θCD, the Evidentiary Sufficiency Index 
is capped at θcontradiction, regardless of prove-
nance continuity, ownership coherence, ex-
port support, or temporal gap severity; an 
unresolved contradiction load is a legal defi-
ciency in its own right.

Tier 3, graded standards (weight-
ed aggregation once Tiers 1–2 clear). 
The remaining components, the non-judicial 
portion of provenance continuity (PCI), the 
non-judicial portion of ownership coherence 
(OCS), the documentary-completeness por-
tion of export support (ELSS, once licence 
validity has cleared under Rule M2), and 
temporal gap severity (TGSI), combine into 
a graded standard

ESIstd = w1· PCI + w2· OCS + 
+ w4·ELSS − w6· TGSI.

This weighted sum determines the gate 
state only for transactions that have already 
cleared every Tier 1 and Tier 2 rule; it never 
substitutes for them.

Tier 1 and Tier 2 are legal preconditions 
the transaction must satisfy outright. Tier 3 
is the graded standard the governing instru-
ments themselves treat as a matter of degree. 
Tier 4 escalates whatever uncertainty the first 
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three tiers leave unresolved. Every stage-gate 
outcome can be traced back to the specific 
rule that produced it.

ATS and BOC are fixed decision procedures 
applied directly to the documentary and own-
ership graphs. BOC follows the same proce-
dure structure applied to the ownership graph: 
the shortest path of ownership or control edges 
from the transacting entity to a natural person 
is identified, each edge’s confidence is drawn 
from a source-type table (notarised registry 
filing, sworn declaration, unverified assertion), 
and BOC = 1 −П(1 − ci) is computed along that 
path. The output is compared against a juris-
diction-configured minimum; falling short in-
vokes Rule S2 and blocks Gates 5 and 7, again 
independently of ESI.

The primary retrospective corpus com-
prised 1,847 documented art transactions 
drawn from court records, enforcement dis-
closures, and regulatory sanction registers 
covering 2005–2022, stratified into 1,312 
non-invalidated and 535 invalidated cases, 
where invalidation was defined as rescission, 
judicial voiding, or regulatory enforcement 
action within 36 months of closing. The ad-
versarial transaction corpus comprised 623 
synthetic transactions constructed by do-
main experts to represent known exploitation 
patterns, freeport-to-U.S. private sales with 
undisclosed beneficial ownership, temporary 
loan agreements with embedded purchase 
options, split-payment structures across 
multiple jurisdictions, and sanctions-prox-
imate counterparty chains involving two or 
more intermediate entities.

The principal evaluation metrics were: 
AUC-ROC for transaction invalidation pre-
diction over the 1,847 – transaction corpus 
at threshold ESI = 0.58; gate correctness 
rate, defined as the proportion of transac-
tions in the 623-case adversarial corpus for 
which the stage-gate controller produced the 
legally correct permission state as assessed 
by independent senior art law counsel; and 
ESI sub-score contribution analysis, mea-
suring which of the six sub-score dimensions 
drove gate failures across transaction class-
es. Results from the full jurisdiction-vector 
configuration are the primary reference; a 
buyer-domicile-only configuration is report-
ed as the baseline. Each rule, including the 
direct-sanctions-match rule (S0), prior-ju-

dicial-determination rule (O1), export-li-
cence-validity rule (M2), payment-structur-
ing rule (AML1), and contradiction-density 
ceiling (C1), was explicitly instrumented as 
an independent Boolean classifier during the 
case review process.

4. Results
Stage-gate correctness on the 623-trans-

action adversarial corpus reached 93.6% 
overall (583/623). Gate 5 (Escrow Funding 
Permitted) and Gate 7 (Title Transfer Permit-
ted) came in at 95.3% and 92.8% respectively: 
jurisdiction vector computation activated U.S. 
clearing-nexus sanctions bundles for every 
transaction involving U.S.-dollar payment in-
termediation, regardless of contractual domi-
cile, and that alone caught 38 of the 41 cases 
the buyer-domicile baseline had misclassified 
as fully permitted. The baseline itself man-
aged 70.8% (441/623) on the same set, a gap 
of 22.8 percentage points traceable to 142 
transactions whose legally operative jurisdic-
tion differed from buyer or seller domicile. 
Among all gate failures in the adversarial cor-
pus, ATS failures accounted for 31.4% of the 
cases where Gate 4 stayed closed. The newly 
instrumented mandatory preconditions each 
isolated their own failure mode: export-li-
cence invalidity (Rule M2) triggered 27 inde-
pendent Gate 7 blocks, and payment-struc-
turing patterns (Rule AML1) forced enhanced 
due diligence routing in 43 cases.

On the 1,847-transaction retrospective 
corpus, the full jurisdiction-vector configu-
ration achieved AUC-ROC of 0.884 (95% CI: 
0.865–0.903) for predicting eventual trans-
action invalidation at threshold ESI = 0.58. 
The buyer-domicile-only baseline, the stron-
gest comparison configuration identified, was 
run with identical rule bundles and identical 
document availability on the same corpus and 
reached AUC-ROC of 0.731, a gap of 0.153 
AUC units. That gap traces to 334 transactions 
whose individual compliance checks cleared 
the baseline but whose joint ESI fell below 
threshold once the full jurisdiction vector was 
applied: cases where the legally operative ju-
risdiction for payment clearing, beneficial 
ownership, or export simply did not match the 
buyer’s contractual domicile.

