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FOUR PERSPECTIVES ON

EFFICIENCY
Perspective Profession
Mobility and_/afety Engineers
Utility (Consumer’s_/"urplus) Economists
Productivity Managers
Accessibility Planners




REASON FOR MULTIPLE
MEASURES

* Planning, investment, requlation, design, operations,
management, and assessment.

* Each profession claims to represent traveler.

* Professions take the "objective” viewpoint of the omniscient
central planner (who may in fact be an engineer, manager,
or economist) rather than the "subjective” perspective of
the travel consumer.




CRITERIA FOR CHOOSING
MOE

Different measures (e.g. transit and auto level of service) should be collectively
complete in that one could combine them to attain an overall measure.

Each measure should scale or aggregate well (e.g. it should be possible to combine
measures of auto level of service measured on separate links or for separate trips).

The measure should align with user experience and be understood by those users.

The performance indicator must be measurable, or calculable from available
(observable) data.

The measure should be predictable, or able to be forecast

It must be useful in a requlatory or control context (so that the measure can be used to
allow or restrict new development to maintain standards, or to help guide operational
traffic engineering decision).




NORMATIVE AND POSITIVE

* To say that the speed on a link is 50 kilometers per hour
tells us nothing about whether that is good or bad, it simply
is.

* By comparing the measure to a normative standard (for
instance, a speed limit), we can then determine whether we
have a speeding problem (the speed limit is 50 kph), a
congestion problem (the speed limit is 110 kph), or no
problem.




MOBILITY

* Highway Capacity Manual (segments)

* Texas Transportation Institute (metro areas)
* Quantitative and Qualitative

* Auto and Non-auto

* /cale: Intersection, Link, /ubnetwork, Trip,
Network

* Pasis: Time or Flow




ROADWAY MOBILITY

MEASURES

Measurement /'cale

Volume and Capacity

Time

Intersection approach

Volume to Capacity Ratio:

JStopped Delay:

Queue Length

Total Intersection

Critical Lane Volume:

Average Delay:

Road /Segment

Density:

Average Delay:

Volume to Capacity Ratio:

Average Travel Time:

Road ANetwork

Area Cordon:

Average Travel Time
(Distance):

Area_f'creenline:

Average Percent Delay:

Average Congestion Index:

Average Trip Time (Distance)
Ratio:

Average of Area Intersection:

JShoulder Hour Index:

Distribution Measure:

Distribution Measure:




QUALITATIVE MOBILITY
MEASURES

Volume &Capacity Time

* Parking Availability e Coverage
and Cost

* Connectivity

e Aesthetics

e [estination Distribution
e Conflict with Non-auto

JSystem
* Hazard
* Auto_fervice_ftations
* Comfort

* Information_/ystem




NON-AUTO MOBILITY
MEASURES

Measurement /tage Volume and Capacity Time
Walk (Bbike) and Walk Access | /fidewalk (Bikeway) Ratio Coverage
and Egress to Transit
Connectivity Circuity
Hazard Delay
Bicycle Parking Aesthetic
Travel Time
Auto Access and Egress Parking Availability and Cost | Park and Ride Access Time
Waiting Waiting comfort Frequency
In-Vehicle Usage Opportunity
JService Comfort Reliability

Absolute Time

Relative Time

Directness




CONSUMER’S SURPLUS

d

Generalized
Cost (C)

Demand

— Quantity of Trips
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CONSUMER’S SURPLUS
CRITICISMS

Transportation rather than activities as the base for
consumer's surplus

Aggregation error involved.

No consideration of choice and the existence of non-user
benefits in the consumers’ surplus metric.

The costs and benefits associated with spillovers and
externalities are often improperly captured




PRODUCTIVITY MEASURES

Description Formula

Productivity of Public Labor (P ) 27
P

Productivity of Private Labor (P,) . 27,
PL ™ ZDZ

Productivity of Public Capital (P ) p

Productivity of Private Capital (P) b

Where: T = Travel on the system in question (person-km or ton-km), H = Hours of labor by employees of
the highway agency (including professional drivers), D = Hours of time by the driver and passengers spent
on the network in question (excluding professional drivers), K = Dollars of public capital spent (building
and maintaining the infrastructure), V = Dollars of private capital spent (the share of the cost of owning
and operating a vehicle, exclusive of taxes to pay for public capital for its use on the network in question), [
denotes links in the set of links L under question.




