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Abstract

This research project develops a database model for the analysis of spatial and
temporal differences in potential accessibility and mobility across the various public
transport modes in the context of Cape Town, South Africa. This database model
provides the foundation on which further transport justice tools are to be created.
These transport justice tools aim to assist with redressing shortcomings in transport
planning and operations which branched from amongst others, the apartheid land
use transportation planning model and the effects it has on people until today.

The ultimate goal of the research was to create a database model that served as the
foundation for transport justice tools to use in transport justice analysis. The first
tool was a Space-Time Cube model with potential accessibility, potential mobility
and time being the three respective axes. This cube represents the three parameters
of a particular TAZ region for specific modes of public transportation. This cube
can be used to perform analysis on the TAZ regions of interest, e.g. to analyse
and compare the levels of potential accessibility, potential mobility across time in
the area. The second tool provides a two-dimensional Temporal Aggregation of the
Space-Time Cube. This allows us to study particular hours of the day of interest
for potential accessibility and mobility of all possible TAZ regions of interest for the
City of Cape Town. Income and racial demographics and population data can be
used with both of these transport justice tools to assist the analysis.

Having more information about the potential accessibility and mobility, especially
temporally will assist the user in making better decisions for planning their use of
public transportation systems and operations. The service provider can use this
database model to identify disparities in the potential accessibility and mobility
of transport services they are providing. The government could benefit from this
research by identifying regions that have potential accessibility and mobility defi-
ciencies, possibly due to poor transport planning of areas where previously disad-
vantaged people were displaced. In addition, the government can identify which
regions require improvements in potential accessibility and mobility for example,
by looking at population, race, and income data of the areas that fall within this

v



potential accessibility and mobility deficit.

Using the Temporal Aggregation Python tool created for this project showed Ac-
cessibility levels are low at 06h00, then increases at 10h00, then decreases at 16h00
again. This was due to taking operational hours of the opportunities into account
in the accessibility calculation as well as how frequently the public transit operates
in the peak and off-peak periods of the day. The PMI levels are high at 06h00, then
decreases at 10h00, then increases at 16h00 again. This was due to how frequently
the public transit operates in the peak and off-peak periods of the day. This indi-
cates that a person would reach destinations much faster when there is an increase
in the availability of a particular public transit mode in the off-peak hours.

Further analysis can be done on each mode of transport to analyse the potential
accessibility and mobility both spatially and temporally. Deductions have been
made about this analysis to determine the fairness of these modes of transport with
respect to potential accessibility and mobility.
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Chapter 1

Introduction

1.1 Racial Segregation In South Africa

The probability that two individuals drawn randomly from the country’s groups are
not from the same group is known as fractionalization (Alesina & Ferrara, 2005;
Patsiurko, Campbell & Hall, 2011). Fractionalization ranges from 0 to 1, where
0 indicates that they belong to the same group and 1 implying that belong to
different groups (Alesina & Ferrara, 2005; Patsiurko, Campbell & Hall, 2011). South
Africa has a very heterogeneous population amongst other countries with regards
to race and ethnicity (Ramutsindela, 1997; Posel, 2001; Rondganger, 2006). It has
fractionalization scores with regards to ethnicity, linguistics, and religion of 0.7517,
0.8652, 0.8603 respectively (Fearon, 2003; Alesina, Devleeschauwer, Easterly, Kurlat
& Wacziarg, 2003). It makes a place such as South Africa so unique with every race
and culture contributing in their own way to the society (Ramutsindela, 1997).

Unfortunately, part of this heterogeneity is rooted in the era of apartheid, when
people were segregated based on their racial classification (Van Den Berghe, 1966;
Nengwekhulu, 1986). Each racial class was also assigned against a racial hierarchy,
with the black population being the lowest and the white population being the
highest in the racial hierarchy (Van Den Berghe, 1966; Nengwekhulu, 1986). The
Indian and Coloured population groups remained to be ranked above the black
population, but still ranked below the white population in the racial hierarchy of
apartheid (Van Den Berghe, 1966).

This racial classification segregation ideology was funneled into various aspects of
South Africa’s society such as healthcare education, income, residential locations,
and transportation (Van Den Berghe, 1966; Parnell, 1993). Each of these inequalities
are discussed in the next section.



1.2 Inequalities In South Africa

1.2.1 Transportation Inequality

Accessibility is a measure of convenience and the ease of with which opportunities
for services and activities can be reached (Pirie, 1979; Thompson et al, 2012). Most
employment opportunities and facilities were situated close to urban centers (Mabin,
1992). Since the population of South Africa was racially segregated based on their
racial groups, the non-white population had to overcome larger travel distances
to access these employment opportunities and facilities as opposed to the white
population as they were mainly located within the urban centers due to the group
area act of 1950 (Group Areas Act, 1950). The services and infrastructure for
transportation were largely developed and established in urban areas as compared
to the underdeveloped regions of the displaced non-white population groups which
had low accessibility levels (Christie & Collins, 1982). The non-white population
had to spend more time and money with regard to transportation to have the same
access to opportunities as compared to the white population (Christie & Collins,
1982).

Mobility is the ease of movement that a person can move through space (Cervero,
2013; Martens, 2017). Most of the non-white population could not afford a personal
vehicle due to these population groups having low-income levels and were forced to
use public transportation services as a cheaper alternative to participate in employ-
ment opportunities and facilities (Christie & Collins, 1982; Orcutt, 2019). Since
the non-white population regions were underdeveloped concerning transportation
services and infrastructure, these factors made it difficult for them to access trans-
portation services and reach their desired destinations, resulting in low potential
mobility levels (Christie & Collins, 1982). The black population groups had the
worst levels of potential mobility as they were moved toward the urban peripherals
(Christie & Collins, 1982). In the context of South Africa, the main public trans-
portation modes were bus, rail, and MiniBus Taxi (MBT). Although most of these
public transport modes were affordable to the low-income population, often the user
experienced discomfort due to these transport modes being designed to accommo-
date large volumes of people. This discomfort has a negative effect on a person’s
quality of life, especially on the population that experiences large travel distances
(Pirie, 2009). Further elaboration of transport modes is discussed in chapter 1.4.

1.2.2 Healthcare Inequality

During apartheid, the white population were segregated from the non-white pop-
ulations within healthcare facilities (Coovadia et al., 2009; Delobelle, 2013). The



right to access of healthcare facilities was geared towards the benefit of the white
population as they had a larger amount and higher quality standards of these fa-
cilities closer to their residential locations (Coovadia et al., 2009; Delobelle, 2013).
These same standards of healthcare facilities could not be compared to the rest
of the non-white population as often far away from their residential locations and
experienced poor standards of these healthcare facilities (Coovadia et al., 2009; De-
lobelle, 2013). The inequalities in healthcare facilities between racial groups during
apartheid contributed towards racial tension between the white population and the
non-white population (Delobelle, 2013).

1.2.3 Education Inequality

In 1953 the Bantu Education Act was introduced by the apartheid government to
give the black population an inferior quality level of education as compared to the
white population education standards (Bantu Education Act, No. 47 of 1953, 1953).
This was done to oppress the black population by educating them just enough to
only get labour jobs (Van Den Berghe, 1966; Giliomee & Mbenga, 2007; Ross,
2008). This inequality in education kept the black population helped reinforce the
distribution of wealth within South Africa as labour jobs fell into the low-income
job category (Giliomee & Mbenga, 2007; Ross, 2008).

1.2.4 Income Inequality

The working environment was favoured for the white population to have more pro-
fessional and most senior positions as most of these jobs were made available only
for them (Van Den Berghe, 1966; Parnell, 1993). People were paid according to
their racial classification (Van Den Berghe, 1966; Parnell, 1993). Therefore, the
white population were paid the most compared to any other racial groups doing the
same job (Van Den Berghe, 1966; Nengwekhulu, 1986). This meant that most of
the country’s wealth was distributed among the white population (Parnell, 1993).
The low-income jobs were left for the non-white population, where the black popula-
tion was paid the least among the entire population groups (Van Den Berghe, 1966;
Nengwekhulu, 1986). This made it difficult for the non-white population groups to
progress financially in life (Nengwekhulu, 1986; Parnell, 1993)



1.2.5 Residential Racial Segregation

The main outcome of apartheid was to favour the white population in every aspect
of living in South Africa’s society and eliminate racial unity (van den Berghe, 1966).
Enforcing laws of racial segregation was one of the ways the apartheid government
caused a racial divide within the country (Mabin, 1992). The Prohibition of Mixed
Marriages Act was introduced in 1949, which made it illegal for white people to
marry non-white people. Couples that were involved in these mixed-race relation-
ships could face prison time if convicted (Prohibition of Mixed Marriages Act, Act
No. 55 of 1949, 1949). The Group Areas Act of 1950 made it possible to reclassify
particular locations to only be occupied by singular race groups (Group Areas Act,
No. 41 of 1950, 1950, Mabin, 1992).

This reclassification was mainly done in urban areas (Mabin, 1992). The best suit-
able locations with regards to existing facilities, infrastructure, and employment op-
portunities were allocated to the white populations irrespective if there were other
race groups originally living in these urban locations (Mabin, 1992; Ramutsindela,
1997). The non-white population was forcefully removed from their original resi-
dence to accommodate the newly enforced apartheid laws (Mabin, 1992). The black
and coloured population were allocated regions that were underdeveloped in addition
to these locations being far away from urban centers (Mabin, 1992; Ramutsindela,
1997) The black population was displaced the furthest away from the urban centers,
mainly towards the urban peripherals (Mabin, 1992; Ramutsindela, 1997) These
locations had low levels of accessibility and potential mobility to opportunities (Ra-
mutsindela, 1997).

These apartheid laws made it difficult for the black population to move closer to
locations of employment opportunities and facilities as locations closer to the urban
peripherals were declared for the black population only (Mabin, 1992). The property
value also had a high correlation with which race lives in a particular area (Mabin,
1992). This meant that white areas were valued more than the non-white populations
displaced locations (Mabin, 1992; Ramutsindela, 1997). This created yet another
obstacle for the non-white population trying to move closer to the urban centers as
most of the non-white population had low-income jobs and could not afford housing
closer to the white population (Van Den Berghe, 1966; Parnell, 1993).
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Figure 1.1: Apartheid city spatial structure (Simons, 1989)

The figure 1.1 shows the typical spatial planning structure of cities in South Africa
during apartheid. As mentioned earlier the white population was moved the closest
to the city center while the black population was moved the furthest away towards
the urban peripherals (Mabin, 1992). The large travel distance was not the only



thing the non-white population had to overcome due to this spatial structure of
apartheid, they also needed to bypass barriers that separated the white population
from the non-white population (Simons, 1989). These spatial obstacle barriers were
open fields, physical barriers, and railway lines (Simons, 1989). These barriers largely
hindered the accessibility and mobility of the non-white population as this spatial
planning largely resulted in the non-white population all having to enter the city
from the same roads (Simons, 1989).

Due to apartheid policies and education, income, and opportunities were less towards
the non-white population. Therefore, income distribution would be different across
racial groups. It would indicate that income and residential racial segregation is
correlated (Bhorat, van der Westhuizen and Jacobs, 2009). This spatial income
distribution with regard to race groups will be highlighted in a further chapter
(chapter 4.3.4).

1.3 Indicators of Inequalities

The GINI Coefficient and the Theil Index will assist with highlighting income in-
equality and racial segregation respectively within South Africa. This information
can assist with understanding the effects that the apartheid laws and spatial plan-

ning have on the current distribution of the various population groups within South
Africa.

1.3.1 GINI Coefticient for South Africa

A measure of income inequality within a population of a country or any population
group is known as a GINI coefficient (GINI, 1912). The range of the GINI coef-
ficient is from 0 to 1, where 0 represents perfect income equality and 1 represents
perfect inequality (GINI, 1912). The Lorenz curve determines the value of the GINI
coefficient, which plots a curve using the cumulative population in question as the
independent variable and the cumulative income of the population in question as
its dependent variable (GINI, 1912). Both independent and dependent variables are
normalised so that both variables range from 0 to 1 (GINI, 1912).
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Figure 1.2: A Lorenz Curve Example (Bhorat, van der Westhuizen and Jacobs,

2009:9)

In figure 1.2, the GINI coefficient can be visually described as area A, which is the
area below the dashed line, representing the perfect line of equality and above the
Lorenz curve (Bhorat, van der Westhuizen and Jacobs, 2009). The further away
the curve is from the line of perfect equality the larger the GINI coefficient will
be and vice versa (Bhorat, van der Westhuizen and Jacobs, 2009). The higher the
GINI coefficient, the higher the inequality of the distribution of income is within the
country’s population and racial groups (Theil, 1967; Leibbrandt et al., 2001).

By analysing the GINI coefficient we can find the extent of income inequality dis-
tribution among the population of South Africa in 1995 and 2005 due to prolonged
inequality (Bhorat, van der Westhuizen and Jacobs, 2009).

Table 1.1: GINI coefficient of South Africa’s Race Groups for 1995 and 2005 (Bhorat,

van der Westhuizen and Jacobs, 2009:10)

Racial Groups 1995 2005
African 0.56 0.61
Coloured 0.49 0.59
Asian 0.46 0.56
White 0.44 0.51
Across The Population GINI Coefficient 0.64 0.72




Table 1.1 shows the GINI coefficient of the different race groups and the entire
population of South Africa between 1995 and 2005 (Bhorat, van der Westhuizen and
Jacobs, 2009). The year 1995 describes the income inequality with regard to race
as a result of apartheid and 2005 describes the income inequality after apartheid
(Bhorat, van der Westhuizen and Jacobs, 2009). As described in Table 1.1 the
GINT coefficient values increased between 1995 and 2005 for all race groups and the
entire population of South Africa (Bhorat, van der Westhuizen and Jacobs, 2009).
This would indicate that the income inequality in South Africa increased after the
apartheid regime was removed (Bhorat, van der Westhuizen and Jacobs, 2009).

Lo

0.8

0.6

0.4+

0 2+

Cumulative Proportion of PC HH Income

0.0
0.0 0.2 0.4 0.6 0.8 1.0

Cumulative Proportion of Households

Years
L0l —s——— Equality

1995

Figure 1.3: Lorenz curve of South Africa’s Cumulative Population for 1995 and 2005
(Bhorat, van der Westhuizen and Jacobs, 2009:11)

Figure 1.3 shows the Lorenz curve of the population of South Africa (Bhorat, van der
Westhuizen and Jacobs, 2009). Figure 1.3 shows the curve moving further away from
the perfect line of equality between 1995 and 2005 (Bhorat, van der Westhuizen and
Jacobs, 2009). The curve of 2005 indicates that a greater share of the population
holds less income as compared to 1995 (Bhorat, van der Westhuizen and Jacobs,
2009).
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Figure 1.4: Lorenz curve of the White and African (Black) Population Groups of
South Africa for 1995 and 2005 (Bhorat, van der Westhuizen and Jacobs, 2009:12)

Figure 1.4 shows the Lorenz curve of the white and African (black) population
groups of South Africa (Bhorat, van der Westhuizen and Jacobs, 2009). Figure
1.4 shows the curve moving further away from the perfect line of equality for both
population groups between 1995 and 2005 (Bhorat, van der Westhuizen and Jacobs,
2009). The curve of 2005 indicates that a greater share of the population holds less
income as compared to 1995 for both population groups (Bhorat, van der Westhuizen
and Jacobs, 2009). The black population experienced higher levels of inequality as
compared to the white population(Bhorat, van der Westhuizen and Jacobs, 2009).

1.3.2 Theil Index for South Africa

The statistic mainly used to measure economic inequality and other economic phe-
nomenon is known as the Theil index (Theil, 1967). the Theil index has also been
used to measure racial segregation (Theil, 1967). This could indicate the inequal-
ity effects of racial discrimination concerning income due to apartheid within South
Africa (Leibbrandt et al. 2001).

The Theil index has the advantage of separating the inequality that is between
race groups and the inequality within race groups from the entire inequality of the
country (Theil, 1967; Leibbrandt et al. 2001). The Theil-T statistic is defined as



Tr=Tp+ > 4T (1.1)

with:

T, :anTi (1.2)

where:
T; measures the inequality within the ith group
q; is the proportion of income accruing to the ith group
Tp measures the inequality between the different subgroups

Tpgr makes the assumption that that all the incomes within a group are the same
(Leibbrandt et al. 2001).

Table 1.2: Theil Index by Race for South Africa 1995-2005 (Bhorat, van der West-
huizen and Jacobs, 2009:13)

By Race 1995 2005
Total Inequality (Theil-T) 0.87 1.14
Within 0.50 0.63
Between 0.37 0.51

Table 1.2 describes the Theil index income inequality of the different race groups
within South Africa for the years 1995 and 2005 (Bhorat, van der Westhuizen and
Jacobs, 2009). The year 1995 and 2005 describes the income inequality with regard
to race one and 11 years after apartheid ended (Bhorat, van der Westhuizen and
Jacobs, 2009). The Theil index components range from 0 to 1, where 0 means total
equality and 1 describes total inequality (Theil, 1967; Leibbrandt et al., 2001). The
higher the index, the higher the inequalities in the distribution of income are within
the country’s population and vice versa (Theil, 1967; Leibbrandt et al., 2001). As
described in Table 1.2 the income inequality values have increased between 1995 and
2005 (Bhorat, van der Westhuizen and Jacobs, 2009). This would indicate that in-
come inequalities regarding race groups have increased (Bhorat, van der Westhuizen
and Jacobs, 2009).
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1.4 Transportation Manifestations

The main public transportation modes are rail, bus, and MiniBus Taxi (MBT). The
MBT originated in the 1950s and has a high correlation with the Groups Areas Act
of 1950 (Behrens et al., 2016). The increased volume of people participating in public
transport put an unexpected strain on the services they could provide to the public
(Behrens et al., 2016). Many bus drivers lost their jobs after the 1955 municipal bus
driver and boycott strikes (Mxolisis, 2006). These drivers started transporting peo-
ple with their personal vehicles as the demand for public transportation services was
still high and these drivers knew how the transportation network worked (Mxolisis,
2006). The vehicle size of transport services increased over the years to accommodate
more passengers and resulted in the transport services that exist today (Mxolisis,
2006).

Over twenty years after apartheid laws were removed, the effects are still visible
as a continuous spatial disparity between the location of work and where people
live still has a significant financial strain on the non-white population up to today
(Christopher, 2001). These factors contributes to the prevention of the non-white
population from ascending financially and relocating closer to employment oppor-
tunities (Christopher, 2001).

With the locations of employment opportunities and facilities beginning and ending
at similar times as peak travel periods throughout the day, heavy traveling conges-
tion can occur during arriving at and departing from these locations (Christopher,
2001). The factors that vary within this situation are the amount of time and money
people have time to spend to get from their homes to employment opportunities and
facilities and travel back home again (Vuchic, 2005). Within recent times the rail
transportation service has failed to facilitate the demand of the public due to its
depreciating infrastructure which has led to decreased levels of accessibility and
potential mobility of its users (Behrens et al., 2016). This lack of transportation al-
ternatives leads to a sprawled city that does not have the infrastructure and services
to facilitate the population that requires these facilities to reach their desired loca-
tions which are mainly the low-income population as they can not afford a personal
vehicle and rely on public transportation services (Vuchic, 2005).

There are various limiting factors such as the cost, availability, accessibility, mobil-
ity, and operational times of the various transportation services (Christie & Collins,
1982; Orcutt, 2019). The MBT is regarded as being an informal public transporta-
tion service as it operates unscheduled and belongs to private business owners as
opposed to the rail and bus transportation services which are scheduled and largely
controlled by the government (Behrens et al., 2016). The MBT frequently oper-
ates during peak periods of the day and when there is a higher demand for their
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transportation services (Vuchic, 2005). When the demand for transit is low, during
off-peak times, the MBT is unreliable as their service frequencies and provision are
low (Vuchic, 2005). The rail and bus transportation services are more reliable than
the MBT as they operate with a schedule concerning off-peak periods however, their
frequencies in operations of services decrease which results in a decrease in accessi-
bility and potential mobility of the transit for the transit users during these periods
of the day (Behrens et al., 2016).

If the population groups that make use of public transit services would want to reach
locations for employment opportunities and facilities during off-peak periods, they
would most likely still have to travel during peak hours of the day as the transporta-
tion service frequencies and provision decreases during off-peak hours (Christie &
Collins, 1982; Orcutt, 2019). Hence the importance of this research project’s fo-
cus is to identify the various accessibility and mobility levels of various transport
modes throughout the day within the city of Cape Town. The public transit users
experience a decreased level of accessibility and potential mobility during off-peak
hours as a result of the decrease in levels of access to these public transit services
(Martens, 2017). Whereas someone with a personal vehicle that needs to be at the
same location during off-peak hours could start traveling much closer to the time
(Martens, 2017). Resulting in a reduced duration spent on traveling as compared
to an individual who uses public transport (Martens, 2017). There are transport
injustices in accessibility and mobility levels between a person with a vehicle and
someone who depends on public transport (Martens, 2017). These injustices could
be highlighted by analysing the accessibility and mobility levels throughout the day
for the different races and income groups (Martens, 2017). Which this project aims
to achieve.

Hence, the interest in metrics of injustices for transport as a result of the spatial, in-
come, education, health care, and travel inequalities based on racial groups (Christie
& Collins, 1982; Mabin, 1992; Orcutt, 2019). With the aid of geo-spatial time series
data and geo-spatial data, it can become an opportunity to provide these metrics of
transport injustices (Klopp et al., 2014, Martens, 2017).
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1.5 Statement of the Problem

In an equal world, everyone should have equal access and availability to the various
modes of public transport, but in reality this is not the case (Rawls, 1971).

Due to historical injustices in Cape Town, there is an inaccessibility and unavail-
ability of the various public transport services at different locations throughout the
day which leads to injustices of accessibility and mobility to opportunities (Christie
& Collins, 1982; Martens, 2017; Orcutt, 2019).

Given the problems/disparities discussed above issues of justice of transport manifest
themselves, both spatially, temporarily, and socially (for different groups). It is
important that if we want to strive for a more just transport system and need
indicators that speak to transport justice (DoT, 1996; Spatial Planning and Land
Use Management Act, No. 16 of 2013, 2013).

A framework and database model for transport justice analysis in Cape Town is
missing. Because of this, it is difficult to identify and quantify transportation dis-
parities. To address transportation inequalities, there is a need for tools to provide
such evidence. Hence, the main research problem in this thesis is how to develop a
spatial-temporal geo-spatial database model for analysing transport justice, specif-
ically looking at the various public transport services with respect to potential ac-
cessibility and mobility.

Using geo-spatial time series, geo-spatial, and non-spatial data will help in building
the framework and database model for transport justice analysis in Cape Town by
adopting Karel Marten’s (Martens, 2017) Transport Justice theory.

1.6 Objective of the Study

The objective of this study is to develop and implement a concept, data model,
and tools to facilitate spatial-temporal transport justice analysis within Cape Town.
These transport justice analysis tools will then be tested within sub-regions of Cape
Town to provide evidence that highlights the racial segregation and inequalities.

Transport justice analysis tools that were developed are a space-time cube (x, vy, t,
n) for the purpose of analysis with potential accessibility(x), potential mobility(y),
and time of the day(t) being the three respective axes of this cube to represent the
various modes of transport(n) at a given area. The second tool creates a temporal
disaggregation of a two-dimensional scatter plot to represent the distribution of
potential accessibility and mobility for all regions of Cape Town of the various modes
of transport to represent a particular hour of the day. This will be done using GTFS
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(General Transit Feed Specification) data, locational information, and census data
within a GIS and coding environment.

Once these tools are created, the next step would be to implement and apply them
to transport justice as another metric of transport injustice. This will be done
by identifying a specific time of day and analysing the potential accessibility and
mobility from origins to all possible destinations within a given time frame. These
origins and destination pairs will be derived from the Transport Analyse Zones
(TAZ) locations of Cape Town (Benenson et al., 2011). Each origin will be given a
potential accessibility and mobility score based on methods of the cumulative sum
of potential accessibility and mobility traveling to the various destinations for each
transport mode. From here, it would be possible to plot the cumulative accessibility
and mobility levels for all the regions of Cape Town and identify locations that fall
below potential accessibility and mobility sufficiency thresholds. Based on these
locations it could be determined if these locations are entitled to an increase in
potential accessibility and mobility.

These transport justice analysis tools would allow us to study transport problems
from a people and justice point of view.

1.7 Research Questions

This section will address the research questions that will be addressed in this research
paper. The research questions for this investigation are listed below:

1. How can the potential accessibility and mobility of a region be quantified and
visualised with respect to a public transport mode at various times of day”

2. How can GTFS data be used to model the potential accessibility and mobility
of the various modes of public transport over time?

3. Do the current public transport system routes provide fair potential accessi-
bility and mobility for the general public over the City of Cape Town?

4. Which time periods have the highest potential accessibility and mobility of the
various modes of transport?

5. Which public modes of transport provide the highest potential accessibility
and mobility?

6. Which locations have the least accessibility value for the various modes of
transport?
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7. What effect will potential mobility have on the accessibility of the various
modes of transport?

8. Could this database model be used as a metric of transport justice for analysis?

1.8 Scope

This report only deals with 4 different modes of public transport, this being MyCiTi,
MiniBus Taxis (MBT), Golden Arrow Bus Services (GABS) and MetroRail. The
MyCiTi (2018), MBT(2018), GABS(2018) and MetroRail (2016) data dealt within
this report will be over a time period within a year. Each respective year of the
respective public transit is in brackets next to each public transit mode. Due to
the time period of the available data, the temporal differences between years cannot
be performed on the respective transport modes. Therefore, the effect on transport
modes activities caused by changes in land use will not be monitored. The locations
of these modes of transport will only be dealt with within the City of Cape Town.
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1.9 Outline of Research Plan

This research plan was used to find solutions to the research questions identified
in this report. The following workflow was chosen to create the transport justice
database model and tools, this consists of the following steps:

Concept of

- Literature Review (South African PolicylLegislation;
Research Transport Justice, GIS)

-

L -Acquiring GTFS data for the various modes of fransport
Data Acquisition $ -Acquiring additional data such as census data and locational
data to determine levels of accessibility for the various transports

-

Manipulation of

-Using the acquired GTFS data to determine the travel time of the
Data Methods ¢ various modes of transport through out the day

-Using the determined travel time of the various modes of
transpaort through out the day along with the additional censes
data and locational data to calculate Accessibility and Potential

Data P . Mability between origin-destination pairs

ala Frocessing $ -Calculate Accessibility and Potential Mobility of each TAZ regions
based on the cumulative sum of Accessibility and Potential
Mability between origin-destination pairs

4

(] [F)

-Create graphs that indicate levels of fravel time ofthe various modes|
iftransport at different time intervals.

-

-Create graphs that indicate levels of accessibility of the various
modes if transport at different ime intervals

Visualisation of $ -Create graphs that indicate |evels of potential mobility of the various

Data maodes if transport at different time intervals

(4l

-Create the database model using the graph data of the accessibility
and potential mobility data for the different modes ofransport

-Create graphs to compare accessibility against potential at different
time periods for the various modes oftransport.

-Perform an .Accessibmty Fairness Index to determine areas with

accessibility deficits within the City of Cape Town

-Perform an Potential Mability Index to determine poor potential

mobility levels within the City of Cape Town.

Scenario Ana\ysis $ -ldentifying regions within Cape Town that falls below sufficiency
threshold of accessibility and potential mobility. _

-Determine the areas that are entitled to an potential mobility and

accessibility increase based on sufficiency thresholds. _

-Determine this process above at different periods (peak and off

peak) of the day.

-Apply database model to justice framework

—
-

—
-

-Evaluation of Case Study Findings

Discussion $ -Providing recommendations to impove the research

-Cencluding remarks of the research project

Figure 1.5: Work Flow Process of Research Plan
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Figure 1.5 shows the workflow process of the research plan that achieved the out-
comes for this research paper. The following headings of Concept of Research, Data
Acquisition, Manipulation of Data, Data Processing, Visualisation of Data, Scenario
Analysis, and Discussion will be further explained below within this section.

1.9.1 Concept of Research

The concept of research is to understand the problem of public transportation and
the contributing factors that affect the potential accessibility and mobility of the
population that makes use of public transit services. This was achieved by looking
at previous work on public transport potential accessibility and mobility deficits, as
well as additional literature that tries to implement an improvement of these deficits.
In addition, identifies the negative connotations that these transport deficits have on
the population that is experiencing these transport deficits and the reinforcements
of these inequalities. This can be seen in chapter 3.

