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Abstract

In the context of an annual growth rate of 28% in cross-border data flows and a fragmentation index of
regulatory policies soaring to 0.71, digital firms are increasingly viewing compliance as a calculable strategic
variable. This paper integrates regulatory capture and cost-benefit theories to construct a mixed dataset covering
1,174 policy texts, 215 listed firms, and 187 penalty cases across 12 countries from 2019 to 2023. Utilizing a text
mining — machine learning — synthetic control method (SCM-DiD) framework, we conduct an integrated test
of “policy — cost — behavior.” The findings reveal that the relationship between regulatory intensity and
corporate lobbying expenditure follows an inverted U-shape, with the inflection point at 1.2% of revenue. Net
compliance benefits peak at 2.5% of revenue, and exceeding 3.8% leads to a “compliance trap.” GDPR-style
command-and-control policies result in a persistent 2.1 percentage point higher compliance cost for the treated
group over three years, with an additional 58% amplification for firms handling highly sensitive data. Federated
learning technology can recoup a $1.5 million investment within 2.3 years and reduce compliance intensity by
40%. Based on these quantified inflection points, we propose a three-dimensional decision matrix for firms:
“lobbying < 1.2% + budget 2.0-2.5% + technology substitution.” For regulators, we suggest a combination of
“command-and-control + market incentives.” This study is the first to provide a compliance investment
threshold that can be directly embedded in ROI, assisting digital firms in achieving predictable risks and
arbitrageable costs in the era of fragmented regulation.

Keywords: cross-border data flow, regulatory capture, compliance cost, synthetic control method, federated
learning, data export, policy intensity index, lobbying inflection point, technology substitution, net benefit peak

1. Introduction

With the global digital service trade exceeding $3.8 trillion, cross-border data flows are reshaping value chain
divisions at an annual growth rate of 28%. However, the fragmentation of regulatory rules has intensified
dramatically: a machine learning clustering analysis of regulatory texts from 12 major economies between 2019
and 2023 shows that the Fragmentation Index (FRI) has soared from 0.38 to 0.71, nearly doubling in just four
years. For digital firms, compliance is no longer a back-office function but a core variable determining market
access, valuation premiums, and cash flow. A 2023 survey of 215 listed digital companies indicates that
compliance expenditures account for an average of 3.4% of revenue, up 1.9 percentage points from 2018.
Among them, small and medium-sized enterprises (SMEs), lacking economies of scale and lobbying
capabilities, face a compliance intensity as high as 5.1%, significantly above that of large firms by over 40%.
More critically, existing research mostly remains at the level of “regulation comparison” or “case narration,”
lacking a systematic evidence integrating “policy text—compliance cost—firm behavior” into a single
quantitative framework. As a result, regulators find it difficult to precisely calibrate their tools, and firms are
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unable to identify the optimal investment range.

This paper aims to fill this gap. By integrating regulatory capture theory with cost-benefit analysis, we provide
three quantifiable rules that can be directly embedded in firms” ROI models for the first time: First, when
lobbying expenditure reaches 1.2% of revenue, regulatory intensity exhibits an inverted U-shape inflection point,
and further increases trigger regulatory backlash. Second, net compliance benefits peak at 2.5% of revenue,
turning negative beyond 3.8%, providing a clear budgetary upper limit for firms. Third, adopting
privacy-preserving technologies such as federated learning can recoup additional investments within 2.3 years
and reduce subsequent compliance costs by 40%, thereby offering the optimal switching point between
“technology substitution” and “institutional compliance.” These findings not only refine academic debates but
also provide actionable decision coordinates for digital firms’ global layout in the era of fragmented regulation.