ACCESSIBILITY MEASURES

Description Formula

Accessibility (A) in zone i depends on the
opportunities (e.g. jobs P) in zone j and the
transportation cost ¢; between them

A = Zﬁf(c,-j)

Job - Worker Ratio (R) in zone i at radius r (in Z_}E‘
transportation cost) is the Jobs (P) within radius Ri=o—

r divided by Workers (Q) within radius r E‘Q"
Density (D) in zone i is the sum of jobs and

workers within radius r, divided by the area Y P40,
contained within D = i

Difference (A) in zone i is the difference

between the number of jobs and workers in ,
radius r A=D2.P-0,
=]

Force (F) between zones i and j is the product
of the jobs (P) in zone j and the workers (Q) in R
zone i and a function of the transportation =0 \&(Q)
cost ¢, between them
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TRAVELERS AND
SUBJECTIVITY

* Just as Einstein noted that the point of view
of the observer shaped the measurement of
time, point of view also affects the
perception of fime as a measure of
transportation level of service.

* Moving towards trip-based measures of
effectiveness will more closely align with user
experience




MOTIVATION

Welfare comprises efficiency and equity.

An allocation is Pareto Efficient if there is no other
allocation in which some other individual is better
off and no individual is worse off.

Bbenefit/Cost analysis concerned with net benefits,
not distribution.

Transportation projects and policies create both
winners and losers from mobility, accessibility,
environmental, and economic standpoints.




SOME TERMS

* Horizontal equity: allocation of benefits and
costs among individuals and groups who are
similar.

* Vertical equity: distribution of benefits and
costs across different groups.

* Process equity: equal access to the planning
and decision making process.

* Result equity: examines the outcome.




ENVIRONMENTAL COSTS

*

User $0.15
Infrastructure $0.0174
Freeflow Time $0.15
Congestion $0.0045
Accidents $0.031
Noise $0.006
Air Pollution $0.0056




NIMBY AND EQUITY

NIMBY's - Not in My Back Yard ‘selfishly’ oppose new road
projects

Assumed to be on “property value” grounds.
May in fact be on “mobility” basis.

Neighbors do not gain mobility benefits in same way as
through trips. Roads often benefit non-locals at expense of
locals.

Most projects create both winners and losers.

Losers use politics to stop projects which may have an
overall net benefit to society.




EXAMPLE 1: Y"NETWORK

* Inelastic Trip Productions and
Attractions

* Inelastic Trip Production, Elastic
Trip Attractions

* Elastic Trip Productions and
Attractions




EXAMPLE 2. NETWORK
BRIDGE

n=10 origins and destinations
m=n(n-1)=90 markets
Elastic demand

42 markets using bridge are
better off

48 markets not using bridge are
worse off

N(Losers) > N(Winners)




EXAMPLE 3: NETWORK
GRID

e /ame number of markets.

® FElastic Demand

e /ome traffic not using
improved link also benefits.

e A(Winners) > NA(Losers)




MEASURING EQUITY:
LORENZ CURVE AND GINI
COEFFICIENT

Proportion 1.0 e
of Total Equal A
0.8 Distribution Actual
. Distribution
0.6 / A
0.4 20 | Incquality
02 |-
0

0.2 0.4 0.6 0.8 1.0

Proportion of Population

Gini Coefficient = A,/(A+A.)




MEASURING EQUITY:
ENTROPY

H ==Yy slog,y)
J

H = the entropy statistic
y; = the proportion of average net gains to the " class

k= the log base

To analyze traffic data, we can take:
y. = proportion of total delay accrued by each individual

H statistic approaches zero as the distribution
approaches complete inequality




MEASURING EQUITY:
REDUNDANCY

_1_H
R=1-17,

R = the measure of redundancy
H = the calculated entropy

H__ = the maximum possible entropy

m

* R-value of 0% represents complete equality




TWIN CITIES RAMP METERS

TH169 mobility vs. temporal equity
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TWIN CITIES RAMP METERS 2
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ENVIRONMENTAL JUSTICE

* Environmental Justice considers "fair treatment for people
of all races, cultures, and incomes (Executive Order 12898)"
regarding the development of environmental laws and
policies.

