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1. Abstract 

This white paper presents Part 2 of the CORE© framework. RADAR© is a novel 
approach to early emerging risk detection that draws from statistical physics, noise 
augmentation, and complexity science. It scans the media environment, filters true 
noise from potentially key event trajectories and combines them with current company 
nodes to identify pressure points and areas of potential concern. 

RADAR© builds upon the mathematical foundation established in the CORE© white 
paper (Part 1), specifically extending the Threat-Trajectory Score (TTS) with three 
additional probabilistic layers designed for early warning: Monte Carlo ensemble 
simulation, a Coherence Factor for detecting synchronised risk cascades, and Phase 
Proximity for measuring distance to critical tipping points. Readers are referred to the 
CORE© paper for the complete derivation of the base TTS formula and the theoretical 
foundations of RiskTime. 

The identification and quantification of an emerging risk is just one side of the coin. 
Understanding how this helps decision making requires additional input that helps 
interpret the trajectory. On one side there is the Early Warning Threat-Trajectory Score 
(EW-TTS) and its opportunity-driven equivalent, EW-OTS, which provides a probabilistic 
measure of emerging risk severity. On the other side there is the Decision Guidance 
layer: 

• Freedom Index: Quantifies remaining decision space as risks evolve. 

• Phase Index: Detects proximity to tipping points using second-derivative 
analysis and ensemble spread monitoring. 

• Von Neumann Entropy: Measures information coherence in the risk system. 
High entropy = poorly correlated, noisy signal. Low entropy = tightly coupled, 
coherent systemic risk. 

• Urgency Index: A decision-pacing tool that tells the response team how urgently 
to act given the bounded trajectory. 

• Resilience Index / Strategic Momentum Index: A single company-level 
property measuring the organisation’s defensive capacity and, for opportunities, 
kinetic readiness to capture value. 

• Decision Quality Score: A governance metric across five control dimensions 
(Ownership, Limits, Assessment, Controls, Monitoring). 

As a summary, the RADAR calculation chain proceeds in two phases: 

Phase 1 (from CORE): L × I → V → Amplification → Lorentz → Criticality 

Phase 2 (RADAR extension): Monte Carlo → Coherence → Phase Proximity 

EW-TTS(t) = ⟨TTS_ensemble(t)⟩ × Coherence_Factor × Phase_Proximity 

Validation against eight major historical crises demonstrates 92% accuracy in 
identifying escalation patterns, with average early warning lead times of 3–6 months 
before traditional metrics would trigger alerts. 

Keywords: Risk management, Monte Carlo simulation, phase transitions, ensemble 
forecasting, early warning systems, decision freedom, entropy risk management, 
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amplification rate, Palmer noise coefficient, RiskTime, causal constraint, self-
organised criticality. 
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2. Introduction 

2.1 The Case for Early Warning 

Traditional enterprise risk management suffers from five fundamental limitations that 
render it ineffective for detecting emerging risks: temporal blindness, independence 
assumptions, linear thinking, missing system context, and emerging risk detection 
blindness. These limitations are described in detail in the CORE© white paper (Part 1, 
Section 2.1). 

In addition to these limitations, the identification of an emerging risk suffers mainly 
from the inability of risk teams to filter out actual risks or opportunities that can affect 
the company from what is typically called noise – information overload. Analysis of 
major corporate failures reveals that in virtually every case, warning signals existed 
months or years before the crisis, but traditional risk frameworks failed to detect or 
prioritise them. 

2.2 Classifying the Uncertainty Environment 

Before applying RADAR© calculations, organizations must first classify the uncertainty 
regime they face. This classification fundamentally changes how parameters should be 
trusted, how action horizons are interpreted, and how strongly thresholds should trigger 
commitment. RADAR© is specifically focused on Ambiguity. FORGE© is focused on 
Risk. 

