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INTRODUCTION



Questions for you

Quantifying the

. Project selection
costs and Projects can be should be based
benefits of a consistently onlv on All benefits can
project is evaluated and y ) be quantified?
: quantifiable
important when ranked? .
.. metrics?
planning it?
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The need for appraisal

There is no shortage

of promising ideas
for transit

Every year new
infrastructure,
services, and
policies are
proposed to expand
and improve transit

Transport Economics & Appraisal

How can decision
makers choose

which investments
to make?



Ability to communicate the full benefits of

an investment

Evolving to meet new demands

Does the investment
improve the transport

What are the benefits
beyond transport?

network’s efficiengy /

effectiveness?

What doesthe

investmentdo to
the network?

Measuring how a
projectchanges
mobility

¢ Crowding and capacity

* Accessibility
e Travel Speed

Measuring the benefit of
improved mobility to

economicdevelopment
¢ Connecting people and places

to generate economic activity
and foster social development

Measuring how changes
to mobility change the
cost of travel for society
and users

s User welfare benefits (travel time
reductions)

¢ Changing social cost of travel
(reduction in collisions, emissions,
and congestion)

* Network resilience

Older Evaluations

.

International Best Practice

Transport Economics & Appraisal 6



BUSINESS CASES AS A TOOL FOR
APPRAISAL



Business cases

Comprehensive collection of evidence and analysis that sets
out the rationale for why an investment should be
implemented to solve a problem or address an opportunity

Provide evidence to decision-makers, stakeholders, and
the public as a crucial part of transparent and evidence-
based decisions

Used throughout any proposed investment’s lifecycle,
including planning, delivery, and performance monitoring

Transport Economics & Appraisal 8



Four cases of appraisal

How does the investment achieve What is the investment's overall value to society?

strategic goals and objectives? . _
gicg . Assesses the economic costs and benefits of

Determines the value of addressing a problem or the proposal to individuals and society as a whole, and
opportunity based on regional development spans the entire period covered by the investment

goals, plans, and policies ) ) .
Uses standard economic analysis to detalil

Options are evaluated against objectives that benefits and costs in economic terms
tell a clear narrative of how the investment can _ , )

: Establishes 'what the benefit to
address the problem or opportunity

society’ is in economic terms
Establishes ‘'why' an investment should

be pursued from a strategic lens

What are the financial implications of What risks and requirements must be considered
delivering the investment? for delivering and operating the investment?
Assesses the overall financial impact of the Provides evidence on the overall viability of one or more
proposal, its funding arrangements and technical options for addressing the problem/opportunity

accounting issues and financial value for money _ _ _ .
May consider procurement strategies, deliverability

Focuses on capital, operating, and revenue risks, operating plans and risks, or organizational risks
impacts directly related to the investment and ) , ) . ,

s ) : - Establishes ‘'what is required to deliver

indirectly resulting from the investment

and operate’ the investment
Establishes 'how much the investment

will cost’ in financial terms

Transport Economics & Appraisal



Used throughout the project lifecycle

1. DEFINING 2. FEASIBILITY 3. PRELIMINARY 4. DESIGN &
STRATEGIC AND OPTIONS DESIGN PROCUREMENT
OUTCOMES ANALYSIS PREPARATION
INITIAL PRELIMINARY FULL
BUSINESS CASE DESIGN BUSINESS CASE
BUSINESS CASE

© ©

Identifies problem
statement and

Evaluates options
defines benefits that

and determines a

preferred option.
the project needs to Typical point at which

deliver. funding for planning

and preliminary
design is secured.

Refines preferred

option, further
clarifying scope and

cost. Typical point
at which funding
for procurement

and construction is

secured.

Develops project
framework, designs
and requirements
used as the basis for
procurement.

Procures the project.

Transport Economics & Appraisal

Delivers and
commissions the
project.

POST IN-SERVICE
BUSINESS CASE

After the asset is in
service, monitors the
benefits and costs to

identify opportunities
for enhancements and
lessons learned.

10



Options over the Business case lifecycle

Problem or Initial BC Preliminary Full BC Post In-
Opportunity Design BC Service BC
Definition
What are the General - Preferred -
range of options Option 1 LT Option OD?gv:{fng
that can address (scoped and . P ;S built L
the problem or procured) ;eﬁveredu#rom
opportunity? | General Variation 2 the preferred
Option 2 araton option)
— g;t?grr_lag —  Variation 3
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Examples of business cases

2X=METROLINX v AboutUs Discover ~ Projects&Programs Press Room

Business Cases

Business Cases

A business case is a report that is written to explain why a project should be built. It
includes the benefits that a project would deliver, as well as potential risks, and

Metrolinx Business Cases

analyses these factors to present a rationale for why a project should be
implemented.

A business case is just one of several studies and factors that are used in making a
final decision about a project. These other factors will vary by project and include
broad economic objectives, local community considerations, and affordability.