1.9.2 Data Acquisition

Based on the research review and the problems that were solved, various data sources
were collected. Such data was aimed to quantify the potential accessibility and
mobility levels of public transport. As mentioned before, the GTFS data for the
various modes of public transport and other information such as census data was
used to help solve these research problems. This can be seen in chapter 3.

1.9.3 Manipulation of Data Methods

The data acquired was then combined to give accurate values for potential accessibil-
ity and mobility of the various public transit services. The GTFS data was combined
with a road network to form a network analyst layer to perform routing determi-
nations. The main output of using the network analyst layer was to determine the
travel time from origins to destinations. This was done in a GIS environment. This
can be seen in chapter 4.

1.9.4 Data Processing

The travel time data was exported from the GIS environment and stored as txt
files. The travel time data was combined with census opportunity data (i.e. working
locations, education, and public facilities) so that the calculation of potential acces-
sibility and mobility of the various public transit services could be determined. This
was done in a Python coding environment. The cumulative potential accessibility
and mobility levels for the various public transit services were determined for every
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TAZ origin to all TAZ destinations for Cape Town. The potential accessibility and
mobility levels were further refined by incorporating approximate operational times
of the potential opportunities facilities, which affected the potential accessibility and
mobility levels of public transit services throughout the day. This can be seen in
chapter 4.

1.9.5 Visualisation of Data

Each TAZ location had its cumulative potential accessibility and mobility values
determined for the various public transit modes throughout the day. The Space-Time
cube tool was created and executed as it had all the necessary variables calculated
to use the tool. Additional census data was attached to give more information about
the population that resides in the TAZ of interest. Such additional information was
about the population racial groups and income distribution of the TAZ of interest.
This census data was displayed as bar graphs. The UDI (Urban Development Index)
modal split of the public transport services was incorporated to produce a combined
weighted public transportation score for potential accessibility and mobility of the
TAZ of interest.

The Temporal Aggregation tool was then created and displayed a scatter plot of the
potential accessibility and mobility of the combined weighted UDI modal split. This
was done for the various public transit services of all the TAZ locations of Cape
Town for a particular hour of the day. This can be seen in chapter 4.

1.9.6 Scenario Analysis

Additional graphs were used to display the number of TAZ and the share of the
population that has potential accessibility and mobility deficits at various threshold
values for Cape Town. The results obtained were then analysed and deductions were
made of which regions were entitled to potential accessibility and mobility based on
various criteria such as race, income, and the potential accessibility and mobility
deficits within the various TAZ groups affected. This was done in the hopes of
creating a new way to implement a framework towards transport justice. This can
be seen in chapter 5.

1.9.7 Discussion

Finally, the results of this research were summarised. The implications of the results
were discussed and recommendations on how to improve the research to obtain better
results were presented. This can be seen in chapter 6.

18



1.10 Implications of Research

This project provides additional information on analysing the effect that the var-
ious modes of public transport have on potential accessibility and mobility which
contributes to transport inequalities within the City of Cape Town. The land use
patterns were highlighted based on the potential mobility and accessibility experi-
enced by the TAZ regions within Cape Town. This information shows the fairness
levels experienced by a user of the various modes of public transport and aids the
government in creating a fairer system. In addition, this information would assist
town planners in planning new routes to aid the increase of potential accessibility
and mobility for the use of the various modes of public transport. This would lead
to fairer potential accessibility and mobility experienced by a civilian regardless of
their residential location. Ultimately, provides a measure for the aid of Transport
Justice.
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Chapter 2

Literature Review

This section describes the various factors and literature contributing to the impor-
tance, development, and implementation of the transport justice tools that were
developed for this research project.

2.1 Land Use Transport Integration

Majority of developing countries and cities’ economies that are developing focus on
motorized and urban infrastructure development (UN Habitat, 2013). In the coun-
tries where this happens, accessibility is upheld to promote inclusively, equality and
social sustainability in urban areas with regard to land use and transport resulting
in income profits and efficiency (UN Habitat, 2013). When cities and residential
locations are efficiently integrated with transportation infrastructure it can lead to
sustainable mobility (UN Habitat, 2013). Taking into account the existing and po-
tential developing land use, transport infrastructure, transport services, mobility,
and accessibility is the objective of land-use and transport planning by integrating
all these factors to promote social inclusion (UN Habitat, 2013). If existing loca-
tions have not made provision for potential expansion and begin to expand without
the objective of land-use and transport planning, it may lead to unsustainable city
growth and lower levels to access opportunities (Childers et al., 2014).

To have a sustainable city, there are certain factors that need to be kept in mind
such as having mixed land use developments, medium densities in population, and
promoting developments near locations that public transport services pass through
so that it has high accessibility levels for the population (Banister, 2008). Integrating
the land use development with transport polices will promote a decrease usage of a
personal vehicle (Banister, 2008). Transport services change the shape and the land
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use form, while the land use affects the use and demand of the transport services,
therefore the land use and transport are interdependent (Minter, 1997). While
transport and land use are reliant on each other’s success, often they are not taken
into account in urban development leading to an unsustainable city with regards to
mobility and accessibility (Minter, 1997).

People try to minimize their traveling distances to reach locations of opportunities,
however, if traveling larger distances results in an increased level of accessibility they
will compromise on the need to travel (Banister, 2007). Hence, sustainable mobility
is necessary so that people can have optimal access to the land use through the
available transport systems in cities (Banister, 2007).

2.2 Social Exclusion

Social exclusion deals with the inability and shortage of resources to participate
in activities or normal relationships to which most of the population has access
(Adato, Carter, May, et al., 2006; Lucas, 2012). There have been many studies that
link social exclusion with transportation because transportation helps people access
opportunities (Mackett, Achuthan & Titheridge, 2008). The role of transportation
in overcoming social exclusion is crucial as the demand and supply of transportation
need to be addressed because social exclusion is a complex situation (Church, Frost
& Sullivan, 2000).

The demand aspect of transportation entails the accessibility to transportation sys-
tems and the effect it has on land use transportation planning. The supply aspect
of transportation takes into account the level of accessibility to transportation sys-
tems and the quality of these systems. Keeping these factors of transportation in
mind could show how social exclusion can be held fixed within a society (Currie &
Delbosc, 2010; Lucas, 2012).

Infrastructure, economic, and social aspects of a society have been linked to social
exclusion and transportation (Lucas, 2012). Social exclusion has been studied several
times in most of the research indicates that multiple dimensions are linked to social
exclusion (Lucas, 2012; Jianhong, Nesbitt, Daley, et al., 2016). The model provided
by Lucas (2012) concisely depicts the various dimensions of social exclusion.
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Figure 2.1: Linking social exclusion, social disadvantage and transport disadvantage
(Lucas, 2012)
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Figure 2.1 shows the model provided by Lucas (2012) that summarizes the various
dimensions that are linked to social exclusion.

Dimensions that are related to transportation are mobility and accessibility as they
are indicated to be the core reasons for poor levels of accessibility to opportunities
and services which leads to social exclusion (Lucas, 2012). This mainly affects the
low-income populations as their mobility is largely restricted and can not partici-
pate in what is considered normal opportunities or economic activities (Hernandez,
Oviedo & Titheridge, 2016; Ozkazang, Nihan & Sénmez, 2017).

By looking at the diagram of Lucas (2012) it can be indicated how the role of trans-
portation plays in social exclusion due to the unequal land use spatial planning of
apartheid within South (Lucas, 2012; Schwanen, Lucas, Akyelken, et al., 2015). The
apartheid spatial planning legacy still fundamentally continues and the inaccessibil-
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ity to opportunities is largely felt by the low-income populations as they experience
large traveling distances which result in higher traveling expenses, poor levels of ac-
cessibility to transportation, and poor living conditions which often make it unsafe
for them to participate with the transportation networks provided (Lucas, 2011). In
an attempt to provide low-cost housing for the poor population through policies, the
South African government has reinforced the apartheid spatial planning as most of
these housing locations are situated at the urban peripheries which have low acces-
sibility and mobility levels resulting in these people being socially excluded (Turok,
2001).

One way these policies can be improved is to promote social inclusion when the
policies are created to overcome the apartheid spatial planning patterns so that there
is an increase in accessibility and mobility with respect to transportation (Stanley

& Vella-brodrick, 2009).

2.3 Transportation Policies

This section aims to highlight the transport policies in South Africa to improve the
past injustices that the country experienced as a particle result of apartheid with
regard to accessibility and mobility.

2.3.1 White Paper on National Transport Policy (1996)

This is a transportation policy that promotes land transport planning for optimal
traveling of people to improve on economic and social development of a country
(DoT, 1996). Although this policy highlights various topics, some objectives apply to
this research. Some of these objectives are the control of urban sprawl, improvement
of accessibilities and mobility to opportunities for every population group, and the
promotion of affordable and quality transportation systems (DoT, 1996). The policy
tries to aim the land use transportation planning framework geared toward the users
of public transport over those individuals that use a private vehicle (DoT, 1996).
Overcoming social exclusion through the improvement of accessibility to transport
systems and mobility are some of the primary objectives of this policy (DoT, 1996).

2.3.2 Spatial Planning and Land Use Management Act, No.
16 of 2013

The Spatial Planning and Land Use Management Act’s (SPLUMA) main objectives
are to make provision for fair distribution of spatial planning and land use manage-
ment that works effectively for the country; offer land that is sustainable and makes
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efficient use of such land as well as to account of the spatial planning of the past to
make sure that there is a fair distribution when there are further spatial development
and land use management systems that are occurring (Spatial Planning and Land
Use Management Act, No. 16 of 2013, 2013).

SPLUMA tries to promote principles like spatial efficiency, spatial sustainability,
and spatial justice (Spatial Planning and Land Use Management Act, No. 16 of
2013, 2013).

The spatial efficiency aspect of SPLUMA aims at developing land that makes the
most of the resources that are available to the land and the infrastructure that is
already there (Spatial Planning and Land Use Management Act, No. 16 of 2013,
2013). This aspect of SPLUMA also tries to encourage social inclusion, spatial
equity of land, and favorable land use patterns (Spatial Planning and Land Use
Management Act, No. 16 of 2013, 2013).

Spatial sustainability tries to encourage suitable locations with regard to sustain-
ability to be chosen for the development of land that also minimizes urban sprawl
(Spatial Planning and Land Use Management Act, No. 16 of 2013, 2013).

The spatial justice aspect of this policy tries to enable disadvantaged communities
to access land regardless of the value of the land (Spatial Planning and Land Use
Management Act, No. 16 of 2013, 2013).

The principles that SPLUMA attempts to enforce are favorable for promoting mo-
bility and accessibility through the role of transport (Spatial Planning and Land Use
Management Act, No. 16 of 2013, 2013).

2.4 Transport Justice

Transport justice has a social aspect where accessibility to opportunities is concerned
(Martens, 2017). The main aim of transport justice is to promote equal levels
of accessibility to everyone, regardless of residential location and income groups
(Martens, 2017). Transportation decision-makers should hold fair accessibility levels
for everyone as their main criteria across all racial and income groups (Martens,
2017). Martens (2017) tries to highlight that transport falls within the region of
being a social good and thus needs to be distributed fairly across the population
however, the equality in transport is anticipated to fail due to the structure of the
transportation networks that favour city centres and disregards the peripherals of
the city (Martens, 2017)

Transportation injustice can lead to social exclusion (Lucas, 2012). Population
groups that are transport disadvantaged, experience a lack of participation in social
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goods (Lucas, 2012). When a person experiences decreased access to transport
services and access to opportunities they are implied to be transport disadvantaged
(Kamruzzaman et al., 2016).

Accessibility takes into account a person’s resources that are available to them, the
land use, and mobility (Kamruzzaman et al., 2016). Accessibility varies over dif-
ferent instances of time as the factors that accessibility takes into account do not
always remain static and become challenging to measure (Litman, 2011). Mobility
is the measure of the transportation services, infrastructure, and efficiency in ease
of movement to access opportunities (Kamruzzaman et al., 2016). Transport infras-
tructure design may limit the mobility and accessibility of transportation services
and cause people to experience social exclusion as these transport services may have
high travelling costs for accessing different opportunities, not enough transit stops
that accommodate enough population groups and safety provisions for people that
are waiting for transit services in dangerous locations (Church, Frost, & Sullivan,
2000).

The lack of infrastructure for non-motorized transportation leads to social exclusion
in locations where people can not afford or lack access to participate in motorized
transport services (Pendakur, 2005). This is visible in South Africa because trans-
portation is geared to motorized transportation which poor people can not afford
to participate in due to lack of a vehicle due to their low income (Pendakur, 2005).
The population groups that are affected by this lack of access to participate in mo-
torized transport services will lead to lower levels of accessibility and mobility to
opportunities experienced towards them (Pendakur, 2005).

2.4.1 Transport in Africa

With regard to transportation services in African cities, both urban and rural areas
experience disparities in mobility and accessibility (Pirie, 2009). Some population
groups do have access to a personal vehicle, while others rely on transport services
which involve them walking from their residential locations to locations where they
have access to these transport services (Pirie, 2009). Often these walks are long
and dangerous due to transport services being far away from their residential lo-
cations and lack of safety on the path they have to walk along, especially in rural
areas (Jennings, 2015). Due to travelling distances being larger, it increases peo-
ple’s chances of experiencing unfavourable weather conditions and accidents while
travelling (Jennings, 2015). The large travelling distances can have a negative effect
on the population groups that experience this as travelling large distances can be
exhausting with respect to both walking and using transport services (Pirie, 2009;
Jennings, 2015).
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According to WHO (2013), the least number of personal vehicles owned is held by
Africa. WHO (2013) also highlights that Africa experiences an unusually high death
rate figure in motorized vehicle accidents. Within Africa, 16% of deaths occur on
the road and 38% of these road deaths are comprised of pedestrians, while Africa
only owns 2% of cars in the world (WHO, 2013). Due to the lack of provisions for
the safety and accommodation of non-motorised transportation, pedestrians often
put their lives at risk when walking along the motorized transport infrastructure
(WHO, 2013). In addition, the low provisions of public transport and non-motorised
infrastructure lead to poor levels of mobility and accessibility to opportunities (Pirie,
2009). Often the design of transportation infrastructure is geared towards the desires
of the investors whose goals are to promote a motorized transport infrastructure
that promotes positive economic achievements for high-income earners as they own
personal vehicles and disregards the transportation needs of those who experience
transportation deficits (Lucas et al., 2016, Ciommo & Shiftan, 2017).

Studies from the United Nations indicate that 68% of the population of the world
would have taken residence within urban areas by the year 2050 (UN, 2007). It is

expected that by the year 2030, most megacities will be located in developing areas
(UN, 2007).

Although urbanization has a positive correlation with economic growth, this may
not always be the case as these factors can change without affecting the other (Chen,
Zhang, Liu, et al., 2014; Jedwab & Vollrath, 2015). Locations that are experiencing
increasing poverty and inequality levels such as developing countries are an example
of how urbanization is not directly linked with economic growth (Barredo, Demicheli,
Lavalle, et al., 2004). Rapid urbanisation has negative effects on cities, especially in
developing countries such as countries within Africa, with respect to social, financial
and environmental issues (Barredo, Demicheli, Lavalle, et al., 2004; Annez & Buck-
ley, 2006; Glaeser, 2013). Urbanisation could likely have an impact towards factors
such as accessibility to transportation systems, accessibility to opportunities and
mobility (Wang, 2014; Rode, Floater, Thomopoulos, et al., 2017). Therefore it is
important to understand how urbanisation affects the role of transport (Kammen &
Sunter, 2016). Issues such as inequality, mobility and social exclusion could worsen
if the amount of urbanisation exceeds the resources and infrastructure that the land
can supply as displayed in Africa (Henderson, 2002; Cervero, 2013).

The population who can not afford to purchase a property close to these locations
where urbanisation is occurring are expected to live in shack dwellings surrounding
these areas (Cohen, 2006; UN, 2007). The cumulative population of shack dwellings
is expected to be approximately 100 million people by 2020 (UN, 2007). In develop-
ing countries such as Africa, urbanisation has led to urban sprawl (Cervero, 2013;
Jones, 2017). Such spatial development leads to inequality in service delivery, the
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promotion of social exclusion and puts a strain on the existing infrastructure of these
locations (Cervero, 2013; OECD, 2018).

To overcome transport needs for the urban poor, it promoted that they own a
personal vehicle as their mobility and accessibility levels are not satisfactory using
public transport services (Banister, 2008). Owning a personal vehicle in Africa can
be seen as an increase in social status as enables the person to not participate in
public transport and implies that a person has a higher income level (Banister, 2008).

Due to the high supply of personal vehicles over the years, the cost has owning a
vehicle has decreased enabling more people to purchase one in the hopes of escap-
ing making use of public transportation services (Banister, 2008). This now leads
to a new problem of congestion on the motorized transportation infrastructure and
in cities, in addition to increased levels of air pollution from these vehicles (Ban-
ister, 2008). With the previously mentioned factors, now the high prices of fuel
are negatively affecting their expenditures and do not seem as a financially feasible
solution for escaping the use of public transportation, especially for the low-income
population groups (Pirie, 2009, Litman, 2014).

Mobility and immobility are still to be seen present among high and low-income
earners respectively. In South Africa, the segregation of racial population groups
taking land use into account during apartheid is still experienced today in trans-
portation (Jennings, 2015). The government reinforces this segregation structure by
developing roads on the urban peripherals to locations of opportunities instead of
providing an offer of housing closer to these high accessibility and mobility locations
to opportunities (Jennings, 2015).

2.5 Transport in Cape Town

Many cities in South Africa still deal with the spatial planning of the past and
the problems that come with living there in current times. This can seen in a city
such as Cape Town where the land use and transport planning objectives of the
past were to create a separation between residential locations that were populated

by low-income groups and locations that had high levels of economic opportunities
(Watson & Turok, 2001; Turok, 2011b).

Table 2.1 shows the population of Cape Town between 1940 and 2016, this table
shows how the population has increased over time based on data collected by the
government. The increase in population is contributed by many factors such as
population growth, urban emigration, and migration from other countries (Turok &
Borel-saladin, 2014). Rapid urbanisation has largely contributed to informal resi-
dential locations which have increased inequality levels of the low-income population
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Table 2.1: Population of Cape Town 1940 - 2016 (Wilkinson, 2000; Western Cape
Provincial Treasury, 2012; Western Cape Government, 2017)

Population by Year | 1940 1996 2011 2016
Population(Per 529,000 2,600,000 | 3,700,000 | over 4,000,000
Person)

groups as they are forced towards the urban peripherals where there is minimal ac-
cess to opportunities and transportation services (Turok & Borel-saladin, 2014). Due
to gentrification, low-income population groups that have residential locations close
to the city centers are forced to move toward the urban peripherals as well (Turok
& Borel-saladin, 2014).

Table 2.2: Informal Housing in the City of Cape Town 1993 - 2014 (DoH, 2015)

Informal Housing 1993 2010 2014
by Year

Informal Hous-

ing(Per Unit °0 =Y o

Table 2.2 shows the number of informal housing in the City of Cape Town between
1993 and 2014. This table shows the increase of informal housing in the City of
Cape Town over time. This increase shows that the low-income groups want in-
creased levels of access to opportunities that living close to the city centers provides,
however can not afford to own formal residency in these locations (Brown-Luthango,
Makanga, & Smit, 2012).

Some of the low-income population groups have found informal housing to be a so-
lution to increase levels of accessibility and mobility, while others that live towards
urban peripherals have found owning a personal vehicle to be a solution to this prob-
lem (Brown-Luthango, Makanga, & Smit, 2012). Since the transport infrastructure
in Cape Town is mainly comprised of motorised infrastructure, it would be under-
standable why the low-income population would want a personal vehicle to overcome
the spatial separation between them and locations of opportunities (Bertolini & le
Clercq, 2003; Reilly, Mara & Seto, 2009).

South Africa has started to make social inclusion a part of policies for all of the
various population groups (DoT, 1996, Spatial Planning and Land Use Management
Act, No. 16 of 2013, 2013). Having policies in place aids with the development of
land use and the transport infrastructure that promotes to access opportunities and
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employment (DoT, 1996, Spatial Planning and Land Use Management Act, No. 16
of 2013, 2013).

Currently in Cape Town, the spatial patterns have low densities along transport
routes which makes the operations of these transport systems very expensive to
operate as there are not enough passengers on board to make a trip feasible (CoCT,
2012a). Cape Town has been identifying regions that face social exclusion and trying
to integrate them into the public transport routes while holding low transportation
costs for the public in mind (TDA, 2016). The affluent suburbs in Cape Town still
have high levels of accessibility and mobility to opportunities as opposed to poor
suburbs where low levels of accessibility and mobility occur. These disparities in
accessibility and mobility between the low and high-income populations have yet to
be fully addressed. Understanding the land use and transport infrastructure issues
and the lack of integration of these two factors will aid in minimizing the inequalities
citizens of Cape Town face.

2.5.1 Transportation Indicators
Measuring Accessibility

Accessibility is a measure of convenience and the ease with which opportunities for
services and activities can be reached (Pirie, 1979; Thompson et al, 2012). The
higher the number of surrounding opportunities the more accessibility increases for
that region and vice versa (Martens, 2017). Distance also affects accessibility as the
longer it takes a person to get to an opportunity, the less the accessibility becomes
and vice versa (Martens, 2017).

Measuring accessibility with regard to transport justice is not a straightforward
process as it is quantified from a social good aspect of the transportation sphere
(Kwan, 1998). The population groups that have an accessibility deficit need to
be identified so that they can be assisted accordingly with respect to transportation
(Kwan, 1998). Various aspects of accessibility need to be considered when measuring
accessibility, such as (van Wee et al., 2013):

e People aspect - take into account how the population’s income, needs, educa-
tion, interests, and racial groups influence their accessibility levels.

e Land-Use aspect - describes the supply and demand for opportunities and the
spatial distribution of these opportunities.

e Temporal aspect - account for the time of the day and duration available for
the population to engage in activities.
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e Transportation aspect - focused on the transport system and the various ser-
vices.

When deciding on measuring accessibility most times more than one of the above
aspects of accessibility mentioned above are taken into account (van Wee et al.,
2013). Some of the types of accessibility measures are:

1. Location-based accessibility measures - analysis of access to opportunities
such as employment and public facilities between origins within a specified
travel time interval such as gravity-based and cumulative accessibility mea-
sures (Makri & Carolin, 1969; Kwan, 1998).

2. Utility-based accessibility measures - focus on benefits people have due to the
spatial distribution of activities. This accessibility measure is derived from the

utility theory, i.e. the option that maximizes their utility will be the person’s
choice (Makri & Carolin, 1969; Kwan, 1998).

3. Person-based accessibility measures - focused on how easily a person can access
activity locations (Kwan, 1998).

4. Infrastructure-based accessibility measures - only focus on the demand and
supply of infrastructures and it is used in transportation planning (Kwan,
1998).

The various accessibility measures take into account aspects of accessibility and
therefore produce different results for accessibility when measuring exactly the same
data (Kwan, 1998; Bhat, et al., 2001).

The cumulative measures and gravity-based measures results can be closely corre-
lated when using the same data, but differ in results from a space-time measure
(Kwan, 1998; Bhat, et al., 2001). The cumulative measures and gravity-based mea-
sures have been criticized for assuming that the accessibility for the entire region is
the same as the centroid of the region (Kwan, 1998; Bhat, et al., 2001). Another
limiting factor of the cumulative measures and gravity-based measures is the identi-
fication of personal accessibility because of the aggregated nature of results (Kwan,
1998; Kamruzzaman et al., 2016).

Many studies on accessibility have been done on people’s access to different services
that involve different accessibility measures and indicators, with the main focus on
transportation accessibility for the population and the relation between people’s
income and employment opportunities (Krizek et al., 2009; Golub & Martens, 2014;
Guzman et al., 2017). The idea was to find the correlation between the income
people have and the number of opportunities that could be reached based on their
income allowed them to afford transportation (Krizek et al., 2009; Golub & Martens,
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2014; Guzman et al., 2017).

This study aims to use Marten’s (2017) approach to calculating accessibility, which
is different from previous studies on this topic (see Chapter 3; Equation 1). This
approach was chosen as it can accommodate multiple variables to calculate the mea-
sure of accessibility. Examples of these variables are a specific transport mode modal
split and travel time using a specific transit mode. Martens (2017) uses accessibility
thresholds to identify accessibility deficits at various levels. The methodology for
calculating accessibility measures in this project is in line with the gravity measure,
it is now combined with the potential mobility measure to produce a more reinforced
result (Martens, 2017). The potential mobility measure shows the effect transporta-
tion systems have on the levels of accessibility for different population groups of
different regions (Martens, 2017).

Martens (2017) introduced the Accessibility Fairness Index (AFI) which Martens
developed. The AFI is used to rank the severity of accessibility deficit based on
accessibility levels experienced and the number of populations affected (Martens,
2017). Marten’s approach allows for the data to be less aggregated during the
grouping stage based on the purposes of the task at hand as the accessibility measure
largely aggregates the data (Martens, 2017).

Measuring Mobility

A lack of mobility, similar to an accessibility deficit, is a function of transporta-
tion disadvantage (Kamruzzaman et al., 2016). Mobility comprises many dimen-
sions such as travel time, travel distance, infrastructure, public transport services,
and owning a personal vehicle (Preston & Raje, 2007). Mobility is measured by
quantifying travel speed, travel distance, traffic volume, and level of service data,
which will be used to identify personal vehicle and transit speeds between origins
and destinations (Litman, 2003). The means to travel are the goals of mobility
measures (Litman, 2003). Measuring the level of service for transportation service
between origin and destination pairs is insufficient when determining mobility and
will not provide enough information to help improve access to locations (Litman,
2003). Mobility measures have taken into account the upgrade in infrastructure
and the speed of the network to determine a better solution (Litman, 2003). Of-
ten the NMT and public transit services are disregarded when determining mobility
measures as these measures favour the population that has a personal vehicle in
its determination (Litman, 2003). Therefore, developments are often moved further
away from the low-income population and closer to urban locations (Grengs, 2018).
To help incorporate transport services into mobility measures, the accessibility that
public transport provides to people and the level of service need to be taken into
account (Grengs, 2018). The Potential Mobility Index (PMI) created by Martens
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(2017) helps to show the contribution that transportation services have to mobility
measures. Potential mobility is the ability and easement for a person to overcome
distance through space (Sager, 2005; Martens, 2017). The PMI is derived by the
aerial distance and travel time between origin and destination pairs (see Chapter
3; Equation 3) (Martens, 2017). Therefore, the higher the travel time between
origin-destination pairs the lower the potential mobility experienced and vice versa
(Martens, 2017). Regions that fall below a threshold of standard potential mobility
should be eligible for a potential mobility increase in some manner (Martens, 2017).
This is a better accessibility indicator than the level of service because it creates a
correlation between the lowest possible distance between two points and travel time
(Martens, 2017).

Quadrant System Framework of Martens (2017)

The potential mobility measure of Martens (2017) is used to complement the ac-
cessibility measure (Martens, 2017). Marten’s (2017) goal is to define a framework
that can assist with promoting a fair transportation system and highlight the role of
transportation planning in addressing accessibility deficits. Marten’s (2017) frame-
work is intended to act as a key step in transportation planning based on principles
of justice.

High accessibility

domain
of free
exchange ®
1l L 1]
[ ]

Low potential mability High potential mobility
................. 6 e
..................................... ..--....-....-......-

I v
domain
of justice Domain of transportation planning

Low accessibility

Figure 2.2: Quadrant System Framework (Martens, 2017)
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Figure 2.2 shows accessibility and potential mobility are juxtaposed on a set of axes
(Martens, 2017). Accessibility is represented on the vertical axis (which may be
measured in different ways), and potential mobility is represented on the horizontal
axis (measured in terms of PMI-scores) (Martens, 2017). The framework’s coordi-
nate system is defined by both axes which represent a continuum from a low to a
high level in which various population groups can be positioned (Martens, 2017).
The axes intersect in the middle, i.e. at the average level of accessibility and at the
average level of potential mobility (Martens, 2017). This coordinate system enables
the placement of population groups vis-a-vis both axes, based on the measurement
of a group’s accessibility and potential mobility (Martens, 2017). It also allows the
introduction of a sufficiency threshold of accessibility, represented as dashed lines
in Figure 2.2, which would most likely be positioned anywhere below the origin of
the coordinate system by the real-life decision-makers involved in the process of set-
ting the sufficiency standard (Martens, 2017). Firstly, the framework assists with
establishing the role of transportation planning, which is confined to the left-hand
side of the quadrant system (Martens, 2017). This section of the quadrant system
is defined by the population groups with a below-average level of potential mobility,
i.e. by population groups that experience relatively poor service delivery by trans-
portation systems (Martens, 2017). Yet not all these population groups are entitled
to improvements in the transportation system, the domain of justice is only reserved
for the population groups with an insufficient level of accessibility (Martens, 2017).
The sufficiency threshold is likely to be placed somewhere below the horizontal axis.
This implies that the domain of justice also lies in the lower part of the coordinate
system, whereas the domain of free exchange is located in the upper part of the
diagram (Martens, 2017). This further reinforces the role of transportation plan-
ning based on principles of justice: that role is not simply defined to the section
to the left of the vertical axis, but to the population groups that are positioned
in the bottom-left part of the coordinate system (Martens, 2017). A poorly func-
tioning transportation system plays a large factor in why these population groups
experience a sub-standard level of accessibility (Martens, 2017). The plight of these
population groups should first and foremost be addressed through transportation
planning based on principles of justice (Martens, 2017).

