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Purpose

Discuss NCFRP Report 38.

Learning Objectives

At the end of this webinar, you will be able to:

Understand the content and application of the guidebook

Understand the tools, resources relevant for multimodal benefit-
cost analysis, and how to tailor the analysis based on context

I”

Recognize a project or a solution as a “multimodal” evaluation

Understand how to treat “difficult to address” issues in benefit-
cost analysis



NCFRP Research Report 38:
Guide for Conducting
Benefit-Cost Analyses of
Multimodal, Multijurisdictional
Freight Corridor Investments




Join us

« TRB Webinar: Commodity Flow Survey Microdata
to Estimate the Generation of Freight, Freight
Trips, and Service Trips

Tuesday, September 26, 2017 - 1:00-2:30pm ET

e Innovations in Freight Data Workshop

Spring 2019 in Irvine, CA



http://www.trb.org/Calendar/Blurbs/176443.aspx
http://www.trb.org/Calendar/Blurbs/176443.aspx
http://www.trb.org/Calendar/Blurbs/176443.aspx
http://www.trb.org/Main/Blurbs/176388.aspx

Additional Publications

Available on this Topic

- TRB’s Transportation Research Record, No. 2609:
Freight Systems, Volume 1

« TR News March—April 2017: Innovations in Freight
Planning: Trade, Scenarios, and Environmental
Justice

- TRB's E-Circular 223: Innovations in Freight Data

You can learn more about these publications by visiting www.trb.org




Today’s Speakers

- Sharada Vadali, Texas A&M Transportation
nstitute, What is Multimodal freight corridor BCA?

- Kenneth Kuhn, Rand Corporation, Addressing
RIsk and Uncertainty

- Anne Goodchild, University of Washington,
Seattle, Heartland Corridor - Freight Raill
Investment

- Elisa Arias, San Diego Association of
Governments, Moderator




WHAT IS MULTIMODAL, MULTUJURISDICTI
FREIGHT CORRIDOR INVESTMENT BE
ANALYSIS?




GUIDEBOOK- PURPOSE

= Resource Guide for Multimodal, Multijurisdictional Freight Corridor Benefit Cost
Analysis (BCA)

= Complement to:
= FHWA Economic Analysis Primer
= FAA Benefit Cost Analysis (BCA)
= FRA BCA Guidance
= TIGER BCA Guidance
= US Army Core of Engineers Economic Guidance Documents
= OMB Circular A-94

= Gauge public and private benefits, costs from a public sector point of view




GUIDEBOOK PURPOSE- WHAT IS MULTIMODAL
FREIGHT CORRIDOR BCA?

= Corridors where freight cargo moves or is likely to move using more than one mode.

= Infrastructure linkages between modes (highway truck routes, seaports, airports,
freight rail, inland waterways).

= Comparison or evaluation of corridor strategies with potential to influence freight
modal shift

= Corridor strategies with passenger -freight interaction
= Multijurisdictional- affected population and jurisdictions
= Geographic scale (local, regional, statewide, multi-state)
= Characterized by freight flows - Terminal investments with multiple entities




WHAT IS IN THE GUIDEBOOK?- STEPWISE
FRAMEWORK

= 12 chapters, 11 steps

Stage 3.Conduct BCA

* Conduct BCA, Decision Criteria,
Addressing Risk and Uncertainty

Stage 2. Forecasting and Benefit

Estimation
e Forecast Data and Benefit
Quantification

Stage 1. Preparation

'SCOp.if.]g, (.:OStS and Benefit — Table 2. Guiding Framework fz;::::;asmﬂ
Identification 1. Define the project 1.A. Define the type of facility/location to include

1.B. Develop options or alternatives

1.C. Determine the BCA impact area

1_D. Define the modes involved

2. Determine scope of analysis 2_A. Define approach for type of analysis

2 B ldentify public and private stakeholders

2 C. ldentify the jurisdictions involved

2.D. Identify populations that will be impacted

2_E. Define the scope for modeling and informational neads

2_F. Determine service life of project(s)

3. Account for project costs 3_A_ ldentify lifetime costs specific to the project

3_B. Define analysis time frames and determine residual value parameters
3.C. Remove sunk costs

2.D. Adjust costs occurring at different time periods to a base period

3.E. Evaluate funding sources

4 Identify benefit triggers and A A ldentify planning objectives to be meat

metrics 4_B. |dentify applicable direct and indirect benefit measures and metrics
4 C_ Identify all applicable first-order TEE metrics

4_ D Collect and analyze freight flow data and attributes of major markets
5. Develop forecasts 5_A Resolve issues related to transport forecasts for project alternatives
5. B. Apply appropriate models and data

5.C. Consider methodological assumptions in using Freight Analysis
Framework {FAF), Waybill, Transearch for lime-haul networks—rail,
waterways, and pipelines

5.D. Determine forecasting volumes and behavioral effects across
scenarios and induced demand

