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Abstract

Communities in remote Australia face unique challenges to mobility that need to be overcome in order to conduct everyday activities. Towns with small populations spread over a large proportion of the country are often located at significant distances from other towns and from essential services including health care, education, retail and employment opportunities. Commercial interests and the general population are reliant on transport networks that are primarily road-based but also rail and air connections. Roads in particular can range a great deal in quality and include unsealed tracks prone to disruptive events such as flooding on a regular basis. Forecasting tools can inform planning processes associated with providing for the future mobility needs of these populations. Development of such tools is hindered by the absence of consistent and reliable data across remote communities, especially in relation to mobility, patterns of travel, transport preferences and attitudes. There is a need to understand the travel behaviour of people who live in these remote locations. This paper describes the ongoing research into the development of a transport planning tool for the population mobility and transport futures of remote Australian communities. The collation of information sources, collecting of new data and applying modelling routines is described with key outcomes to date as they relate to forecasting the implications of future population changes and provision of multimodal transport alternatives.
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1. Introduction
Remote regions of Australia represent around 85% of the continents’ landmass, accommodating only 2.3% of the population. There are approximately 1,200 very remote communities for 160,000 inhabitants (0.67% of the population of the country) with Aboriginal and Torres Strait Islander people accounting for about half of the population living there. Average incomes of Aboriginal and Torres Strait Islander people living in remote communities are lower than the national average while living costs are higher. Exports from the region of $90 billion per year represent 45% of Australia’s total and around 40,000 small and medium enterprises are located in remote Australia. The often harsh environment poses unique challenges to the communities that live within it, especially in relation to mobility or the ability to travel beyond the home location to access services and perform activities.
Services, facilities and opportunities can exist significant distances from home locations and are often based in towns such as Alice Springs, Tennant Creek, Katherine and Nhulunbuy in the Northern Territory. The distance by road between Ltyentye Apurte (Santa Teresa) and Alice Springs is relatively short at 85 kilometres compared to 557 kilometres between Katherine and Lajamanu. Commercial interests and the general population are reliant on transport networks that are primarily road-based with limited public transport service alternatives. The condition of roads can vary from sealed and well maintained to roads of poorer quality, including unsealed tracks prone to disruptive seasonal events such as flooding as illustrated in Figure 1. Roads networks are sparsely distributed and travel often involves large distances on slow surfaces, resulting in excessive travel times.

Figure 1: Damage due to flooding on Lajamanu Road, March 2015.
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Mobility and transport practices and issues in remote Australia are underexplored. There is a research gap on Aboriginal and Torres Strait Islander and non- Aboriginal and Torres Strait Islander people travelling in remote Australia. The Cooperative Research Centre for Remote Economic Participation (CRC-REP) initiated two research projects to study the mobility and transportation in remote communities. The Population Mobility and Labour Market (PMLM) research focuses on understanding mobility practices and potential implications of different forms of mobility for economic participation and service provision. Research on the Transport Futures (TF) project aims at assessing current transport uses, costs and preferences as well as opportunities for future transport alternatives. In 2014 and 2015 primary data about mobility was collected from communities involved in both research projects (Figure 2) through intensive survey interview processes. Communities of interest as identified in these projects define the proportion of remote Australia considered in this paper. 

From the combined survey resources being developed as part of these projects, there is an opportunity to produce modelling routines with abilities in forecasting future scenarios sensitive to changes in populations, travel infrastructure, behaviour and technology introduction. In the right software environment, forecasts will be accompanied by developed visualisation and mapping outputs based on transport networks, accessibility, energy and emissions. This is the focus of research undertaken by the Transport Systems Centre at Flinders University under the guidance of the CRC-REP.

Figure 2: Location of study area communities in remote Australia with core highway network links present.
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Forecasting tools can perform a number of roles and provide various benefits for these communities. Modelling the patterns of transport demands can be used to determine the current and future mobility needs of the population under a range of forecast scenarios. As an empirical evidence base, they can be used to inform planning processes and utilised as an input into to relevant policy bodies and processes. In a wider context forecasting tools can generate employment population location and flow maps made available to potential employers, communities and government and develop plans for promoting employment consistent with local Aboriginal and Torres Strait Islander mobility. 
The development of such tools in the past has been hindered by the absence of consistent and reliable data across remote communities, especially in relation to mobility, patterns of travel, transport preferences and attitudes. A specific challenge for remote Australian regions is the need to understand the travel behaviour of people who live there, as recognised by the Northern Territory Government (Transport and Infrastructure Council, 2015) who have recently developed a draft document to plan for a national remote and regional transport strategy. This strategy outlines the need for strategic objectives, challenges, and actions for transport infrastructure, services and regulation in a remote Australian context. 