2.6 Quantitative Approaches to Transport Jus-
tice

2.6.1 Databases

Transport data can be categorized into spatial and non-spatial data (Dondo & Riv-
ett, 2004). The characteristics of non-spatial data are the data has no geographical
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positioning information and is largely obtained through the collection of survey data,
an example being the number of people traveling from Mitchells Plain to Cape Town
via a taxi (Dondo & Rivett, 2004). Some of the non-spatial transport data collected
could be fares, service timetables, and the stops description of the transport service
(Dondo & Rivett, 2004). The characteristics of spatial data are data that have ge-
ographical positioning information and can be displayed as a feature class on maps
(Dondo & Rivett, 2004). The geographical position of the feature will be represented
by x and y or latitude and longitude coordinates defined in a reference system (Dondo
& Rivett, 2004). Some of the spatial transport data collected could be positions of
transit stops, transit routes, and road networks (Dondo & Rivett, 2004). By inte-
grating spatial and non-spatial data transport planners can obtain information that
has meaning and can help with decision-making in the development and planning
of transport services and infrastructure (Dondo & Rivett, 2004). In order to obtain
the best results using spatial and non-spatial data, the data constantly needs to be
updated as cities are constantly as well (Dondo & Rivett, 2004).

Most data sources can be very detailed and can be attributed to spatial data, an in-
formation system that deals with spatial and non-spatial data can integrate, update,
store, perform analysis, and view this data. Since most of the data are voluminous
and spatial in nature, a spatial information system facilitates the storage, integra-
tion, display, update, and analysis of the data (Dondo & Rivett, 2004).

Dondo & Rivett (2004) show that establishing a spatial information system for public
transport data consists of three steps, which are creating a conceptual data model,
a logical data model, and a prototype.

Conceptual Data Model

This was the first step that was done, it established the data that was used and how
they were linked and related to each other (Dondo & Rivett, 2004). Dondo & Rivett
(2004) uses the entity-relationship model, which is commonly used to represent the
conceptual data model.

The entity-relationship model identifies the world as being comprised of entities and
relationships (Dondo & Rivett, 2004). An entity is some identified element that is
unique, an example could be a person’s identity number (Chen, 1976). A group of
similar entities is known as an entity type (Chen, 1976). The link between different
entity types is known as a relationship (Chen, 1976).

There are three kinds of relationship degrees, namely the:
e one-to-one relationship

e one-to-many relationship
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e many-to-many relationship.

The relationship degrees changes based on how each entity are participating with
other entities (Chen, 1976). The data used to establish the conceptual model will be
turn into entities and the relationships will be define to create the database (Dondo
& Rivett, 2004).

Service Job Timetshle hm g
Area
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TripPath Stop
3 end o
Trip

Figure 2.3: Identified Entities and Relationships display in the Conceptual Data
Model (Dondo & Rivett, 2004)

Figure 2.3 show an example of a conceptual data model for transport data. The
conceptual data model shows how spatial and non-spatial data interacts with one
another through their relationship degrees (Dondo & Rivett, 2004).

Logical Data Model

The logical data model is a model based on the conceptual data model that can
be applied in a chosen spatial information system program (Dondo & Rivett, 2004).
Dondo & Rivett (2004) use the object-relational model to change from the conceptual
data model to the logical data model showing it as an accumulation of tables that
have assigned names in a database.
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Figure 2.4: Logical data model for public transport information management (Dondo
& Rivett, 2004)

Figure 2.4 represents an example of implementing a logical data model based on a
conceptual data model for transport data. The object-relational model consists of
named attribute types or columns and records or rows (Codd, 1970; Laurini and
Thompson, 1996). Every row holds details relating to one entity and represents
a unique identifier for the table (Codd, 1970; Laurini and Thompson, 1996). The
intersection of each column and row in a table holds an attribute value (Codd, 1970;
Laurini and Thompson, 1996).
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Prototype

The final step was to create a prototype, which takes the logical data model design
and implements it in the chosen software. The software chosen was ArcGIS and it
can implement an object-relation model (Zeiler, 1999; Curtin, Noronha, Goodchild
and Grise, 2001).

2.6.2 GTFS

GTFS (General Transit Feed Specification) data defines a common format for public
transportation schedules and associated geographic information (GTFS, 2019). This
data takes into account the variability in travel time at different times of the day
for a public transit mode. Using this data with a network analyst layer enables
users to identify how long a journey could be at any time of the day without having
to use public transit to get this information. Using an OD Cost Matrix with this
data allows for many origins to determine travel time to many destinations to be
done simultaneously (Ashok, 2000). Depending on the completeness, correctness,
and availability of this GTFS data, influence the choice selection of the region of
interest as the correct determination of accessibility is dependent on these factors

(Ashok, 2000; GTFS, 2019).

GTFS data is required for the determination of an impedance attribute for a time-
based travel time of public transport. Depending on the completeness, correctness,
and availability of this GTFS data, will influence the choice of selection of the region
of interest as these factors mention that GTFS data needs to be good to achieve good
results for potential accessibility and mobility determination. This also determines
the software used to interpret and manipulate the GTFS data to produce the desired
results of travel time duration of the various transport services throughout the day.

The GTFS data can be captured with real-time data or scheduled data. Real-time
GTFS data is determined from a route taken by the transport nodes in real time.
Scheduled GTFS data is determined from a route taken by the transport nodes
from a planned route. The geographical location of the transport modes is captured
by every transit stop on the various transport nodes. These transit stops have
information about the routes of the public transit that passes these transit stops
and the time that these public transport mode passes that transit stops during the
day.
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1 stops - Notepad — O X

File Edit Format View Help

|5top_id, stop_code, "stop_name”,stop_desc,stop_lat,stop_lon,zone_id,stop_url,location_type,parent_station,stop_timezone,wheelchair board A

hub_@@01, ,"Eastridge”,, -34.8252037,18.60960579,,,1,,,0

hub_@@032, , "Merrydale Ave",,-34.85941772,18.61938858,,,1,,,0

hub_@@@3, , "Eastridge (2)",,-34.84936218,18.63723564,,,1,,,0

hub_ @804, ,"Fish Hoek",,-34.13620377,18.43254471,,,1,,,0

hub_ @805, ,"San Remo”,,-34.0680542,18.58309555,,,1,,,0

hub_@@e6,,"Tollgate Stop 69",,-33.92783737,18.44135857,,,1,,,0

hub_@@07, ,"Polkadraai”, ,-34.00426865,18.75736809,,,1,,,0

hub_@@@8,,"Site 5 Cross Rds",,-34.13317871,18.38064957,,,1,,,0

hub_@@e9, ,"Tej",,-34.87181931,18.45835686,,,1,,,0

hub_@@10, , "Bayview", ,-34.87180623,18.58189011, ,,1,,,80

hub_ @811, ,"Panorama Medi-Clinic",,-33.87545395,18.576082119,,,1,,,0

hub @812, ,"Lentegeur Hospital”,,-34.02685928,18.61585617,,,1,,,8

hub_@@13,,"A.D.E.",,-33,597351087,18.47870827,,,1,,,0

hub_@@14,,"Airport Ind 2",,-33.9772377,18.58901787,,,1,,,8

hub_@@15, ,"Alexandra Hospitsl”,,-33.93806897,18.48491859,,,1,,,8

hub_@@16, , "Artscape”,, -33.92023849,18.42955971,,,1,,,0

hub_@@17,,"Athlone Ind",,-33.97886658,18.53441048,,,1,,,0

hub_ @819, ,"Batavia Special Needs School”,,-33.98359299,18.48981939,,,1,,,0

hub_ 8820, ,"Bayside Centre”,,-33.82484855,18.48987007,,,1,,,0

hub_@@21,,"Dolphin Beach”,,-33.82597351,18.47934151,,,1,,,0

hub_@@22,,"Beacon Valley”,,-34.83613663,18.61898232,,,1,,,0

hub_@@23,,"Town Centre”,,-34.8479393,18.62057686,,,1,,,0 v

< >
Ln 1, Col1 100%  Windows (CRLF) UTF-8 with BOM

Figure 2.5: Sample Stops file of a GTFS data set

Scheduled GTFS data is easier to produce as it is based on estimated values from an
approved schedule. Real-time GTFS data has the advantage over scheduled GTFS
data as it produces a travel time duration that is more accurate to actual travel
during the day as it is based on real-time data. However, real-time GTFS data is
more difficult to produce as it requires the drivers of the transit modes to be trained
to use software that captures the GTFS data.

2.6.3 Hagerstrand’s Space-Time Geography Model

To understand travel behaviour in a more structured manner, accessibility measures
used in many research papers have made use of Hagerstrand’s space-time geography
and its constraints (Miller, 1991; Kwan, 1998; Geurs & van Wee, 2004).

Person-specific space-time measures take into account the land-use system, individ-
ual space-time constraints, and spatial distribution of the transport system being
used. Space-time measures are used to deduce different indications in the region of
urban planning and highlight interpersonal discrepancies in the accessibility of trav-
elers (Kwan, 1998). Most studies regarding mobility in urban environments within
Sub-Saharan cities disregard Hagerstrand model on space-time geography. It would
be beneficial if Sub-Saharan cities make use of Hagerstrand’s approach as it has the
ability to identify daily mobility among various social groups and takes into account
time-space constraints more than just affordability.

Mobility constraints are analysed in a systematic manner using this approach, the
low and high-income population group’s potential mobility is compared and links
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potential mobility constraints with these population groups’ expected standards of
living. In the next part of Hagerstrand’s approach, the identified constraints of the
analysis were cross-examined with the policies that planners or decision-makers take
into account when proceeding with the development of transportation. This assists
with government transport policy development by using the results of this approach.
This approach highlights regions and socio-economic groups that need accessibility
improvements to economic and employment opportunities.

Hagerstrand’s Three Time-Space Constraints

Time-space constraints created by Hagerstrand understand that movement to op-
portunities in a particular location comes from a person’s need to participate in these
opportunities (Hagerstrand, 1970). Hégerstrand created a quality of life measure by
analysing a person’s livelihood and daily activities which was derived from a per-
son’s daily mobility characteristics (Janusz, Kesteloot, Vermeiren, & Van Rompaey,
2019).

A person’s livelihood opportunities, travel time, and travel distance, are largely
limited because of three types of interacting constraints (Hégerstrand, 1970; Pred,
1977):

1. Capability Constraints
2. Coupling Constraints
3. Authority Constraints

Capability Constraints

Capability constraints deal with the available transportation systems a person can
access and the person’s physical capabilities to move in space. The factors this
constraint determines are a person’s speed and the time available to move around
(Hagerstrand, 1970). Hagerstrand assumes people are traveling from home and need
to return home again after they complete their task for traveling (Janusz, Kesteloot,
Vermeiren, & Van Rompaey, 2019). This implies that people leave and return home
within certain hours of the day so that they can rest at home after they access
their desired opportunities (Hagerstrand, 1970; Janusz, Kesteloot, Vermeiren, &
Van Rompaey, 2019). Speed and the time available within a day are used to create
a prism in time-space that defines how many opportunities a person can reach from
their origin. Any opportunities that fall outside of this prism imply that the person
can not access these opportunities (Janusz, Kesteloot, Vermeiren, & Van Rompaey,
2019). Larger prisms will form due to an increase in speed and an increase in time
available for moving around (Hé&gerstrand, 1970; Janusz, Kesteloot, Vermeiren, &
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Van Rompaey, 2019). The prism is a three-dimensional representation of space,
where speed and available time for moving are defined within the horizontal plane
and the time of the day is represented in the vertical axis of the prism (Ellegard
& Svedin 2012). The coupling and authority constraints will affect the space-time
path of a person within the prism (Janusz, Kesteloot, Vermeiren, & Van Rompaey,
2019).

Coupling Constraints

This constraint relates a person to other people and the constraints that come with
having this relationship with others (Hégerstrand, 1970; Janusz, Kesteloot, Ver-
meiren, Van Rompaey, 2019). An example of this is an employer and employee
relationship (Janusz, Kesteloot, Vermeiren, Van Rompaey, 2019). Coupling con-
straints result in bundles within time-space, their individual paths in time-space
show the need for co-presence when grouping their time-space time paths.

Authority Constraints

This constraint deals with authority over space that people are moving towards
(Hagerstrand, 1970). Authority constraints are constraints that are in place to
control people’s behaviours in various locations within a particular time-space entity,
leading to certain locations only being available to a limited amount of individuals
(Hagerstrand, 1970; Janusz, Kesteloot, Vermeiren, & Van Rompaey, 2019). An
example of this could be a pedestrian zone that does not allow vehicle drivers to drive
in those locations. This time-space entity is known as a domain, access control within
a domain could last for a certain periods of time or it can be permanent (Hégerstrand,
1970; Janusz, Kesteloot, Vermeiren, Van Rompaey, 2019). This possible access
time constraint will form closed or open cylinders in time-space (Janusz, Kesteloot,
Vermeiren, & Van Rompaey, 2019).

2.6.4 Urban Development Index (UDI) Modal Split

The UDI modal split measures the percentage contribution of the various forms of
transport, including private, public transport, and NMT (City of Cape Town, 2019).
This helped indicate the breakdown of the percentage of the population that makes
use of the various transit services (City of Cape Town, 2019). It is recorded as a
form of census data and was attached to the attribute table of the census centroid
block of interest (City of Cape Town, 2019). The UDI modal split was used to form
a weighted model for potential accessibility and mobility (City of Cape Town, 2019).
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2.6.5 Operational Times of Opportunities

The operational times of opportunities helped to determine a refined and dynamic
measure of accessibility (Jarv et al., 2018). Without including the operational times
of opportunities the potential accessibility measure will be a static value which
will result in the same accessibility level throughout every hour of the day if no
other restrictions on potential accessibility are in place (Jarv et al., 2018). By
incorporating operational times, the accessibility measure will change throughout
the day instead of remaining constant. When an opportunity is operational then
the accessibility for that opportunity will increase and vice versa. Using operational
times of opportunities indicated a closer approximation of potential accessibility
using the various public transit services (Jarv et al., 2018).
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Chapter 3

Method

This chapter describes the developed method used to create a spatial-temporal geo-
spatial database model for transport justice using GTFS data and vector layers with
census data. This research project’s method workflow process is illustrated in Figure

3.1 below.
Step 1
GTFS Data
Step 2
Road Network

Step 3
Impeé’ence
Attribute

Step 4
Injustice Measures

Step5
Transport Justice
Tools

Step 6
Analysis of

Results

Figure 3.1: Work Flow Process of Method
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The method consists of six steps. Firstly, acquire GTFS data of the various transport
modes of interest for the project. Then an appropriate road network layer for the
area where the GTFS data exists was chosen. This allowed the determination of
travel time to be possible using the GTFS data. The GTFS data was joined with
the road network to create a network analyst layer that is time-dependent based on
the GTFS data of the respective public transport modes. The TAZ centroid points
for Cape Town served as the origin and destination pairs of locations people traveled
between while using the various public transit services. The TAZ centroids points
were also used as the reference locations of the opportunity, population, and income
data that has been derived from census data. Once the network layer is created, the
impedance attribute of travel time is determined based on origin-destination pairs
using the respective public transport modes. This travel time data was stored as
text files to serve as a database of travel time of the various public transport modes
between origin-destination pairs within Cape Town.

With the database of travel time created, potential accessibility and mobility were
calculated for each TAZ centroid region. This database along with census data for
opportunities, had all the necessary information required to determine the values for
potential accessibility and mobility. The potential accessibility and mobility values
were determined simultaneously with the transport justice tools created within a
Python environment.

The values of potential accessibility and mobility were determined for an entire day
and displayed in a Space-Time cube against each other. This Space-Time cube
represented potential accessibility and mobility for every hour of the day. This was
done for all of the respective public transport modes. Specific hours of potential
accessibility and mobility analysis were chosen for a refined analysis. The Temporal
Aggression transport justice tool was used to establish this refined analysis. The
Temporal Aggression transport justice tool identified regions that fell below-specified
threshold frequencies of potential accessibility and mobility values. This process was
done for the various public transport services used in this research paper.

Finally, once these regions that fell below the specified threshold frequencies of po-
tential accessibility and mobility values were determined, further analyses were done
to establish the number of people residing within these groups/regions. The number
of people and the various racial groups residing in these locations as well as their
income levels determined if these groups were entitled to a potential accessibility
increase for the respective public transport modes that were accessible to them.
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3.1 Context

Impedance is defined as a measure of cost or resistance that a transit user experiences
as they travel through a specific route (Niaraki & Kim, 2009; Kamruzzaman et
al., 2011). Therefore, the higher the impedance measure, the greater the cost of
resistance is to move and vice versa (Niaraki & Kim, 2009; Kamruzzaman et al.,
2011). Some examples of transport impedance are travel distance, travel speed, or
travel time duration (Niaraki & Kim, 2009).

A road network was combined with this GTFS data to determine the impedance
attribute values of travel time duration at different times of the day. Combining
these data sets created a geographical link between transit stops and a road network
within the same frame of reference.

Legend
o Transit Stop

== Transit Line

Road Network

Figure 3.2: GTFS Transit Stops Connected To A Road Network
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The region of interest for this research project was the City of Cape Town. The
distribution of the road network and transit stops indicated the locations that were
possible and impossible to reach within the region of interest while using the various
public transport services (Farber, Morang and Widener, 2014). The possible loca-
tions that could be traveled from a specified origin were identified and allowed the
travel time duration to be determined for the various public transportation modes
throughout the day (Farber, Morang and Widener, 2014).

The main focus of this step was to create a method to travel from one TAZ location
to another. The various impedance attributes such as travel time and traveling
distance between the origin-destination pairs are then recorded in a database.

3.2 GTFS

The GTFS data captures the variability of the impedance attribute for travel time.
Each public transport service that was analysed in this research project had its
own set of GTFS data. Using this data combined with a network analyst layer,
allowed the travel time to be determined at any period of the day without having
to physically use a public transit service. The travel time was recorded at different
hours of the day for each public transit mode.

Implementing the GTFS-enabled network analyst layer in an OD Cost Matrix al-
lowed the travel time and travel distance of the origin-destination pairs to be calcu-
lated (Ashok, 2000). The OD Cost Matrix enables many origins-destination pairs to
simultaneously be determined. This feature made it easier to handle large data sets
and provided an automated process for the determination of travel time and travel
distance.

The transit stops for each public transit service, capture the possible geographical
locations that are capable of being traversed. The transit stops are represented as a
point feature in a GIS environment. These transit stops have attribute information
about the public transport service routes. The time that a specific transport service
reaches the specific transit stop is one of these attributes. A public transport mode
has many trips for the day. These trips use different routes across the region of
interest where the transit stops are located.

3.3 Road Network

A road network layer was required to create the network analyst layer. This network
analyst layer allowed the travel time duration to be calculated. The road network
layer is a shape file that is represented as a line feature in a GIS environment.

45



These lines represented the real-life road network for the region of interest. One line
represents the entire width of the road. The line is recorded from each end and at
the centre of the width of the road. These lines are known as road centre lines. The
road network layer was georeferenced so that any measurements made on this layer
were true to scale.

The road network layer was combined with GTFS data of the various public trans-
port modes to create the network analyst layer. Which allowed time-based travel
time to be determined. Therefore, it can provide a simulation of travelling on public
transit routes at different times of the day. This was required to determine the neces-
sary travelling impedance attribute values to perform the transport justice analysis
of the research project.

The road network layer is manually created by a GIS data service provider. The GIS
specialist that creates the road network layer, may not digitise the road centre lines
correctly. This leads to errors that accumulate in the road network layer. Examples
of these errors are the length of the road digitised does not match the length of the
actual road in real life or that a single road is digitised as multiple line segments.
The line features of the road network layer need to intersect with each other to be
traversable. If this intersection between lines does not occur in the road network
layer, then the GIS software will implement an alternate route that joins these lines
together. These errors in the road network layer will lead to incorrect values of
travel time and travel distance. Therefore, when the road network layer matches
the physical road network, it leads to a more precise calculation of the impedance
attribute values for travel time duration and travel distance. The road network layer
used in this project was acquired from OpenStreetMap.
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3.4 Transit Analysis Zones (TAZ)

The transport analysis zones (TAZ) is a spatial distribution of a region, that allows
the region of interest to be represented by different shapes and sizes of subsets
within the region of interest (Farber, Morang and Widener, 2014). The centroids
of the TAZ are similar to census data centroids, as they both are centroids point
that has attribute information attached to their attribute table (Farber, Morang
and Widener, 2014). The census attribute information was merged with the TAZ
attribute table. This allowed potential accessibility to be determined while using
the TAZ centroids (Farber, Morang and Widener, 2014).

3.4.1 Census Data

Census data is data collected by the governments of a country to provide informa-
tion about the citizens and the land use (Census, 2011). This data is recorded in a
database and is attached to a point feature class in a GIS environment. This point
feature represents the centre of a census block. The region of interest is defined
by multiple census blocks. These census blocks consist of various shapes and sizes.
Census data includes categories such as income, race, age, gender and jobs of cit-
izens as well as opportunities for the land (Census, 2011; Wang and Chen, 2015).
These categories of census data capture the amount of people that fall within these
categories for a specific census block (Census, 2011). Some subcategories examples
are low and high income for the income census data and the different racial groups
for the race census data (Census, 2011). The geo-spatial distribution of these sub-
categories for this census data indicated the inequalities of the different population
groups in the region of interest (Leclerc et al., 2012).

Opportunity Data

Opportunities are the various facilities that are offered by locations (Dikec, 2009).
These opportunities are made for public engagements (Dikec, 2009). Such opportu-
nities are healthcare facilities, education facilities, shopping malls, and employment
opportunities (Dikec, 2009). The opportunity data indicates the land use patterns
of the region of interest. The distribution of opportunities illustrates how dense or
sparse regions are in relation to opportunities (Dikec, 2009). This has a direct effect
on the planning of transport infrastructure so that it accommodates these land use
patterns. These transport infrastructures ultimately favours the population groups
that reside closest to these opportunities and use public transport services to travel
(Benenson et al., 2011). The geo-spatial distribution of opportunity data and the
transport infrastructure highlighted the injustices of living far away from opportuni-
ties as opposed to living closer to these opportunities (Mattioli, 2014; Zhou & Long,
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2016).

Population Data

Population data is derived from census data (Census, 2011). The population data
illustrated how many people resided in a TAZ and the number of people within the
different racial groups for that TAZ location (Census, 2011). The different racial
groups in the census data were White, Black/African, Coloured, Indian or Asian
and Other.

Income Data

Income data is derived from census data (Census, 2011). The income data de-
termined how many people fell within the different income groups within a TAZ

(Census, 2011). The four different income groups in the census data were Low,
Low-Middle, Middle-High and High.

3.5 Network Analyst

A network analyst layer was used to create a georeferenced traversable road network.
This process was done in ArcGIS. The network analyst layer was used to determine
the travel time between origin-destination pairs, as well as to provide a geographical
route for the total distance travelled. The travel time was calculated by using the
travel speed and total distance travelled. Although the same route used at different
times of the day will result in the same total distance, it may not result in the same
travel time. This is due to the variations in travel speeds throughout the day. These
travel speed variations are due to the increase or decrease in usage of a transit route
(Haghani and Jung, 2005).

Using a network analyst layer that takes into account the variations in travel speeds
throughout the day, will enable a transport model that imitates real-life travelling
(Wong & Tong, 1998).

The GTFS data and the network analyst layer were both georeferenced within the
same referenced system. This was done so that the two data sets were spatially
correlated. The network analyst layer used in this project was created with GTFS
data, which made it possible to perform travel time analysis at various times of the
day. This process was done for each public transit service that was analysed in this
project. Since the network analyst layer was enabled with GTFS data, it resulted
in the travel time constantly changing at different times of the day.
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Figure 3.3: Network Analyst layer with GTFS data and a Road Network

The creation of the network analyst layer allowed the usage of an OD cost matrix.
The OD cost matrix aided in determining the impedance attribute of travel time
and travel distance of the chosen origins-destinations pairs. These TAZ origins and
destination locations both fell within the region of interest.
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3.5.1 Impedance Attribute

The OD cost matrix will provide additional impedance attributes other than travel
time. Some of these additional impedance attributes are shape length and to-
tal length. The shape length will provide the Euclidean distance between origin-
destination pairs in meters. The total length will provide the traveling distance
traversed on the road network layer between origin-destination pairs in meters. The
shape length will always be shorter than the total length, this is due to the Euclidean
distance being the shortest distance between two points, which is the definition of
the shape length. There can be instances when shape length and total length are
equal to each other. This occurs when the route taken to calculate the attribute of
shape length and total length are the same. These facts about the length attributes
were used as a check to ensure that the correct attribute lengths were being used in
any further calculations.

Travel Time

The impedance attribute value of the total travel time is the summation of walking
time and transit travel time. Walking time is the total time taken for a person to
walk from their origin to a starting transit stop and from their ending transit stop
to their destination. The walking time is calculated by walk speed divided by the
total walking distance traveled on the network analyst layer. Transit travel time
is the total amount of time a person spends on a public transport service while
traveling. Usually, the transit travel time is calculated by the summation of the
speed of the road segments on the transit route traveled divided by it corresponding
route length segments between the starting and the ending transit stop. However,
a GTFS-enabled network analysis layer was used in this research project and it
calculates transit travel time differently in comparison to the usual way. GTFS
data has attribute information about the time of the day a trip of a public transit
service arrives at a transit stop. A GTFS-enabled network analysis layer calculates
travel time by the time difference between the starting and ending transit stops of
a trip route. The time difference will not be static throughout because a GTFS-
enabled network analysis layer was used to calculate travel time (Farber, Morang
and Widener, 2014).

The walking and transit travel time between each TAZ origin-destination pairs was
calculated with the OD Cost Matrix of the Network Analyst layer in ArcGIS 10.6
(Farber, Morang and Widener, 2014). This tool uses Dijkstra’s algorithm to deter-
mine the shortest route in the Network Analyst layer (Farber, Morang and Widener,
2014). The ArcMap tool "Add GTFS to a Network Dataset” enabled the incorpora-
tion of GTFS data to a network analyst layer so that the calculation of a non-static
travel time could be determined by different origin-destination pairs at various times
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of the day (Farber, Morang and Widener, 2014). The walk speed value was set as a
constant value for the distance a person spent walking on the network analyst layer
(Farber, Morang and Widener, 2014). The OD Cost Matrix calculated the total
travel time by adding the walk and transit travel time together.

The travel time attribute value was used in both the injustice measures of potential
accessibility and mobility. The potential accessibility measure used travel time to
calculate the variations in potential accessibility of the same origin-destination pairs
public transit trips throughout the day. The potential mobility measure used travel
time to determine the variations in the aerial speed measure of between origin-
destination pairs throughout the day.

Euclidean Distance

The Euclidean distance is the join distance between the origin and destination pairs.
This distance was calculated in ArcMap by using the OD Cost Matrix (Farber,
Morang and Widener, 2014). The Euclidean distance is labeled as shape length in
the ArcMap OD Cost Matrix attribute table. The Euclidean distance was used as
the aerial distance to determine the injustice measure of the Potential Mobility Index
(see Chapter 3; Equation 3). The aerial distance is a variable of the the potential
mobility equation and needed to be established in order to perform the potential
mobility calculation (Martens, 2017).

3.6 Injustice Measures

The measures of potential accessibility and mobility were used to create the two
different transport justice tools. The two transport justice tools were the space-time
cube and temporal aggregation. The measure of potential accessibility is listed as
Accessibility and potential mobility is listed as Potential Mobility Index (PMI). The
measures of potential accessibility and mobility are further discussed below.

3.6.1 Accessibility

This measure indicated how easy or difficult it was for a person to travel between
their origin-destination pairs in order to reach jobs/opportunities while using public
transport.