6. Quantify and value applicable first- |6 A Quantify and value first-arder TEE benefits

order public and private metrics and 6_B. Value other direct metrics

information needs &.C. ldentify and access data sources for valuation

6.0. Examine models and sources for performance metrics and valuation
measures, and guantify benefits

7. Analyze public externalities and 7_A_ Quantify externalities
information needs (safety and the 7.B. Select metrics for valuation of externalities
environment) 7.C. Review federal funding guidelines for reporting of specific externalities
8. Analyze higher-order quantifiable 8.A. Determine whether WEBs should be considered
metrics 8.B. Select WEBs to analyze
B8_C. Perfarm Valuation of WEBs
9. Conduct the BCA 9_A_ Determine and apply appropriate discount rates
9 _B. Employ best practices for treatment of transfers, tolls, and user
charges
‘9.C. Address equity considerations
9.D. Perform benefit calculations
10 Develop decision criteria and 10.A. Develop and employ final decision criteria
report BCA results 10 B. Report BCA results '
11 Ewvaluate and integrate risk and 11 A Identify sources of uncertainty
uncertainty 11.B. Account for uncertainty

11.C. Address optimism bias
11 D. Rerun the BCA and update BCA results




WHAT IS IN THE GUIDEBOOK? (GOVERNING
PRINCIPLES)

3. Choice of discount rates:
2. Incremental approach social opportunity costs 4. Discounting
&intergenerational

1. Aggregate benefits net of
aggregate costs

. Benefits cover all important
erspectives (all freight users, 6. Disclosure 7. Transfers
shippers, cargo)

8. Objective framework for
decision makers

11. Proportionality principle: balance
between effort and expected value of
information to decision makers

9. Context sensitive and 10. Transparency on
“useful” information. assumptions




BCA APPLICATION CONTEXTS

= Planned corridor investments
= National Multimodal Freight Network
= Statewide Freight Plans
= Statewide and MPO Transportation Improvement Programs
= Discretionary Grants - FAST ACT
= Other Grants or Regulatory Requirements

= Comparison and Vetting of Alternative Modal Strategies
= Prioritization

= Comparison of Alternatives for a Given Project




STAGE 1: PREPARATION STAGE

= 4 Chapters (Project Definition, Scoping, Costs and Benefit Identification)

= Project definition
= Modal orientation

Single/Group of projects?

Mutual exclusion

Types of projects

Terminal involvement?

Develop alternatives

Understand the project
context &
stakeholders

Drivers: Traffic/Freight flow optimization;
hodal shift

Drivers: Traffic/Freight flow optimization;
Safety

Drivers: Freight efficiencies; Improve trade &
throughput

| |
IZ:]_ [a) I:Zl T«

Corri

Drivers: Freight efficiencies; Improve

Private Puhblic automatians, Kl | throughput; Operating cost reductions &
stakeholders Stakeholders Dl productivity gains
n{l“;izﬁsgf | Federal
Apencie=

operators

Shipper=/Rec
erers

= S@teDOT

P
Carriers wha
={ own terminal=s = Local entities
and yards=s

= Other carriers

= Developers




PREPARATION STAGE (CONTD.)

= Scope of analysis

= Geographic scale

= Jurisdictions impacted

= BCA impact area
= Project costs and service life

= All categories of lifetime “variable” costs

= Contingency costs

= Service life process aspects (to costs and benefits)
= BCA benefit drivers

= “Transportation economic efficiency” (time, cost) <z

S afety Inter-regional corridor -
Productivity (throughput)
Emissions
Reliability, frequency

Co-benefits: Supply chain efficiencies ; Trade effects- Access to production, resource, or
demand markets;

= Non-BCA Benefit Drivers (e.g. jobs)

Line Haul Aspect of Freight Corridors

County

MPO Region

State

Multistate corridor




STAGE 2- MULTIMODAL INTEGRATED BENEFIT
EVALUATION

= The guidebook walks you through:
= Forecast development for build and nobuild alternatives

= “Integrated” Evaluation - Reliance on multiple tools related to nature of modal involvement
= Tools

= Scale consistent- Regional, state and custom travel demand models or freight models
= Terminal forecasts

= Public domain national databases/models (e.g.., Freight Analysis Framework, Surface

Transportation Board’s Waybill, Schedule 410 R1, Uniform Rail Costing System, mode-
specific tools)

= Private data sources and models (Transearch, modal specific tools)
= Forecasting modal demand

= Default valuation parameters or sources and procedures

©




STAGE 2- MULTIMODAL INTEGRATED BENEFIT
EVALUATION (CONTD.)

= Forecasting Issues- Data poor contexts (New mode or simply lack of good data).
= Lack of freight flows =» Build origin-destination profiles (manual or choice models)
= No formal model =» Network analysis; Oakridge National Laboratories Networks
= How much mode shift to expect ? =» choice elasticities and models

= Consideration of specific “benefits” - “reliability”

= Addressing land use impacts
= Part of forecasting (integrated models)

= Address as a “risky” factor

Highway

Rail

Inland Waterways

HERS

RailSim (Systra)
more suited for

passenger rail

Ohio River Navigation
Investment Model
[ORNIM) National
Economic
Development
benefits

