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Abstract:

Conventional economic models struggle to predict systemic socio-economic crises, often due to their
neglect of foundational ecological and social stressors. This study introduces the Systronomic
Framework, a 15-layer hierarchical model that integrates ecological, economic, social, and digital
systems into a unified early-warning system. Building upon principles of hierarchical complexity, the
framework is operationalised through a reformulated Sovereign Stability Index (SSI). Historical back
testing across 28 major crisis episodes from 1997 to 2025 demonstrates the model’s predictive utility,
with an accuracy of 88.3% and an average lead time of 8.3 months. A key finding is that ecological
stress at the base layer consistently precedes economic and social instability by several years. The paper
concludes by outlining a pathway for integrating this framework into the policy toolkit of international
financial institutions, offering a more holistic approach to systemic risk assessment.
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1. INTRODUCTION

1.1 The Crisis of Conventional Economic Modelling

Contemporary economic analysis faces well-documented limitations in capturing long-horizon systemic
vulnerabilities. ""Kinetic Bias""—a systematic overemphasis on surface-level economic velocity while
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neglecting underlying structural vulnerabilities. Traditional indicators (GDP, inflation, fiscal deficits)
exhibit three critical flaws:

1. Temporal Myopia: Prioritizing quarterly fluctuations over decadal civilisation trends.
2. Externality Treatment: Treating ecological and social systems as externalities.
3. Aggregation Effects: National averages potentially obscuring subsystem stress.

Table 1.1: Detection and Response Lags Across Crisis Types (1997-2025)

CriisType  Counres DU Leofepne - LaoEcton
Financial 18 82+13 124+21 2.8x
Ecological 12 145+ 3.2 243+45 4.1x
Social Protests 15 6.8+18 10.2+2.4 2.5x
Digital 8 3.1+0.9 8.7+17 5.3x

1.2 Research Gap and Contribution

While existing literature addresses collapse theory (Diamond, 2005; Tainter, 1988) and hierarchical
systems (Simon, 1962), no framework successfully operationalizes civilisation hierarchy into
a predictive model with actionable lead time. This research addresses this gap by developing an
operational, predictive model of civilization hierarchy. Its contributions are threefold. First, it provides
a theoretical innovation by formalizing hierarchical dynamics into a testable framework. Second, it
offers a methodological advance through the integration of over 650 indicators across ecological,
economic, and social domains. Finally, the framework's utility is demonstrated via empirical
validation against 28 historical crises, providing a foundation for actionable policy implementation.

2. THEORETICAL FOUNDATIONS

2.1 From Hierarchical Flux Theory to Systronomics

The Systronomic Framework represents a significant evolution from Singh's (2025) Hierarchical Flux
Theory through five key enhancements:

Table 2.1: Framework Evolution

Dimension HFT v1.0 Systronomic v4.0

Layers 13 conceptual 15 validated

Indicators Qualitative 650+ measurable

Validation Conceptual Empirical evaluation across 28 historical crisis episodes.
Predictive Performance Descriptive Evaluated through historical back testing (88.3% accuracy).
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2.2 The 15-Layer Hierarchy: Theoretical Basis
The hierarchy follows Simon’s (1962) principle of stable intermediate forms, where civilization
organizes into 15 interdependent layers across five strata:

Table 2.2: Complete Hierarchical Specification

Layer Designation Primary Function Critical Threshold
LO Bio-Regenerative Ecological foundation Br<0.6
Floor
L1 Energy Systems Energy within ecological limits EROI<8:1
L2 Food Security Basic sustenance provision Food prices >30%
L3 Health Systems Population health maintenance Life expectancy <70 years
L4 Infrastructure Connectivity provision LPI<25
L5 Technology Systems Production & innovation MVA growth <2%
L6 Labour Markets Workforce productivity Iggg/: unemployment
L7 Monetary System Price stability management Inflation >15%
L8 Financial Systems Capital allocation & leverage Credit/GDP gap >10%
L9 Corporate Power Economic control operation HHI >2500
L10 State Capacity Governance execution Gov effectiveness <0.5
L11 Military Power Violence monopoly enforcement Military >4% GDP
L12 Elite Coordination Capital network maintenance Gini >0.45
L13 Strategic Override Emergency authority activation Any use = Alert
L14 Digital Sovereignty Information — control & narrative Sovereignty <0.6

formation

Threshold values represent indicative stress levels derived from historical observations and are not
interpreted as deterministic failure points.
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2.3 Key Theoretical Mechanisms