Using the summation of the potential accessibility values of an origin to all pos-
sible destinations determined the cumulative potential accessibility value for that
particular TAZ region. The Accessibility measure is a scalar value and is unitless
(Martens, 2017).
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Although the travel time is measured in minutes, potential accessibility is measured
as a scalar. X is the number of opportunities, health care, education, and public
facilities within the desired destination. M represents the modal split of the trans-
port mode and m is the transport mode. ¢ represents the travel time of using a
public transit mode between TAZ origin-destination pairs, 7 will be the particular
hour of the day. The determination of travel time between origin-destination pairs is
discussed in 3.5.1. The accessibility measure will vary during the day due to factors
such as; the operating times of the various jobs/opportunities, the change in travel
time between origin-destination pairs throughout the day, and the modal split for
that particular TAZ region.

The Discount Function is the inverse of travel time as larger travel time has a neg-
ative effect on the number of opportunities a person can reach, hence the travel
time being inverted and acting as a discount function in the calculation of poten-
tial accessibility. The population groups that live further away experience lower
potential accessibility than the population groups that live closer to opportunities.
The discount function aids in highlighting this fact by exponentially reducing the
accessibility measure while an increase in travel is occurring.

3.6.2 Potential Mobility Index

The Potential Mobility Index (PMI) measures the aerial speed between origin-
destination pairs. This speed is measured in km/h and will produce a PMI value.
A PMI score can be calculated for each origin i by taking the average of the PMI
values for all relevant destinations for that origin TAZ (Martens, 2017). The PMI
score is the value the PMI measure produces which is unitless (Martens, 2017).
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Using the OD cost matrix produced the necessary parameters for the determination
of the PMI values for the various origin-destination pairs. The shape length provided
the aerial distance (d) value and the travel time (t) was produced by the travel time
of the OD cost matrix. However, the units produced by the OD cost matrix length
and time meters and minutes respectively. These units of the OD Cost Matrix must
be converted to kilometers and hours respectively in order to produce the correct
PMI values of km/h dimensions. After all the PMI values are calculated then The
PMI Score can be determined for a particular region. The PMI measure is unitless
as it is an indicator of potential mobility for a particular region. The PMI measure
will be negatively affected if the calculated PMI values are low or if they are equal
to zero. Factors that will influence the result of a low PMI value are a very large
travel time and with very short aerial distance between an origin-destination pair.
This implies that a PMI value is directly proportional to aerial distance and inversely
proportional to travel time. The aerial distance will always remain constant between
an origin-destination pair however, travel time may vary throughout the day. This
variation of travel time will result in different a PMI value for the same origin-
destination pair, which will result in a different PMI score for the PMI measure.
The transit stops and transit lines will define the service coverage that the public
transit will be able to transport a person along. If a person wants to travel to a
location outside the coverage of the transport network of the transport service they
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are using, then they would need to use an additional alternate form of transportation
to complete the journey that includes this extended coverage. The coverage for the
various public transport services used in this research project can be highlighted in
Figure 4.9 in Chapter 4.

The travel time used to determine a PMI value for a specific public transport service
uses the accumulation time of walking from an origin to a transit stop, waiting time
to get on to public transit, travel time while on public transit, the time getting off
a public transit to a public transit stop that is closest to the destination and the
walking time from the public transit stop until the destination point. Waiting time
to get on to public transit will decrease if public transit has a high availability at
the public transit stop and vice versa. Travel time while on public transit decreases
if the average travel speed of the transit increases and vice versa. Walk time will
decrease if the transit stop is closer to the origin or destination location and vice
versa. The PMI value will be low if all of these time accumulation factors are high,
which will result in a lower PMI score in the PMI measure and vice versa.

3.7 Transport Justice Tools

3.7.1 Space-Time Cube

The space-time cube tool is the first of the two transport justice analyses tools
that was created in this research project. The values of accessibility and PMI were
plotted against each other at every hour of the day for the various transport modes.
This cube focused on a single origin-destination pair of the various transport modes.
The objective was to create a three-dimensional plot of the potential accessibility
throughout the day via connected vector lines.
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Figure 3.4: 2D vs 3D plots of Accessibility vs PMI at different hours of the day

Figure 3.4 is an example result of what the transport justice tools will produce. Fig-
ure 3.4 is purely for demonstration purposes only and this example is not an actual
result used within this project. Observing the trend of the line within the space-time
cube, indicated the variations of potential accessibility and mobility throughout the
day. The periods of the day where potential accessibility and mobility deviate the
most could be identified by analysing the space-time cube. These deviations in po-
tential accessibility and mobility were identified as an increase or decrease in the
respective transport justice measures at particular periods of the day.

3.7.2 Temporal Aggregation

The temporal aggregation tool is the second of the two transport justice analyses
tools that were created in this research project. This tool allowed for a specified
hour of the day to be further analysed with respect to potential accessibility and
mobility for TAZ regions. This tool could be used on various days of the week and
transport modes. This tool allowed multiple TAZ regions to be represented on one
graph with represent to their potential accessibility and mobility for a specific hour
of the day.
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Figure 3.5: Temporal Aggregation Plot of Potential Mobility vs Accessibility

Figure 3.5 is a pre-result, i.e. example of what an actual result will appear within
the context of the transport justice tool but not a result that is used within this
project. Although a PMI value is determined using Aerial distance (km) divided by
travel time (h) between an origin-destination pair, its result produces an indicator
or score of potential mobility for a particular region. A PMI score can be calculated
for each origin by taking the average of the PMI values for all relevant destinations
for that origin (Martens, 2017).

In Figure 3.5 the red coloured points are the share of the TAZ points that fall below
the average accessibility and potential mobility lines. Each point on the temporal
aggregation plot represented a TAZ region’s cumulative average potential mobility
(x coordinate) and accessibility (y coordinate) for a particular hour of the day.
The average value of accessibility and potential mobility of all the TAZ points on
the temporal aggregation plot will become the origin point of the coordinate system
while using the sufficiency thresholds for accessibility as described in Martens (2017).
Based on the desired sufficiency thresholds for accessibility, it was possible to identify
the TAZ points that fell below the desired sufficiency threshold of the particular
transport mode. These areas were eligible for an accessibility increase based on
the number of TAZ regions affected and the number of people affected within the
particular regions that fell below the chosen sufficiency threshold.
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3.8 Sufficiency Thresholds

Once the sufficiency thresholds have been established and all the TAZ regions that
fell below the average accessibility and mobility lines have been identified, the regions
that fell below the selected threshold frequencies were represented on a graph along
with the number of people that were affected at that specific sufficiency percentage

threshold (Martens, 2017).
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Figure 3.6: Share of the population with an accessibility level below the respective
sufficiency thresholds

Figure 3.6 is a pre-result that highlights the share of the population with an accessi-
bility level below the respective sufficiency thresholds. At each sufficiency threshold
percentage, certain regions fell below a certain sufficiency threshold of accessibility
based on their accessibility and potential mobility values for the given temporal di-
mension for a specific transport mode. The lower their accessibility and potential
mobility values are the more the likelihood of these regions appearing at lower suffi-
ciency threshold percentages. This indicates that these regions are the most in need
of an accessibility and mobility increase.

o7



Chapter 4

Implementation of Data and
Methods

4.1 Introduction

This section describes the manner in which the method chosen was implemented, the
selection of data and the software chosen to create the geo-spatial temporal database
tools for transport justice. Regions with poor levels of accessibility were identified
using the transport justice tools created for this research project. This was done
using various:

1. TAZ locations and census attribute data
2. Transport services GTFS data

3. Time of day

4. Day of the week

4.2 Software Used

4.2.1 FeedValidator

The FeedValidator is a Python tool that verifies that the GTFS data meets the
requirements defined in the GTFS-static reference (Watkins et al., 2011). The GTFS
data used in this research project was tested using this tool. This tool assisted in
understanding the correctness and completeness of the GTFS data for the various
transit services (Watkins et al., 2011).
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4.2.2 ArcMap 10.5.1

The majority of the spatial data analysis was done in the ArcMap program of Ar-
c¢GIS. The georeferencing of the various spatial data was done in this program if data
sets were not in the WGS84 coordinate system. The spatial coverage of the various
spatial data sources was minimised to an extent over the region of interest by using
the Extraction By Mask Tool of ArcMap to assist with minimising time processing
time and aid in a better approximation value for potential accessibility and mobil-
ity. The creation of the Network Analyst Layer was done in ArcMap using the road
network and GTFS data for the region of interest. The TAZ spatial reference layout
for Cape Town was converted to centroids to serve as origins and destinations in the
OD Cost Matrix for the Network Analyst Layer. Using the OD Cost Matrix tool
provided the impedance attributes of travel time duration and Euclidean distances
between the TAZ centroids of the various transit services throughout the day, which
was used in the calculations of potential accessibility and mobility. The results ob-
tained from the OD Cost Matrix were exported as txt files and serve as a database
used by the transport justice tools for transport justice analysis.

4.2.3 Spyder(Anaconda3)

Spyder is a Python interpreter that allows the creation of Python programs to be
created and executed. The creation of transport justice tool was created using this
program. The TAZ centroids attribute table was combined with census data for
every available TAZ centroid was done in Spyder and aided in the determination of
potential accessibility. The opportunity data obtained from the census information
was reinforced with operational times of these opportunities to provide a refined
value for potential accessibility and mobility.
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4.3 Data Source

4.3.1 GTFS

The GTFS data used for the development of the transport justice tool was static
GTFS data based on the planned schedules of the various transport modes. These
planned schedules are determined from interpolating times based on real-time data.
These GTFS data sets have geographical locations for their transit stops embedded
into their data source.

This guided the GTFS data on the actual geographical routes taken by the transit
using the GTFS data for a query. The GTFS data is georeferanced and the geo-
graphical coverage for this data is the City of Cape Town. The various transport
modes used were:

e CPT Taxi (2018) (Source: https://www.whereismytransport.com )
e Golden Arrow Bus Services (2018) (Source: http://www.gabs.co.za)
e Metrorail (2016) (Source: http://www.metrorail.co.za)

e MyCiTi (2016) (Source: http://www.myciti.org.za)

Due to the temporal differences between the GTFS data captured for the various
transport modes, an explicit comparison between the GTFS data of the various
transport modes could not be made. However, since all the GTFS datasets are
georeferanced in WGS84 and have the same coverage, an initial comparison could
be done. This can be later refined using GTFS which has the same coverage as well
as the same temporal resolution across the various transport modes of interest by
using the tools developed in this project.

The GTFS data are comprised of multiple .txt files. Each of these files was checked
if they were stored in the UTF-8 encoding. If they are not stored in this format
ArcGIS would not be able to read the GTFS datasets and the creation of the network
analyst would not be possible.
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1 stops - Notepad — O X

File Edit Format View Help

|5top_id, stop_code, "stop_name”,stop_desc,stop_lat,stop_lon,zone_id,stop_url,location_type,parent_station,stop_timezone,wheelchair board A

hub_@@01, ,"Eastridge”,, -34.8252037,18.60960579,,,1,,,0

hub_@@032, , "Merrydale Ave",,-34.85941772,18.61938858,,,1,,,0

hub_@@@3, , "Eastridge (2)",,-34.84936218,18.63723564,,,1,,,0

hub_ @804, ,"Fish Hoek",,-34.13620377,18.43254471,,,1,,,0

hub_ @805, ,"San Remo”,,-34.0680542,18.58309555,,,1,,,0

hub_@@e6,,"Tollgate Stop 69",,-33.92783737,18.44135857,,,1,,,0

hub_@@07, ,"Polkadraai”, ,-34.00426865,18.75736809,,,1,,,0

hub_@@@8,,"Site 5 Cross Rds",,-34.13317871,18.38064957,,,1,,,0

hub_@@e9, ,"Tej",,-34.87181931,18.45835686,,,1,,,0

hub_@@10, , "Bayview", ,-34.87180623,18.58189011, ,,1,,,80

hub_ @811, ,"Panorama Medi-Clinic",,-33.87545395,18.576082119,,,1,,,0

hub @812, ,"Lentegeur Hospital”,,-34.02685928,18.61585617,,,1,,,8

hub_@@13,,"A.D.E.",,-33,597351087,18.47870827,,,1,,,0

hub_@@14,,"Airport Ind 2",,-33.9772377,18.58901787,,,1,,,8

hub_@@15, ,"Alexandra Hospitsl”,,-33.93806897,18.48491859,,,1,,,8

hub_@@16, , "Artscape”,, -33.92023849,18.42955971,,,1,,,0

hub_@@17,,"Athlone Ind",,-33.97886658,18.53441048,,,1,,,0

hub_ @819, ,"Batavia Special Needs School”,,-33.98359299,18.48981939,,,1,,,0

hub_ 8820, ,"Bayside Centre”,,-33.82484855,18.48987007,,,1,,,0

hub_@@21,,"Dolphin Beach”,,-33.82597351,18.47934151,,,1,,,0

hub_@@22,,"Beacon Valley”,,-34.83613663,18.61898232,,,1,,,0

hub_@@23,,"Town Centre”,,-34.8479393,18.62057686,,,1,,,0 v

< >
Ln 1, Col1 100%  Windows (CRLF) UTF-8 with BOM

Figure 4.1: Stops .txt file of a GTFS data set

All the other .txt files of the GTFS data set will have this structure. They are linked
by the headings of the comma-separated columns. If certain .txt files have the same
headings as another .txt document, then those files are linked and share information
when they are queried.

4.3.2 FeedValidator

The GTFS data needs to be tested to check the correctness and completeness of
the data, which was done using the FeedValidator Python tool created by Google
(Watkins et al., 2011).
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GTFS validation results for feed:
c:\u Dell\Downloads\Brent_data\CPT Taxi 2018.zip
FeedValidator extension used: None

Agencies: Cape Town Taxi
Routes: 640
Stops: 2623
Trips: 1325
Shapes: 640
Effective: June 20, 2018 to June 20, 2019

Notices:

Other Problem

» During the new-version check, we failed to reach transitfeed server.

Reason: [Errno 11001] getaddrinfo failed.

Found these problems:

702 warnings

1 Expiration Date

640 Invalid Values

48 Stop Too Far From Parent Stations
2 Stops Too Closes

g  Too Fast Travels

1

1

Unknown File
Unrecognized Column

GTFS validation results for feed:
C:\Users\Dell\Downloads\Brent_data\GABS 2@18.zip
FeedValidator extension used: None

Agencies: Golden Arrow
Routes: 2028
Stops: 2046
Trips: 8344
Shapes: 2028
Effective: January 07, 2019 to July 07, 2019

Notices:
Other Problem

¢ During the new-version check, we failed to reach transitfeed server.
Reason: [Errno 11001] getaddrinfo failed.

Found these problems:

5 errors 2608 warnings

5 Emptv Files 1 Expiration Date
2028 Invalid Values
496 Other Problems

9 Stop Too Far From Parent Stations
74  Too Fast Travels

lidation results for feed:
\Dell\Dounloads\Brent_data\Metrorail 2016.zip
Validator extension used: None

Agencies: Metrorail Western Cape
Routes: 6
Stops: 126
Trips: 1337
Shapes: 196
Effective: March 03, 2016 to December 31, 2016

Notices:
Other Problem

+ During the new-version check, we failed to reach transitfeed server.
Reason: [Errno 11001] getaddrinfo failed.

Found these problems:
2531 warnings

1 Expiration Date

12 Invalid Values

786 Other Problems

1723 Stop Too Far From Shape With Dist Traveleds

GTFS validation results for feed:
C:\Users\Dell\Downloads\Brent i
FeedValidator extension used:

ta\MyCiTi 2016.zip

Agencies: MyCiTi
Routes: 44
Stops: 1067
Trips: 7650
Shapes: 227
Effective: September 02, 2016 to December 31, 2016

Found these problems:

816 errors 1499 warnings

816 Invalid Values 1  Expiration Date
44 Invalid Values
425 Other Problems
11 Stop Too Far From Parent Stations
067 Stop Too Far From Shape With Dist Traveleds
44 Too Fast Travels
7  Unknown Files

6 Too Fast Travels
3 Unknown Files

Figure 4.2: FeedValidator Results for the various transit services GTFS data

The figure above shows the FeedValidator results for the various transit services
GTFS data. Although all the data sources have warnings, this does not imply the
GTFS data is unusable (Watkins et al., 2011). From the results obtained it is implied
that the GTFS data is complete for the purposes of network analysis, however may
lack the correctness in results within certain regions of the GTFS data source. The
Empty Files and Invalid Values errors do not affect the routing capabilities of using
the GTFS data source within ArcGIS (Watkins et al., 2011).
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4.3.3 Road Network

A road network was required to enable GTFS network analyst layer to be cre-
ated. The road network needs to be georeferenced to the same coordinate system
as the GTFS transit stops. The road network should have the same coverage as
the GTFS data, this being the City of Cape Town. This data was acquired using
OpenStreetMap.

Boundary of City of Cape Town Extraction By Mask In Progress Road Network of South Africa

!Ef
Extraction By Mask Result
Road Network of the City of Cape Town

Figure 4.3: Extraction of The road network for the City of Cape Town using the
Extraction By Mask tool (ESRI, 2018a)

The OpenStreetMap road network is large and only the road network for the City
of Cape Town needed to be extracted. This can be executed by using the ArcGIS
tool Extraction By Mask (ESRI, 2018a). This tool used a shape file that covers the
region of interest, the City of Cape Town, and the road network that a road network
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subset is being extracted from, which is visualised in figure 4.3. The wards polygon
shape file for the City of Cape Town was used as a coverage for the City of Cape
Town to extract the road network from the OpenStreetMap road network data set.

4.3.4 Census Data
Opportunity Data

The opportunity/jobs data assisted in the determination of the accessibility levels
of a particular area. Opportunity data is described in section 2.6.2. The higher
the number of opportunities to a location and the closer the opportunities are to a
location, the higher the accessibility levels for that location become (Martens, 2017).
The opportunity data is recorded per TAZ region in 2013 which is based on the
census data of 2011 (Census, 2011). There were 15 opportunities used in this research
project defined as Office, Retail, Manufacturing, Service, Warehouse, Community,
Construction, Transport, Parking, Recreation, Personel(School), Scholars(School),
Personel(Tertiary), Student(Tertiary) and Agriculture. These 15 opportunities have
variations in the distributions of their locations and frequencies within the different
TAZ as seen in Figure 4.4.
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Figure 4.4: Distribution of Cumulative Opportunities for the City of Cape Town
Per TAZ

Figure 4.4 shows the distribution of the cumulative opportunities per TAZ region
for the City of Cape Town. The darker regions are the TAZ with higher opportu-
nity levels and the lighter areas are regions with lower opportunity levels. This is
under the assumption that these opportunities are all open and operating at the
same time. These opportunities consist of Office, Retail, Manufacturing, Service,
Warehouse, Community, Construction, Transport, Parking, Recreation, Personel
(School), Scholars (School), Personel (Tertiary), Student (Tertiary), and Agricul-
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tural.

A matrix was created that contained operating times for these 15 opportunities.

This allowed a temporal dimension to be added to the accessibility measure.

These operational times were approximated by analysing the open and closing times

provided by Google Maps APIs for these types of opportunities.

Operating_Time Office Retail Manufactur Service Warehouse Community Constructio Transport  Parking Recreation Personel (S Scholars (S Personel (T Student (Te Agricultural

0:00:00
1:00:00
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Figure 4.5: Operating Hours of Opportunities for the City of Cape Town Per TAZ

The value of 0 represented that this particular opportunity was closed and not ac-
cessible at that time. The value of 1 represented that this particular opportunity
was open and accessible at that time. The operating times of the various oppor-
tunities varied throughout the day and affected the result of accessibility. Having
this matrix with 1 and 0 helped make the calculations of accessibility much easier as
opportunities with the value of 0 were not included in the calculation of accessibility.

66



Income Data

- Low Income

{ Middle-High Income AN "ﬁ High Income

Figure 4.6: Income Distribution of the Population for the City of Cape Town
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The population data helped to determine in the event of potential accessibility and
mobility deficits in a particular region, if this region was entitled to an accessibility
and potential mobility increase. This population and income data was based on the
census data of 2011 (Census, 2011). If a potential accessibility and mobility deficit
occurs, the region that experienced this deficit and the population numbers are too
low to qualify for a potential accessibility and mobility increase.

Not only does this population data have the number of people that reside in a TAZ,
but it also splits up in the income levels of the populations in the different regions.
The population is split into four different income categories: Low, Low-Middle,
Middle-High, and High Income. This income distribution among the population can
be seen in Figure 4.6. This income distribution could potentially be used to aid
in the decision on increasing a region’s accessibility and potential mobility levels,
i.e. poor communities are more entitled to an accessibility and potential mobility
increase over richer communities. The income distribution implementation for this
project can be seen in 4.7.3.

Demographic Data

The demographic data shows the distribution of the various races within the City of
Cape Town as displayed in Figure 4.7. The darker regions regions more densely pop-
ulated than the lighter regions for the given demographic group. This demographic
data was based on the census data of 2011 (Census, 2011). Looking at the distribu-
tion of the different demographic groups could be used as another dimension for the
determination if a particular is entitled to an accessibility and potential mobility
increase or not. This was done by analysing the distribution of the demographic
groups within a chosen TAZ region under analysis. It was in the favour of a TAZ
that is mainly populated by demographic groups that were previously disadvantaged
due to apartheid, to get an accessibility and potential mobility increase if they fall
below the sufficiency threshold.

The distribution of the different demographic groups area was largely affected by the
Group Areas Act of 1950 (Loveland, 1999). This act made locations of higher acces-
sibility and potential mobility levels to be in the possession of the white population.
As seen in Figure 4.6, the white population has kept this spatial distribution by their
own decision to keep living in those locations. Whereas, the coloured and black pop-
ulation became more evenly dispersed across the city after the Group Areas Act of
1950 was removed post-apartheid. If the white population and high-income spatial
distribution are compared, a strong correlation is seen between these factors. People
with high incomes generally have access to a car and choose not to participate in
the use of public transport (Martens, 2017).
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Therefore, certain regions may appear to have poor potential accessibility and mo-
bility levels using public transport, they may have extremely high accessibility and
potential mobility levels using their personal vehicle.

White Population

Coloured Population Black Population

[10-250

[1251-500

[ 501 - 1000

I 1001 - 2000

I 2001 - 3000

I 3001 - 4000

N >4000
X .

Indian or Asian Other

Population Population

Figure 4.7: Demographic Distribution for the City of Cape Town
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The above figure shows the spatial distribution of the different racial groups of Cape
Town based on the cumulative population for the census 2011 data (Census, 2011)

4.4 Urban Development Index (UDI) Modal Split

The UDI modal split measures the percentage contribution of the various forms of
transport, including private transport (City of Cape Town, 2019). However, for the
purposes of this project, only the public transport UDI will be used.

[]0-0.05
[10.05-0.10
[m0.10-0.20
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N 0.30-0.40
M >040

Figure 4.8: Urban Development Index (UDI) Modal Split of the Various Transit
Modes for the City of Cape Town (City of Cape Town, 2019)
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The UDI distribution of the various transport modes can be seen in Figure 4.8. The
darker regions indicate the regions use that particular transport mode more than
the lighter regions within the City of Cape Town. The UDI modal split will be
used to determine a weighted average in potential accessibility and mobility in the
Space-Time Cube transport justice tool for all four public transport systems used
in this project. Implementation of the UDI modal split can be seen in chapter 5.1.

4.5 Network Analyst Layer

Traditionally only a road network is required to create a network analyst layer.
However, since a time-dependent network analyst layer was created using GTFS
data, additional steps were required. Using the ArcGIS tool "Add GTFS to a
Network Dataset” (ESRI, 2018b) assisted with connecting the four public transport
GTFS datasets to the network analyst layer.

4.5.1 Transit Stops and Lines

As mentioned before, the transit stops contain the geographical positions of the
transit stops of the particular transport mode. These stops determined the coverage
a person could travel to. Using the ”Add GTFS to a Network Dataset” tool created
a georeferanced point feature class for the transit stops and a line feature class
that connects consecutive transit stops on various routes that a transit used (ESRI,
2018Db).

As illustrated in Figure 4.9, the transit stops were connected using the line feature
class. These connections are necessary for the network analyst layer to make use
of the GTFS time schedules and make the travel time using the network analyst
time dependent. The number of stops and the locations of these stops affected the
potential accessibility and mobility level a user of public transit would experience.
The more dispersed these transit stops are the more accessible locations become.
This leads to an increase in potential accessibility and mobility, and vice versa.

With respect to the four public transport GTFS datasets, the GABS and Taxi
transport modes have high density and evenly dispersed transit stops which indicates
that these transport modes should have a higher overall level of potential accessibility
and mobility. Whereas the MyCiti and Metro Rail transport modes have minimal
transit stops as compared to the GABS and Taxi transit modes. The Metro Rail
transit mode has a more even distribution compared to the MyCiti transit mode,
however has much fewer transit stops. This made it more difficult for users of the
transit to use this transit mode which decreased the levels of potential accessibility
and mobility. The MyCiti transit stops have clustered transit stops around the CBD
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region. This makes these regions have a high potential accessibility and mobility level
but experience extremely low levels of potential accessibility and mobility for the

rest of the regions of the City of Cape Town.

TransitLines

Figure 4.9: Transit Stops and Lines of the Various Transport Modes for the City of
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4.5.2 Transit Stops to Streets Connectors

An additional link needed to be created between the transit stop and the road
network to complete the parameters required for the network analyst layer. Using
the ”Add GTFS to a Network Dataset” tool allowed the link between the transit
stops and the road network to be created. This link was a line feature class. This
connector is created using a perpendicular line between the transit stop and the road
network.

Legend

— Connector Lines
— Road Network

@ Transit Stop

Figure 4.10: Transit Stop and Road Network with a stop to street connector

Not only does this link make the GTFS network analyst layer possible, but it also
serves as a time interval for a user of the public transit system to get on and off a
transit mode. This tries to make the simulation of travel time using the network
analyst layer closer to reality. The time chosen to get on and off the public transit
was set to be 0.25 minutes based on the research of (Farber, Morang and Widener,
2014), which used this value for their Network Analyst Layer to achieve the same
impedance attributes values that this research paper is determining (ESRI, 2018b).
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4.5.3 Network Analyst Layer

The network analyst layer could finally be created after the previous step are com-
pleted. All the data mention above needs to be stored within the same feature
dataset. The network analyst was available by right clicking on the feature dataset
and selecting "New”, then ”Network Dataset” (ESRI, 2018b).

Connectivity

It was crucial that the connectivity between the feature classes are as follows in
figure 7.1 in Appendices to create the network analyst layer. If it does follow the
connectivity displayed above, it produced incorrect travel time values and many
locations will not be traversable.

Parameters

The ”Use Specific Dates” parameter made it possible for the network analyst layer
to use different days of the week as well as different hours of the day to analyse.
The "Walk Speed” parameter determines how fast the user walks when the user is
walking on the network analyst layer. This was recorded in meters per minute. The
current speed has been set to 80 meters per minute (ESRI, 2018b). Only the Walk
Speed parameter formed part of the evaluators.

Evaluators

Figure 7.3 in Appendices shows the selection of the type and value fields for the
different sources to create the Travel Time With Transit evaluators. Using these
values ensured that the sequence of using a transport mode was simulated in the
correct order and true to a real-life scenario using this evaluator (ESRI, 2018b).

4.5.4 Network EIDs

Although the network analyst has been successfully connected, it was not time-
dependent because the GTFS schedule was not linked to the network analyst layer.
Using the 7 Add GTFS to a Network Dataset” tool allowed the network analyst layer
to be linked to the GTFS schedules and make the time of day travel time possible.
Use the ”Get Network EIDs” feature on the "Add GTFS to a Network Dataset”
tool (ESRI, 2018b).
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4.5.5 TAZ Points

TAZ (Transport Analysis Zones) points served as the origin and destination locations
from which the population groups travel to and fro using public transportation
systems.

Legend
¢ TAZ Centroid

Figure 4.11: TAZ Points of the City of Cape Town

Figure 4.11 illustrates the distribution of the TAZ point which was used for the
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location points in the Network Analyst Layer. These points are the centroids of the
TAZ polygon features. This was done because the Network analyst layer did not
utilise polygon features in its calculations. This was overcome by using the Feature
to Point tool in ArcGIS(ESRI, 2018c). This tool took the TAZ polygon feature and
converted it to a point feature so that the TAZ locations could be used in the OD
Cost Matrix.

When importing the origins and destination points into the OD cost matrix, the
origins and destination points have the same point name as the points of TAZ.