HarborSym

Deep-Draft Marine I_ Air

FAA Airport Airspace
Simulation Model
(SIMMOD) and
Runway Delay
Simulation Model

Table 5. Direct (First-Order) TEE Metrics and Public and Private Data Sources.
m Private-Domain Tools, a "
sl Valuation Data 1R Bost Ere
TEE Metric{s) or Diverted Flow) for Data Needs. Needs Public-Domain Data and Teols ‘and Clearances. Data (Public and Private
No-Build and Build Obtained Domains)
Altermatives
Travel cost * Travel ortransit | Speed s Resource value of | Conceptual analysis: * Customized Commodity flows and
([travel time or time savings (time|* Travel time time (VOT) » Freight Analysis Framework models (eg, trade data:
transport cost) for saved) = Distance (dollars,hour (FAF) flows CLBE) * BT5/Ressarch and
impactedmodes |+ Transport costper|s Volumes—current | labor ime}— + FAF routable database * Private-domain Innovative Technology
from transport unit of time and forecasts USDOT guidance |« Payload data tools (several) by |  Administration
models,/network and//or per ton- (eg., average » VOFT perhouror | Ayailable simulation models mode (reil and ~ |* STE Public Waybill
analysis/ mile saved anrual daily VOFT computed by made airports) * US. Maritime
simulation models e Detay hours traffic, vehicle &S Separste » Existing travel demand * Restricted tools Administration
(from Step 4) reduction per unit |  miles traveled logistical models, if available, for truck | from USACE for |« 11S. Coast Guard
and/or external of cargo [VMT], units, tons, components to projectse ports and * USACE Waterborne
detta sources '+ Buffer indices and carioads) degree possible |« Existing commodity flow wats Commerce Statistics
(shipper surveys) ftruck freight) ' Directional fiows  |* Market interest models (for cross-modal * Global Insight * Lock Performance
o * Messuresof or- | Pesk and off- rate shifts) models. Monitoring System
|Also, refiability time arival or peek, ifneeded  |* Costmetrics per |+ Network analysis * Private-domain  |e State departments of
measures of » Capaciy unit of time: or + Oakridge National ific ‘trensportation (DOT)
lateness * Vehicle mix distance Laborstories routing tooks tools/models/ Local agencies
= Vehicle oocupancy|® Refiability ratiofor | o pgode cpecific Elme * Port Import,/Export
o Commodiy fiows | YRS tools/models/ equations to quantify effects Reperting Service
(0D matrix) [* Value of freight quantify effects. (Table 7) {Joumal of
s Commodity mix transport + FAA Teminal Area Forecasts |® Assodiation of ce)
s Intermodal cargo | "ehaility or, if not ; i American + USACE Waterborne
e available, & cost tefzsn) Railroads (AAR) e Statistics
applicable [ * Railroad performance s * STB Waybill restricted
= Global positioning measures (proprietary data sets
system (httn:/ /wnenw.railroadpm.org) :.'."‘E'““.d'?l . ity Flow
. Motlel) Survey restricted data
Feasibility. SEts
+ Simulation models by mode s Global Insight's
+ Travel demand models Transearch
* Custom travel models * Intermodal
+ Public-domain mode-specific Association of North
tools/models,/ equations to America (IANA)
guantify effects

* _FAA Terminal Area Forecasts.

FHWA BCA—HFLRT (useful for
corridors)

RTC suited for Class

1 capacity and
operational analysis

Other toolks with
USACE (developed by
the Mavigation

(Other tooks with
LUSACE (developed by
the MNavigation

Massachusetis
Institute of
Technology’s LMI

Economic Economic
Technologies. Technologies
Program}—Restricted | Program)—Restricted
Access Access
AASHTO Redbook FRA's GTMS suited | ISACE has been USACE has been Total Airport and
for rail safety undertaking efforts te jundertaking efforts to |Airspace Modeler
lanalysis. develop system develop system

models that allow
superior analysis of
diversion {induced
demand])

models that allow
superior analysis of
\diversion (induced
\dernand)

STRATBencost (private)

UIRCS (operating
costs) and STE
Report R-1 (Tool)
only for shipping
COStS_

Non-USAGE projecis—
P&G Economic
Guidance documents
2002 and 2004
{crew costs and

Mon-USAGE projects—
P&(G Economic
(Guidance documents
2002 and 2004
((crew costs and

FAA Airport Capacity
Model

operating costs) ‘operating costs)
MicroBencost Indnvidusl = - FAA Economic Values
companies Guide
Cal-BC Cormidor and Cal-BT RAIL//NET - - FAA Airport Delay
Metwork Model
| FHWA Surface Transportation  |Rail costing models |- - -
Efficiency Analysis Mode! (intermodal costing
(STEAM—multimodal madel) (Owens etal.

(passenger-truck)
Transpontation EConomic
Development Impact System
(TREDIS) (private)’MMBCA
free.

Regional Economic Models-
Transight (private).

Note: These include & BCA
component that allows
multiple modes, but they are
not strictly muitimodai.

[41)

TTHEDTS] [private);
Regional Economic
Models- Transight
[private)

Transpomation
Economic
Development Impact
Systemn [TREDIS)
(privatelMMBCA
free.

Transportation
Economic
Development Impact
System (TREDIS)
(private)}/ MMBCA
free.

Transportation
Economic
Development Impact
Systemn (TREDIS)
(private) MMBCA
free.

' Several other tools ncluding

in-house tools

2 Some regions and states do not have travel models or commodity flow models. States and regions also vary in the types and models they have

available for planning studies.

GradeDec Net




STAGE 2- MULTIMODAL INTEGRATED BENEFIT
EVALUATION (CONTD.)

