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Introduction

•Why is this topic important?

Decision Making Economic Effects Other possible reasons?
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Goal

• Become acquainted with the topic

• Develop a framework

• Identify performance measures

• Sources for data retrieval
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Direct Impacts

• Measured when a disruption first occurs
• Assuming we know the network…

– (Hu, 2008):  
• Cvehicle = Time loss * unit private operating cost * average speed
• Ctransportation = Cvehicle * % of commercial freight * Total # vehicles impacted

– American Trucking Association uses value of $1.25 (1994) or 
$2.90 per mile (2011)

– Freight Analysis Framework (FAF) provides percentages of 
commercial freight, by industry & region

– IHS Global Insight used for CMAP
– State DOTs provide information on AADT flows and 

adjustment factors

Presenter
Presentation Notes
Wages lost, fuel losses, service life costs, construction costs
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Direct Impacts

• Disruption Impact Estimating Tool –
Transportation (DIETT)
– Developed by NCHRP (NCHRP
– Uses direct costs and GIS information 

to assess TCPs.
– Mountain passes, tunnels, and bridges 

(i.e. National Bridge Inventory 
Database from FHWA)

Presenter
Presentation Notes
National Cooperative Highway Research Program
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DIETT

TCP CHARACTERISTICS BY MODE RESULTS
TCP Identifiers Total Costs -- All Modes in $ Mil/Disruption Total Cost Economic

# Span 
Transportatio

n Economic Total As a % of Costs As
Type Name No./Code Material Length (m) Cargo Value % of Total

1 #REF! #REF! #REF! #REF! #REF! #REF! #REF! #REF! #REF! #REF!
2 #REF! #REF! #REF! #REF! #REF! #REF! #REF! #REF! #REF! #REF!
3 #REF! #REF! #REF! #REF! #REF! #REF! #REF! #REF! #REF! #REF!
4 #REF! #REF! #REF! #REF! #REF! #REF! #REF! #REF! #REF! #REF!
5 #REF! #REF! #REF! #REF! #REF! #REF! #REF! #REF! #REF! #REF!

TRANSPORTATION CHOKE POINT (TCP) PRIORITIZATION SCENARIOS
Default Categories Values Instructions

Average Tons of Cargo Per Truck 15.00
Average Tons of Cargo Per Rail Car 65.00
Average Tons of Cargo Per Barge 1,000
$/Ton/Mile - Truck $0.2620

TRANSPORTATION IMPACT $/Ton/Mile - Rail $0.0226
SCENARIO DEVELOPMENT Traffic Volume on Detour - Truck Low

Traffic Volume on Detour - Rail Med
Transportation-related Cost of Delay ($/Ton/Day) -
Barge $2.00
Cargo Losses / Day (% of Cargo Value) 2.2%

Default Categories Values Instructions
% of Cargo High Value - Truck 60%
% of Cargo Med. Value - Truck 30%
% of Cargo Low Value - Truck 10%
% of Cargo Total Value - Truck (Should Equal 
100%) 100%
% of Cargo High Value - Rail 20%
% of Cargo Med. Value - Rail 50%
% of Cargo Low Value - Rail 30%

DIRECT ECONOMIC IMPACT % of Cargo Total Value - Rail (Should Equal 100%) 100%
SCENARIO DEVELOPMENT % of Cargo High Value - Barge 5%

% of Cargo Med. Value - Barge 25%
% of Cargo Low Value - Barge 70%
% of Cargo Total Value - Barge (Should Equal 
100%) 100%
Alternate Route Reliability - Truck 95%
Alternate Route Reliability - Rail 99%
Inventory Cost: % of Cargo/Year 18%
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Indirect Impacts

• The consequences of direct impacts

Presenter
Presentation Notes
Give example
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Indirect Impacts

• Economic
– Input/Output (I/O) Model
– Computable General Equilibrium (CGE) 

model

• Societal
– Safety & Security
– Environmental
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Input / Output Model

• Use matrices to predict the flow of 
goods and services between 
different sectors

Presenter
Presentation Notes
Externalities and government purchases are known as final demand.  Value added is a term used to compensate for capital resources, tax payments, labor etc. -------------(I-A)^T
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Input / Output Model

• Software and databases such as 
RIMSII, IMPLAN, and REMI

RIMSII provides 
tables for final 
demand, 
employment, 
output, earnings

(BEA, 2011)(BEA, 2011)

Presenter
Presentation Notes
$275 per region, $75 per industry, more info at BEA.gov
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Computable General Equilibrium 
(CGE) Model

• S.A.M - a matrix representation of 
the national accounts for a given 
country

• Constraints are used to relate 
economic principles

• Non-linear

• Allow for input substitution

Presenter
Presentation Notes
Economic principles like consumption, trade, pricing, elasticities, supply and demandTaxes, Wages, iMports, eXports, Savings, Investment, Consumption, Government Transfer Subscripts: Firms, Households, Government, Consumption Goods, K: Capital Good
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Computable General Equilibrium 
(CGE) Model

(CIRDAP, 1998)

•Predominant model for 
estimating

•World Bank, IMF

•GTAP at Purdue (GTAP.org)
IMPLAN

Presenter
Presentation Notes
Center on integrated rural development for Asia and the pacific, Global Trade and Analysis Project contributes to collection of SAMs
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Resiliency

• Resiliency is defined as the ability to 
rapidly restore service after a disruption.  
(WSDOT, 2009).