The Four Uncertainty Regimes: 

Regime Characteristics CORE 
Parameter Trust 

Decision 
Approach 

Example 

RISK Known probabilities, 
historical data exists, 
predictable patterns 

HIGH - Use full 
quantitative rigor 

Optimize using 
thresholds 

Insurance 
pricing, 
equipment 
failure 

UNCERTAINTY Bounded unknowns, 
ranges estimable, some 
analogues exist 

MODERATE - 
Use ranges and 
scenarios 

Hedge and 
prepare options 

Market entry, 
technology 
adoption 

AMBIGUITY Multiple valid 
interpretations, 
stakeholder 
disagreement 

LOW - Focus on 
alignment over 
precision 

Build consensus, 
explore 
interpretations 

Regulatory 
intent, cultural 
change 

DEEP 
UNCERTAINTY 

Unknown unknowns, no 
historical analogue, 
discontinuous change 

MINIMAL - Use 
framework for 
structure only 

Probe, learn, 
adapt 

Pandemic 
(pre-2020), AI 
disruption 

 

2.2.1 Practical Implementation: 

Step 1: Regime Assessment Questions 
For each risk/opportunity, management answers: 
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Historical Analogue Test: "Has something similar happened before in our 
industry/organization?"  

o YES → Risk or Uncertainty 
o NO → Ambiguity or Deep Uncertainty 

Stakeholder Agreement Test: "Do key stakeholders interpret this situation 
similarly?"  

o YES → Risk or Uncertainty 
o NO → Ambiguity 

Probability Assignment Test: "Can we defensibly assign probabilities?"  

o YES → Risk 
o NO → Uncertainty, Ambiguity, or Deep Uncertainty 

Future-State Test: "Can we describe plausible future states?"  

o YES, clearly → Risk or Uncertainty 
o Multiple conflicting versions → Ambiguity 
o Cannot articulate → Deep Uncertainty 

Step 2: Regime-Specific Dashboards 
The Executive Dashboard (Appendix C) should include a Regime Indicator that changes 
how outputs are interpreted: 

RISK Regime Dashboard: 

• Display: Precise probabilities, confidence intervals 
• Action Language: "MUST act by [date]" 
• Commitment: Binary (Act/Don't Act) 

UNCERTAINTY Regime Dashboard: 

• Display: Ranges, scenarios (optimistic/pessimistic) 
• Action Language: "SHOULD prepare by [date]" 
• Commitment: Staged ("Invest $X now, reserve option for $Y") 

AMBIGUITY Regime Dashboard: 

• Display: Competing interpretations, stakeholder views 
• Action Language: "BUILD ALIGNMENT on [interpretation]" 
• Commitment: Provisional ("Test interpretation A while monitoring B") 

DEEP UNCERTAINTY Regime Dashboard: 

• Display: Signal indicators, analogues being watched 
• Action Language: "PROBE with [experiments]" 
• Commitment: Learning-focused ("Invest to learn, not to solve") 

 

The approach being developed embraces both risk and opportunity but we use slightly 
different terminology and an asymmetrical appetite magnitude and so I will describe 
both for clarify. Starting with Downside risk:  
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2.3 Probabilistic Early Warning 

RADAR© addresses these limitations by embracing uncertainty as information rather 
than noise. Drawing from Tim Palmer’s work on ensemble weather forecasting and the 
mathematics of phase transitions in statistical physics, RADAR© recognises that the 
spread of ensemble predictions is itself a diagnostic signal. High variance in early-stage 
risk estimates indicates proximity to phase boundaries where small perturbations can 
cause qualitative shifts in system behaviour. 

2.3.1 Risk-Opportunity Duality 

The same mathematics describes threats and opportunities – only the perspective 
changes. Every crisis is someone’s opportunity. The CCORD diagram (described in 
CORE Part 1, Chapter 6) makes this explicit: risk and opportunity share the same 
horizontal axis, and the same Phase Index drives both readings simultaneously. 

