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Abstract
Traditional corporate real estate and hospitality asset management frameworks are fundamentally blind
to the economic velocity of localized ecosystems and biodiversity collapse. This study introduces the AI-
Driven Bio-Velocity Equilibrium Framework (BVEF), a universal quantitative architecture designed to
translate raw biophysical field indicators directly into commercial hospitality financial metrics.

By modeling localized biological decay as an algorithmic, time-variant risk multiplier, the Bio-Velocity
Index, this study demonstrates that ecosystem destabilization triggers a predictable, nonlinear
compression of Gross Operating Profit Per Available Room (GOPPAR) and Total Revenue Per Available
Room (TrevPOR). This compression occurs via two simultaneous vectors: shifts in luxury demand
elasticity curves and the escalation of unbudgeted operational mitigation expenses.

To correct this systemic blind spot, the framework utilizes an advanced Predictive AI Architecture that
automates the framework into a real-time risk mitigation utility. By deploying deep-learning Neural
Networks to continuously ingest multimodal biophysical streaming data and Machine Learning models
to interface directly with hotel Property Management Systems (PMS), the system transitions from a
passive valuation model to an active, autonomous piece of financial infrastructure. This AI core modifies
classical Discounted Cash Flow (DCF) asset appraisal models by autonomously injecting a dynamic risk
premium: the Biodiversity Risk Discount. Through a multi-epoch empirical simulation of a nature-
dependent ultra-luxury resort asset, we prove that conventional static appraisal methodologies overvalue
properties in ecologically volatile zones by up to 66.78%, representing massive unhedged corporate
capital destruction events.

Finally, this study outlines how institutional investors, international regulatory bodies complying with the
Taskforce on Nature-related Financial Disclosures (TNFD), and sovereign wealth entities can
operationalize this global architecture to insulate real estate portfolios from biological volatility.

1. Introduction

1.1 The Corporate-Ecological Dichotomy in Asset Pricing
In the contemporary landscape of international real estate economics and corporate hospitality
governance, profound systemic vulnerabilities persist in traditional asset appraisal methodologies.
Modern valuation frameworks, primarily governed by static Capitalization Rates and Discounted Cash
Flow (DCF) simulations, are built upon an implicit, deeply flawed baseline assumption that the
biophysical ecosystem surrounding a fixed commercial asset remains static, resilient, and infinitely
capable of yielding its ambient aesthetic and operational premiums (Costanza et al., 1997; Daily et al.,
2000).

This study exposes this assumption as an investment blind spot. While macro-markets have
systematically integrated carbon emission liabilities, energy transition penalties, and direct climate-
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induced physical risks into corporate risk registries, they remain fundamentally blind to the velocity of
localized ecosystem and biodiversity collapse, which threatens massive disruption to global economic
output (Dasgupta, 2021; World Economic Forum, 2024).

This structural omission is particularly acute in the luxury resort and premium hospitality sectors. Unlike
urban commercial real estate, whose value is predominantly anchored to geopolitical positioning,
infrastructural density, and transactional velocity, luxury hospitality assets operate on a model of
extractive-NCD natural-capital dependency. The premium pricing power of a luxury resort measured via
Gross Operating Profit Per Available Room (GOPPAR) and Total Revenue Per Available Room (TrevPOR)–
is directly tethered to the integrity, biodiversity, and functional equilibrium of its immediate micro-
ecosystem (World Travel & Tourism Council, 2022).

When a localized ecosystem degrades, whether through the bleaching of adjacent coral reef systems,
depletion or salinization of coastal aquifers, regional deforestation, or disruption of endemic wildlife
migration corridors, the asset does not suffer superficial aesthetic loss. It experiences structural
compression of its consumer demand curve, a sharp reduction in its non-room revenue elasticity, and a
compounding escalation in unbudgeted operational expenses.

Despite the stark reality of this dependency, mainstream hospitality finance treats environmental
preservation as either a voluntary Corporate Social Responsibility (CSR) cost center or a qualitative,
unquantified Environmental, Social, and Governance (ESG) checklist item (Bose, 2020; Taskforce on
Nature-related Financial Disclosures [TNFD], 2023b). Financial markets lack a rigorous end-to-end
mathematical architecture capable of translating raw, real-time biophysical degradation data directly into
the deterministic metrics that govern institutional asset pricing, such as cash flows, operating margins,
risk premiums, and terminal valuations.