* Considers only environment.
* Considers only a few groups.

* Only a partial consideration of equity.




EQUITY IMPACT
STATEMENT

Process

Outcomes

Stratification

Opportunity to
Engage in
Decision-Making

Mobility  Economic

Environmental

Health

Other

Population
Spatial
Temporal
Modal
Generational
Gender
Racial
Cultural
Ability

Income




CONCLUSIONS

Four Classes of Efficiency Measures: Mobility, Utility,
Productivity, Accessiblity.

Each is a gauge, none should be exclusive.
None captures the subjective perspective of travelers.

New measures must be developed which do reflect the
customer.




CONCLUSIONS: EQUITY IS
EFFICIENT

Equity a central issue for transportation, not just because it is ‘right’ but
also because it is efficient if we actually want to implement projects. (An
un-implemented project serves no one).

Need to think beyond single project: Develop means for compensation
of losers from gains of winners. /fide payments, bargains, and bundles
of projects may accomplish this.

Danger of log-rolling turning into pork barrel.
Equity must be broadly considered.

Things need not be strictly fair, but the unfairness inherent should not
be unknown.







GROWTH IN TRAFFIC AND
NETWORK

Growth in Network and Traffic
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ENGINEERING SYSTEMS:
NOTES FROM THE MIT ESD
SYMPOSIUM, MARCH 2004

David Levinson




ENGINEERING SYSTEMS

e We are interested 1n systems with the following
characteristics:
- Technologically Enabled

- Large Scale (large number of interconnections and
components)

- Complex
- Dynamic, involving multiple time scales and uncertainty
- Social and natural interactions with technology

- May have Emergent Properties




ES REQUIRES

* An Interdisciplinary Perspective—technology,
management science and social science

* The mcorporation of system properties, such as
sustainability, safety and tlexibility 1n the design
process. (These are Iifecycle properties rather than
first use properties.)

 An Enterprise Perspective

* The incorporation of different stakeholder
perspectives




ES EXAMPLES

Military Aircraft Production & Maintenance

Systems

Commercial & Mil

Megacity Surface ']

itary Satellite Constellations

ransportation Systems

The Worldwide Air Transportation & Air Trathc

Control System

The World Wide Web & the Underlying Internet
Automobile Production & Recycling Systems

Consumer Supply

Logistics Networks

Flectricity Generation & Transmission Systems




HIERARCHY OF
KNOWLEDGE

e 1. Observation

e 2. Classification

e 3. Abstraction

e 4. Quantficaion and Measurement
e 5. Symbolic Representation

e 6. Symbolic Manipulation

e 7. Prediction




DISCIPLINES WITH ES

e Systems Engineering
e Operations Research
* I'ngineering Management

e T'echnology Policy




SYSTEMS ARCHITECTURE

e an abstract description of the entities of a system
and the relationships between those entities.

e System engineering theory works most smoothly
when the product can be broken into modules that

are relatively independent - Modular.

e When products cannot be decomposed simply, or
when their behaviors interact, they are called
integral.




EXAMPLES OF DESIRABLE AND

UNDESIRABLE ANTICIPATED AND
EMERGENT SYSTEM PROPERTIES

INFLUENCED BY ARCHITECTURE

Anticipated Emergent
Desirable Electric power networks share | Blackouts are associated with
the load. increased births.
Hub-spokes airline routes Hub-spokes plus waiting time
shorten the length of trips. creates a business opportunity
in airport malls.
Undesirable Power networks can Blackouts are associated with

propagale blackouts.

Hub-spokes causes huge
swings in workload and

resource utilization at airports.

increased births.

Airport operators become
dependent on mall rental
income, making it difficult to
modify airline route structures.