A scoping study on regional transport in desert Australia by Raicu et al (2011) identified structural impediments limiting regional transport in desert Australia and between regional centres and outlying communities and examined available approaches to achieve better mobility. Recommendations from this work included significant research issues requiring further consideration. Items in this agenda included data collection on Aboriginal population mobility, development of methods for the economic and social evaluation of transport service provision and study of potential transport. These aspects have been explored by Spandonide (2014) and Currie et al (2007) who report on the transport costs in remote communities and transport and social disadvantage Australian communities. A particular focus of this research are Aboriginal and Torres Strait Islander populations. In terms of large-scale transport model development incorporating regions of remote Australia, Carson and Holyoak (2009) and Carson et al (2011) report on a modelling task undertaken to represent travel patterns of self-drive tourists. The resulting Visualising Relatively Unpredictable Movement (VRUM™) tool provides insight into vehicle flows however this does not represent to mobility of local populations in the forecast process. Other smaller scale studies undertaken by various bodies can contain transport and mobility elements however these results are often not applicable to larger scale forecasting processes.
2. Studying Population Mobility and Transport Futures.
A total of 750 individuals aged 17 and over living across Central Australia have been targeted in the PMLM survey with 75 respondents aged 18 and over for the TF survey. The target samples are stratified by age and gender based on Census population data for each community. For the TF survey, the field work has involved 25 surveys (4-6% of the population) in three remote communities. The sample of the survey is composed of a diverse mix of adults reflective of ABS community profiles (Australian Bureau of Statistics 2012; Australian Bureau of Statistics 2014) in terms of gender (39 females +/-3, for 36 males +/-3), age (15 people from 18-25 +/-2, 24 people aged 25 to 35 +/-2, 15 people aged 35 to 45 +/-1, 12 people aged 45 to 55 +/-1 and 9 people 55+ +/-1) and length of residency in the community. 
Both the PMLM survey and the TF surveys were initially developed and being conducted with the help and expertise of Aboriginal Community Researchers with consent forms and in accordance to the code of practice of the Business Development Unit of Ninti One Ltd. Main findings of the PMLM to date research include the following:
· Mobility levels are generally high in remote communities. People travel several times per month to their closest local town or regional centre to visit family and friends, access health and administrative services and attend sport or cultural activities. Mobility is particularly important to the livelihoods of Aboriginal and Torres Strait Islander people living in very remote settings.

· A high number of trips involve an overnight stay of typically 4–5 nights, a reflection of travel distances involved.

· In very remote communities a large number of trips occur on unsealed roads. Vehicle wear and tear is typically much higher on these roads.
· Some communities experience periodic road closures as the result of annual seasonal climatic events such as flooding and sandstorms.
· There is a high percentage of people without a driving license and people who have a licence are two times more likely to be employed.

· Around half of the vehicles are in need of repairs and/or not registered.

· In very remote communities households spend around 20-30% of the median income on transport costs.

