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Topics Topics ……

ß Basic issues affecting the performance of
lifeline systems.

ß A framework for identifying research needs
in lifeline loss assessment.

ß One researcher’s view of the maturity of
research in specific areas.

ß An assessment of general research directions
to improve our ability to measure the system
performance of distributed systems.

____
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QuestionsQuestions

ß What is the Big Picture regarding the current
status of SRA tools for highway and electric
power networks?  What are the major
shortcomings?

ß What are the biggest uncertainties in the
analysis procedure that drive the reliability of
current SRA tools?   What are the biggest
gaps in data/information that drive
uncertainty
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What makes lifelines lifelines?What makes lifelines lifelines?

ß They are essential for the welfare and safety
of a community.

ß They consist of nodes that are linked
together to form networks.

ß There are significant interdependencies
between lifelines.

____



ImageCat, Inc. 

What makes these systemsWhat makes these systems
vulnerable to earthquake effects?vulnerable to earthquake effects?

ß They are largely distributed systems.

ß The are susceptible to a wide range of
seismic hazards.

ß Their performance is often dependent on the
operation of other systems.

ß There are no consensus-based standards for
evaluating or design these “systems” for
seismic effects.

___
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Framework for discussion Framework for discussion ……

ß Focus on some framework for characterizing
lifeline performance.

ß This framework should allow for identifying
key research needs or gaps.

ß The framework should provide a basis for
tracking research progress on specific
projects.

