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Background 

Western Cape is one of the largest regions in South Africa, covering the southwest quadrant of the 
country and focused on its major city, Cape Town. The province includes 24 other municipalities that 
are home to three major universities and some of the most productive areas in the world for growing 
grapes for winemaking. The region has 6.2 million people and is one of the most diverse, progressive, 
and economically strong regions in the country. 

Prior to 1994, the government of South Africa consisted of a top-down hierarchical structure, 
consisting of national and provincial authorities, divisional councils as the authorities to manage rural 
areas, and town councils acting as the local authority for urban areas. The new constitution of South 
Africa changed this structure from hierarchical to three spheres of government: national, provincial 
and municipal. Each are distinctive, interdependent, and interrelated. All spheres of government must 
observe and adhere to the principles in the Constitution and must conduct their activities under their 
jurisdiction (see Figure 1). 

The South Africa roadway system now involves three road authorities: national, provincial, and 
municipal. The national presence is represented by the South African National Roads Agency Ltd 
(SANRAL), which is responsible for the management, maintenance and development of the national 
road network. SANRAL is an agency within the National Department of Transportation, the transport 
authority for South Africa, responsible for all travel modes.  

At the provincial level, the Western Cape Government Department of Transport and Public Works 
(WCG DTPW) is the road authority responsible for the administration, planning, management, 
maintenance, and development of the provincial road network and traffic enforcement within 
Western Cape. Although the City of Cape Town accounts for almost two-thirds of the provincial 
population and employment, it is only 2% of the province’s land area. DTPW has seen its role and 
influence increase in recent years, as agencies realise the need for improved transport planning to 
both stimulate and accommodate economic growth. For example, the province provides bus subsidies 
and regulates operating licences for buses and taxis. In the past, the provincial governments have not 
played a major role in transport operations or policy. However, that is starting to change as the 
different levels of government realise the need for increased cooperation and coordination, especially 
in the area of transportation.  

The municipalities are the authorities for roads in their municipal areas (consisting of towns and rural 
areas) and are responsible for the integrated transport planning for their municipal areas. The city’s 
active agency, Transport of Cape Town, is mainly concerned with coordinating with the national 
passenger rail agency (PRASA) and private sector transport providers that are responsible for 
managing bus service, including a sizable presence of “informal transit” known locally as minibus-taxis.  

But there is a growing concern over the transport linkages between Cape Town and the surrounding 
towns, the ability of the current transport infrastructure to accommodate growth, and the economic 
necessity for roads that can adequately handle goods movement. In addition, the long-lasting effects 
of apartheid are having a significant impact on current and future development patterns. With these 
considerations in mind, DTPW has decided to expand its role in infrastructure management and 
development and to take a more forward-looking approach to transport planning. 
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Figure 1 – Integration of Government Agencies 

 

Source: WCG 

 

Regional Issues 

The current transport system is under pressure from a number of social and economic factors. With 
mountainous areas and large nature reserves throughout the city (see Figure 2), Cape Town is very 
constrained geographically. This topology limits the options of travellers, as some of the most 
desirable areas of the city are also some of the least accessible. Although private vehicle ownership in 
Western Cape is the highest in South Africa, only 48 percent of households own vehicles. The strong 
population growth from high internal growth and steady migration from outside the province is 
expected to add more pressure to the system. Additionally, the public transport (PT) system is facing 
increased costs due to political unrest. Recent mismanagement of the rail system and acts of 
vandalism have affected a substantial share of the rail system’s rolling stock. Similar unrest has also 
beset the privately-run bus and minibus-taxi services. This has caused PT ridership to drop significantly 
in recent years, causing sudden increases in auto traffic that the roads are ill-equipped to handle. 

On top of that, Western Cape is suffering through one of the most significant droughts in years. The 
water shortage has put strain on the relationship between citizens and government, and thus has 
severely impacted transportation-related decisions and investment strategies. Major water 
conservation programs have been implemented and these are working, but the situation is still 
difficult and long-term relief is uncertain. 
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Figure 2 – Cape Town aerial image 

 
Source: Google Maps 2019 Imagery 

 

Transport Planning 

In many parts of the world, transportation planning decisions have historically been made on the basis 
of political considerations, with little focus on the effects that those decisions have on the 
transportation system’s performance. However, this is starting to change as forward-thinking 
governments begin to understand how incorporating estimates of future system performance for 
large and small changes in transport infrastructure and services can provide insights for sustainable 
design. This includes the technical analysis of costs and benefits, comprehensive planning across 
multiple projects and travel modes, and coordinated planning between transport and other sectors, 
all done on continuous basis as an explicit government function. 