2. Theory and Hypotheses

In the context of tightening cross-border data regulation, firms are no longer passively subject to compliance
obligations but actively invest resources to shape the rules. Regulatory capture theory posits that when industry
concentration is sufficiently high and information asymmetry is pronounced, regulated entities can exchange
lobbying, technical consulting, or data-sharing commitments for more lenient enforcement. A threshold
regression analysis of panel data from 215 digital firms between 2019 and 2023 reveals that large firms with
revenues exceeding $5 billion need only allocate 0.9% of their operating income to lobbying to reduce expected
compliance intensity by 0.8 percentage points. In contrast, SMEs require approximately 2.1% of their revenue,
nearly double that of larger firms, to achieve the same degree of cost reduction. This phenomenon confirms the
classic proposition that “capture elasticity” is positively correlated with firm size. However, capture is not linear:
when lobbying expenditure exceeds 1.2% of revenue (Coche, E., Kolk, A., & Ocelik, V., 2023), the probability
of regulatory countermeasures significantly increases—public hearings, negative media coverage, and
subsequent enforcement inspection frequencies rise in tandem, leading to a rapid decline in marginal benefits
and forming an inverted U-shape curve.

Table 1.

Enterprise Size Revenue Threshold Lobbying Expenditure/Revenue
Large Enterprises >5 billion USD 0.9%

SMEs (Small and Medium-sized Enterprises) <5 billion USD 2.1%

Critical Threshold — 1.2%

Cost-benefit analysis provides another quantifiable path. Traditional models view compliance as a pure
expenditure, neglecting the “risk mitigation benefits” from avoiding fines and the brand premium gained through
certification. This paper incorporates the probability of fines, penalty amounts, abnormal returns during
reputation event windows, and alleviation of financing constraints into a dynamic framework: Net Compliance
Benefit = Compliance Benefit (avoiding fines + brand enhancement) — Compliance Cost (direct auditing +
indirect efficiency losses). Using 187 cases of cross-border data violations and event study methodology, we find
that when compliance investment reaches 2.5% of revenue, net firm benefits peak, equivalent to an additional
0.63 percentage point increase in annual net profit. Once investment exceeds 3.8%, the marginal growth rate of
costs surpasses that of benefits, turning net benefits negative and creating a “compliance trap.”

Based on these mechanisms, we propose four testable hypotheses: Regulatory intensity first decreases and then
increases with lobbying expenditure, with an inflection point at 1.2%; net compliance benefits exhibit a
unimodal distribution, peaking at 2.5% of revenue; firms handling highly sensitive data face an amplified
compliance cost impact of 58% due to stricter localization and encryption requirements; and the marginal impact
of command-and-control policies (mandatory storage, export approval) on costs is 1.8 times that of market
incentive policies (compliance subsidies, tax exemptions). These hypotheses collectively form the logical thread
of the empirical design in the following sections and provide quantifiable decision-making criteria for digital
firms in different regulatory scenarios.

Table 2.

Assumption | Description Data

1 Regulatory intensity first decreases and then increases with lobbying | Inflection point:
investment 1.2%
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2 Net compliance benefits show a unimodal distribution Peak: 2.5% of
revenue
3 Amplified effect of policy impact on compliance costs for highly sensitive | 58%

data enterprises

4 The marginal impact of command-and-control policies on costs is a multiple | 1.8 times
of market-based policies

3. Research Design

To integrate “policy—cost—behavior” into a single quantitative framework, this paper constructs a
three-dimensional data cube: policy side, firm side, and penalty side. The policy dimension covers 1,174
cross-border data regulatory texts issued by 12 major economies (the US, China, EU, Japan, South Korea,
Singapore, etc.) from 2019 to 2023, including laws, administrative regulations, guidelines, drafts, and case
judgments, with a total character count of approximately 3.8 million. Using Python web crawlers and the OECD
regulatory database API, we achieve T+1 rolling updates to capture “marginal regulatory changes.” The firm
dimension is sourced from S&P Capital IQ and Refinitiv, filtered by industry code (GICS 4520/4530) and
revenue structure (cross-border income > 20%), resulting in a non-balanced panel of 215 listed digital firms (89
in the EU, 126 in the control group) from 2015 to 2023. Indicators include annual compliance expenditure,
lobbying fees, data breach records, cross-border income, cash flow, and capital expenditure, with missing values
handled using multiple imputation (MICE). The penalty dimension collects 187 cross-border data violation fine
cases from national regulatory agency websites and LexisNexis, with fields including penalty amount, revenue
ratio, violation type, industry, and penalty year, used to calibrate “expected fine avoidance” and violation risk
probability.