· More affordable public transport service, fuel and goods delivery and more appropriate vehicles would have a direct impact on disposable income levels for people living in very remote communities. 
3. Existing Resources
There are few existing and available data resources detailing the travel behaviour of remote Australian populations and this is especially the case when considering future forecasts. Much of the available data reports on aspects of the existing condition, including population profiles, service and infrastructure provisions which may be used to compliment the PMLM and TF surveys results in the development of a forecasting tool.
Transport network data utilised in modelling relates mainly to the representation of the road networks. The spatial arrangement and key attributes including road classification and travel speeds, is available and accompanied by a greater level of resolution detail in activity centres with intersection arrangement and operations. Mapping databases for this purpose are available from a range of private suppliers such as Mapdata Services. Public transport services that operate on the road network in the region are Bush Bus and to a lesser extent in the study area Bodhi Bus services. Information on routes, timetables and fares for these services are easily accessible from internet sites and readily transferrable to a modelling environment. Alice Springs public bus service with maps and timetable information is also readily available on internet websites.
Rail networks and services are limited in the study region, however it is possible to include services and recognise future potential. Air transport services are represented by the location of local airstrips and more major airfields that connect to other regional locations and capital cities, and services by a number of airlines including Qantas and Virgin Australia.
Population profiles established from Census and other data are produced by the Australian Bureau of Statistics (ABS). The Indigenous Locations (ILOC) data reporting framework provides the most appropriate representation for the study community. The ABS reports that ILOCs generally represent small communities with a minimum population of 90 indigenous (and non-indigenous) usual residents. An ILOC is an area designed to allow the production of census statistics with a high level of spatial accuracy. Reports on 2006 and 2011 census population data and profiles the ILOC communities provide a time-series perspective with information including the population age, gender, ancestry and other Census data formats. 
Figure 3: Representation of 2011 population for study locations reported in ILOC datasets.

[image: image3.png]Kintore

\/I:cmuﬁ—

——) 60 Kilomeres

Legend:
Population

Lajamanu

701-1200

‘ 301700

® w00

Road Type
— Highway
e Major Road

Non-Major Road

|
¢

;\

4

7

/Wﬁ‘:a

/-’
Ti'yee ,a’f

,-f
) \g/

@~ -

NtariaWallace Réckhole
Ltyentye Apurte
@
Titjikala

\ =

s

Atitjere

Mutijulu





Traffic counts and road conditions for a number of selected permanent and non-permanent count stations are produced annually by the Northern Territory Government (2013). Current and historic Annual Average Daily Traffic (AADT) counts are provided for both directions at count sites accompanied by network disruption events. The location, type of event and duration are reported here.
Other datasets that relate to land uses, significant sites (such as tourist attractions) and terrain imagery are also readily available and useful resources, especially in the visualisation, interpretation and communication of forecasting results.
3. Transport Forecasting for Remote Australia
There are multiple objectives associated with the development of a transport forecast model to represent mobility in remote Australia. Initially the research would allow for a base case of population mobility and community preferences with respect to transport alternatives. This will be extended with abilities to forecast future mobility scenarios allowing for forecasting the impacts of: 

· transport networks changes, including improved transport links, inclusion of new infrastructure and services (eg. improved road surfaces, additional bus services), new road links, 
· changes to community profiles and configurations (ie. number and size) and across the remote regions,
· potential impact of new technologies such as the potential for alternative fuels and new modes that may present themselves in the future,

· network vulnerability and accessibility.
3.1 Forecasting Possibilities

In an application to the study area, modelling parameters require representation of generally smaller sized remote communities located across a large geographic region, potentially connecting with Alice Springs as a larger sized activity centre. Sparse transportation infrastructure with in some cases, limited services and access to transport options allow travel for a range of purposes and with varying duration. Other influences such as network vulnerability and the influence of weather can play a significant role. By employing advanced software tools, there is the possibility to deliver resulting visual interpretations of the base year and forecast year scenario model outcomes which can include: 
· demand representation as desire lines, 
· mapping of on-network demands and flow maps, 
· associated energy use and emission generation estimates, 
· representation of transport network attributes such as public transport service routes, road type, cost,
· micro-scale simulations of smaller interest areas where warranted and likely to focus on activity centres with multimodal network use. 

Surveys for both projects will provide information on the included communities’ population with respondent attributes such as the age, gender and family status. This can be applied with other datasets such as ABS time series population data to develop base year and future year forecasts of remote location populations and potential transport alternatives. Additional data sources can develop community and activity centre profiles with attributes including for example schools, cultural and community centres, churches, shopping centres, post offices. Visual interpretations of forecasting outcomes can therefore include: 

