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Abstract

The transport sector plays an integral role in a country’s development and economy. Optimised
transport networks and infrastructure can lead to increased economic development. Effective
transport networks and public transportation systems are, therefore, essential to growing the
South African economy. With an increasing demand for transportation services required by the
South African population, the need exists to expand the capacity of local public transport
networks. With this need declared, and grants released by the government, a high demand exists
for the estimation, analysis, optimisation and forecast of public transport systems in South Africa.

Public transportation studies are directly related to commuter demand as a result of commuter
choices. Therefore, a key component for understanding the operational functionality of a public
transport system lies in the accurate modelling of commuter choices.

Although the spatial separation of activities forms the essence of travel demand, incorporating
the effects of geospatial properties in travel behaviour modelling has only been formally studied
in recent years. These recent studies noted a trend proposing that geospatial properties can
influence travel behaviour. In the stated research, the need to investigate the effect of geospatial
properties on travel behaviour was highlighted. With travel behaviour being the result of commuter
choices, a multinomial logit choice modelling study was conducted to investigate the effect of
geospatial properties on commuter destination choice for the case of the MyCiTi Integrated Rapid
Transit system in Cape Town, South Africa.
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Glossary of terms

“Access Act” refers to the Control of Access to Public Premises and Vehicles Act, 53 of 1985.
“Airport Service” refers to the rapid bus service between Cape Town International Airport and
the various MyCiTi bus stations in the Cape Town City.

“City” refers to the municipality of the City of Cape Town duly established in terms of the Local
Government: Municipal Structures Act, 117 of 1998.

“Conductor” refers to authorised personnel in charge of access control to any smartcard-
controlled area.

“Controlled Area” refers to an access-controlled area that cannot be entered without smartcard
validation.

“Commuter” refers to any person using the MyCiTi rapid bus service or entering a smartcard-
controlled area, excluding any authorised personnel.

“Feeder vehicles” refers to MyCiTi vehicles that run on secondary routes.

“MyCiTi” refers to the MyCiTi rapid bus service, implemented as part of the City of Cape Town’s
Integrated Rapid Transit system.

“NLTA” refers to the South African National Land Transport Act, 5 of 2009.

“Smartcard” refers to an electronic Europay-Mastercard-Visa compliant smartcard accepted by
the MyCiTi automatic fare collection system.

“Station” refers to an area within a MyCiTi premise designed for the boarding of MyCiTi vehicles
(busses) or departing from such vehicles by commuters, through controlled access.

“Stop” refers to a bus stop used for boarding or departing from a MyCiTi vehicle, identified as a
MyCiTi Stop by means of a MyCiTi bus stop sign or identified as a MyCiTi Stop by authorised
personnel.

“Ticket Controlled Area” refers to an area to which commuters of the MyCiTi system can access

with a valid smartcard.
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Introduction

This chapter introduces the framework around which this study was structured. The
motivation, followed by the aims and research objectives for this study, are presented. The
motivation outlines the problem statement and details the reasoning behind conducting this
study. The aims and objectives will summarise the study goals and discuss the approach
explored to achieve these. The thesis outline is introduced, and the research approach is
discussed.

Motivation

As presented in the literature review of this study, it is widely stated that the quality and
quantity of transport infrastructure influences the development and, therefore, the country's
economic growth. An urbanisation trend is identified in South Africa where the major
metropolitans, the City of Cape Town included, attracts a higher percentage of the
population annually. This population increase directly influences the operational structure
and workings of local infrastructure and transportation services. With road-based
transportation preferred by the South African population for daily commute, continuous
upgrades to public transport systems are required to satisfy the increasing demands.

South Africa's government released specific grants as new initiatives to develop Integrated
Rapid Public Transport Networks (IRPTNs) in the major metropolitan cities of South Africa.
The Department of Transport further aims to implement systems allowing the majority of a
metropolitan's population unrestricted access to an IRPTN. The development of the IRPTNs
aim to significantly reduce work trips from private cars to public transport networks, ensuring
relief by producing uncongested transport in the cities. The City of Cape Town’s Municipal
Spatial Development Framework's philosophy structures the city's future urban form and
function around the MyCiTi IRT stations. The MyCiTi Integrated Rapid Transit (IRT) system
is a critical component of the City of Cape Town’s transportation network and, therefore, a
key focus of published development strategies.

Studies into the estimation, analysis, optimisation and forecasting of passenger demand of
IRPTNs are required to develop, expand and improve these transport systems. These
studies are directly related to commuter demand as a result of IRPTN commuter choices.
A key component for understanding the operational functionality of a public transport
system, therefore, lies in the accurate modelling of its commuter choices. Destination choice
modelling can be applied to provide insight and an understanding of the factors influencing
commuter choice.

The spatial separation of activities is known to form the essence of travel demand and travel
patterns. In studies discussed in this research, a trend is noted where it is proposed that
built environment properties can impact destination choice and, therefore, travel behaviour.
These built environment properties form the foundation of the geospatial properties.
Geospatial properties combine location and attribute information (the built environment
properties) with temporal information, i.e. actual IRT commuter trip data. The investigation
towards the effects of geospatial properties on travel behaviour modelling has only in recent
years been formally studied. The need to further investigate this geospatial effect is
highlighted and encouraged.



1.2

1.3

With travel behaviour the result of commuter choices, a choice modelling study is proposed
to investigate the effect of geospatial properties on destination choice and travel behaviour.
Understanding destination choice and the effect geospatial properties have on this
behaviour can provide insight into the operation of IRT systems and IRPTNs. This
understanding can lead to specific development and improvement strategies to ensure
optimised and efficient IRT systems. Efficient transport systems lead to accessibility,
employment and investment growth, increasing economic and social opportunities.

This study's key motivation is to investigate and analyse geospatial properties' significance
in destination choice modelling. A geospatial investigation of destination choice modelling
for the MyCiTi Integrated Rapid Transit bus system in the City of Cape Town is presented.

Aims and Objectives

A key component to understanding a public transport system's operational functionality lies
in accurately modelling its commuter choices. This study is focused on the analysis of
commuter destination choices of the MyCiTi Integrated Rapid Transit (IRT) system in Cape
Town. This study aims to investigate the significance geospatial properties have on
destination choice. A discrete choice approach is applied to explore and analyse various
geospatial properties' influence on commuter destination choices. Understanding commuter
destination choice behaviour can lead to the development of improved planning and policy
strategies to optimise IRT systems and create attractive, integrated, user-friendly Integrated
Rapid Public Transport Networks (IRPTN)s. Therefore, the main aim of this study is to
identify and investigate geospatial properties that influence commuter destination choice in
the MyCiTi IRT system.

This study's main objectives are to develop discrete choice models that identify and analyse
the effect geospatial variables have on commuter destination choice.

Sub-objectives of this study include:

o Defining the area of study and exploring the geospatial characteristics unique to
this setting.
o Investigating the MyCiTi IRT System, its operational structure and the commuter

choice data captured within the system.

o The identification of primary geospatial properties to effectively support the
geospatial investigation on destination choice.

o MyCiTi commuter and geospatial data capturing and verification. The
combination of multiple data sources allows an accurate, unbiased analysis and
adds credibility to this study and the future application thereof.

o The development of a destination choice model by applying the multinomial logit
theory to analyse destination choice attributes' coefficients.

This study aims to identify the geospatial factors that contribute to the decision a commuter
of the MyCiTi IRT system makes when choosing a destination. Destination choice modelling
forms part of trip distribution within the four-stage transportation model. Understanding the
destination choice can provide insight into commuter travel behaviour and demand. This
insight can help transport engineers, planners, and policymakers optimise IRT systems to
create efficient public transportation systems.

Research Approach

A systematic research approach was undertaken for this study, as presented in Figure 1-1.
It should be noted that a generalised research approach is presented and that a detailed
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description of the approach performed is discussed in the introduction to the various
chapters of this study.

Research Problem

Aims and Objectives

Literature Review

Study Area Context

Revealed Preference
Data Expansion

Data analysis using
Discrete Choice Models

Analysis of Results and
Discussion

Figure 1-1: Schematic presentation of the Research Approach.

The research problem was defined, subsequently forming the framework for the aims and
objectives of this study. A geospatial investigation of destination choice modelling for the
MyCiTi Integrated Rapid Transit bus system in the City of Cape Town was presented to
explore and analyse geospatial properties' significance in destination choice.

The aims and objectives were developed to address the research problem. The aims
defined the study's general goals, and the objectives specified the aspects that required
investigation to address the research problem. This study aims to identify the geospatial
factors that contribute to the decision a commuter of the MyCiTi IRT system makes when
choosing a destination.

The objectives to achieve this study's aim include the development of discrete choice
models to identify and analyse the effect geospatial variables have on commuter destination
choice.

A literature review is included as the foundation of this study to obtain insight into studies
linking to the investigation of geospatial properties in destination choice modelling. An
understanding of the application of destination choice models is required. A thorough
investigation into the MyCiTi IRT system's operational workings as a primary focus of this
study is required.

The exploration into the City of Cape Town as a study area is required to identify critical
geospatial properties that will form the basis of application and analysis. Revealed
preference actual commuter data from the Cape Town MyCiTi IRT system was sourced for
this study. This automatic fare collected data is aimed to be expanded by complementary
geospatial datasets to create a substantial set of data required for an effective choice
modelling study.

Model development aims to create an accurate choice model to investigate the effect of
geospatial properties on destination choice for the MyCiTi IRT system. The choice model is
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estimated using Apollo (Hess & Palma, 2019), a software package developed explicitly by
Hess & Palma for choice model estimation. The results are analysed and discussed, and
recommendations are focused on transportation planning and policy applications.

Thesis Outline

This study is structured to introduce the reader to the application of choice modelling in
transport systems. Exploration of the choice modelling theories gives insight into the
fundamentals applied in this study. The reader is introduced to the City of Cape Town as
the study area where the MyCiTi Integrated Rapid Transit system forms a crucial core of
the City’s transportation network. The dataset is defined, and the model development is
explored. The estimation of the various choice models developed is continuously presented.
This study's limitations are noted, and finally, the conclusion and research
recommendations are reported.
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Literature Review

Forming this study's foundation, this chapter documents the investigation into destination
choice models conducted in literature. The literature review provides valuable insight to
studies linking to the investigation of geospatial properties in destination choice modelling.
This chapter introduces the City of Cape Town as the area of study and the MyCiTi
Integrated Rapid Transit system as a critical component of its transportation network. This
chapter gives insight into the MyCiTi transportation system's operational workings to
provide a framework for the analysis thereof.

Transportation

Throughout history, economic growth has been linked to the mobility of people and freight.
Rodrigue et al. (2017) state that a clear relationship exists between the quality and quantity
of transport infrastructure and the development of a country. Efficient transport systems
lead to accessibility, employment and investment growth, which subsequently increase
economic and social opportunities. Inefficient systems, on the other hand, can lead to
missed economic opportunities and substantial losses to an economy. With its diverse
infrastructure usage, the transport sector plays an integral role in a country’s development
and economy. Optimised transport networks with densified transportation infrastructure
can, therefore, lead to increased economic development (Rodrigue, et al., 2017).

Public Transport

The Tourism and Transport Forum (TTF) (2010) states that public transport promotes
investment due to its social, economic and environmental benefits. The social benefit of
public transportation includes the provision of access to education, employment, health
services and recreational facilities. It operates as a connecting point between the public and
vital services and goods. TTF proclaims that public transport acts as a vehicle for social
cohesion between the diverse demographics in society (Tourism & Transport Forum
Australia, 2010). Public transport provides the connection between wealth and labour; it
maximises opportunities for individuals and businesses alike. In major urban areas, public
transport is the key to economic connectivity. TTF (2010) explains that as an alternate
means of travel to the private vehicle and being less resource-intensive, public transport
plays a vital role in reducing congestion and the carbon emissions footprint, especially in
major metropolitan cities. To harness the full social and economic potential of public
transport, continuous investment into transport infrastructure and services, as well as the
optimisation of existing services are required (Tourism & Transport Forum Australia, 2010).
TTF (2010) states that commuters should be encouraged to select public transport as their
preferred mode of choice, and it should therefore be a priority for authorities to create
attractive, integrated, user-friendly public transport networks.

If transport is deemed a catalyst in economic development, public transport can be signified
as the momentum to this catalyst.

Public Transport in South Africa

A study done by van Ryneveld (2014) on South Africa's public transport system noted that
a gradual trend of urbanisation is seen in South Africa, with major metropolitans attracting
a higher percentage of the population annually. It was further stated that an increase in
population directly influences these metropolitans' operational structure and workings.
Continuous upgrades are therefore required to satisfy the increasing demands of
infrastructure and transportation services. Transport systems, therefore, shape urban
growth by guiding spatial diversification and population settlement (van Ryneveld, 2014).

Metropolitan municipalities currently govern eight of the largest cities in the Republic of
South Africa (Government of South Africa, 2019). These metropolitans include the City of
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Cape Town, Nelson Mandela Metropolitan Municipality (Port Elizabeth), Buffalo City (East
London), City of eThekwini (Durban), Mangaung Municipality (Bloemfontein), Ekurhuleni
Metropolitan Municipality (East Rand), City of Johannesburg and City of Tshwane
(Pretoria).

Statistics from the six main metropolitans in South Africa (excluding Buffalo City and
Mangaung Municipality) as reported by the South African National Household Travel
Survey(s) of 2003 and 2013 (Statistics South Africa, 2013), indicates that road-based
transport usage has shown an increase of 51.4% over these ten years. A curious
observation notes that South Africa's population has only grown by 27.3% during the same
period (van Ryneveld, 2014). The 2013 survey also indicated a preference of local
households: 68.8% use taxi services, 21.1% use commuter bus services and only 9.9% use
commuter rail services daily (Statistics South Africa, 2013). A trend is identified in the South
African population to prefer road-based transportation for daily commute, adding to the
demand of the public transport systems.

An interesting but alarming finding was noted in the South African National Household
Travel Survey of 2013 where commuters stated that they tend to wait longer for public
transport (train, bus and taxi services) in urban and metropolitan households than when
compared to the initial survey done in 2003 (Statistics South Africa, 2013). The National
Land Transport Transition Act (Act No. 22 of 2000) introduced the process of transforming
and restructuring the South African National Transportation System. This process aims to
provide affordable public transport to the nation and subsequently address the continuous
demand for transportation. The implementation of the National Land Transport Act (Act No.
5 of 2009) followed the transformation process initiated by the Transition Act.

The Department of Transport released a Public Transport Strategy and Action Plan in 2007,
intending to create car-competitive public transport options (Department of Transport,
2007). The target of this strategy was to implement a public transport operating system in
twelve main South African cities by 2014. The long-term vision for the year 2020 was to
implement a system to allow 85% of a metropolitan's population access within 1 km to an
Integrated Rapid Public Transport Network (IRPTN). These IRPTNs would constitute trunk
(road and rail) or feeder (road) corridors (Browning, 2017). This strategy would result in
significantly reducing work trips from private cars to public transport networks, ensuring
relief by producing uncongested transport in cities and districts. Browning (2017) notes that
a serious investigation into the analysis of local transportation services is required to meet
the current and future transportation strategies in South Africa. This concern is also raised
by van Ryneveld (2014), stating that a significant need exists to study the operation of public
transportation systems (with regards to travel times, cost of transportation, availability of
public transport, road conditions and commuter safety) in South Africa (van Ryneveld,
2014).

In van Ryneveld’s study (2014), it is furthermore noted that the South African government
spent an estimated R133.57 billion over five financial years between 2012/2013 and
2016/2017 on public transport. This expenditure included capital and operating expenses.
Of this spending, 21.6% was shared between the Public Transport Infrastructure and
Systems Grant (PTISG) and Public Transport Network Operating Grant (PTNOG) (van
Ryneveld, 2014). These grants are stated as new initiatives by the government to develop
Integrated Rapid Public Transport Networks in the major metropolitan cities of South Africa.
The expenditures were mainly applied to new road-based bus rapid transit projects,
including the MyCiTi Integrated Rapid Transit bus service in Cape Town and the Rea Vaya
Integrated Rapid Transit bus service in Johannesburg (van Ryneveld, 2014).

The City of Cape Town released a Municipal Spatial Development Framework (MSDF) in
2017, which incorporates the City’s Integrated Development Plan (IDP) and Spatial
Planning Land Use Management Act (SPLUMA) (City of Cape Town, 2017). This MSDF
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aims to transform the fragmented urbanisation, where citizens are disconnected from
economic opportunities and local economic investment. Transformation is proposed within
this MSDF by a Transit-Oriented Development (TOD) philosophy. This philosophy is
expected to structure the future urban form and function of the City of Cape Town around
the MyCiTi IRT stations (City of Cape Town, 2017).

Transport and the need for public transportation are essential to the South African economy.
With a stated road-based transportation preference and increasing demand for
transportation services required by the South African population, the need exists to expand
the capacity of local public transport networks. Public transport systems increase
investment opportunities due to their economic, environmental and social benefits. With this
need declared and funding being accrued, a high demand exists for the estimation, analysis,
optimisation and forecast of public transport systems in South Africa. These studies are
directly related to commuter demand as a result of commuter choices. Therefore, a key
component for understanding the operational functionality of a public transport system lies
in the accurate modelling of its commuter choices.

The Area of Study

After almost two decades into democracy, many South African cities are still found
segregated due to the residue of apartheid spatial planning (Thompson, 2017). Thompson
(2017) states that the lack of infrastructure and access to adequate transport systems are
among the biggest dividers that continue to contribute to segregation in the City of Cape
Town.

The United Nations estimated a population of 3.78 million inhabitants in 2018 for the City of
Cape Town (United Nations, 2018). This City boasts a heterogeneous population
diversification with low- and high-income neighbourhoods and is the most traffic-congested
city in South Africa (City of Cape Town, 2019). With the release of the City of Cape Town’s
Municipal Spatial Development Framework, the critical need to connect the city’s citizens
to economic opportunities and local economic investment was raised. The City of Cape
Town (2017) stated that the existing MyCiTi Integrated Rapid Transit (IRT) system would
form the basis of the initiated Transit-Oriented Development (TOD) philosophy.
Furthermore, the City of Cape Town’s future urban form and function will be structured
around this transportation system (City of Cape Town, 2017).

The MyCiTi IRT system can be developed to counter the current segregation found in the
City of Cape Town. Studies propose that geospatial properties can impact travel behaviour
(Hammadou, et al.,, 2008) and, therefore, the MyCiTi IRT system's operation. By
investigating the effect geospatial properties have on commuter choices, insight might be
provided on how the MyCiTi IRT system can be developed to meet commuter demand and
accelerate the aimed diversification of the City of Cape Town. Understanding travel
behaviour and the effect geospatial properties have on the operation of the MyCiTi IRT
system can unfold significant stated economic, environmental and social value for the City
of Cape Town.

Automatic Fare Collection

Smartcard payment systems have become increasingly popular since their incorporation in
the late 1990s as a method of collecting transport service fares. Smartcard payment
systems are referred to as automatic fare collection systems. Automatic fare collection
(AFC) systems are a recent popular method of obtaining commuter data (Munizaga &
Palma, 2012). The Oyster card smartcard payment system was implemented in London in
2003 and is currently the most popular fare payment method. Other popular cities and
countries that have implemented smartcard payment possibilities for their transport systems
include Chicago, San Francisco, Portland, New York, The Netherlands, Changchun and
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Quebec (Munizaga & Palma, 2012). AFC data was applied in the destination choice
modelling study done by Cai et al. (Cai, et al., 2015).

Additional to the benefit of capturing commuter travel data, AFC systems result in efficient
fare collection. No time is wasted to calculate the trip charge, for commuters to find cash or
to receive change when using the system (City of Cape Town, 2020). The City of Cape
Town resonates with the international smartcard payment system and only allows this
smartcard payment option in the MyCiTi Integrated Rapid Transit bus system (MyCiTi,
2018).

The MyCiTi IRT System

The City of Cape Town has a stated increasing transportation demand to satisfy, with limited
space to do so (Statistics South Africa, 2013). This traffic-congested city reported a
preference for road-based transportation (including private vehicles and public transport)
with an average of 1.9 passengers per vehicle in 2013 (Statistics South Africa, 2013). 95%
of public transport users are in the low to low-middle income brackets (City of Cape Town,
2019). The National Household Travel Survey (2013) reports that a distinct general trip
pattern is found with a large portion of the population heading from the suburbs to the city
centre in the mornings and returning in the opposite direction in the evenings (Statistics
South Africa, 2013). It is expected that this phenomenon is due to the residual segregation
of Capetonians.

Significant congestion is found in the City of Cape Town with vehicles contributing to the
rising carbon emissions levels polluting the local air. MyCiTi (2018) states that the MyCiTi
Integrated Rapid Transit (IRT) bus system is prioritising public transport and lowering the
carbon footprint. The MyCiTi busses were introduced to the City of Cape Town in 2011,
complying with the Euro 4 emissions standard (MyCiTi, 2018). Even smaller busses were
introduced to the system in December 2012, complying with the stricter Euro 5 emissions
standard. Special additives are added to the diesel fuel used in the MyCiTi busses to reduce
emissions further and lower the system's environmental impact (MyCiTi, 2018).

In 2018, the MyCiTi IRT system had 760 bus stops and 42 stations located dispersedly in
the City of Cape Town (MyCiTi, 2018). This IRT system serves as the connection between
rail, air and road networks and is therefore classified as a multimodal system. 32 km of road
has been dedicated to the MyCiTi IRT system (City of Cape Town, 2019). Apart from
reducing congestion in the City and lowering carbon emissions, advantages of using the
MyCiTi service include reliability (90% of busses arrive on time), affordability when
compared to other public transport services and commuter-friendly service (ease of use).
The MyCiTi IRT system is stated as dynamic, and changes are regularly incorporated to
increase efficiency and meet passenger demand (MyCiTi, 2018).

The Your MyCiTi Guide published by MyCiTi (2018) describes the operational workings of
the MyCiTi IRT system. Each commuter who wants to use the MyCiTi rapid bus networks
needs to possess a valid smartcard (the myconnect card) to be used as payment method.
This smartcard is the only payment method used by the MyCiTi IRT service. A myconnect
smartcard can be bought at any MyCiTi station kiosk or participating retailers for R35 and
needs to be pre-loaded with Rands value to travel. Children less than 1 metre tall or under
four years of age do not require a card and can travel free when accompanied by an adult.
The myconnect card is issued with a required pin whenever Rands value is loaded onto the
smartcard. By accepting this smartcard, the user accepts all respective MyCiTi rules.
Commuters using the MyCiTi IRT system once-off can buy single-trip cards from selective
station kiosks or vending machines for R30, or R100 including the Airport route. Single-trip
smartcards are non-refundable and are valid for one journey only, anywhere on the system,
including any transfers (The Transport and Urban Development Authority, 2018).
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Money can be loaded onto the myconnect smartcard for Standard fares or Mover fares.
Mover fares differ from standard as a commuter can save up to 30%, as shown in Figure
2-1. Discounted fares apply to journeys outside the weekday peak periods from 06:45-08:00
and 16:15-17:30. Commuters can engage in additional savings when loading travel
packages onto their smartcard, as presented in Figure 2-2.

Distance Stgl;:ard sgg!‘::; : Mover Peak ol;’fl?;:;k
0-5 kms R11.50 R7.80 R8.20 R5.50
5-10 kms R13.30 R9.80 RY.40 R6.90
10 - 20 kms R17.80 R12.50 R12.60 R8.80
20 - 30 kms R19.80 R14.80 R13.90 R10.40
30 - 40 kms R21.00 R16.50 R14.80 R11.60
40 - 50 kms R24.60 R19.40 R17.40 R13.70
50 - 60 kms R27.70 R22.00 R19.50 R15.50
60 kms plus R30.20 R24.10 R21.30 R17.00
p‘:‘;ﬂ?,_[rtn R61.40 RB1.40 R50.00 R44.20

*The Airport premium is charged in addition to the distance-based fare when you tap in or out at the
Airport station.

Figure 2-1: MyCiTi IRT service Standard and Mover fares during peak and off-peak periods

for November 2015 (City of Cape Town, 2020).

REGULAR USE OCCASIONAL USE
Standard Mover Monthly Pass Off-Peak Travel Day Pass
deal Fares and Cost-effective, Cost-effective, | Exploring the city Explor!ng at any
making small regular travel over | on weekends and time,
for regular travel . . .
purchases long distances public holidays on any day
Mover packages OPT1 (R41) One-day (R97)
(R35, R50 R60, ne-day
Load (lo’:gﬁ:e"?a““tl )| Reo, Rioo, Riso, M°r(‘$}5’0iass OPT3 (R118) | Three-day (R243)
FE | AR R0 OPT7 (R221) | Seven-day (R533)
. 1 month from 1,3o0r7 1,3o0r7
Valid . .
f 3 years 3 years a date of your consecutive consecutive
or :
choice calendar days calendar days
. Unlimited travel .
Sraqvlard fares Mover fares Unlimited travel (except Airport) Unllmlted.travel
Fares apply anywhere, at any diiri - (except Airport)
apply o . uring the o L
(save up to 30%) time * at any time
peak
Station kiosks, Station kiosks,
.GEt retailers, Ab.sa retailers, Apsa Station kiosks Station kiosks Station kiosks
it at cash-accepting cash-accepting
ATMs ATMs

Figure 2-2: MyCiTi service travel packages (The Transport and Urban Development
Authority, 2017).

The MyCiTi smartcard is explained as a debit card system that transforms Rands value into
MyCiTi IRT bus travel; different products can be loaded simultaneously and used as
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required. The MyCiTi bus route map is presented in Appendix A with every route numbered.
A commuter may need to travel two or more routes to reach a destination. Every MyCiTi
IRT system stop and station is named. Commuters can change between routes at the IRT
stops and stations. A Trip Planner is available to commuters to calculate the optimal
required route and bus times (MyCiTi, 2018).

When entering a MyCiTi bus station, the commuter must hold their myconnect smartcard
against a validator. This procedure is referred to as a tap-in. When the commuter accesses
the MyCiTi system from a bus stop, the same tap-in procedure must be followed upon
entering the bus. When a commuter exits the MyCiTi system, a tap-out is required by
following the same procedure. However, when a commuter exists the MyCiTi system at a
bus station, they do not tap-out when exiting the bus but do so when departing from the
station. It is in the commuter's interest to tap-in and tap-out as obligated to avoid penalties
being charged to their smartcard (MyCiTi, 2018).

Commuters changing from one route to another will only pay one transport fare. When a
commuter fap-out at and fap-in again within 45 minutes, their journey will be continued
without additional fare charges. The commuter will proceed from one bus to another without
any tap procedure to change busses within a station. After a tap procedure, a green light
shining around the validator screen with one beep confirms that the transaction was
successful. A yellow light shining around the validator screen with two beeps states that the
transaction was successful but warns the commuter that their smartcard has less than R20
funds left and that they should recharge their myconnect cards. A red light shining around
the validator screen with five beeps indicates that the transaction was unsuccessful. This
informs the commuter that there were not sufficient funds available on the smartcard or that
there might be an additional error. When the commuter tap-in, the system registers that the
commuter has entered the MyCiTi system. The origin 15t boarding stop is recorded. Only on
tap-out does the system calculates the respective fare and deducts it from the Rands value
found on the smartcard in either money value or mover points. The destination alighting
stop is subsequently recorded. The system is programmed to register and apply special
packages automatically. Penalties will be charged when insufficient money value is
available on the smartcard upon trip completion, when a commuter fails to tap in or out or
when a commuter tap the wrong validator. First two penalties are charged at R15 each,
after that R30. A penalty on the Airport route costs R117. Information terminals are located
at specific stations where myconnect balances can be checked, and statements can be
enquired. There are assistants on duty for commuter support at the Transport Information
Centre (TIC) (The Transport and Urban Development Authority, 2017).

This thorough introduction into the MyCiTi IRT system's operational workings gives insight
into the system characteristics and automatic fare collection (AFC) process. This AFC
process captured the MyCiTi commuter specific data discussed in the succeeding chapters
and will serve as input to the destination choice models explored.

Choice Modelling

To understand why an individual behaves in a certain way, Louviere et al. (2003) assert that
an understanding is required of the reasoning behind the individual's behaviour. Individual
behaviour holds the key to understanding the need that exists and can guide in addressing
an underlying demand (Louviere, et al., 2003). Addressing a demand can be economically
beneficial, as expressed in Section 2.3. Understanding and predicting individual behaviour
can therefore unfold significant economic value. Louviere et al. (2003) describe individual
behaviour as a result of the individual's choices. Choice making is a universal activity that
can be simplified in the statement of supporting one outcome and rejecting others (Louviere,
et al., 2003)
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Nobel Laureate Daniel McFadden (2000) discussed that choice survey data and the
availability thereof has been increasingly available from the 1960s with the evolution of the
digital age. With the technology available to analyse surveyed data, a need was identified
to interpret and explain the reasoning behind this accessible data (McFadden, 2000). The
necessity to interpret and explain individual choices led to the development of discrete
choice models. In 1912, American economist and educator Frank Taussig declared an
object as valueless, unless this object consisted of a utility giving weight to the statement
that this object will maximise the consumer's self-interest (McFadden, 2000).

McFadden (2000) further explored this self-interest theory in various choice behavioural
studies, where he stated that similarities exist between the demand for travel and
applications such as location choices, demand for goods and education. These studies led
to the adoption of the Random Utility Maximization (RUM), Independence of Irrelevant
Alternatives (llA) and the Multinomial Logit (MNL) models and the application thereof in
choice behaviour studies (McFadden, 2000).

The concept of choice in behavioural modelling stems from this theory of Random Utility
Maximisation which proposes that an individual would choose an alternative that provides
the highest form of satisfaction (McFadden, 2000). This theory is known as the Random
Utility Theory (RUT) and led to the development of random utility models. Discrete choice
models are derived from these random utility models (Cascetta, 2001).

Casetta (2001) explored the evaluation of transport systems and stated that the demand for
transportation results from the collection of individual commuter trips. Each trip made by a
commuter is stated as the result of several choices. Each choice is defined by the availability
of alternatives, decision procedures and evaluation factors, known as the choice dimension
(Cascetta, 2001). It is further stated that choices concerning transport demand are, in most
cases, made among a finite number of discrete alternatives. Mathematical models derived
from the Random Ultility Theory is the most widely used and richest theoretical paradigm to
simulate transport choices and, therefore, choices among discrete alternatives (Cascetta,
2001).

2.7.1 Random Utility Theory

Choice theory dictates that an individual will make a decision based on whichever
alternative gives them the most significant benefit. The benefit to the individual is explored
as a utility, and this theory is known as the Random Utility Theory (RUT). The hypothesis
of the Random Utility Theory states that an individual is a rational decision-maker who will
maximise the utility, and therefore benefit, relative to their choices (Cascetta, 2001).

The Random Ultility Theory forms the fundamental basis of discrete choice modelling as
utility is based on attributes that impact behaviour, i.e. choice. Cascetta (2001) notes that
the popularity of the RUT results from allowing negative attributes to be compensated by
positive ones. It is further stated that this theory enables the specification of various models
with broad functional forms to be applied to various contexts. An adequately specified
random utility model has proven to accurately approximate the choice probabilities obtained
with non-compensatory models (Cascetta, 2001).

This study directly references the Random Utility Theory as explored by Hess et al. (2018),
where the theory's basic properties were reviewed to explain the pre-eminence of utility
maximisation (Hess, et al., 2018).

An individual n assigns to each alternative j (with j =1, ...,J) from the choice set a utility,
Ui - The alternative selected is the one that yields the utility maximised.

The utility of a choice cannot be observed but comprises two elements. The first component
is deterministic and a direct function of the alternative's attributes and the individual's
characteristics. The second component is the unobserved random error term.
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The general utility function for an alternative in a binary choice situation t is given by
Equation 2-1:

Uj,n,t = V]nt + €int
Equation 2-1
Where:

Vi n,t is the observed deterministic characteristics of the attributes relative to individual n and
alternative j for choice situation t vectorised.

€jn,¢ IS the unobserved, random error function of the utility for choice situation ¢.

The observed vector of the utility is further comprised of variables and individual
characteristics:

V}',n,t = V(Xj,n,t'sj,n,t)
Equation 2-2
With:

Xjne the function of the deterministic identified variables of the alternative for choice
situation t.

Sin¢ the characteristics of the individual for choice situation t.

The density for each unobserved component of utility is expressed (Train, 2003):
f(sj,n,t) = exp _Ej,n,texp(_exp—sj"n't)
Equation 2-3
With the cumulative distribution:
F(Sj,n,t) = EXp(—exp_Sj,n,t)
Equation 2-4

and the variance of the distribution being %2 By assuming this, we have normalised the
utility scale.

If €, @and g;,, . are independent and identically distributed (IID) values, then

Agjint = €nt — Ein: has alogistic distribution i.e.

exp Asji,n,t

F(Asji,n,t) = HTPASJW,L-
Equation 2-5

It is not possible to predict which alternative will be chosen by an individual in a specific
choice situation. It is, however, possible to express the probability of the individual choosing
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an alternative for the specific choice situation, as the perceived utility of the chosen
alternative is more significant than all other available options. The probability of choosing
an alternative directly corresponds to the utility.