Metrolinx creates business cases for major projects to secure approval before
moving on to detailed project studies, such as the Transit Project Assessment
Process. Business cases provide evidence to decision-makers, stakeholders, and the

public as a crucial part of transparent and evidence-based decision making
processes.

Metrolinx Business Cases

GO Transit ~

Beamsville Station

Metrolinx publishes many of its business cases at https://www.metrolinx.com/en/about-us/doing-business-
with-metrolinx/business-cases
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CONCEPTS



Problem or opportunity statement

Problem/Oppeortunity

 Aconcise summary of i
the case for change

being considered

 Should be ‘investment

agnostic’

Transport Network
(Internal Drivers)

Drivers External to the
Transport Network
(External Drivers)

Transport Economics & Appraisal

Description

The transport network is
defined as the components
that make up the network,
and the resulting

traveller behaviour.

[t includes: the state or
condition of infrastructure,
technology, and services,
and how customers

use the network.

Analysis is conducted with
a consideration of existing
and future conditions.

External drivers are
defined as the factors that
influence or direct travel
behaviour and transport
infrastructure/technology.

They include stakeholder
input, government policies,
and economic activity, land
use, and demographics.

14



Problem statement example

The Highway 2 BRT corridor is a
crucial transportation corridor
connecting people through the
Region of Durham and Scarborough.
The corridor has varied traffic, land
use conditions and constraints. With
rapid growth in the past decade and
an expectation for this growth to
continue into the future, demand for
travel along the corridor will
continue to increase and a higher
capacity form of transit will be
needed to link communities and
employment on both sides of the
Toronto-Durham boundary.

DURHAM-SCARBOROUGH BUS RAPID TRANSIT STUDY

-



Business As Usual

The baseline against which options are compared
where the investment has not occurred and
existing business practices, committed plans and
general trends continue into the future

Land use,
Minor changes to population, and
the network based employment
on changes to assumptions that are
transport demand in consistent with
future years official
plans/policies.

Funded and
committed major
changes to the
transport network

Transport Economics & Appraisal




Options

Poor Options Analysis

A business case examining
new locomotive procurement
contains only one option for
analysis: Purchase 10 new
locomotives

No examination of purchasing
different types of locomotives
(used, refurbished) nor the
case for not purchasing

Sound Options Analysis

2018 Durham-Scarborough
Bus Rapid Transit IBC
examined differing
technologies and routes to
deliver the project

Option 1: Center Median bus
lanes along the identified
corridor

Option 2: Curbside bus lanes

Option 3: Hybrid alternative
applying elements of options 1
and 2



Base vs Real vs Nominal

The Business Case Uses
3 types of costs:

| €) |

Base costs, which are an
estimate of the cost of the
investment if the entire system
was procured today, are used
to scope the concepts.

Economic costs, which
are used to understand
the economic value of the
investment to society in
the Economic Case.

$

Financial costs, which are used
to understand the financial cash
flow impacts of the investment
in the Financial Case.

Base costs

| €)

The expected cost to provide an investment
including capital and operating costs.

!

Economic costs
(real costs)

Investments require capital
and operating costs to be paid

throughout the project lifecycle.

Economic costs reflect the
real price of these costs based
on the year they are incurred
and a social discount rate.

The social discount rate reflects
a general 'time preference’ for
value - value today is seen as
more valuable than value in

the future so over time costs
and benefits are discounted.

Transport Economics & Appraisal

Financial costs
(nominal costs)

Investments require capital

and operating costs to be paid
throughout the project lifecycle.
Financial costs reflect the actual
price in the year they are required.

Because the purchasing power of
money generally declines over time,
cost estimates need to be adjusted
throughout the lifecycle to reflect
the increase in money required to
procure them compared to if they
were produced in the base year.

—_—
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Discounting: Money now is better than

money later

19

omics & Appraisa
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Discounting

* Discounting is a process to convert benefits
and costs that occur in future years into
present value

PV = ZB / 1_[ (1+7)

l=base

PV: The Present VaIue B: The Benefit or Cost (C) Under Analysis
r: Social Discount Rate

Or, use the NPV function in Excel



ECONOMIC ANALYSIS



Weighing costs and benefits

Benefits Costs

erating
Vehicle operations
m

Transport Economics & Appraisa 22



How do we monetize benefits?