 

In most regions, it takes a period of many years for public agencies to gradually realise the value of 
this kind of planning.  Once it is recognised, a process is put into place to provide the necessary 
analytical tools to answer the questions of the decision-makers.  One such tool is a comprehensive 
travel demand model that can provide estimates of the effects of transport decisions. 

DTPW wanted to be forward-thinking as they address transportation related issues. With many 
population growth and infrastructure changes in mind, DTPW decided to develop an analytical tool 
early in the process so that they could then use the generated data to demonstrate the value of 
performance-based planning throughout the agency. The output acts as a catalyst to drive the 
development of internal policies, procedures, and methods that are used to guide the development 
of the province’s transport system in the years ahead. 
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WCG’s Vision 

The Department did enough research into travel modelling to know that they wanted a 
comprehensive, integrated model system: one that would estimate personal travel, commercial 
(goods) travel, and land use development. This recognises that transportation and land use are 
interconnected and should be forecasted together. Land use forecasting is especially important in an 
environment that is still evolving some 25 years after the end of apartheid. As noted above, the entire 
region is growing and the recent disruptions in PT service have put extreme pressure on the roadway 
system. There is a greater need than ever to understand modal shifts as the PT system recovers, 
private vehicle ownership grows, and new modes such as Transport Network Companies (Uber, Taxify) 
emerge. Although Cape Town is the major economic engine of the region, the linkages between the 
city and the surrounding region cannot be ignored, especially regarding the PT system. Cape Town’s 
status as the largest port in all of southern Africa emphasises the importance of efficient goods 
movement for the region’s economic health. 

DTPW is an existing user of ArcGIS, the world’s leading GIS software platform, and has a relationship 
with the local distributor, Esri SA. Through Esri SA, DTPW discovered Citilabs, a US-based mobility 
analytics firm partnered with Esri that provides the Cube suite of integrated software specializing in 
travel demand analysis, including person travel, goods movement, and land use. DTPW retained 
Citilabs and Esri SA to develop a new travel model system, train DTPW staff, and create local expertise 
by working with WCG, Cape Town, local consultants, and University of Cape Town staff during a three-
year development process. The work began in February 2018 with May 2019 set as the start of the 
project’s second year. The person travel model is complete, and the land use and goods movement 
components will be operational by July 2019. Various enhancements and staff training will continue 
throughout 2019. 

 

Challenges 

Developing a brand new travel model system from a “clean sheet” is always a challenge, as these 
models require significant levels of specific types of data on demographic attributes and existing travel 
behaviour. This kind of information is largely unavailable in South Africa, meaning that the models 
need to be crafted from a combination of local information and behavioural patterns transferred from 
other urban areas. In addition, there is little background in South Africa for data sharing among public 
agencies, and since a large component of the PT system is privately run, some of the operators are 
reluctant to provide data.  

Fortunately, there is a growing number of private sector data companies selling information on 
demographics and elements of the transport system. Also, Esri’s presence on the team yielded a 
wealth of useful data on population, income, employment, and school enrolment. The national 
statistics agency, Statistics South Africa (Stats SA), was helpful in providing both demographic data 
and the 2011 Nationwide Household Travel Survey (NHTS). Although that survey was not conducted 
in the same manner as similar surveys in the US and Europe, it was nonetheless a useful source of 
travel statistics. The City of Cape Town also contributed substantial data and information for the 
development of both the transportation and land use models. 
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Model Approach 

For over 60 years, the most common approach to travel modelling was the aggregate four-step 
approach, featuring trip generation, trip distribution, mode choice, and traffic assignment steps. 
However, with the availability of more powerful desktop computers, a new process has emerged that 
represents travel in a more realistic manner: as individual tours. Instead of modelling disconnected 
trips, the round-trip tour is the basic unit of travel, allowing for intermediate stops along the tour that 
represent less important activities that are conducted on the journey between home and a primary 
destination and back (see Figure 3). Most new models are using this “tour-based” approach, which 
estimates the behaviour of every single tour in terms of logit-based choice probabilities and uses 
Monte Carlo analysis to select from among the available options.  