= Freight Benefits must capture benefits to all affected parties
= Freight operators, Carriers
= Shippers/receivers- cargo or industry affects

= |f applicable, impacts on affected entities on other mode (from diversions, passenger/freight
interactions)

= Affected community, if applicable

= Time (or cost) based freight efficiencies should consider:

= Utilization of labor as a resource (carrier perspective) in transit and if applicable, excess time
loading/unloading.

= Utilization of equipment (asset provider, operator perspectives)

= Value of cargo in transit (shipper perspectives) - the freight “value of time”- (the “passenger” in
the freight vehicle)




STAGE 2- MULTIMODAL INTEGRATED BENEFIT
EVALUATION (CONTD.)

= Total BCA benefits are a sum of “unique” direct (first order) effects, and higher order effects.
= Difficulties in approximating volume and/or shadow price (valuation measure)

= Geographic scale and/or location interconnectedness = higher order effects.

Table 13. Types of Benefits, Timing of Ococurrence, and Relation $o BCA, ELA, and WEEBs.

Termpaoral
Order of
Oocurmereos

Pl etrics

Temporal Naturs
armd Effect=s omn Firrm
Dt et Pirosdiu chiwity
of Tramsport-lisirng

Sectors

Cormiments

2Ca, ElaA or WEE

First—order
bemnaefits

-

Conventicnal ransportation ecoromic
effici=mncy [TEE]) mstrics:s

Chanmge in rave S transic
tirmetrarnsport cost

Change in operasting costs ircluding
fu=l o carriers, opaerators, ard
shippers (somaetimes included as
loegistical cost sawvings)

Trawel tinme reliakbility

Pubdic externmalities:

Accident safety =ffects
Enviromnmeaental effects (emissions armd
air graalinyh

Skheort temm
fmmmediatsly
Tollowsing the
opaerning of the
Project).
A=supmes firrm
cugepat () is
cormstant (@ Mo
changes im O-D
wolurme.

Routs skhirfts and
diversicns.

e ta ra |
BiCAa

Secaomo- - Logistcal cost changes leading to hi=diurm termm A pplicable im WEE. Hard-oo—
e ressrganization effect Z -5 year=s]. eErbadin capture WER=S
bemaefits - 0D linkages between production amnd Firrm osrtpert (0] is chircurnstances | for all modes.
irvc uncesd | CoOnSUNmptdon regions Finezd . OO0 wlhuarme WO wallue fior
indirect meay change [(E32). intermmeocdal
r=twwsrkc E=T o |
effects) e uitirrmeodad

IO S T ST TS.

Third-onder

Gains from additiona] recrganizastiocn

Lomger t=rmnm

Docurs in

=ffaects

bemaeifits according to the conventiocmnmal
BCA but can be of interest oo policy
makers—jolb=, regional employrmeaent,
personal incoaress, and gross regionsl
prod ot

mearkets gnd at tirme
frames; differemnt
frorm actussl
insestrmesmt

beneiits effecrs swch as locadonal effects and (5—10 years). differsmt Tr-capture
Jirmduced) prod ot wariakility Firrm owrtpart. (O-D mearkets {larmd WWEB=.
wolumes changes_ =mrnd pro-ouct
mearkets])
Iredirect Effects Mot Part of 2004
CTribwer = Effects that are rvot considersed Dioccunr il differsent ElA and fiscal




STAGE 2- MULTIMODAL INTEGRATED DIRECT
BENEFIT VALUATION - CHALLENGES

= Modal consistency in benefits - How does one address “reliability” as a benefit?

= Challenge 1 and Solutions: Data unavailable to measure performance adequately on a time-scale
=  Work with the data you have

= Consider delay proxies (applicable for all modes)

=  Work with demand model data- requires no-build and build forecast (truck freight)

= Probe data for establishing performance measures (standard deviations or buffer index) -
(truck freight) (For critical supply chain links or projects targeting reliability)

Waterborne Rail Unit Rail Carload Rail Truck

b P Freight Air Freight Example 1 (Specific Benefit Consideration in Guidance): FAA guidance, for instance, is

currently among the most comprehensive in its consideration of impacts to shippers and
freight delays. Itincludes three meftrics for delay reduction and one for predictability:

Reduced units of express cargo arriving/departing from the airport after the time
\ \ required to make the guaranteed delivery time.
‘ f ' Reduced air freight ton delay hours by airside, landside, and terminal side.

Slowest. High weight Lower value Fast Range of value to weight ratios. Rail . : ; - -
to weight ratios. Cost efficiencies intermodal and truck competition for Fastest. High value to weight ratios. Reduced truck dEla}thurs in landside access.

in shipping large cargo. distances between 400-600 mies. Time and Delay reduction efficiencies. For predictability, a reduced number of aircraft crew required to accommodate

costeheengies; posted schedules, which are then quantified in terms of reduced operating costs.




STAGE 2- MULTIMODAL INTEGRATED DIRECT
BENEFIT VALUATION-CHALLENGES (CONTD.)

= Challenge 2 and Solutions: Data may not be available or suitable to value performance in dollars
per unit of time/distance.

Update “value of time” using “reliability ratio” (truck freight).

Use cargo specific logistics cost approximations per hour of delay or lateness, if available.
Use national defaults when available. NCHRP 7-24 Underway (truck freight).