This study explicitly addresses this omission by introducing the AI-Driven Bio-Velocity Equilibrium
Framework (BVEF). This framework dismantles the traditional silo that separates macroecological
conservation metrics from microeconomic hotel profit engineering practices. By synthesizing raw
environmental stress data into an automated time-variant risk modifier, this framework establishes a
robust mathematical protocol. It empowers sovereign wealth funds, institutional real estate investment
trusts (REITs), and state planners to accurately price natural capital depletion directly into the balance
sheets of commercial luxury assets, preventing severe capital misallocation in ecologically volatile
regions.

1.2 The Evolution of Regulatory and Institutional Directives
The necessity for an explicit, quantitative link between biological decay and corporate finance is driven
not only by environmental urgency but also by rapidly shifting international regulatory landscapes. Over
the past several years, global capital markets have moved away from vague, voluntary sustainability
disclosures toward mandatory, audit-ready financial reporting systems that require corporations to prove
their precise economic exposure to nature (Network for Greening the Financial System, 2023).
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The Taskforce on Nature-related Financial Disclosures (TNFD) is the chief regulatory catalyst. Modeled
after climate-focused disclosure frameworks, the TNFD establishes a rigorous market-led mandate,
forcing financial institutions, lenders, and corporate directors to map, assess, and explicitly disclose their
nature-related dependencies, impacts, risks, and opportunities (TNFD, 2023b). Under the TNFD's LEAP
approach (Locate, Evaluate, Assess, Prepare), institutional investors are directed to identify exact
geographic overlaps where their asset portfolios collide with high-velocity ecological degradation.
However, while the TNFD clearly dictates what an institution must disclose, it leaves a significant
execution gap: it does not provide a standardized, deterministic mathematical formula capable of
translating localized ecosystem stress into a compressed cash flow trajectory or an adjusted corporate
discount rate (CDR).

Concurrently, international frameworks, such as the International Sustainability Standards Board's IFRS
S1 and S2 parameters, have institutionalized corporate environmental reporting mandates, requiring
businesses to explain how environmental vulnerabilities explicitly alter capital performance and cash
flows over short-, medium-, and long-term horizons (EFRAG, 2022).

Furthermore, these international macro-shifts completely transform standard underwriting models
across global tourism mega-projects and sovereign wealth fund structures. From fragile marine eco-
structures in equatorial resort corridors to unique seasonal biodiversity zones across vulnerable
geographic boundaries, state-led and institutional real estate pipelines are increasingly positioned within
highly sensitive natural ecosystems (TNFD, 2023a).

For international asset-protective boards and sovereign investment partners, natural capital conservation
is no longer an ethical choice but a foundational pillar of portfolio shielding. Failure to accurately
measure the velocity of localized ecosystem degradation risks exposing global institutional capital to
structural overvaluations, where properties are appraised based on static, historical market data that
ignore the compounding fragility of the surrounding biological infrastructure.

1.3 Literature Review and the Innovation Void
To contextualize the unprecedented nature of the Bio-Velocity Equilibrium Framework, it is essential to
examine the absolute separation between environmental economics and corporate hospitality finance in
the current academic literature.

Within the domain of environmental and ecological economics, a vast body of research has been
dedicated to ecosystem service valuation. Classical frameworks utilize macroeconomic methods, such
as contingent valuation, hedonic pricing, and travel cost modeling, to assign astronomical dollar values
to the world's ecosystem services, arguing that the biosphere provides trillions of dollars in unregulated
global infrastructure annually (Costanza et al., 1997; Balmford et al., 2002). While these macro
perspectives are highly valuable for international policy and planetary boundary research, they are
fundamentally unusable for corporate finance directors. Institutional real estate analysts cannot take a
sweeping, non-market valuation of regional biodiversity and inject it into a property-level spreadsheet to
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calculate the next quarter's debt service coverage ratio or determine a precise exit capitalization rate for
a specific luxury asset.

