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Abstract

In academics, transport planning, and transport project implementation there is grow-

ing interest in better understanding the justice associated with transport systems and

projects. Considerable e�ort has been expended on understanding the negative unin-

tended side-e�ects of transport systems and their disparate impacts on minority and

low income populations since the establishment of the Civil Rights Act of 1964 and

implementation of Executive Order (EO) 12898.

The Civil Rights Act of 1964 established discrimination based on race, sex, color, reli-

gion and/or national origin as illegal in public accommodations. This bill was intended

to provide against discrimination in public settings such as shops, schools and theaters,

as well as to protect the right to vote. In addition Title VI of the bill outlawed discrimi-

nation by government agencies receiving federal funds, indicating that agencies found in

violation could lose said funding. Despite the advances of the Civil Rights Act of 1964,

instances of widespread and institutional discrimination continue to be observed.

In the 1980s a study performed by the United States Government Accountability O�ce

found that minority and low-income neighborhoods were the sites of a disproportion-

ately high number of toxic waste facilities throughout the South. As a result of the

study, President Clinton signed EO 12898 which requires all federally funded agencies

to identify and mitigate adverse health and environmental impacts of their programs,

particularly as those impacts pertain to target protected groups. In practice the fol-

lowing groups are targeted in investigations of equity: African Americans, Hispanics,

Asian Americans, Native Americans, Alaskan Natives, Native Hawaiians, Other Paci�c

Islanders, low-income populations, the elderly, the disabled, and children [1].

In the 1990s the Los Angeles MTA began to prioritize the implementation of rail projects

to the bene�t of mostly white suburban commuters at the expense of the bus system

which serviced the mostly black inner-city poor. This prioritization led to signi�cant cuts

to funding for bus programs resulting in proposals for a decrease in both the frequency

and quality of service available via the bus network. In addition the MTA sought to

increase fares to cover the gap in bus funding and as part of the fare increase to eliminate

the bus pass, which provided for use of the buses at a reduced rate for regular bus riders.

As part of a federally mandated process, the MTA held a public hearing on its proposals

for making up for the shortfall in bus funds. The bus rider community came to the

meeting en masse and provided insight into the hardship that the service cuts and fare

increases would generate within the community. Despite the turnout at the meeting, the

MTA board voted to raise fares, eliminate passes, and cut service as planned in order to

meet budget shortfalls, and a week later approved a plan which provided funds nearly



matching the bus system funding de�cit to a single light rail project. In the end the bus

riders unionized and successfully settled a class action lawsuit against the MTA on the

grounds of intentional racism, but the enforcement of the settlement continues into this

century.

The experience of the Los Angeles Bus Riders Union demonstrates the prevalence of

justice issues in a modern context and a need for a better understanding of justice

and a means by which to systematically evaluate justice in the accrual of negative

impacts, costs, and bene�ts of government projects among the populous. However the

e�ort focusing on the distribution of the bene�ts of transport systems has not been as

extensively addressed as the focus on the negative impacts of transport systems. Further

the research that has been performed to date is varied in nature with little agreement

about what the theoretical justice foundation is or much attempt to de�ne it outside

of the mention of a few leading economic theories, primarily Rawls’ Theory of Justice.

In addition, there is little agreement on what the operationalization of these concepts

of distributive justice should be. Further, of the measures currently in use few are

capable of addressing non-segregated populations, with much existing analysis being

dependent on arbitrarily chosen concentrations of target populations as representative

of the experience of all members of those populations. These issues make it di�cult to

understand the implications of transport policies on the distributive justice of transport

networks.

This thesis systematically reviews justice as a standalone concept separate from law that

guides the actions of individuals and states in the division of goods and labor as well

as towards individuals and populations. In this chapter philosophical literature dating

back to the times of Confucius and Plato is discussed and reviewed and followed through

history to further the understanding of justice throughout human history and how it

relates to various government structures. Within the context of a western government

structure justice is then discussed as an economic concept speci�cally relating to the

distribution of resources. Finally the chapter concludes with a review of the literature

relating to justice in transport noting the tendency to utilize accessibility, which accounts

for both land uses and transport networks, as a measure of the transport good.

This thesis further utilizes accessibility and four theoretical concepts of justice from

economics to operationalize measures of justice which are based on the distribution of

access. The four concepts of justice utilized are absolute need, equality of opportunity,

maxi-min justice, and relative need. There is also a discussion of the meaning and mea-

surement of accessibility as applied in this dissertation. The result is a series of multiple

potential operationalized measures of justice. This thesis applies the measures of dis-

tributive justice developed to the Sioux Falls Network, a commonly used toy network in



transport research, as a demonstration of the measures. This thesis also indicates other

information, namely levels of segregation, that is useful to consider in conjunction with

the accessibility data and distributive justice measures.

The measures are then applied to a case study. The case study is laid out as a before and

after analysis of the Harris County Re-Imagined Bus Network, which was fundamentally

a rescheduling of the entire bus network for the Houston metropolitan area which oc-

curred shortly after the opening of two new light rail services. The thesis details the

phases of the project itself, discusses the measurement of accessibility for the various

phases of the project, applies the accessibility based distributive justice measures, and

discusses the implications of each.

The distributive justice measures are used to compare 48 of the 50 largest metropolitan

areas in the United States by population. This provides a description of the metropolitan

areas and the accessibility in those areas. The distributive justice measures are calculated

based on the access data, and predictive curves are developed for the measures to account

for the impacts of some land use factors on the measurements. The results provide a basis

for comparing the strengths and weaknesses of each of the measures as well as providing

information on which metropolitan areas under/over perform relative to prediction in

distributive justice. It is interesting to note that this varies depending on the distributive

justice measurement applied.

Finally regression analysis is performed using network characteristics and land uses on

distributive justice at the sub-county level. The thesis reviews graph theory and its

implications for network analysis, particularly in its ability to simplify the inherently

complex nature of transport networks. Further the thesis includes preliminary analysis of

the various network characteristics, land use measures, and distributive justice measures

developing a series of hypothesis for how the network characteristics might theoretically

impact distributive justice. Applying these measures in a regression analysis with land

use and network characteristic measures led to the preliminary conclusion that in order

to improve justice without decreasing access and opportunities across the board policy

should focus on increasing worker residential density, decreasing average circuity, reduc-

ing average edge length (the distance along a road between nodes), increase the number

of edges in a network, decreasing average closeness centrality, and reducing the radius

of networks. However in order to validate that the trends noted here are causal rather

than merely correlated it will be necessary to perform a time series regression, which

will require more data than is currently available.
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Chapter 1

Introduction

1.1 Research Problem and Objectives

In academics, transport planning, and transport project implementation there is grow-

ing interest in better understanding the justice associated with transport systems and

projects. Considerable e�ort has been expended on understanding the negative unin-

tended side-e�ects of transport systems and their disparate impacts on minority and

low income populations since the establishment of the Civil Rights Act of 1964 and

implementation of Executive Order (EO) 12898.

The Civil Rights Act of 1964 established discrimination based on race, sex, color, reli-

gion and/or national origin as illegal in public accommodations. This bill was intended

to provide against discrimination in public settings such as shops, schools and theaters,

as well as to protect the right to vote. In addition Title VI of the bill outlawed discrimi-

nation by government agencies receiving federal funds, indicating that agencies found in

violation could lose said funding. Despite the advances of the Civil Rights Act of 1964,

instances of widespread and institutional discrimination continue to be observed.

In the 1980s a study performed by the United States Government Accountability O�ce

found that minority and low-income neighborhoods were the sites of a disproportion-

ately high number of toxic waste facilities throughout the South. As a result of the

study, President Clinton signed EO 12898 which requires all federally funded agencies

to identify and mitigate adverse health and environmental impacts of their programs,

particularly as those impacts pertain to target protected groups. In practice the fol-

lowing groups are targeted in investigations of equity: African Americans, Hispanics,

Asian Americans, Native Americans, Alaskan Natives, Native Hawaiians, Other Paci�c

Islanders, low-income populations, the elderly, the disabled, and children [1].

1
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In the 1990s the Los Angeles MTA began to prioritize the implementation of rail projects

to the bene�t of mostly white suburban commuters at the expense of the bus system

which serviced the mostly black inner-city poor. This prioritization led to signi�cant cuts

to funding for bus programs resulting in proposals for a decrease in both the frequency

and quality of service available via the bus network. In addition the MTA sought to

increase fares to cover the gap in bus funding and as part of the fare increase to eliminate

the bus pass, which provided for use of the buses at a reduced rate for regular bus riders.