Conduct study

= Report BCA with and without “reliability” (for comparisons)

= Avoid double counting
= Present assumptions
= Benefit categories can be different across modes




STAGE 2- MULTIMODAL INTEGRATED DIRECT
BENEFIT VALUATION-EXTERNALITIES

= External costs can vary based on project and location:
= Air pollution effects at the local and regional scale
= Greenhouse gases at the global scale such as carbon dioxide (CO,)

= Noise, water pollution.

= Accidents/safety (example, grade crossings, highway projects) w
Anumber of tools can assist the analyst with analyzing public externalities and

= Health effects induced from air quality. informaton needs:
= Security implications or risks from hazardous material routing. . spendies Tasie s, soice soil costvles.
. s Table 12 and Appendix K for emission factors.
. + Railroads and terminals (direct contact).
s EPARegulatory Support Document (revised 1998) (59).
+ EPA Motor Vehicle Emission Simulator
i [ WWW3.EDA.Z0V/ 0 models /moves/ ).
= Sketch approaches + Dk wsiebrmsin (i st apa i)
= Links to specific advanced tools " ] et epa o ot 175
= Default valuation parameters e T ot Tk ndi
= Resilience building projects emphasize “avoided” |0SSes Or COSts  * o s ndesionupdingemision ot estnteswhen g s

+  FRA's GradeDec for grade crossings (Rttps:/ fwww.fra.dot.gov/Page [P0337),

+ EPA's BenMAP for evaluating health effects (based on concentration response
functions) (http//weiw.epagov/benmap).

+ Integrated assessment models—APEEP
(https://sites.google.com site /mickmullershomepage fhome/ap2-apeep-model-2).

s EPA's Co-Benefits Risk Assessment Mode] (COBRA)

(https:/ {www.epagov/statelocalclimate /co-benefits risk-assessment-cobra-

sereening-model).

Geographic Information System mapping and aerial imagery.

FHWA's Traffic Noise Model.

FAA's Integrated Noise Model.

Train Energy Model.

Aviation Environmental Portfolio Management Tool (http://partner.mit.edu).

FRA puidance and CREATE toolkit (htp:/ /www.fradot.gov/Page/P0216).

Guidance on Treatment of the Economic Value of a Statistical Life (VSL) in US.

Department of Transportation Analyses- 2015 Adjustment

(hitps: / /www.transportation.gov /sites/dot.zov/files /docs /VSL2015 Opdf).

More detailed local modeling could use public or private data sources on fleets and




STAGES 1- 2- MULTIMODAL INTEGRATED BENEFIT
EVALUATION (KEY POINTS FOR A ROBUST AND
TRANSPARENT DATA-DRIVEN PROCESS)

= Plan analysis effort according to budget and geographic scale
= Discussion with planning departments and modelers
= Jurisdictions impacted by the project
= Understand the corridor context for project(s)- who is it serving?
= Geographic entities
= |ndustries and cargo
= Who else is affected?
= Leverage available statewide, regional or other models and tools
= Acknowledge limitations and make suitable assumptions
= Alternatives (build and no-build)
= Forecasts, analysis period
= Benefits quality control, residual values
= Costs quality control (refer to appropriate cost estimating guidance).




STAGE 3- CONDUCTING THE BCA-
DISCOUNTING AND EQUITY

Discounting (public agency perspectives)

= Use rates suggested by agencies (USDOT, FAA, FRA defer to OMB- 7% real for
federal funded projects; USACE- nominal rates, and being reevaluated).

= |ntergenerational rates - global environmental benefits- USDOT - 3%.

= Distributional equity
= Jurisdictional (spatial) =
= Public versus private distribution
= Industry distribution — Disaggregation of forecast data to the unit of analysis
= |Income level
= Health effects from air pollution, safety —

= Key factors for Considering Equity
= Federal requirements- Environmental impact statements, Health impacts
= Project context/location and purpose and need
= Magnitude of public and private benefits
= Benefit distribution across regions and to the broader economy




STAGE 3- CONDUCTING THE BCA -EQUITY

Tabie 18. Example Public-Private Stakelsolter Benefit Matrix

= Methods - wmm
= Stakeholder accounting matrices Al users
‘& A=81 fAn
= Specific models and tools (e.g.. health |2 2
o= E
= Differential values of time By
o L i3 .
= Distributional weighting- not gaﬁ
recommended a“ i Barea  [Fugh
wfk iSeara  fshi i
= USACE perspectives: _ . 1 ﬁm ;:“
= National and regional benefits : " =
= Spatial computable general %é o g e
equilibrium models built on causation iiE e e e = =
[negativa) |2+g3
IRt peTeats-sactor usar Benatis [T = 1
2 E 2 Al i ey
5 8 acmmunity
25 ] 1
E E EE E-::ﬂﬁml-lﬂumrnm IJ IJ-_
i g |dimatn changs
LEEEH
g%i [Mainerance, ¥ appicatie K Ha
[}
.l -1 ::le picreitar
_Li 'EE Immmmm T L =
@ NP of i BsnaTies (TES) M=EE+H
anEr Tl i
u.;rﬁ-.u'P el I I




STAGE 3- CONDUCTING THE BCA -CRITERIA
AND ASSESSMENT CONSIDERATIONS

= BC ratio? NPV? Other criteria?
= + NPV is a robust criteria
= For independent projects and fiscal constraint: NPV first; then consider BCR.

