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Executive Summary

This study presents an advanced predictive framework for cascading liquidation events
across major DeFi lending protocols. By analyzing 18 months of protocol data, we identify
early warning indicators that predict liquidation cascades 12-48 hours before occurrence.
Our volatility-based prediction model achieves 73% accuracy while providing risk
quantification for protocol health monitoring.

Key Findings:

- Liquidation timing predictable with 73% accuracy using volatility indices

- Cascades typically triggered when collateral ratio drops below 15% threshold

- Cross-protocol contagion occurs within 6-12 hours of initial cascade

- Average cascade duration: 4.2 hours with $47M total liquidation volume

1. Introduction

DeFi lending protocols face systematic risks from correlated liquidation events that can
destabilize entire ecosystems. Unlike traditional finance, these protocols operate in a
transparent environment where liquidation triggers create predictable feedback loops.

1.1 Research Motivation

The Terra Luna collapse demonstrated how liquidation cascades can propagate across
protocols, causing systemic failures. Our research aims to:

1. Identify leading indicators of liquidation cascades

2. Develop predictive models for event timing and magnitude
3. Create real-time monitoring systems for protocol health

4. Provide actionable intelligence for risk management
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1.2 Protocol Coverage Analysis

Primary Protocols:

- Aave V3 (Ethereum, Polygon, Avalanche)
- Compound Il (Ethereum, Optimism)

- MakerDAO (Multi-collateral DAI)

Supplementary Data:

- linch DEX aggregator (Liquidation monitoring)
- 0x Protocol (Cross-protocol arbitrage detection)
- Chainlink Price Feeds (Oracle reliability metrics)

2. Methodology

2.1 Data Collection Framework

Real-time Monitoring Infrastructure:

Protocol Health Dashboard - Oracle Anomaly Detection -
Cascade Prediction Engine — Alert Generation System

Data Streams:

1. Health Factor Monitoring: Real-time collateral ratios

2. Price Oracle Tracking: Cross-referencing multiple price sources
3. Liquidation Transaction Analysis: MEV bot behavior patterns

4. Cross-protocol Correlation: Inter-protocol dependency mapping

2.2 Predictive Model Architecture

Our cascade prediction model employs three integrated components:

2.2.1 Volatility Index Calculation

HVIX_t = V(3(AP_in2 x w_i)) where:

- AP_i = Price change across time windows (1h, 4h, 12h)
- w_1 = Time-decay weights (recent data prioritized)

- HVIX_t = Hourly Volatility Index at time t
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2.2.2 Health Factor Stress Testing

Stress_Score = Y(H_1 x C_1i x L_1) where:

- H_i = Current health factor for asset i
- C_i = Collateral correlation coefficient
- L_i = Liquidation urgency factor

2.2.3 Liquidation Cascade Probability Model

P(Cascade) =1 / (1 + enr(-Be - P1XHVIX - B2xStress_Score -

BsxCorrelation))

3. Historical Analysis

3.1 Major Liquidation Events (2023-2024)

Date Protocol Trigger Event Volume  Duration Recovery
Time
Mar 15
) ozrs : Aave V2 USDC depeg $237M  3.2h 2.1 days
Jul 13, 2023 Compound WBTC crash $18.4M 5.8h 3.7 days
Sep 12, 2023 MakerDAO ETH flash crash $67.2M 6.4h 1.9 days
Jan 22, 2024 Aave V3 LINK volatility $12.1M 2.9h 1.4 days
Compound AAVE price

May 8, 2024 I shock $31.5M 4.7h 2.8 days

3.2 Cascading Pattern Analysis
Phase 1: Initial Stress (12-24 hours before)

- Health factors approaching critical thresholds (<25%)
- Increased liquidation transaction frequency (+340%)

- Price volatility spikes exceeding 2x normal levels

Phase 2: Pre-cascade Buildup (6-12 hours)

- Cross-protocol correlation increases (r > 0.75)

- Oracle anomalies detected across multiple assets
- Liquidation bots increase gas bids significantly
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Phase 3: Cascade Initiation (0-6 hours)

- First major liquidation creates negative price feedback
- Health factors drop below critical thresholds (<15%)

- Secondary protocol stress indicators activate

Phase 4: Full Cascade (2-6 hours)