As part of a federally mandated process, the MTA held a public hearing on its proposals

for making up for the shortfall in bus funds. The bus rider community came to the

meeting en masse and provided insight into the hardship that the service cuts and fare

increases would generate within the community. Despite the turnout at the meeting, the

MTA board voted to raise fares, eliminate passes, and cut service as planned in order to

meet budget shortfalls, and a week later approved a plan which provided funds nearly

matching the bus system funding de�cit to a single light rail project. In the end the bus

riders unionized and successfully settled a class action lawsuit against the MTA on the

grounds of intentional racism, but the enforcement of the settlement continues into this

century.

The experience of the Los Angeles Bus Riders Union demonstrates the prevalence of

justice issues in a modern context and a need for a better understanding of justice

and a means by which to systematically evaluate justice in the accrual of negative

impacts, costs, and bene�ts of government projects among the populous. However the

e�ort focusing on the distribution of the bene�ts of transport systems has not been as

extensively addressed as the focus on the negative impacts of transport systems. Further

the research that has been performed to date is varied in nature with little agreement

about what the theoretical justice foundation is or much attempt to de�ne it outside

of the mention of a few leading economic theories, primarily Rawls' Theory of Justice.

In addition, there is little agreement on what the operationalization of these concepts

of distributive justice should be. Further, of the measures currently in use few are

capable of addressing non-segregated populations, with much existing analysis being

dependent on arbitrarily chosen concentrations of target populations as representative

of the experience of all members of those populations. These issues make it di�cult to

understand the implications of transport policies on the distributive justice of transport

networks.

This thesis aims to address these issues by ful�lling the following objectives:

1. Extensively review justice as a standalone concept and select several potential

justice concepts for use in the evaluation of transport distributive justice. Note:

Justice is a fundamental concept to any functioning society which dictates a sense
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of right and wrong treatment of individuals and populations within that society.

Concepts of justice separate from law have appeared in literature dating as far

back as Ancient Greece. However, justice is a fundamentally normative concept

and seems to be dependent on the social understandings and norms of a society. It

follows then that what is believed to be just by members of a society may change

over time. It is necessary therefore that any and all decisions regarding justice

be made within the context of a given society and time. For this reason, it is

outside of the scope of this thesis to de�nitively select a single concept of justice

and propose it for use within the context of transport planning.

2. Operationalize selected justice concepts using accessibility as a base metric. Ac-

cessibility has the advantage of being able to account for population members

outside of areas with concentrations of those populations, as well as the advantage

of being scale-able to a variety of geographic areas, and �nally the advantage of

accounting for both land use factors, such as population density and opportunity

(jobs, schools, retail, etc.) density, and transport network characteristics.

3. Evaluate the operationalized justice measures utilizing a toy network.

4. Utilize the operationalized justice measures to evaluate real world transport projects

and transport networks within the context of surrounding land uses.

5. Evaluate which characteristics of land use and transport networks correlate with

distributive justice and discuss the policy implications of these �ndings.

1.2 Thesis Framework

This dissertation is structured in eight chapters beginning with this chapter which in-

troduces the research problem and outlines the remaining chapters. The content of the

remaining chapters is as follows:

� Chapter 2 systematically reviews justice as a standalone concept separate from law

that guides the actions of individuals and states towards individuals and popula-

tions and in the division of goods and labor. In this chapter philosophical literature

dating back to the times of Confucius and Plato is discussed and reviewed and fol-

lowed through history to further the understanding of justice throughout human

history and how it relates to various government structures. Within the context of

a western government structure justice is then discussed as an economic concept

speci�cally relating to the distribution of resources. Finally the chapter concludes

with a review of the literature relating to justice in transport noting the tendency
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to utilize accessibility, which accounts for both land uses and transport networks,

as a measure of the transport good.

� Chapter 3 utilizes accessibility and four theoretical concepts of justice from eco-

nomics discussed in the previous chapter to operationalize measures of justice

which are based on the distribution of access. The four concepts of justice utilized

are absolute need, equality of opportunity, maxi-min justice, and relative need.

There is also a discussion of the meaning and measurement of accessibility as ap-

plied in this dissertation. The result of the chapter is a series of multiple potential

operationalized measures of justice.

� Chapter 4 applies the measures of distributive justice developed in Chapter 3 to

the Sioux Falls Network, a commonly used toy network in transport research, as

a demonstration of the measures. This chapter also indicates other information,

namely levels of segregation, that is useful to consider in conjunction with the

accessibility data and distributive justice measures.

� Chapter 5 applies the measures of distributive justice developed in Chapter 3 to a

case study. The case study is laid out as a before and after analysis of the Harris

County Re-Imagined Bus Network, which was fundamentally a rescheduling of the

entire bus network for the Houston metropolitan area which occurred shortly after

the opening of two new light rail services. The chapter details the phases of the

project itself, discusses the measurement of accessibility for the various phases

of the project, applies the accessibility based distributive justice measures, and

discusses the implications of each.

� Chapter 6 utilizes the distributive justice measures developed in Chapter 3 to

compare 48 of the 50 largest metropolitan areas in the United States by population.

The chapter provides a description of the metropolitan areas and the accessibility

in those areas. The distributive justice measures are calculated based on the

access data, and predictive curves are developed for the measures to account for

the impacts of some land use factors on the measurements. The results provide a

basis for comparing the strengths and weaknesses of each of the measures as well as

providing information on which metropolitan areas under/over perform relative to

prediction in distributive justice. It is interesting to note that this varies depending

on the distributive justice measurement applied.

� Chapter 7 provides an analysis of the network characteristics and land uses that

impact distributive justice at the sub-county level. The chapter reviews graph

theory and its implications for network analysis, particularly in its ability to sim-

plify the inherently complex nature of transport networks. Further the chapter
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analyzes the various network characteristics, land use measures, and distributive

justice measures developing a series of hypothesis for how the network characteris-

tics might theoretically impact distributive justice. Finally the data are regressed

and analyzed to determine how land use and network structure impact distributive

justice and some policy implications are discussed.

� Chapter 8 summarizes the key �ndings and limitations of this dissertation and

provides suggestions for future work.

1.3 Nomenclature

The nomenclature shown in Table 1.1 is used throughout this dissertation.

Table 1.1: Nomenclature

Beginning of Table

Variable De�nition

A the person-weighted and time-weighted accessibility for a given group by a

given mode within a region

Amoderatio;t the mode ratio or the ratio of transit person-weighted accessibility within

threshold t to auto person-weighted accessibility within thresholdt

Aneedgap;t the need gap or the gap in person-weighted accessibility within threshold

t between people who have an automobile and people who don't have an

automobile

Aneedratio;t the need ratio or the ratio of person-weighted accessibility within threshold

t of people who don't have an automobile to person-weighted accessibility

within threshold t of people who have an automobilet

Anetauto;t the net auto person-weighted accessibility within thresholdt

Anettransit;t the net transit person-weighted accessibility within threshold t

A t the person-weighted accessibility for a given group by a given mode within a

region within threshold t

ait the accessibility at location i within threshold t

ai the accessibility at location i

ak the cumulative proportion of the accessibility variable, for k = 0 :::K with

a0 = 0 ; aK = 1

Cijm the cost of travel from i to j by mode m

D the Duncan Dissimilarity Index for a region

ej number of jobs at location j

G the Gini Coe�cient of accessibility for a region
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Continuation of Table 1.1

Variable De�nition

i a location

j a location

m mode of travel

Ot the person-weighted level of opportunity for a given group within a region

within threshold t

Ôt the person-weighted level of opportunity for a given group within a region

within threshold t

oit the level of opportunity experienced at location i within threshold t

ôit the level of opportunity experienced at location i within threshold t

pk the cumulative proportion of the population variable, for k = 0 :::n with p0 =

0; pn = 1

Si the number of potential system users of a representative groupS at location

i
�Si the number of potential system users who are not members of a representative

group S at location i

s an origin location

t the threshold for access calculations

wj number of workers at location j

Z objective function (as de�ned)

� it the opportunity gap at location ( i ) within threshold ( t)

End of Table



Chapter 2

Understanding Justice

2.1 Introduction

What is justice? The short answer is that there have been many attempts to describe

and de�ne justice. Depending on the school of thought some might consider justice to be

equity, equality, utilitarian, or simply as meeting the minimum needs of the subsistence

for all members of the population. Moser asserts that justice as something separate

from law can be traced back to ancient Greece and Rome, withNicomachean Ethics

potentially containing the �rst written reference to the concept.[48] This chapter explores

understandings of justice, beginning with the ancients of eastern and western philosophy

and closing with the contemporaries in economics and transport.