= For a group of projects that are dependent- and vetting corridor alternatives or strategies-
select maximum NPV

= NPV’s must be adjusted for service life differences for cross-modal comparisons. Direct
comparisons of BC ratios and NPV s are not appropriate.

= Equivalent Annual Net Benefit: NPV is assumed to be a series of equivalent annual payments
= Common Multiples of Project Duration: use the least common multiple of asset lives

Table B1 EANB of Two Alternative Sirategies.

Benefit, Costs Modal Strateey 1 (Service | Modal Stratesy 1 [Service
Discoumnt Rate 5% life 75 years) 50 life years)
Discounted cost [§ million) §7440 9143
Discounted Benefits §a5Rd 10,538
[Smillion)
NEV 214 £1495
EANE (NFV) $11] = $73




BENEFIT EVALUATION -ADDRESSING OTHER
BENEFITS WITH BCA TO DEVELOP A GOOD BUSINESS
CASE

Direct freight efficiencies and clear follow through benefits are part of BCA.
= Use tools effectively to tell a story for large scale projects - Multiple Accounts to

address multiple benefit categories including economic impacts on all affected
markets.

= Use systematic reporting templates
Table 17. BCA Reporting Table—Summery Worksheet (All Ouantifiable Metrics).

B [elerkan Structura
Salegary Aonmndng Adjstrens, 1
Apploable
| NPV TEE mstriai—sieises | non-Euis i) (edd travel coats) (&
|Hw TEE mustriis—botinia Users (s rivel cata) B :.?{m e
|HF'~' TEE msirics—asas prowioe I Adpated
development - ™ T
acoounk effects L [ NP raurelstad coats, § apolicabis 5
i ; | NPV aserr provider e'fecin—asss? maimenancs oot E
BT
o NPV sataty :
:“‘dpﬁ’p‘::" . M T e i
e . el PVt —TEVaT U o)
enviranenental i e I
account—heatth » > | i
i foosts and I Oetional
mru:;rll.l-l:tizﬁnj;u it [NPV reliakilt ;
HPFY wider e’ i agpbeable .
of cous [reluding sulsiies and neT o igni-olway |
gt butkrs)
NPV banefits s cptional) {1) :'Il::-l+a+c+n+=+p+.3
] 'O EIETA
[ecit) ™
|EcA 2y m —
WA (1] ™ -
Figure 13. A Multiple Account Evaliation Inciuding BCA for Developing a Business I%mm T - -




CONCLUSIONS

Recognize that all estimates involve uncertainty and ask what effect key
assumptions, data, and models have on estimates.

Maintain transparency and objectivity of analytical inputs (data, parameters,
growth factors).

Recognize that BCA evaluation quality varies based on when it is conducted: an
early stage “conceptual” BCA is quite different from an advanced planning stage
BCA. Investment grade analysis should meet rigorous standards.




ADDRESSING RISK AND UNCERTA




WHERE AND HOW TO ADDRESS UNCERTAINTY

= Benefit-Cost Analysis of Multimodal Multijurisdictional Freight Corridor
Investments requires estimation of highly uncertain quantities.

= Techniques for addressing uncertainty:
= Sensitivity analysis
= Scenario testing
= Monte Carlo Simulation
= Robust Decision Making
= Etc.




COMMON SOURCES OF UNCERTAINTY

Sources of Benefits-Side

Sources of Project-Cost

Other Sources of

Uncertainty Uncertainty Uncertainty
Population growth rates Material costs of Discount rates
construction materials

Model forms used in economic

Labor costs during

Temporal scales of

growth model construction activities analysis
Parameter values used in Property acquisition costs | Spatial resolution of
economic growth model analysis
Freight traffic growth rate Construction delays Optimism bias
Land use changes Maintenance costs
Supply chain structures Legislative and legal
actions
Energy use Financial difficulties
Values of time, including
freight values of time

Externality costs

Accident rates




WHAT IS SPECIAL ABOUT MULTIMODAL

MULTUJURISDICTIONAL, MULTIMODAL FREIGHT
PROJECTS?

= Analysts must forecast:
= Freight flows
= Looking decades into the future
= Accounting for diversion, if applicable

= The infrastructure projects are often larger and/or more unique

= Obtaining data becomes more problematic
= Commercial interests

= Differences in requirements, data formats across jurisdictional boundaries

= Diverse reporting requirements, political sensitivities




IDENTIFY SOURCES OF UNCERTAINTY

address the uncertainty later.

Note where sources of uncertainty are used in analysis.

Identify model inputs that are uncertain and likely to impact results.

Describe these sources of uncertainty in a variety of ways that will help you

Source of Category Use Nominal Rationale Type of Exogenous
Uncertainty Value / Uncertainty |Factor or
Default Policy
Assumption Variable
Discount Rate |Other (used in|Final 7% OMB Circular| Deep Policy
estimation of | combination, A-94 uncertainty | variable
benefits and | comparison of
costs) benefits and
costs
Value of Benefits-side | Economic 12.30 (US USDOT VOT | Epistemic Policy
Travel Time |uncertainty |valuation of |[2012 § per Guidance uncertainty | variable
Savings, travel time hour) 2014
Personal savings
Travel
Costs of Project-cost |Estimation of |12,300,000 |Engineer’s Aleatory Exogenous
construction |uncertainty | project capital | (US 2016 §) |notes uncertainty | factor

materials

costs




SENSITIVITY AND SCENARIO TESTING

= Sensitivity testing “can make a Benefit-Cost Analysis (BCA) much more
informative, can discourage abuse, and can make inadvertent bias more
transparent.” (Merrifield, 1997).