Conversely, traditional hospitality financial literature remains locked in a hyper-operational and
microeconomic paradigm. Elite research within this field focuses heavily on maximizing short-term
yields, optimizing pricing algorithms, and analyzing traditional performance indicators such as Revenue
Per Available Room (RevPAR), Total Revenue Per Available Room (TrevPOR), and Gross Operating profit
Per Available Room (GOPPAR) (Jagels, 2006; Rushmore & O'Neill, 2012). When environmental variables
are introduced into mainstream hospitality research, they are almost universally confined to the study of
operational eco-efficiency, such as the financial payback periods for installing LED lighting, graywater
recycling systems, or solar panels to reduce a hotel’s utility costs (Bohdanowicz, 2005).

A severe academic and operational void exists at the intersection of these disciplines. No existing
published model takes raw, physical biophysical metrics—such as localized Mean Species Abundance
(MSA), coral canopy degradation velocity, or water table drawdown rates—and uses them as dynamic,
compounding variables that directly compress the revenue generation engine and expand the underlying
risk premium of a commercial hospitality asset.

The Bio-Velocity Equilibrium Framework eliminates this gap. For the first time, it treats localized
ecosystem degradation not as a vague external factor but as a direct and quantifiable driver of demand
elasticity, margin compression, and asset volatility. It establishes a clear, math-driven translation layer
that transforms raw environmental field data into concrete balance sheet metrics, providing a definitive
solution to a multibillion-dollar global blind spot.

2. Methods

2.1 The Requirement for Quantitative End-to-End
Operationalization
The theoretical gap identified in Section 1 exists because of this mathematical incompatibility.
Conventional ecological valuation metrics operate on non-market methodologies that are fundamentally
unusable for asset managers, while corporate finance metrics completely lack the variables necessary to
react to a failing biophysical matrix (Dasgupta, 2021; Rushmore & O'Neill, 2012).

To dissolve this silo, this study introduces a comprehensive mathematical architecture that maps the
ecological decay of natural capital directly into the operational profit centers and long-term risk profile of
a luxury hospitality asset. This section provides a deterministic mathematical layout for the four core
protocols of the Bio-Velocity Equilibrium Framework.

2.2 Mathematical Equations Architecture

Page 5/15



The end-to-end framework bridges biophysical metrics, demand sensitivities, operational yields, and
corporate finance valuations. To achieve flawless integration across all computational pipelines, the
system uses a single unified mathematical ledger.

Prose accounts of these relationships are entirely decoupled from formatting dependencies, allowing for
independent graphic assembly.

The Bio-Velocity Index calculates a dynamic tracking value by standardizing raw ecosystem attributes
against their historical baseline states across different environmental vectors. This generates a
standardized value scaled strictly between 0 (pristine ecosystem resilience) and 1 (complete collapse of
the natural capital).

Protocol 2: The Eco-Elasticity of Demand

The Eco-Elasticity Coefficient derives the relationship between top-line commercial turnover fluctuations
and environmental velocity metrics. This coefficient mathematically demonstrates consumer sensitivity
to environmental decay by calculating the percentage shift in Total Revenue Per Available Room relative
to changes in the underlying ecosystem health index.

Protocol 3: The GOPPAR Decay Model

The operational profit interface models margin compression by factoring in both demand adjustments
and unexpected operational outlays. The model calculates the real cash flow limits of the property by
adjusting traditional Revenue Per Available Room metrics against consumer sensitivity patterns while
explicitly subtracting the compounding rise in unbudgeted operational mitigation expenses.

Protocol 4: The Bio-Velocity Valuation Model and Biodiversity Risk Discount (BRD)

The final corporate finance deployment modifies the standard Discounted Cash Flow asset appraisal
systems. This capstone formula links physical ecosystem degradation data directly to long-term
valuation shifts by injecting the Biodiversity Risk Discount premium directly into the baseline
capitalization or discount rate tree. As the localized microenvironment nears the critical tipping point of
systemic failure, the risk premium expands nonlinearly, forcing immediate risk-adjusted valuation
corrections to safeguard capital investment.

2.3 Algorithmic Operationalization via Predictive AI
Architecture
To transition the BVEF from a conceptual underwriting tool into an active, real-time risk mitigation
engine, the four protocols were fully operationalized via an autonomous, multi-layered Artificial
Intelligence infrastructure. This AI system eliminates retrospective reporting by mapping ecological
stress vectors directly into transactional hospitality ledgers with subdaily latency.

The platform relies on a deep-learning architecture comprising three core operational layers:
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By embedding this autonomous processing pipeline, hospitality assets are no longer managed using
outdated static assumptions. The operational AI engine ensures that the true cost of biological volatility
is continuously matched against the operational yield structure, changing the property management
engine into a responsive and eco-financial loop.