2.2 Justice In Ancient Times

2.2.1 The Good and Virtue

In Nicomachean EthicsAristotle argues that all human pursuits aim to achieve 'good,'

however there is considerable disagreement about what good is outside of its relation

to happiness. Aristotle winnows these apparently numerable de�nitions of good down

based on three types of life: the life of enjoyment, political life, and contemplative life.

He argues that the man who lives the life of enjoyment �nds happiness in pleasure, the

man who leads a political life �nds happiness in honor and virtue, and the man who lives

a contemplative life �nds happiness in reason. However, he indicates that each of these

goods is not a �nal or universal good. Instead these are intermediate goods which are

pursued both for themselves and in support of some other universal and �nal good.[3]

7
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Based on the idea that this good is speci�c to humans and derived from the successful

function of man, Aristotle argues that the universal human good is \the activity of soul

in accordance with virtue" over the full course of life based on the premise that \the

function of a good man [is] the good and noble performance of activity or actions of the

soul implying rational principle". External goods and social connections are implied to

be necessary to happiness as they are instruments to achieving the universal good and

their lack diminishes happiness.[3]

What then is virtue? Confucius and Aristotle held similarly structured versions of a

quality which is understood by modern scholars to be virtue.[69] For Confucius the

quality was known as ren, for Aristotle arete. Both argue for the pursuit of the ideals

of society as a necessary function of virtue.[69] Confucius describesren as returning to

li , which Yu interprets to be the hierarchical form of the Zhou dynasty and similar to

the hierarchical version of the family at the time.[63][69] Basically, each individual in

a family has his own responsibilities, but the family as a whole only achieves harmony

when each person performs his duty and respects the others. Confucius implies divinity

in the speci�c ideals of the Zhou dynasty, rather than the generic ideals of the society

a man exists in.[63][69] Aristotle describes the human as a social creature, who cannot

live a solitary life. As a result, part of Aristotle's arete is conformity to the ideals of

one's society to the extent that those ideals are good and not mutually exclusive of one

another. Furthermore, Aristotle views virtue as the middling value between two vices,

one of excess and one of lack.[69][3]

The di�erences between the two explanations of virtue are compounded when looking

at the di�erence between the two perspectives of social relationships. Confucius'ren

is described as love for humans, rooted in the �lial love that children have for there

parents and brothers, but expanded to include all of society with age. That being said,

ren is hierarchical with the highest levels of love always associated with family and

close friends. Basicallyren is the root of altruism.[63][69] Aristotle on the other hand

roots arete in reason based in self-love and self-determination. In Aristotle's view, love

of others is necessary, but this love is based on seeing ourselves in others, and social

love is not related to familial love. In fact Aristotle postulates that within a family the

strongest love is the parents' love for their children, not the child's �lial love; this makes

the family unit a poor model for social love and government.[69][3]

2.2.2 Fairness and Justice

How then do good and virtue relate to justice? From Aristotle's perspective there are

two types of justice: universal or legal justice, which involves the ful�llment of all virtue
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within the context and laws of a given society, and particular justice, which he construes

as an individual virtue related to the willingness of an individual to seek gains. In this

sense particular justice is the virtue between the vice of seeking gains at the expense

of others and the vice of failing to seek gains and in doing so losing out or failing to

obtain one's fair share.[68][3] So for Aristotle legal justice is merely the ful�llment of

social norms and laws; which are not necessarily ideal. This indicates that universal

justice need not necessarily be rooted in an underlying and innate sense of what is right

or fair. Particular justice on the other hand appeals to a sense of fairness and altruism

(though for Aristotle altruism is still an expression of self-love).

For Confucius justice is �rst of all love and altruism resulting in adherence to the respect,

responsibilities, and forms of li . But there is another aspect of justice, yi, which is

related to performing the righteous act when the details ofli and the Zhou dynasty do

not provide speci�c direction. In this case righteousness is determined by following the

spirit or intent of li . This leads to the conclusion thatyi or justice is loving and respectful

action towards �rst one's family and then one's close friends, and on in a hierarchical

fashion extending to every person, since all are brothers under heaven.[63][69]

Therefore in ancient times it can be surmised that justice or fairness was seen as a)

following the laws and customs of one's society or if possible the ideal society and

b) acting in an altruistic and righteous manner. Note that this focuses primarily on

justice as an attribute of individual actions. Justice in the structure of society is only

minimally addressed in Confucius' assertion of the Zhou Dynasty as the ideal society

that his concept of virtue and justice are based in. Further Aristotle does not indicate

an ideal form of society, only that any form of society in excess is bad. The following

section investigates some common societal structures and their justice implications.

2.3 States of Justice

2.3.1 Plato's Republic

Plato, the student of Socrates and teacher of Aristotle, framed justice in the context

of his ideal society in The Republic.[7][40] Plato proposes that in an ideal society each

individual should only be responsible for one particular job. That is to say that each

individual should be master of only one skill; so a farmer should not also be a cobbler or

also a doctor. Furthermore, in anticipation that this society shall reach a point where

it will want to expand its borders due to a desire for more resources, eventually such

expansion either by the society in point or other neighboring societies shall lead to war.

However, if each person is to be a master of only one skill than it will be necessary that
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some people shall make it their daily habit to be masters of war. These individuals will

have a role as guardians of the society and in that role it would be necessary for other

members of the society to supply their needs.

To ensure that these guardians do not become corrupt and ful�ll their duty to society

Plato proposes the following measures. First Plato argues for censorship in education

to ensure that guardians are not misled by improper representation of the ideal. In

particular, the gods whom Plato believes to represent the ideal forms that man should

aspire to are not to be portrayed committing any evil or lying in any way (this includes

deception inherent in changing form). After all if the gods are perfect and ideal than

they would not be evil or foolish or untrue. Furthermore being perfect it is unlikely

that a god would willingly choose to become less than perfect by changing form. Second

these guardians shall not be allowed individual possessions, though traders and artisans

and their ilk may be allowed possessions, because guardians should be discouraged from

the temptation to accumulate wealth. Rather the guardians should be engaged in ap-

propriate education and the mastery of gymnastics necessary to make them successful

warriors.

Similarly guardians shall not have private families, but rather shall share them. Men

and women shall both be warriors and rather than marrying in the traditional sense they

shall be shared among all guardians such as themselves but discouraged from breeding

outside of speci�c ceremonial times. This is to prevent individuals from being able to

identify their biological o�spring since most children will as a result be born around the

same time and raised in common. This ignorance of one's own children will reduce the

likelihood of protest when children who did not exhibit the qualities of a guardian were

sent to the artisans and traders to �nd a more suitable skill. To be clear children in this

society were to be directed into a caste based on their merit rather than birth.

Finally everyone in this society would need to submit to the rule of a group of wise and

elderly former warriors who have taken best to education and philosophy and shown

throughout their lives and via a series of trials their loyalty to the state and their

good character as a guardian. Thus this society would have three castes the rulers, the

guardians, and the working people. Plato argues that a republic in this form would be

just as long as each individual within the state performs their proper function and busi-

ness within the state while exhibiting temperance in their physical desires and wisdom

in their actions. Similarly individuals are just so long as they balance the parts of their

internal true nature: their physical desires, their spirit, and their logic.[7]

Plato deems his republic, and ideal form of government, to be a true aristocracy, though

in modern understanding we would refer to this as a meritocracy. He argues that a

timocracy (rule by property owners) will result if the rulers fail to remove inferior people
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from the guardian and ruler classes, as these inferior people, much like the artisans and

traders, will cultivate not only their own virtue but also their own wealth. Eventually

this will lead to what Plato calls oligarchy, whereby wealth is used to determine political

power. That is the rich are given power regardless of their competence and allowed to

pursue their desires. Eventually Plato argues this leads to revolution and the former

rich are either killed or exiled and their riches and power distributed between those

who remain and everyone is allowed to do as they wish including the breaking of laws.

Plato refers to this state as a democracy, though modern understanding would think it

anarchy. Finally a champion will come to power and take absolute and unjust power in

the form of tyranny. Thus according to Plato the only just form of government is the

republic.[7] As we will see, other ideal forms of government have been proposed along

with their own explanations of justice.