The ”Sort Field” sorted the origins and destinations of the OD cost layer according
to the names of the TAZ points. This helped to know the exact order the OD
cost matrix calculated the origin-destination pairs. Knowing the order helped with
querying the data to get exactly what you are trying to find. The "Name” property
ensured that the origins and destinations of the OD cost matrix layer had the same
names as the TAZ points. The Field of "Name” needed to be the same as the
selection for ”Sort Field” as shown in Figure 7.4 in Appendices.

4.6 Impedance Attribute

4.6.1 OD Cost Matrix

The OD cost matrix allowed for the simultaneous origin-destination pair travel time
calculation. This was calculated using all 1616 TAZ regions as their origins and
destinations for every hour of the day. The days Tuesday, Wednesday, and Thursday
were selected to perform analysis. These days are representative of a typical working
day.

Once the OD cost matrix was created the Layer Properties tab of the OD cost matrix
needed to be adjusted for use with a GTFS network analyst layer.

As displayed in Figure 7.5 in Appendices, only the ”Streets Use this One” shapefile
needs to be checked, everything else remains unchecked. If this was not done then
some origins may not be able to link to the network analyst layer and would not be
able to reach any destinations. The ”Search Tolerance” needs to be a high number
if the origin is very far from the network analyst layer. If it is not high enough the
origin will not feature in the calculations of the OD cost matrix.

4.6.2 Transit Network Analysis Tools

Using the OD cost matrix to calculate the desired Impedance attribute could only
be done at one single-hour iteration. Since the analysis needs to be done for an
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entire day it was not practical to run the analysis 24 times to complete the analysis
for the day. The ”Transit Network Analysis Tools” has a function called ” Calculate
Travel Time Statistics” which calculates the travel time at each hour of the day
(ESRI, 2018d). This output produced a line feature shape file that contained the
travel times between origins and destination in the attribute table. This attribute
table information was the data that was required for the transport justice tools and
needed to be exported as a .txt document. This was achieved using the ”Table To
Table” tool in ArcGIS.

4.7 Transport Justice Tools

4.7.1 UDI modal split

As described in Chapter 3, the Space-Time Cube calculated the accessibility (equa-
tion 3.2) and PMI (equation 3.3) of a given region for a 24-hour day for all public
transit services. The TAZ regions that were chosen for analysis were Khayelitsha,
Mitchells Plain, and Bishops Court for a Tuesday.

The UDI modal split will also be used to display a weighted Space-Time Cube.

Table 4.1: UDI Modal Split for Public Transit Contribution

TAZ | Region Metro(%) | MyCiti(%) | GABS(%) | Taxi(%)
3413 | Khayelitsha 10.0 2.6 13.2 30.9
3071 | Mitchells Plain | 7.5 0.5 18.3 26.5
1601 | Bishops Court | 24.9 0.6 4.2 13.1

Table 4.1 shows the UDI Modal Split for Public Transit Contribution for the areas
of analysis using the transport justice tools. The remaining percentage of the UDI
Modal Split was complied by NMT and private transport vehicles.

4.7.2 Location of Selected Case Studies

The locations of Khayelitsha, Mitchells Plain and Bishops Court where chosen to be
case studies using the transport justice tools created. These locations were largely
affected by the Groups Area Act of 1950. The racial group allocations of these
locations during apartheid can still be seen today. The selection of these locations
aims to highlight the various accessibility and potential mobility levels experienced
by the different racial groups, as their residential locations have become correlated
to their race partly due to apartheid.
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Figure 4.12: Selected TAZ Points Location for Analyses

The figure 4.12 shows the graphical locations of the selected TAZ for the analyses.
These locations were regions part of the group areas act of 1950, where TAZ 1601
was declared a White only area, TAZ 3071 was declared a Coloured only area and
TAZ 3413 was declared a Black-African only area.

4.7.3 Income Distribution in Case Study Areas

This section highlights the income distribution of the locations chosen in the case
studies. The income distribution in these locations was categorized in 4 different
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classes. These classes are Low, Low-Middle, Middle-High, and High. The income
distribution of these case studies aimed to indicate income inequalities between the
case studies. Specifically, emphasizing the population groups and size that live
within the different case studies locations. Using the parameters of income, popu-
lation size and population groups will aid in determining if an area qualifies for a
potential accessibility and potential mobility increase or not. A potential accessibil-
ity and potential mobility increase will be in the favour of case studies that have low
income, high population size, and large number of previously disadvantaged popu-
lation groups residing within the case studies locations. This statement mentioned
above will only apply if the case studies location has low potential accessibility and
low mobility levels.

Khayelitsha
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Figure 4.13: Income Distribution for 3413 Khayelitsha

Khayelitsha was one of the areas allocated to be occupied by the Black-African
population only. During apartheid, the black population had the worst pay level
due to the unjust laws of apartheid, which led to this population group still having
a low-income level up to today as illustrated in Figure 4.13.
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Figure 4.14: Income Distribution for 3071 Mitchells Plain

Mitchells Plain was one of the areas allocated to be occupied by the Coloured pop-
ulation only. During apartheid the Coloured population had a pay level less than
the white population but higher than the Black population due to the unjust laws
of apartheid, which lead to this population group to still have a low income and
low-middle level up to today as illustrated in Figure 4.14.
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Bishops Court
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Figure 4.15: Income Distribution for 1601 Bishops Court

Bishops Court was one of the areas allocated to be occupied by the White population
only. During apartheid, the White population had the best pay level due to the
unjust laws of apartheid, which led to this population group still having a high-
income level up to today as illustrated in Figure 4.15.

4.7.4 Demographic Groups in Case Study Areas

Although after the unjust apartheid laws that segregated races were removed, the
population groups that were displaced have built communities and personal relation-
ships within these displaced locations. The population groups who were displaced
to these racially segregated locations still reside there today. Also these previously
disadvantaged population groups, i.e. black and coloured populations, the majority
still had lower income levels as compared to the white population groups. They still
can not afford to move to a previously white-only area due to the high cost of residing
in these locations. This demographic data will be used to aid in the decision-making
process to identify if a TAZ location qualifies for potential accessibility and poten-
tial mobility increase. The demographic groups that were previously disadvantaged
will be favoured more for potential accessibility and potential mobility increase if
their TAZ falls within the parameters of qualifying for potential accessibility and
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potential mobility increase.
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Figure 4.16: Demographic Distribution for TAZ 3413 Khayelitsha

The demographic groups which reside in Khayelitsha are still the majority of the
Black African population. This region is still considered a poor area which makes
taking up residence in Khayelitsha easy to live while still having a low income level
as indicated in Figure 4.13.
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Figure 4.17: Demographic Distribution for TAZ 3071 Mitchells Plain

The demographic groups that reside in Mitchells Plain are still predominantly Coloured.
This region is still considered a poorer region when compared to a previously white-
only area, which makes taking up residence in Mitchells Plain easier while still having

a lower income level.
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Figure 4.18: Demographic Distribution for TAZ 1601 Bishops Court

The demographic groups that resides in Bishops Court are still by a majority the
White population. This region is still considered a richer region since it was previ-
ously a white-only area, which makes taking up residence in Bishops Court difficult
to live there while still having a lower income level. Therefore, the non-white popula-
tion groups that resided here post-apartheid had the financial capability to relocate
to regions that were previously allocated for the white population groups only, due
to the non-white population groups now being able to earn higher incomes.
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Chapter 5

Results

5.1 Space-Time Cube

The goal of the Space-Time Cube was to illustrate the Accessibility and PMI levels
that a TAZ region experiences throughout the day. Accessibility is a scalar value
and PMI is a score value. Both Accessibility and PMI are unitless. The goal was to
identify if a TAZ region has an Accessibility and PMI deficit by monitoring these
measures throughout the day. The Space-Time Cube which was a spatial-temporal
exhibition of potential mobility and accessibility, was tested on the three chosen TAZ
case studies using various public transport systems. The various public transport
systems analysed are GABS, Metro Rail, Taxi, and MyCiti. Once the Space-Time
Cubes for each of these public transport systems are established, a final Space-Time
Cube called Weighted Average, is then created based on weights from the UDI Modal
Split in table 4.1 for each TAZ case study.
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5.1.1 Khayelitsha
GABS

Potential Maobility Index vs Accessibilty TAZ 3413 Wednesday GABS
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Figure 5.1: PMI VS Accessibility TAZ 3413 GABS Wednesday

The Accessibility levels increase rapidly from Oh0O to 5h00, then stabilise at 6h00
increase gradually until 15h00, then decreases rapidly until around 20h00, and grad-
ually decreases until the day ends. The Accessibility levels experienced by the res-
idents of Khayelitsha are good using the GABS public transit as good levels of
Accessibility are reached throughout the day relative to the other transit modes.

The PMI levels increase rapidly from 0h0O to 4h00, then stabilize at 4h00 to 7h00
then decreases and stabilise until 15h00, then decreases rapidly until the day ends.
The PMI levels experienced by the residents of Khayelitsha are good using the GABS
public transit, as very good levels of PMI are reached throughout the day compared
to the other transit modes.
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Metro Rail
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Figure 5.2: PMI VS Accessibility TAZ 3413 Metro Rail Wednesday

The Accessibility levels increase gradually from 0h00 to 5h00, then increases rapidly
at 6h00 increase gradually until 15h00, then decreases rapidly until around 20h00,
and gradually decreases until the day ends. The Accessibility levels experienced by
the residents of Khayelitsha are good using the Metro Rail public transit as good
levels of Accessibility are reached throughout the day relative to the other transit

modes.

The PMI levels increase gradually from 0Oh00 to 4h00, then remain stable at 4h00
to 7hO0 then increase gradually until 15h00, then decreases slowly until around
20h00, and rapidly decreases until the day ends. The PMI levels experienced by the
residents of Khayelitsha are good using the Metro Rail public transit, as very good
levels of PMI are reached throughout the day compared to the other transit modes.
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Taxi
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Figure 5.3: PMI VS Accessibility TAZ 3413 Taxi Wednesday

The Accessibility levels increase gradually from 0h00 to 5h00, then increases rapidly
at 6h00 increase gradually until 15h00, then decreases rapidly until around 20h00,
and gradually decreases until the day ends. The Accessibility levels experienced by
the residents of Khayelitsha are good using the Taxi public transit as good levels of
Accessibility are reached throughout the day.

The PMI levels remain very stable throughout the day, which means that the PMI
level experienced will be achieved at any time of the day using this public transit for
Khayelitsha. The PMI levels experienced by the residents of Khayelitsha are good
using the Taxi public transit as good levels of PMI are reached throughout the day.
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MyCiti

Fotential Mobility Index vs Accessibilty TAZ 3413 Wednesday My Citi
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Figure 5.4: PMI VS Accessibility TAZ 3413 MyCiti Wednesday

The Accessibility levels increase gradually from 0h00 to 5h00, then increases rapidly
at 6h00, then stabilize until 15h00, then decreases rapidly until the day ends. The
Accessibility levels experienced by the residents of Khayelitsha are good using the
MyCiti public transit as good levels of Accessibility are reached throughout the day.

The PMI levels remain very stable throughout the day, which means that the PMI
level experienced will be achieved at any time of the day using this public transit for
Khayelitsha. The PMI levels experienced by the residents of Khayelitsha are good
using MyCiti public transit as good levels of PMI are reached throughout the day.
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Figure 5.5: PMI VS Accessibility TAZ 3413 Weighted Average Wednesday

The Accessibility levels increase gradually from 0h00 to 5h00, then increases rapidly
at 6h00, then stabilize until 15h00, then decreases rapidly until the day ends. The
Accessibility levels experienced by the residents of Khayelitsha are good using the

Weighted Average public transit as good levels of Accessibility are reached through-
out the day.

The PMI levels increase gradually from Oh0O to 5h00, then stabilize at 5h00 to
15h00, then decreases rapidly until the day ends. The PMI levels experienced by
the residents of Khayelitsha are good using the Weighted Average public transit as
good levels of PMI are reached throughout the day.
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5.1.2 Mitchells Plain
GABS
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Figure 5.6: PMI VS Accessibility TAZ 3071 GABS Wednesday

The Accessibility levels increase gradually from 0h00 to 5h00, then increases rapidly
at 6h00 increase gradually until 15h00, then decreases rapidly until around 20h00,
and gradually decreases until the day ends. The Accessibility levels experienced
by the residents of Mitchells Plain are good using the GABS public transit as good
levels of Accessibility are reached throughout the day exceeding levels of Accessibility
levels of over 80000[-].

The PMI levels increase gradually from Oh0O to 4h00, then increases rapidly at
4h00 to 7h00 stabilize until 15h00, then decreases rapidly until around 20h00, and
gradually decreases until the day ends. The PMI levels experienced by the residents
of Mitchells Plain are good using the GABS public transit as good levels of PMI are
reached throughout the day.
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Metro Rail

Potential Maobility Index vs Accessibilty TAZ 3071 Wednesday Metro
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Figure 5.7: PMI VS Accessibility TAZ 3071 Metro Rail Wednesday

The Accessibility levels increase gradually from 0h00 to 5h00, then increases rapidly
at 6h00 increase gradually until 15h00, then decreases rapidly until around 20h00
and gradually decreases until the day ends. The Accessibility levels experienced by
the residents of Mitchells Plain are good using the Metro Rail public transit as good
levels of Accessibility are reached throughout the day.

The PMI levels increase gradually from 0h00 to 4h00, then stabilize at 4h00 to 7h00
then decrease minimally until 15h00, then decreases rapidly until around 20h00, and
gradually decreases until the day ends. The PMI levels experienced by the residents
of Mitchells Plain are good using the Metro Rail public transit as good levels of PMI

are reached throughout the day.
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Taxi
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Figure 5.8: PMI VS Accessibility TAZ 3071 Taxi Wednesday

The Accessibility levels increase gradually from 0h00 to 5h00, then increases rapidly
to 6h00, then stabilize until 15h00, then decreases rapidly until around 20h00, and
gradually decreases until the day ends. The Accessibility levels experienced by the
residents of Mitchells Plain are good using the Taxi public transit as good levels of
Accessibility are reached throughout the day.

The PMI levels are very stable, staying around 4[-] throughout the day. The PMI
levels experienced by the residents of Mitchells Plain are good using the Taxi public
transit as good levels of PMI are reached throughout the day.
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MyCiti
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Figure 5.9: PMI VS Accessibility TAZ 3071 MyCiti Wednesday

The Accessibility levels increase gradually from 0h00 to 5h00, then increases rapidly
to 6h00, then stabilize until 15h00, then decreases rapidly until around 20h00 and
gradually decreases until the day ends. The Accessibility levels experienced by the
residents of Mitchells Plain are good when using the MyCiti public transit as good
levels of Accessibility are reached throughout the day.

The PMI levels are very stable, staying around 3.8]-] throughout the day. The PMI
levels experienced by the residents of Mitchells Plain are good when using the MyCiti
public transit as good levels of Accessibility are reached throughout the day.
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Figure 5.10: PMI VS Accessibility TAZ 3071 Weighted Average Wednesday

The Accessibility levels increase gradually from 0h00 to 5h00, then increases rapidly
at 6h00 increase gradually until 15h00, then decreases rapidly until around 20h00,
and gradually decreases until the day ends. The Accessibility levels experienced by
the residents of Mitchells Plain are good using the Weighted Average public transit
as good levels of Accessibility are reached throughout the day.

The PMI levels increase gradually from 0h00 to 4h00, then increase rapidly at 4h00
to 7h00 then stabilize until 15h00, then decreases rapidly until around 20h00, and
gradually decreases until the day ends. The PMI levels experienced by the resi-
dents of Mitchells Plain are low using the Weighted Average public transit as values
between 2[-] and 3.2[-] levels of PMI are reached throughout the day.
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5.1.3 Bishops Court
GABS
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Figure 5.11: PMI VS Accessibility TAZ 1601 GABS Wednesday

The Accessibility levels increase slowly from 0h00 to 5h00, then increases rapidly
at 5h00 to 15h00, then increase gradually until 15h00, then decreases rapidly until
around 20h00 and gradually decreases until the day ends. The Accessibility levels
experienced by the residents of Bishops Court are good using the GABS public
transit as good levels of Accessibility are reached throughout the day.

The PMI levels increase gradually from 0h00 to 7h00, then stabilize until 15h00, then
decreases rapidly until the day ends. The PMI levels experienced by the residents of
Bishops Court are good using the PMI public transit as good levels of Accessibility

are reached throughout the day.
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Metro Rail
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Figure 5.12: PMI VS Accessibility TAZ 1601 Metro Rail Wednesday

The Accessibility levels increase gradually from 0h00 to 5h00, then increases rapidly
at 6h00 increase gradually until 15h00, then decreases rapidly until around 20h00
and gradually decreases until the day ends. The Accessibility levels experienced by
the residence of Bishops Court are low using the Metro Rail public transit as low
levels of Accessibility are reached throughout the day.

The PMI levels is stable, around 4[-] throughout the day. The PMI levels experienced
by the residence of Bishops Court are good using the Metro Rail public transit as
good levels of PMI are reached throughout the day.
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Figure 5.13: PMI VS Accessibility TAZ 1601 Taxi Wednesday

The Accessibility levels increase gradually from 0h00 to 5h00, then increases rapidly
at 5h00 to 7h00, then stabilize until 15h00, then decreases rapidly until around 20h00
and gradually decreases until the day ends. The Accessibility levels experienced by
the residents of Bishops Court are good using the Taxi public transit as good levels

of Accessibility are reached throughout the day.

The PMI levels are stable, around 4[-] throughout the day. The PMI levels experi-
enced by the residents of Bishops Court are good using the Taxi public transit as
good levels of Accessibility are reached throughout the day.
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MyCiti
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Figure 5.14: PMI VS Accessibility TAZ 1601 MyCiti Wednesday

The Accessibility levels increase gradually from 0h0O to 5h00, then stabilize at 6h00
to 15h00, then decreases rapidly until around 20h00 and gradually decreases until
the day ends. The Accessibility levels experienced by the residents of Bishops Court
are good using the MyCiti public transit as good levels of Accessibility are reached
throughout the day.

The PMI levels are stable, around 4[-] throughout the day. The PMI levels experi-
enced by the residents of Bishops Court are low using the MyCiti public transit as
low levels of Accessibility are reached throughout the day.
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Figure 5.15: PMI VS Accessibility TAZ 1601 Weighted Average Wednesday

The Accessibility levels increase gradually from 0h00 to 5h00, then increases rapidly
at 6h00 increase gradually until 15h00, then decreases rapidly until around 20h00,
and gradually decreases until the day ends. The Accessibility levels experienced by
the residents of Bishops Court are good using the Weighted Average public transit
as good levels of Accessibility are reached throughout the day.

The PMI levels increase gradually from 0h00 to 4h00, then increases rapidly at 4h00
to 7h00 then increase gradually until 15h00, then decreases rapidly until around
20h00, and gradually decreases until the day ends. The PMI levels experienced by
the residents of Bishops Court are poor using the Weighted Average public transit
as poor levels of PMI of between 1.6[-] to 2.3[-] are reached throughout the day.

100



5.1.4 Comparison of Case Studies

This section will highlight the differences in accessibility and potential mobility
between all case studies using various transport modes throughout the day. Finally,
the weighted average differences in accessibility and potential mobility between all
case studies using various transport modes throughout the day will be highlighted

as well.
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Figure 5.16: PMI VS Accessibility Comparison of Case Studies All Transport Modes
Wednesday
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GABS

Khayelitsha appears to have a better PMI than the other case studies. Bishops Court
appears to have the worst PMI compared to the other case studies. Mitchells Plain
appears to have better accessibility levels than the other case studies. Bishops Court
appears to have the worst accessibility levels compared to the other case studies.

Metro Rail

Khayelitsha appears to have a better PMI than the other case studies. Bishops Court
appears to have the worst PMI compared to the other case studies. Mitchells Plain
appears to have better accessibility levels than the other case studies. Bishops Court
appears to have the worst accessibility levels compared to the other case studies.

Taxi

Bishops Court appears to have a better PMI than the other case studies. Khayelitsha
appears to have the worst PMI compared to the other case studies. Mitchells Plain
appears to have better accessibility levels than the other case studies. Bishops Court
appears to have the worst accessibility levels compared to the other case studies.

MyCiti

All case studies appears to have similar PMI levels. Mitchells Plain appears to have
better accessibility levels than the other case studies. Bishops Court appears to have
the worst accessibility levels compared to the other case studies.
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Weighted Average Potential Mobility Index vs Accessibilty of All Case Studies
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Figure 5.17: PMI VS Accessibility TAZ 1601 Weighted Average Wednesday

Weighted Average

Khayelitsha appears to have a better PMI than the other case studies. Bishops Court
appears to have the worst PMI compared to the other case studies. Khayelitsha
appears to have better accessibility levels than the other case studies. Bishops Court
appears to have the worst accessibility levels compared to the other case studies

The results of Figure 5.17 for the different case studies are due to the UDI Modal
Split of these locations. This can be seen in Table 4.1. Although certain locations
can achieve better PMI and accessibility levels than others using the various public
transport modes available to them, their actual PMI and accessibility levels will be
bounded by which public transport mode they prefer to use the most.
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5.2 Temporal Aggregation

The Temporal Aggregation tool was used to display the Accessibility and PMI of
all 1616 TAZ centroids for the City of Cape Town at a desired hour instance. The
average PMI score value and the average Accessibility value experienced by the
Temporal Aggregation will become the origin of the coordinate system to identify
the TAZ that falls below the Accessibility sufficiency threshold. The regions that
have an Accessibility and PMI deficit are the regions that fall below the average
Accessibility line and the average PMI line.

The chosen times for analysis were 06h00 (Morning Peak), 10h00 (Off Peak), and
16h00 (Evening Peak) on a Wednesday. These times were chosen to analyse the
Accessibility and PMI levels experienced by the City of Cape Town when transport
is most in demand and the latter. The UDI modal split weights of the various public
transport modes of the TAZ were used to produce the Temporal Aggregation graph.

Morning Peak (06h00)

Potential Mobility Index vs Accessibilty at Time: & Wednesday

Pwerage Potantial Mobility Tndex Ling Legend
20000 - - TAZ Centrolds above the
* » aVETagE ACK #isibility

25000 and PMI lines

TAZ Centrolds below the
20000

m
.
E
2
E * average Accessibility
5’ and PMI lines
E 15000 Average Accessibilty Line
o
F 10000
a 50% threshold
&
&£ 5000
20% threshold
a

Potential Mobility Index (&enal Spaed in kah)

Figure 5.18: Cumulative TAZ PMI vs Accessibility 6h00 Wednesday

The black points represent the TAZ that falls below the average PMI line and the
average Accessibility line. The red points are the TAZ that falls below the average
PMI line and the average Accessibility line.
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Figure 5.19: Population and TAZ up to 50% Threshold 6h00 Wednesday

Table 5.1: Population and TAZ below 50% Threshold 6h00 Wednesday figures

TAZ 10% 20% 30% 40% 50%
Affected-Zones-No. (No

Threshold) 40 259 444 609 721
Affected-Population

(No Threshold)(%) 0.44 6.48 11.58 18.13 23.12

The share of the affected population gradually decreases from 50 to 20 percent
sufficiency then decreases much faster from 20 to 10 percent threshold. The share of
the affected zones follows a similar pattern as the pattern of the affected population.
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Figure 5.20: Cumulative TAZ PMI vs Accessibility 10h00 Wednesday

The black points represent the TAZ that falls below the average PMI line and the
average Accessibility line. The red points are the TAZ that falls below the average
PMI line and the average Accessibility line.
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Figure 5.21: Population and TAZ up to 50% Threshold 10h00 Wednesday
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Table 5.2: Population and TAZ below 50% Threshold 10h00 Wednesday figures

TAZ 10% 20% 30% 40% 50%
Affected-Zones-No. (No

Threshold) 28 219 395 543 644
Affected-Population

(No Threshold) (%) 0.31 5.53 9.61 16.10 20.23

The share of the affected population gradually decreases from 50 to 20 percent
sufficiency and then decreases much faster from the 20 to 10 percent threshold. The
share of the affected zones follows a similar pattern as the pattern of the affected

population.

Evening Peak (16h00)

Potential Maobility Index vs Accessibilty at Time: 16 Weadnesday
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Figure 5.22: Cumulative TAZ PMI vs Accessibility 16h00 Wednesday

The black points represent the TAZ that falls below the average PMI line and the
average Accessibility line. The red points are the TAZ that fall below the average
PMI line and the average Accessibility line.
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Share of the population with an accessibility level below the respective sufficiency thresholds at Time:16
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Figure 5.23: Population and TAZ up to 50% Threshold 16h00 Wednesday

Table 5.3: Population and TAZ below 50% Threshold 16h00 Wednesday figures

TAZ 10% 20% 30% 40% 50%
Affected-Zones-No. (No

Threshold) 32 238 395 534 648
Affected-Population

(No Threshold) (%) 0.28 5.87 9.60 15.63 20.22

The share of the affected population gradually decreases from 50 to 20 percent
sufficiency then decreases much faster from 20 to 10 percent threshold. The share of
the affected zones follows a similar pattern as the pattern of the affected population.

5.2.1 Spatial Location of Affected Groups

The TAZ’s that fall below the 50 percent threshold can be displayed to identify the
distribution of which regions experience this PMI and Accessibility deficit. These
locations then can be compared to others with other factors such as demographic
and income data to decide if these locations are in a demand of an Accessibility and
PMI increase.

108




Morning Peak (06h00)

Accessibilty
[ No Contribution

Threshold 6h00 Wednesday

Figure 5.24: TAZ Distribution below 50%
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Figure 5.25: TAZ Distribution below 50% Threshold 10h00 Wednesday
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Figure 5.26: TAZ Distribution below 50% Threshold 16h00 Wednesday

5.2.2 Demographic and Income Threshold

The Temporal Aggregation tool was used to refine the TAZ with an Accessibility
and PMI deficit by taking into account factors such as demographic and income
data. This section showed how this was used on previously disadvantaged groups
i.e. Coloured and Black-African demographic groups. A simple constraint of a
minimum of 30 percent of the selected demographic group and a minimum of 500
people that fall in the category of Low income for the TAZ that falls below the
sufficiency threshold.
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Figure 5.27: TAZ Distribution below 50% Threshold Black-African Population 6h00

Wednesday

Table 5.4: TAZ Distribution below 50% Threshold Black-African Population 6h00

Wednesday Figures
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Coloured Population

B Affected TAZ

Figure 5.28: TAZ Distribution below 50% Threshold Coloured Population 6h00
Wednesday

Table 5.5: TAZ Distribution below 50% Threshold Coloured Population 6h00
Wednesday Figures

TAZ 10% 20% 30% 40% 50%
Affected No. 31 40 46 51 52
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Figure 5.29: TAZ Distribution below 50% Threshold Black-African Population
10h00 Wednesday

Table 5.6: TAZ Distribution below 50% Threshold Black-African Population 10h00
Wednesday Figures
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Figure 5.30: TAZ Distribution below 50% Threshold Coloured Population 10h00

Wednesday

Table 5.7: TAZ Distribution below 50% Threshold Coloured Population 10h00

Wednesday Figures
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Evening Peak (16h00)
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Figure 5.31: TAZ Distribution below 50% Threshold Black-African Population
16h00 Wednesday

Table 5.8: TAZ Distribution below 50% Threshold Black-African Population 16h00
Wednesday Figures

TAZ 10% 20% 30% 40% 50%
Affected No. 0 7 12 17 17

116



Coloured Population

B Affected TAZ

Figure 5.32: TAZ Distribution below 50% Threshold Coloured Population 16h00

Wednesday

Table 5.9: TAZ Distribution below 50% Threshold Coloured Population 16h00

Wednesday Figures
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Chapter 6

Analysis

6.1 Introduction

This chapter discusses the results obtained using the method chosen for this project.
The main focus was implementing the two transport justice tools, Space-Time Cube
and Temporal Aggregation, that were created for this project and the results it
produced. In addition, it highlights the possible factors that affected the PMI and
Accessibility results obtained.

6.2 Data Used

With regard to the income data and demographic data, certain TAZ regions had null
data related to these locations. This could actually mean that no people are living
in these TAZ and there were no opportunities in those regions or the data was not
captured for these regions. The null data was replaced with the value of 0 for these
TAZ regions to participate in the potential accessibility and PMI calculations. This
null data directly affected the values of potential accessibility experienced by the
other TAZ that actually had real values captured. Since the null data was recorded
as 0, it meant that travelling from any TAZ to a TAZ region with null data would
result in a potential accessibility value of 0. However, this null data does not affect
the PMI levels as PMI is purely calculated from the impedance attribute values
of shape length and travel time between an origin-destination pair in the network
analyst layer. The operational hours of the opportunities/jobs were incorporated in
the potential accessibility measure as a constraint function. This constraint helped
to display how accessibility levels change throughout the day based on the time of
day. This was done to provide a closer potential accessibility level determined as it
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was experienced in a real-life scenario.