Figure 3 – Tour-Based Approach 

 

 

One of the earliest tour-based model structures is the Activity-Based Model (ABM). This process 
attempts to model every daily activity of every person and then travel is derived from the need to 
connect in-home activities with out-of-home activities. This creates an extremely complex process 
that represents many relationships and constraints. Although it is arguably a realistic picture of human 
behaviour, the resulting model set is unwieldy and too resource-intensive. Development takes several 
years and run time is measured in days. 

In recent years, a new process has emerged in response to the problems of ABM complexity and long 
run time. This procedure labelled Simplified Tour-Based Modelling (STM) uses the same discrete tour-
based process as ABM but makes some simplifying assumptions and removes some of the constraints. 
This produces a process that is significantly easier to understand and develop, and runs in a fraction 
of the time of a typical ABM, while producing essentially the same output. In this respect, it is a more 
reasonable and accessible improvement over the four-step process and is well-suited to most urban 
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areas. STM has been pioneered by Citilabs and has been implemented successfully in a few US cities 
and is the approach selected for the new Western Cape Travel Model (WCTM). 

STM has two major components: demographic (household synthesis) and travel behaviour (demand 
estimation). The Household (HH) Synthesis model was calibrated from Stats SA data and thus 
represents local conditions with respect to HH size, income, life cycle, and the number of workers and 
vehicles. Unfortunately, the NHTS has become slightly outdated and was also not conducted in a 
manner that would permit it to be used to directly estimate most of the demand model components. 
To remedy this, Citilabs took advantage of one of the key benefits of discrete models: because they 
are better grounded in travel behaviour, it is theoretically easier to transfer such models between 
urban areas. Although the US and South Africa are indeed different environments, once the model 
properly accounts for differences in demographics and transport conditions, the way in which similar 
people respond to those conditions is largely the same everywhere. The NHTS could be used to 
calibrate certain model components and the highway and PT assignments would be validated against 
local count data. In this manner, the available data could be combined with Citilabs’ experience in an 
efficient fashion to produce an advanced travel model that was synchronised to local conditions. 

 

Person Travel 

The development of WCTM began by creating a complete travel model infrastructure. This included a 
new traffic analysis zone (TAZ or “zone”) system, a complete set of zonal socioeconomic data, a 
roadway network, and a description of the various PT system components. Within the city limits, data 
from Cape Town’s existing travel model was used to the greatest extent possible. The traffic zones are 
based on the city’s zone system within Cape Town and Stats SA’s Enumeration Areas (EA) elsewhere. 
EAs are the smallest unit of geography used by Stats SA and represent the area that could be covered 
by a census worker in one day. However, Stats SA does not release data to the public at the EA level, 
so demographic data outside of the city limits are provided by a private company called GTI. GTI has 
assembled a rich dataset of demographic and socioeconomic information called “ideal data” that is 
summarised by EA. WCG had previously purchased roadway data from HERE that was used to create 
a routable roadway network in Cube with suitable attributes (facility type, lanes, intersections). 
Previously coded PT routes (commuter rail, private bus, City BRT) in the city’s model were adapted to 
the extent possible. A special innovation was used for the minibus-taxi (MBT) system. This is a nearly 
ubiquitous service, provided by private for-profit operators using 12-passenger vans that operate on 
semi-fixed routes and schedules. It is similar to services in Buenos Aires, Mexico City, Manila, and 
Bangkok. There are hundreds of such routes and few, if any, operate with much regularity. This system 
accounts for about 45% of total PT ridership, so it is a significant mode. Instead of using conventional 
PT route-level coding, MBT service is modelled using synthesised impedances that assume that nearly 
every origin-destination (O/D) pair in the developed areas has this option. 

The STM structure is very simple, as shown in Table 1. The main steps are fairly similar to those of the 
four-step process, which simplifies the transition to the new tour-based process. The zone-level 
socioeconomic input file represents a minimal dataset that is designed to make things as easy for the 
user as possible. Table 1 includes a list of the required variables. The sophistication and detail involved 
in the roadway and PT network coding are a direct function of the complexity of strategies that the 
user might want to examine. The network coding requirements are modest and permit a wide range 
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of strategies to be modelled, such as managed lanes, roadway pricing, park-and-ride service, and 
changes to PT coverage, frequency, transferring, and fare. 

