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Introduction

Modern financial markets operate as complex, tightly coupled systems characterized by
volatility clustering, correlation instability, and nonlinear stress transmission. Empirical research
has long documented that volatility is persistent and time-varying (Engle, 1982; Bollerslev,
1986), and that cross-asset correlations tend to increase during periods of market stress (Longin
& Solnik, 2001). These dynamics create environments in which localized shocks can propagate
across asset classes and amplify system-wide instability.

Traditional risk management frameworks rely heavily on isolated indicators — realized and
implied volatility measures, credit spreads, liquidity metrics, and correlation matrices. While
each captures important aspects of market behavior, systemic instability often emerges from
the interaction of these factors rather than from their individual magnitudes.

Liquidity spirals, for example, illustrate how declining market liquidity and increasing volatility
can reinforce one another, producing nonlinear amplification (Brunnermeier & Pedersen,
2009). Similarly, measures of systemic risk such as CoVaR demonstrate that risk transmission
depends on conditional interactions between institutions and markets rather than standalone
risk levels (Adrian & Brunnermeier, 2016).

Regime classification models, including Markov-switching frameworks (Hamilton, 1989), have
sought to identify structural shifts in return distributions. However, many regime models
remain statistical rather than structural, classifying states based on historical return
characteristics without explicitly modeling the interaction between systemic stress load and
adaptive market capacity.

Curvature Diagnostics™ addresses this structural gap by formalizing market posture as the
interaction between aggregated systemic stress and aggregated adaptive capacity. Rather than
forecasting returns, the framework classifies structural conditions — distinguishing routine
fluctuation from strain accumulation — through a deterministic stress—capacity interaction
model.

The resulting Structural Exposure Index™ (SEl) provides a daily regime classification derived
from residual adaptive capacity within a defined multi-asset universe. The financial
implementation has been hardened from research prototype to operational architecture
through fixed asset definitions, deterministic normalization boundaries, version-controlled
releases, and automated daily execution.

This paper presents the structural stress—capacity framework, its operational implementation in
SEl_v1.1, and its role as a system-level posture overlay within modern risk architecture.
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The Structural Stress—Capacity Framework

Financial markets can be understood as adaptive systems in which stress accumulates and
dissipates through dynamic transmission channels. Empirical evidence shows that volatility is
not independent across time (Engle, 1982; Bollerslev, 1986) and that cross-asset correlations
strengthen during crises (Longin & Solnik, 2001). These characteristics suggest that instability
emerges not from isolated risk factors but from their structural interaction.

Within this framework, market posture is determined by two aggregated forces:

e A: Aggregated Systemic Stress Load
e B: Aggregated Adaptive Capacity

Aggregated Systemic Stress Load (A) represents the composite pressure acting on the market.
In financial systems, stress load manifests through volatility expansion, correlation tightening,
liquidity contraction, and dispersion compression. These dynamics are consistent with
documented mechanisms of stress amplification during crises (Brunnermeier & Pedersen,
2009).

Aggregated Adaptive Capacity (B) represents the system’s structural flexibility — its ability to
absorb and distribute stress without triggering nonlinear amplification. Adaptive capacity
reflects diversification effectiveness, liquidity depth, cross-asset differentiation, and other
stabilizing features that limit contagion.

Instability does not arise from A or B independently. It arises from their interaction.
Formally, the structural interaction can be expressed as:

(A + B)? — (4% + B?)
This formulation isolates the coupling term between systemic stress and adaptive capacity. The
interaction term reflects how tightly stress and absorption mechanisms are structurally
interdependent at a given time.
In practical implementation, the framework derives a normalized measure of Residual Adaptive
Capacity, defined as the remaining flexibility of the system after accounting for prevailing stress
load. Residual capacity forms the basis of deterministic regime classification.
Regime boundaries are not percentile-based nor dependent on rolling statistical clustering.

Instead, deterministic normalization thresholds define structural transitions. This approach
avoids instability associated with shifting empirical distributions and aligns with model risk
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management principles emphasizing transparency and reproducibility (Board of Governors of
the Federal Reserve System, 2011).

The Structural Exposure Index™ (SEl) is derived directly from residual adaptive capacity and
maps continuously to three structural postures:

o Balanced — adaptive capacity sufficient relative to stress load
o Adaptive — capacity contracting but not exhausted
e Strained — stress load materially exceeds absorption thresholds

The framework functions as a structural classifier rather than a predictive return model. Its
objective is to quantify whether the system’s internal flexibility remains sufficient to absorb
prevailing pressures without amplification.

