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Introduction

*\Why is this topic important?

Decision Making Economic Effects Other possible reasons?
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 Become acquainted with the topic

 Develop a framework

 |dentify performance measures

e Sources for data retrieval
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Framework

Safety &
Security

Societal

Environmental

Freight ; .
Disruption —n[Dwect Impacts —'[ Indirect Impacts

Resilience

1/0 Model

Economic

CGE Model
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Direct Impacts

 Measured when a disruption first occurs
 Assuming we know the network...
— (Hu, 2008):

*  C.enicle = Time loss * unit private operating cost * average speed
* Ciransportation = Cvenicle * %0 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

PURDUE
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Wages lost, fuel losses, service life costs, construction costs


=
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
(l.e. National Bridge Inventory
Database from FHWA)
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DIETT

Distuption Impact Estimating Tool - Transportation

File:

State: j Database:
Trucks Per Day |1DDD j

Span Length [m) |20 j Records: 4

Walue ($1000] Description | Route M aterial
» $12037miN. U5 Camies: 0 Prestiessedc
$27 07-LA-00212 Caries: SR Concrete con
$1692 26 MINICT Over|-20 M Concrete con
$2293 LIMINOF  Over -85 M Concrete con
$222 1.65miEJet  Over US 60 Concrete con
$359 09MIWUS  Over|-10 M Concrete con
$274 5IMIESR S Over|-10 M Concrete con
$4.148 5MISCAFF  Over |- 20 M Concrete con
453 07-LA-M0-27  Caries: - 10 Concrete
$2N509MIEMIS Over -10 M Concrete con
486 07LA-101-5  Camies: US  Concrete con
146 07-LA-405-23  Carries: 0 Concrete con
$224 EMINJCTIG Over:1-65 M Concrete con
$121 MISJCTIS Over|-59 M Concrete con
$1,885 37 MLN.OF  Over -85 M Concrete con
$2489 61 MIN.OF  Over -85 M Concrete con
MEIICTUS 114 Over[-53 M Concrete con

Design

Box Beam or
Box Beam or
Tee Beam
Tee Beam
Box Beam or
Tee Beam
Tee Beam
Tee Beam
Tee Beam
Tee Beam
Tee Beam
Box Beam or
Tee Beam
Tee Beam
Tee Beam
Tee Beam
Tee Beam

TRANSPORTATION CHOKE POINT (TCP) PRIORITIZATION SCENARIOS

Brief Instructons

1. Select "State" *

2 Select desired “Trucks Per Day"

3. Select desired “Span Length [m]"

4 Repeat steps 2 3 until the record count equals approzimately 500

*MOTE - Only Fredonia iz active, Some calculations may take several minutes

Default Categories VEIES Instructions
Average Tons of Cargo Per Truck 15.00
ehnextranshdietthG eoDatabases\TCR. mdb Average Tons of Cargo Per Rail Car 65.00
Average Tons of Cargo Per Barge 1,000
$/Ton/Mile - Truck $0.2620)
131 Scungbietd | Wet | | TRANSPORTATION IMPACT $/Ton/Mile - Rail $0.0226
SCENARIO DEVELOPMENT Traffic Volume on Detour - Truck Lo
Dietout Tiaffil  SpanLengtf  TCP Length Ower OnBridge [« Traffic VO'“'_T'e on Detour - Rail Me
00 12627 26 765 Highway vt Highnan/Ped Transportation-related Cost of Delay ($/Ton/Day) -
a ome 23 46,3 Highway i/ HiohwizprPed Barge $2.00
130 1341 28 BE.6 Highway wihy Highway Cargo Losses / Day (% of Cargo Value 2.2%4
10 60 a7 107.5 Hichway vitn/ Highway Default Categories Instructions
1.0 102809 286 h8.8 H?ghway with/' Highway/Ped % of Cargo High Value - Truck 60%
N S Cargo ed.value Truck
20 0310 23 1.1 Hichway wi ghiofiCargol Low Value - Tirlick 10%
20 67658 25 247 Highway i % of Cargo Total Value - Truck (Should Equal
B 0, 0,
18.0 23705 238 86.3 Highwiay wit () - - 2005
an 4205 24 521 Highway wihd Highway % of Cargo High Value - Rail 20%
20 53206 250 59.7 Highwsay with! Highway/Ped % of Cargo Med. Value - Rail 50%
20 17715 07 75.3 Highweay with! Highway % of Cargo Low Value - Rail 30%
20 7512 23 80.8 Highwap with! Highway
710 13805 723 5.5 Highwiay with? Highway DIRECT ECONOMIC IMPACT % of Cargo Total Value - Rail (Should Equal 100%) 100%
230 13825 293 106.7 Highway with/ Highway SCENARIO DEVELOPMENT % of Cargo High Value - Barge 5%
gl 8227 20 TE.7 Highway vith/ Highiay Jﬂ % 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%
5. Click on "Scoring Method" to set parameters T X .
6. Prioritize: on desired categary - "Value [$1000]" iz recommended Alternate Route Reliability - Rail 99%
7. When done press "Mext” - This takes you into the spread sheet model Inventory Cost: % of Cargo/Year 18%