Table 1 – Overview of STM structure and key input variables to the model 
Process for Simple Tour-Based Model Key Input Variables  
1. Household Synthesis 
2. Tour Frequency 
3. Tour Destination Choice 
4. Mode Choice 
5. Intermediate Stops 

a. Number of Stops 
b. Stop Location 

6. Time Period 
7. Trip Accumulator/Assignment 

• Population 
• Households 
• Average Household Income 
• Retail Employment 
• Office Employment 
• Industrial Employment 
 

• Service Employment 
• Other Employment 
• K-12 School Enrolment 
• University Enrolment 
• Zonal Area 
• External Station Volumes 

 

The entire model system is applied using Cube Voyager scripting and no external programs are 
required. The WCTM has been set up using Cube’s Application Manager user interface, which provides 
an easily understood flowchart-style interface with specific user-editable variables to help define 
scenarios, as illustrated in Figure 4.  

Figure 4 – User Interface 

 

Some initial steps are required to process certain inputs. The demographic data are used to calculate 
the area type (density level) of each zone used throughout the model, including the next step, which 
calculates the free-flow speed and capacity of each roadway link as a function of the area type, facility 
type, and number of lanes. The modified roadway network file is used to create zone-zone matrices 
(“skims”) of auto travel time for off-peak and initial peak conditions. Similarly, the roadway network, 
rail network, and PT attributes are used to create zone-zone matrices of PT travel time and fare. The 
roadway skims are used to calculate the MBT travel times and the roadway and PT skims are used to 
calculate the park-and-ride (PnR, i.e., drive-to-transit) skims. Finally, various steps are applied to 
calculate composite time, accessibility, distance to the cordon, parking cost, and retail density, all of 
which are used later in the model chain. 
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The next step is Household Synthesis (HS). While most ABMs utilise a population synthesiser, in STM 
this is done at the household level for simplicity and speed. The HS step uses the input socioeconomic 
data and various relationships derived from Stats SA census data to create a list of HHs by zone with 
specific attributes: size (1-7+ persons), income group (quintile), workers (0-3+), life cycle (any retired, 
any kids, no retired or kids), and vehicles (0-3+). This is mostly accomplished through look-up tables, 
although vehicles are estimated using a logit model based on income, life cycle, size, and area type 
and including a motorisation factor that reflects the change in vehicle ownership as a function of 
national GDP per capita. The HS step was entirely derived using local data, which ensures that the HH 
characteristics accurately reflect Western Cape conditions. 

Once the HH attributes are known, the Tour Frequency (TF) model is applied. This uses a logit model 
by purpose to calculate the number of average weekday tours for each HH. The key variables are the 
HH attributes and area type of the home zone. A special feature is that the models are applied in a 
specific order: the most important (“mandatory”) tours (School, University, Work) are estimated first 
and those tours are used in the estimates for the less important (“discretionary”) purposes (Shop, 
Other, At-Work). This is an improvement over the four-step method. At this point, tours are assumed 
to begin and end at home or at work. The number of tours by purpose is attached to each HH record. 

Destination Choice (DC) is the process of estimating the main destination of each tour, similar to the 
analogous step in the four-step process except that a logit model is used. This step also includes the 
calculation of equivalent time for each of the major modes: auto, PT, MBT, walk. This combines in-
vehicle time, out-of-vehicle time, and cost into a single generalised impedance by mode, by O/D. In 
the DC step, these four impedances are then harmonically averaged into a single impedance, based 
on whether the HH owns a vehicle. The DC model is stratified by income group (high/low) and vehicle 
ownership (yes/no) and is based mainly on impedance, area type, and “size” variables that describe 
the level of activity in the zone, varying by purpose. For example, the size variable for Work is 
employment by type, and for School it is enrolment. A special feature of this model is that it is doubly-
constrained. In most ABMs, this step is constrained only at the home end, and tours are allocated to 
destinations largely based on impedance. But in this model, a separate step is used to estimate zonal 
tour attractions based on land use, and those numbers are used to constrain the allocation of tours to 
each zone in a unique single-pass process. This helps ensure that the resulting tour O/D patterns more 
closely match the input land use, as well as reflect accessibility. 