____



INDIRECT ECONOMIC LOSSES
Final Demand Losses

Lost Production and Wages
due to Highway Closures

Surface Fault
Rupture

Strong Ground
Shaking

Liquefaction
Ground Failure

Landslide
Effects

SEISMIC HAZARD ASSESSMENT

Non-Retrofit
Conditions

Retrofit
Conditions

BRIDGE FRAGILITY MODELING

Bridge
Capacities

Performance
States

BRIDGE PERFORMANCE STATES

Bridge Repair
Costs

Bridge Repair
Times

REPAIR MODELS

Highway / Rail
Network Model

Regional O-D
Data

NETWORK FLOW  MODELS

DIRECT ECONOMIC LOSSES
Bridge Repair Costs
Travel Time Delays Value of Time

by activity
Travel Time

Delay

TRAVEL DELAY COSTS

Comprehensive Loss Estimation Framework for Highway Systems

Highway Network O-D Data

TRANSPORTATION DATA INVENTORY

Rail Network Bridge

Building
Inventory Data

Business Loss of
Function Model

REGIONAL ECONOMIC LOSSES

Regional I-O
Model

Socio-Economic
Data

SOFTWARE CANISTER

Input / Output
Visualization

GUI / DB
management

TRAVEL DEMAND MODEL

Variable
Demand Model

Region Freight
OD Model



INDIRECT ECONOMIC LOSSES
Final Demand Losses

Lost Production and Wages
due to Highway Closures

Surface Fault
Rupture

Strong Ground
Shaking

Liquefaction
Ground Failure

Landslide
Effects

SEISMIC HAZARD ASSESSMENT

Non-Retrofit
Conditions

Retrofit
Conditions

BRIDGE FRAGILITY MODELING

Bridge
Capacities

Performance
States

BRIDGE PERFORMANCE STATES

Bridge Repair
Costs

Bridge Repair
Times

REPAIR MODELS

Highway / Rail
Network Model

Regional O-D
Data

NETWORK FLOW  MODELS

DIRECT ECONOMIC LOSSES
Bridge Repair Costs
Travel Time Delays Value of Time

by activity
Travel Time

Delay

TRAVEL DELAY COSTS

Comprehensive Loss Estimation Framework for Highway Systems

Highway Network O-D Data

TRANSPORTATION DATA INVENTORY

Rail Network Bridge

Building
Inventory Data

Business Loss of
Function Model

REGIONAL ECONOMIC LOSSES

Regional I-O
Model

Socio-Economic
Data

SOFTWARE CANISTER

Input / Output
Visualization

GUI / DB
management

TRAVEL DEMAND MODEL

Variable
Demand Model

Region Freight
OD Model



INDIRECT ECONOMIC LOSSES
Final Demand Losses

Lost Production and Wages
due to Highway Closures

Surface Fault
Rupture

Strong Ground
Shaking

Liquefaction
Ground Failure

Landslide
Effects

SEISMIC HAZARD ASSESSMENT

Non-Retrofit
Conditions

Retrofit
Conditions

BRIDGE FRAGILITY MODELING

Bridge
Capacities

Performance
States

BRIDGE PERFORMANCE STATES

Bridge Repair
Costs

Bridge Repair
Times

REPAIR MODELS

Highway / Rail
Network Model

Regional O-D
Data

NETWORK FLOW  MODELS

DIRECT ECONOMIC LOSSES
Bridge Repair Costs
Travel Time Delays Value of Time

by activity
Travel Time

Delay

TRAVEL DELAY COSTS

Comprehensive Loss Estimation Framework for Highway Systems

Highway Network O-D Data

TRANSPORTATION DATA INVENTORY

Rail Network Bridge

Building
Inventory Data

Business Loss of
Function Model

REGIONAL ECONOMIC LOSSES

Regional I-O
Model

Socio-Economic
Data

SOFTWARE CANISTER

Input / Output
Visualization

GUI / DB
management

TRAVEL DEMAND MODEL

Variable
Demand Model

Region Freight
OD Model



INDIRECT ECONOMIC LOSSES
Final Demand Losses

Lost Production and Wages
due to Highway Closures

Surface Fault
Rupture

Strong Ground
Shaking

Liquefaction
Ground Failure

Landslide
Effects

SEISMIC HAZARD ASSESSMENT

Non-Retrofit
Conditions

Retrofit
Conditions

BRIDGE FRAGILITY MODELING

Bridge
Capacities

Performance
States

BRIDGE PERFORMANCE STATES

Bridge Repair
Costs

Bridge Repair
Times

REPAIR MODELS

Highway / Rail
Network Model

Regional O-D
Data

NETWORK FLOW  MODELS

DIRECT ECONOMIC LOSSES
Bridge Repair Costs
Travel Time Delays Value of Time

by activity
Travel Time

Delay

TRAVEL DELAY COSTS

Comprehensive Loss Estimation Framework for Highway Systems

Highway Network O-D Data

TRANSPORTATION DATA INVENTORY

Rail Network Bridge

Building
Inventory Data

Business Loss of
Function Model

REGIONAL ECONOMIC LOSSES

Regional I-O
Model