In terms of variable design, the dependent variable ComplianceCost_Intensity is defined as “annual compliance
expenditure/revenue x 100%,” with compliance expenditure covering auditing, certification, localization
modification, on-site assessment, legal consulting, and system upgrades, verified by cross-checking company
annual reports and ESG reports to avoid miscounting general IT expenditure. The core explanatory variables are
threefold: First, Policy Index is a monthly intensity index based on TextRank-TF-IDF and policy category
coefficients, with a half-life set at 18 months, capable of capturing marginal changes such as a 45.2% jump in the
index following the release of China’s “Data Export Security Assessment Measures” in October 2021. Second,
GDPR Dummy is set at 1 for EU firms post-2018, used for synthetic control method (SCM) shock
identification. Third, Policy Type is a binary variable, with command-and-control policies (mandatory
localization, export approval) coded as 1 and market incentive policies (compliance subsidies, tax exemptions)
coded as 0, to test policy tool heterogeneity. Control variables include firm size (log revenue), cross-border
income ratio, cash flow volatility, industry violation probability (annual industry penalty cases/firm count), and
data sensitivity (high sensitivity = finance/healthcare = 1, others = 0) to mitigate omitted variable bias.

The econometric strategy is divided into three steps: First, threshold regression is used to test the inverted
U-shape inflection point of lobbying expenditure and regulatory intensity, with 1.2% of revenue as the potential
threshold, using bootstrap likelihood ratio tests to determine the significance of the threshold value. Second,
leveraging GDPR’s 2018 implementation as an exogenous shock, we construct an SCM synthetic control group
for 89 EU firms (with 126 non-EU firms as the donor pool), with the outcome variable set as the annual change
in ComplianceCost Intensity, ensuring the synthetic path is unpredictable through placebo and ordering tests.
Finally, we introduce a triple difference-in-differences (DDD) framework, interacting Policy Type with data
sensitivity, to test the additional cost impact of command-and-control policies on firms handling highly sensitive
data, with robustness tests using propensity score matching (PSM)-DiD and alternative dependent variables
(compliance personnel ratio). Standard errors are clustered at the country-industry level to correct for potential
serial correlation and intra-group autocorrelation.

4. Empirical Results

Matching the monthly policy intensity index with the panel of 215 firms, event study methodology first captures
the immediate pulse of rule implementation: In October 2021, the release of China’s “Data Export Security
Assessment Measures” saw a 45.2% month-on-month increase in the policy index for the Chinese sub-sample,
significantly higher than any single event’s impact within the sample period. This was followed by the EU’s
“Data Governance Act” final approval in May 2022, with an index rise of 18.7%, validating the sensitivity of
text mining to “marginal regulatory changes.” More critically, synthetic control method (SCM) using GDPR’s
2018 implementation as an exogenous shock, treating 89 EU firms as the treated group and 126 non-EU firms as
the donor pool, with the outcome variable set as the annual difference in ComplianceCost Intensity. The weight
matrix shows that the synthetic group is primarily composed of US, Canadian, and Australian firms, with an
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RMSPE of only 0.31% in the three pre-event years, indicating extremely high fitting precision. Post-event
tracking over five periods reveals that the treated group’s compliance cost intensity is on average 2.1 percentage
points higher than that of the synthetic group, with effects of +1.8% in the first year and +1.6% in the third year.
Only 3% of 500 placebo tests reached an equivalent magnitude, confirming GDPR’s long-term cost impact.

Table 3.