From the set of alternatives j = 1, ...,J; the probability of person n choosing alternative i in
choice situation t is (Train, 2003):
Pine = Prob(Uipne > Ujne Vi#j)
Pine =Prob(Vipe + €ine > Vine + €ne Vi#))

Pi,n,t = PrOb(Sj,n,t — €int < Vi,n,t - V]nt Vi+# ])

_(Eint+Vint_ant)
Pintl€i =||ex‘exp o
intl€int P

Jj#i

_ —e _(Ei,n,t+Vi,n,t_Vj,n,t) —g; —exp Eint
Pintl€ine = f (l |exp ) exp~Fintexp= P Tde; .

Jj#i

Equation 2-6

2.7.2 The Multinomial Logit Model

The multinomial logit (MNL) model is a basic random utility model first derived in 1959 by
McFadden (McFadden, 2000). The multinomial distribution is stated as a generalisation of
the binomial distribution. McFadden started investigating the specification of choice
behaviour in 1962, with a focus on production functions. In 1965 his applications broadened
into the economic decision making in the setting of a transport freeway system. McFadden
aimed to devise a model that yielded choice probabilities for alternatives in a feasible finite
set. These early works supported the further development of the MNL model with random
utility maximization foundations (McFadden, 2000).

If the random error functions are distributed independently and identically (IID) and follow
the Gumbel distribution, the multinomial logit (MNL) model proposed by McFadden
(McFadden, 1974) is obtained. In the MNL choice model, the probability of choice for
alternative i can be expressed as (Hess & Palma, 2019):

P expvi,n,t
int — -
e

Equation 2-7

In discrete choice models, the level of utility is unobserved and therefore irrelevant to the
individual decision-maker and the analyst. Adding a constant to the utility of all alternatives
will not change the outcome of which alternative retains the highest utility. The significance
of choice modelling is found in the change defined as the differential analysis of the utility.
Only parameters that can be estimated can therefore capture the differences across
alternatives (Hess & Palma, 2019).

By specifying various attributes, the individual's indirect utility for a choice alternative can
be modelled. Alternative-specific constants (ASC) can be applied to specify labelled choice
attributes. The ASC is generally added to utility equations to represent the average effect
of all factors that influence the choice which has not been included in the base utility function
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(Koppelman & Bhat, 2006). The inclusion of the alternative specific constant in Equation
2-1 can be defined as:

Uj,Tl,t = ASC + V]’,Tl,t + Sj,Tl,t

Equation 2-8

Equation 2-8 results in the model specification of the attributes relative to individual n and
alternative j for choice situation t.

As only differences in utility matter, the same applies to the ASC’s. For every alternative in
a specific choice situation, the ASC represents the mean of the difference between the
unobserved factors in the error term of one alternative and that of a randomly selected base
case (Hensher, 1987). Huybers (2004) states that incorporating ASCs in model specification
can help achieve compliance with the assumption of independence of irrelevant alternatives
(A) in the MNL model. The IIA property, which is associated with the independence
characteristic of the 11D assumption, implies that the relative choice probabilities between
any two alternatives of a specific choice set are not affected by the inclusion or exclusion of
other alternatives in that set (Huybers, 2004).

The estimation of a discrete choice model outputs the estimated effects of attributes on the
utility of the alternatives and, therefore, on the probability of choice. The model results can
subsequently be used to interpret the marginal rate of substitution between attributes
(Huybers, 2004). Disaggregate choice models are commonly MNL models, which predict
the shares of the specified alternatives (Hensher, et al., 2005).

Three primary assumptions dictate the application of MNL models. The first assumption is
that the random elements of the alternatives' utilities are independent and identically
distributed (IID) with a Type | extreme value (Gumbel) distribution (Train, 2003). This
independence states that no unobserved factors are dictating the utilities of the alternatives.
If an unobserved factor exists, it is assumed that the effect on utility is the same across all
alternatives. It is assumed that the error for one alternative provides no information about
the error of another alternative (Train, 2003). Train (2003) states that the aim is to have the
utility well specified so that the logit model is appropriate. As stated, by incorporating ASCs
in the model specification where labelled alternatives are present can assist in achieving
compliance with the assumption of independence of irrelevant alternatives (ll1A) in the MNL
model (Huybers, 2004).

The second assumption is that the MNL model does not allow for preference to an
alternative due to unobserved individual characteristics. All individuals maintain
homogeneity in responsiveness to the attributes in the alternatives (Bhat, 2002).

The MNL model's third assumption dictates that the error variance-covariance structure of
alternatives is identical across all individuals (Koppelman & Bhat, 2006). This is an
assumption of error variance-covariance homogeneity. It is assumed that there is no
unobserved variable between alternatives.

Revealed and Stated Preference Data

The majority of discrete choice applications is currently based on stated preference (SP) or
stated choice (SC) data (McFadden, 2000). The stated data can include hypothetical choice
scenarios. Respondents are faced with multiple choice situations, and more information is
acquired from the respondent. The analyst can, therefore, specify attributes and attribute
levels (McFadden, 2000). Stated preference surveys can be less expensive than the
collection of actual data. McFadden (2000) states that the advantages of stated choice
surveys lie in the inclusion of alternatives that do not exist yet, and personal information on
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a choice situation. Due to the hypothetical contexts, disadvantages of stated preference
include realism and the limitation of attributes (McFadden, 2000).

McFadden (2000) noted that revealed preference (RP) data is primarily applied in the
application of transport systems and is obtained from observed choices. Revealed
preference data can be automatically captured by means of smartcard, GPS and camera
systems. Advantages of RP data includes that it contains actual data, i.e. real choices made.
The disadvantages of RP data consists of the unstudied choice context. Limited information
may be present on the choice availabilities, unchosen alternatives and responded
characteristics (McFadden, 2000). The unstudied choice context can be captured with SC
surveys.

Revealed preference observational surveys represent factual travel and demographic
attitudes and opinions (Stopher & Banister, 1985). Stopher & Banister (1985) noted trip logs
to be the best means for obtaining travel information, as commuters do not give personal
input that might recall typical behaviour rather than an accurate record of data. The use of
existing revealed preference survey data allows the application of the most cost-effective,
unbiased quality data.

The application of SC surveys is popular in the transportation and planning sector. These
surveys lead to the capturing of valuable data to assess choice behaviour when a new
development is introduced or when a substantial change in attributes are found (Louviere,
et al.,, 2003). The results of SP surveys are popularly used to build models aimed at
predicting future travel behaviour and tend to be multinomial or nested logit models, which
can be based on the economic theory of individual utility maximization (Hensher, et al.,
2005).

Hensher et al. (2015) state that a combination of revealed and stated preference data is
more commonly used in recent years (Hensher, et al., 2015). It is worthy to note that a study
based only on the analysis of RP data will limit the application thereof for future planning
purposes.

Geospatial Influence on Travel Behaviour

Hammadou et al. state that the analysis of travel demand is intrinsically spatial and that the
spatial separation of activities forms the essence of this demand (Hammadou, et al., 2008).
Although this statement is self-evident, incorporating the effects of geospatial properties in
travel behaviour modelling studies has only been formally considered in recent years.

Axhausen and Garling reviewed the conceptualisations of activity scheduling and activity-
based models to analyse travel behaviour (Axhausen & Garling, 1992). The principles of
utility maximization were applied to investigate travel behaviour. Badoe and Miller (2000)
reviewed the impact of land use policies and urban densities on the transportation system
in North America. They found that data and methodological limitations led to mixed
conclusions (Badoe & Miller, 2000).

Ewing and Cervero found trip lengths to be a primary function of the built environment, with
the built environment referring to land use activities (Ewing & Cervero, 2001). Handy et al.
(2005) queried if cities can use land use policies to bring residents closer to destinations
and subsequently provide viable, sustainable alternatives to personal vehicle usage. They
found that travel behaviour and the built environment showed significant associations
(Handy, et al., 2005).

Stead stated that land use planning might have a significant impact on travel patterns,
although these patterns often owe more to socioeconomic reasons than to land-use
characteristics (Stead, 2001). Bhat and Zhao noted that travel demand analysis is
fundamentally spatial, yet spatial analysis considerations are rarely recognised or included
in travel modelling (Bhat & Zhao, 2002). Hammadou et al. explored the incorporation of the
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spatial dimension on destination choice models with a focus on Antwerp (Hammadou, et
al., 2008).

In the stated research, a trend is noted where the conclusions of the studies align in
proposing that built environment properties such as land use can have an impact on travel
behaviour. These built environment properties are redefined as geospatial properties. The
need to investigate the effect of geospatial properties on travel behaviour is highlighted and
encouraged. With travel behaviour the result of commuter choices, a choice modelling study
is motivated for the geospatial investigation of destination choice for the MyCiTi IRT system
in Cape Town. Understanding commuters of the MyCiTi IRT system’s travel behaviour and
the effect geospatial properties have on this behaviour can unfold significant economic,
environmental and social value for the City of Cape Town.
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THE DATA

This chapter introduces the data analysed to investigate the effect of geospatial properties
on travel behaviour. Actual commuter data from the Cape Town MyCiTi IRT system was
acquired for this study. The automatic fare collected data was in itself inadequate to form a
modelling study and was therefore expanded with complementary geospatial datasets to
create a substantial set of data, satisfactory for a choice modelling study. The various
geospatial properties investigated in this study as applicable to the introduced MyCiTi IRT
system are presented. The combination of multiple data sources allows an unbiased
analysis and adds credibility to this study and the future application thereof.

MyCiTi IRT Data

A trip is defined as movement from a point of origin to a point of destination (de Dios Ortuzar
& Willumsen, 2011). Atrip can have one or more legs (segments), defined as the movement
between different trip routes. 1st boarding (the origin) is defined as where the trip begins,
alighting (the destination) as to where the trip ends (Munizaga & Palma, 2012). For the
MyCiTi Integrated Rapid Transit (IRT) bus system introduced in Section 2.6, a connection
is defined as a transfer between two bus routes, i.e. two trip legs.

The City of Cape Town has been collecting smartcard data from the MyCiTi IRT system
since introducing its busses in 2011 through automatic fare collection (AFC). This AFC data
is classified as revealed preference data. The MyCiTi system is classified as a trunk-feeder
system as presented in Figure 3-1, comprising of 42 routes, each serving a specific part of
the city. As discussed previously in Section 2.6, the system comprises only of bus
transportation with fares collected through smartcard payment. When a commuter tap-in,
a maximum transit period of 2.5 hours is allowed (MyCiTi, 2018). Upon tap-out, the alighting
point and respective transfer cost are calculated and deducted from the myconnect
smartcard.

FEEDER
ROUTES

TERMINAL

Y St

Conventional Trunk and Feeder
System System

Figure 3-1: Differentiating between Conventional and Trunk and Feeder Systems (Asian
Development Bank, 2008).

Actual automatic fare collection (AFC) smartcard data from the MyCiTi Integrated Rapid
Transit system for the fiscal years of 2015 and 2016 was accrued from the City of Cape
Town for this study. The dataset contained specific information of individually recorded
smartcard (also referred to and discussed in Section 2.6 as tap) transactions, including’:

e the commuter's unique smartcard number;

e tap device identification number;

o the MyCiTi stop name and identification number;

! For ethical transparency it should be noted that no personal information from any commuter using the MyCiTi IRT

system was revealed in the data obtained.
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e the transaction type ranging between 1%t boarding, connection or alighting
transactions;

e the upload and reporting date;

e the amount charged per transaction type;

¢ the number of times the fap transaction was processed (stated as 1, assumed used
for accurate fare collection purposes of negating double charging on erroneously
double-tap transactions);

¢ the recorded time of the tap transaction.

From the AFC data, it was determined that the reporting date referred to the date of the
actual tap transaction while the upload date was assigned to the date the transaction was
recorded in the MyCiTi database. To accurately represent commuter travel patterns, the
reporting date was therefore referenced in the application of the data.

Studies on the analysis of travel demand have mainly focused on modelling behaviour
observed during workdays, i.e. weekdays. This focus is motivated by high commuter
volumes found with the associated travel journeys to and from work. Transportation
planning and policymaking respond to travel demands forecasted on weekday travel
behaviour (Agarwal, 2004). Travel behaviour over weekends is expected to be substantially
different from weekday behaviour as erratic, changing travel demands are expected when
compared to the more routine weekday schedules of commuters (Transport for Cape Town,
2016). With less commuter travelling occurring over weekends (Statistics South Africa,
2013), the selection criteria for isolating data representing typical weekly commuter travel
behaviour was dictated by selecting a week with no public holidays present. AFC smartcard
data from the Cape Town IRT system was extracted for a randomly selected week adhering
to this specification. Daily reported AFC transactions from the MyCiTi IRT system are
presented in Figure 3-2 for a randomly selected week not dated near any South African
public holidays in November 2015. The presented commuter behaviour patterns confirmed,
as expected, that commuters' choice patterns do not vary between typical workdays.
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Figure 3-2: Daily recorded AFC transactions for the MyCiTi IRT system in November 2015.

From Figure 3-2, it is seen that travel patterns for the MyCiTi IRT system during weekdays
present higher, constant volumes when compared to weekend days. It confirms the
assumption that commuters' choice patterns do not vary between typical workdays under
the criteria of no public holidays present. This study’s target population is the unbiased and
all-inclusive (referring to regular and guest) commuter of the MyCiTi IRT system.

To model commuter choices requires the accurate application of the available data. It is
therefore introduced that the data analysis of a single random weekday will allow the
accurate representation of the choices made by commuters of the MyCiTi IRT system on a
daily scale. A one-day data model will set the basis model for the versatile choice modelling
application of weekly, monthly and yearly data models and can, therefore, be applied to
future continued studies.

From the data represented in Figure 3-2, Wednesday 25/11/2015 was selected as the
unbiased random weekday representing the daily choices made by commuters of the
MyCiTi IRT system. The sampling unit of this model covers all smartcard tap transactions
recorded in the sampling frame of the 25/11/2015 weekday. This date reported 134,860
smartcard tap transactions.

The filtering of useful data is an essential step in choice modelling, as irrelevant data can
cause unusable model noise. Model noise was removed by condensing the one-day data
to include only useful, fundamental information level per tap transaction for the reporting
date of 25/11/2015. The condensed data included per tap transaction:

identifier of choice individual (per commuter's unique smartcard number);
the MyCiTi stop name and the type of transaction;

the amount charged,;

the recorded time.
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Origin-Destination Classification

The trip destination is defined as a place where a person goes to conduct an activity (Cai,
et al., 2015). Cai et al. (2015) define the origin-destination (OD) flow distribution as the
aggregated expression of an individual’'s destination choice result. As per the study done
by Munizaga & Palma (Munizaga & Palma, 2012), the trip-chains of the MyCiTi myconnect
smartcards required reconstruction to estimate the choice destination points from the
available data. Reconstruction of the trip-chain would allow the accurate identification of
origin-destination transactions required to analyse commuter choice behaviour.

To accurately model the destination choice, it is critical to identify the point of origin for the
decision or choice. We cannot model and investigate the factors influencing decision choice
if we do not understand the individual choice maker's reasoning and motivation at the origin
of their trip to reach the specific destination chosen.

Smartcard tap transactions made on the reporting date was sorted in 1%t boarding (origin)
and alighting (destination) data sets, as presented in Figure 3-3.

Transaction Count

Alighting, 1;;::::;1’/{;, B 1st Boarding
67351, 52% . o @ Alighting

Figure 3-3: AFC Transaction Sorting.

From the 134,860 tap transactions reported on 25/11/2015, 61,236 were identified as 1
boarding origin transactions and 67,351 identified as alighting destination transactions.
This, therefore, left a selection of 6,273 connection transactions. A connection transaction
is defined as a route change transaction made by a commuter between their origin and
destination. An interesting observation is noted- where substantially fewer connection
transactions are recorded. This gives meaningful insight into commuter choice and shows
a significantly higher preference towards direct transit routes than connecting routes where
commuters undertake a linking course transaction and possibly a route change. Connection
transactions, however, do not influence or alter the destination choice but provide the
means of reaching the destination. With these mid-route transactions not affecting the
origin-destination pairing of transactions, the incorporation of connection transactions was
excluded from the scope of this study. It is also noted that no amount was charged on
connection transactions; the exclusion of these transactions, therefore, does not affect the
origin-destination total trip cost.

In a non-erroneous data set, every journey with a starting point will have an ending point.
The count of 1%t boarding transactions should equal alighting transactions. The higher
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percentage of alighting transactions than 1%t boarding transactions seen in Figure 3-3
indicates incompleteness of the survey data (Richardson, et al., 1995). 1%t boarding
transactions are missing, or erroneous alighting transactions were recorded.

Fare evasion could also contribute to the unbalanced origin and destination transactions.
Fare evasion is not homogeneous, and apart from underestimating the origin-destination
data, it could encourage biases (Munizaga & Palma, 2012). In the case of Munizaga &
Palma (2012) analysing Transantiago in Chile, two types of fare evaders were found. The
casual evader, who does not validate in the first stage of the trip because of the lack of
charge points, but does charge the trips in the next stage; and the hard evader who will not
validate any of the trip segments (Munizaga & Palma, 2012). Both types of evasion
described imply different biases. The first type of evasion will contribute to erroneous origin
data. The latter would contribute to an underestimation of trips in services that operate in
high evasion areas. It is recommended that the effect of trip evaders of the MyCiTi system
be investigated in further studies.

Although an error in the data is observed, it should be noted that the sound and precise
recording of commuter data is essential for accurate modelling. It will be assumed that the
MyCiTi IRT system has boarding validation only with an estimate on the alighting point to
be done following the transactions sequence. Each myconnect smartcard corresponds to a
commuter so that the smartcard will be used by the commuter indistinctively. The basic
principles proposed are the same as those assumed by Barry et al. (2002), Zhao et al.
(2007) and Trépanier et al. (2007), but additional constraints are recommended (Munizaga
& Palma, 2012). For unbiased analysis, the case of only one origin-destination trip per
myconnect card will be allowed for the one-day analysis.

An interesting observation is made where the transactions presented in Figure 3-3 see a
slight increase to the stated average of 59,184 commuters using the MyCiTi IRT system
reported by the City of Cape Town in 2015 (City of Cape Town, 2015).

A count of 366 MyCiTi IRT transaction stops was identified in the unfiltered November 2015
monthly dataset. Ben-Akiva & Lerman proved that in a large choice set, consistency is found
when model parameters were calibrated with a subset of alternatives (Ben-Akiva & Lerman,
1985). As derived from the application by Cai et al. (Cai, et al., 2015) where the choice-
based sampling method was applied, the set of destination alternatives for this study was
therefore altered to only include the actual chosen destination alternatives. Therefore, the
count of MyCiTi choice alternatives was reduced to 346 as identified as the chosen
alternatives in the dataset. This was done to reduce the complexity of the model and to
ensure the accuracy of parameter calibration.

The 346 MyCiTi stops were identified as the possible trip origin and destination nodes. It is
emphasised that the origin and destination nodes reflect the MyCiTi IRT system data and
not the complete trip origin-destination data (e.g. from home to place of work). IRT stop
access and egress modes to the IRT system could result in the trip origins and destinations
being different to the IRT stop origin-destination.

It should be noted that the comprehensive monthly November 2015 dataset was utilised to
identify the designated MyCiTi stops as opposed to only using the one-day dataset. This
utilisation was done to ensure that bus stops not selected as choice destinations in the one-
day dataset was still included in the impartial choice analysis.

The higher count destination transactions were paired to origin transactions based on the
identification of the choice individual and the reporting date. The reporting date was included
for the future application of a broader dataset where various reporting dates could be
present. The merging of the larger count of destination transactions with the lesser origin
transactions resulted in the exclusion of alighting transactions where a 1%t boarding
transaction could not be matched. This origin-destination pairing approach also resulted in
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the duplication of origin transactions where multiple destination transactions were matched.
With the over-specification of origin-destination pairing present, a verification filtering
process commenced.

For a multimodal network such as the MyCiTi IRT system, Munizaga & Palma propose that
the time (instead of distance) as a function should be minimised for accurate alighting
estimation (Munizaga & Palma, 2012). A time window was defined for the trip trajectory from
the instant when the commuter boards the MyCiTi system. With cost and recorded time
available for every origin and destination transaction, the total travel time and total travel
cost were calculated for each origin-designation paired transaction. OD paired transactions
where no trip cost or travel time was incurred or where the total trip duration exceeded 2.5
hours, noted as the maximum transfer period in Section 3.1 (MyCiTi, 2018), was unfeasible
and excluded.

For qualitative analysis, accurate data representation is essential. Any erroneous pairing
transactions should be excluded. The filtering of accurate origin-destination transactions
was sensitised to the level of compliance to the time and cost dictation of the 2015 MyCiTi
IRT system fee structure discussed in Section 2.6.

Only the rational argument of one 1%t boarding and one alighting transaction was allowed
per individual per recorded time moment of the tap transaction. Out of a maximum 61,236
origin-destination pairing possibilities demonstrated in Figure 3-3, a count of 45,970 origin-
destination trips was verified to adhere to the rationalised guidelines dictated by the
operation of the MyCiTi IRT system discussed in Section 2.6.

As applied by Cai et al. (2015), origin-destination pairing is based on the concept of the
representative individual, in which commuters with the same origin and destination are
recognised to make the same destination choice. With homogeneous personalised
attributes, this transforms the aggregate OD trip data into disaggregate data (Cai, et al.,
2015). The verified origin-destination trips of the MyCiTi IRT system are, therefore, stated
as disaggregated data.

Geospatial Data Extension

Although origin-destination pairing was achieved on the automatic fare collected data of the
MyCiTi IRT system, the paired data itself was inadequate to form a choice modelling study.
The origin-destination dataset was therefore expanded with complementary external
datasets to include the aimed geospatial properties of this study.

The incorporation of GIS data is widely found in studies investigating destination choice
behaviour. Vega and Reynolds-Feighan incorporated geographic information system (GIS)
visualisations and network analysis to generate a choice dataset based on the definition of
spatially aggregated alternatives (Vega & Reynolds-Feighan, 2009). Munizaga and Palma
applied the geocoded definition of the public transport network in their origin-destination
study (Munizaga & Palma, 2012).

The exact geographical location of the MyCiTi IRT stops was accrued from the City of Cape
Town in shapefile (shp) format (City of Cape Town, 2018). A shapefile is defined as an
accessible, geospatial dataset in vector format extracted from geographic information
system (GIS) software. This geospatial dataset was imported and analysed in the QGIS
software program (QGIS.org, 2019) to extract exact coordinates of all MyCiTi stops included
in this study, as presented in Section 3.1.

A discrepancy was noted when the MyCiTi IRT stop names of the coordinated dataset were
compared to the revealed preference AFC dataset. Additional stop names were listed in the
coordinated data. It was determined that a variety of human spelling errors were captured
in both datasets. A sample of the errors identified includes the spelling variation of
Langeberg and Langberg, Oscar Mpetha and Oscar Mpethu, Sandrift and Sanddrift,
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Braselton and Braseltown MyCiTi IRT stops. An evaluation process followed where slight
spelling errors were rectified. Invalid entries that cannot be verified to represent official
MyCiTi stops for this study indicate an incompleteness deficiency in the sampling frame
(Richardson, et al., 1995). Where listed IRT stops could not be verified and/or coordinated,
it was noted as inadequate data and excluded from the study.

Another discrepancy was noted where certain individual MyCiTi IRT stops within the
coordinated dataset were given different coordinates. It was found that this discrepancy
arose where an IRT stop had two access points on either side of a road as influenced by
the direction of travel.

The revealed preference AFC dataset however only referenced the specific IRT stop name
and does not specify from which roadside the commuter accessed the stop or the direction
of travel. The coordination of the AFC dataset necessitated the allocation of one coordinate
to every IRT stop. Where two coordinates arose for an individual IRT stop name, the
selection of either coordinate was deemed an inaccurate geographical representation. A
centroid coordinate was generated to represent the midpoint between the two listed
coordinates. This is deemed an acceptable assumption in the application of the
geographical location between various origin and destination MyCiTi IRT stops.

The fundamentals of the same scenario were raised by Munizaga and Palma (Munizaga &
Palma, 2012) as depicted in Figure 3-4.

boarding

Figure 3-4: Search procedure of distance d (Munizaga & Palma, 2012).

An explanation of Figure 3-4 follows as presented by Munizaga and Palma (2012). Assume
a commuter board a bus route that goes from left to right. This route goes up to a certain
point to the right and continues to return to the left. If the route continues in both directions
along the same street, or streets that are located close to each other, a commuter whose
destination is the point designated with X in the figure will not remain in the bus along the
entire route but is assumed to alight at the closest point to their next boarding. The
commuter is assumed to more likely alight at the most convenient point (i) because travel
and walking time is taken into consideration. The generalised time point is used to avoid
potential bias (Munizaga & Palma, 2012).

A time point could not be generated in this study. However, following the same principle,
the coordinated dataset was revised using the QGIS software, and a centroid coordinate
was generated for the MyCiTi IRT stops found to have two original geographical locations.
It is noted that the maximum distance between two same-named IRT stops was found to
be 50 meters. This dataset, therefore, has a 25-meter geographical location accuracy. The
346 MyCiTi IRT stops noted in the AFC dataset was uniquely coordinated, and a single
numeric identifier ranging from 1 to 346 was assigned to each. For each named MyCiTi IRT
stop there, therefore, exists one coordinate.

A visual representation of the coordinated IRT stops is presented in Figure 3-5.
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Figure 3-5: MyCiTi IRT stops (Google Earth, 2019).

3.3.1 Geographical Distance

It is proposed that the geographical distance between origin and destination gives insight
into the choice decision. Coordination of the MyCiTi IRT stops was utilised to extract the
geographical distance between each possible origin and destination transaction. This

geographical distance is known as displacement (Kenney, 2017) and is illustrated in Figure
3-6.

e
IR0

-

Figure 3-6: Distance versus displacement (Kenney, 2017).
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The geographical distance gives valuable insight into the physical displacement need of the
individual when making a destination choice selection. Displacement is deemed a critical
factor in destination choice modelling, and the dataset was subsequently expanded for this
study. A matrix was constructed to present the displacement (geographical distance) in
kilometres from each of the 346 origin MyCiTi IRT stops to the possible IRT destinations.
This matrix is included in Appendix B. When applying the illustration in Figure 3-6, no
displacement will exist where origin A and destination B are the same MyCiTi IRT stop; the
displacement will be 0 km. Note that this is only for explanatory purposes as such a
validated origin-destination transaction pair will not exist. The trip origin and destination
cannot constitute the same MyCiTi IRT stop. For every choice destination there will
therefore exist a displacement. This distance matrix expanded the dataset by including the
kilometre distance measured from the origin to every alternative choice destination.

3.3.2 IRT Stop Density

It is proposed that the density of the IRT stops in a destination area provides insight into the
underlying IRT system demand, and therefore, the commuter choice decision. The
conglomerate of a higher IRT stop density should signify high commuter demand expected
and is therefore proposed as a measurement of attractiveness for destination choice. The
dataset was subsequently expanded with MyCiTi IRT stop density data.

A density count is presented for each MyCiTi IRT stop. Referencing the Department of
Transport’s vision to implement a system that aims to allow the population of a metropolitan
city access within 1 km to an Integrated Rapid Public Transport Network (Department of
Transport, 2007), a 1 km radius perimeter surrounding each individual MyCiTi IRT stop was
created. The subsequent IRT stops located within this perimeter were counted. It should be
noted that included in the count is the centroid MyCiTi IRT stop from which the density
perimeter was buffered. If an IRT stop exists with no other stops within a 1 km radius, for
example, presented in Figure 3-7 for the Airport MyCiTi IRT stop, the density count would
be 1.

Figure 3-7: Visual representation of the density count perimeter for the Airport IRT stop
(Google Earth, 2019).
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With the MyCiTi IRT stops coordinated, the QGIS software was utilised to extract the density
count within the perimeter of each IRT stop (QGIS.org, 2019). The dataset was expanded
by including this density count for every choice destination as visually represented in Figure
3-8.
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Figure 3-8: Visual representation of the density count perimeters for the various MyCiTi IRT
destinations (Google Earth, 2019).

A matrix was constructed to present the density count for each of the 346 origin MyCiTi IRT
destinations, referenced to all possible IRT trip origins. This matrix is included in Appendix
C. The dataset was expanded by including the density count for every MyCiTi choice
destination. It should be noted that the density count is fixed for the destination IRT stop,
regardless of the origin.

3.3.3 Land Use Rating Classification

Land use activities can influence travel behaviour, as discussed by the various studies in
Section 2.9. Ewing and Cervero found land use activities influencing trip lengths (Ewing &
Cervero, 2001). Hammadou et al. explored the incorporation of the spatial dimension on
destination choice models with a focus on Antwerp (Hammadou, et al., 2008). Bhat et al.
analysed destination choice behaviour through the estimation of disaggregate attraction-
end choice models. These attraction-end models originated from land use planning (Bhat,
et al., 1998). Hong et al. grouped destinations with similar classifications to investigate the
roles of categorisation on the decision-making process (Hong, et al., 2006). The results
supported the effectiveness of the land use classification concept in the destination choice
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process. Handy et al. found that travel behaviour and land use policies showed significant
associations (Handy, et al., 2005).

With its importance noted, the destination land use classification was incorporated in this
study to investigate its effect on destination choice modelling and therefore, travel
behaviour.

Cape Town’s land use zoning and classification were accrued from the City of Cape Town
in GIS-ready shapefile (shp) format (City of Cape Town, 2018). Twenty-seven specified land
use classifications were found, including:

Agricultural;

Community and Regional;

General Business 1, General Business 3, General Business 5, General
Business 6 and General Business 7;

Local Business 1;

General Industrial 1 and General Industrial 2;

General Residential 1, General Residential 2, General Residential 3, General
Residential 4, General Residential 5, Single Residential 1 and Group Housing;
Mixed Use 1, Mixed Use 2 and Mixed Use 3;

Public Open Space, Open Space 2 and Open Space 3;

Rural;

Utility; and

Limited Use Zone.

For this study, the official land use zoning was grouped into the ten primary classifications:

1.

2
3
4
5.
6.
7
8
9
1

Agriculture

Community and Regional
General Business
Industrial

Residential

Limited Use

Mixed Use

Open Space

. Rural

0. Utility

The ten grouped land use classifications for the City of Cape Town is presented in Figure

3-9.
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Figure 3-9: Grouped land use classification for the City of Cape Town (Google Earth, 2019).

The grouped resource zoning dataset presented in Figure 3-9 was imported into and
analysed in the QGIS software program (QGIS.org, 2019). The coordinated 346 MyCiTi IRT
stops, previously discussed in Section 3.3 and presented in Figure 3-5, was projected on
the ten primary land use classifications of the City of Cape Town, as seen in Figure 3-10. A
specific land use classification was then allocated to each of the 346 MyCiTi IRT stops.
Where an IRT stop was located on an unclassified zoning section, the closest land use
classification was sought and allocated using the QGIS software program.
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Figure 3-10: MyCiTi IRT stops projected on the land use classification for the City of Cape
Town (Google Earth, 2019).

The distribution count of the 346 coordinated MyCiTi IRT stops in terms of grouped land
use classification is presented in Figure 3-11.
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IRT STOP LAND USE CLASSIFICATION

COUNT
0 10 20 30 40 50 60 70 80 90

1. Agricultural NG 51
2. Community and Regional [N 13
3. General Business NN 43

4. Industrial NG 25

5. Residential NN 31
6. Limited Use [N 17

7. Mixed Use I 34
8. Open Space M °

9.Rural M 6
10. Utility | 17

LAND USE

Figure 3-11: MyCiTi IRT Stop Land Use Classification.

An interesting observation is made from Figure 3-11 where the most (84 out of 346) MyCiTi
IRT stops are located within the Mixed Use land use classification. The second most MyCiTi
IRT stops are located within the Residential land use classification. This Residential land
use classification reiterates the distinct general trip pattern reported by The National
Household Travel Survey (2013) where a large portion of the Capetonian population heads
from the suburbs to the city centre in the mornings and returning in the opposite direction in
the evenings (Statistics South Africa, 2013). It is noteworthy that more IRT stops are located
within the Agricultural land use classification than in the General Business classification.
The least IRT stops are predictably located within the Rural classification.

The land use distribution of the MyCiTi IRT stops in terms of grouped classification is
presented in Figure 3-12.
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MYCIT! IRT STOP LAND USE CLASSIFICATION

9. Rural 10. Utility

8. Open Space 5 5% 1. Agricultural
3% » 15%

2. Community and

Regional
4%
7. Mixed Use
24%
3. General Business
12%
4. Industrial
6. Limited Use 7%

5%

5. Residential
23%

Figure 3-12: IRT stop grouped land use classification percentage distribution.
The percentage distribution of the coordinated MyCiTi IRT stops in terms of grouped land
use classification, as presented in Figure 3-12, is summarised as:

- Mixed Use 24.3%

- Residential 23.4%

- Agricultural 14.7%

- General Business 12.4%

- Industrial 7.2%

- Utility 4.9%

- Limited Use 4.9%

- Community and Regional 3.8%

- Open Space 2.6%

- Rural 1.7%
The land use percentage distribution was used to allocate each grouped land use
classification a rating from 1 to 10 in increasing order of popularity distribution. A land use
rating of 1 was allocated to the land use classification with the least MyCiTi IRT stops found

in its spatial classification. Subsequently, a land use rating of 10 was allocated to the land
use classification with the most MyCiTi IRT stops found in its spatial classification.