4 TYPES OF
ARCHITECTURES

The functional architecture (a partially ordered list of
activities or functions that are needed to accomplish the
system’s requirements)

The physical architecture (at mmimum a node-arc
representation of physical resources and their
Interconnections)

The technical architecture (an elaboration of the physical
architecture that comprises a minimal set of rules governing
the arrangement, interconnections, and nterdependence of
the elements, such that the system will achieve the
requirements)

The dynamic operational architecture (a description of how
the elements operate and interact over time while achieving

the goals)




WHY IS SYSTEM
ARCHITECTURE

IMPORTANT?
e Architecture Is A Way To Understand Complex

Systems

e Architecture Is A Way To Design Complex
Systems

e Architecture Is A Way To Design Standards And
Protocols To Guide The Evolution Of Long-lived

Systems

e Architecture Is A Way To Manage Complex
Systems




DECOMPOSITION OF
ARCHITECTURE

Things With Architectures

Other Architectures That
Entities Inform Or Constrain The
Architectures Of Entities

Designed Standards & Product Families

Natural Systems By People Protocols And Platforms

Designed by People

Physical \on-Physical
Energetic Hardware /R

i M Intellectual
Information Software Organizations Frameworks
Processors
Typical Infrastructures

Products




FURTHER DECOMPOSITION

Organizations

Government Regulators Companies Enterprises Larger
Government Operators Than Single Govt
NGOs Agencies Or Companies

Individual Coordinated Multiple Supply Joint
Programs Multiple Programs Divisions Chains Ventures
Intellectual
Frameworks
Organizational Forms: Data Knowledge
Matrix Structures Representations
Function

Program

Canonical
Architectures




PROPERTIES

* Delivery of Basic Function: Performance & Cost

e [lhties: Flexibility Robustness Scalability Safety
Durability Sustainability Reliability Recyclability
Maintamability Quality

e Characteristics: Complexity, Emergence, Systems
Architecture, Uncertainty




ROBUSTNESS

e Robustness 18 detined as “the demonstrated
or promised ability of a system to perform
under a variety of circumstances, imncluding
the ability to deliver desired functions 1in
spite of changes in the environment, uses, or
internal variatons that are either built-in or

emergent” (ESD 2002).




ADAPTABILITY

o Adaptability 1s defined as “the ability of a
system to change mternally to fit changes 1n

its environment,” usually by self-
modification to the system 1tselt (ESD 2002).




FLEXIBILITY

e Flexibility 1s delined as “the property of a system
that 1s capable of undergoing classes of changes
with relative ease. Such changes can occur 1n
several ways: a system of roads 1s flexible 1f 1t
permits a driver to go from one point to another
using several paths. Flexibility may indicate the
ease ol ‘programming’ the system to achieve a
varlety of functions. Flexibility may 1ndicate the
ease ol changing the syscomplexity and

rework” (ESD 2002).




SAFETY

o Safety 1s defined as “the property of being free
from accidents or unacceptable losses.” Associated
with this delimition are several others: An accident
1s “an undesired and unplanned (but not
necessarily unanticipated) event that results 1n a
specified level of loss” (human, economic, etc). A
hazard 1s “a state or sets of conditions that, together
with worst-case external conditions, can lead to an
accident.” Risk 1s “the level of hazard combined
with the likelihood of the hazard leading to an
accident, and the duration of exposure to the

hazard” (LLeveson 1995).




SCALABILITY

e Scalability 1s defined as “the ability of a
system to maintain its performance and
function, and retain all its desired properties
when its scale 1s increased greatly, without
causing a corresponding increase 1n the

system’s complexity” (ESD 2002).




COMPLEXITY IS COMPLEX

1. Behavioral complexity—A system 1s deemed behaviorally complex 1f 1ts
external behavior 1s difficult to predict. Unfortunately, it does not take much to
achieve this state of affairs. Chaotic and thus unpredictable behavior can be
achieved with a relatively simple mechanical arm.

2. Interface complexity—A system has a complex interface if it has numerous
components, such as knobs and dials, 1n 1ts interface to humans or to other
technical systems. Systems with complex interfaces are usually difficult for
humans to operate or successfully integrate with other systems. George Miller
wrote a famous paper i psychology called The Magical Number 7+2 (1956).
An mterpretation of the paper 1s that humans are lmited 1n their processing
ability to dealing with no more than 7+2 different things at any one time.