8. If you desire todo anather un, restart the DIETT application

TCP CHARACTERISTICS BY MODE RESULTS
TCP Identifiers |T0tal Costs -- All /Disruption| Total Cost Economic
Transportati

# Span n otal 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!




=
Indirect Impacts

 The consequences of direct Impacts
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Indirect Impacts

« Economic
— Input/Output (I1/O) Model

— Computable General Equilibrium (CGE)
model

e Socletal
— Safety & Security
— Environmental

PURDUE °



Input / Output Model

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

Hypothetical Transactions Table
Industry Purchasing

Processing Sector Final Demand
T ) e

; outputst | (1) [(2) EBI‘M‘.I slell @ | @ {9) i (10) (11) nz |
[ 5 | | | Gross | Gross |
| \ | | | inventory | Exports to | | private |
< [l Inputs? | accumula- ‘ foreign | Government | capital | Total Gross
SLr A'BICIDIE]|F || tion(+) countries | purchases |formati0n | Households Output |
£ | (1) Industry A l10]15] 1] 2] 5] & =2 5 | B [Eiamar = S e
% |_(2) Industry B | sl al 70 1] af sl 1 6 | S P S
_E |l @industyc [ 7l 2] 8l 1] s 3| 2 3 1 —|_3 5 40
—;f ;_-:' __(4) Industry D 1112 8] 6] 4 0 Q 1 2 1 4 39
S g | _(5) Industry E 1410111141 3/ 24 1 | 2 1 | 3 | 9 40 |
2 & [ (6) Industry F 2zl 6|l 7l 6] 2] & 2 4 2 | 1 8 a6
=, F?]Gross inventory | | [ = |
s depletion(—) | 1| 2| 1| 0] 2| 1| o 1 0 | _© | 0 8
3 & | ®mports | 2]l1]3|lol3]2] o | o | o 0 | 2 13
g = | (9) Payments to ]I | | | |
€| _movernment | 2| 3| 2| 2| 1| 2 3 2 - 1 ‘ 2 12 ] 32 |
£ |(10) Depreciation | | | |
g allowances | 1| 2| 1| 0 .1_’ o] o 0 ¥ | o | o 5 |
11) Households 19123| 7| &] 9]12 1 4] g8 0 1 85 |
(12) Total Gross ; | [ [
Qutlays |64 _59 ‘40 |_39 40_!16 | 12 23 18 18 72 | 431

15ales 1o industrics and sectors along the wop of the able from the industry listed in each row at the left of the table,
#Purchases from industries and sectors at the left of the table by the industry listed at the top of each column
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Input / Output Model