· geo-spatial mapping and statistical analysis of population profiles,
· visualisations of activity centre properties and relative attractiveness,
· time-series representations of different future transport scenarios.
A Geographic Information System (GIS) data management environment has a strong role to play in the forecasting process, serving multiple purposes. Data describing remote communities including the location and population profile of study locations, transport network and service provisions contain spatial components, making them readily adopted into a GIS. Within this software environment, survey and other datasets form a common repository which can be managed effectively and facilitate tasks such as error checking, developing statistical relationships and formatting prior to a transport modelling application. Additional datasets such as satellite imagery and land-use information may also be incorporated into the GIS and assist in the tasks of visualisation, interpretation and communication of information.
3.2 Mobility Forecasting Processes
Strategic transport forecasting methodologies are most commonly applied to represent travel behaviour of urban populations in a metropolitan setting in Australia. Theories and techniques are well researched and practically applied within a range of software environments. They are also applied at a range of scales with macro, meso, micro and more recently nano-scale forecasts producing various levels of detail within modelling and simulation procedures. For strategic planning applications, the traditional ‘four step’ model (Ortuzar and Willumsen, 2011) has been widely applied with processes involving the generation of trip demand disaggregated by trip origin and destination (OD) points and travel mode. Route assignment follows with the matching of traveller demands to transport network supply. Further disaggregation by traveller type and trip timing may also occur. 
In the case where detailed, dynamic representations and enhanced visual presentation are required, such as at nodes of higher activity or critical locations within activity centers, the estimations of travel patterns can be used to feed meso and micro models. Many traffic modelling packages are capable of running multiple levels simultaneously (e.g. meso and micro) enabling so called hybrid modelling. This is particularly useful when large transport networks are modelled with only specific areas requiring detailed investigation, as may be the case in this context. 
Typically, detailed transport forecasting processes are supported by extensive and purpose-built datasets such as Household Travel Surveys (Stopher et al, 2011) which is not the case here. Model development must therefore rely upon the combined results reported from the PMPL and TF surveys, estimating base-year demand OD matrices from reported travel behaviour. Demand matrices are therefore established directly from the origin and destination information within the survey result dataset with appropriate growth levels applied to represent the larger population by using ABS datasets. Respondent revealed preferences not only allow the production of disaggregated demand OD matrices but also permit the results to be mapped to the wider population of the communities within the study area. This can be achieved with the assistance of ABS population data relating to the afore-mentioned ILOC format. Key components of the PMLM survey datasets for demand disaggregation present themselves as information on:

	· Vehicle access and license status, 

· Travel frequency and duration, 

· Trip purpose, 
· Time/date of travel,
	· Mode choice, 

· Travel opportunities and barriers, 

· Destination choice.


From the surveys associated with the TF research, a database resource of results is developed with respondents reporting on:

	· Short and long journey information,
· Mode alternatives,
· Trip frequency and duration,
· Temporal components of travel,

· Travel purpose,
	· Trip attributes including safety, affordability, reliability,
· Issues with transport and access, 

· Travel preferences.


Details of the transport network supply in remote Australia, mainly relating to the road network containing attributes for forecasting purposes may be matched to OD matrices established based on the survey results and forecast for future scenarios. Networks connect survey locations with activity centres and significant transport infrastructure with attributes representing travel time as the cost component applied in the modelling process. Conventional traffic assignment processes such as those described by Ortuzar and Willumsen (2011) and supported by transport planning software such as Cube (Ciltiabs, 2013) provide options for this task. An all-or-nothing assignment process presents an assignment approach for initial consideration with sparse network conditions and uncongested flows. The use of additional survey information on reported travel times and supporting data resources such as traffic counts, and road condition reports will assist in model validation processes.
A range of forecasting scenarios, largely based on the outcomes of the TF research and relating to travel preferences and attitudes, seasonal network conditions, population change, technology introduction and the influence of network infrastructure and service improvements can be developed. As modelling developments progress, it will be possible to utilise reported travel preferences as model forecast routines to influence base-year OD demand matrices. This will permit the influence of traveller behaviour, such as that which can occur due to changes in travel cost. Completed survey databases will direct the nature of this research component however it is expected that statistical approaches such as regression analysis will feature here. Forecast year transport network configurations and attributes may also vary, impacting on the resulting travel patterns. 
To support the forecasting process, the Cube software package (Citilabs, 2013) will be utilised due to a number of reasons. The software incorporates a fully functional GIS application in ArcGIS (ESRI, 2011) and allows for flexibility and versatility with the use of Voyager programming language. Both of these attributes are essential in developing forecast travel demand patterns for this project.
4. Initial Modelling Outcomes