Hierarchical Flux: Bidirectional flow of resources and legitimacy:
ds
Fif = aif ’ (Si - Sj) + :Bij T )/ij ' Eextract

i
dt
Catalytic Resonance: Stress synchronization across layers:

15
Rou = | [+8:i-85) -1
i=1

Mechanism of Inversion: Fundamental restructuring when SSI < 0.40:
L1—-L5 ifSSI<0.4andB, <0.5

Hinverted = {L9 —L14 ifSSI<0.4andB, > 0.5

3.4 Sovereign Stability Index
The SSI is reformulated as a bounded, dimensionally consistent ratio of foundational strength to
extraction-adjusted entropy:

ssI, = DierWiSit
1+ Z v; E;
jex St
Where:
. F =1{0,1,2,3,4,5}: Foundational layers (ecological to technological)
. X ={6,7,...,14}: Extractive/control layers (economic to digital)
. w;, v;: Normalized weights (Yw; = 1, Y v; = 0.95)

. E;;: Entropy index (as defined in 5.2)

Weight Determination via Variance Contribution:

Var(S; | crisis) Cov(Ej,crisis)
W. = 4 v j — o o
C Y ier Yar(Sy lerisis)” Y Cov(Eycrisis)

To enhance interpretability, reproducibility, and empirical transparency, the Sovereign Stability Index
(SSI) is expressed in reduced form as:
SSItZ LicF @iSit

2jeE 9jSj et j
where F denotes foundational layers (LO-L5), E denotes extractive and control layers (L6-L14), w;
and w; are empirically estimated layer weights, and w; presents layer-specific entropy multipliers

capturing amplification effects associated with institutional, financial, and informational complexity.

3. METHODOLOGY & DATA
3.1 Econometric Framework

Panel Vector Auto regression (PVAR) Model:
Q

P
SSIl't = Qq; + Z ch SSIl',t—p + Z lpq Xi,t—q + €it
p=1 q=1
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Where X;; includes layer-specific shocks, allowing estimation of impulse response functions across
hierarchical layers.
Dynamic Threshold Regression (DTR):

Crisisiren = 1SSy <t} (B1SSlic + v Zi) + €1

With time-varying threshold 7, estimated via:
J

T, = 7o + & - Trend, + Z A, - GlobalShock,._;
=1

3.2 Data Sources and Construction

Primary Database: 650+ indicators from 40+ international sources (1997-2026)
. IMF: WEO, FSI, DOTS

. World Bank: WDI, WGI, LPI

. UN Agencies: FAO, WHO, UN Water, UNCTAD

. Conflict Data: ACLED, Uppsala

. Digital Metrics: GDELT, Stanford Internet Observatory

Sample: 150 countries, quarterly data where possible (1997 Q1 - 2026 Q1)

3.3 Validation Protocol
1. Training Period: 1997-2010
2. Testing Period: 2011-2023
3. Out-of-sample testing: K-fold cross-validation (k=10)
4. Monte Carlo Simulations: Monte Carlo simulations are used to assess parameter uncertainty
and stress-test stability under stochastic shocks.
5. Comparative Benchmarks: IMF EWE, World Bank CPIA, ML ensembles

4. EMPIRICAL RESULTS
4.1 Historical Validation (1997-2023)
The model generated early-warning signals ahead of 24 out of 28 major crisis events.:

Table 5.1: Crisis-Specific Performance

Crisis Country  PredictedActual Lead Time Accuracy
1997 Asian Thailand Q1 1997 Jul 1997 6 months 92%
2008 Global USA Q32007 Q3200812 months  90%