3. Structural complexity—A system 1s structurally complex 1if 1t has numerous
components whose interconnection, interaction or interdependence is difhicult
to describe or understand. Our discussion below will emphasize structural
complexity. Itis hoped that systems whose structural complexity 1s reasonably
limited will meet the traditional, and some non-traditional, properties and goals

without too much difficulty.




SUSTAINABLE

TRANSPORTATION

The Three E's of Sustainable Transportation

~_Environment = Economy Equity Institutional
Ability to Recycle;  Affordability; Access & Choice; Appropriate Use of Protection of
Assimilative Cost- Equitable Land & Resources; Health & Safety;
Capacity, effectiveness; Economic Growth Comprehensive & Participation &
Avoidance of Cost (Share the Gains) Long-term Planning; Education;
Irreversibility: Internalization; Environmental Goals, Performance,  Reduction of
Precautionary; Economic Justice; and Outcomes; Automobile
Preventive: Growth; Poverty Reduction: | Improvement in Dependency;,
Regenerative; Economic Well- | Social Well-being; Efficiency; Technological
Stewardship; being; Social Integration; Innovation;
Substitutability; Effective Use of | Responsibility International Transparency &
Use of Energy Innovation; Cooperation Accountability
Quality of Life
E E E “yc
S~ _— \ )

“I/C” for System Innovation/Change




TWIN CITIES TRANSIT &
LAND USE

e Questions:

e Consider Light Rail Transit in Minneapolis
and the “Ilhties” ... Does the system exhibit

properties that are desirable, undesirable?
What are they?




SUSSMAN'’S KEY POINTS

As relayed by

Dawvid Levinson




PEOPLE AND
ORGANIZATIONS ALTER
BEHAVIOR BASED ON
TRANSPORTATION SYSTEM
EXPECTATIONS.




TRANSPORTATION SERVICE
IS PART OF A BROADER
SYSTEM ~- ECONOMIC,
SOCIAL, AND POLITICAL IN
NATURE.




COMPETITION, OR ITS
ABSENCE, FOR CUSTOMERS
BY OPERATORS IS A
CRITICAL DETERMINANT OF
THE AVAILABILITY OF
QUALITY TRANSPORTATION
SERVICE.




ANALYZING THE FLOW OF
VEHICLES ON
TRANSPORTATION
NETWORKS, AND DEFINING
AND MEASURING THEIR
CYCLE IS A BASIC ELEMENT
OF TRANSPORTATION
SYSTEMS ANALYSIS.




QUEUEING FOR SERVICE
AND CUSTOMERS AND
STORAGE FOR VEHICLES/
FREIGHT/TRAVELERS ARE
FUNDAMENTAL ELEMENTS
OF TRANSPORTATION
SYSTEMS




INTERMODAL AND
INTRAMODAL TRANSFERS
ARE KEY DETERMINANTS
OF SERVICE QUALITY AND

COST.




OPERATING POLICY
AFFECTS LEVEL OF
SERVICE




CAPACITY IS A COMPLEX
SYSTEM CHARACTERISTICS
AFFECTED BY:
INFRASTRUCTURE,
VEHICLES, TECHNOLOGY,
LABOR, INSTITUTIONAL
FACTORS, OPERATING
POLICY, EXTERNAL FACTORS
(E.G. CLEAN AIR, SAFETY,
REGULATION).




LEVEL OF SERVICE =
F(VOLUME); TRANSPORTATION
SUPPLY. AS VOLUME
APPROACHES CAPACITY,
LEVEL OF SERVICE
DETERIORATES
DRAMATICALLY -~ THE
"HOCKEY STICK"
PHENOMENON.




THE AVAILABILITY OF
INFORMATION (OR THE
LACK THEREOF) DRIVES
SYSTEM OPERATIONS AND
INVESTMENT AND
CUSTOMER CHOICES




THE SHAPE OF
TRANSPORTATION
INFRASTRUCTURE IMPACTS
THE FABRIC OF GEO-
ECONOMIC STRUCTURES.




THE COST OF PROVIDING A
SPECIFIC SERVICE, THE
PRICE CHARGED FOR THAT
SERVICE, AND THE LEVEL-
OF-SERVICE PROVIDED MAY
NOT BE CONSISTENT.