Prior to transport demand model applications, the GIS environment allows for thematic visualisations based on population and transport network datasets. Mapping can present socio-demographic attributes of study locations such as the age profile of indigenous populations complimented with details of the transport network spatial arrangement as displayed in Figure 4. 
Figure 4: Indigenous population with age profiles and road networks.
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Initial outcomes from the modelling of the base-year population, network and travel demand conditions reveal results for the operation of the forecasting routine. When traffic assignment routines are applied to the OD matrices and transport network, the resulting traffic flows are established. These are then represented visually in the GIS environment to produce a flow map. To illustrate the results of initial model developments based on preliminary findings from the PMLM survey, Figure 5 illustrates the OD travel demand between a selection of survey sites (Utju, Ntaria, Wallace Rockhole, Mutijulu and Imanpa) and Alice Springs. Demands represent the factored whole population weekly person trips with intra-regional travel filtered out although this information is also available for representation. At this stage, forecasts are limited to car based travel demands and by the degree of validation achieved. Results achieved to date comply with data logic checks and to researcher expectation with an ongoing comprehensive statistical process of validation for all modelling results to follow the completion of the survey tasks and development of appropriate datasets.
Figure 5: Desire line illustration of average week population travel demand between selected survey towns and Alice Springs.
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When assigned to the road transport network in using an all-or-nothing assignment routine, the population demand can be presented as link flow maps as illustrated in Figure 6 for car-based travel. The model also has the potential to represent travel by both bus and air services, plotting passenger flows on service networks, albeit a representative one for flights, once the modelling processes are established. 
Figure 6: Average week travel flow maps from selected survey towns and Alice Springs.
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To illustrate a simple forecast scenario applied to the base-year surveyed population in this community Figures 7 and 8 represent how road-based travel paths may change in the event of a hypothetical network disruption. This may be caused by an event such as flooding on road links that exist directly between Ntaria (or Hermannsburg) and Alice Springs. 
Figure 7: Usual shortest-path travel route between Ntaria and Alice Springs. 
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In this situation, no flooding is experienced and transport software tools can be applied to show that the usual shortest-path trip to Alice Springs via Larapinta Drive is a distance of 127km and will take 1hour and 29minutes on average. This travel path is illustrated in the GIS as a green route. With closure of the direct routes (illustrated with the blue crosses), travellers forced to take the alternative route depicted in green in Figure 8.
Figure 8: Alternative travel route between Ntaria and Alice Springs in the event of flooding. 
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From the application of the transport planning tools and the involvement of network attributes it is possible to determine the additional travel time and distance incurred due to the link disruptions. In this case an additional 118km are incurred as travellers drive via Namatjira Drive, a journey now taking 3hours and 14minutes. Such an analysis can be analysed further with the application of network vulnerability techniques such as those discussed by D’Este and Taylor (2003), Freeman and Holyoak (2011) and Jenelius et al (2006).

5. Conclusions

There is a need to forecast for the present and future transport needs of populations in remote Australian for many reasons associated with planning for mobility. Datasets developed by projects investigating the population mobility and transport futures for a selection of communities present a resource that can be developed further with the application of transport forecasting techniques and specialist software including GIS-based modelling and simulation tools. Initial results include representations of population profiles, forecast travel demands and network traffic flows. Model applications reported herein illustrates the potential of the approach to develop forecasts of travel patterns that permit a range of scenarios and present visual outputs of analytical results. More specifically, future mobility scenarios allowing for forecasting the impacts of items identified in section 3.

Continued research in this field will benefit from the completion of survey exercises and focus on developing a full set of OD demand matrices, recognising multiple modes and representing a number of socio-demographic forecasts. The validation of model outcomes with travel time, traffic count and survey data allocated to the task will produce greater accuracy in the results as will the incorporation of public transport representations. Forecast scenarios will continue to enhance the range of outputs and the potential for network vulnerability analysis can be explored in more detail. This in turn, will allow for the inclusion of detailed forecast results in the development of policy insights. The research team will continue the development of the model to produce future versions of the forecast model with improved range, accuracy and ability.
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