The income data indicated that a low amount of the population fell within the
high-income group for the region of interest. The high-income population groups’
geo-spatial distribution was highly correlated to regions with a higher accessibility
level. The high-income population groups most likely resided in these locations as
they were surrounded by more jobs/opportunities. Most of the population fell within
the low and low-middle-income groups. These geo-spatial regions tend to coincide
with the regions where the black-African and coloured population groups reside.
This was a negative effect that was largely due to the Groups Area Act of 1950 and
mainly geo-spatially disadvantaged the non-white demographic groups.

The UDI modal split geo-spatial distribution largely coincided geo-spatial with the
locations of the respective public transit stops. The locations of the transit stops
of the public transit services indicated that the specific public transit services were
more accessible than others within the TAZ regions. This leads the residents of
these TAZ regions to make more use of these public transit services than the ones
that are less available to them. Therefore, if the public transit services increased the
spread of the geo-spatial distribution of the transit stops and were located in more
TAZ regions, the more likely the residents of the TAZ regions would make use of
these public transport modes. This would ultimately result in higher accessibility
and PMI levels for a TAZ.

6.3 Network Analyst Layer

The network analyst layer was created to produce the impedance attribute of travel
time from an origin TAZ to any other TAZ of interest. This was done to determine
accessibility and PMI levels an origin TAZ experiences at the hours of the day. With
the input of the 1616 TAZ origins and the destinations being the same as the 1616
TAZ origins points. This produces a combination of 2 611 456 lines of data with
each line showing an origin-destination pairs attributes.

These attributes included the travel time using the public transit, the total distance
travelled by the public transit between origin-destination pairs and the FEuclidean
distance between origin-destination pairs. All of these attributes were derived from
georeferenced data, which helps the measurements to be held to scale. The travel
time attribute data would include a person walking to the closest public transit stop,
then waiting until the public transit arrives, making use of a public transit mode,
and finally getting off at the closest transit stop and walking to the destination.

So the closer the transit stops are to the origin-destination pairs, it will result in
the shorter the time that the user needs to spend walking. This will increase the
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PMI and accessibility levels experienced. In addition, the less time a person waits
for a public transit mode to arrive the faster the user can arrive at their destination,
which will also increase their accessibility and PMI values. The network analyst
layer ran for 6-hour instances, which took approximately 7 hours to complete in
ArcGIS. The accessibility and PMI values were calculated using the Space-Time
Cube and Temporal Aggregation transport justice tools. This was done by making
use of the parameters of travel time created by the OD cost matrix, the Euclidean
distance between origin-destination pairs, the number of opportunities/jobs in the
TAZ for the region of interest, the operational times of the opportunities/jobs in
these TAZ and the UDI modal split.

6.4 Space-Time Cube

This process took approximately 18 hours to run to produce the result of accessibil-
ity and PMI for an entire 24-hour day of a particular TAZ origin. Although the days
of Tuesday, Wednesday, and Thursday were processed only Wednesday was chosen
to be further analysed. This was done because the Accessibility and PMI results
were identical to the eighth decimal place at each hour of the day for all the transit
modes of the days analysed. The possible reason why these results identical were was
because the GTFS data were static/scheduled, since these days were weekdays, the
the transit modes tend to operate at the same time every other weekday. This could
explain the identical Accessibility and PMI results obtained for these days. Depend-
ing on how well the particular transit mode performs in the PMI and Accessibility
levels reflected on the weighted average graph in the Space-Time Cube. A transit
mode’s Accessibility levels depended on the distance more job/opportunities are to
the TAZ origin-destination pairs in question. The closer a TAZ origin is to another
TAZ destination with a high opportunity value, the higher the potential accessibility
values will be for the origin-destination pairs. A transit mode PMI values depend
on the travel time which is affected by the distribution of the transit stop. People
had to walk to the closest transit stop get off the closest transit to the destination
and walk until the destination was reached. If transit stops are closer to the origin-
destination pairs then it will decrease walking time which will increase the PMI
value, which will increase the PMI score of the PMI measure. Therefore, the higher
and more even the distribution of the transit stops is, the higher the PMI score will
be. This increased the accessibility levels experience. Accessibility values varied as
travel time changed. The shorter the travel time between origin-destination pairs,
the higher the potential accessibility values will be, and vice versa. However, the
population within a TAZ makes use of a public transit mode due to certain factors
that make it more desirable for them. The UDI modal split displays the various
percentages of a population that makes use of a particular public transport mode
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within a TAZ. This UDI modal split contribution for the TAZ combined showed the
true value of Accessibility and PMI experienced by a TAZ using a public transit
mode. So if a public transit mode had a high Accessibility and PMI level within a
TAZ in addition the more the population of a TAZ makes use of a particular public
transit mode, the higher the overall Accessibility and PMI values of the TAZ was
and vice versa.

6.4.1 Khayelitsha

Khayelitsha has a good weighted average cube of Accessibility levels reaching above
50000[-] and PMI levels between 2.3[-] to 3.5[-]. This is mainly due to the stable
graph of the Taxis performance, GABS high PMI and Accessibility values, and
contribution from the UDI modal split. It has the highest weighted average cube of
the TAZ analysed.

6.4.2 Mitchells Plain

Mitchells Plain has a good weighted average cube of Accessibility levels reaching
above 30000[-] and PMI levels between 2[-] to 3.2[-]. This is mainly due to the
stable graph of the Taxis performance, GABS high PMI and Accessibility values,
and contribution from the UDI modal split. It has the second-highest weighted
average cube of the TAZ analysed.

6.4.3 Bishops Court

Bishops Court has a good weighted average cube of Accessibility levels reaching
above 14000[-] and PMI levels between 1.6[-] to 2.3[-]. This was mainly due to the
stable graph of the Taxis performance, Metro Rail stable PMI, and low Accessibility
values and contribution from the UDI modal split. It has the lowest weighted average
cube of the TAZ analysed.

6.5 Temporal Aggregation

This process takes about 60 days to run one instant, on a normal computer, to
produce the result of accessibility and PMI of an hour of day for all 1616 TAZ
origins. It would be recommended to make use of a supercomputer to reduce the
processing time to produce this result. The same factors that affected the Space-
Time Cube affected the Temporal Aggregation as well. However, the Temporal
Aggregation just showed the weighted average of PMI and Accessibility for all the
1616 TAZ at an hour instance.
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6.5.1 Temporal Aggregation (PMI vs Accessibility Graphs)

The Temporal Aggregation graphs showed the scatter plot of all 1616 TAZ Accessi-
bility and PMI. The scatter plot has a straight line distribution which implied that
the higher the PMI the higher the Accessibility levels was and vice versa.

06h00

The level of Accessibility was low because of the time of the day and opportuni-
ties/jobs were not open at that time. The PMI levels might be higher because of
the operational levels of the public transit modes at this time, which will have a
positive effect on PMI and Accessibility as well.

10h00

The level of Accessibility was higher because of the time of the day and opportu-
nities/jobs were open at that time. The PMI levels might be lower because of the
operational levels of the public transit modes at this time, which will have a positive
effect on PMI and Accessibility as well.

16h00

The level of Accessibility was high because of the time of the day and opportuni-
ties/jobs were open at that time. The PMI levels might be higher because of the
operational levels of the public transit modes at this time, which will have a positive
effect on PMI and Accessibility as well.

6.5.2 Spatial Location of Affected Groups

The middle TAZ region of the City of Cape Town is less affected by an Accessibility
deficit because of the high distribution of opportunities in that region. As well as
the high PMI scores experienced in these regions because it is central and produced
the best PMI values. This is due to the structure of the PMI aerial distance to
other TAZ points in the calculations. The Accessibility levels of the affected TAZ
increases from 06h00 to 10h00 then decreases from 10h00 to 16h00. The PMI levels
of the affected TAZ decrease from 06h00 to 10h00 then increases at 10h00 to 16h00.
These graphs can be seen in Chapter 5.2.1.

6.5.3 Demographic and Income Threshold

The Demographic and Income threshold was very useful in identifying which TAZ is
the most crucial need for an Accessibility and PMI increase from the affected TAZ
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with an Accessibility and PMI deficit.

For both of the previously disadvantaged groups selected for further analyses, the
TAZ identified is mainly in the same locations throughout all the times analysed.
The Coloured population TAZ affected groups are more than double the Black-
African population TAZ affected groups. This indicated that these Coloured pop-
ulation groups could need an Accessibility and PMI increase with a high priority
based on the number of groups that fall below the refined threshold.

6.6 Review of Method

This method’s main goal was to calculate accessibility and PMI values using GTFS
data. This chosen method was capable of performing this task. Although produc-
ing results in ArcGIS and Python has been proven to be computational memory
intensive, however correct results were produced. To calculate the travel time of
1616 origins to 1616 destinations it took approximately over an hour to produce.
Calculating the PMI and Accessibility levels experienced by a TAZ for a day took
approximately 18 hours to produce. Calculating the PMI and Accessibility level ex-
perienced by all TAZ for an hour instance took approximately 60 days to produce.
The processes could have gone faster with better computational processor power and
more knowledge of how Python code works to sort large data sets.
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Chapter 7

Conclusion

7.1 Summary of Results

Developing the two transport justice tools, Temporal Aggregation and Space-Time
Cube, aided in the ability to identify transport injustices in accessibility and poten-
tial mobility of various locations and at different times of the day of these locations
within Cape Town.

A brief summary of the main results is using the two Transport Justice Tools for
this research project. The first tool, Space-Time cube python tool created for this
project, will show that Bishops Court has the lowest PMI and Accessibility levels
throughout the day, followed by Mitchells Plain and Khayelitsha with the highest
PMI and Accessibility levels. This is largely due to the UDI modal split in use,
where a weighted average PMI and Accessibility values were produced based on
which public transit modes are used the most in a particular TAZ.

Using the second Transport Justice Tool, the Temporal Aggregation python tool,
created for this project showed Accessibility levels are low at 6h00, then increases at
10h00, then decreases at 16h00 again. This is due to taking operational hours of the
opportunities into account in the accessibility calculation as well as how frequently
the public transit operates in the peak and off-peak periods of the day. The PMI
levels are high at 6h00, then decreases at 10h00, then increases at 16h00 again. This
is due to how frequently the public transit operates in the peak and off-peak periods
of the day. PMI value is the total distance over the total travel time. PMI measure is
the average value of PMI values of different origin-destination pairs for a particular
region. If a person has to wait for a public transit to arrive, the waiting time is
added to the total travel time which will result in a lower PMI experienced by the
user of public transport. This could indicate that a person could reach destinations
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much faster due to the increase of availability of a particular public transit mode in
the peak hours, however less accessibility due to the day these periods occur.

If transit stops are closer to the origin-destination pairs then it will decrease walking
time which will increase the PMI value, which will increase the PMI score of the
PMI measure.

7.2 Implications of Results

Completing this research project proved that it was possible to calculate the travel
time of public transit using GTFS data. Doing this also enables accessibility and
PMI to be determined for a TAZ. The travel time varied throughout the day in a
manner of how it would be in real life.

Determining the PMI and accessibility values of a particular transit mode through-
out the day is possible. This helped the owners of the transit mode to aid in
identifying regions that need an accessibility and PMI increase and at what time of
the day it is necessary for these increases to occur. This will help the owners of the
public transit to plan more efficiently to save on the cost of providing this transport
service. It will also encourage the public to make use of their public transit mode,
which will increase their overall accessibility and PMI within their TAZ.

Incorporating income and demographic data as constraint parameters allows decision-
makers to make a multivariate decision for the identification of the TAZ groups that
qualify for a potential accessibility and PMI increase. Using these parameters would
aid in the reasoning behind decisions made for transport justice.

7.3 Recommendations for further research

Recommendations mainly speak to methods with little real-life application of the
analyses and results in terms of planning and decision-making. This needs to be
addressed.

The transport justice tools created could allow for refined potential accessibility and
potential mobility based on specific decision-makers requirements. The potential
accessibility and potential mobility measures could be determined for specific types
of opportunities, e.g. health care only or a combination of specified opportunities,
instead of a cumulative opportunity measure for potential accessibility and potential
mobility. The Temporal Aggregation Python tool could incorporate more param-
eters or allow for a specific combination of parameters to be used in deciding if a
TAZ is eligible or not for a potential accessibility and potential mobility increase.
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It will allow the decision-makers to produce different results for the same problem
based on different criteria that should be featured in decision-making while dealing
with potential accessibility and potential mobility issues.

The GTFS data set used was static data/scheduled data. Using real-time GTFS
data sets will produce a travel time closer to the truth which will also produce
an adjusted accessibility and PMI score. The PMI measure could be normalised
to display values between 0 and 1. This will help to make direct PMI measure
comparisons between public transport services and will help better express small

PMI scores.

Having a complete and up-to-date data set of the number of opportunities/jobs for
the TAZ of the City of Cape Town will help to produce a more accurate accessibility
distribution across the TAZ groups. There were some TAZ locations that had zero
opportunities recorded in the opportunities data set. This could have been a result
of people not having recorded information about these TAZ locations or these TAZ
locations actually do not have any opportunities within them. This had a negative
effect on the potential accessibility measure for these TAZ with zero opportunities
and resulted in a potential accessibility value of zero, as this value is determined by
the product of the number of opportunities and the accessibility of the TAZ.

Including a GINI coefficient measure could highly enrich the results as it is an
income inequality measure. Including this inequality measure in this project was
not possible as the correct income data to perform this income measure was not
available for the TAZ grid of the City of Cape.

Certain data sets had to be spatially interpolated to match TAZ grid from their
original spatial grid. Data that has the exact same spatial grid with all the data set
will produce the most accurate result for accessibility and PMI.

Having a strong foundation in Python coding language will greatly assist in sorting
large data sets. Understanding how the code calculates the accessibility and PMI
measures could help in finding a way to increase the processing time of the tools
that were created for this project. Using a computer that has high-speed ram, an
SSD and a CPU processor with very high speeds will help to significantly reduce the
computational time of the process to determine accessibility and PMI scores.
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Appendices

Connectivity Groups:

Source Connectivity Policy 1 2 3

Connectors_Stops2Streets End Peint O O
Streets_UseThisOne Any Vertex O o
TransitLines End Point oo
Stops Honar O
Stops_Snapped2Streets Override O

Group Columns: = Subtypes...

Figure 7.1: Connectivity of the Feature Classes for the Network Analyst Layer
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TravelTime_WithTransit Parameters

Parameters
Marme Type Default Value Add...
Use Specific Dates Boolean False Remove
Walk Speed Double a0
Remove Al
Rename

About using parameters

Cancel

Figure 7.2: Parameters of for the Network Analyst Layer
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Evaluators

Attribute:

TravelTime_WithTransit w
Attribute Values:
Source Values  Default Values
! Source Direction Element Type Value

Connectors_StopsdS..  From-To Edge Constant 0.25
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Streets_UseThisCne From-To Edge Function Length / Walk Speed
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TransitLines From-To Edge Transit Evaluator
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Taxi_MND_Junctions Junction

About network evaluators Cancel

Figure 7.3: Evaluators of for the Network Analyst Layer
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Load Locations >
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Cutoff_TravelTime_Wit...

Figure 7.4: Load Locations of the OD Cost Matrix for the Network Analyst Layer
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Figure 7.5: Layer Properties of the OD Cost Matrix for the Network Analyst Layer

// 3D Cube Plotter.py
# —-*- coding: utf-8 —x*-

Created on Mon Jun 29 12:38:31 2020

Qauthor: Brent Kotzee
non
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import pandas as pd

#import numpy as np

#from pandas import DataFrame

#from PMI import PMI

#from JUSTPMI import JustPMI

#from JUSTPAI import JustPai

#from BOTH import both

#from fucs import GetPMIcum,GetACCcum

#now plot parameter with time, accessibility and potential mobility as
the axis

from mpl_toolkits import mplot3d
import matplotlib.pyplot as plt
plt.style.use(’seaborn-whitegrid’)

Hour = []
TAZ=[]
t=[]

#timelIN =
[0:00:00,1:00:00,2:00:00,3:00:00,4:00:00,5:00:00,6:00:00,7:00:00,8:00:00,
9:00:00,10:00:00,11:00:00,12:00:00,13:00:00,14:00:00,15:00:00,16:00:00,17:00:00,
18:00:00,19:00:00,20:00:00,21:00:00,22:00:00,23:00:00]

timeIN=""
periodIN=""
orGININ=""

#timeIN = input("The hours you want to anal:\n")
#
#periodIN= input("The period you want to analyse in minutes:\n")

Transport = input("Please type in the
Transport (BUS;Metro;MyCiti;Taxi):\n" )

Day = input("Please type in the day(Tuesday;Wednesday;Thursday):\n" )

#(h,m,s) = timeIN.split(’:’)
#Hour . append (int (h))
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orGININ = input("Please type in the TAZ Origin:\n")
df =
pd.read_csv("Cumulative_"+Transport+"_"+Day+"_"+str(orGININ)+’ .txt’,sep=";")

#MPTsub= df.loc[df["Travel _Time"] <= float(periodIN)]
accC = []
a =[]
time=[]
for i in range(len(df)):
o=df[ "PMI" ].values[i]
p=df[ "Accessibilty" ].values[i]
TAZ.append(df [ "TAZ" ].values[i])
time.append(df[ "Time" ].values[i])
a.append (o)
accC.append (p)

print ("pmi\n")

fig = plt.figure()

ax = mplot3d.Axes3D(fig)

ax.set_x1im3d (0, max(a))

ax.set_ylim3d (0, max(accC))
ax.set_z1im3d (0, max(time))
#ax.view_init (30, 360)
ax.set_xlabel(’Potential Mobiltiy Index ’)
ax.set_ylabel (’Accessibility’)
ax.set_zlabel (’Time(h) )

x_points a
y_points = accC
z_points = time

ax.scatter3D(x_points, y_points, z_points, c="black", cmap=’hsv’);
ax.plot3D(x_points, y_points, z_points, c="black");

plt.show()

#chioce = input("Do you want to export this data (1 for Yes/ O for No)?
:\n")

#if chioce ==

# ProbArea.to_csv("PMI vs Accessibility
"+Transport+"_"+Day+"_"+str (Hour)+".txt", header=True, index=False,
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sep=’;’, mode=’a’)
#else:
print("Done")

// Temporal Aggregation.py
# —*x- coding: utf-8 -*-

Created on Mon Jun 29 12:38:21 2020

Qauthor: Brent Kotzee
nnn

# import conda

import pandas as pd

# import cudf as pd

import cupy as np

#import numpy as np

from pandas import DataFrame

#from PMI import PMI

#from JUSTPMI import JustPMI

#from JUSTPAI import JustPai

#from BOTH import both

from fucs import GetPMIcumC,GetACCcum

#now plot parameter with time,availablity and accessibilty as the axis
#import matplotlib.pyplot as plt

Hour = []

t=[]

timeIN = "10:00:00"
Uier=[10]
#periodIN=""
#orGININ=[]

if ("," in timeIN):

timeIN =timeIN.split(",")
#timeIN = input("The hours you want to anal:\n")
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#if ("," in timeIN):

# timeIN =timeIN.split(",")
#else:

# timeIN =[timeIN]

#periodIN= input("The period you want to analyse in minutes:\n")
#periodIN= eval(periodIN)
#timeIN=eval (timeIN[0])

E=[]
Transport = input("Please type in the
Transport (BUS;Metro;MyCiti;Taxi) :\n" )

Day = input("Please type in the day(Tuesday;Wednesday;Thursday):\n" )

ACES=[]

APMI=[]

#for i in range(len(Uier)):

# (h,m,s) = timeIN[i].split(’:’)

#  Hour.append(int(h))

df = pd.read_csv( Transport+"_"+Day+"_"+str(Uier[0])+’ .txt’,sep=";")
FOE=sorted( list( dict.fromkeys( df["Origin"].tolist() ) ) )

for 1 in range(len(FOE))

#  orGININ =[]

# orGININ.append(str(1))
a =[]

accC = []

if 1 ==0:

print( sorted( list( dict.fromkeys( df["Origin"].tolist() ) ) ) )
#TAZ=sorted( list( dict.fromkeys( df ["Origin"].tolist() ) ) )
orGININ = input("Please type in the TAZ Origin:\n")

#Histo (orGININ)

H H H H H HH

accC1=GetACCcum(str(FOE[1]), timeIN, df)
al=GetPMIcumC(str(FOE[1]), timeIN, df)

accC = np.append(accC,accCl)
a = np.append(a,al)
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# accC=accC+accCl1

# a=atal

# ACES.append(sum(accC))

# APMI.append(sum(a))

ACES = np.append(ACES,np.prod(accCl))

APMI = np.append(APMI,np.prod(al))
#E= sorted( list( dict.fromkeys( df["Origin"].tolist() ) ) )
tim=[]
for x in range(len(FOE)):

# tim.append(Uier[0])

tim = np.append(tim,Uier[0])

MPT = pd.DataFrame ( [FOE,APMI,ACES,tim]) .transpose()
MPT.columns = [’TAZ’,’PMI’,’Accessibilty’,’Time’]
#print (MPT)

for i in range(len(Uier)):
MPT.to_csv("HourSlice_"+Transport+"_"+Day+"_"+str(Uier[i])+".txt",
header=True, index=False, sep=’;’, mode=’a’)

#MPTsub= MPT[MPT["Travel_Time"] <= periodIN[0]]
#

#a= MPT[ "PMI" ].values[0]

#accC= MPT[ "Accessibilty" ].values[O0]

#

#

#print ("PAI vs PMI\n")

#fig = plt.figure()

#

#fig.set_x1im(0, max(a))

#fig.set_ylim(0, max(accC))

#

##ax.view_init (30, 360)
#fig.set_xlabel(’Potential Mobiltiy Index ’)
#fig.set_ylabel(’Accessibility’)

#x_points a
#y_points accC
#fig.scatter(x_points, y_points, c="black", cmap=’hsv’);
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#plt.xlabel ("Leprechauns")

#plt.ylabel("Gold")

#plt.plot(x_points, y_points);

#

#plt.show()

#

#

#print (np.array([[round(num, 2) for num in al, [round(num,2) for num in
accCl]).T)

#

print ("DONE")

// Cumulative Plotter.py

# —-*- coding: utf-8 -*-

Created on Mon Jun 29 12:38:21 2020

Qauthor: Brent Kotzee
nmon

import pandas as pd

import numpy as np

#from pandas import DataFrame

#from PMI import PMI

#from JUSTPMI import JustPMI

#from JUSTPAI import JustPai

#from BOTH import both

#from fucs import GetPMIcum,GetACCcum

#now plot parameter with time,availablity and accessibilty as the axis
import matplotlib.pyplot as plt
plt.style.use(’seaborn-whitegrid’)

TAZ_POP = pd.read_csv(’Population.csv’, header =’infer’)

Hour = []
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#timelIN =
[0:00:00,1:00:00,2:00:00,3:00:00,4:00:00,5:00:00,6:00:00,7:00:00,8:00:00,
9:00:00,10:00:00,11:00:00,12:00:00,13:00:00,14:00:00,15:00:00,16:00:00,17:00:00,

18:00:00,19:00:00,20:00:00,21:00:00,22:00:00,23:00:00]

timeIN=""
periodIN=
orGININ=""

timeIN = input("The hours you want to anal:\n")
periodIN= input("The period you want to analyse in minutes:\n")

Transport = input("Please type in the
Transport (BUS;Metro;MyCiti;Taxi) :\n" )

Day = input("Please type in the day(Tuesday;Wednesday;Thursday):\n" )

(h,m,s) = timeIN.split(’:’)
Hour . append (int (h))

orGININ = input("Please type in the TAZ Origin:\n")

df =
pd.read_csv("Cumulative_"+orGININ+"_"+Transport+"_"+Day+"_"+str (Hour[0])+’ .txt’

sep=";“)

#TAZ=sorted( list( dict.fromkeys( df ["TAZ"].tolist() ) ) )

MPTsub= df.loc[df["Travel_Time"] <= float(periodIN)]

#TAZ_POP= TAZ_POP.loc[(df["TZ_2013"].isin(TAZ))]

accC = []

a =[]

for i in range(len(MPTsub)):
0=MPTsub[ "PMI" ].values[i]
p=MPTsub[ "Accessibilty" ].values[i]
a.append (o)
accC.append (p)
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#Threshold percentage
th5=MPTsub.loc[(df ["PMI"]<= (0.5)*(max(a)))
(0.5%0.5%100) * (max (accC))) ]
th4=MPTsub.loc[(df ["PMI"]<= (0.5)*(max(a)))
(0.4%0.5%100) * (max (accC))) ]
th3=MPTsub.loc[(df ["PMI"]<= (0.5)*(max(a)))
(0.3*%0.5*100) * (max (accC))) ]
th2=MPTsub.loc[(df ["PMI"]<= (0.5)*(max(a)))
(0.2%0.5*100) * (max (accC))) ]
th1=MPTsub.loc[(df ["PMI"]<= (0.5)*(max(a)))
(0.1*0.5%100) * (max (accC))) ]
th0=MPTsub.loc[(df ["PMI"]<= (0.5)*(max(a)))
(0.5%100) * (max(accC))) ]

#Taz
p5=1[1
p4=I[1]
p3=[]
p2=I[1]
pi=[]
pO=[1]
for i in range(len(thb)):
p5.append (th5[ "TAZ" ].values[i])
for i in range(len(th4)):
p4.append (th4[ "TAZ" ].values[i])
for i in range(len(th3)):
p3.append (th3[ "TAZ" ].values[i])
for i in range(len(th2)):
p2.append (th2[ "TAZ" ].values[i])
for i in range(len(thi1)):
pl.append(thi[ "TAZ" ].values[i])
for i in range(len(th0)):
pO.append (thO[ "TAZ" ].values[i])

#Pecenatage

pop5=[]

pop4=[]

pop3=[]

pop2=[]

popl=[]

pop0=[]

for i in range(len(p5)):

(df ["Accessibilty"]l<=
(df ["Accessibilty"]<=
(df ["Accessibilty"]<=
(df ["Accessibilty"]<=
(df ["Accessibilty"]<=

(df ["Accessibilty"]<=

pop51=TAZ_POP.loc[TAZ_POP["TZ_2013"] .isin( [str(p5[i])1)]
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pop5 . append (pop51["Population"].values[0])

for i in range(len(p4)):
pop41=TAZ_POP.loc[TAZ_POP["TZ_2013"] .isin( [str(p4[i])1)]
pop4. append (pop41["Population"] .values[0])

for i in range(len(p3)):
pop31=TAZ_POP.loc[TAZ_POP["TZ_2013"].isin( [str(p3[il)]1)]
pop3.append (pop31["Population"].values[0])

for i in range(len(p2)):
pop21=TAZ_POP.loc[TAZ_POP["TZ_2013"].isin( [str(p2[il)1)]
pop2.append (pop21["Population"].values[0])

for i in range(len(pl)):
pop11=TAZ_POP.loc[TAZ_POP["TZ_2013"].isin( [str(p1[il)1)]
popl.append(popll["Population"].values[0])

for i in range(len(p0)):
pop01=TAZ_POP.loc[TAZ_POP["TZ_2013"].isin( [str(p0[il)1)]
popO.append (pop01["Population"].values[0])

#LIST of percentage population

pp5=((np.sum(pop5))*100) /np.sum(pop0)
pp4=((np.sum(pop4))*100) /np.sum(pop0)
pp3=((np.sum(pop3))*100) /np.sum(pop0)
pp2=((np.sum(pop2))*100) /np.sum(pop0)
ppl=((np.sum(popl))*100) /np.sum(popO)

#LIST of percentage population group

gp5=((np.sum((len(pop5))))*100) /np.sum(len(pop0))
gp4=((np.sum((len(pop4))))*100)/np.sum(len(pop0))
gp3=((np.sum((len(pop3))))*100) /np.sum(len(pop0))
gp2=((np.sum((len(pop2))))*100)/np.sum(len(pop0))
gpl=((np.sum((len(pop1))))*100)/np.sum(len(pop0))

pp=[pp1,pp2,pp3,pp4,pp5]
gp=1[gp1,gp2,gp3,gp4,gp5]
pc=[10,20,30,40,50]

plt.xlabel("Potential Mobility Index (aerial speed in km/h)")

plt.ylabel("Accessibilty (jobs within "+periodIN+" minutes travel time)")

plt.title(’Potential Mobility Index vs Accessibilty at time ’+timeIN+" in
TAZ "+orGININ)

plt.plot(a, accC, ’.’, color=’black’);