Appendix A provides the formal mathematical specification and normalization logic underlying
the stress—capacity interaction model.

Operational Implementation: SEI_v1.1

The financial implementation of Curvature Diagnostics™ has transitioned from conceptual
research model to hardened operational architecture. SEI_v1.1 reflects structural simplification,
deterministic normalization, and version-controlled governance consistent with institutional
model risk standards (Board of Governors of the Federal Reserve System, 2011).

Asset Universe

The SEl operates on a defined multi-asset universe representing core exposures across equities,
fixed income, and commodities. The universe is fixed within each version release to ensure
classification stability and reproducibility. Asset definitions and data procedures are

documented in Appendix B.

Constraining the universe within each release prevents regime drift caused by changing asset
composition and preserves structural consistency across time.

Deterministic Normalization
Earlier research versions incorporated rolling percentile logic to classify structural states. While

statistically common in regime detection models (Hamilton, 1989), percentile thresholds are
sensitive to distributional shifts and may generate unstable regime boundaries.
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SEI_v1.1 replaces percentile dependence with fixed deterministic normalization bounds. Stress
load (A) and adaptive capacity (B) are normalized within predefined ranges, and regime
transitions occur only when structural boundaries are crossed.

This design ensures:

o Stable regime thresholds

e Elimination of rolling distribution sensitivity
e Transparent boundary logic

¢ Reproducible classification

Residual Capacity and Regime Mapping

Residual Adaptive Capacity is computed as the remaining structural flexibility after aggregated
stress load is applied. This scalar value forms the Structural Exposure Index™.

The SEl provides:

e Continuous structural capacity measurement
e Deterministic regime label
e Regime persistence tracking

Persistence measurement captures duration effects, recognizing that structural stress
accumulation is often path-dependent (Brunnermeier & Pedersen, 2009).

Governance and Monitoring

Each production release is versioned and isolated from experimental development. SEI_v1.1
includes:

o Fixed asset universe

¢ Locked normalization boundaries
e Version tagging

¢ Automated daily execution

e Structured output logging

e Drift monitoring

This governance structure supports auditability and aligns with supervisory guidance on model

transparency, validation, and change management (Board of Governors of the Federal Reserve
System, 2011).
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The operational architecture is designed as a system-level overlay within broader risk
infrastructure. It does not replace traditional risk metrics but provides a structural posture
gauge that distinguishes routine fluctuation from strain accumulation.

Structural Hardening: From Prototype to Production

The transition from conceptual framework to operational model required structural
simplification, deterministic boundary definition, and formal governance controls.

Earlier research iterations of the stress—capacity framework explored percentile-based
normalization and rolling statistical thresholds. While such approaches are common in
empirical regime modeling, distribution-sensitive thresholds introduce boundary variability
when underlying market distributions shift. This can result in classification drift unrelated to
structural change.

SEl_v1.1 eliminates percentile dependence in favor of fixed deterministic normalization bounds.
Stress load (A) and adaptive capacity (B) are mapped within predefined structural ranges.
Regime transitions occur only when explicit boundary conditions are crossed.

This hardening process introduces several institutional advantages:

e Regime definitions remain stable across time.

o Classification logic does not adapt implicitly to distribution drift.
e Historical outputs remain reproducible under version freeze.

e Boundary conditions are transparent and auditable.

The shift from statistical thresholding to deterministic boundary logic reflects a design decision
aligned with model governance principles emphasizing clarity, stability, and explainability
(Board of Governors of the Federal Reserve System, 2011).

Version Governance

Each release of the Structural Exposure Index™ is version-controlled and isolated from
experimental development. The financial implementation, SEI_v1.1, incorporates:

o Fixed asset universe

e Locked normalization parameters
o Defined regime boundaries

¢ Automated daily execution

e Structured output logging

e Persistence tracking
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Version control ensures that classification logic cannot evolve without explicit release
modification. This protects historical continuity and supports institutional oversight.

Deterministic Regime Stability

The hardened architecture ensures that regime transitions reflect structural changes rather
than statistical re-scaling. Minor market fluctuations do not trigger classification shifts unless
residual adaptive capacity crosses defined structural thresholds.

This distinction is critical. Structural posture changes represent shifts in stress—capacity
interaction, not short-term volatility noise.

By separating structural transition from routine fluctuation, SEI_v1.1 functions as a posture
classifier rather than a reactive volatility indicator.

Monitoring Architecture

Operational monitoring includes persistence tracking and short-term drift observation.
Persistence metrics measure duration within a given regime, recognizing that structural strain
accumulation is often gradual and path-dependent (Brunnermeier & Pedersen, 2009).