The land use rating allocation in terms of MyCiTi IRT stop distribution is defined:

e Land use rating 1: Rural, 1.7%
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e Land use rating 2: Open Space, 2.6%

e Land use rating 3: Community and Regional, 3.8%
e Land use rating 4: Limited Use, 4.9%

e Land use rating 5: Utility, 4.9%

e Land use rating 6: Industrial, 7.2%

e Land use rating 7: General Business, 12.4%

e Land use rating 8: Agricultural, 14.7%

e Land use rating 9: Residential, 23.4%

e Land use rating 10: Mixed Use, 24.3%

The cumulative s-curve presentation of the land use rating allocation is presented in Figure
3-13.

MyCiTi IRT stops
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Figure 3-13: Cumulative s-curve presentation of land use rating in terms of the MyCiTi IRT
stop distribution.

The land use rating cumulation presented in Figure 3-13 gives insight into the land use
utilization of the MyCiTi IRT system. A lesser count of MyCiTi IRT stops are found within
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the land use classifications of Rural, Open Space, Community and Regional, Limited Use
and Utility as expected. MyCiTi IRT stops are more abundantly found within the land use
classifications of Industrial, General Business, Agricultural, Residential and Mixed Use.

IRT STOP LAND USE CLASSIFICATION

COUNT
2000 4000 6000 8000 10000 12000 14000

o

1. Rural 729 Jgak

2.Open Space {330,

3. Community and Regional = el

2255
2266

o 1454
5. Utility [ 3044
i 1950
6. Industrial | 2c2s

7. General Business

4. Limited Use

LAND USE RATING

10962
11658

4839

8. Agricultural 3373

9. Residential 11111

6862

; 11676
10. Mixed Use 0601

B Origin M Destination

Figure 3-14: Origin and destination distribution per land use classification rating.

The origin and destination distributions of the 45,970 trips per land use rating classification
for the MyCiTi IRT system is presented in Figure 3-14. The OD distributions support the
land use classification ratings. The higher percentage IRT stops located within the Mixed
Use, Residential, Agricultural and General Business land use classifications are popular trip
origins and destinations as seen in Figure 3-14. A lesser count of destination trips than
origin trips is found for the Residential land use classification. With a higher origin than
destination trip count, a possible explanation may be that the data was skewed not to
capture the evening peak where commuters tend to depart from places of employment to
residential areas. Unskewed data would have indicated a more balanced origin and
destination distribution as the residential areas are deemed both popular origin and
destination nodes. An explanation could be a delay in reporting commuter trip data. It is
worthy to note the popularity of the rural land use classification as a destination.

A matrix was constructed to present the land use rating for each of the 346 origin MyCiTi
IRT destinations, referenced to all possible IRT origins. This matrix is included in Appendix
D. It should be noted that the land use rating is fixed for the destination IRT stop, regardless
of the origin. The dataset was expanded by including the land use rating for every MyCiTi
choice destination.

3.3.4 CBD Zonification

The zoned Central Business District (CBD) of Cape Town was also accrued from the City
of Cape Town in GIS-ready shapefile (shp) format (City of Cape Town, 2018). This CBD
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zoning dataset was imported into and analysed in the QGIS software program (QGIS.org,
2019). The coordinated 346 MyCiTi IRT stops, previously discussed in Section 3.3 and
presented in Figure 3-5, was projected onto the CBD zone of the City of Cape Town. Twenty
MyCiTi IRT stops were identified located within the CBD zone. The MyCiTi IRT stops found
within the CBD zone include:

Adderley
Castle

Church

Civic Centre
Darling

Dorp
Foreshore
Groote Kerk
Leeuwen

10. Longmarket

11. Lower Buitenkant
12. Lower Long

13. Lower Loop

14. Mid Long

15. Mid Loop

16. Riebeek

17. Strand

18. Thibault Square
19. Upper Long

20. Upper Loop

©CoNoOORWN =

The dataset was binary expanded to indicate if destination MyCiTi IRT stops were found
within the CBD zone of the City of Cape Town or not. As discussed in Section 2.4, a distinct
general trip pattern is reported where a large portion of the population of Cape Town is
found heading from the suburbs to the city centre (the CBD) in the mornings and returning
in the opposite direction in the evenings (Statistics South Africa, 2013). It is therefore noted
that the CBD is a temporal destination attractor during the morning trip peaks. Furthermore,
due to the residual segregation of Capetonians, the CBD is found a highly attractive
destination.

Personal Characteristics

It is stated that personal characteristics influence destination choice (Cai, et al., 2015).
Destination choice models typically analyse geospatial, trip characteristics and socio-
economic utility attributes through the application of stated preference (SP) and revealed
preference (RP) data. However, personal characteristics from the commuter (the individual
decisionmaker), known as stated preference data, were not captured in the AFC data
obtained from the MyCiTi IRT system. This study, therefore, excludes any personal
commuter characteristics as in similar modelling studies with the application of AFC data. It
is recommended that future studies expand the revealed preference choice data of the
MyCiTi IRT system with the inclusion of stated preference data to capture the individual
variance. It is worthy to note that a study excluding stated preferences will limit the
application thereof for future planning purposes.

Data Summary

The application of accurate data is essential to execute a valid choice modelling study. AFC
smartcard data from the MyCiTi Integrated Rapid Transit system was accrued from the City
of Cape Town. This data was filtered to limit unuseful model noise. Erroneous data entries
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were identified and excluded from the dataset. Origin-destination trip pairing was executed,
and calibration. Auditing was done to ensure an accurate presentation of the MyCiTi trip
data. The inclusion of geospatial properties in the origin-destination paired dataset
expanded the original dataset substantially and to a satisfactory level to be applied a choice
modelling study. The expanded geospatial properties included the geographical distance
between trip origin and destination, IRT stop density, land use classification and rating, and
the central business zoning classification of identified MyCiTi IRT stops. This choice
modelling study is based on the collected and expanded revealed preference AFC data
representing factual and verified travel behaviour. The application of revealed preference
data from the MyCiTi IRT system enables this study to be cost-effective. The combination
of multiple data sources will allow for an unbiased analysis which adds credibility to this
study for the future application thereof.



4,

4.1

4.2

43

THE CHOICE MODEL

Understanding a commuter's behavioural response can greatly influence transportation
planning and operational policies, and play a vital role in optimising transport systems. As
discussed in Section 2.7 and demonstrated by previous research studies, discrete choice
models are fundamentally significant to model and provide insight into commuter decisions
within the field of transportation engineering.

A vital component for understanding the operational functionality of a public transport
system lies in the accurate modelling of its commuter choices. Destination choice modelling
can provide insight into the factors influencing commuter choice. The spatial separation of
activities is stated to form the essence of travel demand and travel patterns. A trend is
reported where it is proposed that geospatial properties can impact destination choice and
travel behaviour. The need to investigate this geospatial effect on destination choice is
highlighted and encouraged.

This chapter presents and defines the choice model developed in this study to investigate
the effect of geospatial properties on travel behaviour. Understanding commuters of the
MyCiTi IRT system’s travel behaviour and the effect geospatial properties have on this
behaviour can unfold significant economic, environmental and social value for the City of
Cape Town.

The Objective

An introduction was made in Section 2.7 to the application of choice modelling in transport
systems. The literature review provided valuable insight into studies linking to the
investigation of geospatial properties in destination choice modelling. The City of Cape
Town, with a primary focus on the MyCiTi Integrated Rapid Transit system, was defined as
the study area in Section 2.4. This IRT system forms a crucial component of the city’s
transportation network. The AFC dataset was defined in Section 3 and expanded to include
the built environment properties required for this geospatial investigation. The objective of
this choice modelling study is to identify and investigate geospatial properties that influence
commuter destination choice in the MyCiTi IRT system. The estimation of the various
destination choice models developed for this study is presented and discussed.

Model Specification

This study focuses on travel behaviour in the context of commuter destination choice using
RP data from AFC. Modelling destination choice directly implies the development of a
discrete choice model. Discrete choice models were introduced in Section 2.7. The
multinomial logit (MNL) model is the most widely used discrete choice model (Hammadou,
et al., 2008). As explored in Section 2.7.2, the MNL model is a basic random utility model
first derived by Nobel Laureate Daniel McFadden (McFadden, 1974). The multinomial
distribution is stated as a generalisation of the binomial distribution. This study aims to apply
the MNL model to effectively present the influence geospatial properties have on destination
choice within the MyCiTi IRT system.

As identified in Section 2.7.2, three primary assumptions dictate the application of the MNL
model. The first assumption states that the random elements of the alternatives' utilities are
independent and identically distributed (Train, 2003). This independence maintains that no
unobserved factors should dictate the utilities of the choice alternatives. The choice
alternatives of this study are the MyCiTi Integrated Rapid Transit alighting (destination)
stops. These stops form part of the same MyCiTi IRT transport bus network system. It is
assumed that the effect on utility is the same across all MyCiTi IRT destination alternatives.
The random elements of the alternatives' utilities are therefore independent and identically
distributed. As stated in Section 2.7.2, the incorporation of alternative specific constants
(ASCs) in model specification can assist in achieving compliance with the assumption of
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independence in the MNL model (Huybers, 2004). However, this study did not explore the
inclusion of ASCs in model development, with the alternative MyCiTi IRT choice
destinations unlabelled.

The second assumption states that the MNL model does not allow for preference to an
alternative due to unobserved individual characteristics (Bhat, 2002). It is assumed in this
study that individual commuters of the MyCiTi IRT system maintain consistency in
responsiveness to the attributes in the destination alternatives.

The MNL model's third assumption dictates that the error variance-covariance structure of
alternatives is identical across all individuals (Koppelman & Bhat, 2006). It is assumed that
there is no unobserved variable between the MyCiTi IRT destination alternatives.

The MNL model's application in this choice modelling study based on the MyCiTi IRT
system is deemed appropriate with the three primary assumptions addressed.

Defining the Attributes

A count of 346 MyCiTi IRT bus stops was identified in Section 3.2 as possible commuter
choice destinations. These destinations will therefore constitute the choice alternatives in
the model. The choice decision for a commuter to select a destination bus stop is dependent
on the selection probability. We aim to investigate the geospatial attributes influencing this
probability and therefore, the decision choice.

This study's model development will explore the subsequent development of various utility
functions incorporating the geospatial variables introduced in Section 3.3. The most critical
step in a choice modelling analysis is the identification of the attributes. These attributes
aim to capture the characteristics of the deterministic variables that influence the choice
probability.

The attributes included in this choice modelling study are geospatially focused, as defined
in the aim of this study and introduced in Section 3.3. It includes the origin-destination
displacement, destination IRT stop density, destination land use rating classification and
the central business district (CBD) zonification. These geospatial attributes are aimed to
capture the built environment influences on commuter decision choice in the MyCiTi IRT
system.

The trip origin-destination displacement is defined as the geographical distance between a
commuter’s 1%t boarding and alighting MyCiTi IRT stops, as detailed in Section 3.3.1. This
is characterized as an accessibility variable. The closer a destination is to an origin, the
more accessible the destination is to the commuter.

The IRT stop density is defined as the count of IRT stops located within a 1 km radius
perimeter surrounding each individual MyCiTi IRT destination stop, as detailed in Section
3.3.2. This density is defined as an attractiveness variable. The higher the IRT stop density,
the higher the commuter demand and therefore, the destination's attractiveness.

The land use rating classification (ranging from 1 to 10) allocated to each of the MyCiTi IRT
destination stops is defined as a land use variable and a function of the spatial policies of
the City of Cape Town, as detailed in Section 3.3.3. A higher rating defines that a MyCiTi
IRT stop is located within a land use classification popular to the MyCiTi IRT network
distribution as presented in Figure 3-13.

The CBD zonification of a MyCiTi IRT destination stop is defined as both a land use and
attractiveness variable and a function of the City of Cape Town's spatial policies, as
discussed in Section 3.3.4. Due to the reported residual segregation found in the city where
a large portion of the population of Cape Town heads from the suburbs to the city centre
(the CBD) in the mornings and returning in the opposite direction in the evenings, the CBD
zone in Cape Town is seen as a highly attractive temporal destination.
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Computational Implementation

The multinomial logit models developed in this study were defined and estimated using
Apollo (Hess & Palma, 2019), a software package developed by Hess & Palma for choice
model estimation. Version 0.1.0 of Apollo was applied (Hess & Palma, 2019). Coding was
executed in R, a software used for scientific computing. RStudio is the integrated
development environment to code a model in R. The expanded dataset, defined in Section
3, was imported in csv format.

Apollo achieves minimisation of the negative of the log-likelihood for parameter estimation,
equivalent to the maximization of the log-likelihood (Hess & Palma, 2019). It also reports
the number of estimated parameters, the estimation time and iterations taken, and the
eigenvalue of the Hessian that is closest to zero.

Model Development

A model development approach was presented by Manski (Manski, 2008) and cited by
Johnston (Johnston, et al., 2017). The simplest models are estimated first, followed by the
subsequential complication thereof. This continuous developmental approach was applied
in this study, as presented in Figure 4-1.

Incorporation of
CBD zonification
shift

Choice destination

Choice destination Incorporation of
final model

base model CBD zonfication

Figure 4-1: Choice destination model development.

A base MNL model is presented incorporating the three primary geospatial variables
explored in Section 3.3: the origin-destination displacement, IRT destination density and the
destination land use rating attributes. The base model will be further developed to explore
the spatial zonification effect of including Cape Town’s central business district (CBD) as a
geospatial attribute, introduced in Section 3.3.4. The CBD zonification's influence on the
primary geospatial variables will furthermore be explored in the subsequent model
development and explored as a CBD zonification shift. The model development aims to
develop a final choice model that can be applied to identify geospatial properties that
influence commuter destination choice in the MyCiTi IRT system.

This study strives to report model improvement with the subsequent choice model
development from the base model to the final model. The aim is to develop and present a
final model which effectively applies the MNL theory to explore the influence geospatial
properties have on destination choice within the MyCiTi IRT system.

Model Improvement

Apollo was used to define and estimate the MNL choice models developed in this study
(Hess & Palma, 2019). Apollo reports specific goodness of fit statistics with every choice
model estimation. The goodness of fit term is used to compare the observed sample
distribution with the expected probability distribution. In choice models, the goodness of fit
values ascertains how well the statistical methods and analysis fits the model data.

For discrete choice models, Apollo reports the log-likelihood (LL), the Pseudo R? (p?) and
adjusted Pseudo R? (adjusted p?), the Akaike Information Criterion (AIC), the Bayesian
Information Criterion (BIC) and the robust ¢ ratio.
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The Pseudo R? (p?) is used to evaluate the goodness-of-fit of the estimated models. The
Pseudo R? is the most common measure of both the overall and relative model fit (Hensher,
et al., 2005).

The log-likelihood ratio p? value is estimated:

2 _1_ LL(0)
LL(0)
Equation 4-1
The adjusted log-likelihood ratio p? value is estimated:
2 1 LL(B)-K
LL(0)
Equation 4-2

with @ the set vector of model parameters, LL the log-likelihood and K the number of
estimated parameters.

The Akaike and Bayesian Information Criterion (AIC and BIC) are statistical tests generally
applied to higher-order choice models and are calculated to compare two models with
different parameters. The AIC is data-dependent and closely relates to the BIC.

The Akaike Information Criterion (AIC) is estimated:
AIC = —2LL(0) + 2K

Equation 4-3
with all parameters as previously stated.
The Bayesian Information Criterion (BIC) estimated:
BIC = —2LL(0) + 2In(N)
Equation 4-4

with all parameters as previously stated and N the number of observations in the data.

Despite the various subtle theoretical differences between AIC and BIC, the difference in
practice is the size of the penalty. The AIC puts more emphasis on model performance and
selects more complex models (Murphy, 2012). BIC penalizes model complexity more
heavily (Burnham & Anderson, 2004). Thus, given any two estimated models, the model
with the lower AIC and BIC is the one preferred (Louviere, et al., 2003).

The robust t ratio is estimated by dividing the difference between the parameter estimate
and its hypothesised value by the standard estimate error. Low values of the robust t ratio
imply that the parameter does not contribute significantly to the explanatory estimation of
the model and should be excluded. Selection of the critical robust t ratio is dependent on a
researcher’s judgement and dictates the error allowance the researcher is willing to make
(Koppelman & Bhat, 2006). For this study, a confidence level of 95% was applied, noting
parameter estimates as statistically significant on account of the robust t ratio in excess of
1.96.

Estimation of the robust t ratio will dictate the significance of a parameter for this study. The
improvement reported on the log-likelihood (LL), AIC and BIC values will indicate the choice
model's improvement. AIC and BIC values are best at lower numbers with the log-likelihood
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and adjusted log-likelihood ratios aimed to improve. The model development aims to report
that each subsequent model developed constitutes better goodness of fit, therefore
reporting the estimations improved.

4.7 Model Estimation and Results

The Random Utility Theory explored by Hess et al. (Hess, et al., 2018) in Section 2.7.1 was
applied as defined in Equation 2-1. A destination IRT stop choice decision is therefore made
for every MyCiTi origin-destination trip.
With the 346 MyCiTi IRT destination alternatives defined in Section 3.2:
The 1%t boarding IRT stop, defined as the trip origin is stated,

k=1,..,n.
The alighting IRT stop, defined as the trip destination is stated,

j=1,..,n
The possible IRT origin-destination stops are defined,

n=346;k #j.
Furthermore, with all MyCiTi IRT stops assumed in operation, full availability was assumed
on destination alternatives. The parameters were estimated through Maximum Likelihood
Estimation.
471 Model 1

To generate a base model as starting point, the first model’s utility function was specified to
incorporate the three primary geospatial variables. As defined in Section 3.3, these
variables include the origin-destination displacement, IRT destination density, and the
destination land use rating attributes. These attributes were included for base model
estimation to test the influence on destination choice. The base utility function for each
alternative destination is presented in Equation 4-5.

Vj,n,t = :BdisplacementDisplacementj,n,t + :BdensityDenSith,n,t + :Bland use Land usej,n,t

Equation 4-5

Baisplacement Tefers to the coefficient of distance measured in kilometres between the trip

origin and destination. As stated in Section 4.5, the trip origin and destination cannot
constitute the same MyCiTi IRT stop. For every choice destination, there will therefore exist
a displacement.

Baensity refers to the coefficient of the density count of alternatives in a 1 km radius from the
destination.

Biana use Yefers to the vector of coefficients for the various land use rating classifications.

With Land use; . a categorical variable with the various classifications underspecified in

Equation 4-5, the following output was presented by Apollo (Hess & Palma, 2019) upon the
first estimation of Model 1:

“Testing Tikelihood function ..... Error in apollo_estimate(apollo_beta, apollo_fixed,
apollo_probabilities,

Parameter b_landuse does not influence the log-Tikelihood of your model!”
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Parameter ;414 use did not influence the log-likelihood of the model, as expected by the
underspecified land use variable. This parameter was therefore fixed, ;414 use = 0, for this
base estimation. The categorical variable Land use;,, ; shall be defined in the subsequent

model development presented in this study.

Displacement;, . and Density; . are continuous variables, not restricted to the refinement

of categorical variables and are therefore expected to influence the log-likelihood of the
base model. Table 4-1 presents the results of the base model. The full estimation output of
Model 1, as provided by Apollo (Hess & Palma, 2019) is found in Appendix E.

Table 4-1: Choice Destination Base Model.

Parameter Estimate Rob t ratio
ﬁdisplacement -0.0737 -114 1
Baensity 0.0127 21.38
Biand use NA NA

Log-Likelihood (final): -256033.1; AIC: 512070.3; BIC: 512087.7; Adjusted p2 0.0473.

The negative coefficient of Byispiacement indicates that destinations located further from the
origin (a larger displacement) are less attractive to individuals than destinations located
closer to the origin of the trip. This is expected as the origin-destination displacement is
directly associated with travelling time and travel cost, both of which numerous studies have
shown commuters of public transport prefer to be kept as low as possible. The positive
coefficient of Byensity indicates that destinations with a higher density count are more
attractive to individuals. This attraction highlights that the placement of IRT stops is directly
related to the need for commuters to access a specific destination area with the MyCiTi IRT
system. It further indicates that the MyCiTi IRT system captures and service its general
commuter demand. Another explanation for the higher density count attractiveness was
raised by Cai et al., who noted a similar trend and stated that commuters tend to choose
destinations that are frequently chosen by other commuters (Cai, et al., 2015).

The parameter estimates indicate that the dislike towards an increased displacement is
approximately 6 times greater than the attractiveness of a higher IRT stop density. This
result suggests that commuters have a greater preference for minimising displacement
(directly related to travel cost and travel time) than accessing multiple IRT stops (increased
IRT stop density) at the destination. These results are intuitive as it is expected that the
MyCiTi IRT system commuters will strive to reduce travel time and cost and, therefore,
displacement when possible. The high-level baseline analysis of Model 1 indicates that if
the MyCiTi IRT system identifies an area with a high demand for the system, it will benefit
to implement sufficient IRT stops in that specified area to increase the attractiveness to the
user to choose these stops as a destination. This general conclusion is further explored in
the subsequent model development.

47.2 Model 2

The second model’s utility function was specified to explore the effect of including Cape
Town’s central business district (CBD) zone as a geospatial attribute. This led to the addition
of the CBD zoning variable to capture the average effect of factors that influence choice
with the inclusion of this specific zone, which was not included in the base utility function.
The developed utility function is presented in Equation 4-6.

Vj,n,t = ﬁCBD CBDj,n,t + :Bdisplacemen Displacementj,n,t + ﬁdensityDenSityj,n,t
+ ﬂland useLand usej,n,t
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Equation 4-6

ﬁdisplacementa .Bdensity and .Bland use A8 preViOUSIy stated.

Bcep refers to the zonification coefficient of the destination alternatives located within the
Central Business District of the City of Cape Town. This coefficient was included to capture
preferences that are inherent to CBD destination choice and independent to the presented
specific attribute values.

With parameter £;,.4 use @gain underspecified in Model 2 and expected not to influence the
log-likelihood of the model as presented in Section 4.7.1, this parameter was fixed,
Biand use = 0, for estimation.

An alternative specification of the utility function stipulated Equation 4-6 with the expanded
classification of the land use rating attributes is presented in Equation 4-7.

Vj,n,t = IBCBD CBDj,n,t + ﬁdisplacementDisplacementj,n,t + :BdensityDenSityj,n,t
+ Biand use(Land use 1;, . + Land use 2, + + Land use 3, +
+ Land use 4;, + + Land use 5;,; + Land use 6;,,; + Land use 7; , ;
+ Land use 8; , + Land use 9j ,; + Land use 10;,+)

Equation 4-7

With the quantitative subscript to the land use categorical variable referring to the land use
rating classification specified in Section 3.3.3:

e Land use 1;,, classified as Rural,

e Land use 2;,, classified as Open Space,

e Land use 3;, , classified as Community and Regional,
e Land use 4;, . classified as Limited Use,

e Landuse5;,, classified as Utility,

e Land use 6;,, classified as Industrial,

e Landuse7;,, classified as General Business,

e Land use 8;,, classified as Agricultural,

e Landuse9;,, classified as Residential,

e Land use 10;,, classified as Mixed Use.

With Biand use = 0, Equation 4-6 and Equation 4-7 will result in the same model estimation.

Table 4-2 presents the results of this model. The full estimation output of Model 2, as
provided by Apollo (Hess & Palma, 2019) is found in Appendix F.

Table 4-2: Choice Destination Model, CBD zonification incorporated.

Parameter Estimate Rob t ratio
Bcep 1.4605 74.78
Baisplacement -0.0745 -114.7
Baensity -0.0226 -27.08
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‘ Biand use ‘ NA NA
Log-Likelihood (final): -252690.6; AIC: 505387.2; BIC: 505413.4; Adjusted pzi 0.0598.

All of the parameter estimates are statistically significant at the 95% level on account of the
robust t ratio of the variables in excess of 1.96. The positive coefficient and estimate of S.5p
indicates the high attractiveness of the central business district in Cape Town as a choice
destination. This highlights the statement of residual segregation found in the City of Cape
Town, where a need exist for a large portion of the population to head from the outskirts of
the city to the city centre (the CBD). The negative coefficient of Byispiacement Was retained
and a slightly lesser attractiveness in the destination is captured when the displacement
between origin and destination increases. The parameter estimates indicate that the dislike
towards displacement is approximately 3 times greater than the dislike of a higher IRT stop
density, again noting that commuters place a greater emphasis on minimising displacement,
directly related to minimised travel cost and travel time.

A notable change is captured in Bgensir, from Model 1 to the inclusion of the CBD
zonification parameter in Model 2. A slightly higher parameter estimate is found with a
changed coefficient. Hammadou et al. (2008) noted that particular attention should be paid
to incorporate the effects of the spatial dimension in the utility expression due to the difficulty
of associating complex spatial realities with simplified quantitative measurements.
Furthermore, they stated that there is importance in illustrating ‘space’ in a choice model
(Hammadou, et al., 2008). It is presented that this outcome captures the phenomenon
where the definition of the spatial dimension can influence the behaviour of coefficients in
geospatial choice models.

The definition of the spatial dimension

The definition of ‘dimension’ in Model 1 and Model 2 is explored. In Model 1, the Bgensity
parameter is estimated with a positive coefficient. This choice model is illustrated in Figure
4-2. The origin is noted as MyCiTi IRT stop A and the destination as MyCiTi IRT stop B.
The red line connecting A and B illustrates the displacement, the geographical distance,
between the origin and the destination. The blue circle depicts the 1 km radius perimeter
surrounding the destination IRT stop, as discussed in Section 3.3.2. The blue dots represent
the MyCiTi IRT stops surrounding the IRT destination B. The count of blue dots located
within the 1 km radius perimeter of B is referred to as the destination density count (as
introduced in Section 3.3.2).
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Figure 4-2: Model 1 spatial dimension illustration.

IRT stops are geographically located due to an identified demand. A higher density of IRT
stops within the spatial dimension illustrated in Figure 4-2 indicates the higher demand for
commuters to access the destination area. The positive coefficient of the density parameter
estimated in Model 1 indicates that choice destinations within this spatial dimension, with a
higher density count, are more attractive to individuals. This dimension is presented as the
inter-densified zoning dimension.

In Model 2, the B 4.5, Parameter is estimated with a negative coefficient with the inclusion
of the Bcgp coefficient in the utility function. It is proposed that the inclusion of the
zonification parameter for destination alternatives changes the definition of the spatial, and
therefore density, dimension. Collinearity is noted between the destination IRT stop density
and the central business district zone. Choice Model 2 is illustrated in Figure 4-3 as an
extension of Figure 4-2, with all representations as previously stated. Additional to Figure
4-2, within this spatial dimension, the CBD zone is included and schematically depicted by
the green square in Figure 4-3.
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Figure 4-3: Model 2 spatial dimension illustration.

The negative coefficient of the density parameter Baensity €stimated in Model 2 indicates
that choice destinations within the spatial dimension of the CBD zonification, are more
attractive to individuals when a lesser density count is present. Within this spatial dimension,
an individual has a higher preference for less MyCiTi IRT stops to be present in close
surround when choosing a destination. The probability of an individual choosing a
destination IRT stop destination is therefore increased when there are lesser MyCiTi IRT
stops in the immediate surround. This outcome captures the competitiveness between IRT
stops within this spatial dimension. This dimension, as illustrated in Figure 4-3, is presented
as the intra-densified zoning dimension.

With the destination zoning specified with the inclusion of the zoning parameter, model
development following Model 2 in this study will successively estimate choice models within
the intra-densified zoning dimension.

It is proposed by the author that various geospatial dimensions exist in the modelling of
destination choice and that the estimation of attribute parameters of choice models can
differ between geospatial dimensions, as illustrated in this study. Specification of the
geospatial dimension is therefore critical in the destination choice modelling process. To
further evaluate the impact of the CBD zonification and IRT stop density on destination
choice, both attributes were included in the successive developed models presented in this
study.

4.7.3 Model 3

The second utility function, presented in Equation 4-6, was expanded in Model 3 to explore
the effect of the central business district zone inclusion. As noted, this study estimates
choice models within the intra-densified zoning dimension. This model’s utility function was
expanded to investigate the impact of CBD zone inclusion on the choice utility. The utility
function integrating this zone trends to a nested model and is presented in Equation 4-8.

Vj,n,t = ﬁCBD CBDj,n,t + (ﬁdisplacement + :BdisplacementCBD ShiftCBDj,n,t) * Displacementj,n,t
+ (.Bdensity + .BdensityCBD shift CBDj,n,t) * DenSith,n,t

+ (.Bland use T .Bland usecpp ShiftCBDj,n,t) * (Land use 1j,n,t + Land use 2j,n,t

+ Land use 3; ,  + Land use 4; , . + Land use 5; ,; + Land use 6; , ,
+ Land use 7j,+ + Land use 8;, ; + Land use 9; ,,; + Land use 10;, ;)

Equation 4-8
Baisplacementcep shise refers to the coefficient shift the origin-destination displacement

parameter will encounter when the destination is located within the CBD zone.

‘BdenSitYCBDshift refers to the coefficient shift the destination density parameter will
experience when the destination is located within the CBD zone.

‘BlanduseCBDshift refers to the coefficient shift the destination landuse parameter will
encounter when the destination is located within the CBD zone.

ﬁCBD1 ﬁdisplacementl :Bdensity and :Bland use a8 preViOUSIy stated.

Parameter B;,n4 use did not influence the log-likelihood of the model, as presented in Section
4.7.1 for Model 1 in due to the under specification of this parameter even with respect to the
various categorical land use variables defined as Landusel;,;, Landuse 2,
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Land use 3+, Land use 4; ¢, Land use 5;j ¢, Land use 6, Land use 7; ¢,
Land use 8j,;, Landuse9;,, and Landuse10;,;. Parameters pBiunquse and

Biana USeCED shif were therefore fixed:B14nq use = 0; Biana USeCBD shift 0.

The land use parameters shall be further defined in the subsequent model development
presented in this study.

Table 4-3 presents the results of Model 3. The full estimation output of Model 3, as provided
by Apollo (Hess & Palma, 2019) is found in Appendix G.

Table 4-3: Choice Destination Model, CBD zonification shift incorporated.

Parameter Estimate Rob t ratio
Bcgp 5.9854 114.24
ﬂdisplacement -0.0795 -110.81
ﬁdisplacementCBD shift 0.0289 26.58
Baensity -0.0117 -14.40
Baensitycpp snife -0.1751 -87.38
ﬁland use NA NA

ﬁland USECBD shift NA NA

Log-Likelihood (final): -250246.4; AIC: 500502.7; BIC: 500546.4; Adjusted : 0.0689.

All of the parameter estimates are statistically significant at the 95% level on account of the
robust ¢t ratio of the variables in excess of 1.96. The notable positive coefficient of B.5p, was
retained, indicating the high attractiveness of the central business district in Cape Town.
The negative coefficient of fispiqcement Was maintained with the destination again noted as
less attractive when the displacement between the origin and destination increase. This
noted disfavour is however reduced when the destination is located within the CBD zone
as seen by the positive coefficient of Baispiacementcpp gipe- THiS indicates that although

destinations located further away from the origin is less attractive, the attractiveness
increase when the destination is located within the CBD zone.

The negative coefficient of B4.,sir, Was maintained, but the preference of lesser MyCiTi IRT

stops increase when the destination is located within the CBD zone as seen by the negative
coefficient of Baensitycsp snise- 1S highlights the phenomena proposed in this study, where

the spatial dimension can influence choice behaviour and contribute to the author’s
statement that competitiveness is found between IRT stops within the intra-densified zoning
dimension.

When the destination is located outside the CBD zone, the parameter estimates indicate
that the dislike towards displacement is approximately 7 times greater than the dislike of a
higher IRT stop density. Again, this outcome notes that commuters strive to minimise
displacement when considering a destination choice outside of the CBD zone. When the
destination is located in the CBD zone, however, the parameter estimates indicate that the
dislike towards a higher IRT stop density is approximately 4 times greater than the dislike
towards the displacement. This outcome indicates that less IRT stops within the CBD zone
greatly increase the attractiveness of an individual stop. Commuters have a lesser disutility
to displacement when the destination is located within the CBD zone. These outcomes
highlight the attraction of the CBD zone as a choice destination.
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4.7.4 Model 4

Equation 4-8 was further developed in Model 4 to specify and include the destination land
use rating classification parameters in the utility function. This developed utility function is
presented in Equation 4-9.