# draw vertical line
plt.plot([0.5%(max(a)) , 0.5*%(max(a))], [0, max(accC)], k-7,
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label=’green’)

# draw diagonal line from (70, 90) to (90, 200)

plt.plot([0 , max(a)], [0.5%(max(accC)),0.5*(max(accC)) 1, ’k-’,
label=’green’)

plt.plot([0 , max(a)], [0.5%0.5*(max(accC)),0.5%0.5*%(max(accC)) 1, ’k-’,
label=’green’)

plt.plot([0 , max(a)], [0.2%0.5%*(max(accC)),0.2*0.5*%(max(accC)) 1, ’k-’,
label=’green’)

#Lables

#Vertical

plt.annotate(xy=[0.5%0.5*max(a), max(accC)+500], s="Average Potential
Mobility Index Line")

#Horizontial

plt.annotate(xy=[max(a), 0.5*max(accC)], s=" Average Accessibilty Line")

plt.annotate(xy=[max(a), 0.5%0.5*max(accC)], s=" 507 threshold")

plt.annotate(xy=[max(a), 0.2*0.5*max(accC)], s=" 20% threshold")

plt.show()

HHHHHHHHHH RS RS HS RS

#plt.xlabel ("Potential Mobility Index (aerial speed in km/h)")

#plt.ylabel("Accessibilty (jobs within "+periodIN+" minutes travel time)")

#plt.title(’Potential Mobility Index vs Accessibilty at time ’+timeIN+"
in TAZ "+orGININ)

#plt.plot(a, accC, ’.’, color=’black’);

#

## draw vertical line

#plt.plot([0.5*%(max(a)) , 0.5*%(max(a))], [0, max(accC)], ’k-’,
label=’green’)

#

#

## draw diagonal line from (70, 90) to (90, 200)

#plt.plot ([0 , max(a)], [0.5*(max(accC)),0.5%(max(accC)) 1, ’k-’,
label=’green’)

#plt.plot ([0 , max(a)], [0.5%0.5*(max(accC)),0.5*%0.5*(max(accC)) 1, k-7,
label=’green’)

#plt.plot ([0 , max(a)], [0.2%0.5%(max(accC)),0.2*0.5*%(max(accC)) 1, k-7,
label=’green’)

#

##Lables

##Vertical
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#plt.annotate(xy=[0.5%0.5*max(a), max(accC)+500], s="Average Potential
Mobility Index Line")

##Horizontial

#plt.annotate(xy=[max(a), 0.5*max(accC)], s=" Average Accessibilty Line")

#plt.annotate(xy=[max(a), 0.5%0.5*max(accC)], s=" 50% threshold")

#plt.annotate (xy=[max(a), 0.2*0.5%max(accC)], s=" 207, threshold")

#plt.show()

# libraries
import matplotlib.pyplot as plt

import pandas as pd

# Data
dff=pd.DataFrame({’x’: pc, ’y1’: pp, ’y2’: gp })

# multiple line plot
#plt.plot( ’x’, ’y1’, data=df, marker=’o’, markerfacecolor=’blue’,
markersize=12, color=’skyblue’, linewidth=4)

plt.plot( ’x’, ’y2’, data=dff, marker=’’, color=’skyblue’, linewidth=4,
linestyle=’dashed’, label="By zones")

plt.plot( ’x’, ’yl1’, data=dff, marker=’’, color=’olive’,
linewidth=2,label="By persons")

plt.x1im(0, 52)

plt.ylim(0, 105)

plt.xlabel("Sufficiency threshold")

plt.ylabel("Percentage of total")

plt.title(’Share of the population with an accessibility level below the
respective sufficiency thresholds, for accessibility to employment, a
’+periodIN+’ minutes travel time threshold, a cumulative opportunity
measure, at ’+timelIN )

plt.legend()

plt.show()

percent = input("Which threshold percentage value do you want to view
(0-100)7 :\n")

ProbArea=MPTsub.loc[(df ["PMI"]<= (0.5)*(max(a))) & (df["Accessibilty"]<=
((int (percent))/100) * (max (accC))) 1
print (ProbArea)

chioce = input("Do you want to export this data (1 for Yes/ O for No)?
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:\n")
if chioce ==
ProbArea.to_csv("PMI vs Accessibility
"+Transport+"_"+Day+"_"+str (Hour)+".txt", header=True,
index=False, sep=’;’, mode=’a’)
else:
print ("Done")

// Hello. java
import javax.swing.JApplet;
import java.awt.Graphics;

public class Hello extends JApplet {
public void paintComponent (Graphics g) {
g.drawString("Hello, world!", 65, 95);
}

//fucs.py
# —-*x- coding: utf-8 -x*-

Created on Tue Jun 23 15:40:07 2020

Qauthor: Brent Kotzee
# import conda

# import cudf as pd
# import cupy as np
import pandas as pd
import numpy as np

import matplotlib.pyplot as plt
# import numba # We added these two lines for a 500x speedup

# @numba. jit

dataJob = pd.read_csv(’Jobs.csv’, header =’infer’)

dataJobHour = pd.read_csv(’Jobs_Hours.csv’, header =’infer’)

Income = pd.read_csv(’Income.csv’, header =’infer’)

popPerct = pd.read_csv(’TAZ_Population_Percentage.csv’, header =’infer’)

#get the data stored using the orgin-destinationtime key to gettrav time
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and length to calculate the accesibilty value
#the function is given orgin value, time[list],destiniation value,
dictionary created in the main, user inputed name
def GetData(origin, time, destination, df, name):
acc = []

jobNum = dataJob.loc[(dataJob["TZ_2013"] == eval(destination)),
name] .values[0]

for i in range(len(list(dict.fromkeys(time)))):

# data= df.loc[(df["Name"].isin( [str(origin) + " -
"+ str(destination)] )) & (df["Time"].isin([str(time[i] ) ]
) )]
data= df.loc[(df["Origin"].isin( [str(origin)])) &
(df ["Dest"] .isin( [str(destination)] )) &
(df ["Time"] .isin([str(time[i] ) 1 ) )]
jobHour =
dataJobHour.loc[(dataJobHour ["Operating_Time"].isin([str(time[i])]1))]

acc.append ( (jobHour [name] . values[0])*jobNum *
(data["Total_Trav"].values[0]))
return acc

#def GetaccC(origin, time, destination, df, name):#can prolly remove name

# accC = []

# names =
"Office,Retail,Manufacturing,Service,Warehouse,Community,Construction,Transport,Parkir
(School),Scholars (School),Personel (Tertiary),Student
(Tertiary) ,Agricultural"

# names = names.split(",")

#jobHour =
dataJobHour.loc[(dataJobHour ["Operating_Time"].isin([str(time)]))]

**

# for i in range(len(list(dict.fromkeys(time)))):

# a=1[]

# for j in names:

# #data= df.loc[(df["Name"].isin( [str(origin) + " - "+
str(destination)] )) & (df["Time"].isin([str(time[i] ) ] ) )]

# data= df.loc[(df["Origin"].isin( [str(origin)])) &
(df ["Dest"].isin( [str(destination)] )) &
(df ["Time"] .isin([str(time[i] ) 1 ) )]

# datasub = data[ "Total_Trav" ].values[0]

# jobHour =
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dataJobHour.loc[(dataJobHour ["Operating_Time"].isin([str(time[i])]1))]
# jobTotal = dataJob.loc[(dataJob["TZ_2013"].isin(
[eval(destination)]))]

# jobNum = (jobHour[j].values[0]) * ((jobTotallj].sum()))

# jobNum = jobNum + jobNum * datasub

# a.append (jobNum)

# accC.append(sum(a))

#

# return accC

def GetaccC(origin, time, destination, df, name):#can prolly remove name
accC = []
names =

"Office,Retail,Manufacturing,Service,Warehouse,Community,Construction,Transport
(School),Scholars (School), Personel (Tertiary),Student
(Tertiary) ,Agricultural"
names = names.split(",")
#jobHour =
dataJobHour.loc[(dataJobHour ["Operating Time"].isin([str(time)]))]
for i in range(len(list(dict.fromkeys(time)))):

a = []
for j in names:
#data= df.loc[(df ["Name"].isin( [str(origin) + " - "+
str(destination)] )) & (df["Time"].isin([str(time([i] )
1)1

data= df.loc[(df["Origin"].isin( [str(origin)])) &
(df ["Dest"].isin( [str(destination)] )) &
(df["Time"] .isin([str(time[i] ) 1 ) )]

datasub = datal[ "Total_Trav" ].values[0]

jobHour
dataJobHour.loc[(dataJobHour ["Operating_Time"].isin([str(time[i])]1))]

jobTotal = dataJob.loc[(dataJob["TZ_2013"].isin(
[eval(destination)]))]

jobNum = (jobHour[j].values[0]) * ((jobTotall[j].sum()))

jobNum = jobNum + jobNum * (1/datasub)

a.append (jobNum)

accC.append (sum(a))

return accC

#def GetACCcum(origin, time, df):#can prolly remove name
##  for i in range(len(list(dict.fromkeys(time)))):

# accC = []

# TAZ=[]
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names =

"Office,Retail,Manufacturing,Service,Warehouse,Community,Construction,Transport,Parkir

(School),Scholars (School),Personel (Tertiary),Student
(Tertiary) ,Agricultural"
names = names.split(",")
for 1 in time:
s=[1]
for z in names:
jobHours =
dataJobHour.loc[(dataJobHour ["Operating Time"].isin([str(time)]))]
jobTotals = dataJob.loc[(dataJob["TZ_2013"].isin(
[str(origin)]))]
jobNums = (jobHours[z].values[0]) *
((jobTotals[z].sum()))
s .append (jobNums)

o=[]
for k in sorted( list( dict.fromkeys( df["Dest"].tolist()
) D))
a = []
for j in names:
data= df.loc[(df["Origin"].isin(
[str(origin)])) & (df["Dest"].isin( [str(k)] )) &
(df["Time"] .isin([str(time ) ] ) )]
datasub = datal "Total_Trav" ].values[0]
tz= datal[ "Dest" ].values[0]
jobHour =
dataJobHour.loc[(dataJobHour ["Operating_Time"].isin([str(time)]))]
jobTotal =
dataJob.loc[(dataJob["TZ_2013"].isin( [str(k)]1))]
jobNum = (jobHour[j].values[0]) *

((jobTotall[jl.sum()))
jobNum = jobNum + jobNum *(1/datasub)
a.append (jobNum)

o.append(sum(a))
TAZ.append (tz)

o.append (sum(s))

accC.append (sum(o))

return accC,TAZ
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#

def GetACCcum(origin, time, df):#can prolly remove name

accC = []

b=[]

for k in sorted( list( dict.fromkeys( df["Dest"].tolist() ) ) )

o=[]
if (origin==str(k)):

jobHour =
np.array((((dataJobHour.loc[(dataJobHour ["Operating_Time"].isin([str(time)]

(School)","Scholars (School)","Personel

(Tertiary)","Student
(Tertiary)","Agricultural"]]).values[0])

jobTotal = np.array(((((dataJob.loc[(dataJob["TZ_2013"].isin(
[str(int(origin))]1))1)) [["0ffice","Retail","Manufacturing","Service","Wareh

(School)","Scholars (School)","Personel

(Tertiary)","Student
(Tertiary)","Agricultural"]])).values[0])

jobNum = np.dot(jobHour, jobTotal)
# o.append(np.prod(jobNum.astype (np.float64)))
o = np.append(o,np.prod(jobNum.astype(np.float64)))

# print("Sharp"+"_"+str(np.prod(jobNum)))

else:

data= df.loc[(df["Origin"].isin( [str(int(origin))])) &

(df["Dest"] .isin( [str(k)] )) &
(Af["Time"] .isin([str(time)] ) )]

jobHour =
np.array((((dataJobHour.loc[(dataJobHour ["Operating Time"].isin([str(time)]
(School)","Scholars (School)","Personel

(Tertiary)","Student
(Tertiary)","Agricultural"]]).values[0])

jobTotal = np.array(((((dataJob.loc[(dataJob["TZ_2013"].isin(
[str(k)1))1)) [["Office","Retail","Manufacturing","Service", "Warehouse","Com

(School)","Scholars (School)","Personel

(Tertiary)","Student
(Tertiary)","Agricultural"]])) .values[0])

datasub = (1/(datal "Total_Trav" ].values[0]))
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jobNum = np.dot(jobHour, jobTotal)
# jobNum = jobHour.dot(jobTotal)
# ja=(jobNum.astype(np.float64))*datasub
# o.append(np.prod(ja))
# print("Sharp"+"_"+str(k)+"_"+str(np.prod(ja)))
o = np.append(o,np.prod((jobNum.astype (np.float64))*datasub))
print (np.prod(o))

b = np.append(b,np.prod(o))

accC = np.append(accC,np.prod(b))
# accC.append(sum(o))

print(len(accC))
return accC

def GetACCCcum(origin, time, df):#can prolly remove name
# for i in range(len(list(dict.fromkeys(time)))):

TAZ=[]

accC = []

names =
"Office,Retail,Manufacturing,Service,Warehouse,Community,Construction,Trans
(School),Scholars (School) ,Personel (Tertiary),Student
(Tertiary) ,Agricultural"

names = names.split(",")

for 1 in np.sorted( list( dict.fromkeys( df["Origin"].tolist()
) ) )

ACTAZ=[]
tazz= [str(1)]
for k in sorted( list( dict.fromkeys( df["Dest"].tolist()

) ) )
a=1[]
# for z in names:
# jobHours =
dataJobHour.loc[(dataJobHour ["Operating_Time"].isin([str(time)]))]
# jobTotals = dataJob.loc[(dataJob["TZ_2013"].isin(
[str(1)1))]
# jobNums = (jobHours[z].values[0]) *
((jobTotals[z] .sum()))
# a.append (jobNums)
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for j in names:
data= df.loc[(df["Origin"].isin( [str(1)1)) &
(df ["Dest"].isin( [str(k)] )) &
(df["Time"] .isin([str(time ) 1 ) )]
datasub = datal[ "Total_Trav" ].values[0]
# tz= data[ "Dest" ].values[0]
jobHour =
dataJobHour.loc[(dataJobHour ["Operating Time"].isin([str (time
jobTotal = dataJob.loc[(dataJob["TZ_2013"].isin(
[str(k)1))]
jobNum = (jobHour[j].values[0]) *
((jobTotall[j].sum()))
jobNum = jobNum + jobNum * (1/datasub)
a.append (jobNum)
ACTAZ.append(sum(a))

accC.append (sum(ACTAZ))
TAZ.append (tazz)
return accC,TAZ

#def GetPMIcum(origin, time, df):#can prolly remove name
##  for i in range(len(list(dict.fromkeys(time)))):

# a =[]

# t =1l

# for k in sorted( list( dict.fromkeys( df["Dest"].tolist()
) D))

# data= df.loc[(df["Origin"].isin( [str(origin)])) &

(df ["Dest"].isin( [str(k)] )) & (df["Time"].isin([str(time) 1 ) )]
dataTrav = datal "Total_Trav" ].values[0]
dataleng = data[ "Shape_Leng" ].values[0]
t.append(dataTrav)
if dataTrav or dataleng ==
PMIcum=0
else:
PMIcum =
float (np.divide((dataleng/1000), (dataTrav/60)))

H H H H H HH

a.append (PMIcum)

H H H H

return a,t
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def GetPMIcumC(origin, time, df):#can prolly remove name

a=[]
b =[]

for k in sorted( list( dict.fromkeys( df["Dest"].tolist() ) ) )
if (origin==str(k)):

PMIcum=0.0

else:

PMIcum = float(np.divide((((df.loc[(df["Origin"].isin(
[str(origin)])) & (df["Dest"].isin( [str(k)] )) &
(df["Time"] .isin([str(time) ] ) )1) [ "Shape_Leng"
1.values[0])/1000), ( ((df.loc[(df["Origin"].isin(
[str(origin)])) & (df["Dest"].isin( [str(k)] )) &
(df["Time"] .isin([str(time) ] ) )1)[ "Total_Trav"
1.values[0])/60)))

b = np.append(b,PMIcum)

# b.append(PMIcum)

# print(str(PMIcum)+"_"+str(k))
a = np.append(a, (np.divide(np.sum(b),1616.0 )))
# a.append(float(np.divide((sum(b)),(1616) )))
# print(str(PMIcum)+"_"+str(k)+"_"+str(a))
print(a)
print(len(b))
return a

def GetCum(time, destination, df, name, origin):

cum = []
for i in range(len(time)):
# data= df.loc[(df["Name"].isin( [str(origin) + " - "+

str(destination)] )) & (df["Time"].isin([str(time[i] ) 1 ) )]
data= df.loc[(df["Origin"].isin( [str(origin)])) &
(df ["Dest"].isin( [str(destination)] )) &
(df ["Time"] .isin([str(time[i] ) 1 ) )]
datasub = datal[ "Total_Trav" ].sum()

jobHour =
dataJobHour.loc[(dataJobHour ["Operating_Time"].isin([str(time[i])]1))]

sub = dataJob.loc[(dataJob["TZ_2013"] != eval(origin))]
jobNum =(sub[str(name)].sum())*(jobHour [name] .values[0])
jobNum= jobNum + jobNum *(1/datasub)
cum. append (jobNum)

return cum
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def GetAVA(origin, time, destination, df):

AVA =[]
for i in range(len(list(dict.fromkeys(time)))):
# data= df.loc[(df["Name"].isin( [str(origin) + " - "+

str(destination)] )) & (df["Time"].isin([str(time[i]l ) 1 ) )]
data= df.loc[(df["Origin"].isin( [str(origin)])) &
(df ["Dest"] .isin( [str(destination)] )) &
(@f["Time"] .isin([str(time[i] ) 1 ) )]
AVA.append((datal[ "Total_Trav" ].values[0]))
return AVA

def GetPAI(origin, time, destination, df, name):
pai =[]
jobNum = dataJob.loc[(dataJob["TZ_2013"] == eval(destination)),
name] .values[0]
for i in range(len(list(dict.fromkeys(time)))):
# data= df.loc[(df["Name"].isin( [str(origin) + " - "+
str(destination)] )) & (df["Time"].isin([str(time[i] ) 1 ) )]
data= df.loc[(df["Origin"].isin( [str(origin)])) &
(df ["Dest"] .isin( [str(destination)] )) &
(df["Time"] .isin([str(time[i]l ) 1 ) )]
jobHour =
dataJobHour.loc[(dataJobHour ["Operating_Time"].isin([str(time[i])]1))]
pai.append((jobHour [name] .values[0])*jobNum * (1/(datal
"Total_Trav" ].values[0])))
return pai

def GETPMI(time, dist):
return float(np.divide((dist/1000), (time/60)))

def GetJobs():
for col in dataJob.columns:
print(col)
def Histo(origin):
Income = pd.read_csv(’income.csv’, header =’infer’)
popPerct = pd.read_csv(’TAZ_Population_Percentage.csv’, header
=’infer’)
inrow = Income.loc[Income["TZ_2013"].isin([origin])]
poprow = popPerct.loc[popPerct["TZ2013"].isin([origin])]
names = ["Low",’Low-Middle’,"Middle-High","High"]
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inlist =[inrow["1st"].values[0], inrow["2nd"].values[0],
inrow["3rd"] .values[0], inrow["4th"].values[0]]

plt.bar(x=names, height =inlist,color=[’orange’,
’green’,’blue’,’black’])

plt.xlabel("Various Income Groups")

plt.ylabel("Frequency of Population")

plt.title(’Various Income Groups in TAZ ’+origin)

plt.show()

names = ["Black African",’White’,’Coloured’,"Indian or Asian",'"Other"]

inlist =[poprow["Black_African_7%"].values[O0],
poprow["White_%"].values[0],
poprow["Indian_or_Asian_%"].values[0],
poprow ["Other_%"] .values[0] ,poprow["Coloured_%"].values[0]]

plt.bar(x=names, height =inlist,color=[’orange’,
’green’,’blue’,’black’,’red’])

plt.xlabel("Various Demographic Groups")

plt.ylabel("Frequency Percentage(%)")

plt.title(’Various Demographic Groups in TAZ ’+origin)

plt.show()

//BOTH. py
# —-*- coding: utf-8 —*-

Created on Wed Jun 24 15:25:01 2020

Qauthor: Brent Kotzee

import pandas as pd

import numpy as np

import re

from pandas.core.common import flatten

import datetime

import matplotlib.pyplot as plt

from mpl_toolkits import mplot3d

from fucs import GETPMI,GetData, GetJobs, GetCum, GetPAI

def both(df,orGININ,destinationIN,timeIN,i,name):
stop = 1

while stop < 3:
pmi = []
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Accs = []

OriginToAll = []

if stop == 1:
print (df)

#Get input parameters to display
if stop ==
nnn
print("Please type in the TAZ Origin:\n")
print( sorted( list( dict.fromkeys( df["Origin"].tolist() ) )
) )
orGININ = input()

print ("Please type in the TAZ Destination:\n")
print( sorted( list( dict.fromkeys( df ["Dest"].tolist() ) ) ) )
destinationIN = input()

print ("Please type in the TimeOfDay(hh:mm:ss):\n")
print( sorted( list( dict.fromkeys( df["Time"].tolist() ) ) ) )
timeIN = list(re.split(’[,,\s]’, (input("Enter a multiple

value: "))))

else:
OrginQ = input("new orgin Type Y or N ?7")
destinationQ = input("new destination Type Y or N 7" )

if (OrginQ == "Y") or (destinationQ == "Y")
OriginToAll= []
print("Please type in the TAZ Origin:\n")
print( sorted( list( dict.fromkeys(
df ["Origin"].tolist() ) ) ) )
orGININ = input()

print("Please type in the TAZ Destination:\n")
print ( sorted( list( dict.fromkeys(

df ["Dest"].tolist() ) ) ) )
destinationIN = input()

pmi = [J#can prolly remove
Accs = [l#can proly remove
timeIN = []
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print("Please type in the TimeOfDay(hh:mm:ss):\n")
print( sorted( list( dict.fromkeys( df["Time"].tolist() ) ) ) )
print("Do you want the entire day?")
ans = input()
if ans == "Y":
#this can be replaced by the time list
timelIN =
[°0:00:007,°1:00:00°,°2:00:00°,73:00:007,°4:00:00’,°5:00:00°,°6:00:00",
’7:00:00’,°8:00:007,79:00:00”,10:00:00’,711:00:00’,°12:00:00”,°13:00:00’,"
?18:00:007,°19:00:007,°20:00:00”,721:00:00°,°22:00:00°,°23:00:007]
else:
timeIN = timeIN + list(re.split(’[,,\s]’, (input("Enter a
multiple value: "))))
timeIN = list(dict.fromkeys(timeIN))
#extract the legth and time_trav to get and get the PMI value
#calculate the PMI for each time of the day available, via the use of
dictionaries

timeIN = [timeIN[i]]
for j in range(len(timeIN)):

data= df.loc[(df["Name"].isin( [str(orGININ) + " - "+
str(destinationIN)] )) & (df["Time"].isin([str(timeIN[j] )
1)1

pmi.append (GETPMI (data["Shape_Leng"] .values[0],
data["Total_Trav"].values[0]))
#calculates the PMI form the orgin to all other destincation for the
users given input time or times
print("Please type in the TimeOfDay you want for cum anal
(hh:mm:ss) :\n")
print(sorted( list( dict.fromkeys( df["Time"].tolist() ) ) ) )
timel = timelIN
for i in range(len(timel)):
sub = df.loc[df["Origin"].isin([str(orGININ)])
&(df ["Time"].isin([timeI[i11))]
t = sub[’Total_Trav’].sum()
d = sub[’Shape_Leng’].sum()
OriginToAll.append (GETPMI(t, d))

Accs = Accs + GetData(orGININ, timeIN, destinationIN,df,name)
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print (len(pmi))

#the graaphing section

Hour=[]

for i in range(len(timeIN)):
(h,m,s) = timeIN[i].split(’:’)
Hour . append (int (h))

#now plot parameter with time,availablity and accessibilty as the
axis

from mpl_toolkits import mplot3d

#import numpy as np

import matplotlib.pyplot as plt

fig = plt.figure()

ax = mplot3d.Axes3D(fig)

ax.set_x1im3d (0, max(pmi))
ax.set_ylim3d (0, max(Accs))
ax.set_z1im3d (0, max(Hour))
#ax.view_init (30, 360)
ax.set_xlabel(’Potential Mobiltiy Index ’)
ax.set_ylabel(’Availabilty’)
ax.set_zlabel(’Time’)

z_points = Hour

x_points = pmi

y_points = Accs

ax.scatter3D(x_points, y_points, z_points, c="black", cmap=’hsv’);

ax.plot3D(x_points, y_points, z_points, c="black");

plt.show()

pai = GetPAI(orGININ, timeIN, destinationIN, df, name)

fig = plt.figure()

ax = mplot3d.Axes3D(fig)

ax.set_x1im3d (0, max(pai))
ax.set_ylim3d (0, max(Accs))
ax.set_z1im3d (0, max(Hour))
#ax.view_init (30, 360)
ax.set_xlabel(’Potential Mobiltiy Index ’)
ax.set_ylabel (’Availabilty’)
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ax.set_zlabel(’Time’)

z_points = Hour
x_points = pai
y_points = Accs

ax.scatter3D(x_points, y_points, z_points, c="black", cmap=’hsv’);

ax.plot3D(x_points, y_points, z_points, c="black");
plt.show()

print ("DONE")
stop = 3
return Hour,pai,Accs,pmi

// Hello. java
import javax.swing.JApplet;
import java.awt.Graphics;

public class Hello extends JApplet {
public void paintComponent (Graphics g) {
g.drawString("Hello, world!", 65, 95);
+

//Hourspliter.py
# —*x- coding: utf-8 -x*-

Created on Tue Jun 30 00:20:51 2020

Qauthor: Brent Kotzee
nmon

import pandas as pd

#dataJob = pd.read_csv(’Jobs.csv’, header =’infer’)

print("Please type in the Transport(BUS;Metro;MyCiti;Taxi):\n")

Transport = input( )

print("Please type in the day(Tuesday;Wednesday;Thursday) :\n")

Day = input( )

#date =input("Pleaseinput the date for the day(dd/mm/yyyy like so
1/4/1900) \n")
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df = pd.read_csv( Transport+"_"+Day+’.txt’,sep=",")

OandD= df ["Name"].str.split(" - ", n = 1, expand = True)
df ["Origin"]=0andD [0]
df ["Dest"]=0andD[1]

time = df["TimeOfDay"].str.split(" ", n = 1, expand = True)
df ["Time"] =time[1]
time = 1list( dict.fromkeys( df ["Time"].tolist() ))

df = df[["Origin","Dest","Time","Total_Trav","Shape_Leng","Total_Leng"]]

Hour=[]

for i in range(len(time)):
(h,m,s) = time[i].split(’:’)
Hour . append (int (h))

#for i in range(len(Hour)):

# Newdf = df.loc[ df["Time"].isin([str(timel[i] ) 1 ) 1]

## Newdf .drop(columns=[’0ID’, ’0ID_’,’0riGINID’, ’Destinatio’,
’Destinat_1’, ’Time0fDay’])

##  del Newdf["0ID"]

##  del Newdf[ "OID_"]

## del Newdf[’0riGINID’]

#it del Newdf[’Destinatio’]

## del Newdf[’Destinat_1’]

## del Newdf["TimeOfDay"]

#  Newdf.to_csv(Transport+"_"+Day+"_"+str(Hour[i])+".txt", header=True,
index=False, sep=’;’, mode=’a’)

#

for i in range(len(Hour)):
(df .1loc[ df["Time"].isin([str(time[i] ) 1 )
1) .to_csv(Transport+"_"+Day+"_"+str(Hour[i])+".txt", header=True,
index=False, sep=’;’, mode=’a’)

// JUSTPAI.py
# —-*x- coding: utf-8 -x*-

Created on Wed Jun 24 14:37:09 2020
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Qauthor: Brent Kotzee
nmon

import pandas as pd

import numpy as np

import re

from pandas.core.common import flatten

import datetime

import matplotlib.pyplot as plt

from mpl_toolkits import mplot3d

from fucs import GETPMI,GetData, GetJobs, GetCum, GetPAI,GetAVA

def JustPai(df,orGININ,destinationIN,timeIN,i,name):
stop =1

while stop < 3:
pmi = []
Accs = []
OriginToAll = []
AV=T]
if stop ==
print (df)