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

11

Detailed industry code and fitle Felatec 2002 10100 | 1.0200 | 1.0301 | 1.0302
AGRICULTURE, FORESTRY, FISHING AND HUNTING ; - 3-5‘35? E.'ZE‘M EI-QNE 5-37’7’5
1110 Crop procl.uction . . 3 0001 oo 0004 o001
1111C0 Oilseed and grain farming.............ooooeeeeececcceeeee | 11111-2, 1111346, 4 000z 0003 Do03 _ooo3
11119 =] 0038 0014 (Li6y oozz2 -
111200 Vegetable and melon farming e | 1112 & 0429 0298 D461 0331 R I IVI S I I rOVI eS
/ . ; s 7 780 5404 1867 3033
111380 Fruit and nut farming............o | 11131-2,1113314, 5 0001 0001 0001 oooi
111335-6, 111339 . . . y
) ) ! =] D089 0081 0038 -00&1 =
111400 Greenhouse, nursery, and floriculture production ... 1114 10 10091 0194 ooz 0084 tab I eS fo r fl n al
111910 Tobacco farming ... 1119 0227 0212 0246 0204
111920 Cotton farming 11192 0723 0712 DG64 0351
1119C0 All oth fi Judit d 111934, 111991-2, 0114 M7 D124 0173
At copaming g soarcans nd g | 11654, oo26| o020 o027 | oo22
g
0030 0021 0031 0023 )
0043 0030 D043 0037
1120 Animal production 0093 00863 0083 .0oe7
1121A0 Cattle ranching and farming 11211, 11213 0092 nos7 0108 0111 p I y t
0060 0041 D069 0067 I I l I I l
112120 Dairy cattle and milk production - S 1212 0165 ‘0140 01Ra G15a e O e n )
112400 Animal production, except caftle and poultr‘, 1nd eggs..... | 1122, 1124-5, 1125 o009 0008 0010 o0& .
112300 Poultry and egg production...........ccooocoeveeerececceeeeeneeee. | 1123 0020 0019 0023 ‘ooig O ut ut earn I n S
0013 0012 0015 o012 y
1130 Forestry and logging 1188 041 S 35‘ 1004
113A00 Forest nurseries, forest prodjucts, and timber tracts ... | 11312 gggg gigg ﬁéé gggg
113300 Logging ..o ceeeeneeens | 1133 1481 1112 1443 1157
0793 0688 0868 0716
ishi i i 0645 0459 0706 0310
1140 Fishing, hunting and trapping ‘0514 0382 DE43 D463
114100 Fishing ... 1141 a— a
114200 Hunting and lrappmg 1142 3(1]‘12 41]“:';; E?;IE gl?g‘é
0137 0120 0130 0126
1150 Support activities for agriculture and forestry 0743 0808 081 E 0890
115000 Support activities for agriculture and forestry ...............| 115 8;;3 g;gg E'EEE 8?‘!::
0664 0574 0712 0594
MINING F000 6145 7745 6354
P[ IRDI ]E (BEA, 2011) (BEA, 2011)
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$275 per region, $75 per industry, more info at BEA.gov


Computable General Equilibrium

(CGE) Model

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

e Constraints are used to relate
economic principles

e Non-linear

« Allow for input substitution
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Economic principles like consumption, trade, pricing, elasticities, supply and demand
Taxes, Wages, iMports, eXports, Savings, Investment, Consumption, Government Transfer Subscripts: Firms, Households, Government, Consumption Goods, K: Capital Good


Computable General Equilibrium

(CGE) Model

e i
ePredominant model for | PAL = PIAL ER (1t +51) § P-P-Y e, 5
- = 2 PE = PWE, - ER 5 K- K, P
eStImatIng 2 J-,__-'R_:JJ'I).'D."'P-"IU(,'-"'{, 6 PY = :J:‘,IFJ,D‘FPEJ:
T e NETTN

7 piNpEY = UPPTA

i RGDP

| Production and Supply
.WO rI d Ban k’ I M F 8 X =4 l_[ IJ:‘D:_u.' PINT, =1, - X,

r é-X |

0 W, @, =PV, a

"D,
) Exports and Imports

o G TAP at P U rd u e (G TA P- O rg) .E | X, = AT [y, E* +(1- 7)-DP Y 14 0 = AQ, 18- M7 +(1-8)-D7] 1

12 B =D 1 PE, (1~ :’")p-», 15 A =D PO -5, —
PO -y, PM (1-8)

IMPLAN 5 5 |
: PWSE, :
i Incomes |
16 ¥, = ]_[Wf w, LD, 17 VF, =@, T, i
18 Y, =[FL, + YK, + RM, - ER+ DV, 19 Y6 =Xty - Hy 4 2t - X - PA +le FO

_ S i, PIAM, M, ER 4 s, P A, -ER+ YFG
CGIR)- (1 thy —5,) - -
20 YFG =4, -F, 21 YC =y, -1,
§ Final Demand
22 D, =(p,/F) 7, 24 Gy = [ -GTOT
23 INT, = 3 INT, 25 DST =& X
26 FIXDINV =1 - PQ.-DST, 27 10, = &, DK,

PURDUE (CIRDAP, 1998) 13
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Center on integrated rural development for Asia and the pacific, 
Global Trade and Analysis Project contributes to collection of SAMs


Resi
rapic

lency Is defined as the abillity to
ly restore service after a disruption.