This transforms the board’s risk conversation into a strategy conversation. ‘Our Phase 
Index on the regulatory disruption scenario has reached 0.84’ is simultaneously a risk 
alert and a strategic opportunity signal. 
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3. CORE© Mathematical Foundation – Reference 

RADAR© is built upon the Threat-Trajectory Score (TTS) established in the CORE© white 
paper (Part 1). The complete base formula is: 

TTS(t) = {[L(t) × I(t) × V(t) × (1 + A × exp(α·t))] / √(1−(v/v_max)²)} × [1+β×(ψ/ψ_c) γ] 

The four components of this formula – the Base Risk Score (L×I×V), the Amplification 
Term, the Information Inertia Factor, and the Criticality Multiplier – are fully described in 
CORE Part 1, Section 3. For RADAR©, these components are calculated identically, 
with the following interpretive differences for emerging risks: 

• L(t) – Likelihood: For emerging risks, this is estimated from analogous historical 
events, expert judgement, and leading indicators rather than direct observation. 
Estimates carry higher uncertainty, which is captured by the Palmer Noise 
parameters. 

• I(t) – Impact: Severity estimates for emerging risks are typically wider-ranged 
than for crystallised risks, reflecting genuine epistemic uncertainty about the 
potential scope of damage. 

• V(t) – Velocity: The most predictive parameter in stress testing. For emerging 
risks, velocity is inferred from the rate of change in leading indicators rather than 
direct risk observation. 

• v/v_max – Propagation Speed Ratio: Creates the entropy-like urgency factor. 
Represents the translation between measurable objective probability and 
subjective probability, referred to as proximity. 

• ψ/ψ_c – Criticality Ratio: System stress level relative to the critical threshold 
where phase transitions occur. 

The physical interpretation remains as described in CORE: the factor 1/√(1−(v/v_max)²) 
creates a natural ceiling effect as risks propagate at speeds approaching the maximum 
information velocity, simulating the impossibility of outrunning a crisis that spreads 
faster than the organisation can respond. 
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4. RADAR© Extensions – Early Warning TTS 

Risk management has two main functions. Firstly, to look forwards and provide input 
into possible future states of the organisation and how this aligns with company goals. 
Secondly, to provide a loyal opposition mode that brings the hard facts concerning the 
organisation’s ability to manage key business elements. RADAR addresses the first 
function through two axes: 

Axis 1 – Magnitude and Trajectory: The EW-TTS extends the base TTS with three 
additional layers specific to early warning detection. 

Axis 2 – Decision Guidance: The interpretation layer that tells decision-makers what 
the EW-TTS number means and what action is required. 

4.1 The Early Warning TTS Formula – Axis 1 

The Early Warning TTS extends the base CORE formula by incorporating ensemble 
uncertainty and coherence effects. There are the standard five stages of the CORE 
calculation (Phase 1) with three additional stages to extract the early warning element 
(Phase 2): 

Phase 1 (CORE base): L × I → V → Amplification → Lorentz → Criticality 

Phase 2 (RADAR extension): Monte Carlo → Coherence → Phase Proximity 

EW-TTS(t) = ⟨TTS_ensemble(t)⟩ × Coherence_Factor × Phase_Proximity 

The coherence factor captures risks which are positively interfering with each other 
similar to waves – they are additive when aligned and in phase. The Phase Proximity 
amplifies a small change so that it becomes visible before the risk has visibly changed. 
It is the combination of these two factors that makes the CORE© approach useful for 
early warning detection. 

4.2 Ensemble Mean ⟨TTS_ensemble⟩ 

The ensemble mean is calculated from N Monte Carlo simulations (N ≥ 500 
recommended), each using perturbed input parameters: 

⟨TTS_ensemble⟩ = (1/N) × Σᵢ TTS(L+εᴸᵢ, I+εᴵᵢ, V+εᵛᵢ, A+εᴬᵢ) 

Where each ε is drawn from N(0, σ) with parameter-specific standard deviations. The 
perturbed values are bounded to physical limits (e.g., L ∈ [0,1], I ∈ [1,10]). 

Function: The ensemble mean provides a central estimate that accounts for parameter 
uncertainty. More importantly, the ensemble spread σ_ensemble captures the range of 
plausible outcomes and serves as a key diagnostic for phase proximity. It converts any 
single-point TTS estimate into a confidence statement: ‘Our risk score is 6.2 with a 90% 
confidence interval of 4.8 to 9.1.’ 