#Get input parameters to display
if stop ==
print("Please type in the TAZ Origin:\n")
print( sorted( list( dict.fromkeys( df["Origin"].tolist() ) )
) )
orGININ = input()

print("Please type in the TAZ Destination:\n")
print( sorted( list( dict.fromkeys( df["Dest"].tolist() ) ) ) )
destinationIN = input()

print ("Please type in the TimeOfDay(hh:mm:ss):\n")
print( sorted( list( dict.fromkeys( df["Time"].tolist() ) ) ) )
timeIN = list(re.split(’[,,\s]’, (input("Enter a multiple

value: "))))
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else:
OrginQ = input("new orgin Type Y or N ?7")
destinationQ = input("new destination Type Y or N 7" )

if (OrginQ == "Y") or (destinationQ == "Y")
OriginToAll= []
print("Please type in the TAZ Origin:\n")
print( sorted( 1list( dict.fromkeys(
df ["Origin"].tolist() ) ) ) )
orGININ = input()

print("Please type in the TAZ Destination:\n")
print ( sorted( list( dict.fromkeys/(
df ["Dest"].tolist() ) ) ) )
destinationIN = input()
pmi = [J#can prolly remove
Accs = [l#can proly remove
timeIN = []

print("Please type in the TimeOfDay(hh:mm:ss):\n")

print( sorted( list( dict.fromkeys( df["Time"].tolist() ) ) ) )
print("Do you want the entire day?")

ans = input()

if ans == "Y":
#this can be replaced by the time list
timeIN =

[°’0:00:00°,71:00:007,°2:00:00’,°3:00:00°,’4:00:007,°5:00:00°,°6:00:00’,
’7:00:00’,’8:00:007,79:00:007,710:00:00°,°11:00:00°,°12:00:00°,°13:00:00"’,°
,’18:00:00°,°19:00:00°,°20:00:00°,°21:00:00°,°22:00:00’,°23:00:00"]

else:
timeIN = timeIN + list(re.split(’[,,\s]’, (input("Enter a

multiple value: "))))
timeIN = list(dict.fromkeys(timeIN))

Accs = Accs + GetData(orGININ, timeIN[i], destinationIN, df,name)
AV = AV + GetAVA(orGININ, timeIN[i], destinationIN, df)

pai = GetPAI(orGININ, timeIN[i], destinationIN, df, name)

Hour=[]

(h,m,s) = timeIN[i].split(’:’)

Hour.append (int(h))

fig = plt.figure()
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ax = mplot3d.Axes3D(fig)

ax.set_x1im3d(0, max(pai))
ax.set_ylim3d (0, max(Accs))
ax.set_z1im3d (0, max(Hour))
#ax.view_init (30, 360)
ax.set_xlabel(’Potential Mobiltiy Index ’)
ax.set_ylabel(’Availabilty’)
ax.set_zlabel(’Time’)

z_points = Hour

X_points = pai

y_points = Accs

ax.scatter3D(x_points, y_points, z_points, c="black", cmap=’hsv’);
ax.plot3D(x_points, y_points, z_points, c="black");

plt.show()

print ("DONE")

stop = 3
return pai,Accs,Hour,AV

// JUSTPMI.py
# —*x- coding: utf-8 -*-

Created on Wed Jun 24 12:21:55 2020

Qauthor: Brent Kotzee

import pandas as pd

import numpy as np

import re

from pandas.core.common import flatten

import datetime

import matplotlib.pyplot as plt

from mpl_toolkits import mplot3d

from fucs import GETPMI,GetData, GetJobs, GetCum, GetPAI

def JustPMI(df,orGININ,destinationIN,timeIN,i,name):
stop = 1
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while stop < 3:
pmi = []
Accs = []
OriginToAll = []
if stop ==
print (df)
timeIN=[timeIN[i]]
for j in range(len(timeIN)):
# data= df.loc[(df["Name"].isin( [str(orGININ) + " - "+
str(destinationIN)] )) & (df["Time"].isin([str(timeIN[j] ) 1 ) )]
data= df.loc[(df["Origin"].isin( [str(orGININ)]1)) &
(df ["Dest"].isin( [str(destinationIN)] )) &
(@f["Time"] .isin([str(timeIN[j] ) 1 ) )]
pmi.append (GETPMI (data["Shape_Leng"] .values[0],
data["Total_Trav"].values[0]))
Accs = Accs + GetData(orGININ, timeIN, destinationIN, df,name)
Hour=[]
for i in range(len(timeIN)):
(h,m,s) = timeIN[i].split(’:’)
Hour .append (int (h))
stop = 3
return Hour,pmi,Accs

// MainSelective - Cumulative
# —*x- coding: utf-8 -*-

Created on Mon Jun 29 12:38:21 2020

Qauthor: Brent Kotzee

import conda

# import cudf as pd

# import cupy as np

import pandas as pd

import numpy as np

from pandas import DataFrame
#from PMI import PMI

#from JUSTPMI import JustPMI
#from JUSTPAI import JustPai
#from BOTH import both

from fucs import GetPMIcumC,GetACCcum
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#now plot parameter with time,availablity and accessibilty as the axis
#import matplotlib.pyplot as plt

Hour = []
accC = []

a = []
t=[]

timeIN =
"0:00:00,1:00:00,2:00:00,3:00:00,4:00:00,5:00:00,6:00:00,7:00:00,8:00:00,
9:00:00,10:00:00,11:00:00,12:00:00,13:00:00,14:00:00,15:00:00,16:00:00,
17:00:00,18:00:00,19:00:00,20:00:00,21:00:00,22:00:00,23:00:00"
Uier=[0, 1, 2, 3, 4, 5, 6, 7, 8, 9, 10, 11, 12, 13, 14, 15, 16, 17, 18,
19, 20, 21, 22, 23]
#periodIN=""
orGININ=""

if ("," in timeIN):
timeIN =timeIN.split(",")
#timeIN = input("The hours you want to anal:\n")
#if ("," in timeIN):
# timeIN =timeIN.split(",")
#else:
# timeIN =[timeIN]

#periodIN= input("The period you want to analyse in minutes:\n")
#periodIN= eval(periodIN)
#timeIN=eval (timeIN[0])

E=[]
Transport = input("Please type in the
Transport (BUS;Metro;MyCiti;Taxi) :\n" )

Day = input("Please type in the day(Tuesday;Wednesday;Thursday):\n" )
for i in range(len(Uier)):
(h,m,s) = timeIN[i].split(’:’)

Hour .append (int (h))
opt =1
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df = pd.read_csv( Transport+"_"+Day+"_"+str(Uier[i])+’.txt’,sep=";")

if i ==0:

print( sorted( list( dict.fromkeys( df ["Origin"].tolist() )
#TAZ=sorted( list( dict.fromkeys( df ["Origin"].tolist() ) )

orGININ = input("Please type in the TAZ Origin:\n")
#Histo (orGININ)

if opt ==
accC1=GetACCcum(orGININ, timeIN[i], df)
al=GetPMIcumC(orGININ, timeIN[i], df)

accC = np.append(accC,accCl)
a = np.append(a,al)
# accC=accC+accCl

# a=atal

for x in range(len(timeIN)):
E = np.append(E,orGININ)
# E.append(orGININ)

MPT = pd.DataFrame([E,a,accC,Hour]) .transpose()
MPT.columns = [’TAZ’,’PMI’,’Accessibilty’,’Time’]
#print (MPT)

#for i in range(len(Hour)):
MPT.to_csv("Cumulative_"+Transport+"_"+Day+"_"+str(E[0])+".txt",
header=True, index=False, sep=’;’, mode=’a’)

#MPTsub= MPT[MPT["Travel_Time"] <= periodIN[0]]
#

#a= MPT[ "PMI" ].values[O]

#accC= MPT[ "Accessibilty" ].values[0]

#

#

#print ("PAI vs PMI\n")

#fig = plt.figure()
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#fig.set_x1im(0, max(a))
#fig.set_ylim(0, max(accC))

##ax.view_init (30, 360)
#fig.set_xlabel(’Potential Mobiltiy Index ’)
#fig.set_ylabel(’Accessibility’)

#x_points a

#y_points = accC

#fig.scatter(x_points, y_points, c="black", cmap=’hsv’);

#plt.xlabel ("Leprechauns")

#plt.ylabel("Gold")

#plt.plot(x_points, y_points);

#

#plt.show()

#

#

#print (np.array([[round(num, 2) for num in al, [round(num,2) for num in
accCl]).T)

#

print ("DONE")

// MainSelective.py
# —*x- coding: utf-8 -*-

Created on Mon Jun 29 12:38:21 2020

Qauthor: Brent Kotzee

import pandas as pd

import numpy as np

from PMI import PMI

from JUSTPMI import JustPMI

from JUSTPAI import JustPai

from BOTH import both

from fucs import GETPMI,GetData, GetJobs, GetCum,
GetPAI,GetAVA,Histo,GetACCcum
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#will be used with the loops
outter= 1
#going to be the constant data outside of the loop segment
#now plot parameter with time,availablity and accessibilty as the axis
from mpl_toolkits import mplot3d
#import numpy as np
import matplotlib.pyplot as plt
nnn
times = input("The hours you want to anal:\n")
if ("," in times):
times =times.split(",")
print("Please type in the Transport(BUS;Metro;MyCiti;Taxi):\n")
Transport = input( )
print("Please type in the day(Tuesday;Wednesday;Thursday) :\n")
Day = input( )

df = pd.DataFrame()
for i in range(len(times)):
dfinter = pd.ExcelFile(
Transport+"_"+Day+"_"+str(times[i]) [0]+’ .x1lsx’) .parse( ’Sheetl’ )
if i==0:
df = dfinter
else:
df .append(dfinter)
#dataJob = pd.read_csv(’Jobs.csv’, header =’infer’)
#date =input("Pleaseinput the date for the day(dd/mm/yyyy like so
1/4/1900) \n")

OandD= df ["Name"].str.split(" - ", n = 1, expand = True)
df ["Origin"]=0andD [0]
df ["Dest"]=0andD[1]

time = df["Time0fDay"].str.split(" ", n = 1, expand = True)
df ["Time"] =time[1]

Hour = []
OriginToAll = []
asscum = []

Accs = []

AV =[]

pai = []

pmi = []
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AccC=[]

timelIN =
"0:00:00,1:00:00,2:00:00,3:00:00,4:00:00,5:00:00,6:00:00,7:00:00,8:00:00,

9:00:00,10:00:00,11:00:00,12:00:00,13:00:00,14:00:00,15:00:00,16:00:00,

17:00:00,18:00:00,19:00:00,20:00:00,21:00:00,22:00:00,23:00:00"

orGININ=""
destinationIN=""
while outter < 3:
# timeIN = input("The hours you want to anal:\n")
if ("," in timeIN):
timeIN =timeIN.split(",")
else:
timeIN =[timeIN]
print("Please type in the Transport(BUS;Metro;MyCiti;Taxi):\n")
Transport = input( )
print("Please type in the day(Tuesday;Wednesday;Thursday):\n")
Day = input( )
opt = eval(input("You want to do a full anal(1l), PMI(2), PAI(3) or
PMI and PAI(No cum) (4)""\n"))

for i in range(len(timeIN)):

(h,m,s) = timeIN[i].split(’:’)
Hour.append (int(h))

df = pd.read_csv(
Transport+"_"+Day+"_"+str(Hour[i])+’ .txt’,sep=";")
if 1 ==0:
print("Please select the type of Opportunity in the TAZ
Destination:\n")
GetJobs ()
name = input()
print("Please type in the TAZ Origin:\n")
print( sorted( list( dict.fromkeys( df["Origin"].tolist() ) )

) )
orGININ = input()
Histo (orGININ)

print("Please type in the TAZ Destination:\n")

print( sorted( list( dict.fromkeys( df ["Dest"].tolist() ) ) ) )
destinationIN = input()

Histo(destinationIN)
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while sorted( list( dict.fromkeys( df["Dest"].tolist() ) )
) .count (eval(destinationIN)) ==
print ("TAZ Destination was not in the list:\n")
print("Please type in the TAZ Destination:\n")
destinationIN = input()

if opt ==2:
print ("Please select the type of Opportunity in the TAZ
Destination:\n")
GetJobs ()
name = input()
Histo (orGININ)
if opt ==
Hour1,0riginToAlll,asscuml,Accsl, pail,
pmil,AV1,AccC1=PMI(df,orGININ,destinationIN,timeIN,i,name)
elif opt ==2:
Hourl,pmil,Accsl =
JustPMI(df,orGININ,destinationIN,timeIN,i,name)
elif opt==3:
pail,Accsl,Hourl
=JustPai(df,orGININ,destinationIN,timeIN,i,name)
elif opt ==4:
Hourl,pail,Accsl,pmil=
both(df,orGININ,destinationIN,timeIN,i,name)

OriginToAll = OriginToAll+0riginToAlll
asscum = asscum + asscuml

Accs = Accs + Accsl

AccC = AccC + AccC1

AV= AV + AV1

pai = pai + pail

pmi = pmi + pmil

if opt == 1:
print ("PAI vs PMI\n")
fig = plt.figure()
ax = mplot3d.Axes3D(fig)
ax.set_x1im3d(0, max(pmi))
ax.set_ylim3d (0, max(Accs))
ax.set_z1im3d (0, max(Hour))
#ax.view_init (30, 360)
ax.set_xlabel(’Potential Mobiltiy Index ’)
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ax.set_ylabel(’Accessibility’)
ax.set_zlabel (’Time(h)’)

z_points = Hour

x_points = pmi

y_points = Accs

ax.scatter3D(x_points, y_points, z_points, c="black", cmap=’hsv’);
ax.plot3D(x_points, y_points, z_points, c="black");

plt.show()

print(np.array([[round(num, 2) for num in pmil, [round(num) for num
in pail ,timeIN]).T)

print ("PAI vs Availability\n")

fig = plt.figure()

ax = mplot3d.Axes3D(fig)

ax.set_x1im3d (0, max(pai))

ax.set_ylim3d(0, max(AV))

ax.set_z1im3d (0, max(Hour))

#ax.view_init (30, 360)

ax.set_xlabel (’Potential Accessibility Index ’)
ax.set_ylabel(’Availabilty(min)’)

ax.set_zlabel (’Time(h)’)

z_points = Hour
x_points = pai
y_points = AV

ax.scatter3D(x_points, y_points, z_points, c="black", cmap=’hsv’);
ax.plot3D(x_points, y_points, z_points, c="black");

plt.show()

print (np.array([pai,AV,timeIN]).T)
print ("Cumulative PAI vs PMI\n")
fig = plt.figure()

ax = mplot3d.Axes3D(fig)
ax.set_x1im3d (0, max(OriginToAll))
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ax.set_ylim3d (0, max(AccC))
ax.set_z1im3d (0, max(Hour))
#ax.view_init (30, 360)

ax.set_xlabel (’Potential Mobiltiy Index’)
ax.set_ylabel(’Accessibility Cumulitive’)
ax.set_zlabel (’Time(h)’)

z_points = Hour

x_points = OriginToAll

y_points = AccC

ax.scatter3D(x_points, y_points, z_points, c="black", cmap=’hsv’);
ax.plot3D(x_points, y_points, z_points, c="black");

plt.show()
print(np.array([pmi,AccC,timeIN]).T)

print ("DONE")

elif opt ==2:
print ("pmi\n")
fig = plt.figure()
ax = mplot3d.Axes3D(fig)
ax.set_x1im3d (0, max(pmi))
ax.set_ylim3d (0, max(Accs))
ax.set_z1im3d (0, max(Hour))
#ax.view_init (30, 360)
ax.set_xlabel(’Potential Mobiltiy Index ’)
ax.set_ylabel(’Availabilty’)
ax.set_zlabel (’Time(h) )

z_points = Hour
X_points
y_points
ax.scatter3D(x_points, y_points, z_points, c="black", cmap=’hsv’);
ax.plot3D(x_points, y_points, z_points, c="black");

pmi

Accs

plt.show()
elif opt==3:
print ("pai\n")
fig = plt.figure()
ax = mplot3d.Axes3D(fig)
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ax.set_x1im3d(0, max(pai))
ax.set_ylim3d (0, max(Accs))
ax.set_z1im3d (0, max(Hour))
#ax.view_init (30, 360)
ax.set_xlabel(’Potential Mobiltiy Index ’)
ax.set_ylabel (’Availabilty’)
ax.set_zlabel (’Time (h)’)

z_points = Hour

x_points = pai

y_points = Accs

ax.scatter3D(x_points, y_points, z_points, c="black", cmap=’hsv’);
ax.plot3D(x_points, y_points, z_points, c="black");

plt.show()

elif opt ==4:
print ("pmi\n")
fig = plt.figure()
ax = mplot3d.Axes3D(fig)
ax.set_x1im3d (0, max(pmi))
ax.set_ylim3d (0, max(AccC))
ax.set_z1im3d (0, max(Hour))
#ax.view_init (30, 360)
ax.set_xlabel(’Potential Mobiltiy Index ’)
ax.set_ylabel (’Accessibility’)
ax.set_zlabel (’Time(h) ’)

Hour

z_points
x_points = pmi

y_points = Accs

ax.scatter3D(x_points, y_points, z_points, c="black", cmap=’hsv’);
ax.plot3D(x_points, y_points, z_points, c="black");

plt.show()

print ("pai\n")

fig = plt.figure()

ax = mplot3d.Axes3D(fig)
ax.set_x1im3d (0, max(pai))
ax.set_ylim3d (0, max(Accs))
ax.set_z1im3d (0, max(Hour))
#ax.view_init (30, 360)

178



ax.set_xlabel(’Potential Mobiltiy Index ’)
ax.set_ylabel(’Availabilty’)
ax.set_zlabel (’Time(h) ’)

z_points = Hour

x_points = pai

y_points = Accs

ax.scatter3D(x_points, y_points, z_points, c="black", cmap=’hsv’);
ax.plot3D(x_points, y_points, z_points, c="black");

plt.show()
Histo(destinationIN)

outter = eval(input("You want to redo (1) or you want to stop(3),
different ervice(2)""\n"))

// PMI.py
# —*x- coding: utf-8 -*-

Created on Tue Jun 23 17:40:46 2020

Q@author: Brent Kotzee

import pandas as pd

import numpy as np

import re

from pandas.core.common import flatten

import datetime

import matplotlib.pyplot as plt

from mpl_toolkits import mplot3d

from fucs import GETPMI,GetData, GetJobs, GetCum,
GetPAI,GetAVA,GetaccC,GetACCcum,GetPMIcum

#takes the data thats availiable to print and takes the orgin and
destination and time

#thse values can be set to defualt

#name from jobs input

def PMI(df,orGININ,destinationIN,timeIN,i,name):
stop = 1

while stop < 3:
pmi = []
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Accs = []

AccC (]
OriginToAll = []
Av = ]

data= df.loc[(df["Origin"].isin( [str(orGININ)])) &
(df ["Dest"] .isin( [str(destinationIN)] )) &
(df ["Time"] .isin([str(timeIN[i] ) 1 ) )]
print(data)
pmi.append (GETPMI (data["Total_Trav"].values[0],data["Shape_Leng"].values[0]
)
#calculates the PMI form the orgin to all other destincation for the
users given input time or times
print("Please type in the TimeOfDay you want for cum anal
(hh:mm:ss) :\n")
print(sorted( list( dict.fromkeys( df["Time"].tolist() ) ) ) )
timeI = [timeIN[i]]
timeIN=[timeIN[i]]
if ("," in timeI):
timel =timel.split(",")
for i in range(len(timel)):
sub = df.loc[df["Origin"].isin([str(orGININ)])
&(df ["Time"].isin([timeI[i]1))]
data= df.loc[(df["Origin"].isin( [str(orGININ)])) &
(df ["Dest"].isin( [str(destinationIN)] )) &
(@f["Time"] .isin([str(timeI[i] ) 1 ) )]
t = sub[’Total_Trav’].sum()
d = sub[’Shape_Leng’].sum()
OriginToAll.append (GETPMI(t, d))
AV.append((datal[ "Total_Trav" ].values[0]))

Accs = Accs + GetData(orGININ, timeIN, destinationIN,df,name)
AccC = AccC + GetaccC(orGININ, timeIN, destinationIN,df,name)

#the graphing section

Hour=[]

for i in range(len(timeIN)):
(h,m,s) = timeIN[i].split(’:’)
Hour .append (int (h))
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#now plot parameter with time,availablity and accessibilty as the
axis

#from mpl_toolkits import mplot3d

#import numpy as np

# import matplotlib.pyplot as plt

nnn

fig = plt.figure()

ax = mplot3d.Axes3D(fig)

ax.set_x1im3d (0, max(pmi))
ax.set_ylim3d (0, max(Accs))
ax.set_z1im3d (0, max(Hour))
#ax.view_init (30, 360)

ax.set_xlabel (’Potential Mobiltiy Index ’)
ax.set_ylabel(’Availabilty’)

ax.set_zlabel (’Time’)

z_points = Hour

x_points = pmi

y_points = Accs

ax.scatter3D(x_points, y_points, z_points, c="black", cmap=’hsv’);

ax.plot3D(x_points, y_points, z_points, c="black");

plt.show()

pai GetPAI (orGININ, timeIN, destinationIN, df, name)

fig = plt.figure()

ax = mplot3d.Axes3D(fig)

ax.set_x1im3d (0, max(pai))
ax.set_ylim3d (0, max(Accs))
ax.set_z1im3d (0, max(Hour))
#ax.view_init (30, 360)
ax.set_xlabel(’Potential Mobiltiy Index ’)
ax.set_ylabel(’Availabilty’)
ax.set_zlabel(’Time’)

z_points = Hour

x_points = pai

y_points = Accs

ax.scatter3D(x_points, y_points, z_points, c="black", cmap=’hsv’);
ax.plot3D(x_points, y_points, z_points, c="black");
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plt.show()
asscum = GetCum(timeI, destinationIN, df, name, orGININ)
Hour=[]
for i in range(len(timeI)):
(h,m,s) = timeI[i].split(’:’)
Hour . append (int (h))

#import numpy as np

fig = plt.figure()

ax = mplot3d.Axes3D(fig)

ax.set_x1im3d (0, max(OriginToAll))

ax.set_ylim3d (0, max(asscum))

ax.set_z1im3d (0, max(Hour))

#ax.view_init (30, 360)

ax.set_xlabel (’Potential Mobiltiy Index (all directions)’)
ax.set_ylabel(’Availabilty cum’)

ax.set_zlabel(’Time’)

z_points = Hour
x_points OriginToAll
y_points = asscum

ax.scatter3D(x_points, y_points, z_points, c="black", cmap=’hsv’);
ax.plot3D(x_points, y_points, z_points, c="black");

plt.show()

print ("DONE")

print (Hour)
return Hour,OriginToAll,asscum,Accs,pai,pmi,AV,AccC
stop = 3

if stop == 1:
print (df)

#Get input parameters to display
#if stop == 1:
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print ("Please type in the TAZ Origin:\n")

print ( sorted( list( dict.fromkeys( df["Origin"].tolist() ) )
) )

orGININ = input()

print("Please type in the TAZ Destination:\n")
print( sorted( list( dict.fromkeys( df["Dest"].tolist() ) ) ) )
destinationIN = input()

print("Please type in the TimeOfDay(hh:mm:ss):\n")
print( sorted( list( dict.fromkeys( df["Time"].tolist() ) ) ) )
timeIN = list(re.split(’[,,\s]’, (input("Enter a multiple

value: "))))

else:
OrginQ = input("new orgin Type Y or N ?7")
destinationQ = input("new destination Type Y or N 7" )

if (OrginQ == "Y") or (destinationQ == "Y")
OriginToAll= []
print("Please type in the TAZ Origin:\n")
print ( sorted( list( dict.fromkeys/(
df ["Origin"].tolist() ) ) ) )
orGININ = input()

print ("Please type in the TAZ Destination:\n")
print( sorted( list( dict.fromkeys(

df ["Dest"].tolist() ) ) ) )
destinationIN = input()

pmi = [J#can prolly remove
Accs = [J]#can proly remove
timeIN = []

print("Please type in the TimeOfDay(hh:mm:ss):\n")

print( sorted( list( dict.fromkeys( df ["Time"].tolist() ) ) ) )
print("Do you want the entire day?")

ans = input()

if ans == "Y":
#this can be replaced by the time list
timelIN =

[’0:00:007,°1:00:00°,72:00:00’,73:00:007,°4:00:00’,°5:00:00°,°6:00:00",
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’7:00:00’,’8:00:00’,’9:00:00’,710:00:00’,°11:00:00’,°12:00:00’,°13:00:00"’,"’
’17:00:00’,718:00:00’,719:00:00”,°20:00:007,721:00:00”,°22:00:00’,°23:00:00
else:
timeIN = timeIN + list(re.split(’[,,\s]’, (input("Enter a
multiple value: "))))

timeIN = list(dict.fromkeys(timeIN))

#extract the legth and time_trav to get and get the PMI value

#calculate the PMI for each time of the day available, via the use of

dictionaries

//Population Plotter.py

import pandas as pd

#import numpy as np

#from pandas import DataFrame

#from PMI import PMI

#from JUSTPMI import JustPMI

#from JUSTPAI import JustPai

#from BOTH import both

#from fucs import GetPMIcum,GetACCcum

#now plot parameter with time,availablity and accessibilty as the axis

import matplotlib.pyplot as plt
plt.style.use(’seaborn-whitegrid’)

Hour = []
TAZ=[]
t=[]

#timelIN =
[0:00:00,1:00:00,2:00:00,3:00:00,4:00:00,5:00:00,6:00:00,7:00:00,8:00:00,

9:00:00,10:00:00,11:00:00,12:00:00,13:00:00,14:00:00,15:00:00,16:00:00,

17:00:00,18:00:00,19:00:00,20:00:00,21:00:00,22:00:00,23:00:00]

timeIN=""

periodIN=""

orGININ=""

timeIN = input("The hours you want to anal:\n")
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periodIN= input("The period you want to analyse in minutes:\n")

Transport = input("Please type in the
Transport (BUS;Metro;MyCiti;Taxi) :\n" )

Day = input("Please type in the day(Tuesday;Wednesday;Thursday):\n" )

(h,m,s) = timeIN.split(’:’)
Hour . append (int (h))

orGININ = input("Please type in the TAZ Origin:\n")
df =
pd.read_csv("Cumulative_"+orGININ+"_"+Transport+"_"+Day+"_"+str(Hour [0])+’ .txt’,sep=";

MPTsub= df.loc[df["Travel_Time"] <= float(periodIN)]
accC = []
a = []
for i in range(len(MPTsub)):
0=MPTsub[ "PMI" ].values[i]
p=MPTsub[ "Accessibilty" ].values[i]
a.append (o)
accC.append (p)

plt.xlabel("Potential Mobility Index (aerial speed in km/h)")

plt.ylabel("Accessibilty (jobs within "+periodIN+" minutes travel time)")

plt.title(’Potential Mobility Index vs Accessibilty at time ’+timeIN+" in
TAZ "+orGININ)

plt.plot(a, accC, ’.’, color=’black’);

# draw vertical line
plt.plot([0.5*%(max(a)) , 0.5*%(max(a))], [0, max(accC)], k-7,
label=’green’)

# draw diagonal line from (70, 90) to (90, 200)

plt.plot([0 , max(a)], [0.5*(max(accC)),0.5%(max(accC)) 1, ’k-’,
label=’green’)

plt.plot ([0 , max(a)], [0.5%0.5%(max(accC)),0.5%0.5*(max(accC)) 1, k-7,
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label=’green’)
plt.plot([0 , max(a)], [0.2%0.5%(max(accC)),0.2*0.5*%(max(accC)) 1, ’k-’,
label=’green’)

#Lables

#Vertical

plt.annotate(xy=[0.5%0.5%max(a), max(accC)+500], s="Average Potential
Mobility Index Line")

#Horizontial

plt.annotate(xy=[max(a), 0.5*max(accC)], s=" Average Accessibilty Line")

plt.annotate(xy=[max(a), 0.5*0.5*max(accC)], s=" 50% threshold")

plt.annotate(xy=[max(a), 0.2%0.5*max(accC)], s=" 20% threshold")

percent = input("Which threshold percentage value do you want to view
(0-100)7 :\n")

ProbArea=MPTsub.loc[(df ["PMI"]<= (0.5)*(max(a))) & (df["Accessibilty"]<=
((int (percent))/100)* (max(accC))) ]
print (ProbArea)

chioce = input("Do you want to export this data (1 for Yes/ 0 for No)?
:\n")
if chioce ==
ProbArea.to_csv("PMI vs Accessibility
"+Transport+"_"+Day+"_"+str (Hour)+".txt", header=True,
index=False, sep=’;’, mode=’a’)
else:
print ("Done")
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