The monitoring layer is designed to surface structural transition without amplifying routine
variation. It provides clarity regarding whether changes reflect evolving system posture or
temporary price movement.

Role Within Risk Architecture

The Structural Exposure Index™ is designed as a system-level posture overlay within existing
risk architecture. It does not replace volatility forecasting, Value-at-Risk (VaR), stress testing, or
correlation modeling. Rather, it classifies whether prevailing market conditions reflect routine
fluctuation or structural strain accumulation.

Traditional risk metrics measure magnitude. The SEI measures structural interaction.

In practical deployment, the SEl operates upstream of allocation or hedging decisions. It
provides contextual classification that can inform:

¢ Risk budgeting adjustments

e Leverage modulation

e Liquidity posture

e Exposure concentration tolerance
e Review triggers for stress testing
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The framework is intentionally agnostic to directional forecasts. It does not generate trade
signals. It classifies system posture.

Conceptual Architecture
The structural flow of the framework can be summarized as follows:

1. Stress Load Aggregation (A)
Normalized measures of volatility expansion, correlation tightening, liquidity
contraction, and dispersion compression are combined into an aggregated systemic
stress index.
2. Adaptive Capacity Aggregation (B)
Stabilizing system characteristics — liquidity elasticity, diversification effectiveness, and
cross-asset differentiation — are normalized into an aggregated adaptive capacity index.
3. Stress—Capacity Interaction
The structural interaction term isolates the coupling between A and B.
4. Residual Adaptive Capacity
Remaining structural flexibility after stress load is applied.
5. Deterministic Regime Classification
Residual capacity is mapped to Balanced, Adaptive, or Strained posture.

Visually, this can be represented as a linear flow diagram:

[Stress Load (A)] —

F— Interaction Model —> Residual Capacity —> Regime Classification
[Adaptive Capacity (B)] —

The diagram emphasizes that regime classification emerges from interaction — not from Aor B
independently.

Complementary Function

Within institutional settings, the SEIl can operate alongside established measures such as:
e Volatility-based risk metrics (Engle, 1982; Bollerslev, 1986)
e Systemic risk measures (Adrian & Brunnermeier, 2016)

e Liquidity risk frameworks (Brunnermeier & Pedersen, 2009)

Rather than duplicating these metrics, the SEl synthesizes their structural implications through
a deterministic coupling framework.
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By focusing on structural posture rather than forecast precision, the SEI contributes a stabilizing
interpretive layer within broader risk governance.

Conclusion

Financial markets exhibit recurring cycles of stability, stress accumulation, and nonlinear
amplification. While traditional risk measures capture important dimensions of volatility,
correlation, and liquidity, systemic posture is ultimately shaped by the interaction between
aggregated stress and aggregated adaptive capacity.

Curvature Diagnostics™ formalizes this interaction through a deterministic stress—capacity
framework. The resulting Structural Exposure Index™ (SEI) classifies market posture based on
residual adaptive capacity rather than statistical percentile shifts or directional forecasts.

The financial implementation, SEI_v1.1, reflects structural hardening through fixed asset
definitions, deterministic normalization boundaries, version-controlled governance, and
automated daily execution. This architecture supports reproducibility, transparency, and
auditability within institutional risk environments.

The SEl is designed as a structural overlay within existing risk frameworks. It does not replace
volatility models, systemic risk measures, or stress testing procedures. Instead, it provides a
system-level posture gauge that distinguishes routine fluctuation from structural strain
accumulation.

As market environments evolve, the importance of structural clarity increases. By isolating the
interaction between stress load and adaptive capacity, Curvature Diagnostics™ contributes a
disciplined, deterministic approach to regime classification within modern financial risk
architecture.
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Contact Information

For inquiries regarding Curvature Diagnostics™:

inquiries@curvaturediagnostics.org

licensing@curvaturediagnostics.org

Disclosures

The Structural Exposure Index™ (SEl) is a structural regime classification framework and does
not constitute investment advice, a trading strategy, or a recommendation to buy or sell any
security. The information presented in this document is for informational purposes only.

The SEl framework is based on model-derived calculations using publicly available market data.

While reasonable efforts are made to ensure accuracy, no representation or warranty is made
regarding completeness or reliability.
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Market conditions can change rapidly. Past structural classifications are not indicative of future
outcomes. Users are responsible for independent evaluation and decision-making. Curvature
Diagnostics™ is not registered as an investment advisor and does not provide portfolio
management services.
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