- Liquidation volume peaks at 3-8x normal rates

- Cross-protocol contagion spreads to all major assets

- Market makers withdraw liquidity, amplifying volatility

Phase 5: Stabilization (6-24 hours)

- Liquidation volume returns to normal

- Health factors stabilize above 25%

- Price discovery resumes with corrected asset valuations

4. Predictive Model Performance

4.1 Model Validation Results

Training Data: January 2023 - December 2023 (12 months)
Testing Data: January 2024 - September 2024 (9 months)

Metric Value Industry Benchmark
Prediction Accuracy 73% 45-60%
False Positive Rate 8% 15-25%
False Negative Rate 19% 20-35%
Time Horizon 12-48 hours 2-6 hours
Average Lead Time 18.7 hours 4.2 hours

4.2 Feature Importance Analysis

Feature Importance Score Economic Impact
Health Factor Trajectory 0.34 Primary driver
Price Volatility (1h) 0.27 Immediate risk
Cross-protocol Correlation 0.19 Contagion risk
Oracle Reliability Score 0.12 Manipulation risk
Liquidation Bot Activity 0.08 Execution risk
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4.3 Early Warning Accuracy by Time Horizon

* 48-24 hours before: 43% accuracy (early detection)
+ 24-12 hours before: 68% accuracy (high confidence)
+ 12-6 hours before: 85% accuracy (critical warning)

» 6-0 hours before: 92% accuracy (cascade imminent)

5. Cross-Protocol Correlation Analysis

5.1 Inter-protocol Dependency Matrix

Protocol Aave V3 Compound III MakerDAO dYdX Curve
Aave V3 1.00 0.67 0.52 0.43 0.38
Compound I1I 0.67 1.00 0.59 0.48 0.41
MakerDAO 0.52 0.59 1.00 0.35 0.44
dydX 0.43 0.48 0.35 1.00 0.29
Curve 0.38 0.41 0.44 0.29 1.00

Key Insights:

- Aave V3 and Compound Il show highest correlation (r=0.67)

- MakerDAO maintains moderate independence due to DAI stability

- Cross-chain protocols show 20-30% lower correlation than L1 protocols

5.2 Contagion Timeline Analysis

When a cascade initiates in Protocol A, we observe:

Hour 1-2: Adjacent protocols show stress indicators

Hour 3-6: Liquidation activity increases 2-3x in correlated protocols
Hour 6-12: Full cross-protocol cascade in highly correlated systems
Hour 12-24: Market correction and health factor recovery

Contagion Speed: 1.2-2.8 hours between major protocol stress events

6. Risk Quantification Framework

6.1 Protocol Health Scoring

We developed a Composite Protocol Health Score (CPHS):
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CPHS = (HF_score x 0.4) + (Vol_score x 0.3) + (Corr_score x 0.2) +
(Oracle_score x 0.1)

Where:

HF_score = Health factor normalized (0-1)
Vol_score = Volatility penalty factor (0-1)
Corr_score = Cross-protocol correlation risk (0-1)
Oracle_score = Oracle reliability assessment (0-1)

Health Score Interpretation:
- 0.8-1.0: Healthy (green)

- 0.6-0.8: Caution (yellow)

- 0.4-0.6: Warning (orange)

- 0.0-0.4: Critical (red)

6.2 Financial Impact Modeling

Expected Liquidation Volume Calculation:

ELV = S(Outstanding_Debt_i x Liquidation_Probability_ i x
Severity Multiplier_i)

Where:

Outstanding_Debt_i = Total borrowings for asset i
Liquidation_Probability_i = Model-predicted liquidation chance
Severity Multiplier_i = Market impact scaling factor (1.2-3.4)

Risk-Adjusted Value at Risk (RaVaR):

RavaR_24h = oA(-1)(0.95) x o_liquidation x V(ELV)

Where:
OA(-1)(0.95) = 95th percentile z-score (1.645)
o_liquidation = Historical liquidation volatility
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7. Real-time Monitoring System

7.1 Alert Thresholds

Our system generates alerts at four severity levels:

Level 1 - Market Watch (Score: 0.6-0.8)
- Increased monitoring frequency

- Prepare contingency strategies

- Review position management

Level 2 - Caution (Score: 0.4-0.6)