2.3.2 Divine Right of Kings vs. The Social Contract

Sir Robert Filmer's 1680 work Patriarcha argues against the social contract theory which

will be discussed shortly. In doing so he proposes an alternate means by which govern-

ments are formed: divine ordinance. Filmer indicates that God deigned to establish

monarchy as the natural order for not only men but also beasts. He indicates that this

authority was given in the form of fatherhood initially. Adam then was king over his

children and this kingship he claims was passed down via the eldest parents. Though

as Locke indicates it is nigh impossible to trace kingship back to Adam, Filmer does

still make several valid points.[39][24] Moving beyond his assertion that kingship was

established through Adam, consider Filmer's view of the kings role as fatherly protector

of his people responsible for daily weighing the pro�ts of individuals against the common

good. He argues that children do not have a right to overthrow their father's judgment,

particularly since children do not have full awareness of the situation. Similarly subjects

who do not spend their days practicing politics and adjusting laws cannot be fully aware

of the situation which lead to the establishment of the laws which govern them or the

reasons for their kings decisions, thus they do not have a right to overthrow their king.

Finally Filmer argues that Kings are not bound by laws, in fact Kings make and adjust

and remove laws based on their own judgment. Thus we learn that according to Filmer

justice is what the king judges to be just; though it would behoove the king to listen to

his people so that he can be made aware of the conditions in which they live and their

grievances. Parliament is deemed by Filmer to simply be a mechanism by which the

king is able to meet with his people, hear them with his own ears, and see them with his

own eyes rather than relying on the senses of others. Yet ultimately the power is still

his ... the king decides which laws to approve and may adjust the requests of his people
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at his will. So by Filmer's reasoning a monarchy is the ideal form of government; kings

are bound only by the law of nature which requires them to protect the good of their

subjects, and justice is determined only under the authority of the king.[24]

Locke expends much of his argument negating Filmer's assertion of the divine authority

of kingship as bestowed via fatherhood initially to Adam. As an alternative Locke

proposes that God did not give Adam the right to rule over his children, or any other

man for that matter, but only gave the right, which is shared with their mother, to

discipline his children as necessary to ensure the proper development of their character

and strength once grown. Second Locke argues that Adam was expected to share the

world with all men with each taking as they required to meet their needs.

Following this logic Locke argues that no man has authority over any other person and

if any are kings by the divine order of god than they all are. Instead he proposes that

any authority given to kings was given them by a contractual agreement with the people

for the individual people have no other reason to be subjugated to the king. Further

there is no natural law which indicates that rule over the family should be inherited by

primogeniture. Rather parents would prefer to split their property among their o�spring

and allow each the right to their own labor and bodies. So if rule is given to a single

person it must be done at the will of the people.[39] Thus Locke argues that a government

is only just when it is arranged for the good of the people who must have contractually

agreed to being ruled by that government. Furthermore any laws established must exist

to protect the people and their property, and will only be valid so long as the population

agrees to them.

However, even without laws people have according to Locke an obligation to protect

one another and punish those who attempt to damage the property or life of another or

attempt to claim dominion over another against that persons will. When someone does

violate another in this way and continues to attack his fellow man it would lead others

to come together and form a society to bring an end to the violence. Thus Locke argues

that society exists to protect against violence towards individuals and their property,

the property of individuals being determined by their labor. One is presumed to own

the fruits of one's labor and everything that is not the fruit of labor must be owned in

common by all.[39] In the event that government perpetuates violence against individuals

and their property, then it will have violated the reason for the formation of the society

and the consent of the people. In such a case, the people may overthrow or reform

the government. Thus justice, according to Locke, involves the protection of property

earned through labor and an unjust person or society is one which attempts to establish

dominion over another without his consent or to take the fruit of his labor without his
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consent. However, it should be noted that Locke does not argue against a caste system

so long as it is agreeable to the people and leads to the protection of their property.[39]

2.3.3 Communism

In contrast to all the states discussed thus far Marx & Engels argue directly against

a caste system, as by their reasoning any caste system necessarily results in the abuse

of the lowest caste. InThe Communist Manifesto they clearly indicate an abhorrence

towards the concept of personal property and the ability it generally provides for one

class to subjugate another class. According to theManifesto, a just society will be

achieved by the elimination of all personal property, right of inheritance, and distinction

between groups of the population as well as the centralization of credit, communication,

transport, agriculture, and manufacture. In such a society all individuals would be

expected to participate equally in necessary labor. Finally all children are proposed to

be educated freely in public schools and removed from private family care to prevent the

dissemination of prejudice as well as to ensure the abolition of child labor in dangerous

factory conditions. In this state then justice is found in the elimination of distinction

between individuals and classes, and injustice is determined to be the subjugation of

one class to another.[43]

2.4 Justice in Economics

This section considers potential concepts of justice as an economic objective within the

government of a western society. Le Grand provides an overview of various attempts

to de�ne justice or equity as an economic objective, comparable to the widely accepted

Pareto-e�ciency objective, within the concept of Western culture. Ultimately arguing

that none of the de�nitions of equity to date has achieved the widespread acceptance

of the Pareto-e�ciency objective, Le Grand explores the issues with each objective and

proposes a foundation for an alternative objective.[36] An exploration of each of these

concepts follows.

2.4.1 Horizontal Equity and Vertical Equity

Horizontal equity indicates that those who are deemed equal should be treated equally,

while vertical equity states that those who are deemed unequal should be treated dif-

ferently in an appropriate manner. Many measures have been generated using these

concepts.[4][50] As is easily imagined there has been considerable debate regarding the
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determination of equals as well as the normative nature of these two related concepts.

Kaplow and Musgrave had considerable discourse regarding the question of whether or

not horizontal equity as a standalone principle is signi�cant or if its signi�cance is de-

rived only in pairing it with vertical equity. Both in their arguments attempt to address

the normative potential of horizontal equity. Kaplow �nds horizontal equity to have no

normative basis and that horizontal equity is not signi�cant as a standalone. Musgrave

on the other hand indicates that horizontal equity is fundamentally more normative than

vertical equity and in fact remains fundamentally the same even as it is implemented

under various formulations of distributive justice.[44]

McDaniel argues that the nature of their dissent can be found in their de�nition of

vertical equity. He indicates that Kaplow de�nes vertical equity based on a progressive

income tax system which indicates the appropriate di�erentiation should redistribute

wealth from the rich to the poor. But according to McDaniel this is not necessarily

the case, as depending on value systems a proportional or even regressive taxation may

be selected as the appropriate means of di�erentiation in vertical equity. Musgrave

however argues that vertical and horizontal equity are both dependent on social norms,

economic assumptions, and a theory of justice. As a result although Musgrave agrees

that given Kaplow's particular incorporation of a progressive tax into vertical equity and

his associated justice principle in an ideal world horizontal equity would not have sepa-

rate utility or independence he also recognizes the possibility of horizontal equity being

independently useful in other circumstances due to its similarly normative basis.[44]

McDaniel however concludes that both measures are too dependent on a value system

to be of much use as an independent measure, or that neither in itself has normative

content. He indicates that these measures are merely surrogates for the previously men-

tioned economic and justice values or decisions made by society.[44] Galbiati and Vertova

disagree. They indicate that although many possible value systems may be attributed to

horizontal equity this very 
exibility is what makes horizontal equity normative. In fact

they argue that determining equals based on relevant variables and then insisting that

those equals be treated equally is inherently normative. However they also indicate that

the problem of determining normative and appropriate equals should be the primary

focus of horizontal equity rather than validating that those equals are in fact treated

equally.[26]

2.4.2 Equality of What

Following on the treatment of equals equally it is necessary to determine what is equal

treatment. There are several concepts of equality, among them: equality of opportunity,
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equality of outcome, and equality of choice sets. The �rst has largely been de�ned by the

works of Peter Westen. Equality of opportunity is founded on the idea that opportunity

is a relationship between three factors: an individual, a goal, and any obstacles between

the individual and the goal. Note that if there are any obstacles which the individual

cannot surmount, than there is not an opportunity to achieve the goal. Some of these

obstacles may not be related to the goal, but rather based on hierarchical or caste-

based discriminatory practices. These obstacles are hereafter referred to as unrelated

obstacles. In order to achieve equality of opportunity individuals wishing to achieve the

same goals would face similar obstacles, and none of those obstacles would be unrelated

or insurmountable.[67]

Now is a good point to contrast equality of opportunity with another often confused

concept: equality of outcome. This approach to viewing distributive justice is to assume

that the most just situation is created when resources are distributed to ensure that all

users have an equal outcome, regardless of desire, e�ort, or talent. In general, this would

be highly data intensive to evaluate, as it would require an in depth understanding of

all individuals, including their motivation levels, skill level, and general ability to utilize

resources provided to them.[36] As an example, one person might receive more value

from a standard public education than another because the �rst person has a higher IQ,

has more supportive parents, etc. It would be impossible to collect all of the information

to determine individual utility or outcome based on resource distribution.