Vj,n,t = ﬁCBD CBDj,n,t + (ﬁdisplacement + ﬁdisplacement(;BD ShiftCBDj,n,t) * Displacementj,n,t

+ (:Bdensity + :BdensityCBD shi CBDj,n,t) * DenSityj,n,t

+ ﬁland use1 * Land use 1j,n,t + :Bland use2 * Land use 2j,n,t + ﬁland use 3
* Land use 3, + + Biand use 4 * Land use 4j, + + Brand use s * Land use 5; ¢

+ ﬂland use6 * Land use 6j,n,t + .Bland use7 ¥ Land use 7j,n,t + .Bland use 8
* Land use 8, 1 + Biand use o * Land use 9, + + Biand use 10 * Land use 10,

Equation 4-9

All previously introduced parameters as formerly stated, and with the quantitative subscript
to the land use variables referencing the land use rating classification specified in Section
3.3.3:

e Biand use 1 Fefers to the coefficient of the Rural destination land use rating parameter.

o Bianduse 2 refers to the coefficient of the Open Space destination land use rating
parameter.

o Bianduse 3 refers to the coefficient of the Community and Regional destination land
use rating parameter.

o Bianduse 4 refers to the coefficient of the Limited Use destination land use rating
parameter.

o Bianduse s refers to the coefficient of the Utility destination land use rating parameter.

o Bianduse ¢ refers to the coefficient of the Industrial destination land use rating
parameter.

o Bianduse 7 refers to the coefficient of the General Business destination land use rating
parameter.

o Bianduse g refers to the coefficient of the Agricultural destination land use rating
parameter.

o Bianduse o refers to the coefficient of the Residential destination land use rating
parameter.

o Bianduse 10 Fefers to the coefficient of the Mixed Use destination land use rating
parameter.

None of the land use parameters was fixed for the first estimation of Model 4. Although a
high-level outcome was expected, this was done to establish an unbiased estimate of the
influence of the various land use ratings on destination choice. The first estimate resulted
in a minimum absolute eigenvalue of the hessian close to zero, which indicated a
convergence problem. This first estimate was deemed over-parametrized but did report the
insignificance of Biunause2 @nd therefore the land use rating classification 2. The Open
Space land use classification is therefore not significant in the calculation of the utility of a
destination.

The insignificant land use parameter was fixed for the second estimation of Model 4,
Bianda use 2 = 0. Table 4-4 presents the results. The full estimation output of Model 4, as
provided by Apollo (Hess & Palma, 2019) is found in Appendix H.
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Parameter Estimate Rob t ratio
Bcap 5.6246 93.35
Baisplacement -0.0781 -107.59
Baisplacementcpp shise 0.0325 29.77
Baensity -0.0145 -15.70
Baensitycsp snise -0.1799 -76.03
Biand use 1 (Rural) 1.0769 28.01
Biand use 2 (Open Space) NA NA
Biand use 3 (Community and Regional) | -0.3346 -6.60
Biand use 4 (Limited Use) -0.2196 -5.07
Biand use 5 (Utlity) 0.4879 11.70
Biand use 6 (Industrial) -0.2251 -5.31
Biand use 7 (General Business) 0.6067 15.66
Biand use 8 (Agriculture) -0.4329 -10.27
Biand use o (Residential) -0.5144 -12.99
Biand use 10 (Mixed Use) -0.307 -7.87

Log-Likelihood (final): -244789.7; AIC: 489607.4; BIC: 489729.7; Adjusted : 0.0891.

The notable positive coefficient of .5, maintains the high attractiveness of the central
business district in Cape Town. Coefficients B4;spiacement: Baisplacementesp sni o Baensity

and Baensitycspon;  P€NAved as presented in Section 4.7.3. When the destination is

located outside the CBD zone, the parameter estimates indicate that the dislike towards
displacement is approximately 5 times greater than the dislike of a higher IRT stop
density, noting that commuters strive to minimise displacement when considering a
destination choice outside of the CBD zone. With a destination located in the CBD zone,
the parameter estimates indicate that the dislike towards a higher IRT stop density is
approximately 4 times greater than the dislike towards the displacement as reported in
Model 3. This again motivates that lesser IRT stops within the CBD zone greatly increase
the attractiveness of an individual stop. It is noted that planners should be aware of IRT
stop densification leading to overcrowded and ineffective public transport systems. All of
the parameter estimates are statistically significant at the 95% level on account of the
robust t ratio of the variables in excess of 1.96.

A higher preference is indicated towards the land use classifications of Utility, General
Business and Rural, in order of increasing preference. This correlates with the destination
trip data presented per land use classification in Figure 3-14. With only 1.7% of MyCiTi
IRT stops located in a Rural land use classification, it is counter-intuitively noted that these
stops feature as highly favoured destinations. The high preference shown towards the
General Business land use classification was expected, as 21.1% of the South African
population stated the use of commuter bus services for their daily commute (Statistics
South Africa, 2013). It is expected that the high preference noted towards the Utility land
use classification may link to the daily commute of Capetonians towards places of
employment or places of residence where high utility services are expected.

A lesser preference is shown towards the land use classifications of Limited Use,
Industrial, Mixed Use, Community and Regional, Agriculture and Residential, in order of
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increasing disfavour. The lesser preference indicated to the land use classifications of
Residential and Mixed Use is counter-intuitively, as both serve as popular commuter trip
destinations indicated in Figure 3-14.

The disfavour towards Limited Use land use classification is intuitive as limited economic
opportunities are expected to be present at such a destination classification. Community
and Regional land use classifications are ordinarily accessible to the communities it
serves, and it is therefore expected that public transport should not always be required to
access these facilities. Notably, the Industrial and Mixed Use land use classifications are
not favoured as destinations for the MyCiTi IRT system.

The Agriculture sector is one of the most essential components of Cape Town’s economy
(Invest Cape Town, 2020); it is therefore surprising that the Agriculture land use
classification does not attract a high preference as a choice destination. Thus, the MyCiTi
IRT system is not serving as access to this crucial economic component. It is
recommended that this outcome be investigated for planning strategies of the future
MyCiTi IRT system. If the reasoning of this result can be identified and resolved, the
MyCiTi IRT system can be utilized to attract and possibly capture the economic
opportunities found within the agricultural sector of Cape Town.

The reported dislike towards the Mixed Use land use classification is counter-intuitive as
this land use classification attracts high destination trip volumes, as presented in Figure
3-14. The Apollo output for Model 4, found in Appendix H, includes a robust correlation
matrix of all attributes. It is worth noting that a higher than 60% correlation is found
between all land use classifications. ;5,4 use 10 (Mixed Use) is found highly correlated to
Biand use o (Residential) with a correlation of 91%, Biand use 1 (Rural) with a correlation of 91%,
and Band use 7 (General Business) With a correlation of 93%. The Mixed Use land use
classification is a conglomerate of various land uses combined. The correlations reported
suggest that the attractiveness of this land use classification is related to the behaviour of
the parameters of other land use classifications, with an extremely high influence noted by
land use classifications of Residential, Rural and General Business with correlations of
higher than 90% as noted. Without more information available on the Mixed Use land use
classification for this study, it is challenging to interpret the noted dislike and magnitude of
the estimation outcome reported in Table 4-4. The author suggests that additional
descriptive data on the Mixed Use land use classification be obtained, i.e. the various land
use distributions of the Mixed Use classification, for this land use classification to be
considered in further geospatial studies.

A noted dislike is shown towards the Residential land use classifications as a choice
destination. The National Household Travel Survey (2013) reported a distinct general trip
pattern found where a large portion of the Capetonian population heads from the suburbs
to the city centre in the mornings and returning in the opposite direction in the evenings
(Statistics South Africa, 2013). This pattern is also indicated in the trip data presented in
Figure 3-14. The Apollo output robust correlation matrix of all attributes for Model 4, found
in Appendix H, indicates that ;4,4 use 7 (General Business) is highly correlated to £4nd use 9
(Residential) With a correlation of 92%. It is expected that the majority of IRT commuters, on
a stop-to-stop basis, go to work and return home from the same stop without deviation.
Therefore, it is expected that Residential land use classification would be preferred as a
destination choice for the returning evening commuters on a one-day dataset. An
explanation of this counter-intuitive outcome might lie in skewed data. A skewed dataset
may be present if the evening peak trip data is not captured where commuters tend to
depart from places of employment to residential areas, as discussed in Section 3.3.3.
Unskewed data would indicate a more balanced origin and destination distribution as the
Residential land use areas are deemed both popular origin and destination nodes.
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4.7.5 Model 5

With the attractiveness of the land use classifications analysed in Model 4 as presented in
Section 4.7.4, an investigation towards the CBD zonification influence on the desirability of
these categorical variables as choice destinations followed. A review of the dataset found
that only one land use rating classification had significant dominance in the CBD zone of
Cape Town. The majority of MyCiTi IRT stops located within the CBD had a land use rating
classification of General Business. Equation 4-9 was further developed to capture the
influence on the utility when the land use rating classification (7) for General Business was
located within the CBD zone. This developed utility function is presented in Equation 4-10.

Vj,n,t = ﬁCBD CBDj,n,t + (ﬁdisplacement + ﬁdisplacementCBD ShiftCBDj,n,t) * Displacementj,n,t

+ (.Bdensity + .BdensityCBD ShiftCBDj,n,t) * DenSith,n,t
+ ﬁland use1 * Land use 1j,n,t + .Bland use2 * Land use 2j,n,t + ﬁland use 3
* Land use 35+ + Biand use 4 * Land use 4;,, + + Biand use s * Land use 5, ;

+ ﬁland use 6 * Land use 6j,n,t + (ﬂland use7 T .Bland use 7¢cgp ShiftCBDj,n,t)
* Land use 75+ + Biana use s * Land use 8; , ¢ + Biand use o * Land use 9; , ;
+ ﬁland use 10 * Land use 1Oj,n,t

Equation 4-10

All parameters as previously stated in Sections 4.7.1 to 4.7.4, and with:

Branduse 7 @A Biand use 7¢BD shift referring to the coefficient of the General Business

destination land use parameter and coefficient shift the parameter will experience when the
destination is located within the CBD zone subsequently.

As presented in Section 4.7.4, the insignificant parameter of Open Use land use
classification was fixed: Binquse2 = 0. Table 4-5 presents the results. The full estimation
output of Model 5, as provided by Apollo (Hess & Palma, 2019) is found in Appendix I.

Table 4-5: Choice Destination Model, land use specified, and CBD zonification shift included
for General Business.

Parameter Estimate Rob t ratio
Bcap 6.9499 74.41
Baisplacement -0.078 -108.21
Baisplacementcpp shise 0.0322 29.41
Baensity -0.0153 | -16.66
Baensitycsp snise -0.2401 | -59.45
Biand use 1 (Rural) 1.1072 28.88
Biand use 2 (Open Space) NA NA
Biand use 3 (Community and Regional) -0.3394 | -6.7
Biand use 4 (Limited Use) -0.0425 | -0.98
Biand use 5 (Utlity) 0.5836 13.98
Biand use 6 (Industrial) -0.2351 -5.55
Biand use 7 (General Business) 0.5348 13.71
Biand use 7¢pp snife 0.7978 18.58




58

Bland use s (Agriculture) -0.4444 -10.55
ﬂland use 9 (Residential) -0.5198 -13.13
Bland use 10 (Mixed Use) -0.3176 -8.14

Log-Likelihood (final): -244572.8; AIC: 489175.5; BIC: 489306.5; Adjusted : 0.0899.

The estimated coefficients seen in Table 4-5 for the proposed model are consistent with
their explored and hypothesized effects on the utility presented in this study. The notable
positive coefficient of 8-5p indicates the very high attractiveness of the central business
district in Cape Town being maintained. Coefficients Buispiacement: Baisplacementepp sni for

Baensity N4 Baensitycpp shi " behaved as presented in Section 4.7.3.

The higher preference shown towards the land use classifications of General Business,
Utility and Rural is maintained as presented in Section 4.7.4. Interestingly a slightly higher
preference is displayed towards the Utility land use classification in Model 5, than what
was previously presented.

The lesser preference shown towards the land use classifications of Limited Use,
Industrial, Mixed Use, Community and Regional, Agriculture and Residential, in order of
increasing disfavour, is also maintained presented in Section 4.7 4.

The positive coefficient of 5,4 use 7 (General Business) was maintained and it is presented by
the notable positive coefficient of B1and use 7¢pp ohi ;. thatthe preference for choosing a

destination with this land use classification is notably increased when the destination is
located within the CBD zone. The CBD zone and General Business land use classification
are correlated; a change in either variable is therefore parallel to a change in the other.
This correlation is expected and reflects that commuters' preferences for the CBD zone
are related to the General Business land use classification preferences. This outcome
highlights the economic opportunity captured within this zone and the CBD zone's
influence on attracting users to the MyCiTi IRT system for business commute.

All of the parameter estimates except the land use parameter of Limited Use are
statistically significant at the 95% level on account of the robust ¢t ratio of the variables in
excess of 1.96.

The Apollo output for Model 5, found in Appendix |, includes a robust correlation matrix of
all attributes. It is worthy to note that all land use classifications have a higher than 60%
correlation, as also presented by the outcomes of Model 4 in Section 4.7.4. Biand use 10
(Mixed Use) is found highly correlated to ;414 use o (Residential) with a correlation of 91%,
Biand use 1 (Rural) with a correlation of 91%, and B;4nd use 7 (General Business) With a correlation
of 92%. L1and use 7 (General Business) is found highly correlated t0 ;414 use o (Residential) with a
correlation of 92%. The high correlation noted between the land use parameters could
explain the counter-intuitive outcomes of the Mixed Use and Residential land use
classifications presented in Table 4-5 as discussed in Section 4.7 4.

A MyCiTi IRT stop located within the CBD zone of Cape Town, with less surrounding IRT
stops present (a low IRT stop density), located the closest distance from the point of trip
origin and with a land use classification of General Business is expected to maximise the
choice individual’s utility. The attractiveness of a destination is therefore closely related to
the land use type surrounding the IRT stops as also determined by Cai et al. (Cai, et al.,
2015).

47.6 Goodness of Fit

As introduced in Section 4.6, serval tests are conducted to ascertain the goodness of fit of
choice models. In choice models, the goodness of fit dictates how well the statistical
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methods and analysis fits the model data. The aim of the model development is to report
that each subsequent model constitutes better goodness of fit, therefore reporting the
developed model improved.

Apollo reported the following goodness of fit statistics for each model developed in Sections
4.7.1 to 4.7.5: the log-likelihood (LL), the adjusted Pseudo R? (adjusted p?), the Akaike
Information Criterion (AIC) and the Bayesian Information Criterion (BIC). AIC and BIC
values are aimed to be minimised with the log-likelihood and adjusted Pseudo R? ratios
aimed to be improved following the subsequent model development.

The goodness of fit tests are summarised in Table 4-6 for the subsequent model
development from the base model (Model 1) to the final model (Model 5) as reported.

Table 4-6: Model Development Summary.

Goodness of fit Model 1 Model 2 Model 3 Model 4 Model 5
Log — likelihood (final) | -256033.1 | -252690.6 | -250246.4 | -244789.7 | -244572.8
AIC 512070.3 505387.2 500502.7 | 489607.4 | 489175.5
BIC 512087.7 | 505413.4 | 500546.4 | 489729.7 | 489306.5
Adjusted p? 0.0473 0.0598 0.0689 0.0891 0.0899

From Table 4-6 it is seen that the log-likelihood improves from Model 1 to Model 5 with the
subsequent model development.

The information criterion indices AIC and BIC are used to compare models, with the lowest
value of a given index indicating the best model fit (Nylund, et al., 2007). Burnham and
Anderson (2004) defined model equivalency as substantial for an AIC difference of 0 — 2,
weak for an AIC difference of 4 — 7 and none for an AIC difference of > 10 (Burnham &
Anderson, 2004). Raftery (1995) stated the difference between models as weak for a BIC
difference of 0 — 2, positive for a BIC difference of 2 — 6, strong for a BIC difference of 6 —
10 and very strong for a BIC difference of > 10 (Raftery, 1995).

The AIC difference in succeeding models from Model 1 to Model 5 results in a difference
>10, which supports equivalency between none of the models. The BIC difference in
succeeding models from Model 1 to Model 5 results in a difference of >10, which supports
the development of the subsequent models. The AIC and BIC values become less for
each subsequent model developed, with Model 1 reporting higher values than Model 5,
indicating model improvement.

Pseudo R? (p?) is the most general measure of both the overall and relative model fit
(goodness of fit). It is an indication of how well the model fits the data and is used to
compare multiple models’ fit to the same dataset. In regression analysis, the output from
the regression model is aimed to have significant variables and to produce a high p?value.
Significant variables were found in the model development of this study, as discussed in
Sections 4.7.1 t0 4.7.5.

The log-likelihood is a non-linear function, and therefore adjusted p? values cannot be
interpreted in linear terms. A model with no predictive ability will allow the ratio of the two
log-likelihoods presented in Equation 4-1 to be close to 1, and p? to be close to zero. A
highly predictive model will result in a p? value close to 1. A Pseudo R? value exceeding
0.2 typically indicates goodness of fit for the linear regression model estimation (Frost,
2020). A p?value exceeding 0.3 generally indicates goodness of fit of the logistic non-
linear regression model (i.e. MNL model) estimation (Hensher, et al., 2015). The adjusted
p?value considers the number of variables in the model. Its value only increases when a
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newly included variable improves the model fit more than when compared to the model
excluding this addition (Frost, 2021).

The adjusted p? values increased from 0.0473 in Model 1 to 0.0899 in Model 5 with the
subsequent model development. With the continuous introduction of geospatial properties,
the adjusted p? values increased, indicating an improved fit of the models. It also confirms
that the included variables in the subsequent model development improved the model fit.
The increase of p? reported with every model estimation states that the subsequent model
is superior, with Model 5 showcasing the better fit.

Although the adjusted p? values increased with the subsequent model development from
Model 1 to Model 5, very low adjusted p? values were estimated, as presented in Table
4-6. As stated, an adjusted p? value of less than 0.3 indicates that the models presented in
this study do not fit the dataset well (Hensher, et al., 2015) and indicates the exclusion of
important explanatory variables. Caution is raised on the application of models with
adjusted p? values lower than 0.1, but models estimating large datasets with these low
values can still indicate significance (Miller & Falk, 1992). Therefore, although Model 5 is
the superior model developed, it has a low predictive ability. From this result, it can be
concluded that not all relevant variables explaining the choice outcome were included in
the model specification. It is therefore recommended that studies on destination modelling
with a geospatial focus be complemented with the inclusion of trip and user-specific
variables.

Although the low p? values indicate underspecified models, the models still constitute
explanatory power. The low p? values of the estimated Models (i.e. for Model 5, p? =
0.0899) and the anomalies reported in the model estimates noted in Sections 4.7.4 and
4.7.5 indicates that the models developed are not fit for application. However, the results
from this study provide significant insight into the effects geospatial properties have on
destination choice for the case of the MyCiTi IRT system. Further studies into the
investigation of the geospatial influence on destination choice supporting application are
therefore motivated.

The improvement reported in the Log-likelihood, AIC and BIC values additionally indicate
that each following model development presented in this study is subsequently superior.
Therefore, Model 5 presents the most accurate utility function to investigate the geospatial
influence on destination choice in this study.

4.7.7 Model Application in Transportation Planning and Policy Strategies

As discussed in Section 2.4, the City of Cape Town's Municipal Spatial Development
Framework highlights the need to connect the city's citizens to economic opportunities. The
existing MyCiTi Integrated Rapid Transit (IRT) system will be used as the basis of the
Transit-Oriented Development philosophy, with the City of Cape Town's future urban form
and function to be structured around this IRT system (City of Cape Town, 2017). The
application of the results presented in this study can therefore hold value to the
transportation planning and policy strategies of the City of Cape Town on the factors that
can influence it reaching its aimed development goals and targeted urban form.

The results from this destination choice modelling study support the noted trend proposing
that geospatial properties can influence travel behaviour. The multinomial logit choice
models presented and discussed in this study showcased goodness of fit to provide insight
into the influence geospatial properties have on destination choice for the case of the MyCiTi
IRT system as presented in Section 4.7.6.
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A significantly higher preference is displayed by commuters to select direct transit routes.
Destinations that result in a higher displacement were found less attractive to commuters
than destinations located closer to the trip origin. A very high attraction to the Central
Business District as destination in Cape Town was found as expected. This zoned attraction
highlights the phenomenon of residual segregation found in the City of Cape Town.
Although a destination's attractiveness decreases with an increase in displacement, a
lesser dislike was presented towards destinations located further from the origin but located
within the CBD.

It is proposed that various geospatial dimensions exist in the modelling of destination
choice. The estimation of attribute parameters in choice models can differ between
geospatial dimensions, as illustrated in this study. Transport planners should note that the
geospatial dimension specification is deemed a critical step in the destination choice
process for parameter estimation. Inter-densified and intra-densified zoning dimensions are
introduced as dictated by the geospatial dimension.

Destinations within the intra-densified zoning dimension (where the CBD zonification is
specified) were more attractive to commuters when fewer MyCiTi IRT stops were present.
This outcome iterates the competitiveness between the IRT stops within the CBD of Cape
Town. It is noted that transportation planners should be aware that MyCiTi IRT stop
densification within the CBD may lead to an overcrowded and ineffective system.

A higher preference was found towards the land use classifications of General Business,
Utility and Rural, in order of increasing preference. With only 1.7% of the MyCiTi IRT stops
located in a Rural land use classification, it is counter-intuitively noted that these stops
feature as highly favoured destinations. It is proposed that transport planners explore the
need reported for commuters to access rural destinations.

The high preference shown towards the General Business land use classification as a
destination was expected. It was additionally reported that the preference for choosing a
destination with General Business land use classification is increased when the destination
is located within the CBD. The high preference noted towards the Utility land use
classification is expectedly synonymous to places of employment or residence where high
utility services are required. Therefore, it is noted for planning policies that the development
of utility services can increase a destination’s attraction.

It was reported that the Industrial and Mixed Use land use classifications were not favoured
as destinations for the MyCiTi IRT system. A high correlation between the Mixed Use and
various other land use classifications were found, which might explain the counter-intuitive
outcome. Further investigation is recommended to explain why a preference is not captured
by the MyCiTi IRT system for commuters to access these destinations, as both these
classifications should involve employment opportunities.

The Agriculture land use classification not attracting a high preference was a highlighted
outcome, as this sector is an essential component of Cape Town's economy (Invest Cape
Town, 2020). It is recommended that this outcome be investigated to resolve and enable
the MyCiTi IRT system to be utilised to attract and possibly capture the economic
opportunities presented by the agricultural sector of Cape Town.

An unexpected dislike was reported for the Residential land use classifications as a choice
destination. The National Household Travel Survey (2013) states a distinct trip pattern
where a large percentage of the Capetonian population heads from the suburbs to the city
centre in the mornings and returning in the opposite direction in the evenings (Statistics
South Africa, 2013). These suburbs are expected to fall within the residential land use
classification. It is noted that further investigation is required to confirm if an explanation of
this counter-intuitive outcome might lie in the high correlation found between the Residential
and General Business land use classifications.
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By further exploring the results presented by this study on investigating the effect geospatial
properties have on commuter choices, insight can be obtained into how the MyCiTi IRT
system can be developed and optimised to meet commuter demand and accelerate the
aimed diversification of the City of Cape Town. Understanding travel behaviour and the
effect geospatial properties have on the operation of the MyCiTi IRT system can unfold
significant value for the City of Cape Town.
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LIMITATIONS AND FUTURE WORK

With ever-changing conditions and data from 2015 applied in this study, the author
recommends that the findings of this study be compared to the application of present-day
data. This study excludes any personal characteristics. It is recommended that future
studies expand the revealed preference data with the inclusion of stated preference data to
capture the personal variance and for application in the field of transportation planning.

Automatic fare collected data was applied in this study. Fare evasion is a noted general
problem and can contribute to erroneous data or an underestimation of trips in services that
operate in high evasion areas. It is recommended that the effect of trip evaders of the MyCiTi
IRT system be investigated in further studies.

In a perfect dataset, every journey with a starting point will have an ending point. The count
of 1%t boarding transactions not equalling the alighting transactions in the dataset indicated
an incompleteness of the survey data (Richardson, et al., 1995). Transactions were
therefore missing, or it is proposed that erroneous transactions were recorded.

Connection transactions were noted not to affect the origin-destination pairing of
transactions required for this study and were therefore excluded. This study is based on
one-day data analysis; the author recommends this study to be compared with a weekly or
monthly expanded analysis to support the findings made in this study.

A discrepancy was noted when the MyCiTi IRT stop names of the coordinated dataset were
compared to the names of the automatic fare collected dataset. Additional names were
listed in the coordinated data. It was determined that a variety of human spelling errors were
captured in both datasets. A sample of the errors identified includes the spelling variation
of Langeberg and Langberg, Oscar Mpetha and Oscar Mpethu, Sandrift and Sanddrift,
Braselton and Braseltown IRT stops as noted. The invalid entries indicated an
incompleteness deficiency in the sampling frame (Richardson, et al., 1995). Where the
listed MyCiTi IRT stop names could not be verified, it was excluded from the study.

A discrepancy was noted where certain individual MyCiTi IRT stops within the coordinated
dataset were given two coordinates. It was stated that this discrepancy arose where an IRT
stop had two access points on either side of a road as influenced by the direction of travel.

The combination of multiple data sources allowed for an unbiased analysis and added
credibility to this study and the future application thereof. As noted with the modelling
execution of this study, the computational implementation of a major dataset of multiple
data sources is prone to limitations. Should this study be expanded or further explored, it is
recommended by the author that computational abilities should be verified.

With the high correlation found between the various land use classifications, the author
recommends that the multinomial logit model presented in this study be developed into a
nested logit model to address the correlated results and improve the model's specification.

The author suggests that supporting descriptive data on the Mixed Use land use
classification be obtained, i.e. the distribution of the various land use definition of the Mixed
Use classification. Supporting data will enable the researcher to better interpret the Mixed
Use land use classification parameter estimates in further geospatial studies.

The author recommends further studies on the geospatial investigation of destination choice
models to include peak hour attributes. It is additionally recommended that trip parameters,
including but not limited to commuter fare and trip duration, be incorporated in future
geospatial investigations of destination choice models.

This study highlights that geospatial attributes play an important role in destination choice
modelling. Further research into destination choice models as an alternative to gravity
models are therefore recommended.
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CONCLUSION

Transport systems shape urban growth by guiding spatial diversification and population
settlement. An increasing trend was reported by Statistics South Africa, where the South
African population preferred road-based transportation for daily commute (Statistics South
Africa, 2013). In major urban areas like the City of Cape Town, public transportation is the
key to economic connectivity. Public transport systems allow investment due to their
environmental, social and economic benefits.

Efficient transport systems are desired to limit substantial losses that might arise from
missed economic opportunities. Optimised transport networks and densified transportation
infrastructure are identified as the catalyst for economic development. Studies on transport
networks and the factors that might lead to the optimisation of these systems are crucial.
There is significant value in analysing public transportation systems in South Africa.

The release of the City of Cape Town's Municipal Spatial Development Framework raised
the critical need to connect the city's citizens to economic opportunities. The existing MyCiTi
Integrated Rapid Transit (IRT) system will be used as the basis of the Transit-Oriented
Development philosophy, with the City of Cape Town's future urban form and function to be
structured around this IRT system. The study and analysis of the MyCiTi IRT system can
provide valuable insight for the City of Cape Town on the factors that can influence it
reaching its aimed development goals and targeted urban form.

Although the spatial separation of activities forms the essence of travel demand, the
incorporation of the effects of geospatial properties in travel behaviour modelling has only
in recent years been formally studied. A trend was noted proposing that geospatial
properties can influence travel behaviour. In the stated research, the need to investigate the
effect of geospatial properties on travel behaviour was highlighted. With travel behaviour
the result of commuter choices, a choice modelling study was conducted to investigate the
effect of geospatial properties on the MyCiTi IRT commuter destination choice.

Automatic fare collected smartcard data from the MyCiTi Integrated Rapid Transit system
was accrued from the City of Cape Town. Origin-destination trip pairing was executed, and
the dataset expanded to include geospatial properties. The included geospatial properties
comprised the geographical distance between trip origin and destination, IRT stop density,
land use classification rating and the central business zoning classification of the MyCiTi
IRT system. This study was based on revealed preference data which represents factual
and unbiased travel behaviour cost-effectively. Multiple data sources add credibility to this
study and the future application thereof. A one-day data model was presented for the
versatile future application of weekly, monthly and yearly choice modelling studies.

An interesting observation was made where notable fewer connection transactions were
recorded in the dataset. This observation gives noteworthy insight that a significantly higher
preference is displayed by commuters to select direct transit routes.

The multinomial logit model was deemed appropriate to investigate the influence geospatial
attributes have on destination choice. The multinomial logit models developed in this study
were defined and estimated by using Apollo (Hess & Palma, 2019), a software package
developed for choice model estimation.

Destinations located further from the origin (a higher displacement) were found less
attractive to choice individuals than destinations located closer to the origin. Destinations
with a higher IRT density were initially found to be more attractive to choice individuals in
Model 1. This outcome, however, changed in Model 2 with the inclusion of the central
business district zonification variable. Hammadou et al. (2008) noted that particular
attention should be paid to incorporate the effects of the spatial dimension due to the
difficulty of understanding spatial realities by simple quantitative measurements. It is
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presented that the changed outcome reported in this study captures the phenomenon where
the definition of the spatial dimension can influence the behaviour of coefficients in
geospatial choice models. The inclusion of the CBD zonification parameter changed the
definition of the spatial (and therefore density) dimension. Inter-densified and intra-densified
zoning dimensions were introduced in Model 2. With the CBD zone specification and
inclusion in the utility function, this study proceeded to estimate choice models within the
intra-densified zoning dimension. Choice destinations within the intra-densified zoning
dimension, where the CBD zonification is specified, were found to be more attractive to
individuals when a lesser IRT density count was present. This outcome captured the
competitiveness between the MyCiTi IRT stops within the central business district of Cape
Town.

The author proposes that various geospatial dimensions exist in the modelling of destination
choice. The estimation of attribute parameters in choice models can differ between
geospatial dimensions, as illustrated in this study. Specification of the geospatial dimension
is therefore noted as a critical step in the destination choice process.

A very high attraction of the Central Business District as a destination in Cape Town was
found. This result highlighted the statement of residual segregation found in the City of Cape
Town, where a need exists for a large portion of the population to head from the suburbs to
the city centre. Although the attractiveness of a destination decrease with an increase in
displacement, a lesser dislike was presented by commuters towards destinations located
further from the origin but located within the CBD. A preference of lesser MyCiTi IRT stops
(a lower IRT stop density) was reported with the inclusion of this CBD zone. This outcome
highlighted the phenomena proposed in this study where the spatial dimension is stated to
influence choice behaviour and contribute to the author's statement that competitiveness is
found between IRT stops within the intra-densified zoning dimension. It is noted that city
planners should be aware that MyCiTi IRT stop densification may lead to an overcrowded
and ineffective system.

A higher preference was stated towards the land use classifications of General Business,
Utility and Rural, in order of increasing preference. With only 1.7% of the MyCiTi IRT
stops located in a Rural land use classification, it was noteworthy that these stops feature
as highly favoured destinations. The high preference shown towards the General
Business land use classification was expected. It was additionally found that the
preference for choosing a destination with General Business land use classification is
increased when the destination is located within the CBD of the City of Cape Town. The
high preference noted towards the Utility land use classification is expectedly linked to
places of employment or residence where high utility services are required.

A lesser preference was reported towards the land use classifications of Limited Use,
Industrial, Mixed Use, Community and Regional, Agriculture and Residential, in order of
increasing disfavour. It was counter-intuitively noted that the Industrial and Mixed Use
land use classifications were not favoured as destinations for the MyCiTi IRT system. The
disfavour towards Limited Use and Community and Regional land use classifications were
notably expected as discussed. The Agriculture land use classification not attracting a
high preference was a surprising outcome, as this sector is stated an essential component
of the economy of Cape Town (Invest Cape Town, 2020). It is recommended that this
effect be investigated to resolve and enable the MyCiTi IRT system to be utilised to attract
and possibly capture the economic opportunities found within the agricultural sector of
Cape Town.

An unexpected dislike was shown towards the Residential land use classifications as a
choice destination. The National Household Travel Survey (2013) reported a distinct

general trip pattern where a large portion of the Capetonian population heads from the
suburbs to the city centre in the mornings and returning in the opposite direction in the
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evenings (Statistics South Africa, 2013). The author notes that further investigation is
required to confirm if an explanation of this counter-intuitive outcome might lie in the high
correlation found between the Residential and General Business land use classifications.