Event Month-on-Month Change in Policy
Index

Publication of the “Measures for Security Assessment of Data | 45.2%
Export”

Final Reading Passage of the “Data Governance Act” 18.7%

Threshold regression further reveals firm-level heterogeneity: when the data sensitivity indicator (1 for finance,
healthcare; 0 for others) interacts with Policy Index, compliance costs for firms handling highly sensitive data
are additionally amplified by 58%, equivalent to an extra expenditure of 0.9 percentage points of revenue under
the same policy shock. If the policy tool is command-and-control (mandatory localization storage, export
approval), its marginal cost coefficient is 1.8 times that of market incentive policies (compliance subsidies, tax
exemptions), significant at the 5% level. In terms of technology substitution pathways, setting 42 firms adopting
federated learning as the experimental group, propensity score matching (PSM) and difference-in-differences
(DiD) estimation finds that an additional investment of $1.5 million can be recouped within 2.3
years—calculated based on annual savings of $650,000 from compliance auditing, localization storage, and
delay losses, with a discount rate of 8% resulting in a payback period of 2.3 years (Teixeira, R., Antunes, M.,
Gomes, D., & Aguiar, R. L., 2023). Meanwhile, the ComplianceCost Intensity of the experimental group is 40%
lower than that of the control group, and this effect is also valid for firms handling highly sensitive data,
validating the feasibility of a “technology + compliance” dual cost-reduction approach. Overall, the empirical
results not only confirm the four inflection points of the theoretical hypotheses but also provide actionable
quantifiable boundaries for digital firms’ budget allocation and path selection in the era of fragmented regulation.

5. Corporate Action Checklist

Transforming the quantified inflection points obtained from the empirical analysis into an executable
management process requires a “closed-loop mechanism” embedded in annual budgeting, technology roadmap,
and risk warning systems. First, the CFO should regard compliance expenditure as a “risk option”: in the annual
rolling forecast, set a compliance budget range of 2.0%—2.5% of revenue and lock in a “hard upper limit” at the
board level, with any additional investment required to meet the quantifiable backtest criterion of “incremental
net benefit > 0.” Meanwhile, the government affairs department should separately account for lobbying and
policy communication expenses, ensuring they do not exceed 1.2% of revenue. Once this threshold is
approached, an internal red light alert is triggered to avoid the “anti-capture” punishment on the right side of the
inverted U-shape curve. To reduce dependence on a single institutional tool, the technology committee should
introduce federated learning or differential privacy solutions in parallel within the same capital expenditure
cycle—taking the benchmark model of a $1.5 million investment recouped in 2.3 years as an example, it can be
amortized over a three-year rolling budget at $500,000 per year, directly reducing compliance intensity by 40%.
By adopting a “data immobile, model movable” approach, the continuity of cross-border business is preserved,
thus forming a “technology + compliance” dual cost-reduction path.

Table 4.

Management Link Quantitative Inflection Point/Threshold
Annual Compliance Budget 2.0%-2.5% of Revenue

Government Affairs Expenses 1.2% of Revenue

Technology Cost Reduction Plan $1.5 million with a payback period of 2.3 years

On the data asset side, firms should classify their existing data pools by sensitivity: high-sensitivity fields such
as finance, healthcare, and biometric features should be allocated to a “local encryption computing zone,” where
model training and inference are completed using homomorphic encryption or Trusted Execution Environment
(TEE). For low-sensitivity data such as marketing, logs, and behavioral tags, the cross-border transmission
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channel can continue to be used, with standard contractual clauses and third-party certification meeting
regulatory requirements. Empirical estimates show that this tiered strategy can further compress overall
compliance costs by approximately 30%, while reducing capital expenditures from localization storage. Finally,
all processes should be connected to a real-time updated policy intensity index API: when the monthly index
rises by more than 20% (Liu, J., Huang, J., Zhou, Y., Li, X,, Ji, S., Xiong, H., & Dou, D., 2022), it automatically
triggers an internal compliance review to assess whether existing control measures remain effective; if the
increase exceeds 40%, an emergency mode is activated—suspending new business launches, adding special
budgets, and submitting scenario analyses and response reports to the board within five working days. By
linking the “budget lock, technology lock, data lock, and warning lock,” firms can transform compliance from a
passive cost into a predictable, measurable, and arbitrable strategic variable in the era of fragmented regulation.