Furthermore, in many situations it could be argued that it would be wrong to strive for

equal outcomes between two individuals with di�ering willingness to put in e�ort, espe-

cially if this involves depriving skilled and talented people of resources to prevent them

from over achieving, or alternately adding unrelated obstacles. Consider the dystopian

universe of Harrison Bergeron, as imagined by Kurt Vonnegut. In that universe, equality

is ensured via the institution of the Handicapper General, an o�ce whose responsibil-

ity it is to distribute handicapping devices to those with natural talent or advantages

such as strength, intelligence, and beauty.[62] Another consideration is the possibility of

disutility associated with individual's poor choices; it seems as though it may be unfair

to correct disutility of this nature in order to produce an equal outcome.[36]

In some situations however equality of outcome may be desirable, for example if the

outcome is having access to clean water. Since an understanding of individual utility is

often necessary to anticipate outcomes, utilitarian functions are a good basis for measur-

ing equality of outcome. Hammond discusses the conditions under which it is possible

for a utilitarian function to be equity-regarding. However, many of these de�nitions rely

on the existence of a prede�ned optimal distribution.[29]
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Finally as an alternative to these two types of equality Le Grand proposes an equality

of choice sets. This di�ers from the �rst two options in that Le Grand argues that to

the extent that unrelated obstacles and unequal outcomes result from the poor choices

of individuals they are deemed just. So basically as long as everyone is presented with

equality in the choices that are available to them, justice can be achieved.[36]

2.4.3 Rawls' Theory of Justice

Rawls' Theory of Justice is another oft referenced concept of justice. It extends from

the assumption that justice is the primary measure of social institutions, similar to

truth being the primary measure of intellectual theories. Therefore it follows that it

would be more important for social institutions to be just than to maximize the good

experienced by its members. He further argues that in a well-ordered society everyone

would be aware of, accept, and comply with the same principles of justice and the

social institutions which are a part of that society would meet those principles. In

reality people generally disagree on de�nitions of justice and tend to be biased towards

de�nitions which will improve upon their own personal interests.

It follows than that if a set of principles de�ning justice were to be fair that the persons

de�ning these principles would have to be free of the bias of their own interests. As

such Rawls proposes a theoretical situation in which a group of rational people, able

to act of their own accord, would come together to discuss the terms of a society they

would mutually enter into in order to further their own interests. He calls this the

original position, and stipulates that in a true original position it is necessary that all

participants operate under a veil of ignorance. Basically, none of the participants can be

aware of either their future position in the proposed society or what assets and abilities

they will naturally posess in that socie. Rawls' argues that due to the `veil of ignorance'

participants who are self-serving would require that all individuals who are to participate

in this society must bene�t from that participation.

From this original position Rawls proposes two principles of justice, with the requirement

that the �rst principle be completely satis�ed before the second principle is considered:

1. \Each person is to have an equal right to the most extensive scheme of equal basic

liberties compatible with a similar scheme of liberties for others."[57]

2. \Social and economic inequalities are to be arranged so that they are both (a) to

the greatest expected bene�t of the least advantaged and (b) attached to o�ces

and positions open to all under conditions of fair equality of opportunity."[57]
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The second principle is based on the assumption that an equal distribution of bene�ts is

preferred unless allowing inequality would result in increased bene�ts for all members.

Furthermore it is also assumed that in situations where the members of society with the

least bene�ts see an increase in bene�ts due to the increasing expectation of bene�ts

of the members with most bene�ts, then all groups in between those with the most

and those with the least will also see an increase in bene�ts. This second assumption

is referred to as the chain connection, and may not hold. Despite the potential issues

with the chain connection assumption, part (a) of Rawls' second principle provides a

potential mathematical framework for the evaluation of distributive justice. Therefore,

if we can assume that members of society have basic liberties and that the unequal

distribution of bene�ts in society can be associated with positions that every member

has a fair opportunity to be employed in, then we can take the most equitable society

or system to be that in which the representative group with the least bene�t within

the society has the maximum possible bene�t. The maximum possible is generally not

de�ned, but based on this two or more societal structures can be judged to be more or

less equitable based on the relative levels of bene�t for the representative group with

the least bene�t in each society. It should be noted that these principles do not lead

to e�ciency. By Rawls' de�nitions it is possible for the least advantaged to receive

bene�t at the expense of the most advantaged in order to be more just, particularly if

the chain connection assumption doesn't hold. Such a situation would at a minimum

violate Pareto e�ciency, in which a situation is e�cient if no individual can increase

their bene�t without compromising the bene�t of another. E�ciency is not a factor in

this evaluation of distributive justice except in situations in which the least advantaged

is not a�ected by proposed increases in e�ciency.

2.4.4 Envy-Free

Di�ering from Rawls Theory of Justice, the envy free concept of justice does not require

that individuals be unaware of their own interests in deciding how justice is to be de�ned

or met. Rather envy-free justice is based on the idea that all agents are aware of their

own interests and preferences and may even be aware of others preferences. The classic

example of this concept is fair division in the two person cake cutting scenario. The cake

is to be cut into two pieces and ideally after each individual receives his share neither

will prefer the others share, thus making the situation just or fair. In the case of only

two individuals the solution appears simple one individual cuts the cake and the other

individual chooses who gets which share. The �rst individual knowing he will not be

able to choose which share he gets will cut in such a way as to ensure he will be happy
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with either piece and the second individual will choose that piece for himself which best

�ts his own preferences. Thus neither individual will be envious of the others piece.[5]

This problem has been expanded to deal with more than two individuals and even more

than a single good. The formal theory associated with this is termed superfairness.

Basically, a situation is fair when no individual envies the bundle of goods that another

receives. However the situation is superfair if at least one individual receives a bundle

which he prefers to any other existing bundle such that not only does he not have

any envy of the bundles his peers received but he would in fact have accepted a lesser

bundle without experiencing envy. These theories are expounded in Baumol's book

Superfairness: Applications and Theory.[5] An interesting note is that much of the justice

derived in the application of this theory is based not on the quantity or quality of the

resources being distributed, nor necessarily on the outcomes individuals actually receive

from their use of the resources, instead justice comes from preferences and individual

perceptions of the resources themselves.

2.4.5 Need, Merit, and Utilitarianism

The previous concepts are often applied in times of economic abundance, but di�erent

concepts are promoted when resources are scarce. Deutsch indicates that in times of

economic scarcity where all individuals cannot receive the minimum amount necessary

for survival and the equality principle would only ensure the death of all there are two

ostensibly just means of deciding who to sacri�ce for the survival of the community: by

lots or by volunteerism/self-sacri�ce. However, this may be ine�ective if those who are

not sacri�ced are unable or unwilling to support the community and participate in the

propagation of the community when resources become less scarce. For this reason he

argues that it would be best to break the population into groups by nature of their ability

to contribute to the community at a later date, or their merit. Then either a lottery or

volunteerism could be used to select a set number of sacri�ces from each group. Basically

then Deutsch indicates that a combination of merit and randomization will likely lead to

a higher acceptance of the situation within the community and perceptions of justice.[20]

In contrast Greenberg claims that in conditions of scarce resources need and e�ciency

become together the fairest or most just means of deciding how resources should be

distributed. That is to say according to Greenburg in situations of known scarcity

individuals tend to think that equal distributions are inherently unfair, and the most

just thing is to work towards the greatest good by minimizing waste and supplying

resources to those with the greatest need. As an example he considers various means of

providing access to arti�cial kidneys, or dialysis machines. Apparently a lack of su�cient



19

availability of the machines has led to a variety of distribution paradigms. In the UK

the machines are �rst made available to those who need them to the exclusion of those

whose treatment is unlikely to be successful, in an attempt to mitigate waste. In India

they are provided �rst to those with the most need, or those who are the most ill even

if their illness is not entirely due to kidney failure. In one example hospital no one

was given access to the machines in an all-or-nothing scheme, since they couldn't treat

all they chose to treat none. In yet another scenario patients were randomly selected.