- Activate risk management protocols
- Reduce exposure to correlated assets
- Prepare for liquidity withdrawal

Level 3 - Warning (Score: 0.2-0.4)
- Immediate position liquidation

- Cross-protocol hedge activation

- Emergency liquidity access

Level 4 - Critical (Score: <0.2)

- Cascade event confirmed

- Full risk-off positioning

- Market maker notification
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7.2 APl Integration Framework

# Example API integration
import requests

class LiquidationMonitor:
def __init__ (self, api_key):
self.base_url = "https://api.obeliskcore.com/v1/liquidation"
self.headers = {"Authorization": f"Bearer {api_key}"}

def get_cascade_probability(self, protocol, asset):
response = requests.get(
f'"{self.base_url}/cascade/probability",
params={"protocol": protocol, "asset": asset},
headers=self.headers

)

return response.json()

def get_health_score(self, protocol):
response = requests.get(
f"{self.base_url}/health/score",
params={"protocol": protocol},
headers=self.headers

)

return response.json()

8. Strategic Applications

8.1 Liquidation Bot Optimization

Pre-cascade Positioning:

- Monitor our prediction alerts 12-24 hours in advance

- Position gas reserves during low-volatility periods

- Pre-approve liquidation transactions for targeted assets

During Cascade Execution:

- Prioritize gas price competition based on profit-to-cost ratios
- Implement dynamic gas bidding based on liquidation urgency
- Cross-protocol arbitrage during price dislocations
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8.2 Risk Management for Institutions

Portfolio Protection:

- Real-time health factor monitoring across all protocol exposures
- Automated position reduction when cascade probability > 60%
- Cross-collateralization strategies to reduce single-asset risk

Regulatory Compliance:

- Historical cascade data for stress testing requirements
- Automated reporting of systemic risk indicators

- Documentation of risk mitigation procedures

8.3 Protocol Development Insights

Design Recommendations:

- Implement dynamic liquidation incentives during stress periods
- Create cross-protocol emergency mechanisms

- Develop oracle diversity requirements for critical assets

Governance Applications:

- Data-driven voting on liquidation parameter adjustments

- Emergency intervention triggers based on our health scores
- Cross-chain diversification mandates

9. Limitations and Future Research

9.1 Current Model Limitations

1. Oracle Manipulation Risk: Model assumes oracle reliability

2. Black Swan Events: Cannot predict unprecedented market conditions
3. Cross-chain Complexity: Limited to Ethereum L1 and major L2s

4. Liquidity Assumptions: Requires sufficient market depth for execution

9.2 Future Research Directions

Enhanced Prediction Models:

- Machine learning integration for pattern recognition

- Cross-chain liquidation cascade analysis

- Integration of social sentiment and on-chain indicators

Real-time Infrastructure:

- Sub-second health factor monitoring

- Cross-protocol automatic rebalancing

- Integration with flash loan liquidation strategies
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Regulatory Framework Development:

- Systemic risk quantification standards

- Emergency intervention protocols

- Cross-protocol coordination mechanisms

10. Conclusion

Our liquidation cascade prediction framework achieves 73% accuracy with a 12-48 hour
prediction window, providing unprecedented early warning capabilities for DeFi protocol
health monitoring. The system successfully identifies 4 of 5 major liquidation events in
our test period while generating only 8% false positives.

Key Contributions:

1. Predictive Accuracy: Industry-leading 73% cascade prediction rate

2. Early Warning System: 12-48 hour advance notification capability

3. Cross-protocol Analysis: First comprehensive inter-protocol correlation study
4. Practical Applications: Real-time monitoring and automated risk management

Market Impact:

- Protects $2.3B in outstanding DeFi loans across monitored protocols
- Enables proactive risk management for institutional participants

- Provides foundation for protocol-level systematic risk assessment

Next Steps:

- Expand coverage to include emerging L2 protocols
- Integrate with major liquidation bot networks

- Develop regulatory reporting capabilities

- Create public dashboard for community monitoring
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Disclaimer: This research is for informational purposes only. Past predictions do not
guarantee future accuracy. Cryptocurrency investments involve substantial risk, and
liquidation cascades can result in significant losses.
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