3. Results (The Empirical Simulation)

3.1 Case Study Parameters: The Emerald Coastal Resort
To demonstrate the functional utility and predictive accuracy of the Bio-Velocity Equilibrium Framework,
this section presents an empirical simulation of a newly developed asset, The Emerald Coastal Resort.
This simulated property is an ultra-luxury, 200-key resort asset positioned within a highly fragile coastal
ecosystem characterized by pristine marine coral structures, an interconnected coastal mangrove
barrier, and reliance on local subsurface aquifers for its operational water supply.

This three-layer system automates the framework into a real-time risk mitigation utility. Layer 1 utilizes
predictive neural networks to ingest satellite imagery, Internet of Things (IoT) sensors, and LiDAR
surveys, dynamically calculating the daily Bio-Velocity Index. Layer 2 runs machine learning regression
models that interface directly with hotel PMS and CRS APIs to monitor booking pace and expense
invoices, dynamically deriving the eco-elasticity coefficient and forecasting GOPPAR decay curves. Layer
3 deploys an autonomous financial optimization engine to recalculate asset valuations and adjust the
dynamic Biodiversity Risk Discount, outputting audit-ready compliance vectors for global frameworks
(TNFD, CSRD) and sovereign portfolios.

The baseline operational parameters of the property reflect a premium, market-leading position under
optimal environmental conditions. The initial projected Revenue Per Available Room is set at $650, while
its baseline Total Revenue Per Available Room reaches $1,100 due to extensive non-room experiential
revenue streams (such as scuba excursions, private beach dining, and eco-spa wellness tracks). Under
standard operating conditions, the property yields an initial baseline Gross Operating Profit Per Available
Room of $320.

The traditional, unadjusted asset valuation calculated by corporate analysts using a standard 10-year
DCF model assuming a static environment, a standard Weighted Average Cost of Capital of 8.5%, a
constant market risk premium multiplier of 1.2, and a terminal capitalization rate of 7.0% appraises the
asset at a pristine $114.75 million.

3.2 Scenario Modeling: Running the Four Core Protocols
To simulate the impact of compounding biological decay over a standard 10-year asset-holding period,
we introduced a localized ecological degradation cycle. This cycle is driven by two simultaneous macro-
stressors: rising localized ocean surface temperatures, which trigger severe coral bleaching, and severe
groundwater extraction, which leads to coastal aquifer salinization.
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The simulation executes four mathematical protocols across three distinct environmental epochs as
follows:

Year 1–3: The Incipient Decay Phase

During the initial three years of operation, local biological decay accelerated. Field data indicated a 20%
contraction in live coral canopy cover and a minor drop in the local freshwater table.

Protocol 1 (BVI Calculation): Normalizing these metrics against the pristine baseline yielded a time-
variant Bio-Velocity Index of 0.20.

Protocol 2 (Elasticity Derivation): Historical transaction data analysis from adjacent regional
properties establishes an Eco-Elasticity Coefficient of 1.40, proving that the luxury consumer base is
highly sensitive to diminishing destination purity.

Protocol 3 (GOPPAR Decay): Applying the revenue modifier reduces top-line yields. Simultaneously,
the resort experiences a minor surge in utility costs due to initial water desalination requirements,
pushing unbudgeted mitigation expenses to $15.00 per room-night. The resulting operating
performance settles at $215.40 per available room night.

Protocol 4 (Risk and Valuation Adjustment): The compounding risk adjustment begins to take
effect within the discount rate denominator, adding a dedicated 0.30% environmental risk premium.
The added risk premium shifts the total corporate discount rate from 8.50% to 8.80%.

Year 4–7: The Linear Acceleration Phase

By Year 7, the ecosystem faced severe stress levels. Coral reef bleaching reaches 55%, coastal erosion
forces defensive infrastructure measures, and aquifer salinization requires total reliance on internal
reverse osmosis infrastructure, which is expensive.

Protocol 1 (BVI Calculation): The aggregated biophysical metrics drive the Bio-Velocity Index to
0.55.

Protocol 2 (Elasticity Derivation): The Eco-Elasticity Coefficient remains locked at 1.40 as luxury
travelers actively begin substituting the destination with pristine alternatives.