The increase of the reported adjusted log-likelihood p? values with every model estimation
state that the subsequent model development was found superior. Model 5 showcased
the greatest goodness-of-fit. The low p? values of the estimated models (i.e. for Model 5,
p? = 0.0899) indicates that the choice model presented in this study is not fit for
commercial application. The model results, however, still provide significant insight into
the influence geospatial properties have on destination choice for the case of the MyCiTi
IRT system. The improvements reported in the log-likelihood, AIC and BIC values
additionally confirm the improved model development presented in this study. Model 5
presents the best insight into geospatial influence on destination choice for the MyCiTi IRT
system analysed in this study.

Public transport plays a vital role in reducing congestion and the carbon emissions
footprint, especially in major metropolitan cities. Commuters should be encouraged to
select public transport as their preferred mode of choice. It should be a priority for
authorities to create attractive, integrated, user-friendly public transport networks. The
MyCiTi IRT system can be developed to counter the current segregation found in the City
of Cape Town. This study complements the proposal made that geospatial properties
impact travel behaviour. Geospatial properties therefore influence commuter choice
behaviour in the operation of the MyCiTi IRT system. By further investigating the effect
geospatial properties have on commuter choices, insight can be obtained into how the
MyCiTi IRT system can be further developed and optimised to meet commuter demand
and accelerate the aimed diversification of the City of Cape Town. Further investigations
could include mixed logit or nested logit choice models to explore the influence of the
spatial dimension on commuter choice as presented in this study. Understanding travel
behaviour and the effect geospatial properties have on the operation of the MyCiTi IRT
system can unfold significant stated economic, environmental and social value for the City
of Cape Town. To harness the full social and economic potential of public transport in
South Africa, continuous study and investment into transport infrastructure and systems
are required.
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A GEOSPATIAL INVESTIGATION OF DESTINATION CHOICE MODELLING
THE CASE OF THE MYCITI INTEGRATED RAPID TRANSIT BUS SYSTEM, CAPE TOWN,

SOUTH AFRICA

APPENDIX A

The MyCiTi Integrated Rapid Transit System Route Map (MyCiTi, 2015)
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New MyCiTi services in Atlantis

The launch of more MyCiTi
services in the Atlantis area
will also mean changes to
some of the existing routes
and current Sibanye/Golden
Arrow transport services.

n 4 July 2015 three
new MyCiTi bus routes
will be launched in the
Atlantis area. This will
offer passengers more options
for travelling, with safe, reliable
and affordable transport.
This is how you and your
family will be affected by these
changes:

Changes in Atlantis area
There are three new MyCiTi
routes in the Atlantis area:

. [pEA Atlantis — Mamre

. Atlantis - Pella

. Atlantis — Robinvale

All these routes connect with
the MyCiTi Atlantis station. The
Witsand area, as well as Mamre
and Pella, will continue to be
served by Sibanye/Golden Arrow
services travelling along the N7.

Changes affecting other areas
One of the biggest changes will be
a new [lA route, which is a direct
service between Atlantis and
central Cape Town via Table View.

For passengers travelling
between Atlantis and
Duynefontein, the journey will be
via Melkbosstrand station using
[P and buses.

There are also changes to
bus services connecting with
Table View, Killarney Gardens,
Montague Gardens and central

The centrally located Atlantis station is the hub of MyCiTi services. Passengers making the change from
Sibanye buses to MyCiTi can get their myconnect cards from the station kiosk.

Cape Town. Passengers
travelling to Maitland and Salt

River will also be affected.
For more details on planning

Calling all Sibanye passengers

hen the changes to MyCiTi

services come into effect
on 4 July 2015, many of the
current Atlantis services offered
by Sibanye/Golden Arrow
will stop. This particularly
affects services along the R27.
Passengers who have been
using Sibanye/Golden Arrow
buses will need to switch to
using the MyCiTi service from
this date.

Note: Sibanye/Golden Arrow

will continue to run a service

between Atlantis and the
Koeberg nuclear power station.
Passengers using this service
will not be affected.

Sibanye buses will continue to
travel down the N7 from parts
of Atlantis, including Mamre,
Pella and Witsand. This will be
an express service, stopping
along Koeberg Road only south
of Racecourse Road en route
to Maitland and Salt River.
However, some buses will still
enter Killarney Gardens.

your journey, see page 3.

How to
use MyCiTi

All passengers aged four
years and older and under
1m tall need their own
myconnect card to travel on
MyCiTi buses. These cards are
R30, available from MyCiTi
stations, including Atlantis
and Table View. You can load
money on the card or Mover
packages to save at least 30%
on fares. You cannot pay cash
for your fare on the bus.

See inside for details.
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The launch of more MyCiTi
services in the Atlantis area
will also mean changes to
some of the existing routes
and current Sibanye/Golden
Arrow transport services.

Travelling to Melkbosstrand
From 4 July, route EE3, the direct
route from Atlantis to Duynefontein
will be discontinued. Passengers
travelling to Duynefontein and parts
of Melkbosstrand must take the
main route from Atlantis and
transfer to the Duynefontein
— Melkbosstrand route at
Melkbosstrand station.

Note: The travelling time,
including the transfer, will be similar
because the larger buses can travel
quicker on the R27. The fare will
also be the same in most cases.

Travelling to central Cape Town
A new direct route from Atlantis
station, via Table View, to Civic
Centre will be launched, giving
passengers a quicker route to town.
This will also mean easy transfers
to other MyCiTi destinations from
the Civic Centre station.

Transfer to rail for Wynberg and
Claremont.

Travelling to Killarney Gardens
Passengers from Atlantis should
catch or EIXH from Atlantis
station to Table View station.

At Table View, they should
transfer to travelling along
Blaauwberg Road, exiting at the
Killarney station and walking to
the nearby industrial area.

Travelling to Montague Gardens,
Maitland and Salt River

Planning your journey

routes

The existing MyCiTi service
will take passengers to Omuramba
station in Montague Gardens, with
a transfer to MyCiTi route

towards Century City. These buses
will travel via Table View station.
Some buses will short-turn at
Table View station and return to
Atlantis. They will be designated
as buses. From August
passengers will also be able to
connect with from Dunoon to
Century City.

The MyCiTi route to Salt River
will be using the new EH route
from Atlantis to Civic Centre
station and then transferring to
m route to Salt River rail station
via Walmer Estate. Passengers
travelling to southern Koeberg
Road and Maitland should continue
to use Sibanye/Golden Arrow
services along the N7.

Buy a monthly
package

If you make a long journey
to and from Atlantis every
day then you may save with
a monthly travel package,
available from 1 July 2015.
A monthly travel package is
loaded on your myconnect
card and includes your first
two journeys every day,
including transfers.

For example, you may get

on the bus at Mamre,
transfer to a bus at

Atlantis station, and then
transfer at Civic Centre station
to a [l bus to Camps Bay.
This counts as one journey.
The monthly travel packages
cost R530 (excluding the
Airport) or R780 (including the
Airport). Available from MyCiTi
station kiosks only.
TIP: The monthly travel
package is valid for 30 days
from any day you load it on
Yyour card, so you don't have to
wait until the end of the month
to buy one.

How to use MyCiTi

Catching a MyCiTi bus is easy once you know how. Follow this step-by-step guide and connect to Cape Town's safe, reliable, scheduled bus service.

@ Get a myconnect card

Every passenger aged four years

and over and under 1m tall

needs their own myconnect card

to use the bus. The smartcard
is like a wallet and a travel card
in one. Load money as Standard
and you can use it like a debit
card to pay for purchases up

to R200 and pay MyCiTi fares
at the Standard rate. You can
also load Mover packages

from as little as

R30 and use the

Mover points to

pay MyCiTi fares —

saving you at least

30%. You can load

Standard and Mover at

the same time. If you do

the fares are first paid from Mover,

and only from Standard if your
Mover points are insufficient.

TIP: With Standard you
can pay fares and make
purchases, but with Mover

you save on fares.

-

@ Tap in and tap out

MyCiTi fares are based on a
boarding fare and then how far
you travel. When you enter a
MyCiTi station or get on a bus
you hold your myconnect card
against the validator and the
boarding fare will be deducted
from the balance on your card.
When you leave the bus or exit
the station, tap your card on the
validator to end your journey.
The system calculates how far
you have travelled and deducts
the correct fare.

When you transfer to another
MyCiTi bus at a station you
do not pay the boarding fare
again, as it is calculated as one
journey. You can also make a

free transfer at a bus stop if you
tap in again within 45 minutes
and it is not a return journey.

TIP: The validators on the
buses are marked ‘in" and
‘out’. At station gates you tap
on the validator on your right
hand side. Make sure you tap
on the correct validator to
avoid a penalty.

@ Choose the time you travel

The fares are higher when you
start your journey (tap in) during
the peak period, even if you end

TIP: Plan your journey so you
tap in at a MyCiTi station or
on the bus outside of these

your journey in the peak. hours and save.
Peak 06:45 - 08:00 and 16:15 - 17:30 on weekdays only
Saver All other times and on weekends

(% Avoid a penalty!

You may be charged a penalty

if you:

» Youdo not tap in or out of a
station or a bus

«  You tap on the wrong
validator, or

*You do not have enough
money on your card.

For the first three times you

make a mistake the penalty is
R10, but after that it is R22 or
R83 at the Airport station.

TIP: Check your balance at
an information terminal near
the entrance to a station

to ensure you have enough
money on your card.

@ How much will | pay?

These MyCiTi fares come into effect on 1 July 2015 and are for a one-

way journey including transfers.

Distance | SRR | SENETY | Meak | Sover
0-5 kms R11.50 R7.80 R8.20 R5.50
5-10 kms R13.30 R9.80 R9.40 R6.90
10 - 20 kms R17.80 | RI1250 | RI12.60 R8.80
20 - 30 kms R19.80 | R1480 | R13.90 | R10.40
30 - 40 kms R21.00 | R1650 | R1480 | R1L60
40 - 50 kms R2460 | R19.40 | R17.40 | R13.70
50 — 60 kms R27.70 | R2200 | R1950 | R1550
60 kms plus R3020 | R2410 | R2130 | R17.00
p‘r‘;'n':‘i’l:; R6140 | R61.40 | R50.00 | R44.20

What are the fares from Atlantis?

Standard Mover Mover
Standard
Journey (Peak) (Saver) (Peak) (Saver)

06:45-0800 | » oo | 08:45-0800 | Allother
16:15-17:30 16:15-17:30 times

Atlantis

station —

Melkbosstrand R19.80 | R1480 | R13.90 | R10.40

station

20 - 30 kms

Atlantis

station —

Table View R21.00 R16.50 | R14.80 | R1160

station

30 - 40kms

Atlantis station

— Civic Cent

station ¢ | Rer70 | R2200 | R1950 | R1550

50 - 60 kms

*The Airport premium is charged in addition to the distance-based fare when
you tap in or out at the Airport station.

*Fares for shorter distances within the Atlantis area are as indicated in the

table on the left.
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MyCiTi IRT Stop Displacement Matrix (in kilometre)
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MyCiTi IRT Stop Density Count Matrix
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MyCiTi IRT Stop Land Use Rating Matrix
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Full estimation output of Model 1



Model

run using Apollo for R, version 0.1.0

www.ApolloChoiceModelling.com

Model name : MNL_MyCiTi Modell
Model description : MNL Model of MyCiTi IRT System on RP data
Model run at : 2020-10-11 09:47:02
Estimation method : bfgs
Model diagnosis : successful convergence
Number of individuals : 31681
Number of observations : 45970
Number of cores used : 1
Model without mixing
LL(start) : -268760.8
LL(®) : -268760.8
LL(final) : -256033.1
Rho-square (9) : 0.0474
Adj.Rho-square (@) : 0.0473
AIC : 512070.3
BIC 512087.7
Estimated parameters : 2
Time taken (hh:mm:ss) : 00:04:4.44
Iterations : 8
Min abs eigenvalue of hessian : 2924684
Estimates:
Estimate Std.err. t.ratio(®) Rob.std.err. Rob.t.ratio(®)
b_displacement -0.0737 Se-04 -138.89 6e-04 -114.10
b _density 0.0127 6e-04 22.06 6e-04 21.38
b_landuse 0.0000 NA NA NA NA

Overview of choices for model component "MNL"

alte
Times
45970.
Times
81.00

alt2eo
Times
45970.
Times
90.0

alt34
Times
45970.
Times
35.00

alt4s
Times

altl alt2 alt3 altd alts
alt7 alts alto altie alti1l alti2 alti3 altis
available 45970.00 45970 45970.00 45970.00 45970.00
00 45970.00 45970.00 45970.00 45970.00 45970.00 45970.0 45970.00 45970.00
chosen 2191.00 2 64.00 102.00 273.00
59.00 18.00 40.00 343.00 6.00 93.0 26.00 6.00

altis altie alti7 altis alti9
alt21 alt22 alt23 alt24 alt25 alt2e6 alt27 alt2s

available 45970.00 45970.00 45970.00 45970.00 45970.00

0 45970.00 45970.00 45970.00 45970.00 45970.00 45970.00 45970.00 45970.00

chosen 1921.00 72.00 79.00 25.00 23.00
20.00 108.00 5.00 68.00  208.00 16.00 65.00 5.00

alt29 alt3e alt31 alt32 alt33
alt35 alt36 alt37  alt3s alt39 alt4o alt4l alt42

available 45970.00 45970.00 45970.00 45970.00 45970.00
00 45970.0 45970.00 45970.00 45970.0 45970.00 45970.00 45970.00 45970.00
chosen 27.00 23.00 8.00 35.00 74.00

139.0 15.00 14.00 230.0 10.00 88.00 218.00 651.00
alt43 alt44 alt45s alt4e alt47

alt4o alt5e alt51 alt52 alt53 alt54  alt55 alt56
available 45970.0 45970.00 45970.00 45970.00 45970.00



45970.00 45970.00 45970.00
Times chosen

72.00 104.00 42.00
alte2 alte3 altes
Times available

45970.00 45970.00 45970.00
Times chosen

3479.00 216.00 81.00
alt76 alt77 alt78

Times available

45970.00 45970.00 45970.00 45970.00 45970.0 45970.00
186.0 86.00 26.00 204.00 429.00
255.00 5.00 120.00 96.00 46.0 6.00
alt57 alt58 alt59 altee  altel
alté5 altee alte7 altes alteo alt7e
45970.00 45970.00 45970.00 45970.00 45970.0
45970.00 45970.00 45970.00 45970.00 45970.00 45970.00
7.00 34.00 289.00 6.00 274.0
66.00 55.00 22.00 74.00 71.00 227.00
alt71 alt72 alt73 alt74 alt75
alt79 altsge alt81 alt82 alts83 altg4

45970.0 45970.00 45970.00 45970.00 45970.00

45970.00 45970.00

45970.00 45970.00 45970

Times chosen 45.0
42.00 220.00 38.00 9.00 317.00
alt85
altoo alto1l alt92 alto3 alto4
Times available 45970.00
45970.00 45970.00 45970.00 45970.00 45970
Times chosen 84.00
113.00 26.00 9.00 1047.00 46.0
alt99
altle4 altiles altiee altie7 alt1es8
Times available 45970.00

.00 45970.00 45970.0 45970.00 45970.00
87.00 83.00 49.00 20.00
23.00 48.0 22.00 85.00
alt86 alt87 alt8s alt89
altos altoe alto7  altos
45970.00 45970.00 45970.00 45970.00
.0 45970.00 45970.00 45970.00 45970.0
202.00 51.00 37.00  252.00
154.00 5.00 163.00 90.0
altlee  altlel altle2  altile3
altle9  altlie  alti1il  altii2

45970.00 45970.00 45970.00 45970.00

45970.00 45970 45970.00 4

5970.00 45970.00 45970.00 45970.00 45970.00 45970.00

Times chosen 21.00 89.00 16.00  235.00 26.00
28.00 1 82.00 180.00 4.00 3.00 310.00 159.00 39.00

altl13  altl14  altlils altlie alti17
alt118 alt119 alti2e altizi alti22  alti23 altl24  alti12s

Times available
45970.00 45970.00 45970.00
Times chosen

38.00 33.00 28.00
alti31 alti132
Times available
45970.00 45970.00 45970.00
Times chosen

53.00 57.00

alt133

23.00

alti145s alt146
Times available

alt147

45970.00 45970.00 45970.00 45970.00 45970.00
45970.00 45970.00 45970.00 45970.00 45970.00

77.00  145.00 69.00 21.00 103.00
22.00 105.00 95.00 430.00 165.00

altl26 alt127 altil28 alt129 alti3e
alt134  alti13s altl3e  alti137 alt138 alt139

45970.00 45970.0 45970.00 45970.00 45970.00
45970.00 45970.00 45970.00 45970.00 45970.00 45970

58.00 137.0 109.00 59.00 70.00
18.00 151.00 13.00 29.00 29.00 2
altl4e altl41l alti42 alt143  altl44
alt148 alt149 alti50 altil51 altil52 altis3

45970.00 45970.00 45970.00 45970.00 45970.00

45970.0 45970.00 45970.00 45970.0 45970.00 45970.00 45970.0 45970 45970.00

Times chosen

44.0 28.00 87.00 1
alti59 alt1eo
Times available
45970.00 45970.00 45970.00
Times chosen

12.006 159.00

altilel

180.00

altl73 altl174
Times available

alt175

14.00 43.00 13.00 33.00 363.00
86.0 5.00 28.00 92.0 1 396.00

altl54  altil5s5 altl56 altl57 altl58
altle2 altie3  altle4  altiles altiee  altile7

45970.00 45970.00 45970.00 45970.0 45970.00
45970.00 45970.00 45970.00 45970.00 45970.00 45970.00

11.00 63.00 80.00 230.0 38.00

4.00 66.00 4.00 148.00 71.00 14.00
altle8 altle9  altl7e  altl7l  altl72

altl7e altl77  alti178 altl79 altige  altisil

45970.00 45970.00 45970.00 45970.00 45970.00



45970.00 45970.00 45970.00 45970.0 45970.00 45970.00 45970.00 45970.00 45970.00
Times chosen 219.00 18.00 119.00 61.00 28.00
28.00 113.00 60.00 139.0 72.00 34.00 40.00 55.00 167.00
alt182  alti183 altl84  altl185 altl86
alt187 alt188 alti89 altil9e altl191 altl192  alti193 alti94  alti195

Times available 45970.00 45970.00 45970.00 45970.00 45970
45970.00 45970.00 45970.00 45970.00 45970.00 45970.00 45970.00 45970.00 45970.00
Times chosen 11.00 221.00 7.00 12.00 2
25.00 62.00 66.00 108.00 6.00 5.00 55.00 15.00 67.00

altl96 alt197 alt198 alt199 alt2e00
alt2e1 alt2e2 alt2e3 alt2e4  alt2e5 alt2e6  alt2e07 alt2e8 alt2e9

Times available 45970.00 45970.0 45970.00 45970.00 45970.00
45970.0 45970.00 45970.00 45970.00 45970.00 45970.00 45970.00 45970.00 45970.00
Times chosen 394.00 45.0 118.00  953.00 36.00

185.0 20.00 14.00 54.00 171.00 204.00 17.00 147.00 60.00
alt2i1e alt211 alt212 alt213 alt214
alt215 alt2ie  alt217 alt218 alt219 alt22e0 alt221 alt222

Times available 45970.00 45970.00 45970.00 45970.00 45970.00
45970.00 45970.00 45970.00 45970.00 45970.00 45970.00 45970.00 45970.00

Times chosen 110.00 37.00 27.00 30.00 60.00
43.00 11.00 8.00 39.00 95.00 141.00 86.00 53.00

alt223  alt224  alt225 alt226  alt227
alt228 alt229 alt23e alt231 alt232  alt233 alt234  alt235 alt236

Times available 45970.00 45970.00 45970.00 45970 45970.00
45970.00 45970.00 45970.0 45970.00 45970.00 45970.00 45970 45970.00 45970.00
Times chosen 35.00 11.00 143.00 1 63.00
63.00 481.00 48.0 8.00 86.00 272.00 2 59.00 212.00

alt237  alt238 alt239 alt24e0 alt241
alt242 alt243 alt244  alt245 alt24e6 alt247  alt248 alt249  alt25e

Times available 45970.00 45970.00 45970.00 45970.00 45970.00
45970.00 45970.00 45970.00 45970.00 45970.00 45970.0 45970.00 45970.00 45970.00
Times chosen 52.00 146.00 13.00 60.00 9.00
244.00 128.00 14.00 38.00 65.00 46.0 222.00 180.00 5.00

alt251  alt252 alt253 alt254  alt255
alt256 alt257 alt258 alt259 alt2ee alt261  alt262 alt2e3  alt2e4

Times available 45970.00 45970.00 45970.0 45970.00 45970.00
45970.00 45970.00 45970.0 45970.00 45970.00 45970.00 45970.00 45970.00 45970.00
Times chosen 22.00 41.00 92.0 318.00 59.00

29.00 11.00 48.0 34.00 89.00 180.00 61.00 332.00 59.00
alt265 alt266  alt267 alt268 alt269
alt27e  alt271 alt272  alt273 alt274  alt275 alt276 alt277  alt278

Times available 45970.00 45970.00 45970.00 45970.00 45970.00
45970.00 45970.00 45970.00 45970.00 45970.00 45970.00 45970.00 45970.0 45970.00
Times chosen 33.00 117.00 30.00 96.00 8.00

131.00 164.00 34.00 16.00 118.00 667.00 80.00 230.0 17.00
alt279  alt280 alt281 alt282  alt283
alt284  alt285 alt286  alt287 alt288 alt289 alt290  alt291 alt292

Times available 45970.00 45970.00 45970.00 45970.00 45970.00
45970.00 45970.00 45970.00 45970.00 45970.00 45970.00 45970.00 45970.00 45970.0
Times chosen 235.00 178.00 39.00 32.00 218.00

114.00 69.00 86.00 65.00 32.00 71.00 15.00 465.00 94.0

alt293  alt294  alt295 alt296 alt297
alt298 alt299 alt3ee alt3e1l alt3e2 alt3es alt3e4  alt3e5 alt3ee6
Times available 45970.00 45970.00 45970.00 45970.00 45970.00



45970.00 45970.00 45970.00 45970.00 45970.00 45970.0 45970.00 45970.00 45970.00
Times chosen 178.00 217.00 100.00 25.00 115.00
253.00 17.00 19.00 2184.00 35.00 690.0 21.00 84.00  258.00

alt3e7 alt3e8 alt3e9 alt3le alt31l1
alt312 alt313 alt314  alt315s alt3ie alt317 alt318 alt319

Times available 45970.00 45970.00 45970.00 45970.00 45970.00
45970.00 45970.00 45970.00 45970.00 45970.00 45970.00 45970.00 45970.00
Times chosen 68.00 34.00 124.00 25.00 43.00

119.00 10.00 66.00 35.00  259.00 59.00 64.00 405.00
alt320 alt321 alt322 alt323 alt324
alt325 alt326 alt327 alt328 alt329 alt330 alt331 alt332 alt333

Times available 45970.00 45970.0 45970.00 45970.00 45970.00
45970.00 45970.0 45970.00 45970.00 45970.00 45970.00 45970.00 45970.0 45970.00
Times chosen 21.00 48.0 9.00 24.00 290.00

132.00 47.0 16.00 102.00 733.00 176.00 60.00 136.0 12.00
alt334 alt335 alt336 alt337 alt338

alt339 alt34e alt341 alt342 alt343 alt344 alt345 alt346

Times available 45970.00 45970.00 45970.00 45970.00 45970.00

45970.00 45970.00 45970.00 45970.00 45970.00 45970.00 45970.00 45970.00

Times chosen 41.00 98.00 296.00 96.00 860.00

143.00 103.00 272.00 50.00 65.00 546.00 243.00 70.00

[ reached getOption("max.print") -- omitted 2 rows ]

WARNING: Availability not provided to 'apollo mnl' (or some elements are NA).
Full availability assumed.

Classical covariance matrix:

b_displacement b_density
b _displacement 0 0
b_density 0 0
Robust covariance matrix:

b _displacement b _density
b_displacement 0 0
b _density 0 0

Classical correlation matrix:

b_displacement b_density
b _displacement 1.0000 0.0855
b_density 0.0855 1.0000
Robust correlation matrix:

b _displacement b _density
b_displacement 1.0000 0.1538
b_density 0.1538 1.0000

20 worst outliers in terms of lowest average per choice prediction:
ID Avg prob per choice

10658552656679172096 0.0002580598
12459102128112312320 0.0002580598
5028398331823306752 0.0002651021
3920273676112835584 0.0002654294
6016488577462255616 0.0002654294



8061079042806119424
1.0183959020319e+19
1809392133632938496
11480148089940199424
5058522891058887680
1817022443524843520
11937965295098773504
17227586037209133056
16404170097490569216
5920585922404176896
15280816626888587264
11062249888851384320
17024257580363632640
12856729207619379200
14721042590055723008

OO0 0O

Changes in parameter estimates
Initial Estimate
b_displacement 0 -0.0737
b _density 0 0.0127
b_landuse 0 0.0000

.0002654294
.0002654294
.0002655877
.0002660131
.0002694342
.0002763950
.0002763950
.0002851655
.0002859908
.0002883822
.0002883822
.0002900237
.0002966455
.0002983230
.0003069511

from starting values:
Difference

-0.0737

0.0127

0.0000
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Full estimation output of Model 2



Model run using Apollo for R, version 0.1.0

www.ApolloChoiceModelling.com

Model name
Model description
Model run at

: MNL_MyCiTi_Model2
: MNL Model of MyCiTi IRT System on RP data
: 2021-01-28 14:25:30

Estimation method : bfgs
Model diagnosis : successful convergence
Number of individuals : 31681
Number of observations : 45970
Number of cores used 1
Model without mixing
LL(start) -268760.8
LL(®) -268760.8
LL(final) -252690.6
Rho-square (9) 0.0598
Adj.Rho-square (@) 0.0598
AIC 505387.2
BIC 505413.4
Estimated parameters 3
Time taken (hh:mm:ss) 00:08:41.2
Iterations 10
Min abs eigenvalue of hessian 3234.718
Estimates:
Estimate Std.err. t.ratio(®) Rob.std.err. Rob.t.ratio(®)
b_cbd 1.4605 0.0176 83.10 0.0195 74.78
b _displacement -0.0745 0.0005 -140.44 0.0006 -114.70
b_density -0.0226 0.0007 -30.39 0.0008 -27.08
b landuse 0.0000 NA NA NA NA
Overview of choices for model component "MNL"
altl alt2 alt3 alt4 alts
alteé alt7 alts alto altle altll altl2 altil3 alti4
Times available 45970.00 45970 45970.00 45970.00 45970.00
45970.00 45970.00 45970.00 45970.00 45970.00 45970.00 45970.0 45970.00 45970.00
Times chosen 2191.00 2 64.00 102.00 273.00
81.00 59.00 18.00 40.00 343.00 6.00 93.0 26.00 6.00
altis altile alt17 altis alti19
alt2e alt21 alt22 alt23 alt24 alt2s alt2e alt27 alt28
Times available 45970.00 45970.00 45970.00 45970.00 45970.00
45970.0 45970.00 45970.00 45970.00 45970.00 45970.00 45970.00 45970.00 45970.00
Times chosen 1921.00 72.00 79.00 25.00 23.00
90.0 20.00 108.00 5.00 68.00 208.00 16.00 65.00 5.00
alt29 alt3e alt31 alt32 alt33
alt34 alt3s alt3e alt37 alt3s8 alt39 alt4e alt41 alt42
Times available 45970.00 45970.00 45970.00 45970.00 45970.00
45970.00 45970.0 45970.00 45970.00 45970.0 45970.00 45970.00 45970.00 45970.00
Times chosen 27.00 23.00 8.00 35.00 74.00
35.00 139.0 15.00 14.00 230.0 10.00 88.00 218.00 651.00
alt4a3 alta4 alt4as altae alta7z
alta8 alt49 altse alts1 alts52 alts3 alts4 alth5s alts6



Times available 45970.0 45970.00 45970.00 45970.00 45970.00
45970.00 45970.00 45970.00 45970.00 45970.00 45970.00 45970.00 45970.0 45970.00
Times chosen 186.0 86.00 26.00 204.00 429.00
72.00 104.00 42.00 255.00 5.00 120.00 96.00 46.0 6.00
alts7 alts8 alt59 alteo  altel
alte2 alte3 alte4 altés alte6 alte7 altes8 alteo alt7e

Times available 45970.00 45970.00 45970.00 45970.00 45970.0
45970.00 45970.00 45970.00 45970.00 45970.00 45970.00 45970.00 45970.00 45970.00
Times chosen 7.00 34.00 289.00 6.00 274.0

3479.00 216.00 81.00 66.00 55.00 22.00 74.00 71.00 227.00
alt71 alt72 alt73 alt74 alt75
alt76 alt77 alt78 alt79 altg8e altsl alt82 alt83 altg4

Times available 45970.0 45970.00 45970.00 45970.00 45970.00
45970.00 45970.00 45970.00 45970.00 45970.00 45970.00 45970.0 45970.00 45970.00
Times chosen 45.0 87.00 83.00 49.00 20.00
42.00 220.00 38.00 9.00 317.00 23.00 48.0 22.00 85.00

alt85 altse alts7 alt8s alts9
altoo alto1l alto2 alt93  alt94 altos altoe alt97  alt9s

Times available 45970.00 45970.00 45970.00 45970.00 45970.00
45970.00 45970.00 45970.00 45970.00 45970.0 45970.00 45970.00 45970.00 45970.0
Times chosen 84.00 202.00 51.00 37.00 252.00
113.00 26.00 9.00 1047.00 46.0 154.00 5.00 163.00 90.0

alto9 altleo altlel altie2 altie3
altie4 alties altiee6 altie7 alties8 altie9 altiile alti11 altii2

Times available 45970.00 45970.00 45970.00 45970.00 45970.00
45970.00 45970 45970.00 45970.00 45970.00 45970.00 45970.00 45970.00 45970.00
Times chosen 21.00 89.00 16.00 235.00 26.00
28.00 1 82.00 180.00 4.00 3.00 310.00 159.00 39.00

altl13 altll4  altl1l5 altlle  altl1l7?
alt118 alt119 altl2e altl2l  altl22 altl23  altl24  altl2s

Times available 45970.00 45970.00 45970.00 45970.00 45970.00
45970.00 45970.00 45970.00 45970.00 45970.00 45970.00 45970.00 45970.00
Times chosen 77 .00 145.00 69.00 21.00 103.00

38.00 33.00 28.00 22.00 105.00 95.00 430.00 165.00
altl26 alti127 alt128 alti29 alti3e
altis3l alti32 alt133 altl34 alti135 alti3e6 alti37z alt138 alt139

Times available 45970.00 45970.0 45970.00 45970.00 45970.00
45970.00 45970.00 45970.00 45970.00 45970.00 45970.00 45970.00 45970.00 45970
Times chosen 58.00 137.0 109.00 59.00 70.00
53.00 57.00 23.00 18.00 151.00 13.00 29.00 29.00 2

altl4e alti41 alti42 alti43 alti44
alt145s alti4e altl147 alti48 alti49 altl50 alt151 alti52 alti53

Times available 45970.00 45970.00 45970.00 45970.00 45970.00
45970.0 45970.00 45970.00 45970.0 45970.00 45970.00 45970.0 45970 45970.00
Times chosen 14.00 43.00 13.00 33.00 363.00
44.0 28.00 87.00 186.0 5.00 28.00 92.0 1 396.00

altl54  altiss altl56 alt157 alt1s8
altis9 altiee altiel altie2 altie3 altie4  altiles altie6  altie7

Times available 45970.00 45970.00 45970.00 45970.0 45970.00
45970.00 45970.00 45970.00 45970.00 45970.00 45970.00 45970.00 45970.00 45970.00
Times chosen 11.00 63.00 80.00 230.0 38.00
12.00 159.00 180.00 4.00 66.00 4.00 148.00 71.00 14.00

alties altle9 alti7e alti71 alt172
alt173 alti74  alt175 altl76 alti77 alt178 alti79 altig8e  altisl



Times available 45970.00 45970.00 45970.00 45970.00 45970.00
45970.00 45970.00 45970.00 45970.0 45970.00 45970.00 45970.00 45970.00 45970.00
Times chosen 219.00 18.00 119.00 61.00 28.00
28.00 113.00 60.00 139.0 72.00 34.00 40.00 55.00 167.00
alt1s2 alt183 altig4 altl185 alt186
altig7z alt188 alti89 alt19o altiol alti192 alt193 alti194  alt195

Times available 45970.00 45970.00 45970.00 45970.00 45970
45970.00 45970.00 45970.00 45970.00 45970.00 45970.00 45970.00 45970.00 45970.00
Times chosen 11.00 221.00 7.00 12.00 2
25.00 62.00 66.00 108.00 6.00 5.00 55.00 15.00 67.00

altl96 alt197 alt198 alt199 alt200
alt2e1l alt2e2 alt2e3 alt2e4 alt2e5 alt2e6 alt2e7 alt2e8 alt2e9

Times available 45970.00 45970.0 45970.00 45970.00 45970.00
45970.0 45970.00 45970.00 45970.00 45970.00 45970.00 45970.00 45970.00 45970.00
Times chosen 394.00 45.0 118.00  953.00 36.00

185.0 20.00 14.00 54.00 171.00 204.00 17.00 147 .00 60.00
alt2ie alt211 alt212 alt213 alt214
alt215 alt216 alt217 alt218 alt219 alt220 alt221 alt222

Times available 45970.00 45970.00 45970.00 45970.00 45970.00
45970.00 45970.00 45970.00 45970.00 45970.00 45970.00 45970.00 45970.00

Times chosen 110.00 37.00 27.00 30.00 60.00
43.00 11.00 8.00 39.00 95.00 141.00 86.00 53.00

alt223 alt224  alt225 alt226 alt227
alt228 alt229 alt230 alt231 alt232 alt233 alt234 alt235 alt236

Times available 45970.00 45970.00 45970.00 45970 45970.00
45970.00 45970.00 45970.0 45970.00 45970.00 45970.00 45970 45970.00 45970.00
Times chosen 35.00 11.00 143.00 1 63.00
63.00 481.00 48.0 8.00 86.00 272.00 2 59.00 212.00

alt237 alt238 alt239 alt24e0 alt241
alt242 alt243 alt244  alt245 alt246 alt247 alt248 alt249 alt250

Times available 45970.00 45970.00 45970.00 45970.00 45970.00
45970.00 45970.00 45970.00 45970.00 45970.00 45970.0 45970.00 45970.00 45970.00
Times chosen 52.00 146.00 13.00 60.00 9.00
244.00 128.00 14.00 38.00 65.00 46.0 222.00 180.00 5.00

alt251 alt252 alt253 alt254  alt255
alt256 alt257 alt258 alt259 alt2e6e alt26l alt262 alt263 alt264

Times available 45970.00 45970.00 45970.0 45970.00 45970.00
45970.00 45970.00 45970.0 45970.00 45970.00 45970.00 45970.00 45970.00 45970.00
Times chosen 22.00 41.00 92.0 318.00 59.00

29.00 11.00 48.0 34.00 89.00 180.00 61.00 332.00 59.00
alt265 alt266 alt2e67 alt268 alt269
alt27e alt271 alt272 alt273 alt274  alt275 alt276 alt277 alt278

Times available 45970.00 45970.00 45970.00 45970.00 45970.00
45970.00 45970.00 45970.00 45970.00 45970.00 45970.00 45970.00 45970.0 45970.00
Times chosen 33.00 117.00 30.00 96.00 8.00

131.00 164.00 34.00 16.00 118.00 667.00 80.00 230.0 17.00
alt279 alt280  alt281 alt282 alt283
alt284 alt285 alt286 alt287 alt288 alt289 alt290 alt291 alt292

Times available 45970.00 45970.00 45970.00 45970.00 45970.00
45970.00 45970.00 45970.00 45970.00 45970.00 45970.00 45970.00 45970.00 45970.0
Times chosen 235.00 178.00 39.00 32.00 218.00

114.00 69.00 86.00 65.00 32.00 71.00 15.00  465.00 94.0
alt293 alt294  alt295 alt296 alt297
alt298 alt299 alt3ee alt3e1l alt3e2 alt3e3 alt3e4 alt3e5 alt3e6



Times available 45970.00 45970.00 45970.00 45970.00 45970.00
45970.00 45970.00 45970.00 45970.00 45970.00 45970.0 45970.00 45970.00 45970.00
Times chosen 178.00 217.00 100.00 25.00 115.00
253.00 17.00 19.00 2184.00 35.00 690.0 21.00 84.00 258.00

alt3e7 alt3e8 alt3e9 alt3le alt311
alt312 alt313 alt314  alt31s alt316 alt317 alt318 alt319

Times available 45970.00 45970.00 45970.00 45970.00 45970.00
45970.00 45970.00 45970.00 45970.00 45970.00 45970.00 45970.00 45970.00
Times chosen 68.00 34.00 124.00 25.00 43.00

119.00 10.00 66.00 35.00 259.00 59.00 64.00 405.00
alt320 alt321 alt322 alt323 alt324
alt325 alt326 alt327 alt328 alt329 alt330 alt331 alt332 alt333

Times available 45970.00 45970.0 45970.00 45970.00 45970.00
45970.00 45970.0 45970.00 45970.00 45970.00 45970.00 45970.00 45970.0 45970.00
Times chosen 21.00 48.0 9.00 24.00 290.00

132.00 47.0 16.00 102.00 733.00 176.00 60.00 136.0 12.00
alt334 alt335 alt336 alt337 alt338

alt339 alt34e alt34l alt342 alt343 alt344 alt345 alt34e

Times available 45970.00 45970.00 45970.00 45970.00 45970.00

45970.00 45970.00 45970.00 45970.00 45970.00 45970.00 45970.00 45970.00

Times chosen 41.00 98.00 296.00 96.00 860.00

143.00 103.00 272.00 50.00 65.00 546.00 243.00 70.00

[ reached getOption("max.print") -- omitted 2 rows ]

WARNING: Availability not provided to 'apollo_mnl' (or some elements are NA).
Full availability assumed.