Economic impacts quantified and monetized in
economic appraisal can be any scarce and valued
resource:

* Personal time, health, safety, comfort, and
environmental elements such as clean air

* We can determine the value that people place on
marginal changes in these valued resources

* For example, how much extra you might be willing
to pay for a more comfortable seat on the train, or
the financial savings that you would demand before
you would accept a home location close to the
tracks




User Impacts (Generalized Costs)

The cost of taking a transit trip as perceived by
travelers

Each mode or service in the region has a cost
composed of perceived travel times and direct user
costs (fares or tolls), which determine if an individual
will travel

Transport investments can change demand by changing
the generalized cost of transport — either by providing
a hew service or modifying an existing one

When the generalized cost ‘paid’ by travelers decreases
beyond what they were willing to pay, they benefit

If the generalized cost increases, users receive a
disbenefit



Social Impacts

* Each transport service has a social cost to
society based on the impacts it creates

e Common transport social costs include
collisions resulting in property loss, injury, or
death; emissions resulting in health impacts;
and climate change

* |[nvestments may change the overall social
costs of the transport system by reducing the
overall social cost of travel in the region



Wider Economic Impacts

Productivity: earnings differential (2010-14)

500

400

300

200

100

-100

-200

City of London O

Tower Hamlets ©

Camden

Islington
\) i

T

e Kensingtonand
Chelsea

Birmingham

-4 -2 0 2 4 6 8
Log employment density/ha (2010-14)

Productivity (Agglomeration and Clustering)
Imperfect Competition
Labour Markets
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Calculating User Benefits (Generalized
Journey Cost)

In this example, auser  $35
would choose to drive,

as the “generalized $30
journey cost” of all the $25
factors that go into their
decision results in a trip  $20
by car being S5 more
valuable. 515
All the user’s perceived $10
factors are considered

in the equation S5
Factors not considered
include unperceived
user benefits (vehicle
depreciation) and
externalities (pollution)

S0

Driving

Transport Economics & Appraisal

Transit

m Comfort /
Crowding

M Transit Fares

B Maintenance

m Parking Cost

M Fuel Cost

M Travel Time

27



Calculating User Benefits (Generalized
Journey Cost)

In this example, a new  $35
transit line was built

that reduced travel time $30
and improved comfort

The user would now °25
choose transit over $20
driving
The user’s benefit $15
would be the difference

i $10
between the driving
option and the New S5
Transit option
This change in 50

generalized journey cost
is often reported as
travel time savings

Existing
User
T A e Ueer Benefit

Driving (New) Transit (Old) Transit

Transport Economics & Appraisal

m Comfort /
Crowding

M Transit Fares

B Maintenance

B Parking Cost

M Fuel Cost

M Travel Time
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Benefit Cost Ratio

The Benefit Cost Ratio (BCR) is calculated by
dividing the present value of the total benefit by
the present value of the total cost

— PVB
-~ PVC

PVB : Present Value of Benefits — The real, discounted value of the stream of
benefits

PVC : Present Value of Costs — The real, discounted value of the stream of
costs



Net Present Value

The Net Present Value (NPV) is the total present
value of all future benefits minus the total
present value of all future costs:

NPV = PVB-PVC

The NPV is complementary to the BCR. It
communicates value for money in an alternative

way by showing overall the net benefit from the
project in absolute terms



Economic Case vs. Financial Case

Both present information in dollar
terms, but reflect different ways
to understand investment impact

The Economic Case considers

society-wide impacts and the The Financial Case focuses on the
resource costs to deliver an financial resources required to
Investment implement the investment and the

Impacts such as reducing user travel cash ﬂOV\_/ impact for.the agency
time, air pollution, or car accidents responsible for the investment

are monetized as benefits




Key features of economic vs. financial

appraisal framework

Economic Evaluation Financial Evaluation
Unit of Account Resource cost Market/financial cost

Real, constant year dollars, inflation Nominal, year of expenditure dollars,
excluded inflation included

User Benefits (e.g., Included, valued using perceived costs Excluded
travel time savings,

comfort)
Service provider Included, valued using resource costs Included, valued using market/financial

impacts (e.g., costs
construction, O&M)
SUGENIY XM cl . [cl Included, valued using resource costs Excluded

emissions, safety)

Appraisal Period Typically 60 years Typically 60 years
Uses social discount rate Uses financial discount rate

Point of View Society’s point of view (Users of all modes, Metrolinx/Government of Ontario’s point
service providers, Gov’t) of view




Testing multiple futures provides
resilient evidence

* Scenario planning pree gl SR
explores potential vy
futures under b

incomplete — or 58 x5 238 588 238:38
. AV QA 2|AY al AV AV =a|A0
|mperfect —_ ® @ ® @ ® ® 0 0 ® ® ® ®
mforma’gon F o G g gl 2B
Uncertainty can be e N et T HTO s R
mapped across , i gast s e o

scenarios with
correlated S
sensitivities

Scenarios from the 2041 Regional Transportation Plan

2& METROLINX
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GO EXPANSION



Project overview
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WATERFRONT \\@ ‘
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Transport Economics & Appraisal 35



250

200

150

100

Annual Rail Ridership (M)

a1
(@]
1

0

Ridership

2017 2022 2027 2032 2037

m Peak AM  Peak PM
Off-peak (weekends) m Contra-peak AM
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2042 2047 2052
m Off-peak (weekdays)
Contra-peak PM