Socio-Economic
Data

SOFTWARE CANISTER

Input / Output
Visualization

GUI / DB
management

TRAVEL DEMAND MODEL

Variable
Demand Model

Region Freight
OD Model



INDIRECT ECONOMIC LOSSES
Final Demand Losses

Lost Production and Wages
due to Highway Closures

Surface Fault
Rupture

Strong Ground
Shaking

Liquefaction
Ground Failure

Landslide
Effects

SEISMIC HAZARD ASSESSMENT

Non-Retrofit
Conditions

Retrofit
Conditions

BRIDGE FRAGILITY MODELING

Bridge
Capacities

Performance
States

BRIDGE PERFORMANCE STATES

Bridge Repair
Costs

Bridge Repair
Times

REPAIR MODELS

Highway / Rail
Network Model

Regional O-D
Data

NETWORK FLOW  MODELS

DIRECT ECONOMIC LOSSES
Bridge Repair Costs
Travel Time Delays Value of Time

by activity
Travel Time

Delay

TRAVEL DELAY COSTS

Comprehensive Loss Estimation Framework for Highway Systems

Highway Network O-D Data

TRANSPORTATION DATA INVENTORY

Rail Network Bridge

Building
Inventory Data

Business Loss of
Function Model

REGIONAL ECONOMIC LOSSES

Regional I-O
Model

Socio-Economic
Data

SOFTWARE CANISTER

Input / Output
Visualization

GUI / DB
management

TRAVEL DEMAND MODEL

Variable
Demand Model

Region Freight
OD Model



INDIRECT ECONOMIC LOSSES
Final Demand Losses

Lost Production and Wages
due to Highway Closures

Surface Fault
Rupture

Strong Ground
Shaking

Liquefaction
Ground Failure

Landslide
Effects

SEISMIC HAZARD ASSESSMENT

Non-Retrofit
Conditions

Retrofit
Conditions

BRIDGE FRAGILITY MODELING

Bridge
Capacities

Performance
States

BRIDGE PERFORMANCE STATES

Bridge Repair
Costs

Bridge Repair
Times

REPAIR MODELS

Highway / Rail
Network Model

Regional O-D
Data

NETWORK FLOW  MODELS

DIRECT ECONOMIC LOSSES
Bridge Repair Costs
Travel Time Delays Value of Time

by activity
Travel Time

Delay

TRAVEL DELAY COSTS

Comprehensive Loss Estimation Framework for Highway Systems

Highway Network O-D Data

TRANSPORTATION DATA INVENTORY

Rail Network Bridge

Building
Inventory Data

Business Loss of
Function Model

REGIONAL ECONOMIC LOSSES

Regional I-O
Model

Socio-Economic
Data

SOFTWARE CANISTER

Input / Output
Visualization

GUI / DB
management

TRAVEL DEMAND MODEL

Variable
Demand Model

Region Freight
OD Model



INDIRECT ECONOMIC LOSSES
Final Demand Losses

Lost Production and Wages
due to Highway Closures

Surface Fault
Rupture

Strong Ground
Shaking

Liquefaction
Ground Failure

Landslide
Effects

SEISMIC HAZARD ASSESSMENT

Non-Retrofit
Conditions

Retrofit
Conditions

BRIDGE FRAGILITY MODELING

Bridge
Capacities

Performance
States

BRIDGE PERFORMANCE STATES

Bridge Repair
Costs

Bridge Repair
Times

REPAIR MODELS

Highway / Rail
Network Model

Regional O-D
Data

NETWORK FLOW  MODELS

DIRECT ECONOMIC LOSSES
Bridge Repair Costs
Travel Time Delays Value of Time

by activity
Travel Time

Delay

TRAVEL DELAY COSTS

Comprehensive Loss Estimation Framework for Highway Systems

Highway Network O-D Data

TRANSPORTATION DATA INVENTORY

Rail Network Bridge

Building
Inventory Data

Business Loss of
Function Model

REGIONAL ECONOMIC LOSSES

Regional I-O
Model

Socio-Economic
Data

SOFTWARE CANISTER

Input / Output
Visualization

GUI / DB
management

TRAVEL DEMAND MODEL

Variable
Demand Model

Region Freight
OD Model



INDIRECT ECONOMIC LOSSES
Final Demand Losses

Lost Production and Wages
due to Highway Closures

Surface Fault
Rupture

Strong Ground
Shaking

Liquefaction
Ground Failure

Landslide
Effects

SEISMIC HAZARD ASSESSMENT

Non-Retrofit
Conditions

Retrofit
Conditions

BRIDGE FRAGILITY MODELING

Bridge
Capacities

Performance
States

BRIDGE PERFORMANCE STATES

Bridge Repair
Costs

Bridge Repair
Times

REPAIR MODELS

Highway / Rail
Network Model

Regional O-D
Data

NETWORK FLOW  MODELS

DIRECT ECONOMIC LOSSES
Bridge Repair Costs
Travel Time Delays Value of Time

by activity
Travel Time

Delay

TRAVEL DELAY COSTS

Comprehensive Loss Estimation Framework for Highway Systems
AREAS SHOWING SOME LEVEL OF MATURITY