Classical covariance matrix:

b _cbd b_displacement b _density
b_cbd 3e-04 0 0
b _displacement 0e+00 0 0
b_density 0e+00 0 0
Robust covariance matrix:

b _cbd b_displacement b _density
b_cbd 4e-04 0 0
b _displacement 0e+00 0 0
b_density 0e+00 0 0

Classical correlation matrix:

b _cbd b_displacement b _density
b_cbd 1.0000 -0.0329 -0.7095
b _displacement -0.0329 1.0000 0.0868
b_density -0.7095 0.0868 1.0000
Robust correlation matrix:

b _cbd b_displacement b _density
b_cbd 1.0000 0.0646 -0.8149
b _displacement 0.0646 1.0000 0.0527
b_density -0.8149 0.0527 1.0000

20 worst outliers in terms of lowest average per choice prediction:
ID Avg prob per choice



2774916347813847552
15776034442216282112
16420658169178376192

3802522546109566464
15835785591066517504

7297136756525148160
13977591018014330880
13853233355017904128
14794354505161234432

5028398331823306752

3920273676112835584

6016488577462255616

8061079042806119424

1.0183959020319e+19

61706660413014328
861729362512641024
12267183877589512192
1.8288945217247e+19

6803533354303611904

924143177505015296

OO0 OOOO

Changes in parameter estimates

.0002107837
.0002319723
.0002319723
.0002328309
.0002328309
.0002332606
.0002359035
.0002380797
.0002380830
.0002438946
.0002441105
.0002441105
.0002441105
.0002441105
.0002456308
.0002488327
.0002500969
.0002505128
.0002519814
.0002533403

from starting values:

Initial Estimate Difference

b_cbd © 1.4605
b_displacement 0 -0.0745
b _density 0 -0.0226
b_landuse 0 0.0000

1.4605
-0.0745
-0.0226

0.0000



A GEOSPATIAL INVESTIGATION OF DESTINATION CHOICE MODELLING
THE CASE OF THE MYCITI INTEGRATED RAPID TRANSIT BUS SYSTEM, CAPE TOWN,

SOUTH AFRICA

APPENDIX G

Full estimation output of Model 3



Model run using Apollo for R, version 0.1.0

www.ApolloChoiceModell

Model name
Model description
Model run at

ing.com

: MNL_MyCiTi_Model3
: MNL Model of MyCiTi IRT System on RP data
: 2021-01-28 18:37:29

Estimation method : bfgs
Model diagnosis : successful convergence
Number of individuals : 31681
Number of observations : 45970
Number of cores used 1
Model without mixing
LL(start) -268760.8
LL(®) -268760.8
LL(final) -250246.4
Rho-square (9) 0.0689
Adj.Rho-square (@) 0.0689
AIC 500502.7
BIC 500546.4
Estimated parameters 5
Time taken (hh:mm:ss) 00:17:56.4
Iterations 15
Min abs eigenvalue of hessian 201.625
Estimates:

Estimate Std.err. t.ratio(®) Rob.std.err.
Rob.t.ratio(9)
b cbd 5.9854 0.0704 85.04 0.0524
114.24
b _displacement -0.0795 0.0006 -136.40 0.0007
-110.81
b _density -0.0117 0.0008 -15.52 0.0008
-14.40
b landuse 0.0000 NA NA NA
NA
b displacement _cbd shift ©.0289 0.0012 23.68 0.0011
26.58
b_density cbd_shift -0.1751  0.0026 -68.31 0.0020
-87.38
b _landuse cbd_shift 0.0000 NA NA NA
NA
Overview of choices for model component "MNL"

altl alt2 alt3 alt4d alts

alté alt7 alt8 alt9o altie altil1  alti2 alti3 alti4

Times available 45970.00 45970 45970.00 45970.00 45970.00
45970.00 45970.00 45970.00 45970.00 45970.00 45970.00 45970.0 45970.00 45970.00

Times chosen 2191.00 2 64.00 102.00 273.00

81.00 59.00 18.00 40.00 343.00 6.00 93.0 26.00 6.00
altils altle altl7 altis alt19

alt2e alt21 alt22 alt23 alt24 alt25 alt2e alt27 alt28

Times available 45970.00 45970.00 45970.00 45970.00 45970.00



45970.0 45970.00 45970.00 45970.00 45970.00 45970.00 45970.00 45970.00 45970.00
Times chosen 1921.00 72.00 79.00 25.00 23.00
90.0 20.00 108.00 5.00 68.00  208.00 16.00 65.00 5.00
alt29 alt3e alt31 alt32 alt33
alt34  alt35 alt3e alt37 alt3s alt39 alt4e alt41 alt42

Times available 45970.00 45970.00 45970.00 45970.00 45970.00
45970.00 45970.0 45970.00 45970.00 45970.0 45970.00 45970.00 45970.00 45970.00
Times chosen 27.00 23.00 8.00 35.00 74.00

35.00 139.0 15.00 14.00 230.0 10.00 88.00 218.00 651.00
alt43 alt44 alt45s alt4e6 alt47
alt4s alt4o alt5e alt51 alt52 alt53 alt54  alt55 alt56

Times available 45970.0 45970.00 45970.00 45970.00 45970.00
45970.00 45970.00 45970.00 45970.00 45970.00 45970.00 45970.00 45970.0 45970.00
Times chosen 186.0 86.00 26.00 204.00 429.00
72.00 104.00 42.00  255.00 5.00 120.00 96.00 46.0 6.00

alts7 alts8 alts9 altee  altel
alte2 alte3 alte4 alte5s altee6 alte7 altes alte9o alt7eo

Times available 45970.00 45970.00 45970.00 45970.00 45970.0
45970.00 45970.00 45970.00 45970.00 45970.00 45970.00 45970.00 45970.00 45970.00
Times chosen 7.00 34.00 289.00 6.00 274.0

3479.00 216.00 81.00 66.00 55.00 22.00 74.00 71.00  227.00
alt71 alt72 alt73 alt74 alt75
alt7e alt77 alt78 alt79 altsge alt81 alt82 alts8s altg4

Times available 45970.0 45970.00 45970.00 45970.00 45970.00
45970.00 45970.00 45970.00 45970.00 45970.00 45970.00 45970.0 45970.00 45970.00
Times chosen 45.0 87.00 83.00 49.00 20.00
42.00 220.00 38.00 9.00 317.00 23.00 48.0 22.00 85.00

alt85s altse alts7 alt8s alts9
altoo alto1l alt9o2 alt93  alto4 altos altoe alt97  alt98

Times available 45970.00 45970.00 45970.00 45970.00 45970.00
45970.00 45970.00 45970.00 45970.00 45970.0 45970.00 45970.00 45970.00 45970.0
Times chosen 84.00 202.00 51.00 37.00  252.00
113.00 26.00 9.00 1047.00 46.0 154.00 5.00 163.00 90.0

alt99 altlee altilel altle2  altile3
altle4 altiles altlee  altile7 altie8 altie9 altile altill altii2

Times available 45970.00 45970.00 45970.00 45970.00 45970.00
45970.00 45970 45970.00 45970.00 45970.00 45970.00 45970.00 45970.00 45970.00
Times chosen 21.00 89.00 16.00  235.00 26.00
28.00 1 82.00 180.00 4.00 3.00 310.00 159.00 39.00

altl13 altli4  alt1l5 altlle  altill7?
alt118 alt119 altl2e altl2l  altl22 altl23  altl24  altl2s

Times available 45970.00 45970.00 45970.00 45970.00 45970.00
45970.00 45970.00 45970.00 45970.00 45970.00 45970.00 45970.00 45970.00
Times chosen 77 .00 145.00 69.00 21.00 103.00

38.00 33.00 28.00 22.00 105.00 95.00 430.00 165.00
altl26 alt127 altil28 alt129 alti3e
alt131 alti32  alti133 alt134  alti13s altl3e  alti137 alt138 alt139

Times available 45970.00 45970.0 45970.00 45970.00 45970.00
45970.00 45970.00 45970.00 45970.00 45970.00 45970.00 45970.00 45970.00 45970
Times chosen 58.00 137.0  109.00 59.00 70.00
53.00 57.00 23.00 18.00 151.00 13.00 29.00 29.00 2

alti4e alti41 alti42 alti43 alti44
alt145s alti4e alt147 alt148 alt149 altl50 alt151 altils2 altis3
Times available 45970.00 45970.00 45970.00 45970.00 45970.00



45970.0 45970.00 45970.00 45970.0 45970.00 45970.00 45970.0 45970 45970.00

Times chosen 14.00 43.00 13.00 33.00 363.00

44.0 28.00 87.00 186.0 5.00 28.00 92.0 1 396.00
altl54  altil55 altl56 altl57 altl58

alt159 altiee  altiel  altile2 altie3  altle4  altiles altiee  altie7

Times available 45970.00 45970.00 45970.00 45970.0 45970.00
45970.00 45970.00 45970.00 45970.00 45970.00 45970.00 45970.00 45970.00 45970.00

Times chosen 11.00 63.00 80.00 230.0 38.00
12.006 159.00 180.00 4.00 66.00 4.00 148.00 71.00 14.00

altle8 altle9  altl7e  altl7l  altl72
alt173 alti74  altl75 altl7e6 alt177  alti178 altl79 altige altisil

Times available 45970.00 45970.00 45970.00 45970.00 45970.00
45970.00 45970.00 45970.00 45970.0 45970.00 45970.00 45970.00 45970.00 45970.00

Times chosen 219.00 18.00 119.00 61.00 28.00

28.00 113.00 60.00 139.0 72.00 34.00 40.00 55.00 167.00
alt182  alti183 altl84  altl185 altl86

alt187 alt188 alti89 alti9e altl191 altl192  alti193 alti94  alti195

Times available 45970.00 45970.00 45970.00 45970.00 45970
45970.00 45970.00 45970.00 45970.00 45970.00 45970.00 45970.00 45970.00 45970.00

Times chosen 11.00 221.00 7.00 12.00 2

25.00 62.00 66.00 108.00 6.00 5.00 55.00 15.00 67.00
altl96 alt197 altl98 alt199 alt200

alt2e1 alt2e2 alt2e3 alt2o04 alt2e5 alt2e6 alt2e7 alt2es8 alt2e9

Times available 45970.00 45970.0 45970.00 45970.00 45970.00
45970.0 45970.00 45970.00 45970.00 45970.00 45970.00 45970.00 45970.00 45970.00

Times chosen 394.00 45.0 118.00 953.00 36.00
185.0 20.00 14.00 54.00 171.00 204.00 17.00 147 .00 60.00
alt21e alt211 alt212 alt213 alt214
alt215 alt21e6 alt217 alt218 alt219 alt220 alt221 alt222
Times available 45970.00 45970.00 45970.00 45970.00 45970.00
45970.00 45970.00 45970.00 45970.00 45970.00 45970.00 45970.00 45970.00
Times chosen 110.00 37.00 27.00 30.00 60.00
43.00 11.00 8.00 39.00 95.00 141.00 86.00 53.00
alt223 alt224 alt225 alt226 alt227
alt228 alt229 alt23e0 alt231 alt232 alt233 alt234 alt235 alt236
Times available 45970.00 45970.00 45970.00 45970 45970.00
45970.00 45970.00 45970.0 45970.00 45970.00 45970.00 45970 45970.00 45970.00
Times chosen 35.00 11.00 143.00 1 63.00
63.00 481.00 48.0 8.00 86.00 272.00 2 59.00 212.00
alt237 alt238 alt239 alt24e alt241
alt242 alt243 alt244 alt245 alt246 alt247 alt248 alt249 alt250

Times available

45970.00 45970.00 45970.00

45970.00 45970.00

45970.00 45970.00 45970.00 45970.00 45970.00 45970.0 45970.00 45970.00 45970.00

Times chosen 52.00 146.00 13.00

244 .00 128.00 14.00 38.00 65.00 46.0 222.00
alt2s1 alt252 alt253

alt256 alt257 alt258 alt259 alt260 alt2e61 alt262

Times available

60.00 9.00
180.00 5.00
alt254  alt255
alt2e63  alt2e4

45970.00 45970.00 45970.0 45970.00 45970.00
45970.00 45970.00 45970.0 45970.00 45970.00 45970.00 45970.00 45970.00 45970.00

Times chosen 22.00 41.00 92.0 318.00 59.00
29.00 11.00 48.0 34.00 89.00 180.00 61.00 332.00 59.00

alt265 alt266  alt267 alt268 alt269
alt27e  alt271 alt272  alt273 alt274  alt275 alt276 alt277  alt278

Times available

45970.00 45970.00 45970.00

45970.00 45970.00



45970.00 45970.00 45970.00 45970.00 45970.00 45970.00 45970.00 45970.0 45970.00
Times chosen 33.00 117.00 30.00 96.00 8.00
131.00 164.00 34.00 16.00 118.00 667.00 80.00 230.0 17.00
alt279  alt280 alt281 alt282  alt283
alt284  alt285 alt286  alt287 alt288 alt289 alt290  alt291 alt292

Times available 45970.00 45970.00 45970.00 45970.00 45970.00
45970.00 45970.00 45970.00 45970.00 45970.00 45970.00 45970.00 45970.00 45970.0
Times chosen 235.00 178.00 39.00 32.00 218.00

114.00 69.00 86.00 65.00 32.00 71.00 15.00 465.00 94.0
alt293  alt294  alt295 alt296  alt297
alt298 alt299 alt3ee alt3e1l alt3e2 alt3es alt3e4  alt3e5 alt3ee

Times available 45970.00 45970.00 45970.00 45970.00 45970.00
45970.00 45970.00 45970.00 45970.00 45970.00 45970.0 45970.00 45970.00 45970.00
Times chosen 178.00 217.00 100.00 25.00 115.00

253.00 17.00 19.00 2184.00 35.00 690.0 21.00 84.00  258.00
alt3e7 alt3e8 alt3e9 alt3le alt31l1
alt312 alt313 alt314  alt315s alt3ie alt317 alt318 alt319

Times available 45970.00 45970.00 45970.00 45970.00 45970.00
45970.00 45970.00 45970.00 45970.00 45970.00 45970.00 45970.00 45970.00
Times chosen 68.00 34.00 124.00 25.00 43.00

119.00 10.00 66.00 35.00  259.00 59.00 64.00 405.00
alt320 alt321 alt322 alt323 alt324
alt325 alt326 alt327 alt328 alt329 alt330 alt331 alt332 alt333

Times available 45970.00 45970.0 45970.00 45970.00 45970.00
45970.00 45970.0 45970.00 45970.00 45970.00 45970.00 45970.00 45970.0 45970.00
Times chosen 21.00 48.0 9.00 24.00 290.00

132.00 47.0 16.00 102.00 733.00 176.00 60.00 136.0 12.00
alt334 alt335 alt336 alt337 alt338

alt339 alt34e alt341 alt342 alt343 alt344 alt345 alt346

Times available 45970.00 45970.00 45970.00 45970.00 45970.00

45970.00 45970.00 45970.00 45970.00 45970.00 45970.00 45970.00 45970.00

Times chosen 41.00 98.00 296.00 96.00 860.00

143.00 103.00 272.00 50.00 65.00 546.00 243.00 70.00

[ reached getOption("max.print") -- omitted 2 rows ]

WARNING: Availability not provided to 'apollo mnl' (or some elements are NA).
Full availability assumed.

Classical covariance matrix:

b_cbd b_displacement
b density b displacement_cbd shift b _density cbd_shift

b_cbd S5e-03 9]
0 0 -2e-04

b_displacement 0e+00 0
(%] (%] Qe+00

b_density 0e+00 0
(%] (%] Qe+00

b_displacement_cbd_shift 0e+00 0
(%] (%] Qe+00

b_density_cbd_shift -2e-04 9]
(%] (%] Qe+00

Robust covariance matrix:



b_cbd

b density b displacement_cbd shift

b_cbd

0
b_displacement

0
b_density

0
b_displacement_cbd_shift

0
b_density_cbd_shift

0

Classical correlation matrix:

0.0027
0

0.0000
0

0.0000
0

0.0000
0
-0.0001
0

b_cbd

b density b displacement_cbd shift

b_cbd
0.1592
b_displacement
0.1073
b_density
1.0000
b_displacement_cbd_shift
-0.0839
b_density_cbd_shift
-0.2966

Robust correlation matrix:

1.0000
-0.2833
0.0697
-0.3944
0.1592
-0.0839
-0.2833
1.0000
-0.9587
0.1134

b_cbd

b density b displacement_cbd shift

b_cbd
0.1974
b_displacement
0.1489
b_density
1.0000
b_displacement_cbd_shift
-0.1737
b_density_cbd_shift
-0.3649

20 worst outliers in terms of
ID Avg prob

6803533354303611904 0.
.0002120875
.0002120875
.0002120875
.0002120875
.0002125771
.0002176244
.0002184004
.0002196254
.0002196254
.0002236423

3920273676112835584
6016488577462255616
8061079042806119424
1.0183959020319e+19
5028398331823306752
2774916347813847552
13977591018014330880
1817022443524843520
11937965295098773504
11480148089940199424

OO

b_displacement

b _density cbd_shift

0

-le-04
0

0e+00
0

0e+00
0

0e+00
0

0e+00

b_displacement

b _density cbd_shift

0.0697
-0.9587
1.0000
-0.0235
0.1073
-0.2966
-0.3944
0.1134
-0.0235
1.0000

b_displacement

b _density cbd_shift

1.0000 0.1480
-0.1298 -0.9417
0.1480 1.0000
-0.4366 -0.0900
0.1974 0.1489
-0.1737 -0.3649
-0.1298 -0.4366
1.0000 -0.0428
-0.9417 -0.0900
-0.0428 1.0000

lowest average per choice prediction:
per choice
0002111446



1809392133632938496
861729362512641024
16404170097490569216
10658552656679172096
12459102128112312320
14794354505161234432
15776034442216282112
16420658169178376192
3802522546109566464

OO OO

Changes in parameter estimates

b_cbd

b _displacement

b_density

b landuse
b_displacement_cbd_shift
b _density cbd_shift
b_landuse_cbd_shift

.0002240699
.0002254792
.0002305027
.0002395233
.0002395233
.0002429545
.0002430824
.0002430824
.0002432503

from starting values:
Initial Estimate Difference

0

OO0

5
-0.
-0.

Q.

Q.
-0.

Q.

.9854

0795
0117
0000
0289
1751
0000

5.
-0.
-0.

0.

0.
-0.

0.

9854
0795
0117
0000
0289
1751
0000



A GEOSPATIAL INVESTIGATION OF DESTINATION CHOICE MODELLING
THE CASE OF THE MYCITI INTEGRATED RAPID TRANSIT BUS SYSTEM, CAPE TOWN,

SOUTH AFRICA

APPENDIX H

Full estimation output of Model 4



Model run using Apollo for R, version 0.1.0
www.ApolloChoiceModelling.com

Model name : MNL_MyCiTi Model4

Model description : MNL Model of MyCiTi IRT System on RP data
Model run at : 2021-01-29 20:39:38

Estimation method : bfgs

Model diagnosis : successful convergence

Number of individuals : 31681

Number of observations : 45970

Number of cores used 1

Model without mixing

LL(start) : -268760.8
LL(®) : -268760.8
LL(final) 1 -244789.7
Rho-square (9) : 0.0892
Adj.Rho-square (@) : 0.0891
AIC : 489607.4
BIC : 489729.7
Estimated parameters : 14

Time taken (hh:mm:ss) : 01:26:55.51
Iterations : 24

Min abs eigenvalue of hessian : 76.84849
Estimates:

Estimate Std.err. t.ratio(®) Rob.std.err.
Rob.t.ratio(9)

b_cbd 5.6246 0.0865 65.02 0.0603
93.35

b_displacement -0.0781 0.0006 -132.94 0.0007
-107.59

b_density -0.0145 0.0008 -17.22 0.0009
-15.70

b_landusel 1.9769 0.0408 26.40 0.0384
28.01

b_landuse2 0.0000 NA NA NA
NA

b_landuse3 -0.3346 0.0503 -6.65 0.0507
-6.60

b_landuse4 -0.2196 0.0435 -5.04 0.0433
-5.07

b_landuse5 0.4879 0.0421 11.60 0.0417
11.70

b_landuse6 -0.2251 0.0423 -5.32 0.0424
-5.31

b_landuse? 0.6067 0.0391 15.52 0.0387
15.66

b_landuse8 -0.4329 0.0423 -10.24 0.0422
-10.27

b_landuse9 -0.5144 0.0394 -13.07 0.0396
-12.99

b_landusel@ -0.3070 0.0390 -7.87 0.0390



-7.87
b disp
29.77
b _dens
-76.03

Overvi

alte
Times
45970.
Times
81.00

alt2eo
Times
45970.
Times
90.0

alt34
Times
45970.
Times
35.00

alt4s
Times
45970.
Times
72.00

alt62
Times
45970.
Times
3479.0

alt76
Times
45970.
Times
42.00

altoo
Times
45970.
Times
113.00

altio4
Times
45970.
Times

lacement_cbd shift 0.0325 0.0012 26.97 0.0011
ity cbd _shift -0.1799 0.0032 -56.64 0.0024
ew of choices for model component "MNL"
altl alt2 alt3 alt4d alts

alt7 alts alto altile altll  alt12 alti3 alti4d
available 45970.00 45970 45970.00 45970.00 45970.00
00 45970.00 45970.00 45970.00 45970.00 45970.00 45970.0 45970.00 45970.00
chosen 2191.00 2 64.00 102.00 273.00

59.00 18.00 40.00 343.00 6.00 93.0 26.00 6.00

altis altie alti7 altis alti9
alt21 alt22 alt23 alt24 alt25 alt2e6 alt27 alt2s

available 45970.00 45970.00 45970.00 45970.00 45970.00

0 45970.00 45970.00 45970.00 45970.00 45970.00 45970.00 45970.00 45970.00

chosen 1921.00 72.00 79.00 25.00 23.00
20.00 108.00 5.00 68.00  208.00 16.00 65.00 5.00

alt29 alt3e alt31 alt32 alt33
alt35 alt36 alt37  alt3s alt39 alt4o alt4l alt42

available 45970.00 45970.00 45970.00 45970.00 45970.00
00 45970.0 45970.00 45970.00 45970.0 45970.00 45970.00 45970.00 45970.00
chosen 27.00 23.00 8.00 35.00 74.00

139.0 15.00 14.00 230.0 10.00 88.00 218.00 651.00
alt43 alt44 alt45s alt4e6 alt47
alt4o alt5e alt51 alt52 alt53 alt54  alt55 alt56

available 45970.0 45970.00 45970.00 45970.00 45970.00

00 45970.00 45970.00 45970.00 45970.00 45970.00 45970.00 45970.0 45970.00

chosen 186.0 86.00 26.00 204.00 429.00
104 .00 42.00  255.00 5.00 120.00 96.00 46.0 6.00

alts7 alts8 alts9 altee  altel
alte3 alte4 alte5s altee6 alte7 altes alte9o alt7eo

available 45970.00 45970.00 45970.00 45970.00 45970.0
00 45970.00 45970.00 45970.00 45970.00 45970.00 45970.00 45970.00 45970.00
chosen 7.00 34.00 289.00 6.00 274.0

0 216.00 81.00 66.00 55.00 22.00 74.00 71.00 227.00
alt71 alt72 alt73 alt74 alt75
alt77 alt78 alt79 altsge alt81 alt82 alts83 altg4

available 45970.0 45970.00 45970.00 45970.00 45970.00

00 45970.00 45970.00 45970.00 45970.00 45970.00 45970.0 45970.00 45970.00

chosen 45.0 87.00 83.00 49.00 20.00
220.00 38.00 9.00 317.00 23.00 48.0 22.00 85.00

alt85s altse alts7 alt8s alts9
alto1l alt9o2 alt93  alto4 altos altoe alt97  alt9s

available 45970.00 45970.00 45970.00 45970.00 45970.00

00 45970.00 45970.00 45970.00 45970.0 45970.00 45970.00 45970.00 45970.0

chosen 84.00 202.00 51.00 37.00  252.00
26.00 9.00 1047.00 46.0 154.00 5.00 163.00 90.0

alt9o altiee altiel altie2 altie3

alties altlee  altile7 altie8 altie9 altile altill  altili2
available 45970.00 45970.00 45970.00 45970.00 45970.00
00 45970 45970.00 45970.00 45970.00 45970.00 45970.00 45970.00 45970.00
chosen 21.00 89.00 16.00  235.00 26.00



28.00 1 82.00 180.00 4.00 3.00 310.00 159.00 39.00
altl13  altl1i4  altlils altlie alti17
alt118 alt119 alti2e altizl alti22  alti23 altl24  alti12s

Times available 45970.00 45970.00 45970.00 45970.00 45970.00
45970.00 45970.00 45970.00 45970.00 45970.00 45970.00 45970.00 45970.00
Times chosen 77 .00 145.00 69.00 21.00 103.00

38.00 33.00 28.00 22.00 105.00 95.00 430.00 165.00
altl26 alt127 altil28 alt129 alti3e
alt131 alti32  alti133 alt134  alti13s altl3e  alti137 alt138 alt139

Times available 45970.00 45970.0 45970.00 45970.00 45970.00
45970.00 45970.00 45970.00 45970.00 45970.00 45970.00 45970.00 45970.00 45970
Times chosen 58.00 137.0 109.00 59.00 70.00
53.00 57.00 23.00 18.00 151.00 13.00 29.00 29.00 2

altl4e altl41l alti42 alt143  altl44
alt145 altide  altl147 alti4s alt149  alti50 altil51 altil52 altis3

Times available 45970.00 45970.00 45970.00 45970.00 45970.00
45970.0 45970.00 45970.00 45970.0 45970.00 45970.00 45970.0 45970 45970.00
Times chosen 14.00 43.00 13.00 33.00 363.00
44.0 28.00 87.00 186.0 5.00 28.00 92.0 1 396.00

altl54  altil55 altl56 altl57 altl58
alt159 altiee  altiel  altile2 altie3  altle4  altiles altiee  altie7

Times available 45970.00 45970.00 45970.00 45970.0 45970.00
45970.00 45970.00 45970.00 45970.00 45970.00 45970.00 45970.00 45970.00 45970.00
Times chosen 11.00 63.00 80.00 230.0 38.00
12.006 159.00 180.00 4.00 66.00 4.00 148.00 71.00 14.00

altle8 altle9  altl7e  altl7l  altl72
alt173 alti74  altl75 altl7e6 alt177  alti178  altil79 altige altisil

Times available 45970.00 45970.00 45970.00 45970.00 45970.00
45970.00 45970.00 45970.00 45970.0 45970.00 45970.00 45970.00 45970.00 45970.00
Times chosen 219.00 18.00 119.00 61.00 28.00

28.00 113.00 60.00 139.0 72.00 34.00 40.00 55.00 167.00
alt182  alti183 altl84  altl185 altl86
alt187 alt188 alti89 alti9e altl191 altl192  alti193 alti94  alti195

Times available 45970.00 45970.00 45970.00 45970.00 45970
45970.00 45970.00 45970.00 45970.00 45970.00 45970.00 45970.00 45970.00 45970.00
Times chosen 11.00 221.00 7.00 12.00 2
25.00 62.00 66.00 108.00 6.00 5.00 55.00 15.00 67.00

altl96 alt197 alt198 alt199 alt2e00
alt2e1 alt2e2 alt2e3 alt2e4  alt2e5 alt2e6  alt2e07 alt2e8 alt2e9

Times available 45970.00 45970.0 45970.00 45970.00 45970.00
45970.0 45970.00 45970.00 45970.00 45970.00 45970.00 45970.00 45970.00 45970.00
Times chosen 394.00 45.0 118.00  953.00 36.00

185.0 20.00 14.00 54.00 171.00 204.00 17.00  147.00 60.00
alt2ie alt211 alt212 alt213 alt214
alt215 alt2ie  alt217 alt218 alt219 alt22e0 alt221 alt222

Times available 45970.00 45970.00 45970.00 45970.00 45970.00
45970.00 45970.00 45970.00 45970.00 45970.00 45970.00 45970.00 45970.00

Times chosen 110.00 37.00 27.00 30.00 60.00
43.00 11.00 8.00 39.00 95.00 141.00 86.00 53.00

alt223 alt224 alt225 alt226 alt227
alt228 alt229 alt23e0 alt231 alt232 alt233 alt234 alt235 alt236
Times available 45970.00 45970.00 45970.00 45970 45970.00
45970.00 45970.00 45970.0 45970.00 45970.00 45970.00 45970 45970.00 45970.00
Times chosen 35.00 11.00 143.00 1 63.00



63.00 481.00 48.0 8.00 86.00 272.00 2 59.00 212.00
alt237  alt238 alt239 alt240 alt241
alt242 alt243 alt244  alt245 alt24e6 alt247  alt248 alt249  alt25e0

Times available 45970.00 45970.00 45970.00 45970.00 45970.00
45970.00 45970.00 45970.00 45970.00 45970.00 45970.0 45970.00 45970.00 45970.00
Times chosen 52.00 146.00 13.00 60.00 9.00
244.00 128.00 14.00 38.00 65.00 46.0 222.00 180.00 5.00

alt251  alt252 alt253 alt254  alt255
alt256 alt257 alt258 alt259 alt2ee alt261  alt262 alt2e63  alt2e4

Times available 45970.00 45970.00 45970.0 45970.00 45970.00
45970.00 45970.00 45970.0 45970.00 45970.00 45970.00 45970.00 45970.00 45970.00
Times chosen 22.00 41.00 92.0 318.00 59.00

29.00 11.00 48.0 34.00 89.00 180.00 61.00 332.00 59.00
alt265 alt266  alt267 alt268 alt269
alt27e  alt271 alt272  alt273 alt274  alt275 alt276 alt277  alt278

Times available 45970.00 45970.00 45970.00 45970.00 45970.00
45970.00 45970.00 45970.00 45970.00 45970.00 45970.00 45970.00 45970.0 45970.00
Times chosen 33.00 117.00 30.00 96.00 8.00

131.00 164.00 34.00 16.00 118.00 667.00 80.00 230.0 17.00
alt279  alt280 alt281 alt282  alt283
alt284  alt285 alt286  alt287 alt288 alt289 alt290  alt291 alt292

Times available 45970.00 45970.00 45970.00 45970.00 45970.00
45970.00 45970.00 45970.00 45970.00 45970.00 45970.00 45970.00 45970.00 45970.0
Times chosen 235.00 178.00 39.00 32.00 218.00

114.00 69.00 86.00 65.00 32.00 71.00 15.00 465.00 94.0
alt293  alt294  alt295 alt296  alt297
alt298 alt299 alt3ee alt3e1l alt3e2 alt3es alt3e4  alt3e5 alt3ee

Times available 45970.00 45970.00 45970.00 45970.00 45970.00
45970.00 45970.00 45970.00 45970.00 45970.00 45970.0 45970.00 45970.00 45970.00
Times chosen 178.00 217.00 100.00 25.00 115.00

253.00 17.00 19.00 2184.00 35.00 690.0 21.00 84.00  258.00
alt3e7 alt3e8 alt3e9 alt3le alt31l1
alt312 alt313 alt314  alt315s alt3ie alt317 alt318 alt319

Times available 45970.00 45970.00 45970.00 45970.00 45970.00
45970.00 45970.00 45970.00 45970.00 45970.00 45970.00 45970.00 45970.00
Times chosen 68.00 34.00 124.00 25.00 43.00

119.00 10.00 66.00 35.00  259.00 59.00 64.00 405.00
alt320 alt321 alt322 alt323 alt324
alt325 alt326 alt327 alt328 alt329 alt330 alt331 alt332 alt333

Times available 45970.00 45970.0 45970.00 45970.00 45970.00
45970.00 45970.0 45970.00 45970.00 45970.00 45970.00 45970.00 45970.0 45970.00
Times chosen 21.00 48.0 9.00 24.00 290.00

132.00 47.0 16.00 102.00 733.00 176.00 60.00 136.0 12.00
alt334 alt335 alt336 alt337 alt338

alt339 alt34e alt341 alt342 alt343 alt344 alt345 alt346

Times available 45970.00 45970.00 45970.00 45970.00 45970.00

45970.00 45970.00 45970.00 45970.00 45970.00 45970.00 45970.00 45970.00

Times chosen 41.00 98.00 296.00 96.00 860.00

143.00 103.00 272.00 50.00 65.00 546.00 243.00 70.00

[ reached getOption("max.print") -- omitted 2 rows ]

WARNING: Availability not provided to 'apollo mnl' (or some elements are NA).
Full availability assumed.