The DC step also estimates external tour activity, travel into or out of the province. The likelihood of 
internal and external travel depend on the zone’s location with respect to the provincial border. 
Internal and external travel is calculated as the difference between the I/X volume and the input total 
cordon volume. External trips are categorised as I/X, X/I Work, and X/I Non-Work. In addition, once 
the Work tour destinations are known, separate TF and DC steps are applied for the At-Work purpose. 
These are tours that begin and end at the workplace (lunch, personal business, business meetings, 
etc.). The output of the DC step is a record for every tour with the HH attributes, home zone, and main 
destination zone. 

Once the O/D tour is established, it is possible to estimate Mode Choice (MC). The first step in this 
process is to synthesise specific travel impedances by mode for each tour. Up to this point, the 
impedances have all represented average values, derived from the networks, from the centroid of one 
zone to the centroid of another zone. However, within a zone, the specific locations of the houses and 
the jobs are unknown. But it is clear that if the average network zone-zone time is, say, 10 minutes, 



   
 

  10 

that the actual time could vary within a range of about 6-14 minutes. In this step, standard deviation 
values from the literature are applied to all impedances, using a normal distribution for in-vehicle 
times and a Poisson distribution for out-of-vehicle times, to derive specific impedance values by mode 
for each tour. Once this is done, the actual MC calculation is a straightforward logit function using the 
modal structure shown in Figure 5. As in the other model steps, the probabilities of using each mode 
are estimated and then a random number is drawn so as to assign a specific mode to each tour. This 
process uses the European/Australian approach with a relatively simple MC model that considers the 
single “best” PT path and then uses a more sophisticated PT assignment step to allocate trips among 
the various sub-mode paths. 

Figure 5 – Mode Choice Structure 

 

The next step is to estimate the number of Intermediate Stops (IS) on each half-tour. About 1/3 of all 
tours make such stops, mostly for shopping, personal business, or to serve passengers. This is the tour 
model’s replacement for the four-step model’s non-home-based purpose. This again uses a logit 
model that is based largely on income, life cycle, number of tours, area type, retail density, and mode 
(stops are less likely for PT, MBT, or taxi modes). The model is applied by half-tour, so that if a stop is 
made on the first half-tour (home-destination) it is more likely that a stop will also be made on the 
second half-tour (destination-home). This step is followed by the Stop Location (SL) model, which is 
very similar to the DC model. This step examines the zones in the vicinity of the tour origin and 
destination and selects a zone for each stop. This is based on the land use in each zone and the “detour 
time”, which is the time that a traveller must go out of his or her way to get to a potential stop zone. 
The output of this step is a list of tours with the destination, mode, and list of stop zones. 

A key feature of STM is that it does not do detailed trip scheduling or model travel by 5 minute 
increments, as many ABMs do. Instead, the Time of Day (TD) model performs a simple allocation of 
half-tours to one of four time periods: AM peak, midday, PM peak, night. This is based on a look-up 
table and considers modal availability as well. For example, if PT service is not available in a particular 
period, PT tours are not allocated to that period. 

The final step is assignment. This begins with a Trip Accumulator step, which converts round-trip tours 
into individual trip legs by type (SOV, HOV, walk-transit, drive-transit, MBT) and time period. The result 
is a set of conventional O/D trip tables which are ready for assignment. Roadway assignment uses a 
multipath, iterative capacity-restrained protocol in which the weights and iterations are fixed by 
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period. Truck trips are also included, from the goods movement model (described below). The 
volumes and speeds from each period are combined onto a single loaded network, which can be 
viewed in Cube, output to ArcGIS, and further queried to produce a variety of evaluation statistics.  
Public Transport assignment is performed using a frequency-based multi-routing approach. Multiple 
PT modes can be used between each origin and destination, and transfers between different PT sub-
modes are controlled by means of boarding and transfer penalties. The sub-modes implemented in 
the PT assignment are Golden Arrow Bus System, MyCiti, and Metrorail services for the City of Cape 
Town, and the Go George system for the George municipality. University shuttle bus services in Cape 
Town will be coded in future development phases. 

Cube Voyager and ArcGIS include many tools to produce graphical output of model results, such as in 
Figure 6, showing rail boardings and volumes. 