(WS

DOT, 2009).

Encompasses direct and indirect impacts.

Many states have instituted resiliency
plans.

Prop

er planning has been shown to

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

PURDUE 14
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Environmental

e |In the form of noise, disturbance of
wildlife, releasing of pollutants

 EPA Is the primary source of models
In US for regulatory purposes

e Current model — Motor Vehicle
Emission Simulator (MOVES)

PURDUE 15
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Prior to MOVES was MOBILE and EMFAC (Emission FACtors)
MOtor Vehicle Emissions Simulator


Environmental

« MOVES

— Estimates based on sec by sec vehicle
performance characteristics

— Estimate emissions at national level down
to individual transportation projects

— Qutput In a variety of units

— Inputs include time of day, time span,
geographic bounds, and road types

PURDUE 16



Environmental

How to place a monetary value on emissions

Table 3.4.3-1

Social Cost of CO2, 2010 — 2050 (in 2008 dollars per metric ton)

Discount Rate and Statistic
— 5% Average 3% Average 2.5% Average 3% 95" percentile
]

2010 54.80 $21.85 $35.84 $66.26
2015 $5.82 $24.30 $39.21 $74.33
2 1/t 2020 $6.94 $26.85 $42.58 $82.39
u S e S O n 2025 $8.37 $30.22 $46 .85 $92.30
2030 $9.90 $33.49 $51.05 $102.10
2035 $11.44 $36.76 $55.34 $112.00
) z $O 20 / gal Of gas 2040 $12.97 $40.02 $59.63 $121.81
. 2045 $14.50 $42 98 $62.28 $130.48
2050 $16.03 $45.84 $66.37 $139.06
Stock Price in Dollars

(NHTSA, 2011)

— Let the markets W% e

uuuuuu

May June July

iPath Global Carbon index for current quarter

PURDUE (NYSE, 2011) 17
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Safety & Security

o 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

PURDUE 18



=
Safety & Security

e How to measure

— (Liu, 2003) gives a hint
» Hangzhou-Ningbo Expressway in China

— 2to 4 lanes
I:)d
— Comparing a normal route
to a detour Px i
F)b
P,+P,+P,+P ;=P ;

PURDUE 19
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=
Safety & Security

e Avalilable data
— Indiana uses ARIES

— HSIS covers CA, IL, ME, NC, MN, OH,
UT, WA

— Crash detalls such as road name,
vehicle make, milepost

e Cost of life
— US DOT recommended $5.8 mil (2007)

PURDUE 20
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Safety & Security

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

Map 1: Indiana fatal and injury collisions involving large trucks, 2000
N

AT v A Y
“rt‘" :%E 'k‘- - AN \\+\-
s ’ .

Y ] . 0 e s
) .

R S g A
1 e LI
i
.

Souwr Indtana State Palioe Animated Reporting Information Exchasge System (ARIES), 25 of Masch 1, 200

Notes.
Includes collisions with valid latibade and longihude valoes
Injury collssions defined as collistons with no fatalies and at

(ICJ1, 2010)

PURDUE

21



=
Safety & Security

o Security: Risk assessment
associated with an accident

— Process of evaluating potential
conseguences from events and their
probabilities (CCPS, 1995)

 Relevance
— Hazardous chemicals
— Terrorist attacks
— Natural disasters

PURDUE 22
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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