Classical covariance matrix:

b_cbd
b _density b _landusel

b_cbd 0.0075
0 -0.0005

b_displacement 0.0000
0 0.0000

b_density 0.0000
0 0.0000

b_landusel -0.0005
0 0.0017

b_landuse3 0.0001
0 0.0013

b_landuse4 0.0003
0 0.0014

b_landuse5 0.0003
0 0.0014

b_landuse6 0.0002
0 0.0014

b_landuse? 0.0004
0 0.0014

b_landuse8 0.0002
0 0.0014

b_landuse9 0.0001
0 0.0014

b_landusel@ 0.0000
0 0.0014

b_displacement_cbd_shift 0.0000
0 0.0000

b_density_cbd_shift -0.0003
0 0.0000

b_landuse4
b landuse6 b landuse?

b_cbd 0.0003
0.0002 0.0004

b_displacement 0.0000
0.0000 0.0000

b_density 0.0000
0.0000 0.0000

b_landusel 0.0014
0.0014 0.0014

b_landuse3 0.0014
0.0014 0.0014

b_landuse4 0.0019
0.0014 0.0014

b_landuse5 0.0014
0.0014 0.0014

b_landuse6 0.0014
0.0018 0.0014

b_landuse? 0.0014
0.0014 0.0015

b_landuse8 0.0014

0.0014 0.0014

b_displacement

b landuse3
9]

0.0001
0

0.0000
9]

0.0000
0

0.0013
9]

0.0025
9]

0.0014
9]

0.0014
9]

0.0014
9]

0.0014
9]

0.0014
9]

0.0014
9]

0.0014
9]

0.0000
9]

0.0000
b_landuse5

b landuse8
0.0003

0.0002
0.0000

0.0000
0.0000

0.0000
0.0014

0.0014
0.0014

0.0014
0.0014

0.0014
0.0018

0.0015
0.0014

0.0014
0.0014

0.0014
0.0015

0.0018



b_landuse9
0.0014
b_landusel@
0.0014
b_displacement_cbd_shift
0.0000
b_density_cbd_shift
0.0000

b _displacement_cbd shift
b_cbd

0
b_displacement

0
b_density

0
b_landusel

0
b_landuse3

0
b_landuse4

0
b_landuse5

0
b_landuse6

0
b_landuse?

0
b_landuse8

0
b_landuse9

0
b_landusel@

0
b_displacement_cbd_shift

0
b_density_cbd_shift

0

Robust covariance matrix:

b _density

b_cbd

0
b_displacement

0
b_density

0
b_landusel

0
b_landuse3

0
b_landuse4

Q.

0.0014

Q.

0.0014

Q.

0.0000

Q.

0.0000

0014

0014

0000

0000

b_landuse9

-3e-04

Q.

0e+00

Q.

0e+00

Q.

0e+00

Q.

0e+00

Q.

0e+00

Q.

0e+00

Q.

0e+00

Q.

0e+00

Q.

0e+00

Q.

0e+00

Q.

0e+00

Q.

0e+00

Q.

0e+00

b landusel

Q.

0.0000

Q.

0.0000

Q.

0.0000

Q.

0.0015

Q.

0.0013

Q.

0.0013

b _density cbd shift
9.

0001

0000

0000

0014

0014

0014

0014

0014

0014

0014

0016

0014

0000

0000

b_cbd

0036

0000

0000

0000

0001

0003

0.0014
0.0014
0.0000

0.0000
b_lan

b_displa
b landuse3

0.0001
0.0000
0.0000
0.0013
0.0026

0.0013

0.0014

0.0014

0.0000

0.0000

duselo

0.0000

0.0000

0.0000

0.0014

0.0014

0.0014

0.0014

0.0014

0.0014

0.0014

0.0014

0.0015

0.0000

0.0000

cement

0

0



b_landuse5
b_landuse6
b_landuse?
b_landuse8

b_landuse9

0
b_landusel@

0
b_displacement_cbd_shift

0
b_density_cbd_shift

0

b landuse6

b_cbd

0.0002
b_displacement

0.0000
b_density

0.0000
b_landusel

0.0013
b_landuse3

0.0014
b_landuse4

0.0014
b_landuse5

0.0014
b_landuse6

0.0018
b_landuse?

0.0014
b_landuse8

0.0015
b_landuse9

0.0014
b_landusel@

0.0014
b_displacement_cbd_shift

0.0000
b_density_cbd_shift

0.0000

b _displacement_cbd shift
b_cbd

0
b_displacement

0
b_density

0

0.

0.

b lan

%]

0.

0.

0.

0.0002
.0014
0.0002
.0013
0.0003
.0013
0.0002
.0013
0.0002
.0013
-0.0001
.0014
0.0000
0000
-0.0001
0000
b_landuse4
duse?7
0.0003
.0003
0.0000
0000
0.0000
. 0000
0.0013
.0013
0.0013
.0014
0.0019
.0014
0.0014
.0014
0.0014
.0014
0.0014
.0015
0.0014
.0014
0.0014
.0014
0.0014
.0014
0.0000
0000
0.0000
0000
b_landuse9

b _density cbd shift

0.0002
le-04

0.0000
0e+00

0.0000
0e+00

0.

0.

b lan

%]

0.

0

.0014
.0014
.0014
.0014
.0014

.0014
9]

0000
9]

0000
b_landuse5

duse8
0.0002

.0002
0.0000

0000
0.0000

. 0000
0.0014

.0013
0.0014

.0014
0.0014

.0014
0.0017

.0014
0.0014

.0015
0.0014

.0014
0.0014

.0018
0.0014

.0014
0.0014

.0014
0.0000

. 0000
0.0000

. 0000
b_landusel@

-0.0001
0.0000

0.0000



b_landusel 0.0013

(%] 0e+00
b_landuse3 0.0014
(%] 0e+00
b_landuse4 0.0014
(%] 0e+00
b_landuse5 0.0014
(%] 0e+00
b_landuse6 0.0014
(%] 0e+00
b_landuse? 0.0014
(%] 0e+00
b_landuse8 0.0014
(%] 0e+00
b_landuse9 0.0016
(%] 0e+00
b_landusel@ 0.0014
(%] 0e+00
b_displacement_cbd_shift 0.0000
(%] 0e+00
b_density_cbd_shift 0.0000
(%] 0e+00

Classical correlation matrix:

b_cbd
b _density b _landusel

b_cbd 1.0000
0.1838 -0.1443

b_displacement 0.0473
0.0891 -0.0262

b_density 0.1838
1.0000 0.0663

b_landusel -0.1443
0.0663 1.0000

b_landuse3 0.0244
0.0742 0.6570

b_landuse4 0.0927
0.0396 0.7886

b_landuse5 0.0699
0.1604 0.8168

b_landuse6 0.0517
0.1987 0.7944

b_landuse?7 0.1037
0.1262 0.8755

b_landuse8 0.0637
0.2473 0.8093

b_landuse9 0.0414
0.0851 0.8623

b_landusel@ -0.0097
0.1215 0.8871

b_displacement_cbd_shift -0.2104
-0.0649 -0.0342

b_density_cbd_shift -0.9702

-0.3002 0.1176

.0014

.0014

.0014

.0014

.0014

.0014

.0014

.0014

.0015

.0000

.0000

b_displacement

b landuse3

0.

0.0244

1.

-0.0210

Q.

0.0742

-0.

0.6570

-0.

1.0000

-0.

0.6199

-0.

0.6466

-0.

0.6394

-0.

0.6958

-0.

0.6501

-0.

0.6867

-0.

0.6953

-0.

-0.0228

-0.

-0.0291

0473

0000

0891

0262

0210

0365

0376

0248

0420

0548

0410

0427

3999

0092



b landuse6

b_cbd

%]

.0517

b_displacement

b_density

b_landusel
b_landuse3
b_landuse4
b_landuse5
b_landuse6
b_landuse?
b_landuse8

b_landuse9

b_landusel@
b_displacement_cbd_shift

b_density_cbd_shift

b _displacement_cbd shift

b_cbd

-0

%]

0.

%]

%]

-0

-0

-0

.0248

.1987

7944

.6394

.7483

.7929

.0000

.8489

.8065

.8331

.8473

.0369

.0696

.2104

b_displacement

b_density

b_landusel
b_landuse3
b_landuse4
b_landuse5
b_landuse6
b_landuse?
b_landuse8

b_landuse9

-0

-0

.3999

.0649

.0342

.0228

.0552

.0344

.0369

.0569

.0302

.0588

b_landuse4

b landuse7

0.

-0.

-0.

-0.

0.0927
1037

-0.0365
0420

0.0396

.1262

0.7886

.8755

0.6199

.6958

1.0000

.8455

0.7792

.8736

0.7483

.8489

0.8455

.0000

0.7642

.8704

0.8195

.9174

0.8281

.9290

-0.0552
0569

-0.1073
1216
b_landuse9

b _density cbd shift

0.0414

.9702

-0.0410

.0092

0.0851

.3002

0.8623

.1176

0.6867

.0291

0.8195

.1073

0.8481

.0967

0.8331

.0696

0.9174

.1216

0.8517

.0878

1.0000

.0406

b lan

0

-0.

Q.

Q.

-0

-0

b_landuse5
duse8
0.0699
.0637
-0.0376
0548
0.1604
2473
0.8168
.8093
0.6466
.6501
0.7792
.7642
1.0000
.8154
0.7929
. 8065
0.8736
.8704
0.8154
. 0000
0.8481
.8517
0.8627
8676
-0.0344
.0302
-0.0967
.0878
b_landusel@

-0.0097
-0.0427
0.1215
0.8871
0.6953
0.8281
0.8627
0.8473
0.9290
0.8676

0.9159



b_landusel@ 0.9159
-0.0592 -0.0006

b_displacement_cbd_shift -0.0588
1.0000 0.0712

b_density_cbd_shift -0.0406
0.0712 1.0000

Robust correlation matrix:

b_cbd
b _density b _landusel

b_cbd 1.0000
0.2076 0.0117

b_displacement 0.1117
0.1212 -0.0504

b_density 0.2076
1.0000 0.0943

b_landusel 0.0117
0.0943 1.0000

b_landuse3 0.0339
0.1265 0.6806

b_landuse4 0.1240
0.0783 0.8061

b_landuse5 0.0842
0.1781 0.8439

b_landuse6 0.0869
0.2543 0.8164

b_landuse? 0.1384
0.1534 0.8974

b_landuse8 0.0774
0.3099 0.8300

b_landuse9 0.0859
0.1890 0.8820

b_landusel@ -0.0491
0.1856 0.9068

b_displacement_cbd_shift -0.1286
-0.1632 0.0021

b_density_cbd_shift -0.9559
-0.3411 -0.0403

b_landuse4
b landuse6 b landuse7

b_cbd 0.1240
0.0869 0.1384

b_displacement -0.0796
-0.0844 -0.1095

b_density 0.0783
0.2543 0.1534

b_landusel 0.8061
0.8164 0.8974

b_landuse3 0.6136
0.6400 0.6965

b_landuse4 1.0000
0.7427 0.8436

b_landuse5 0.7800
0.7950 0.8711

1.0000

-0.0592

-0.0006

b_displacement
b landuse3

0.

-0.

0.

-0.

-0.

0.1117
0339
1.0000
0775
0.1212
1265
-0.0504

.6806

-0.0775

.0000

-0.0796

.6136

-0.0760

.6479

-0.0844

.6400

-0.1095

.6965

-0.0687

.6531

-0.09%04

.6839

-0.1162

.6991

-0.4239
0196

-0.0634
0504
b_landuse5

b landuse8

0.

-0.

0.

0.0842
0774
-0.0760
0687
0.1781
3099
0.8439

.8300

0.6479

.6531

0.7800

.7548

1.0000

.8072



b_landuse6
1.0000
b_landuse?
0.8475
b_landuse8
0.8138
b_landuse9
0.8403
b_landusel@
0.8457
b_displacement_cbd_shift
-0.0721
b_density_cbd_shift
-0.1120

b _displacement_cbd shift
b_cbd

-0.1286
b_displacement

-0.4239
b_density

-0.1632
b_landusel

0.0021
b_landuse3

-0.0196
b_landuse4

-0.0884
b_landuse5

-0.0534
b_landuse6

-0.0721
b_landuse?

-0.0960
b_landuse8

-0.0503
b_landuse9

-0.1111
b_landusel@

-0.0960
b_displacement_cbd_shift

1.0000
b_density_cbd_shift

-0.0289

20 worst outliers in terms of
ID Avg prob

6803533354303611904
13853233355017904128
11480148089940199424

1809392133632938496

1.8288945217247e+19

4926675220532828160
12267183877589512192

0.
.0001722338
.0001763258
.0001772273
.0001787013
.0001794105
.0001803652

(ORISR RN W]

Q.

0.8475

Q.

1.0000

Q.

0.8684

Q.

0.9238

Q.

0.9262

-0.

-0.0960

-0.

-0.1514

7427

8436

7548

8112

8194

0884

1520

b_landuse9

-0.9559

-0.

-0.0634

Q.

-0.3411

Q.

-0.0403

Q.

-0.0504

Q.

-0.1520

Q.

-0.1212

Q.

-0.1120

Q.

-0.1514

Q.

-0.1176

1.

-0.0915

Q.

0.0211

-0.

-0.0289

-0.

1.0000

b _density cbd shift
9.

0859

0904

1890

8820

6839

8112

8479

8403

9238

8582

0000

9133

1111

0915

0.7950
0.8138
0.8711
0.8684
0.8072
1.0000
0.8479
0.8582
0.8602
0.8687
-0.0534
-0.0503
-0.1212
-0.1176
b_landusel@
-0.0491
-0.1162
0.1856
0.9068
0.6991
0.8194
0.8602
0.8457
0.9262
0.8687
0.9133
1.0000
-0.0960

0.0211

lowest average per choice prediction:

per choice
0001587093



1428742674930758144
2726713354250044416
3141016703902427648
3171972514679971328
3369660437955168768
4802580418056599552
4873251256534693888
5948743482505696256
6076174213617401856

6.740326964775e+18
7272184300913737728
7306366009760183296
9786248872423342080

OO0 0O OOOOOO®

Changes in parameter estimates

b_cbd

b _displacement
b_density

b landusel
b_landuse2
b landuse3
b_landuse4
b landuse5
b_landuse6
b landuse?
b_landuse8
b landuse9
b_landusel@

b _displacement_cbd shift

b_density_cbd_shift

.0001821432
.0001821432
.0001821432
.0001821432
.0001821432
.0001821432
.0001821432
.0001821432
.0001821432
.0001821432
.0001821432
.0001821432
.0001821432

from starting values:

%] 5.6246
-0.0781
-0.0145

1.0769

0.0000

-0.3346

-0.2196

.4879

-0.2251

0.6067

-0.4329

-0.5144

-0.3070

0.0325

-0.1799

OO OO ODOOODOOOOOOO
()

Initial Estimate Difference
5.
-0.
-0.
.0769
.0000
.3346
.2196
.4879
.2251
.6067
.4329
.5144
.3070
.0325
.1799

6246
0781
0145



A GEOSPATIAL INVESTIGATION OF DESTINATION CHOICE MODELLING
THE CASE OF THE MYCITI INTEGRATED RAPID TRANSIT BUS SYSTEM, CAPE TOWN,

SOUTH AFRICA

APPENDIX |

Full estimation output of Model 5



Model run using Apollo for R, version 0.1.0
www.ApolloChoiceModelling.com

Model name : MNL_MyCiTi Model5

Model description : MNL Model of MyCiTi IRT System on RP data
Model run at : 2021-01-28 22:01:30

Estimation method : bfgs

Model diagnosis : successful convergence

Number of individuals : 31681

Number of observations : 45970

Number of cores used 1

Model without mixing

LL(start) : -268760.8
LL(®) : -268760.8
LL(final) : -244572.8
Rho-square (9) : 0.09
Adj.Rho-square (@) : 0.0899
AIC : 489175.5
BIC : 489306.5
Estimated parameters : 15

Time taken (hh:mm:ss) : 01:33:16.1
Iterations : 26

Min abs eigenvalue of hessian : 75.42534
Estimates:

Estimate Std.err. t.ratio(®) Rob.std.err.
Rob.t.ratio(9)

b_cbd 6.9499 0.1075 64.64 0.0934
74.41

b_displacement -0.0780 0.0006 -133.37 0.0007
-108.21

b_density -0.0153 0.0008 -18.21 0.0009
-16.66

b_landusel 1.1072 0.0407 27.20 0.0383
28.88

b_landuse2 0.0000 NA NA NA
NA

b_landuse3 -0.3394 0.0503 -6.74 0.0507
-6.70

b_landuse4 -0.0425 0.0439 -0.97 0.0436
-0.98

b_landuse5 0.5836 0.0422 13.83 0.0417
13.98

b_landuse6 -0.2351 0.0423 -5.56 0.0423
-5.55

b_landuse? 0.5348 0.0393 13.60 0.0390
13.71

b_landuse8 -0.4444 0.0423 -10.51 0.0421
-10.55

b_landuse9 -0.5198 0.0394 -13.20 0.0396
-13.13

b_landusel@ -0.3176 0.0390 -8.14 0.0390



-8.14
b disp
29.41
b _dens
-59.45
b land
18.58

Overvi

alte
Times
45970.
Times
81.00

alt2eo
Times
45970.
Times
90.0

alt34
Times
45970.
Times
35.00

alt4s
Times
45970.
Times
72.00

alt62
Times
45970.
Times
3479.0

alt76
Times
45970.
Times
42.00

altoo
Times
45970.
Times
113.00

altio4
Times

lacement_cbd_shift 0.0322 0.0012 26.67 0.0011
ity_cbd_shift -0.2401 0.0043 -55.27 0.0040
use7_cbd_shift 0.7978 0.0389 20.52 0.0429

ew of choices for model component "MNL"
altl alt2 alt3 alt4d alts
alt7 alts alto altle altll  alti12 alti3 alti4
available 45970.00 45970 45970.00 45970.00 45970.00
00 45970.00 45970.00 45970.00 45970.00 45970.00 45970.0 45970.00 45970.00
chosen 2191.00 2 64.00 102.00 273.00
59.00 18.00 40.00 343.00 6.00 93.0 26.00 6.00

altis altie alti7 altis alti9
alt21 alt22 alt23 alt24 alt25 alt2e6 alt27 alt2s

available 45970.00 45970.00 45970.00 45970.00 45970.00

0 45970.00 45970.00 45970.00 45970.00 45970.00 45970.00 45970.00 45970.00

chosen 1921.00 72.00 79.00 25.00 23.00
20.00 108.00 5.00 68.00  208.00 16.00 65.00 5.00

alt29 alt3e alt31 alt32 alt33
alt35 alt36 alt37  alt3s alt39 alt4o alt4l alt42

available 45970.00 45970.00 45970.00 45970.00 45970.00
00 45970.0 45970.00 45970.00 45970.0 45970.00 45970.00 45970.00 45970.00
chosen 27.00 23.00 8.00 35.00 74.00

139.0 15.00 14.00 230.0 10.00 88.00 218.00 651.00
alt43 alt44 alt45s alt4e6 alt47
alt4o alt5e alt51 alt52 alt53 alt54  alt55 alt56

available 45970.0 45970.00 45970.00 45970.00 45970.00

00 45970.00 45970.00 45970.00 45970.00 45970.00 45970.00 45970.0 45970.00

chosen 186.0 86.00 26.00 204.00 429.00
104 .00 42.00  255.00 5.00 120.00 96.00 46.0 6.00

alts7 alts8 alt59 altee  altel
alte3 alte4 alte5s altee6 alte7 altes alteo alt7eo

available 45970.00 45970.00 45970.00 45970.00 45970.0
00 45970.00 45970.00 45970.00 45970.00 45970.00 45970.00 45970.00 45970.00
chosen 7.00 34.00 289.00 6.00 274.0

0 216.00 81.00 66.00 55.00 22.00 74.00 71.00 227.00
alt71 alt72 alt73 alt74 alt75
alt77 alt78 alt79 altsge alt81 alt82 alts83 altg4

available 45970.0 45970.00 45970.00 45970.00 45970.00

00 45970.00 45970.00 45970.00 45970.00 45970.00 45970.0 45970.00 45970.00

chosen 45.0 87.00 83.00 49.00 20.00
220.00 38.00 9.00 317.00 23.00 48.0 22.00 85.00

alt85s altse6 alts7 alt8s alts9
alto1l alt9o2 alt93  alto4 altos altoe alt97  alt9s

available 45970.00 45970.00 45970.00 45970.00 45970.00

00 45970.00 45970.00 45970.00 45970.0 45970.00 45970.00 45970.00 45970.0

chosen 84.00 202.00 51.00 37.00  252.00
26.00 9.00 1047.00 46.0 154.00 5.00 163.00 90.0

alt9o altiee altile1l altie2 altie3
alties altle6 altie7 alties alt1e9 altlie altiil alt112
available 45970.00 45970.00 45970.00 45970.00 45970.00



45970.00 45970 45970.00 45970.00 45970.00 45970.00 45970.00 45970.00 45970.00
Times chosen 21.00 89.00 16.00  235.00 26.00
28.00 1 82.00 180.00 4.00 3.00 310.00 159.00 39.00

altl13  altl114  altlils altlie alti17
alt118 alt119 alti2e altizi alti22  alti23 altl24  alti12s

Times available 45970.00 45970.00 45970.00 45970.00 45970.00
45970.00 45970.00 45970.00 45970.00 45970.00 45970.00 45970.00 45970.00
Times chosen 77 .00 145.00 69.00 21.00 103.00

38.00 33.00 28.00 22.00 105.00 95.00 430.00 165.00
altl26 alt127 altil28 alt129 alti3e
alt131 alti32  alti33 alt134  alti13s altl3e  alti137 alt138 alti139

Times available 45970.00 45970.0 45970.00 45970.00 45970.00
45970.00 45970.00 45970.00 45970.00 45970.00 45970.00 45970.00 45970.00 45970
Times chosen 58.00 137.0  109.00 59.00 70.00
53.00 57.00 23.00 18.00 151.00 13.00 29.00 29.00 2

altl4e altl41l alti42 alt143  altl44
alt145 altid4e  altl147 alti4s alt149 alti50 altil51 altil52 altis3

Times available 45970.00 45970.00 45970.00 45970.00 45970.00
45970.0 45970.00 45970.00 45970.0 45970.00 45970.00 45970.0 45970 45970.00
Times chosen 14.00 43.00 13.00 33.00 363.00
44.0 28.00 87.00 186.0 5.00 28.00 92.0 1 396.00

altl54  altil55 altl56 altl57 altl58
alt159 altiee  altiel  altile2 altie3  altle4  altiles altiee  altile7

Times available 45970.00 45970.00 45970.00 45970.0 45970.00
45970.00 45970.00 45970.00 45970.00 45970.00 45970.00 45970.00 45970.00 45970.00
Times chosen 11.00 63.00 80.00 230.0 38.00
12.00 159.00 180.00 4.00 66.00 4.00 148.00 71.00 14.00

altle8 altle9  altl7e  altl7l  altl72
alt173 alti74  altl75 altl7e6 alt177  alti178 altl79 altige altisil

Times available 45970.00 45970.00 45970.00 45970.00 45970.00
45970.00 45970.00 45970.00 45970.0 45970.00 45970.00 45970.00 45970.00 45970.00
Times chosen 219.00 18.00 119.00 61.00 28.00

28.00 113.00 60.00 139.0 72.00 34.00 40.00 55.00 167.00
alt182  alti183 altl84  altl185 altl86
alt187 alt188 alti89 alti9e altl191  altl192  alti193 alti94  alti195

Times available 45970.00 45970.00 45970.00 45970.00 45970
45970.00 45970.00 45970.00 45970.00 45970.00 45970.00 45970.00 45970.00 45970.00
Times chosen 11.00 221.00 7.00 12.00 2
25.00 62.00 66.00 108.00 6.00 5.00 55.00 15.00 67.00

altl96 alt197 alt198 alt199 alt2e00
alt2e1 alt2e2 alt2e3 alt2e4  alt2e5 alt2e6  alt2e07 alt2e8 alt2e9

Times available 45970.00 45970.0 45970.00 45970.00 45970.00
45970.0 45970.00 45970.00 45970.00 45970.00 45970.00 45970.00 45970.00 45970.00
Times chosen 394.00 45.0 118.00  953.00 36.00

185.0 20.00 14.00 54.00 171.00 204.00 17.00 147.00 60.00
alt2ie alt211 alt212 alt213  alt214
alt215 alt2ie  alt217 alt218 alt219 alt22e0 alt221 alt222

Times available 45970.00 45970.00 45970.00 45970.00 45970.00
45970.00 45970.00 45970.00 45970.00 45970.00 45970.00 45970.00 45970.00

Times chosen 110.00 37.00 27.00 30.00 60.00
43.00 11.00 8.00 39.00 95.00 141.00 86.00 53.00

alt223 alt224  alt225 alt226 alt227
alt228 alt229 alt23e alt231 alt232 alt233 alt234 alt235s alt236
Times available 45970.00 45970.00 45970.00 45970 45970.00



45970.00 45970.00 45970.0 45970.00 45970.00 45970.00 45970 45970.00 45970.00
Times chosen 35.00 11.00 143.00 1 63.00
63.00 481.00 48.0 8.00 86.00 272.00 2 59.00 212.00
alt237 alt238 alt239 alt24e alt241
alt242 alt243 alt244 alt245 alt246 alt247 alt248 alt249 alt250

Times available 45970.00 45970.00 45970.00 45970.00 45970.00
45970.00 45970.00 45970.00 45970.00 45970.00 45970.0 45970.00 45970.00 45970.00
Times chosen 52.00 146.00 13.00 60.00 9.00
244.00 128.00 14.00 38.00 65.00 46.0 222.00 180.00 5.00

alt251  alt252 alt253 alt254  alt255
alt256 alt257 alt258 alt259 alt2ee alt2e61 alt262 alt2e63  alt2e4

Times available 45970.00 45970.00 45970.0 45970.00 45970.00
45970.00 45970.00 45970.0 45970.00 45970.00 45970.00 45970.00 45970.00 45970.00
Times chosen 22.00 41.00 92.0 318.00 59.00

29.00 11.00 48.0 34.00 89.00 180.00 61.00 332.00 59.00
alt265 alt266  alt267 alt268 alt269
alt27e  alt271 alt272  alt273 alt274  alt275 alt276 alt277  alt278

Times available 45970.00 45970.00 45970.00 45970.00 45970.00
45970.00 45970.00 45970.00 45970.00 45970.00 45970.00 45970.00 45970.0 45970.00
Times chosen 33.00 117.00 30.00 96.00 8.00

131.00 164.00 34.00 16.00 118.00 667.00 80.00 230.0 17.00
alt279  alt280 alt281 alt282  alt283
alt284  alt285 alt286  alt287 alt288 alt289 alt290  alt291 alt292

Times available 45970.00 45970.00 45970.00 45970.00 45970.00
45970.00 45970.00 45970.00 45970.00 45970.00 45970.00 45970.00 45970.00 45970.0
Times chosen 235.00 178.00 39.00 32.00 218.00

114.00 69.00 86.00 65.00 32.00 71.00 15.00 465.00 94.0
alt293  alt294  alt295 alt296  alt297
alt298 alt299 alt3ee alt3e1l alt3e2 alt3es alt3e4  alt3e5 alt3ee

Times available 45970.00 45970.00 45970.00 45970.00 45970.00
45970.00 45970.00 45970.00 45970.00 45970.00 45970.0 45970.00 45970.00 45970.00
Times chosen 178.00 217.00 100.00 25.00 115.00

253.00 17.00 19.00 2184.00 35.00 690.0 21.00 84.00  258.00
alt3e7 alt3e8 alt3e9 alt3le alt31l1
alt312 alt313 alt314  alt315s alt3ie alt317 alt318 alt319

Times available 45970.00 45970.00 45970.00 45970.00 45970.00
45970.00 45970.00 45970.00 45970.00 45970.00 45970.00 45970.00 45970.00
Times chosen 68.00 34.00 124.00 25.00 43.00

119.00 10.00 66.00 35.00  259.00 59.00 64.00 405.00
alt320 alt321 alt322 alt323 alt324
alt325 alt326 alt327 alt328 alt329 alt330 alt331 alt332 alt333

Times available 45970.00 45970.0 45970.00 45970.00 45970.00
45970.00 45970.0 45970.00 45970.00 45970.00 45970.00 45970.00 45970.0 45970.00
Times chosen 21.00 48.0 9.00 24.00 290.00

132.00 47.0 16.00 102.00 733.00 176.00 60.00 136.0 12.00
alt334 alt335 alt336 alt337 alt338

alt339 alt34e alt341 alt342 alt343 alt344 alt345 alt346

Times available 45970.00 45970.00 45970.00 45970.00 45970.00

45970.00 45970.00 45970.00 45970.00 45970.00 45970.00 45970.00 45970.00

Times chosen 41.00 98.00 296.00 96.00 860.00

143.00 103.00 272.00 50.00 65.00 546.00 243.00 70.00

[ reached getOption("max.print") -- omitted 2 rows ]

WARNING: Availability not provided to 'apollo mnl' (or some elements are NA).