Calabresi and Bobbitt studied these distributions and found that those which took into

account need and e�ciency were likely to be considered more fair by participants.[28]

Interestingly, Greenburg indicates that this focus on need and e�ciency is in its basic

form a type of utilitarianism.[28] Utilitarianism, according to Mills, is the justice found in

to the greatest extent possible maximizing the happiness of a population while mitigating

the pain experienced by that population.[45] Note that Mills does not merely mean

happiness in the sense of satisfying sensual needs but also that found in exercising one's

intellect and higher emotions. Furthermore, Mills explicitly argues that individuals are

capable of self sacri�ce toward the goal of improving the happiness of others, which

he implies indicates that it is not merely the happiness of individuals that is to be

sought after but the greatest possible happiness of the community while minimizing the

existence of pain within the same community.

2.5 Justice in Transport

Much of the literature on justice in transport is based in the concept of social exclusion,

which is \the denial of access, to an individual or group, to the opportunity to partici-

pate in the social and political life of the community, resulting not only in diminished

material and non-material quality of life, but also in tempered life chances, choices, and

reduced citizenship".[35] This can be related to poverty, for example a low-income urban

household that could not a�ord an automobile would typically have reduced ability to

participate in suburban jobs, on the other hand there is no reason to believe that the

same household would have any di�culties connecting with their neighbors, unless some

other factor, such as being a minority ethnicity in the community, caused them to feel

excluded from their neighbors. In both situations, having lower access to suburban jobs

and feeling excluded from neighbors, social exclusion is experienced however only the

�rst is also related to poverty.[35] Several studies have shown that social exclusion and

inclusion are heavily impacted by transport networks and infrastructure.

Currie et al.[17] explore the impacts on social well being produced by a lack of public

transport. Their studies focus on low-income households in Melbourne which are either
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forced into car ownership due to a lack of viable transport alternatives despite a�ordabil-

ity issues or have zero cars. Their preliminary �ndings indicate that households which

have been forced into automobile ownership make more trips which are longer than low-

income households with zero cars, but fewer trips than households in the same area with

2 or more vehicles. Furthermore, their �ndings indicate that low-income households

`forced' into car ownership tend to be highly auto dependent with 80% of trips made

by automobile, and have a ratio of taking a trip as an automobile passenger versus as

the driver which is approximately 15% higher than middle and high-income households.

Interestingly though they also found that low-income households had lower shares of

transit use (3.3%) as compared to higher income households (4%), and that low-income

households have a high walking share at nearly 14%. Finally, they compare indices of

social disadvantage to transit supply spatially throughout the area. The study �nds

that low-income households without public transport or walking opportunities may be

disadvantaged by their need to own an automobile and their dependence on that auto-

mobile to be included socially. Furthermore, they �nd that walk accessibility to local

activity centers from residential areas is a signi�cant component to social inclusion.

Farber et al.[23] use travel behavior to assess the level to which segregation occurs in a

metropolitan area based on the level of exposure between two groups during their daily

activities. Their study focuses on the level of interaction between races in Detroit, Michi-

gan with a given time budget. Interestingly, they �nd that interactions between races

reduce signi�cantly if participants only have time for their commute, as compared to if

they are given additional time to participate in other activities. Basically, their study

enriches information about levels of segregation beyond that which can be determined

solely based on the residential patterns of groups such as with the Duncan Dissimilarity

Index (percentage of minority group which would need to relocate in order to achieve

integration throughout the region).[21]

Preston et. al. postulate that \social exclusion is not due to a lack of social opportunities

but a lack of access to those opportunities".[56] Within that context they evaluate the

use of accessibility planning as a policy on the e�ectiveness of reducing social exclusion in

the United Kingdom. They argue that current accessibility measures are too aggregated

to be of much use even though accessibility as a tool is better than mobility. Rather

they suggest utilizing extensive survey data or simulating populations based on census

data.

Kenyon et al.[35] discuss the use of virtual mobility techniques such as telecommuting to

�ll in the gaps in the physical transport network, produced for example when a household

cannot a�ord an automobile or lives in an area with poor transit access. Boschmann and

Kwan review the research on the social aspects of transport systems including: social
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equity, social exclusion and quality of life.[10] Sanchez et. al. review the historic e�ects of

federal transport policies in the United States on minority communities economic, health

and social impacts that are a result of the projects funded by said policies.[58] Bullard

et. al. similarly review the historic impacts of transport projects in the United States

on racially segregated populations.[13] Together these illustrate that transport networks

and travel behaviors impact the level to which groups and individuals experience social

exclusion/inclusion.

The distribution of the transport good impacts the level of social inclusion that individ-

uals experience. Due to the importance of transport to individuals, distributive justice

in transport is gaining interest. Topics discussed typically focus on the relative distri-

bution of transport burdens and bene�ts. Since the inception of the Civil Rights Act of

1964 discussions of distributive justice emphasize disparities between target populations

and the general public. However, the analyses associated with distributive justice vary

greatly due to inconsistent quanti�cation of both the burdens and bene�ts of trans-

port, the multiple potential interpretations or conceptions of distributive justice, and

the multiple potential basis for measuring each conception.[34][42][41] It is important to

note here that transport networks are only half of the equation, it is the interaction be-

tween land uses and transport networks that allow individuals to participate in society.

Consider the numerous literature on the impacts of housing.[11][16][2][53][47][25][8] To

that end a measure which incorporates both, such as accessibility, rather than a measure

which incorporates only transport network measures, such as mobility, should be utilized

as the basis for any distributive justice measurement.

2.6 Summary

This chapter has given a basic overview of a wide variety of the concepts of justice from

its existence in the characters and actions of an individual, its use in the foundations of

governmental authority, its relevance in the distribution of resources, and an exploration

of research and studies related to justice in transport. Many further theories exist, some

of which are likely combinations or variations of those noted here. The important thing

to note is that justice is a highly normative concept and although to some degree there

is common ground in the various concepts presented here it is not within the scope of

this dissertation to select or promote a single concept of distributive justice for use in

evaluating the distribution of transport goods. Rather in the following chapter several

founding concepts are explored and utilized in the development of an array of measures

of distributive justice in transport services. Ultimately it is up to policy makers and

their constituents to select the best measure for use in their locale.



Chapter 3

Measures of Distributive Justice

3.1 Introduction

Studies have shown that injustice in transport services experienced by disadvantaged de-

mographic groups accounts for much of these groups' social exclusion.[22][23][25][49][56][61]

However, there is little agreement in the �eld about what theoretical foundation should

be the basis of measures of the justice of transport services, limiting the ability of trans-

port professionals to remedy the issues.[19] Furthermore outside of academia, many

attempts to quantify justice in transport projects and systems rely on proximity to

concentrations of disadvantaged demographic groups.[34] As a result decisions based on

this type of quanti�cation exclude consideration of members of disadvantaged groups

who do not live in close proximity to one another and additionally fail to indicate the

e�ectiveness of the provided transport services.

Accordingly, there is a need for an improved measure of the justice of the distribution of

transport services, which relates to the e�ectiveness of transport services for all members

of disadvantaged groups rather than for only segregated members of these disadvantaged

groups. Accessibility is a direct measure of transport services and can account for

individuals in areas with concentrations of their demographic groups as well as those

living outside of such areas of concentration. In this context accessibility is the ability

of system users to reach desirable destinations, such as jobs, via a given mode.[30]

To this end this chapter focuses on the development of a series of potential distributive

justice measures based on one of four theoretical concepts of justice. The base metric

for each of these measures is accessibility.

22
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3.2 Accessibility: A Concept of the Service Provided By

Transport Facilities

Within the transport �eld, particularly in transit, equity is generally determined based

on project proximity rather than project impacts. For instance, in The 2014 Regional So-

licitation Transit Expansion Scoring Guidelines, published by the Twin Cities Metropoli-

tan Council, equity is determined based on a project's location. In particular the so-

licitation scoring places emphasis on direct connections to areas with concentrations of

poverty and populations of color.[59] This allows the evaluation of the access provided

to target populations. However, this current methodology cannot account for opportu-

nities provided by an ability to transfer or opportunities provided to members of target

populations that are dispersed throughout the region. Karner and Niemeier [34] note

that many similar simpli�ed techniques are used in practice, involving the aggregation

of target populations to areas which exhibit concentrations of those target populations.