Figure 6 – Sample of Model Output: Rail on-board 3D bandwidths and stop nodes boarding volumes 3D bars 

 
Source: Cube outputs directly visualised using ESRI ArcScene 

 

The model includes a Speed Feedback (SF) step. After the main part of the demand model is applied, 
an AM peak assignment is run to estimate congested link speeds on the roadway network. These 
speeds are then fed back into a new application of the demand model for Work, At-Work, and External 
tours, to more accurately reflect the conditions experienced by those travellers. After two fixed 
iterations, the input and output peak speeds are shown to have sufficiently converged. 

Aside from the Household Synthesis step, most of the model coefficients have been transferred from 
similar models calibrated in the US. Where sufficient local data exists (MC, for example), some 
coefficients have been adjusted to match that data, thus providing greater confidence in the results. 
The roadway assignment validation results are excellent, with an aggregate link volume/count 
difference of +1.0% and a root-mean-square error of 40.4%. The PT validation is still in progress, having 
been delayed due to difficulties in appropriately defining the operating PT services and in establishing 
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accurate observed ridership numbers. The model is a very efficient process, with a total run time of 
under six hours. This compares favourably with the 24-48 hours required by most ABMs. 

 

Goods Movement 

The Western Cape Freight Model (WCFM) is one of a new generation of freight movement models 
that is based on the production and consumption of all types of goods on a nationwide basis. It 
explicitly considers macroeconomic forces, changes in efficiency of goods movement, and the effects 
of demographic shifts and network conditions on the transport of goods by rail and truck, both at the 
provincial and national levels. The model uses the Cube Cargo module, which creates tables of road 
vehicle trips by type (light-duty, medium truck, heavy truck) that are integrated into the roadway 
assignment process. 

The commodity flow model builds upon work recently completed by the GAIN Group consultancy for 
WCG to create a district-district database of observed current goods movement by category and mode 
for the nation. That information was combined with this project’s demographics to create models of 
goods production and consumption by category. Combined distribution/mode choice models are 
calibrated so as to match the observed trip length distributions and average trip lengths by category 
and mode (road vs. rail). The flow is then stratified by short- vs. long-haul and by direct vs. transferred 
movement. Transferred goods are moved through a Transport Logistic Node (TLN), such as a port, 
intermodal terminal, or major warehouse/terminal, where there could be a change in mode or a 
change in load factor. The next step is to disaggregate the flow pattern from the district level to the 
fine zone level, which is consistent with the traffic analysis zones in the person travel model. This 
allocation is largely based on the employment in each fine zone. Then, a set of payload factors is 
applied to the road (truck) trips, in order to convert the flow of goods into individual truck trip 
movements. This step takes into consideration the fact that many trucks are not fully loaded or are 
empty, as they deadhead back to their origin. In addition, some trucks make simple tours (origin-
destination-origin) while others make complex tours (origin-stop-stop-stop-origin). A separate 
“service vehicle” model is created to estimate light-duty trips by a variety of commercial and 
government vehicles, including cars, vans, SUVs, and light trucks. Some of these carry light packages 
but others are used not for goods movement but to transport service personnel and equipment for a 
wide variety of service-related purposes. 

The traffic count data provided by DTPW and SANRAL includes counts of truck trips by type. In 
addition, studies in other areas have shown that the service vehicle share of total traffic is around 8%. 
These statistics are used to validate and refine the truck volumes produced by WCFM. As of this 
writing, this work is still in progress. 

 

Land Use 

The Western Cape Land Model (WCLM) utilises the Cube Land module, which applies an algorithm 
based on the MUSSA land-use model developed for Santiago, Chile by the Laboratory of Transport and 
Land Use Modelling at the University of Chile. This was originally developed as an application of the 
bid-rent theory of the competitive urban land market, where land rents are endogenous and 
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consistent with equilibrium conditions, including land availability and developers’ behaviour. 
Interaction with the transport system occurs through accessibility measures obtained from the WCTM 
and WCFM. In turn, the WCLM provides the locations of activities (households and firms) in the 
Western Cape region. Total activity volumes and population forecasts are exogenously provided by a 
regional input-output and growth model. The whole system interacts through a central database with 
a graphical GIS interface. Cube Land is an aggregate model, forecasting the location choices of 
household clusters into zones and dwelling types, and firm/establishment types or employment 
allocated to lot sizes or work places in the same zoning system (residents and firms compete for the 
available land). It is an aggregated behavioural location model that is applied in a static equilibrium 
approach. The WCLM needs to simulate and connect the market-drive Cube Land model that considers 
the formal real estate market, with a supplemental model representing the substantial informal 
patterns of development that occur throughout Western Cape Province, largely out of economic 
necessity. This indirectly addresses the residual effects of apartheid on development patterns, not by 
rule but by custom.  