Full availability assumed.

Classical covariance matrix:

b_cbd
b _density b _landusel

b_cbd 0.0116
0 -0.0003

b_displacement 0.0000
0 0.0000

b_density 0.0000
0 0.0000

b_landusel -0.0003
0 0.0017

b_landuse3 0.0001
0 0.0013

b_landuse4 0.0008
0 0.0014

b_landuse5 0.0005
0 0.0014

b_landuse6 0.0002
0 0.0014

b_landuse? 0.0001
0 0.0014

b_landuse8 0.0002
0 0.0014

b_landuse9 0.0001
0 0.0014

b_landusel@ -0.0001
0 0.0014

b_displacement_cbd_shift 0.0000
0 0.0000

b_density_cbd_shift -0.0005
0 0.0000

b_landuse7_cbd_shift 0.0026
0 0.0001

b_landuse4
b landuse6 b landuse?

b_cbd 0.0008
0.0002 0.0001

b_displacement 0.0000
0.0000 0.0000

b_density 0.0000
0.0000 0.0000

b_landusel 0.0014
0.0014 0.0014

b_landuse3 0.0014
0.0014 0.0014

b_landuse4 0.0019
0.0014 0.0014

b_landuse5 0.0014
0.0014 0.0014

b_landuse6 0.0014

0.0018 0.0014

b_displacement

b landuse3
0

0.0001
9]

0.0000
0

0.0000
9]

0.0013
9]

0.0025
9]

0.0014
9]

0.0014
9]

0.0014
9]

0.0014
9]

0.0014
9]

0.0014
9]

0.0014
9]

0.0000
9]

0.0000
9]

0.0000
b_landuse5

b landuse8
0.0005

0.0002
0.0000

0.0000
0.0000

0.0000
0.0014

0.0014
0.0014

0.0014
0.0014

0.0014
0.0018

0.0014
0.0014

0.0014



b_landuse?

0.0014
b_landuse8

0.0014
b_landuse9

0.0014
b_landusel@

0.0014
b_displacement_cbd_shift

0.0000
b_density_cbd_shift

0.0000
b_landuse7_cbd_shift

0.0000

b _displacement_cbd shift
b_cbd

0
b_displacement

0
b_density

0
b_landusel

0
b_landuse3

0
b_landuse4

0
b_landuse5

0
b_landuse6

0
b_landuse?

0
b_landuse8

0
b_landuse9

0
b_landusel@

0
b_displacement_cbd_shift

0
b_density_cbd_shift

0
b_landuse7_cbd_shift

0

Robust covariance matrix:

b _density
b_cbd
0
b_displacement
0

0.

-0.

b densit

b lan
0

%]

0.0014
.0015
0.0014
.0014
0.0014
.0014
0.0014
.0014
0.0000
.0000
0.0000
0000
0.0003
0001
b_landuse9
y_cbd shift
0.0001
5e-04
0.0000
0e+00
0.0000
0e+00
0.0014
0e+00
0.0014
0e+00
0.0014
0e+00
0.0014
0e+00
0.0014
0e+00
0.0014
0e+00
0.0014
0e+00
0.0015
0e+00
0.0014
0e+00
0.0000
0e+00
0.0000
0e+00
0.0000
le-04

b_cbd
dusel
0.0087
.0001
0.0000
.0000

0.

0
b landuse

0

0.

b_d
b lan

%]

%]

0.0014
.0014
0.0014
.0018
0.0014
.0014
0.0014
.0014
0.0000
. 0000
0.0000
0000
0.0002
. 0000
b_landusel@
7 cbd _shift
-0.0001
.0026
0.0000
0000
0.0000
. 0000
0.0014
.0001
0.0014
. 0000
0.0014
.0003
0.0014
.0002
0.0014
. 0000
0.0014
.0001
0.0014
. 0000
0.0014
. 0000
0.0015
. 0000
0.0000
. 0000
0.0000
.0001
0.0000
.0015

isplacement
duse3

9]
.0001

9]
. 0000



b_density

b_landusel
b_landuse3
b_landuse4
b_landuse5
b_landuse6
b_landuse?
b_landuse8

b_landuse9

0
b_landusel@

0
b_displacement_cbd_shift

0
b_density_cbd_shift

0
b_landuse7_cbd_shift

0

b landuse6

b_cbd

0.0002
b_displacement

0.0000
b_density

0.0000
b_landusel

0.0013
b_landuse3

0.0014
b_landuse4

0.0013
b_landuse5

0.0014
b_landuse6

0.0018
b_landuse?

0.0014
b_landuse8

0.0015
b_landuse9

0.0014
b_landusel@

0.0014
b_displacement_cbd_shift

0.0000

0.0000

0.0015

0.0013

0.0013

0.0013

0.0013

0.0013

0.0013

0.0013

0.0014

0.0000

0.0000

0.0000

Q.

Q.

Q.

Q.

Q.

Q.

Q.

Q.

Q.

Q.

Q.

Q.

Q.

0000

0001

0001

0008

0004

0002

0001

0002

0002

0002

0000

0004

0031

b_landuse4

b landuse7
0.0001
0.0000
0.0000
0.0013
0.0014
0.0014
0.0014
0.0014
0.0015
0.0014
0.0014
0.0014

0.0000

Q.

Q.

Q.

Q.

Q.

Q.

Q.

Q.

Q.

Q.

Q.

Q.

Q.

0008

0000

0000

0013

0013

0019

0014

0013

0014

0014

0014

0014

0000

0.0000

0.0013

0.0026

0.0013

0.0014

0.0014

0.0014

0.0014

0.0014

0.0014

0.0000

0.0000

0.0000

0

0

b_landuse5

b landuse8
0.0002
0.0000
0.0000
0.0013
0.0014
0.0014
0.0014
0.0015
0.0014
0.0018
0.0014
0.0014

0.0000

Q.

Q.

0.

Q.

Q.

Q.

Q.

0.

0.

0.

0.

Q.

Q.

0004

0000

0000

0013

0014

0014

0017

0014

0014

0014

0014

0014

0000



b_density_cbd_shift 0.0000
0.0000 0.0000

b_landuse7_cbd_shift 0.0004
0.0000 -0.0001

b_landuse9

b _displacement_cbd shift b _density cbd shift

b_cbd 0.0002
0 -4e-04

b_displacement 0.0000
(%] 0e+00

b_density 0.0000
(%] 0e+00

b_landusel 0.0013
(%] 0e+00

b_landuse3 0.0014
(%] 0e+00

b_landuse4 0.0014
(%] 0e+00

b_landuse5 0.0014
(%] 0e+00

b_landuse6 0.0014
(%] 0e+00

b_landuse? 0.0014
(%] 0e+00

b_landuse8 0.0014
(%] 0e+00

b_landuse9 0.0016
(%] 0e+00

b_landusel@ 0.0014
(%] 0e+00

b_displacement_cbd_shift 0.0000
(%] 0e+00

b_density_cbd_shift 0.0000
(%] 0e+00

b_landuse7_cbd_shift 0.0000
0 -le-04

Classical correlation matrix:

b_cbd
b _density b _landusel

b_cbd 1.0000
0.1167 -0.0792

b_displacement 0.0403
0.0891 -0.0250

b_density 0.1167
1.0000 0.0626

b_landusel -0.0792
0.0626 1.0000

b_landuse3 0.0165
0.0737 0.6580

b_landuse4 0.1621
0.0184 0.7878

b_landuse5 0.1106

0.1602 0.8167

0
0
b landuse

%]

Q.

b_d
b lan

%]

-0.

0.

0.0000
. 0000
0.0002
. 0000
b_landusel@
7 cbd _shift
-0.0002
.0031
0.0000
0000
0.0000
. 0000
0.0014
. 0000
0.0014
. 0000
0.0014
.0004
0.0014
.0002
0.0014
. 0000
0.0014
.0001
0.0014
. 0000
0.0014
. 0000
0.0015
. 0000
0.0000
. 0000
0.0000
.0001
0.0000
.0018

isplacement
duse3
0.0403
.0165
1.0000
0206
0.0891
0737
-0.0250
.6580
-0.0206
. 0000
-0.0344
.6126
-0.0368
.6444



b_landuse6
b_landuse?
b_landuse8
b_landuse9

b_landusel@

b_displacement_cbd_shift
b_density_cbd_shift

b_landuse7_cbd_shift

0

%]

%]

%]

%]

-0

-0

-0

.1980

.1281

.2460

.0842

.1207

.0635

.1847

.0497

b landuse6

b_cbd

0

.0339

b_displacement

b_density

b_landusel
b_landuse3
b_landuse4
b_landuse5
b_landuse6
b_landuse?
b_landuse8
b_landuse9

b_landusel@

b_displacement_cbd_shift
b_density_cbd_shift

b_landuse7_cbd_shift

b _displacement_cbd shift

b_cbd

-0

%]

0.

%]

%]

%]

-0

-0

-0

-0

.0239

.1980

7952

.6393

.7372

.7901

.0000

.8446

. 8064

.8331

.8470

.0368

.0423

.0119

.1794

b_displacement

-0

.3999

Q.

0.7952

Q.

0.8691

Q.

0.8100

Q.

0.8636

-0.

0.8876

-0.

-0.0347

-0.

0.0479

Q.

0.0416

0339

0332

0421

0288

0191

1794

9768

6158

b_landuse4

b landuse7

Q.

0.0332

-0.

-0.0403

Q.

0.1281

Q.

0.8691

Q.

0.6919

1.

0.8136

Q.

0.8556

Q.

0.8446

Q.

1.0000

Q.

0.8660

Q.

0.9123

Q.

0.9239

-0.

-0.0557

-0.

-0.0328

Q.

-0.0888

1621

0344

0184

7878

6126

0000

7771

7372

8136

7522

8103

8164

0576

1763

1724

b_landuse9

-0.9768

-0.

-0.0090

b _density cbd shift
9.

0288

0397

-0.0239

0.6393
-0.0403

0.6919
-0.0542

0.6501
-0.0397

0.6867
-0.0413

0.6951
-0.3999

-0.0228
-0.0090

-0.0177
0.0024

-0.0048
b_landuse5

b landuse8
0.1106

0.0421
-0.0368

-0.0542
0.1602

0.2460
0.8167

0.8100
0.6444

0.6501
0.7771

0.7522
1.0000

0.8128
0.7901

0.8064
0.8556

0.8660
0.8128

1.0000
0.8448

0.8517
0.8579

0.8674
-0.0346

-0.0300
-0.1309

-0.0540
0.0959

-0.0139
b_landusel@

b _landuse7 cbd_shift

-0.0191
0.6158

-0.0413
0.0024



b_density 0.0842

-0.0635 -0.1847
b_landusel 0.8636
-0.0347 0.0479
b_landuse3 0.6867
-0.0228 -0.0177
b_landuse4 0.8103
-0.0576 -0.1763
b_landuse5 0.8448
-0.0346 -0.1309
b_landuse6 0.8331
-0.0368 -0.0423
b_landuse? 0.9123
-0.0557 -0.0328
b_landuse8 0.8517
-0.0300 -0.0540
b_landuse9 1.0000
-0.0588 -0.0247
b_landusel@ 0.9156
-0.0595 0.0119
b_displacement_cbd_shift -0.0588
1.0000 0.0629
b_density_cbd_shift -0.0247
0.0629 1.0000
b_landuse7_cbd_shift -0.0068
-0.0126 -0.6966

Robust correlation matrix:

b_cbd
b _density b _landusel

b_cbd 1.0000
0.1086 0.0284

b_displacement 0.0802
0.1230 -0.0479

b_density 0.1086
1.0000 0.0913

b_landusel 0.0284
0.0913 1.0000

b_landuse3 0.0145
0.1255 0.6816

b_landuse4 0.2020
0.0515 0.7998

b_landuse5 0.1151
0.1881 0.8404

b_landuse6 0.0447
0.2526 0.8176

b_landuse? 0.0347
0.1483 0.8930

b_landuse8 0.0399
0.3070 0.8317

b_landuse9 0.0443
0.1871 0.8834

b_landusel@ -0.0514

0.1840 0.9064

1.

.0497

.0416

.0048

L1724

.0959

.0119

.0888

.0139

.0068

.0145

.0126

.6966

0000

.1207

.8876

.6951

.8164

.8579

.8470

.9239

.8674

.9156

.0000

.0595

.0119

.0145

b_displacement

0.

-0.

Q.

_landuse3
0.

0145

1.

0764

Q.

1255

-0.
.6816
-0.
.0000
-0.
.6057
-0.
.6469
-0.
.6399
-0.
.6916
-0.
.6531
-0.
.6838
-0.
.6985

0802

0000

1230

0479

0764

0759

0747

0824

1077

0671

0875

1138



b_displacement_cbd_shift -0.1296 -0.4226
-0.1567 0.0004 -0.0193

b_density_cbd_shift -0.9811 -0.0452
-0.1744 -0.0424 -0.0218

b_landuse7_cbd_shift 0.7743 0.0118
-0.0284 0.0175 -0.0086

b_landuse4 b_landuse5
b landuse6 b landuse? b landuse8

b_cbd 0.2020 0.1151
0.0447 0.0347 0.0399

b_displacement -0.0759 -0.0747
-0.0824 -0.1077 -0.0671

b_density 0.0515 0.1881
0.2526 0.1483 0.3070

b_landusel 0.7998 0.8404
0.8176 0.8930 0.8317

b_landuse3 0.6057 0.6469
0.6399 0.6916 0.6531

b_landuse4 1.0000 0.7732
0.7302 0.8083 0.7423

b_landuse5 0.7732 1.0000
0.7950 0.8535 0.8088

b_landuse6 0.7302 0.7950
1.0000 0.8412 0.8136

b_landuse? 0.8083 0.8535
0.8412 1.0000 0.8618

b_landuse8 0.7423 0.8088
0.8136 0.8618 1.0000

b_landuse9 0.8011 0.8460
0.8402 0.9178 0.8582

b_landusel@ 0.8065 0.8563
0.8449 0.9192 0.8681

b_displacement_cbd_shift -0.1033 -0.0588
-0.0713 -0.0903 -0.0488

b_density_cbd_shift -0.2137 -0.1327
-0.0539 -0.0321 -0.0588

b_landuse7_cbd_shift 0.1995 0.0913
-0.0129 -0.0840 -0.0111

b_landuse9 b_landusel@

b _displacement_cbd shift b _density cbd shift b _landuse7 cbd_shift

b_cbd 0.0443 -0.0514
-0.1296 -0.9811 0.7743

b_displacement -0.0875 -0.1138
-0.4226 -0.0452 0.0118

b_density 0.1871 0.1840
-0.1567 -0.1744 -0.0284

b_landusel 0.8834 0.9064
0.0004 -0.0424 0.0175

b_landuse3 0.6838 0.6985
-0.0193 -0.0218 -0.0086

b_landuse4 0.8011 0.8065
-0.1033 -0.2137 0.1995

b_landuse5 0.8460 0.8563

-0.0588 -0.1327 0.0913



b_landuse6 0.8402 0.
-0.0713 -0.0539 -0.0129
b_landuse? 0.9178 0.
-0.0903 -0.0321 -0.0840
b_landuse8 0.8582 0.
-0.0488 -0.0588 -0.0111
b_landuse9 1.0000 0.
-0.1110 -0.0421 -0.0140
b_landusel@ 0.9126 1.
-0.0966 0.0326 -0.0201
b_displacement_cbd_shift -0.1110 -0.
1.0000 0.0315 -0.0528
b_density_cbd_shift -0.0421 0.
0.0315 1.0000 -0.8175
b_landuse7_cbd_shift -0.0140 -0.
-0.0528 -0.8175 1.0000

20 worst outliers in terms of lowest average per choice prediction:
ID Avg prob per choice

6803533354303611904 0.0001575750
13853233355017904128 0.0001708027
11480148089940199424 0.0001762058

4926675220532828160 0.0001766789

1809392133632938496 0.0001770929

1.8288945217247e+19 0.0001772759
12267183877589512192 0.0001789114

1428742674930758144 0.0001807091

2726713354250044416 0.0001807091

3141016703902427648 0.0001807091

3171972514679971328 0.0001807091

3369660437955168768 0.0001807091

4802580418056599552 0.0001807091

4873251256534693888 0.0001807091

5948743482505696256 0.0001807091

6076174213617401856 0.0001807091

6.740326964775e+18 0.0001807091

7272184300913737728 0.0001807091

7306366009760183296 0.0001807091

9786248872423342080 0.0001807091

Changes in parameter estimates from starting values:
Initial Estimate Difference

b_cbd ® 6.9499 6.9499
b _displacement 0 -0.0780 -0.0780
b_density © -0.0153 -0.0153
b landusel 0 1.1072 1.1072
b_landuse2 0 0.0000 0.0000
b landuse3 0 -0.3394 -0.3394
b_landuse4 0 -0.0425 -0.0425
b landuse5 0 0.5836 0.5836
b_landuse6 0 -0.2351 -0.2351
b landuse? 0 0.5348 0.5348
b_landuse8 0 -0.4444 -0.4444
b landuse9 0 -0.5198 -0.5198

8449

9192

8681

9126

0000

0966

0326

0201



b_landusel® © -0.3176 -0.3176
b _displacement_cbd shift 0 0.0322 0.0322
b_density_cbd_shift 0 -0.2401 -0.2401
b_landuse7 cbd_shift 0 0.7978 0.7978



A GEOSPATIAL INVESTIGATION OF DESTINATION CHOICE MODELLING
THE CASE OF THE MYCITI INTEGRATED RAPID TRANSIT BUS SYSTEM, CAPE TOWN,

SOUTH AFRICA

APPENDIX J

Code developed for Model 5 estimation



AR
#H#4 MODELLING INTEGRATED RAPID TRANSIT CHOICE #H#4
FORHAFA AR AR A AR R R R A R R A R R A R R R 4

4 A STUDY DONE ON THE MYCITI IRT SYSTEM IN CAPE TOWN 4

#OHHAAAA AR AR AR A A R R R R #
#### LOAD LIBRARY AND DEFINE CORE SETTINGS #H##
i sdssddsssassddassadsdddasassdddassaddddasaadsdiiaaaaadiianaadddan

### Clear memory
rm(list = 1s())

#install.packages ("plyr", dependencies=T)
require ("plyr")

#install.packages ("dplyr")
library (dplyr)

### Load Apollo library
library(apollo)

### Load Plyr library
library (plyr)

### Initialise code
apollo initialise()

### Set core controls
apollo control = list(
modelName ="MNL MyCiTi Model5",
modelDescr ="MNL Model of MyCiTi IRT System on RP data",
indivID ="CARD NUM",
workInLogs = TRUE,
panelData = TRUE
)

ORHAAE AR AR A A A R A A R A 4
#### LOAD DATA AND APPLY ANY TRANSFORMATIONS #H##



AR

### Load AFC data for November 2015 accrued from The City of Cape Town
database = read.csv("Nov201l5.csv",header=TRUE) #one month data, November 2015
database Monday0l = subset (database,databaseSREPORTING DATE=='20151130")
database Sunday = subset (database,database$REPORTING DATE=='20151129")
database Saturday = subset (database,databaseSREPORTING DATE=='20151128")
database Friday = subset (database,databaseSREPORTING DATE=='20151127")
database Thursday = subset (database,databaseSREPORTING DATE=='20151126")
database Wednesday = subset (database,database$REPORTING DATE=='20151125")
database Tuesday = subset (database,databaseSREPORTING DATE=='20151124")
database Monday02 = subset (database,database$SREPORTING DATE=='20151123")

#AFC data for 25/11/2015
database = database Wednesday
#the Wednesday selected to represent daily commuter travel choices.

#Minimizing the data memory
database Monday0l = list (NULL)
database Tuesday = list (NULL)
database Wednesday = list (NULL)
database Thursday = list (NULL)
database Friday = list (NULL)
database Saturday = list (NULL)
database Sunday = list (NULL)
database Monday02 = list (NULL)

#Remove non relevant data columns from dataset, to minimize file size
database[, c("DEVICE ID","ROUTE ID","ROUTE NAME","UPLOAD DATE","TOTAL TAPS",
"STOP_ID")] = list (NULL)

#Filter origin transactions

databasel = subset (database,database$STRANSACTION TYPE=='lst boarding')

#isolate all 1st boarding transactions

databasel <- databasel %>% rename (STOP NAME.x = STOP NAME, TOTAL AMOUNT.x =

TOTAL AMOUNT, HOURS.x = HOURS, MINUTES.x = MINUTES, TRANSACTION TYPE.x = TRANSACTION TYPE )
#databasel=databasel[!duplicated(databasel[,c('CARD NUM', 'REPORTING DATE')]), ]

#Note: Only to be used in extreme cases where only the first origin transaction per user is allowed.



#Filter destination transactions

database2 = subset (database,databaseSTRANSACTION TYPE=='Alighting')

#isolate all alighting transactions, there cannot be more alighting transactions than 1st boarding - also, this
shows us the errors in the data -> more 1lst boarding transactions than alighting transactions.

database2 <- database2 %>% rename (STOP NAME.y = STOP NAME, TOTAL AMOUNT.y =

TOTAL AMOUNT, HOURS.y = HOURS, MINUTES.y = MINUTES, TRANSACTION TYPE.y = TRANSACTION TYPE )
#database2=database2[!duplicated(database2[,c('CARD NUM', 'REPORTING DATE')]),]

#Note: Only to be used in extreme cases where only the first origin transaction per user is allowed.

#It is noted that no transaction fee is charged on "Connection" transactions.
Excluding these transactions therefore does not influence trip cost or origin-destination pairing.

#Origin-destination pairing by Card Number and Reporting Date

database3 = join(databasel, database2,by=c ("CARD NUM", "REPORTING DATE"),

type ="left", match="all")

#we need to merge the data per upload date, as this is the sorting element when we use a dataset larger than 1 day.
database=database3

#MyCiTi IRT stop numeric identification
source ("Stopnames.R")
source ("Stopcodes.R")

stopcodes _app = mapply(function (stopnames, stopcodes) {stopcodes}, stopnames,
stopcodes, SIMPLIFY = FALSE,USE.NAMES = TRUE)

database$STOP X = as.character (database$SSTOP NAME.x)
database$STOP X stopcodes app[database$STOP X]
database$STOP X = as.character (database$SSTOP X)
database = subset (database, database$STOP X != 'NULL')
database$STOP X = as.numeric(database$STOP X)

database = subset(database,database$STOP_X<367)

database$STOP Y = as.character (database$SSTOP NAME.y)
database$STOP Y = stopcodes app[database$SSTOP Y]
database$STOP Y = as.character (databaseSSTOP Y)
database = subset (database, database$STOP Y != 'NULL')
database$STOP_Y = as.numeric(database$STOP_Y)

database = subset (database,database$STOP Y<367)



#Calculation of paired origin-destination travel time and cost

databaseS$TotTime = database$SHOURS.y*60 + database$SMINUTES.y - databaseSHOURS.x*60 -
database$SMINUTES.x #Travel time expressed in minutes

databaseSTotCost = databaseSTOTAL AMOUNT.x + database$TOTAL AMOUNT.y

#Total travel cost expressed in Rand

#Filtering accurate origin-destination pairing

database = subset (database,database$TotCost>0)

database = subset (database,database$TotTime>0)

database = subset (database,database$TotTime<1200)

#2.5 hours max as per MyCiTi fare guide

database = subset (database, subset = database$TotCost %in% c¢(11.5,7.8,8.2,5.5,13.3,
9.8,9.4,6.9,17.8,12.5,12.6,8.8,19.8,14.8,13.9,10.4,21.0,16.5,14.8,11.6,24.6,19.4,17.4,
13.7,27.7,22.0,19.5,15.5,30.2,24.1,21.3,17.0,61.4,61.4,50.0,44.2))

database$CheckTimeCost= ifelse (databaseS$TotTime<6l & database$TotCost==11.50, "Y",
ifelse (database$TotTime<6l & database$TotCost==7.8 , "Y", ifelse(databaseS$TotTime<6l &
database$TotCost==8.2 , "Y",ifelse (databaseS$TotTime<6l & database$TotCost==5.5 , "Y",
ifelse (database$TotTime<121l & database$TotCost==13.3, "Y",ifelse(database$TotTime<1l21l &
database$TotCost==9.8, "Y",ifelse (database$TotTime<121 & database$TotCost==9.4, "Y",
ifelse (database$TotTime<121 & database$TotCost==6.90, "Y",

ifelse (databaseS$TotTime<241 & database$TotCost==17.8, "Y",ifelse (database$STotTime<241 &
databaseS$STotCost==12.5, "Y",ifelse (databaseSTotTime<241 & database$TotCost==12.6, "Y",
ifelse (database$TotTime<241 & database$TotCost==8.8, "Y",

ifelse (database$TotTime<361 & database$TotCost==19.8 , "Y",ifelse (databaseS$TotTime<361l &
database$TotCost==14.8, "Y",ifelse (databaseS$TotTime<361 & database$TotCost==13.9 , "Y",
ifelse (database$TotTime<361 & database$TotCost==10.4 , "Y",

ifelse (database$TotTime<481 & database$TotCost==21.0, "Y",ifelse(database$TotTime<481 &
databaseS$TotCost==16.5, "Y",ifelse (database$TotTime<481 & database$TotCost==14.8, "Y",
ifelse (database$TotTime<481 & databaseSTotCost==11.6, "Y",

ifelse (database$TotTime<601l & database$TotCost==24.6, "Y",ifelse(database$TotTime<601l &
database$TotCost==19.4, "Y",ifelse (database$TotTime<601 & database$TotCost==17.4, "Y",
ifelse (database$TotTime<601 & database$TotCost==13.7, "Y",

ifelse (databaseS$TotTime<721 & database$TotCost==27.7, "Y",ifelse (database$STotTime<721 &
database$TotCost==22.0, "Y",ifelse (databaseS$TotTime<721 & database$TotCost==19.5, "Y",
ifelse (database$STotTime<721 & database$TotCost==15.5, "Yy",

ifelse (database$TotTime<1200 & database$TotCost==30.2, "Y",ifelse(database$TotTime<1200 &
database$TotCost==24.1,"Y", ifelse(database$TotTime<1200 & database$TotCost==21.3, "Y",
ifelse (database$TotTime<1200 & databaseS$TotCost==17.0, "Y", ifelse(databaseS$TotCost==61.4,



"Yy",ifelse (databaseS$TotCost==50.0, "Y",ifelse(databaseS$TotCost==44.2, "Y","N"))))))
)))))))))))))))))))))))))))))

databaseTimeCost = database

#To review the outcome of the time & cost sensitivity analysis in an external dataset
database = subset (databaseTimeCost,databaseTimeCost$CheckTimeCost=="Y")

#Only allow data that complies with the time and cost sensitivities
database=database([!duplicated(database[,c('CARD NUM', 'STOP X', 'HOURS.x', 'MINUTES.x')]),]
database[,c ("CheckTimeCost")] = list (NULL)

#Origin and destination not allowed to be the same stop
database = subset (database, database$STOP X != databaseS$SSTOP Y)

#Calculation of travel time mean
database mean = mean (database$TotTime)

#Expansion of the dataset

#Add peak and off-peak determinator to the dataset based on the MyCiTi

operational guidelines, peak times stated 06:45 - 08:00 and 16:15 - 17:30
databaseS$Peak = ifelse(((database$SHOURS.x*60)+ (databaseSMINUTES.x)) > 404 &

( (databaseSHOURS.x*60) + (database$SMINUTES.x) ) <481, "1",

ifelse (((database$SHOURS.x*60)+ (databaseSMINUTES.x)) > 974 & ((database$SHOURS.x*60)+
(databaseSMINUTES.x))<1051, ™1™, "0"))

database$Peak = as.numeric (database$Peak)

#Geographical displacement between IRT stops in km
displacement = read.csv ("IRT Displacement StopNo.csv",header=TRUE)

#IRT density
voldensity = read.csv("IRT Density StopNo.csv",header=TRUE)

#Land use classification
landuse = read.csv ("IRT Landuse StopNo.csv",header=TRUE)

#CBD classification
cbd = read.csv("IRT CBD StopNo.csv",header=TRUE)

#Minimizing memory



databasel = list (NULL)
database?2 = list (NULL)
database3 = 1list (NULL)
databaseTimeCost = list (NULL)

gc ()

#Merging the data expansion

database = merge (database,displacement,by=c ("STOP_X"))

database = merge (database,voldensity,by=c("STOP X"))

database = merge (database, landuse,by=c ("STOP X"))

database = merge (database, cbd,by=c("STOP_X"))

database[, c ("STOP_NAME.x","STOP NAME.y","TRANSACTION TYPE.x","TRANSACTION TYPE.y",
"TOTAL_AMOUNT.X","TOTAL_AMOUNT.y", "HOURS.x", "MINUTES.x", "HOURS.y", "MINUTES.y")] = list (NULL)

#ORHAAAE AR A AR AR A R A R A R R R #
#### DEFINE MODEL PARAMETERS #HH##
#OHHAAAA AR A AR R A R AR R R R R R R R #

### Vector of parameters, including any that are kept fixed in estimation

apollo beta=c (b _cbd = 0,
b displacement =
b density
b landusel
b landuse?2
b landuse3
b landuse4
b landuseb
b landuse6
b landuse?

b landuse8 =
b landused =
b landusel0 = 0,

b displacement cbd shift = 0,
b density cbd shift = 0,

b landuse7 cbd shift = 0)

0,
0

~ ~

~

~

I I
cNoNoBoNoNoNoNoNoRolh)
~ SN 0~ N

~

### Vector with names (in quotes) of parameters to be kept fixed at their starting



value in apollo beta, use apollo beta fixed = c() if none
apollo fixed = c("b_landuse2")

### No starting values imported from existing model output file

#OHHAAAA AR A AR R A R AR R R R R R R R #
#### GROUP AND VALIDATE INPUTS #H4#
#OHHAAAA AR AR A R R R R R R #

apollo inputs = apollo validateInputs()
ST i A

###4# DEFINE MODEL AND LIKELIHOOD FUNCTION #H##
B ORE A A R 4

#stopnamess = gsub('[[:punct:] ]1',"",stopnames)

apollo probabilities=function(apollo beta, apollo inputs, functionality="estimate") {
### Attach inputs and detach after function exit
apollo attach(apollo beta, apollo inputs)

on.exit (apollo detach(apollo beta, apollo inputs))

### Create list of probabilities P
P = list()

### List of utilities: these must use the same names as in mnl settings,
order is irrelevant

J = 346
v list ()

for(j in 1:J) V[[pasteO("alt",j)]] = b _cbd*get (paste0("CBD ",j)) +

(b_displacement + b displacement cbd shift*get (paste0("CBD ",]j))) *get (pastel("Dist ",7))

(b_density + b density cbd shift*get (paste0("CBD ",Jj))) *get (pastel("VOL ",3)) +

)
b landusel* (get (pasteO("Land ",Jj))==1) + b_landuse2* (get (pasteO("Land ",j))==2) +
b landuse3* (get (pastel("Land ",Jj))==3) + b_landused* (get (pastel("Land ",j))==4) +
b landuse5* (get (pastel("Land ",J))==5) + b landuse6* (get (pastel("Land ",J))==6) +
(b_landuse7 + b _landuse7 cbd shift*get (paste0("CBD ",3j))) *(get(pastel("Land ",]j))==7)

+



b landuse8* (get (pastel ("Land ",Jj))==8) + b landuse9* (get (pastel("Land ",j))==9) +
b landusel0O* (get (pasteO ("Land ",J))==10)

### Define settings for MNL model component
mnl settings = list(

alternatives = setNames (1:J, names(V)),
avail =1,

choiceVar = STOP Y,

v =V )

### Compute probabilities using MNL model
P[['model']] = apollo mnl (mnl settings, functionality)

### Take product across observation for same individual
P = apollo panelProd(P, apollo inputs, functionality)

### Prepare and return outputs of function
P = apollo prepareProb (P, apollo inputs, functionality)
return (P)

}

G
###4 MODEL ESTIMATION #H4H
ottt R #

model = apollo estimate(apollo beta, apollo fixed, apollo probabilities, apollo inputs)
oA A AR A A A #

#### MODEL OUTPUTS ###H
#OHHAAAA AR A AR R A R AR R R R R R R R #

et #
#---- FORMATTED OUTPUT (TO SCREEN) -———-
o #

apollo modelOutput (model) #modelOutput settings

#---- FORMATTED OUTPUT (TO FILE, using model name) ===



apollo saveOutput (model) #saveOutput settings

#ORHHAAE AR A AR AR R A R R R R A R R A #
####4# POST-PROCESSING #H4#
#OHHAAAA AR AR AR A A R R R R #
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