THE COMPUTATION OF
COST FOR PROVIDING
SPECIFIC SERVICES IS
COMPLEX, AND OFTEN
AMBIGUOUS.




COST LEVEL OF SERVICE
TRADEOFFS ARE A
FUNDAMENTAL TENSION
FOR THE TRANSPORTATION
PROVIDER AND THE
TRANSPORTATION
CUSTOMER, AS WELL AS
BETWEEN THEM.




CONSOLIDATION OF LIKE
DEMANDS IS OFTEN USED
AS A COST MINIMIZING
STRATEGY.




INVESTMENTS IN CAPACITY
ARE OFTEN LUMPY (E.G.
INFRASTRUCTURE).




THE LINKAGES BETWEEN
CAPACITY, COST, AND LEVEL OF
SERVICE - THE LUMPINESS OF
INVESTMENT JUXTAPOSED WITH
THE HOCKEY STICK LEVEL OF
SERVICE FUNCTION AS VOLUME
APPROACHES CAPACITY - IS THE
CENTRAL CHALLENGE OF
TRANSPORTATION SYSTEMS
DESIGN.




TEMPORAL PEAKING IN
DEMAND: A FUNDAMENTAL
ISSUE IS DESIGN CAPACITY

- HOW OFTEN DO WE NOT
SATISFY DEMAND.




VOLUME = F(LEVEL OF
SERVICE);
TRANSPORTATION
DEMAND.




LEVEL OF SERVICE IS
USUALLY
MULTIDIMENSIONAL. FOR
ANALYSIS PURPOSES, WE
OFTEN NEED TO REDUCE IT
TO A SINGLE DIMENSION,
WHICH WE CALL UTILITY.




DIFFERENT TRANSPORTATION
SYSTEM COMPONENTS AND
RELEVANT EXTERNAL
SYSTEMS OPERATE AND
CHANGE AT DIFFERENT TIME
SCALES (E.G. SHORT RUN -
OPERATING POLICY, MEDIUM
RUN - AUTO OWNERSHIP;
LONG RUN INFRASTRUCTURE,
LAND USE).




EQUILIBRATION OF SUPPLY
AND DEMAND FOR
TRANSPORTATION SERVICE
TO PREDICT VOLUME IS A
FUNDAMENTAL NETWORK
ANALYSIS METHODOLOGY.




PRICING OF
TRANSPORTATION SERVICES
TO ENTICE DIFFERENT
BEHAVIOR IS A MECHANISM
FOR LOWERING THE
NEGATIVE EXTERNALITIES
CAUSED BY TRANSPORTATION
USERS ON OTHER
TRANSPORTATION USERS AND
SOCIETY-AT-LARGE.




GEOGRAPHICAL AND
TEMPORAL IMBALANCES
OF FLOW ARE
CHARACTERISTIC IN
TRANSPORTATION
SYSTEMS.




NETWORK BEHAVIOR AND
NETWORK CAPACITY,
DERIVED FROM LINK AND
NODE CAPACITIES AND
READJUSTMENT OF FLOWS
ON REDUNDANT PATHS,
ARE IMPORTANT ELEMENTS
IN TRANSPORTATION
SYSTEMS ANALYSIS.




STOCHASTICITY IN SUPPLY
AND DEMAND IS
CHARACTERISTICS OF
TRANSPORTATION
SYSTEMS.




THE RELATIONSHIP AMONG
TRANSPORTATION,
ECONOMIC DEVELOPMENT,
AND LOCATION OF
ACTIVITIES - THE
TRANSPORTATION/LAND
USE CONNECTION ~ IS
FUNDAMENTAL.




PERFORMANCE MEASURES
SHAPE TRANSPORTATION
OPERATIONS AND
INVESTMENT.




BALANCING CENTRALIZED
CONTROL WITH DECISIONS
MADE BY MANAGERS OF
SYSTEM COMPONENTS (E.G.
TERMINALS) IS AN
IMPORTANT OPERATING
CHALLENGE.




THE INTEGRALITY OF
VEHICLE/
INFRASTRUCTURE/
CONTROL SYSTEMS
INVESTMENT, DESIGN, AND
OPERATING DECISIONS IS
BASIC TO
TRANSPORTATION SYSTEM
DESIGN.