They also argue that this type of analysis could fail to re
ect the impacts on target

populations within the aggregate area. In order to counter this they argue that any

analysis of that nature should include a sensitivity analysis as a function of di�erent

levels of concentrations of the target population. Furthermore they suggest that any

measures of equity should both \maximize average access while limiting the maximum

gap in accessibility between the lowest- and highest-accessibility groups".[34]

Welch and Mishra [65] provide insight into the need for analysis beyond that provided

by simply counting the number of routes or stops in areas with target populations and

areas without target populations. They perform a connectivity analysis, �rst calculating

the inbound and outbound power of a transit line from a given stop, then the connec-

tivity index of the zone, �nally using the Gini index to determine the inequality index

between di�erent zones. This quanti�es the quality of service at each transit node in

a network.[65] In another paper Welch applies this method to evaluate di�erences be-

tween the proximity of di�erent types of public housing initiatives to transit as well as

the accessibility provided by that proximity. He then uses the Gini index to compare the

connectivity scores between the various populations.[64] Therefore, it is apparent that

accessibility features in many measures of transit equity, and that housing, particularly

public housing, is an important component of equity analysis.

Accessibility is the ability with which users of a given mode may reach desirable destina-

tions. It is important to distinguish accessibility from mobility, which is concerned with

the speed provided to travelers, rather than their ability to reach destinations. Mod-

ern measures of accessibility can be traced back to a 1959 article by Hansen regarding

the relationship between accessibility and land use.[52] In that article Hansen describes
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accessibility as a summation of weighted potential destinations.[30]

ai =
X

j

ej f (Cijm ) (3.1)

Where:

ai = accessibility for location i

ej = number of jobs at location j

Cijm = cost of travel from i to j

f (Cijm ) = weighting function

Cumulative opportunity accessibility calculations are a simpli�ed form of gravity weight-

ing summation in which a binary weighting function is employed. Basically, opportuni-

ties that can be reached within a given threshold are weighted with a value of one, and

those that cannot be reached are weighted with a value of zero.[52]

A set of destinations reachable within each travel cost threshold is identi�ed for each

origin, and the jobs located at the reachable destinations are aggregated, to arrive at a

single accessibility data point for that origin. This measure can be further aggregated

to a regional level as the person-weighted accessibility within threshold (t) experienced

by individual members of a representative group (S), see Equation 3.2.

A t = (
X

i

ait Si )=(
X

i

Si ) (3.2)

3.3 Distributive Justice: A Review of Four Theoretical

Concepts

In order to evaluate the justice of a situation, it is �rst necessary to de�ne what is meant

by justice. Unfortunately this is far from a simple task. Economists have been trying

unsuccessfully to pin down a universal but meaningful de�nition of justice for use in the

decision making processes of resource allocation for decades. As a result there are many

theoretical foundations of justice, and any discussion of justice must involve multiple

competing concepts. The analysis that follows is limited to four concepts of distributive

justice commonly found in the literature:

� Absolute or minimum need,

� Equality of opportunity,
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� Maxi-min justice, and

� Relative need.

A brief overview of each of these is included below. These concepts can be organized

in a variety of ways, but in this paper the focus starts with the simplest concept and

increases in complexity based on the number of variables under consideration.

3.3.1 Absolute Need

The simplest concept of distributive justice is that of absolute or minimum need. This

version of distributive justice focuses on the provision of a basic minimum allocation to

all individuals. The concept is founded in the idea that there are minimal resources to

which everyone is entitled. For example, individuals are entitled to the resources needed

to survive, such as access to fresh water and the means to clean it.[19][36] However,

it is di�cult to de�ne a set minimum allocation of resources, because societies tend

to de�ne the minimum acceptable level of allocation relative to the general abundance

of resources. Greenburg discusses the tendency for abundance to shift the focus from

providing a minimum based on the requirements of survival to providing a minimum

based on the requirements of enjoying a meaningful life within a society.[28] Regardless,

once a basic minimum allocation has been de�ned, a just situation is merely one in

which every individual receives at least the pre-de�ned minimum allocation.

As it relates to transport services and the provision of access to jobs, a basic minimum

allocation could be seen as a set number of jobs within a certain time frame. Unfor-

tunately, an obvious and logical choice in the number of jobs that individuals should

be able to reach in a given time frame is not readily available. Consider the case of a

farmer, living in a rural area. Arguably, the farmer has a job which may very well be

the only job opportunity for miles. Yet, the farmer is able to support his needs.

As an alternate example consider a person living in a large city. This potential worker

likely could reach thousands of jobs in a reasonable time frame, but his neighbors and

many others could also reach the same jobs. As such the individual must compete for

nearby jobs. Finally consider the exurbanite who commutes several hours daily to reach

a job in the nearest city. Although numerous studies have shown that individuals budget

their travel time, and that average commute times have remained similar through time, it

is commonly recognized that some individuals are willing to spend more time commuting

for a variety of reasons.[46] Furthermore, recent decades have seen the popularization of

telecommuting, allowing individuals to opt to work from home, and adjust their travel

behavior accordingly.[55][71]
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As such any de�nition of a minimum allocation of job access is arbitrary. However

the de�nition can still be useful. Instead of focusing on a set minimum, analysis can

focus on the breakdown of populations in several access brackets, or alternately on the

distribution of access across percentiles of workers' experience of that access. A more in

depth analysis would also take into account competition for jobs, implicitly considering

job/worker balance.[14][15] Three potential measures which account for competition are

considered.

The �rst is the di�erence in an individual's access to jobs and access to other workers.

The second is a ratio of the individual's access to jobs over the individual's access to other

potential workers. Levinson et. al. utilize a similar ratio measure to evaluate the job

to worker balance in the Twin Cities.[38] Both are measured with a time threshold that

would �t in a standard time budget for travel to work.[70] The equations for both the

di�erence, described as the opportunity gap at a threshold and location, and the ratio,

described as the opportunity level at a threshold and location, are shown in Table 3.1,

under the heading Minimum Allocation: Absolute Need. The two measures are also

visualized in Figure 3.1. Note, these equations are based on the assumption that every

individual at a location has the same access to jobs and competing workers.

Figure 3.1: A Visualization of the First and Second Potential Minimum Allocation
Measures
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The third potential measure is a more complex operationalization of the second potential

measure which considers the individual's access to jobs in comparison to the number of

other workers who have access to those same jobs. Hereafter, this is referred to as the

destination based opportunity level. An equation for the destination based opportunity

level is shown in Table 3.1, under the headingMinimum Allocation: Absolute Need.

Another potential complexity is accounting for strati�cation of jobs, basically only taking

into account workers and jobs in each income bracket. This can be accommodated within

the framework of the equations noted above.

3.3.2 Equality of Opportunity

Equality of opportunity is a slightly more complex concept of distributive justice, which

has been largely developed by Peter Westen.[67] As it relates to transport services and

the provision of access to jobs, representative groups of individuals based on such factors

as income, race, ethnicity, age, religion, and gender should have the same opportunity

to obtain work based on their skills. By this logic, the opportunity level of an individ-

ual de�ned for minimum allocation above can be averaged within representative groups

to determine if equality of opportunity exists between members of di�erent groups.

Distributive justice would be achieved if the opportunity level at a threshold was equal

between groups, or if there were no statistically signi�cant di�erence between the oppor-

tunity levels for the various groups. The equations for the person-weighted opportunity

level of a representative group and the person-weighted destination based opportunity

level of a representative group are shown in Table 3.1, under the headingEquality of

Opportunity .

3.3.3 Maxi-Min Justice

Rawls' A Theory of Justice[57] is another commonly referenced theory of distributive

justice in both economics and transport. Furthermore Rawls' theory allows for the

possibility of justice in a distribution without direct equality. Unfortunately due to

a fundamental requirement of Rawls' theory it only applies to income, and does not

incorporate additional resources well. The requirement is the avoidance of weighing the

relative value of various resources, which is necessarily a subjective matter and could

not be agreed upon within the veil of ignorance. Martens argues that due to this,

Rawls' theory is inappropriate for use as the basis of transport justice.[41] However

Rawls' theory is commonly referred to in transport justice literature. For this reason

although transport cannot be directly incorporated into Rawls' theory, we consider an

extrapolation from that theory: maxi-min justice.
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Applied to transport we extrapolate maxi-min justice to mean that the higher the level

of bene�t, in this case access to jobs, provided to the group with the least bene�t, the

more equitable a transport system is. Equations for determining the level of access

for representative groups at a threshold and overall are shown in Table 3.1 under the

heading Maxi-Min Justice .