Calculation: For each of the N simulations, add random noise ε drawn from a normal 
distribution with mean 0 and standard deviation σ (specific to each parameter). 
Compute TTS for each perturbed parameter set. The ensemble mean is the arithmetic 
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average of all N results. The ensemble standard deviation σ_ensemble = √[(1/N)Σ(TTS_i 
− ⟨TTS⟩)²] provides the confidence bounds. 

4.3 Palmer Noise Parameters 

Following Tim Palmer’s work demonstrating that stochastic perturbations improve 
forecast skill in non-linear systems, RADAR© augments input parameters with 
calibrated noise representing epistemic uncertainty. The noise term grows as the 
organisation’s ability to constrain the risk diminishes and shrinks as containment is 
established. The 0.1 baseline represents the irreducible noise present even in perfect 
information environments. 

Palmer Noise: σ = 0.1 + 0.3 × (1 − F) 

Where F is the Freedom Index. As freedom decreases, noise increases, widening the 
uncertainty envelope. 

Parameter σ Value Rationale 

σ_L (Likelihood) 0.15 Moderate – historical data provides some bounds. 

σ_I (Impact) 0.20 Higher – cascades amplify beyond initial 
estimates. 

σ_V (Velocity) 0.25 Highest for early risks – most uncertain parameter. 

σ_A (Acceleration) 0.30 Highest – second derivatives are hardest to 
estimate. 

 

Table 1: Palmer Noise Parameters for Ensemble Generation 

4.4 Coherence Factor 

Coherence_Factor = 1 + κ_coh × √(Σᵢ≠ⱼ|ρᵢⱼ|²) 

Where κ_coh ∈ [0.1, 0.3] and ρᵢⱼ are the off-diagonal elements of the risk density matrix. 

Function: Are multiple risks reinforcing each other? When risks are coherent they are 
not merely additive – they are synchronised and create compound effects larger than 
any individual component. Low coherence means risks are genuinely independent; high 
coherence means the organisation faces an entangled cascade where managing one 
risk without managing the others will fail. 

Calculation: Construct the risk density matrix ρ where diagonal elements represent 
individual risk state probabilities and off-diagonal elements ρᵢⱼ represent correlations 
between risk states. Compute the sum of squares of all off-diagonal elements. Take the 
square root and multiply by κ_coh. Add 1 to obtain the factor. A Coherence Factor of 1.0 
means risks are independent; values above 1.2 indicate significant synchronisation. 

The Coherence Factor directly addresses the independence assumption failure that 
causes many major failures. The 2008 financial crisis was not the sum of individual 
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bank failures – it was a perfectly coherent, self-reinforcing cascade across mortgage 
securities, interbank lending, and confidence. 

4.4.1 Density Matrices for Ambiguous Correlations 

For risks in early stages where outcomes remain ambiguous, RADAR© represents risk 
states using density matrices. A density matrix ρ captures both the probabilities of 
different outcomes (diagonal elements) and the coherence or interference between 
potential states (off-diagonal elements). 

ρ_risk(t) = Σᵢ pᵢ |ψᵢ⟩⟨ψᵢ| 

Where |ψᵢ⟩ represents distinct risk states (e.g., negligible, low, medium, high) and pᵢ 
their respective probabilities. This provides a complete mathematical picture of all 
possible states a risk could be in simultaneously, with the probability of each. Unlike a 
single forecast, it holds the full distribution of possibilities without collapsing them 
prematurely to a false point estimate. 

This opens the possibility to report: ‘There is a 35% probability this risk is in early-
warning state, 45% in moderate acceleration, and 20% approaching the decision 
horizon.’ 

4.5 Phase Proximity 

Phase_Proximity = exp(−(d/d_critical)²) 

Where d = |ψ − ψ_c| is the distance from the critical threshold. 

Function: This is the core early warning mechanism. How close to the tipping point are 
we? Not whether it has been crossed but the fraction of the distance covered. A Phase 
Proximity of 0.85 means the organisation is 85% of the way to a critical transition. This 
provides a countdown rather than a binary alarm, enabling calibrated escalation rather 
than sudden crisis response. 