Economic analysis

Fleet
Operating & Maintenance

Corridor & Terminal Value

Total Costs

Total Benefits

Transit User Time Savings

Auto User Time Savings

Auto Operating Cost Savings

Safety Benefits Benefit Cost Ratio = 2.4

Health Benefits
Reduced GHG Emissions

Reduced Air Pollution

0 5,000 10,000 15,000 20,000 25,000 30,000 35,000 40,000 45,000
SM NPV
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Business case summary

ACTIONS COST (NPV) ECONOMIC BENEFITS (NPV)

EE:

More All-Day
Service

Incremental Capital Costs: \'/
. .
$ 1 1 .9 bllllon Travellers on Automobile operating costs GO Expansion will make roads safer GO Expansion will also reduce

Service
in Both
Birectio e the rail network reductions due to and less congested by diverting Green House Gas emissions by using
Incremental Operating Costs: will realize fewer cars on the road travellers to the railway, realizing more efficient trains and attracting travelers
Trains - $3 7 bi“ion time benefits of will realize a benefit of over safety and decongestion benefits of from auto to rail, realizing a benefit of
at least every * ‘ - - aa O] - ' Lo B J | H
15 minutes

Incremental Revenue:

Faster and
More Efficient
Fleet

onge due to faster and
$1 0.8 bllllon more reliable services ¢
g Incremental Subsidy:

$4.8 billion

BENEFITS EXCEED COSTS BY 2.4X

GO Expansion has an economic This means, for every dollar
Benefit Cost Ratio of 2.4 ~ invested in GO Expansion,
the region benefits by

Improved
Stations

This investment
An.Expand‘ed Wi" benefit the
VISEOH GTHA as a whole

$35.9 billion benefits

ST : ,, @ $2.40

FINANCIAL BENEFITS (NPV)

GO Expansion requires
an incremental subsidy of

Total Revenue Total Operating Margin
U=z 32 g billion *-_ $2.5 billion $4.8 billion
This incremental subsidy

’\ Total Operating Costs Annual Operating Cost Ratio will realize a benefit of

$30.1 billion @ 108% $5.7 billion

to road users in Ontario
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RESOURCE



Metrolinx Business Case Guidance

Metrolinx has released two documents that describe the purpose of business cases and how to
develop consistent and comparable business cases for a range of potential investments.

=S¢ METROLINX
Business Case
Overview

rs

e Guidance 1: Business Case Overview e @Guidance 2: Business Case Guidance

=& METROLINX

Business Case
Guidance

Draft for Consultation
March 2018

provides a concise summary of the provides detailed information on how
overall business case approach used to lead business case development

by Metrolinx to help stakeholders, This document also lays out the
decision-makers, and the public analytical methods and parameters to
interpret business cases. develop business case content.
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APPENDIX



Cost

11

Consumer surplus

T1

Trips



Consumer surplus

Cost

The difference between willingness to pay and
price is consumer surplus

Consumer surplus

TI“I
Trips
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Benefits calculation

Cost

Without investment

Gl o

T1
Trips
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Benefits calculation

Cost

With investment

T T2
Trips
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Benefits calculation

Cost

With investment

Gl e

o B IO sy & prve

L .
Trips
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Rule of a half

Generalized 0 =BAU
Cost The first customer Who WOU|(?1 shift to 1 = Investment Case
A the new mode (point A) receives nearly
the entire benefit (C0-C1) because their
A willingness to pay is just below CO
CO The last customer who would shift
to the new mode (point) B receives
nearly zero benefit from (CO-C1)
- B because their willingness to pay is
Benefits Benefits : practically at price C1
to ¢ to new :
existing | Users : The rule of a half averages out
users this effect over all new riders to
: : estimate benefits
Do D1 Demand

Transport Economics & Appraisal 47



A WHAT IS
MOdeIIIng 10 TRANSPORTATION

Utilizing computer models to estimate travel behavior and travel demand for a specific
future time frame, based on strictly defined assumptions and inputs

0000000000000 0000000000000000000000000000000000000000

Why? Where? How? How?
1. Trip Generation 2. Trip Distribution 3. Mode Split 0|
You decide to make a trip.

You decide where to go.

You pick your mode. You pick your rc
Dgt‘erm|nes the frgquency pf Matche§ tr||?makers origins Estimates the proportion of Allocatas tips hetwean anofigh
origins or destinations of trips and destinations to develop a i ot L )
- X o 5 : trips between each origin and and destination by a particular
by trip purpose, as a function trip table”, a matrix that - o
; . destination that use a mode to specific routes.
of land use and household displays the number of trips : :
- ) - particular transportation
demographics, and other going from each origin to each Frinde
socio-economic factors. destination.

(19
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