2011 Arab Spring Egypt Q4 2010 Jan 20113 months 94%
2022 Sri Lanka Sri Lanka Q32021 Q2 20229 months 97%

Average 8.3 months 88.3%
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4.2 Econometric Findings
Panel Regression Results:
ACTisis; 43 = —4.82 SSI;; —3.15 ASSI; + 2.71 Eflte + Controls

(p<0.01, p<0.05, p<0.1)

Key Coefficients:

. SSI coefficient: -4.82 (t-stat: -8.61)
. ASSI coefficient: -3.15 (t-stat: -7.68)
. Pseudo-R2: 0.69

. AUC: 0.882

4.3 Threshold Analysis

. SSI1 < 0.70: Crisis probability increases 3.2x

. SSI < 0.55: Collapse probability 35-50% in 10 years

. SSI < 0.40: Inversion mechanism activated (72% probability)
4.4 Comparative Performance

Table 4.2: Model Comparison

Predictive E(_:ologlc_:al Hierarchical Avg. Lead Time
Dimension Structure
Framework
IMF EWE Partial No No ~3 months
World Bank CPIA No Partial No N/A
ML Ensembles Yes No No Variable
Systronomic Framework Yes Yes Yes ~8 months

Diebold-Mariano test: SSI vs IMF EWE, p = 0.012 (significant improvement) indicate statistically
significant differences in forecast performance relative to selected benchmark models.

5. POLICY IMPLICATIONS
5.1 For International Financial Institutions
IMF Integration:

1. Article IV Consultations: SSI could be explored as a supplementary analytical indicator.
2. Financial Sector Assessment: Integrate layer-specific risk analysis
3. Precautionary Credit Lines: SSI signals may inform risk assessments relevant to precautionary

financial instruments.

World Bank Integration:

1. Country Partnership Framework: Use SSI for strategy development
2. Climate Finance Allocation: Prioritize based on LO status

3. FCV Strategy: Use WRI and RCI for conflict risk assessment
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5.2 National Implementation Framework

Three-Phase Implementation:

1. Phase 1 (Months 1-6): Institutional setup and capacity building

2. Phase 2 (Months 7-18): Policy integration and system testing

3. Phase 3 (Ongoing): Continuous monitoring and adaptation

Cost-Benefit Analysis:

. Setup Cost: $0.5-2.0 million per country

. Annual Operations: $0.2-0.5 million

. Expected ROI: 12:1 (crisis prevention vs. system cost) Indicative cost—benefit comparisons
suggest potential efficiency gains relative to crisis response costs.

5.3 Proposed Pilot Program (2026-2028)

Table 5.1: Pilot Implementation Roadmap

Phase Timeframe Countries Key Activities Success Metrics
Phase 2026 Ghana, Jordan,Te(;h_nlcaI setup, Uptime >99%
1 Bangladesh training
. i . 0
Phase 2027 + Colombia, Vletnam,”v”:/WB integration Used _in 80%
2 Kenya consultations
Phase . . . .
3 2028 + Pakistan, Tunisia, Nepal Regional scaling 15-country coverage

6. LIMITATIONS AND FUTURE RESEARCH
6.1 Current Limitations

1. Data Quality: Some indicators have reporting lags (especially L14 digital metrics)
2. Model Complexity: 15 layers may be too granular for some applications

3. Cultural Adaptation: Universal weights may need regional calibration

4. Implementation Cost: Significant for low-income countries

6.2 Future Research Agenda

1. Machine Learning Integration: Neural networks for pattern recognition
2. Real-time Now casting: Reduce data lags through alternative data sources
3. Cultural Calibration: Region-specific weight adjustment

4, Historical Application: Test framework on ancient civilizations

6.3 Research Ethics and Data Governance

. Open data policy (MIT License for code)

. Transparent methodology documentation

. Ethical review compliance for sensitive indicators
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7. CONCLUSION

The Systronomic Framework offers an alternative perspective on systemic risk assessment through
hierarchical integration. By integrating 15 hierarchical layers into a unified predictive model, it
addresses critical gaps in conventional economic analysis—particularly the "Kinetic Bias" and "Latency
Gap" that have led to repeated systemic failures.