PURDUE 23




Putting It All Together

Borman Corridor

Exit list
“*’ County Location Mile!*?! Exit Destinations Notes
2 Lake Haminand 0.0 @) o west—Cricage Minois state ine
|
= | : Wiifeg 087 1 @ U= 41 narth (Calumet Western end of US 41 concurrency
i Avenue) — Hammond, Munster
H.igewisch
|5J ; 239 2 @ 1S 41 south F SR 152 notth |Eastern end of US 41 concurrency, serves
Shadd (Indisnapolis Boulevard) — Purdue University Calumet
e P_I:'asi :i Hatminand, Hightand
Ealumet 90 Chicago s o
City - 335 3 |Kennedy Avenue Serves Vistors' Center
g East-\West Toll Rd Gary 492 5 |5R 912 (Cline Avenue) —East Serves Gary/Chicago International Airport
e Chicaga, Griffith
essville Ivanhc
= ! Woodmar 644 B |Burr Street
B % maond ]
(54, e 3 895 9 |Grant Street
Lansing e 180 16} (54 Cleryta
Munster hy— 9.92| 10 ||g3|5R 33 (Broadway) Serves Indiana University Morthwest
Highland o — ‘o
: E; 465 @:' 1m- N (E!ﬂl I-65ta Ind. Toll Fd. — Signed &s exits 11 (south) and 12 (north)
L ,:, i M8 12 |indianapalis easthound and exits 124 (south) and 128
i (north) westhound; freeway narrows from 4
(Google, 2011) to 3 lanes
Lake Station 1268| 13 | Central Avenue Easthound ext and westhound entrance,
which iz tempararily closed due to
Lake County, IN
] =
1500| 15 |5y (U= Beast/ER 5110 U= 20 |Eastern end of US 6 concurrency, signed as
° - (Ripley Street) exits 154 (south/east) and 158 (north);
l I l I eS O n g westhound exit 138 i part of exit 16
1551 16 @% -394 east /-0 east / Eastern end of I-80 concurrency; eastern

eAlternate route from toll roads

180 £ Indl. Toll R,

terminus of Borman Expressway

Road continues east &= Interstate 94

1.000 mi =1.609 km; 1.000 km = 0621 mi
DConcurrency terminus ® |:| Cloged " |:| Incomplete access® |:| Unopened

PURDUE 24



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

- P U rCh ase SAM S fro m GTAP Freight —lDirect Impacts]— Indirect Impacts

Disruption

Step 3: Environmental

— MOVES

Step 4. Safety & Security

— Purchase data from ARIES, HSIS.
— USGS.gov, HMIS

< 1/0 Model
CGE Model

PURDUE
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Putting It All Together

Borman Corridor

Type |Description Estimated Cost
FAF Commodity Flows Free
RIMSII |62 industries * S75 S4,650

GTAP:This package includes GTAPAgg, FlexAgg,
an abridged version of the GTAP Data Base

CGE Documentation, and a GTAPAgg license to >1,035
allow unlimited aggregations.

MOVES [Emissions Modeling Downloadable - Free

ARIES |Crash Information - Indiana Permission Needed - Free

HSIS Crash Information - lllinois Permission Needed - Free

Total $5,685

PURDUE 26



 Developed a framework

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

security

e |dentified useful sources

PURDUE 27



Summary

Category Division Site Link
RIMSII
BEA.GOV
I/O Il\él:ll\./lﬁ;N IMPLAN.COMREMI.COM
ECOn0m|C GTAP GTAP.ORG
CGE IMPLAN IMPLAN.COM
REMI REMI.COM
E . t I MOVES EPA.GOV/OTAQ/MODELS/MOVES
nvironmenta NHTSA NHTSA.GOV
Societal HSIS HSISINFO.ORG
Safety & Secu rlty US Geological Survey USGS G'OV
Hazardous Materials Info System BTS.GOV (KEYWORD:HMIS)
Resilienc . (ROSE, 2005,2009)
Misc. ] y _ Resiliency HTTP://WWW.OPS.FHWA.DOT.GOV/FREI
Fre'ght Data base Freight Analysis Framework GHT/FREIGHT ANALYSIS/FAF/
. Federal Highway Administration
U Sefu | LI n kS Resource and Innovative Technology Administration HTTP://WWW.RITA.DOT.GOV/

PURDUE 28


http://www.fhwa.dot.gov/�

Difficulties

* No $/ No respect

e Lack of experience

* Broad topic

e Lots of A.C.R.O.N.Y.M.S.
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Thank youl!

« NEXTRANS

e Prof. Ukkusuri

* Prof. Ukkusuri’'s Research Group

PURDUE 30
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