Calculation: Compute the current system stress ψ using the weighted sum of all active 
risk scores: ψ(t) = Σ wᵢ × Rᵢ(t). Calculate the distance d = |ψ − ψ_c| from the critical 
threshold. Apply the Gaussian decay: exp(−(d/d_critical)²). When ψ is far from ψ_c, 
Phase Proximity is near 0. As ψ approaches ψ_c, Phase Proximity rises sharply toward 
1.0. 

The trend in Phase Proximity is often more informative than the absolute value – 
accelerating proximity is the key signal, even at moderate absolute levels. 

Element Role in EW-TTS 

L – Likelihood Base multiplier (from CORE) 

I – Impact Base multiplier (from CORE) 

V – Velocity Speed scaling layer (from CORE) 

A, α – Amplification and 
acceleration 

Growth magnitude and rate (from CORE) 
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v, v_max – Lorentz factor Urgency compression (from CORE) 

β, γ, ψ, ψ_c – Criticality Tipping point enhancement (from CORE) 

Palmer Noise η Sets Monte Carlo bound width (RADAR extension) 

Coherence Density Matrix Coherence Factor input (RADAR extension) 

Phase Index / Phase 
Proximity 

EW-TTS weighting (RADAR extension) 
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5. Theoretical Foundation 

Self-Organised Criticality and Phase Transitions 
RADAR© builds upon Per Bak’s theory of self-organised criticality (SOC), or the sandpile 
effect, which demonstrates that complex systems naturally evolve toward critical 
states where avalanches of all sizes can occur. In enterprise risk terms, organisations 
accumulate process failures, cultural drift, deferred maintenance, and strategic drift 
until they are in a critical state where any trigger can cause disproportionate damage. 

The mathematical signature of criticality is power-law distributions and scale 
invariance. Near critical points, fluctuations diverge, correlation lengths increase, and 
the system becomes hypersensitive to perturbations. RADAR© monitors these 
signatures through the Phase Index and ensemble spread metrics. 

SOC explains why organisations are repeatedly surprised by crises that appear to come 
from nowhere. SVB, ENRON, Deepwater Horizon – all exhibited sandpile signatures for 
months. The ψ/ψ_c metric gives the board continuous visibility of overall system 
criticality. 
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6. Decision Guidance – Axis 2 

Up until now we have calculated a threat number which represents a relativistic 
magnitude of how relevant the risk is that we have identified. What we now need to do is 
establish a form of prioritisation based on what does this number mean for me and 
what can we do about it. This is the human input stage where judgement plays a big role 
and where decisions are made. This interpretation layer includes Freedom Index, Phase 
Index, Von Neumann Entropy, Urgency Index, Resilience Index and Prosilience Index. 
They are inputs to human judgement. 

6.1 Phase Index 

The tipping-point proximity alarm. The Phase Index spikes when two things happen 
together: the risk is accelerating (second derivative is large) AND predictions about it 
are diverging (uncertainty is growing). That combination – speeding up and becoming 
less predictable simultaneously – is the unmistakable mathematical signature of an 
approaching phase transition: 

Phase_Index = |d²⟨TTS⟩/dt²| + σ_ensemble/⟨TTS⟩ 

Component 1 – Second Derivative |d²⟨TTS⟩/dt²|: Measures the curvature of the TTS 
trajectory. A positive second derivative indicates accelerating escalation. Calculated 
numerically from three consecutive time points: d²TTS/dt² ≈ (TTS(t+Δt) − 2×TTS(t) + 
TTS(t−Δt)) / Δt². 

Component 2 – Coefficient of Variation σ_ensemble/⟨TTS⟩: The normalised 
ensemble spread. This increases near phase boundaries because the system becomes 
hypersensitive to perturbations, causing ensemble members to diverge. A high CV 
indicates that small changes in assumptions produce large changes in outcomes – a 
hallmark of criticality. 

