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Complex and Unusual Patterns in Data

• Weather, Hydrology and Climate
− Origin of the Lorenz Equation
− Searching for Chaos from Real Data
− Extreme Values, Anomalies and Teleconnections

Natural Disasters and Impacts

• Transportation and Sensors 
− Power Laws and Nonlinear Correlations
− Patterns of Normal Behavior and Anomalies

Transportation Security and Safety
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Predictive Insights on Natural 
Disasters for Strategic Policy-Making

Case Study with Rainfall Extremes in South America
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A Measure of Surprise
“Surprise” caused by “Truly Unusual” Extremes

• “Design Extremes”: t-year Return Level, RL(t)
− t: Design return period
− Example: Dams designed for “50-year floods”, or 1/50 chance

• “Truly Unusual Extremes”: T-year RL, RL(T)
− T: Higher bound on anticipated return level
− Example: A 500-year flood is rare but has 1/500 chance

• Measure of “surprise”: RL(T) / RL(t)
− How surprised will one be by a 500-year event when one is 

prepared for a 50-year event?
− If the “truly unusual” extremes are close to the “design extreme”, 

anticipated surprise is low, and vice versa









Indices for Risks and Impacts 
of Precipitation Extremes

• “Probability” of Surprise: Precipitation EVI
− Probability of Truly Unusual Extremes

• Potential Risk: Probability X Potential Cost
− Potential Cost ~ Population Density

• Disaster Impact: Potential Risk / Ability to 
Respond
− Ability to Respond ~ GDP
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Related Research on Natural 
Processes and Hazards Mitigation

Hydro-Climate Processes and Impact Analyses



Our Related Research
• Geospatial-Temporal Dependence among 

Hydrologic Extremes
• Nonlinear “Teleconnection” in Space and Time 

among Climate and Hydrological Variables
• Detection of hidden nonlinear dynamical behavior 

from short and noisy hydrologic time series
• Online Change Detection in Space and Time from 

Remotely Sensed Observations
• Weather Prediction based on Remotely Sensed 

Observations and Numerical Weather Models
• Evaluation Metrics and Uncertainty in High-

Resolution Population Estimates
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Knowledge discovery from wide area 
sensor data for security applications

Case Study with Truck Weigh Station Sensors and Transportation Security
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