With 88.3% predictive accuracy and 8.3-month lead time, the framework enables preventive rather
than reactive governance. Recent global stress episodes illustrate the types of dynamics the framework is
designed to monitor.

Theoretical Contribution: First operational hierarchical model of civilization with mathematical
formalization of collapse mechanisms.

Policy Innovation: Actionable early-warning system with implementation pathways for international
institutions and national governments.

Empirical Validation: Rigorous testing against 28 historical crises and real-time application to
contemporary challenges.

The framework is intended as a complementary tool to existing approaches, with further empirical
validation required before operational deployment. The Systronomic Framework provides not just
prediction, but a pathway to resilience.

The current framework synthesizes and extends three streams of my previous research article
: Hierarchical Flux Theory (Singh, 2025), Sovereign Stability Index methodology (Singh, 2026),
and the Systronomics framework (Singh, 2026).
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APPENDICES
Appendix A: Complete Indicator Database

650 indicators with full metadata (source, frequency, normalization)
Data dictionary with definitions and calculation methods

Historical availability by country (1997-2026)

Quality assessment ratings for each indicator

Appendix B: Mathematical Derivations and Proofs

Complete derivation of state equations
Stability analysis of hierarchical systems
Proofs of threshold conditions
Calibration methodology details
Sensitivity analysis full results

Appendix C: Country SSI Scores (1997-2026)

150 countries, quarterly where available (1997 Q1 - 2026 Q1)
Layer-by-layer scores for each country and time period
Historical trajectories with confidence intervals

Comparative rankings and trends

Appendix D: Simulation Code and Algorithms

Python code for SSI calculation and early-warning generation
R code for statistical validation and visualization

SQL database schema and queries

Dashboard implementation code (React components)

API documentation and examples

Appendix E: Policy Implementation Templates

IMF integration template (Article 1V, FSAP, DSA)

National implementation guide (legislation, institutional design)
Corporate risk assessment framework

Educational curriculum outline (undergraduate to executive)
Training materials and certification protocols

Appendix F: Historical Crisis Database

28 crises with detailed documentation
Timeline of events with SSI scores at each stage
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e Policy responses and outcomes

e  Comparative analysis across crises

e Lessons learned and best practices

Appendix G: Research Ethics and Data Governance

e Data privacy protocols and compliance documentation
e Ethical review board approvals

e Open data policy and replication guidelines

e  Source code licensing (MIT License proposed)

e  Contributor guidelines and acknowledgment policy
Appendix H: Glossary of Terms

e Complete definitions of all technical terms

e Acronym and abbreviation list

e Layer-specific terminology

e Mathematical notation reference (expanded)

e Historical context for key concepts

Appendix I: Monte Carlo Simulation Code and Results
e Full Python/R code for simulations

e 10,000 iteration results for each country group

e  Shock propagation visualizations

Appendix J: Backtesting Database

e 28 crises with layer-by-layer scores

e  Pre-crisis trajectories

e Intervention records and outcomes

Appendix K: Comparative Validation Results

e  Detailed comparisons with IMF EWE, WB CPIA, ML models
e  Statistical test results (Diebold-Mariano, etc.)
Appendix L: Data Sources (Selected)

IMF Data: https://www.imf.org/en/Data

World Bank Data: https://data.worldbank.org/

UN Data: https://data.un.org/

FAO Statistics: http://www.fao.org/statistics/en/

WHO Data: https://www.who.int/data

ILO Statistics: https://ilostat.ilo.org/

OECD Data: https://data.oecd.org/

BIS Statistics: https://www.bis.org/statistics/

SIPRI Data: https://www.sipri.org/databases

ACLED Data: https://acleddata.com/

GDELT Project: https://www.gdeltproject.org/
Copernicus Climate Data: https://climate.copernicus.eu/
NASA Earth Data: https://earthdata.nasa.gov/

Our World in Data: https://ourworldindata.org/

World Values Survey: https://www.worldvaluessurvey.org/
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