= Identify realistic ranges for model parameters and realistic scenarios for
uncertain assumptions.

= Run separate analyses with optimistic, pessimistic values for each key source of
uncertainty.

= Relatively cheap and easy way to demonstrate recognition of role of uncertainty.

= Can be used to combat claims of optimism bias.




EXAMPLE OF AN APPROACH EMPLOYED IN PRACTICE,
NOT A PERFECT SENSITIVITY OR SCENARIO ANALYSIS

Table B5: Sensitivity Analysis

7% Dis- 3% Discount Qe't@Ve  Alternative 20 YearPlan- Break Even | °deral
count Rate Rate Savings Diversion ning Horizon  Analysis Leverage
Benefits $690.2 $1,314.6 $867.8 $1,212.6 $547.8 $376.6 $690.2
Costs $376.6 $423.2 $376.6 $376.6 $371.5 $376.6 $85.7
BIC Ratio 18 3.1 2.3 32 15 1.0 8.1
i inanl $891.4 $491.2 $836.0 §176.3 $0.0 $604.5

Source: National Gateway TIGER Grant Application




MONTE CARLO SIMULATION

* Monte Carlo simulation involves re-running analyses several times after sampling
from distribution functions to select uncertain model parameters.

* Recognizes stochastic nature of model inputs, outputs.
* Consider using empirical distribution functions when data are not available.

 Example: gather data on construction costs to develop distribution functions for
describing cost uncertainty

* Report 5-number summaries (sample minimum, lower quartile, median, upper
guartile, sample maximum) or show histograms of key statistics output by BCA

* Discuss the width of the range of reasonable values. For example compare the
lower quartile to the upper quartile of observed values, and relate this to the
median.




EXAMPLE OF AN APPROACH EMPLOYED IN
PRACTICE

B/C Ratio
2012%

Parameter Value Percentlle Value 100 .ﬂ
Minimum  N/A 100% 1.41 % |0
Maximum WA 250% 143 h -

Most Likely — NIA 500% 145 5 i fan
Confidence Level  NIA 1000% 146 % : e §
15.00% 1.49 T & 20 2
Descriptive Stat  Vaiue 20.00% 15 30 B
Most Likely 155 2500% 152 20 [ *
Mean 157 3000% 153 ™ ™
Median 1.57 35 00% 1.54 ° 140 145 150 155 180 185 170 175 180 .
BIC Ratio
sl i mihecris i I. Frequency — Cumulative Forr.ontage|
Sample Variance  0.01 4500% 158
Kurtosis -0 48 5000% 157
Skewness 012 5500% 158 90% Confidence Interval
Range 041 60.00% 1.59 [145 171]
Minimum  1.38 6500% 16 95% Confidence Interval
Maximum  1.78 70.00% 162 [143, 173]
Sum 78665 7500% 163 98% Confidence Interval
Count 500 80.00% 164 [141, 1.76]
8500% 166

9000% 1.68
95.00%

97 50%
99.00%




ROBUST DECISION MAKING (RDM)

* Robust Decision Making (RDM) can be used to evaluate sources of uncertainty
that cannot be assumed to follow known distribution functions.

* RDM has been applied in climate science, water resource management, etc. but
not yet in transportation planning

*  Opportunities exist to apply RDM to freight project planning and analysis,
particularly for larger projects with complex options for future development, key
stakeholders (e.g., ports, railroads), sunk costs, etc.

[

4. Trade-off analysis 2. Case generation

3. Scenario discovery /

D Deliberation

() Analysis
@ Deliberation

with unulysis

1. Decision structuring

T

MNew options

sirategy

L J
Scenarios that illuminate
vulnerabilities




COMMON MISTAKES (1 OF 2)

1. Risk and uncertainty are ignored during analysis. Only single values / point
estimates of project benefits and costs are published. This leads to an
appearance of false precision. Example: building this intermodal facility at the
port will cost $3 and lead to $5 in benefits.

2. Ranges of project costs and benefits are published without reference to how the
ranges were found. Example: building this intermodal facility at the port will cost
between $1 and $4 and lead to between $4 and $12 in benefits. What methods
were used to generate the different estimates of project costs and benefits?
What was considered uncertain? What changed during different analyses?

3. Only two or three scenarios were tested. Or only two or three variables and
relatively small ranges of parameter values were used when performing sensitivity
analysis. Example: scenario testing where discount rates of 3, 5, and 7% were
used. This can lead to an underestimation of uncertainty and risk.




COMMON MISTAKES (2 OF 2)

4. Uncertainty in exogenous factors, such as construction costs and freight traffic
growth rate, is ignored. This leads to an underestimation of uncertainty and risk.

5. Sensitivity analysis is used to address issues of risk and uncertainty. Each
variable, such as population growth rate or freight traffic growth rate, is
considered and analyzed separately. Correlations are ignored. Resulting ranges of
project costs and benefits can be too narrow to capture true uncertainty and risk.
No scenarios that involve adjusting combinations of variables are tested.