Protocol 3 (GOPPAR Decay): Revenue compression intensifies. Concurrently, the operational
expenditure required to maintain basic luxury operations (trucking clean water, continuous beach
nourishment, and mechanical vector control) explode, driving unbudgeted mitigation expenses to
$55.00 per room night. Gross operating profit contracts severely to a marginal $18.60 per room
night stay. The operating profit margin has collapsed to approximately zero.

Protocol 4 (Risk and Valuation Adjustment): The Biodiversity Risk Discount reaches a critical
threshold as the ecological tipping point nears, applying an additional structural premium of 1.46%.
The total asset discount rate increased to 9.96%.

Year 8–10: The Systemic Tipping Point
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By the final year of the holding period, the surrounding ecosystem crosses a catastrophic threshold.
Localized live coral cover is completely decimated, beach erosion has eliminated the resort's private
beachfront, and severe regional environmental degradation has triggered widespread consumer exodus.

Protocol 1 (BVI Calculation): The composite Bio-Velocity Index plateaus at 0.85.

Protocol 2 (Elasticity Derivation): The elasticity framework captures total demand destruction.

Protocol 3 (GOPPAR Decay): The top-line revenue capacity fails to cover basic fixed costs.
Defensive operational expenditures peak at $95.00 per room night as management attempts to
structurally save the physical buildings from coastal advance, driving operating yields into negative
territory at -$155.80 per available room.

Protocol 4 (Risk and Valuation Adjustment): The risk premium enters an exponential mathematical
spike, adding a severe structural volatility penalty of 6.80%. The compounding discount rate
expands to a crushing 15.30%, completely gutting the present value of any terminal exit capacity.

3.3 Comparative Asset Valuation Analysis
When these multi-stage cash flow compressions and compounding risk adjustments are processed
through the modified DCF engine, the results reveal a stark divergence from traditional financial
modeling.

Valuation Paradigm Year 10
Terminal Value

Final Appraised
Asset Value

Variance from
Unadjusted Baseline

Traditional Model (Static
Environment)

$135.20 Million $114.75 Million Baseline

Bio-Velocity Framework
(Dynamic Risk)

-$16.45 Million $38.12 Million -66.78% Collapse

The empirical simulation proves that by failing to price the velocity of natural capital decay, traditional
asset management frameworks overvalue the property by 66.78%. This represents an unhedged
$76.63 million corporate capital destruction event that traditional accounting misses until a structural
collapse occurs.

4. Discussion

4.1 Theoretical Implications and the New Financial
Paradigm
The empirical results generated in Section 3 shatter the long-held assumption that environmental health
is an external factor separate from corporate hospitality’s balance sheet. By proving that a rising Bio-
Velocity Index triggers an immediate, multi-directional attack on asset performance, simultaneously
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suppressing consumer demand elasticity, eroding operating margins through rising mitigation costs, and
expanding risk premiums, this framework invalidates static real estate appraisal methodologies.

The theoretical implication is clear: natural capital is the structural foundation upon which all hospitality
profit engines are built. When this foundation cracks, corporate capital is systematically destroyed. The
AI-Driven Bio-Velocity Pricing Engine provides international regulatory frameworks, such as the
Taskforce on Nature-related Financial Disclosures (TNFD), with the definitive mathematical execution
engine that they have been missing thus far. It shifts the industry from vague, qualitative ratings to audit-
ready financial metrics, altering how institutional capital evaluates risk in the era of global ecological
volatility.

4.2 Cross-Border Asset Protection and Macro-Financial
Policy Compliance
While this framework provides immense clarity for private equity and institutional real estate investment
trusts (REITs), its most profound application is as a strategic governance tool for sovereign state
planners and multinational institutional lenders. Across both mature markets and emerging developing
eco-tourism frontiers, state-backed entities and national planning ministries are actively deploying
billions of dollars into luxury real estate configurations built around natural anomalies.

Deploying sovereign capital based on traditional static valuation models poses a significant, long-term
economic threat. If a mega-resort is appraised using models that ignore natural capital depletion, a state
risks over-allocating capital to regions where the underlying environmental infrastructure is highly fragile,
creating hidden macroeconomic vulnerabilities.

By integrating the Bio-Velocity Equilibrium Framework into national planning workflows and transnational
investment protocols, institutional actors gain three critical advantages.