Highway Network O-D Data

TRANSPORTATION DATA INVENTORY

Rail Network Bridge

Building
Inventory Data

Business Loss of
Function Model

REGIONAL ECONOMIC LOSSES

Regional I-O
Model

Socio-Economic
Data

SOFTWARE CANISTER

Input / Output
Visualization

GUI / DB
management

TRAVEL DEMAND MODEL

Variable
Demand Model

Region Freight
OD Model



INDIRECT ECONOMIC LOSSES
Final Demand Losses

Lost Production and Wages
due to Highway Closures

Surface Fault
Rupture

Strong Ground
Shaking

Liquefaction
Ground Failure

Landslide
Effects

SEISMIC HAZARD ASSESSMENT

Non-Retrofit
Conditions

Retrofit
Conditions

BRIDGE FRAGILITY MODELING

Bridge
Capacities

Performance
States

BRIDGE PERFORMANCE STATES

Bridge Repair
Costs

Bridge Repair
Times

REPAIR MODELS

Highway / Rail
Network Model

Regional O-D
Data

NETWORK FLOW  MODELS

DIRECT ECONOMIC LOSSES
Bridge Repair Costs
Travel Time Delays Value of Time

by activity
Travel Time

Delay

TRAVEL DELAY COSTS

Comprehensive Loss Estimation Framework for Highway Systems
AREAS REQUIRING MORE RESEARCH

Highway Network O-D Data

TRANSPORTATION DATA INVENTORY

Rail Network Bridge

Building
Inventory Data

Business Loss of
Function Model

REGIONAL ECONOMIC LOSSES

Regional I-O
Model

Socio-Economic
Data

SOFTWARE CANISTER

Input / Output
Visualization

GUI / DB
management

TRAVEL DEMAND MODEL

Variable
Demand Model

Region Freight
OD Model



INDIRECT ECONOMIC LOSSES
Final Demand Losses

Lost Production and Wages
due to Highway Closures

Surface Fault
Rupture

Strong Ground
Shaking

Liquefaction
Ground Failure

Landslide
Effects

SEISMIC HAZARD ASSESSMENT

Non-Retrofit
Conditions

Retrofit
Conditions

BRIDGE FRAGILITY MODELING

Bridge
Capacities

Performance
States

BRIDGE PERFORMANCE STATES

Bridge Repair
Costs

Bridge Repair
Times

REPAIR MODELS

Highway / Rail
Network Model

Regional O-D
Data

NETWORK FLOW  MODELS

DIRECT ECONOMIC LOSSES
Bridge Repair Costs
Travel Time Delays Value of Time

by activity
Travel Time

Delay

TRAVEL DELAY COSTS

Comprehensive Loss Estimation Framework for Highway Systems
“KEY” AREAS WITH SIGNIFICANT UNCERTAINTY

Highway Network O-D Data

TRANSPORTATION DATA INVENTORY

Rail Network Bridge

Building
Inventory Data

Business Loss of
Function Model

REGIONAL ECONOMIC LOSSES

Regional I-O
Model

Socio-Economic
Data

SOFTWARE CANISTER

Input / Output
Visualization

GUI / DB
management

TRAVEL DEMAND MODEL

Variable
Demand Model

Region Freight
OD Model



INDIRECT ECONOMIC LOSSES
Final Demand Losses

Secondary Losses due to
Business Interruption

Surface Fault
Rupture

Strong Ground
Shaking

Liquefaction
Ground Failure

Landslide
Effects

SEISMIC HAZARD ASSESSMENT

Empirical
Data

Analytical
Model

EQUIPMENT FRAGILITY MODELING

Equipment
Capacities

Performance
States

 COMPONENT PERFORMANCE STATES

Repair and
Replacement

Costs

Restoration
Times

 REPAIR MODELS

System
Operations
(IPFLOW)

Load/Demand
Curves

SYSTEM PERFORMANCE   MODELS

DIRECT ECONOMIC LOSSES
System Repair Costs

Business Interruption Losses

Comprehensive Loss Estimation Framework for Electric Power Systems
AREAS REQUIRING MORE RESEARCH

Network Data Customer Loads

INVENTORY AND OPERATIONS DATA

Building
Inventory Data

Business Loss of
Function Model

REGIONAL ECONOMIC LOSSES

Regional I-O
Model

Socio-Economic
Data

SOFTWARE CANISTER

Input / Output
Visualization

GUI / DB
management

Shake
Table



ImageCat, Inc. 

Conclusions Conclusions ……

ß We’ve made tremendous progress in SRA
modeling – measuring direct and indirect
economic costs

ß We need to better understand the sensitivity
of our final loss estimates to uncertainties in
individual models or modules

ß We need to pay more attention to validation
studies – current loss models tend to over-
predict losses in small events and under-
predict losses in large events