• Encompasses direct and indirect impacts.
• Many states have instituted resiliency 

plans.
• Proper planning has been shown to 

reduce congestion and mitigate 
disruptions.(Cambridge, 2007).
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Environmental

• In the form of noise, disturbance of 
wildlife, releasing of pollutants

• EPA is the primary source of models 
in US for regulatory purposes

• Current model – Motor Vehicle 
Emission Simulator (MOVES)

Presenter
Presentation Notes
Prior to MOVES was MOBILE and EMFAC (Emission FACtors)MOtor Vehicle Emissions Simulator
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Environmental

• MOVES  
– Estimates based on sec by sec vehicle 

performance characteristics
– Estimate emissions at national level down 

to individual transportation projects
– Output in a variety of units
– Inputs include time of day, time span, 

geographic bounds, and road types
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Environmental

– (NHTSA, 2011) 
uses $21/ton

• ≈ $0.20 / gal of gas 

– Let the markets 
decide!

How to place a monetary value on emissions

iPath Global Carbon index for current quarter

July 8th closing 
was $22.60

(NHTSA, 2011)

(NYSE, 2011)

Presenter
Presentation Notes
National Highway Traffic Safety Administration
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Safety & Security

• Safety refers to the ability for users 
of the system to reach their 
destination safely

• Quantified by the monetary value of 
damage to vehicles or operators

• Like environmental, very subjective
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Safety & Security

• How to measure
– (Liu, 2003) gives a hint

• Hangzhou-Ningbo Expressway in China
– 2 to 4 lanes

– Comparing a normal route
to a detour

Pd

Pa

Pb

PcPx

Pa + Pb + Pc + Pd = Ptotal

Presenter
Presentation Notes
Assuming ME
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Safety & Security

• Available data
– Indiana uses ARIES
– HSIS covers CA, IL, ME, NC, MN, OH, 

UT, WA
– Crash details such as road name, 

vehicle make, milepost
• Cost of life 

– US DOT recommended $5.8 mil (2007)

Presenter
Presentation Notes
Automated Reporting Information Exchange SystemHighway Safety Information System sponsored by FHWA
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Safety & Security

ARIES:  Fatal and injury 
collisions involving large 
trucks, 2009.

(ICJI, 2010)
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Safety & Security

• Security:  Risk assessment 
associated with an accident
– Process of evaluating potential 

consequences from events and their 
probabilities (CCPS, 1995)

• Relevance
– Hazardous chemicals
– Terrorist attacks
– Natural disasters

Presenter
Presentation Notes
Center for Chemical Process Safety
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Safety & Security

• How to quantify risk 
– Definition of events

• i.e. Types of chemicals (Egidi, 1995)

– Estimate of the magnitude (consequences)
• Impact area, population density

– P(x) or frequency of occurrence
• Department of Transportation (DOT) Hazardous 

Materials Information System (HMIS) database, 
• The National Weather Service
• USGS.gov 



24

Putting It All Together
Borman Corridor

•Lake County, IN
•16 miles long
•Alternate route from toll roads

(Google, 2011)
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Putting It All Together
Borman Corridor

• Step 1:  Develop a network/Direct Impacts
– Use FAF, GIS, Census data
– Shortest path, agent-based?

• Step 2:  Economic Impacts
– Purchase multipliers from RIMSII
– Purchase SAMs from GTAP

• Step 3:  Environmental 
– MOVES

• Step 4:  Safety & Security
– Purchase data from ARIES, HSIS.
– USGS.gov, HMIS

Freight 
Disruption Direct Impacts Indirect Impacts

Societal

Safety & 
Security

Environmental

Economic

I/O Model

CGE ModelResilience
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Putting It All Together
Borman Corridor

Type Description Estimated Cost

FAF Commodity Flows Free

RIMSII 62 industries * $75 $4,650

CGE

GTAP:This package includes GTAPAgg, FlexAgg, 
an abridged version of the GTAP Data Base 
Documentation, and a GTAPAgg license to 
allow unlimited aggregations.

$1,035

MOVES Emissions Modeling Downloadable - Free

ARIES Crash Information - Indiana Permission Needed - Free

HSIS Crash Information - Illinois Permission Needed - Free

Total $5,685
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Summary

• Developed a framework

• Related GDP, output, employment, 
final demand, emissions, safety, and 
security

• Identified useful sources
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Summary

Source Summary
Category Division Site Link

Economic
I/O

RIMSII
IMPLAN

REMI

BEA.GOV
IMPLAN.COMREMI.COM

CGE
GTAP

IMPLAN
REMI

GTAP.ORG
IMPLAN.COM

REMI.COM

Societal

Environmental MOVES
NHTSA

EPA.GOV/OTAQ/MODELS/MOVES
NHTSA.GOV

Safety & Security
HSIS

US Geological Survey
Hazardous Materials Info System

HSISINFO.ORG
USGS.GOV

BTS.GOV (KEYWORD:HMIS)

Misc.
Resiliency

Freight Database
Resiliency

Freight Analysis Framework

(ROSE, 2005,2009)
HTTP://WWW.OPS.FHWA.DOT.GOV/FREI

GHT/FREIGHT_ANALYSIS/FAF/

Useful Links Federal Highway  Administration
Resource and Innovative Technology Administration

HTTP://WWW.FHWA.DOT.GOV/
HTTP://WWW.RITA.DOT.GOV/

http://www.fhwa.dot.gov/�
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Difficulties

• No $ / No respect

• Lack of experience

• Broad topic

• Lots of A.C.R.O.N.Y.M.S.
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Thank you!

• NEXTRANS

• Prof. Ukkusuri

• Prof. Ukkusuri’s Research Group
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