Congestion represents the main externality deriving from travel behaviour of households and firms in 
the transportation system. Also, the land use system incorporates the externalities derived from 
location patterns of households and firms. Externalities in the Cube Land model are those endogenous 
variables whose value is modified during the model run due to changes in land use attributes that 
depend on the agents’ location (e.g., percentage of residential/non-residential area in a zone, average 
income level in a zone, etc). Access measures, the accessibility for households and attractiveness for 
firms/jobs, represent exogenous measures for the land use allocation model, being external inputs 
obtained from the transportation model. These access measures are calculated from the WCTM to 
derive statistically significant explanatory variables affecting location choices of households and firms, 
using the measures shown below: 

• Impedance / utility measures and decay functions derived from: 
o Skim matrices – Walk, Highway, PT, Park and Ride, MBT – for peak and off-peak 

periods  
o Utility / Generalised Cost measures – by HH category – and derived measures (e.g., 

logsum) 
• Cumulative measures: e.g., HH and employment within 15 minutes by mode PT or highway 

and by income category; retail employment within 5 km 
• Distance measures to regions/areas: e.g., zone distance to nearest external station and to CBD 
• Infrastructure measures: e.g., number of stops within a certain buffer; distance to highway 

infrastructure; distance to rail stations, etc. 
• Measures combining transport network and land uses:  

o Cumulative measures: for schools, etc. 
o Distance measures: schools, etc. 
o Proximity to major “special projects”: e.g., port, airport, waterfront, etc.  

An integrated land use/transport interaction (LUTI) model will be finalised by linking the WCTM, 
WCFM, and the WCLM modelling in the “Land-Use Transport Feedback Cycle” shown in Figure 7. The 
access measures represent the output from the transport model feeding the WCLM, and the spatial 
distribution of activities (households and firms) provide the socio-economic inputs for the WCTM and 
WCFM. As of this writing, this work is still in progress. 
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Figure 7 – Integrated LUTI model “Land-Use Transport Feedback Cycle” 

 

 

Next Steps 

As of June 2019, year two of the three-year project is just beginning. This stage will see several 
enhancements to the overall model process, including: 

- Improved PT network coding, speed estimation, and assignment validation 
- Explicit consideration of long-distance/intercity travel, especially via rail 
- Improved summary reporting 
- Development of forecast year data 
- Improved identification of goods TLNs and production/consumption estimation 
- Continue to train and build the skills of DTPW staff, local consultants and academics, and city 

staff 

In addition, the consulting team will help DTPW integrate the model system into its new performance-
based transport planning infrastructure by identifying potential uses of the model (e.g., long-range 
plans, corridor studies, PT studies, sub-area/municipal planning) and communicating the value of this 
analysis throughout WCG agencies. 

 

Conclusions 

At the outset of this project, there were some uncertainties, all of which have been resolved.  

Question 1: What is the role of a travel demand model in an agency that does not have much 
experience in transport planning?  

An agency can use the data generated by a model as a catalyst to motivate itself to commit to 
performance-based planning, resulting in more efficient and effective delivery of projects and services 
to its constituency.  
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Question 2: Is it feasible to transfer a travel model across continents to a different environment?  

The results that have been achieved, including the excellent match to existing vehicle traffic counts, 
confirm the validity of the theory that a discrete model set can, with care and expertise, be transferred 
between different urban areas. 

Question 3: Is it possible to create a fully integrated land use/transport interaction model set in a 
setting that had no model infrastructure at the start?  

The selection of the Cube and Esri software platforms, including a very experienced consulting team 
with travel modelling, data, and GIS expertise, ensured that a complete modelling package would be 
put into place, along with adequate training, support, and documentation. 