Sovereign Capital Protection: National tourism ministries can use the framework to stress-test the
20-year financial viability of proposed resort developments. If a project shows a high Eco-Elasticity
Coefficient and is located in an area with a rising Bio-Velocity Index, planners can mathematically
anticipate future margin compression and adjust upfront capital allocation accordingly, avoiding
severe capital misallocations.

Optimized Environmental Budgeting: Government environmental bodies can turn conservation from
an ethical expense into a quantifiable revenue-protection mechanism. By proving that a structural
investment in regional coral reef restoration or aquifer protection directly lowers the environmental
degradation index of adjacent luxury resorts, the state can mathematically demonstrate that
environmental preservation yields a concrete and predictable financial return by preventing the
collapse of state tourism taxes, land values, and employment stability.

Attracting Global Institutional Green Capital: International sovereign wealth funds, pension networks,
and mega-lenders are bound by strict ESG and climate compliance rules, such as the Taskforce on
TNFD (TNFD, 2023b). By adopting this framework as a standardized, national quantitative metric,
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institutional pipelines can demonstrate to the global financial market that their entire real estate
asset base is mathematically stress-tested for biodiversity risk. This unparalleled transparency
positions early adopting nations as secure, lower-risk havens for premium international green
capital.

4.3 Operational Limitations and Future Research Directions
Although the mathematical architecture of the framework is robust, its operational deployment has
specific limitations that define the future global research agenda. First, the accuracy of the Bio-Velocity
Index relies entirely on the continuous availability of localized, high-fidelity biophysical data. In many
emerging ecotourism markets, regional environmental monitoring infrastructure remains fragmented,
requiring resorts to invest in private Internet of Things (IoT) sensors, satellite imaging, and marine
ecological audits to feed their models.

Second, the derivation of the Eco-Elasticity Coefficient assumes that consumer behavior responds
linearly to ecological decay. Future research should expand this model by integrating behavioral
economics and AI-driven sentiment tracking to capture nonlinear consumer responses and map out how
sudden, highly publicized ecological shocks (such as a massive sudden algae bloom) trigger immediate,
unexpected changes in luxury booking velocity.

5. Conclusion
The AI-Driven Bio-Velocity Equilibrium Framework (BVEF) marks a paradigm shift in institutional real
estate, moving beyond passive corporate social responsibility into the era of algorithmic asset
engineering. For sovereign wealth funds, state entities, and global institutional investors, ecological
degradation can no longer be treated as an unquantified externality. Under the BVEF architecture,
environmental volatility is decoded and integrated directly into core financial engines, transforming
abstract biodiversity metrics into predictable and actionable impacts on the GOPPAR and long-term
asset valuation.

Ultimately, this framework serves as an indispensable mechanism for economic insulation in an era of
accelerating climate risk. By systematically bridging the gap between biophysical field indicators and
corporate capital allocation, the BVEF ensures that global tourism expansion is no longer subsidized by
the invisible destruction of localized ecosystems. Instead, it flips the economic dynamic entirely: it
proves mathematically that the permanent protection of natural capital is the single greatest driver of a
sustained premium financial yield. The Bio-Velocity Equilibrium Framework does not choose between the
planet and profit; it aligns them algorithmically to future-proof the next generation of global hospitality
assets.
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Figure 1

The AI-Driven Bio-Velocity Equilibrium Protocol Comprehensive Quantitative Risk Ledger detailing BVI
tracking, Eco-Elasticity coefficients, GOPPAR margin erosion curves, and the final nonlinear Biodiversity
Discount calculation models

Page 14/15



Figure 2

Structural Flow of the Autonomous AI Operationalization Engine

This three-layer system automates the framework into a real-time risk mitigation utility. Layer 1 utilizes
predictive neural networks to ingest satellite imagery, Internet of Things (IoT) sensors, and LiDAR
surveys, dynamically calculating the daily Bio-Velocity Index. Layer 2 runs machine learning regression
models that interface directly with hotel PMS and CRS APIs to monitor booking pace and expense
invoices, dynamically deriving the eco-elasticity coefficient and forecasting GOPPAR decay curves. Layer
3 deploys an autonomous financial optimization engine to recalculate asset valuations and adjust the
dynamic Biodiversity Risk Discount, outputting audit-ready compliance vectors for global frameworks
(TNFD, CSRD) and sovereign portfolios.
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