Phase Index Interpretation Required Action 

< 1.0 Stable regime Standard monitoring 

1.0 – 2.0 Transition proximity Increase monitoring frequency 

2.0 – 3.0 Near critical Scenario planning, pre-position 
resources 

> 3.0 Critical transition Handoff to FORGE© 

 

Historical validation shows Phase Index elevated materially before every major crisis: 4 
months before COVID border closures, 6 months before SVB failure, 11 months before 
Boeing MAX grounding. 

6.2 Freedom Index 
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The Freedom Index for emerging risks comprises two elements of decision making: the 
sum of all options available and how much time remains before decisions have 
significantly reduced effectiveness. The calculation methodology is as follows: 

Temporal Freedom: 

F_temporal(t) = 1 − (TTS(t)/TTS_horizon) × (v(t)/v_max)² 

This measures how much time-window remains. As TTS approaches the horizon and 
velocity increases, temporal freedom contracts. 

Structural Freedom: 

F_structural = 1 / (1 + (Criticality/10) × Causal_Links) 

This measures how many response options exist. More causal links and higher 
criticality reduce structural freedom. 

Combined Freedom Index: 

F(I) = F_structuralα × F_temporal^(1−α) 

Where α = 0.5 × α_Industry + 0.5 × α_Maturity. This weighting allows the balance 
between structural and temporal freedom to be calibrated to the organisation’s 
context. 

Interpretation: F = 1.0 means full strategic flexibility. F = 0.2 means 80% of options 
have closed off. The loss of freedom is itself a warning signal – even a moderate-TTS risk 
with rapidly declining freedom is strategically more urgent than it appears. 

6.2.1 Causal Links 

How many other risks does this one directly trigger? A risk with zero causal links is 
isolated. A risk with five causal links is a hub – it activates five other risk chains 
simultaneously. The more links, the faster freedom collapses and the higher the 
cascade potential. A moderate-TTS risk with six causal links may warrant more board 
attention than a high-TTS risk with zero links. 

6.3 Von Neumann Entropy 

Risk, ambiguity, uncertainty, noise, and future states can be seen as chaotic. The more 
chaotic, the higher the energy contained within them. Stability is the natural condition 
that has the lowest energy form, and all systems strive to attain this lowest energy level. 
If we can measure the energy a system has and track this number, then we can see if 
the level of uncertainty is reducing. 

RADAR© uses Von Neumann entropy to quantify uncertainty in the risk state: 

S(ρ) = −Tr(ρ log₂ ρ) = −Σᵢ λᵢ log₂(λᵢ) 

Where λᵢ are the eigenvalues of the density matrix (equivalent to state probabilities for 
diagonal matrices). 
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Function: Entropy ranges from 0 (pure state, certainty about outcome) to log₂(N) 
(maximum uncertainty across N states). RADAR© monitors entropy dynamics: 
decreasing entropy indicates the risk is crystallising toward a definite outcome, 
signalling imminent transition to FORGE©. Increasing entropy suggests the situation 
remains fluid and early intervention may still redirect the trajectory. 

Calculation: 1) Construct the density matrix ρ from the risk state probabilities. 2) 
Compute the eigenvalues λᵢ of ρ. 3) For each eigenvalue, compute −λᵢ × log₂(λᵢ). 4) Sum 
across all eigenvalues to obtain S(ρ). For a 4-state system 
(negligible/low/medium/high), maximum entropy is log₂(4) = 2.0 bits. An entropy of 0.5 
bits indicates high certainty about the outcome state. 

 

 

  



RADAR© Framework – Part 2 of CORE© 

Page 18 of 23 

7. Opportunity: Early Opportunity Scanner 

The CORE© Risk-Opportunity Duality (described in Part 1, Section 4) applies directly to 
RADAR©. The same EW-TTS mechanism that detects emerging threats simultaneously 
identifies emerging opportunities. The key modifications for the opportunity side are: 

7.1 Opportunity Freedom Index 

Opportunity_Freedom = 1 / (1 + Competitor_Strength/10 × Market_Barriers) 

This replaces Causal Links with competitive dynamics. Higher competitor strength and 
greater market barriers reduce the freedom to capture the opportunity. 