6. Sources of deep uncertainty, for example discount rate, are ignored. This can
lead to an underestimation of uncertainty and risk. No mention is made of these
sources of uncertainty. No scenarios are run where these variables are set to
different values.




HEARTLAND CORRIDOR - FREIGHT RA
INVESTMENT




MOTIVATION FOR A CASE STUDY

= Demonstrate the methodology
= Highlight use of some open access datasets

= [llustrate new techniques
* Modal diversion
* Logistics cost saving
* Handling uncertainty

= Encourage dialogue




THE HEARTLAND CORRIDOR (1 OF 2)

Chicago — AN

= |mproved railroad freight operations
between the Port of Norfolk and
Columbus, Chicago.

= Public-Private Partnership:
= Norfolk Southern Railway
= Federal Highway Administration ....... ,
= Virginia, West Virginia, Ohio - =t ]

Involved raising clearances in 28 tunnels
and 24 other overhead obstacles.

Became operational in 2010.




THE HEARTLAND CORRIDOR (2 OF 2)

= Direct high capacity rail route allowing double-stacked intermodal trains
between peripheral regions in Virginia/West Virginia and Midwest markets.

= New intermodal facilities planned along the central corridor at key locations
(Prichard-WV, Roanoke-VA, Rickenbacker Airport-Columbus, OH).

= Reduced distance between Norfolk to Chicago by 200 miles; decreased transit
time by 1 day.

Norfolk New distance Original Distance Original Distance

to via Heartland route via saved route via saved

Corridor Knoxville (miles) Harrisburg (miles)

(miles) (miles) (miles)
Chicago 1049 1169 120 1251 202
Columbus 371

Detroit 203




EXAMPLE ISSUE: DATA SOURCES

= Freight Analysis Framework (FAF4) provides freight movement data in tonnage
and value for different modes and by commaodity type for specific years.

= Aggregate data; origin and destination are state/zone/metropolitan area
specific

= Basis to develop forecasts for the project lifetime (~25 to 40 years for freight
rail)

= Assumptions in forecasts: constant mode shares.

= Establish full faith in forecasts




EXAMPLE ISSUE: DATA SOURCES (CONTD.)

= Uniform Railroad Costing System (URCS) from Surface Transportation Board
provides variable and total unit cost for U.S. Class | railroads

= Uses the annual operating expenses and traffic data reported by the railroads

= Produces reasonable estimates of railroad “variable” cost when all the required
input are entered by the user.

= Uses the annual operating expenses and traffic data reported by Class 1
railroads

= |t produces estimates of railroad “variable” cost when all the required input are
entered by the user. These also vary by cargo type. Since, the focus of BCA is
on “incremental change” - the estimates are useful.




EXAMPLE ISSUE: ESTIMATING MODAL DIVERSION

= Method 1: Use market segmentation, by commodity types and thumb rules:

= Based on a base set of commodity flows of the “from” and “to” modes (FAF)
along with their units by O-D pair.

= Demonstrate the suitability of the target market or O-D pair for diversion.
= Develop commodity category filters to identify divertible cargo.

= Method 2: Use Modal Switch Elasticities, rail-truck or truck-rail:
= Based on cross elasticities (Guidebook)
= Commodity specific elasticities are results of previous mode choice studies
= Suggests a maximum diversion opportunity

= Method uses a hybrid proposed in the Guidebook combining methods 1&2.




EXAMPLE ISSUE: BENEFITS CONSIDERED

= The following transportation economic efficiency (TEE) metrics available in the
guidebook were used to evaluate the changes in the logistics costs

= Travel time savings to existing users
= Shipping cost savings to new users (diverted volume)

= Costsavings for both existing and new users (from diverted volumes) were
estimated using the formula below

= Total Savings= Savings ($/ton)*Total flow (KTons)* 1000

= [nventory cost savings were estimated as a result of reduced cost for cargo in
transit is estimated using the formula below
= Reductions in Inventory Costs = Commodity value (in $)*Daily discount rate*
Transit time saved




EXAMPLE ISSUE: RISK IN BENEFITS

= The data sources discussed above are public and provide information only at an
aggregate level like the total flow of commodity from one state (origin-destination
pair) to other for one single mode (truck, rail, etc.).

= Some of the issues associated with the benefit calculations could be accuracy as
discussed below.

= A market share apportioning technique is used to estimate the actual commodity
flow using the Heartland Corridor rail link between the states impacted.

= Using the information of miles operated by Class | railroads (Association of
American Railroads), we derived a 60% market share and applied it to the Freight
Analysis Framework flow data to be used in all of our benefit calculations.




REPORT

http://www.trb.org/Publications/Blurbs/175606.aspx

Questions?
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Get Involved with TRB

o Getting involved is free!
e Join a Standing Committee (http://bit.ly/2]YRIrF6)
« Become a Friend of a Committee

(http://bit.ly/ TRBcommittees)

— Networking opportunities

— May provide a path to become a Standing Committee
member

e For more information: www.mytrb.org

— Create your account

— Update your profile
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Get involved with NCFRP

e Suggest NCFRP research topics
e Volunteer to serve on NCFRP panels

e Lead pilot projects and other
Implementation efforts at your agency

e For more information:
http://www.trb.org/ncfrp/ncfrp.aspx
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