3.3.4 Relative Need

Finally, the most complex form of distributive justice explored in this paper focuses on

distributing resources based on the relative need of the recipients. In many studies of

the distributive justice of transport networks, such as that performed by Benenson et

al, the evaluation of the gap between transit and automobile accessibility is explored.[6]

The concern is for individuals without access to an automobile and how their accessi-

bility compares to those who do have access to an automobile. They evaluate this by

determining the area that can be reached from a given origin within a given threshold

for each mode. They then divide the transit access area by the auto access area to deter-

mine the ratio of the two. Currie et al.[17] also touch on this issue in their study of the

impacts of a lack of public transport as an alternative to the automobile. They conclude

that low-income populations in areas without good public transport are disadvantaged

by the need to own an automobile.

One way to calculate this gap is to �nd the net access within a threshold available via

automobile and see how much of an advantage users obtain if they can a�ord a car,

over those who cannot. Similarly, it is also possible to �nd the net access available

within a threshold via transit, to see how much of an advantage users obtain if they

can a�ord transit, over those who cannot. However, this form of measuring the gap is a

simpli�cation. Alternatively, the gap could be calculated as the di�erence between the

access levels of the automobile owners representative group and the transit dependant

representative group. Unfortunately, a greater gap may result from more jobs rather than

poor transit service. To that end a ratio of the access available to the two representative

groups is proposed. Equations for each of these measures can be found in Table 3.1 under

the heading Relative Need. The forms of these operationalizations are very similar, as

can be seen by comparing Figure 3.2 and Figure 3.3.

An alternative relative need based distributive justice concept involves the combination

of the tax based concepts of horizontal equity and vertical equity.[36] Horizontal equity

states that individuals of equal standing should be taxed equally, and receive equal bene-

�ts associated with those taxes. Vertical equity states that disadvantaged groups should

pay lower taxes than advantaged groups and furthermore that bene�ts associated with
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Figure 3.2: A Visualization of the Simple Gap and Ratio Measures

taxes should be distributed in such a way as to provide greater bene�t to disadvantaged

groups.[44] Le Grand [36] argues that distributive justice cannot be de�ned by meeting

the standards of horizontal and vertical equity due to a lack of consensus on the de�ni-

tions of equal standing and disadvantaged groups. However the US federal government

has identi�ed a series of target disadvantaged or protected groups including: African

Americans, Hispanics, Asian Americans, Native Americans, Alaskan Natives, Native

Hawaiians, Other Paci�c Islanders, low-income populations, the elderly, the disabled,

and children.[1] Therefore, an analysis of the level to which federally funded agencies

meet the criteria of Executive Order 12898 and the Civil Rights Act is possible based

on this de�nition.

The concepts of horizontal and vertical equity are frequently used to evaluate transport

systems. Delbosc and Currie use the concepts of horizontal and vertical equity in their

2011 assessment of public transport distributive justice.[18] They evaluate the distribu-

tive justice of the public transport system in Melbourne using Lorenz curves and the

Gini Coe�cient. For a review of Lorenz Curves, see Gastwirth.[27] As applied here, the

Gini Coe�cient is negative if lower income groups have relatively high levels of access to

jobs in comparison to higher income groups, positive if the higher income groups have

relatively higher levels of access, and zero if the groups have the same levels of access.
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Figure 3.3: A Visualization of the Need Gap and Need Ratio Measures

The equation for the calculation of the Gini Coe�cient is shown in Table 3.1 under the

heading Relative Need.
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Table 3.1: Operationalized Distributive Justice Concepts using Auto and Transit
Access to Jobs and Workers

Minimum Allocation: Absolute Need

Opportunity Gap at Location ( i )

within Threshold ( t) � it = ajobs;it � aworkers;it (3.3)

Opportunity Level at Location ( i )

within Threshold ( t) oit =
ajobs;it

aworkers;it
(3.4)

Destination Based Opportunity

Level at Location (i ) within

Threshold (t)

ôit =
(ajobs;it )2

P
j Sj wj f (Cijm )

(3.5)

Equality of Opportunity

Person-Weighted Opportunity

Level within Threshold t Experi-

enced by various Representative

Groups

Ot = (
X

i

oit Si )=(
X

i

Si ) (3.6)

Person-Weighted Destination

Based Opportunity Level within

Threshold t Experienced by various

Representative Groups

Ôt = (
X

i

ôit Si )=(
X

i

Si ) (3.7)

Maxi-Min Justice

Minimum Person-Weighted Acces-

sibility within Threshold ( t) Expe-

rienced by a Representative Group

Min A t = (
X

i

ait Si )=(
X

i

Si ) (3.8)

Relative Need

Gini Coe�cient

G � 1 �
KX

k=1

(pk � pk� 1)(ak + ak� 1) (3.9)

Net Auto Person-Weighted Acces-

sibility within Threshold t A netauto;t = Aauto;t � A transit;t (3.10)
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Continuation of Table 3.1

Net Transit Person-Weighted Ac-

cessibility within Threshold t A nettransit;t = A transit;t � Awalk;t (3.11)

Gap in Person-Weighted Accessi-

bility within Threshold t between

People who Have an Automobile

and People who Don't Have an Au-

tomobile

Ahasauto;t = (
X

i

aauto;it Shasauto;i )=(
X

i

Shasauto;i )

Anoauto;t = (
X

i

atransit;it Snoauto;i )=(
X

i

Snoauto;i )

Aneedgap;t = Ahasauto;t � Anoauto;t (3.12)

Ratio of Transit Person-Weighted

Accessibility within Threshold t to

Auto Person-Weighted Accessibil-

ity within Threshold t

A ratio;t =
A transit;t

Aauto;t
(3.13)

Ratio of Person-Weighted Accessi-

bility within Threshold t of Peo-

ple who Don't Have an Automo-

bile to Person-Weighted Accessibil-

ity within Threshold t of People

who Have an Automobile

Aneedratio;t = Anoauto;t =Ahasauto;t (3.14)

End of Table
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3.4 Summary

This chapter presented twelve potential measures of distributive justice in transport,

derived from one of four theoretical concepts of distributive justice: absolute need or

minimum allocation, equality of opportunity, maxi-min justice, and relative need. In

Chapter 4 several of the measures are demonstrated via application to the single mode

to a toy network which is frequently utilized transport publications as a test network:

the Sioux Falls Network. Chapter 5 further applies these measures to evaluate a case

study, in particular the Harris County Re-Imagined Bus Network, and Chapter 6 applies

these measures to 48 of the largest 50 metropolitan areas by population in the United

States. These applications are presented in order to both demonstrate the potential

uses of these measures, but also to underline the importance of policy in establishing a

preferred measure and the strengths, weaknesses, and implications of each measure to

inform policymakers.



Chapter 4

Distributive Justice Calculation:

A Toy Network

4.1 Introduction: The Sioux Falls Network

The Sioux Falls network, in both its original and modi�ed forms, is used in numerous

transport publications. A Google Scholar search in April 2017 for \Sioux Falls Network"

resulted in 856 results. The most recent result \A Flat Sizing Algorithm for Autonomous

Car Sharing" was published in 2017 and utilizes a modi�ed version of the Sioux Falls

Network to test a model of 
eet management for a shared autonomous car system

based on stochastic user demand.[33] Originally conceived as a test case for LeBlanc's

proposed tra�c assignment algorithm in 1975, the network is not considered to be very

realistic.[37]

The original network is loosely based on the road network in Sioux Falls, South Dakota

and contains 24 nodes and 77 links. The costs described in the original Sioux Falls Net-

work are provided in time units where one time unit is equivalent to one one-hundredth

of an hour. It is important to note that the Sioux Falls Network represents only the

automobile mode of transport. As such, distributive justice measures which rely on

variation between modes cannot be used with this network. The following graph of the

Sioux Falls Network, Figure 4.1, and Map of Sioux Falls, South Dakota, Figure 4.2,

were obtained along with the de�ning data for the Sioux Falls Network on the Github

Transportation Networks Repository. The Repository was created as an update to Dr.

Hillel Bar-Gera's Transportation Network Test Problems (TNTP) website and serves

the self-purported function of making transport network test data easily available.[12]

34
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Figure 4.1: Sioux Falls Network
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