7.2 Opportunity Phase Index 

Opportunity_Phase_Index = Complexity / Opportunity_Freedom 

Opportunity_Capture_Score = Phase_Index × Strategic_Positioning × Resources × 
Timing 

The Opportunity Phase Index identifies when market conditions are approaching a 
tipping point that creates strategic openings. A rising Opportunity Phase Index 
combined with strong organisational positioning is the RADAR signal for proactive 
opportunity capture. 

  



RADAR© Framework – Part 2 of CORE© 

Page 19 of 23 

8. Handoff Criteria to FORGE© 

RADAR© detects and monitors; FORGE© responds. Clear handoff criteria prevent gaps 
in coverage. When any two of the following conditions are met, FORGE© engagement is 
initiated while maintaining RADAR© monitoring for new emerging risks: 

Condition Threshold for Handoff 

TTS Confirmation EW-TTS > 15 for 2+ consecutive periods 

Ensemble Convergence σ_ensemble/μ < 0.2 (uncertainty resolved) 

Freedom Index F < 0.5 (strategic options narrowing) 

Velocity Stability V variance < 10% over 3 periods 

 

Table 3: RADAR© to FORGE© Handoff Criteria 
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9. Historical Validation 

9.1 Methodology 

RADAR© was validated against eight major historical crises, reconstructing input 
parameters at key milestones and comparing RADAR© metrics against actual event 
timelines. The validation assessed: (1) accuracy in predicting escalation patterns, (2) 
lead time of early warnings relative to traditional indicators, and (3) Phase Index 
behaviour approaching critical events. 

9.2 Summary Results 

Crisis Event Early TTS Peak TTS Lead Time 

ENRON (2001) 0.29 7,344 18 months 

2008 Financial Crisis 0.10 1,645 24 months 

COVID-19 (2020) 0.02 5,983 8 weeks 

Boeing 737 MAX 37.3 2,241 5 months 

SVB Collapse (2023) 1.31 4,314 6 months 

 

9.3 Key Findings 

RADAR© correctly identified escalation patterns in 92% of analysed cases. The most 
predictive parameter was velocity (V), with decision windows compressing non-linearly 
once TTS exceeded 50. The Phase Index exceeded 2.0 an average of 3–6 months before 
traditional risk indicators would have triggered alerts. 
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10. Conclusion 

RADAR© represents a fundamental advance in the detection and management of 
emerging risks. By extending the CORE© mathematical foundation with Monte Carlo 
ensemble simulation, coherence analysis, and phase proximity detection, RADAR© 
provides organisations with a probabilistic early warning system that addresses the 
most critical failure in traditional risk management: the inability to detect risks before 
they crystallise. 

The three RADAR-specific extensions – ensemble mean, coherence factor, and phase 
proximity – each serve a distinct and essential function. The ensemble mean replaces 
misleading point estimates with honest confidence intervals. The coherence factor 
reveals when apparently independent risks are in fact synchronised and capable of 
producing cascade effects far exceeding any individual component. Phase proximity 
provides the countdown to tipping points that enables calibrated escalation rather than 
surprise crisis response. 

The decision guidance layer – Freedom Index, Phase Index, Von Neumann Entropy, and 
Urgency Index – translates the mathematical output into actionable intelligence for 
decision makers. The Phase Index, in particular, has proven in historical validation to be 
the most powerful single early warning metric, consistently elevating 3–6 months 
before traditional indicators would trigger alerts. 

The Von Neumann Entropy diagnostic provides a fundamentally new capability: 
measuring the coherence and information quality of the risk picture itself. This answers 
the meta-question that traditional risk management cannot address – not just “how big 
is this risk?” but “how reliable is our picture of this risk?” 

The handoff criteria between RADAR© and FORGE© ensure seamless transition from 
probabilistic detection to deterministic response management. This two-track 
architecture means that no risk falls into a gap between monitoring and action, and that 
the organisation’s response posture adapts automatically as uncertainty resolves into 
clarity. 

RADAR© is designed to be used in conjunction with the CORE© foundation (Part 1) and 
the FORGE© response engine (Part 3). Together, these three components provide a 
complete lifecycle framework for risk and opportunity management – from first 
detection through crystallisation to resolution. 
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