Sub-score analysis across the 535 invali-
dated transactions in the retrospective corpus 
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turns up a counter-intuitive distribution. 
High PCI, documented ownership continuity 
above 0.80, co-occurred with invalidation in 
187 of 535 cases (35.0%). In those cases the 
invalidating deficiency sat elsewhere, in ATS 
failure or BOC opacity. Sensitivity analysis 
points to the Temporal Gap Severity Index 
weighting as the single parameter with the 
largest effect on gate correctness: dropping 
the recency weight applied to post-1970 gaps 
from 2.0 to 1.0 costs 5.3 percentage points 
of gate correctness on the adversarial cor-
pus. Post-1970 ownership gaps in European 
works are, unsurprisingly, the interval most 
often exploited by transactions structured to 
treat the 1970 UNESCO Convention’s docu-
mentation standard as an upper limit on what 
evidence is required (Gerstenblith, 2019).

Multi-tier discretionary trusts, Liechten-
stein Anstalts, Cook Islands trusts, certain 
Cayman Islands foundation structures, mark 
the framework’s operational boundary. In 34 
of the 623 adversarial transactions where the 
seller-side entity took this form, the stage-
gate controller correctly blocked Gates 5 and 
7 because BOC could not be computed above 
threshold. In 9 further cases, however, inde-
pendent counsel’s ground-truth determina-
tion classified Gate 7 as conditionally open: the 
beneficial owner had in fact been verified by 
the transacting financial institution under its 
own KYC obligations, but that verification was 
never submitted as an evidentiary node the 
framework could see. Within this sub-class, 
then, the Gate 7 false-negative rate is 100%.

5. Discussion
The 0.153 AUC-ROC gap over the buy-

er-domicile-only baseline traces back to the 
joint-jurisdiction computation itself. Mosna 
(2022) reads this class of failure as an insti-
tutional capacity deficit, which implies that a 
better-resourced compliance function could 
eventually close it. These results point the 
other way: a compliance officer reviewing 
buyer-domicile output runs into the same 
wall regardless of experience, because the 
system was never built to represent the trans-
action’s full legal geography, and no amount 
of expertise recovers an obligation the repre-
sentation does not contain.

Oosterlinck & Radermecker (2023) found 
that reputational mechanisms partially sub-

stitute for formal regulation in constraining 
misattribution in the French auction market. 
The adversarial corpus results point some-
where else: reputation-based self-regulation 
gets no traction at all on the failure modes 
driving this framework’s advantage. Reputa-
tional discipline works on failures that eventu-
ally surface, where a misattributed work gets 
identified and the house that sold it absorbs 
the cost. Reputation and formal compliance 
architecture are not substitutes for each other.

The blockchain provenance literature’s 
central claim, that distributed ledger in-
frastructure resolves art market informa-
tion asymmetries, runs directly into the 9 
false-negative cases in the discretionary trust 
sub-class. Van Haaften-Schick & Whitaker 
(2022) and Whitaker & Kräussl (2020) treat 
cryptographic immutability as the primary 
trust mechanism for art market compliance, 
a position with real institutional momentum 
given the NFT market trajectory Kräussl & 
Tugnetti (2024) document. But in those 9 
cases the records on file were accurate and 
untampered; the failure was that verified 
beneficial ownership information sat in a fi-
nancial institution’s KYC system, disconnect-
ed from the transaction’s evidentiary record. 
A tamper-evident record of an assertion no-
body verified does not solve anything; the 
problem was never about tampering. Mack-
enzie et al. (2024) made this point about col-
lecting markets generally: contested legality 
stays a legal question, immutable ledger or 
not, and the 100% Gate 7 false-negative rate 
in the discretionary trust sub-class puts a 
number on exactly where that limit sits.

The 35.0% co-occurrence of high PCI 
with transaction invalidation matters for 
regulatory design in a way the current EU 
AML framework does not accommodate. The 
Fifth Directive’s guidance treats provenance 
documentation completeness as the primary 
compliance indicator, and industry due dil-
igence practice operationalizes it the same 
way through provenance research require-
ments. On that logic, 35.0% of the transac-
tions ultimately invalidated in the retrospec-
tive corpus would have cleared compliance 
review despite being legally insufficient. ATS 
failure and BOC opacity, not provenance 
gaps, were the invalidating conditions in 
those 187 cases, and neither is visible to a 
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provenance-documentation-centered com-
pliance framework. But authority-to-trans-
fer, verifying that the titleholder actually had 
legal capacity to act in that transaction, is a 
separate requirement, one that provenance 
completeness stops well short of.

6. Conclusion
A compliance architecture that models 

jurisdiction as a multi-element vector, scores 
evidentiary sufficiency as a joint determina-
tion across provenance, ownership, author-
ity, movement, and payment, and grants 
transaction permissions only through gates 
whose preconditions require that joint state 
across every dimension at once, is workable 
now. Its gate correctness of 93.7% on the 
adversarial corpus, under the conditions 

specified in Section 3, is enough for deploy-
ment in pre-closing due diligence and AML 
screening, where sequential single-dimen-
sion review manages 70.9%. What it cannot 
determine, and no refinement of the scoring 
methodology will fix this, is whether a bene-
ficial owner has already been verified some-
where the framework cannot see, inside a fi-
nancial institution’s proprietary KYC system 
that sits outside its data ingestion scope. The 
open question belongs to law: under what 
instrument, in which jurisdiction, and with 
what enforcement mechanism financial in-
stitutions processing art market transactions 
might be required to transmit standardized 
beneficial ownership verification to art mar-
ket compliance systems as a precondition for 
payment clearing.
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