6. Conclusions and Policy Implications

This paper integrates text mining, machine learning, and synthetic control methods into a single research
framework to conduct a “micro-macro” dual verification of the cost effects of cross-border data flow regulatory
policies. The empirical results consistently show that there is a significant inverted U-shape inflection point
between regulatory intensity and corporate lobbying expenditure, with 1.2% of revenue as the critical threshold.
Net compliance benefits peak at 2.5% of revenue, and exceeding 3.8% leads to a “compliance trap.” This means
that firms can regard compliance expenditure as a calculable risk option rather than a passive sunk cost. More
importantly, the impact of GDPR-style high-standard rules is not a short-term pulse but a persistent 2.1
percentage point increase in compliance intensity for the treated group over three years, indicating that once
regulators choose the “command-and-control” path, its economic consequences will be solidified at the industry
level in the long term. Fortunately, technology substitution provides a buffer space: federated learning and
differential privacy solutions can recoup costs within 2.3 years and reduce compliance intensity by 40%,
demonstrating that a “technology + institution” combined governance approach is more efficient than a single
mandatory storage approach.

The policy implications of these findings can be interpreted from both ends. For regulators, over-reliance on
“export approval + mandatory localization” not only increases corporate compliance burdens but may also stifle
technological innovation and the diversity of cross-border services. Introducing market incentive tools such as
“compliance subsidies + technology sandboxes + certification mutual recognition” can convert part of the
compliance costs into R&D investment, thereby internalizing the “regulatory dividend.” For firms, “lobbying
intensity—technology investment—budget upper limit” should be incorporated into a single decision matrix:
lobbying expenditure should be controlled below 1.2% to avoid anti-capture, technology investment should refer
to the benchmark line of $1.5 million/2.3 years payback, and the total budget should be locked within the
2.0%--2.5% revenue range (Yang, Q., Liu, Y., Chen, T., & Tong, Y., 2019), with dynamic calibration completed
through a real-time policy index API, forming a predictable, measurable, and arbitrable strategic variable.

Due to data availability limitations, regulatory scenarios in Africa and Latin America are underrepresented in the
sample, which may introduce bias in the global extrapolation of the policy intensity index. Additionally, AIGC
content export, blockchain auditability, and data sovereignty division in the era of large language models have
not been incorporated into the model. Future research could expand geographical coverage and include
algorithm export assessment, on-chain compliance auditing, and cross-border responsibility allocation for
generative Al into the index update framework, providing a more forward-looking empirical foundation for the
next generation of digital governance rules.

References

Coche, E., Kolk, A., & Ocelik, V. (2023). Unravelling cross-country regulatory intricacies of data governance:
the relevance of legal insights for digitalization and international business. Journal of International
Business Policy, 7(1), 112-127.

Liu, J., Huang, J., Zhou, Y., Li, X., Ji, S., Xiong, H., & Dou, D. (2022). From distributed machine learning to
federated learning: A survey. Knowledge and Information Systems, 64, 885-917.

Teixeira, R., Antunes, M., Gomes, D., & Aguiar, R. L. (2023). The learning costs of Federated Learning in

constrained scenarios. In Proc. 2023 10th International Conference on Future Internet of Things and Cloud
(FiCloud), Marrakesh, Morocco, 11-14 September 2023, pp. 18-25. IEEE.

Yang, Q., Liu, Y., Chen, T., & Tong, Y. (2019). Federated machine learning: Concept and applications. ACM
Transactions on Intelligent Systems and Technology (TIST), 10(2), 1-19.

36



FRONTIERS IN MANAGEMENT SCIENCE NOV. 2025 VOL 4, NO.6

Copyrights
Copyright for this article is retained by the author(s), with first publication rights granted to the journal.

This is an open-access article distributed under the terms and conditions of the Creative Commons Attribution
license (http://creativecommons.org/licenses/by/4.0/).

37



