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Preface 
 
The Centre for Infrastructure Research at the University of Auckland NZ has commissioned 
the present technical peer review of the assessment of proposals for an integrated multi-
modal national transport model (NZNTM) that are embodied in a series of workstream 
reports that have been prepared for the New Zealand Ministry of Transport. The intention of 
this is to provide a perspective on the proposals to develop an integrated multimodal national 
transport model that has capability both in demand forecasting and in evaluation of national 
transport policy against a range of future scenarios. This is to be structured around industry 
sectors by mode rather than administrative regions and their financial structures, which is the 
current state of practice. 
 
The present report considers a variety of issues that arise in this approach to development of 
an appropriate national travel model for New Zealand. These range from organisational 
interests such as ownership and responsibility for development and maintenance of software 
components, through technical specification of models such as their timescales and reference 
frames, and the implications of this for their integration, to the representation of data, policy 
and scenarios to be investigated. The workstream reports consider existing transport 
modelling systems within New Zealand and draw comparisons with other national models, 
with focus on modelling functionality and resulting capability together with requirements for 
data. The present report reflects on ways in which a national transport model of the kind 
required could be developed on the basis of existing structures, specifications and software 
in New Zealand and abroad: this is based on a review of the workstream reports together with 
an independent external commentary. 
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1.  Introduction 

 
National scale transport models have substantial value in supporting the systematic 
development of national transport strategies. To be effective in this role, their outputs should 
respond faithfully and plausibly to variations in policy under a range of scenarios. National 
scale transport models of this kind are used in many countries around the world, and are used 
to test strategies by evaluating the performance of the plans within them. The range of 
scenarios against which plans will be tested can reflect future uncertainties in parameters 
that are known to be influential such as fuel prices and availability of telecommunications. As 
well as this, transport models are required to represent various trends and preferences in the 
national and international population such as national economy, demography and propensity 
to travel. Variations in these will have consequences for transport demand, operations and 
evaluation, and hence will influence national policy for transport provision.  Tests can also 
investigate robustness of performance of planned policies for transport infrastructure and 
operations against disruption caused by natural events.  
 
To be fully effective and most valuable, a national transport model will be suitable for use by 
practitioners who are institutionally close to the transport systems of the application. This 
close association will promote accurate representation of infrastructure, policy and societal 
behaviour. It will also facilitate appropriate formulation and representation of policy options 
within the model, and relevant interpretation of model results. For these reasons, desirable 
properties of a national transport model of this kind include that it should be straightforward 
in structure and transparent in implementation, it should be robust with respect to data 
availability and accuracy, and that it should be versatile in representation of policy variants 
and scenario variations. 
 
The Transportation Research Centre has prepared a series of workstream reports on the topic 
of a New Zealand National Transport Model for the Ministry of Transport. The requirements 
for this model include that it should provide an integrated, multi-modal evaluation for policy 
development, with facility to accommodate a range of scenarios in respect of economic 
development, technological availability and personal travel behaviour. Beyond this and more 
specifically, it should be appropriate to New Zealand in respect of population size and 
distribution, natural topography, current and prospective level of infrastructure and 
associated policies, and range of users’ skills and experience of modelling. These 
requirements are explored in the workstream reports for which the present report is a 
technical peer review. 
 
Numerous issues arise in the development and application of national scale transport models 
of this kind. These include the extent of expert involvement required, the specification and 
structure of the model system, the scope and capabilities of the constituent models, the 
nature and ownership of the software systems employed, the source and processing required 
for the data, the formulation of policies and their representation within the model 
framework, the plan of scenarios to be used in testing, and the interpretation and evaluation 
of the results. These are considered in turn in the remainder of this report. 
 



- 4 - 
 

 
2.  Expert involvement 
 
The complexity of transport planning models and their components leads to requirements for 
many different kinds of expertise at the various stages of their development, implementation, 
integration and application. The wide range of skills involved most usually calls on teams of 
experts with a shared understanding of the purpose of the modelling exercise and of the 
nature of the model. Each member of a team such as this will contribute from their specialist 
and technical expertise in liaison with others. The success of a modelling enterprise depends 
on the contributions of these kinds being balanced appropriately alongside each other and 
being combined effectively. 
 
Successful design, development, implementation, maintenance and operation of transport 
planning models will typically require a range of expertise in different domains. The model 
components that represent different dimensions of travel choice can themselves range from 
straightforward to technically intricate. Implementing them in software can therefore require 
experienced judgement and specialist skills and, in some cases, purpose-specific transport 
planning software systems. Beyond this, interfacing model components can bring technical 
demands of its own through issues of compatibility of data frames and timescales. Their 
integration into a single unified multi-stage transport model then requires that mutual 
consistency be achieved among their various inputs and outputs in order for their results to 
be reliable. This integration brings with it technical challenges of its own, including managing 
feedback between components, that cannot necessarily be solved by simple methods such as 
straightforward iteration. Integrating model elements in this way requires skill and judgement 
in the techniques of transport modelling and in software systems for this. 
 
Effective model representation of transport policies, societal developments and of scenarios 
in their socio-economic operating environment requires skill and experience. In the context 
of national-scale transport modelling, the policies will include levels of priority within 
transport and among its different modes, profiling of investment and support to further 
specific objectives. Societal developments include growth in volume of travel and changes in 
personal preferences for how it is undertaken. The range of scenarios to be considered will 
reflect fundamental uncertainty in future developments, including influences such as energy 
pricing and availability of digital communications, and also environmental episodes such as 
extremes of weather and seismic events. Developing models that have facility to represent 
these influences individually and travellers’ responses to them calls on specialist transport 
modelling capability; the many interactions, such as the influence of environmental changes 
on societal attitudes to transport activity, will call for further facilities within the modelling 
framework. Representing policies, developments and scenarios using facilities provided 
within these models calls for a specific capability in model application and usage.  
 
Validating model outputs requires confirmation and checking of correct model operation and 
credible response to policy variations. Interpreting the model results appropriately to inform 
investigations requires further skill and experience in application and use of models. 
Investigations can focus on relationships between transport policy and each of travel 
demands, economic outcomes, energy consumption and resilience. These will all be tested 
against a range of scenarios that represent various kinds of developments, events and 
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incidents. Finally, the results of this will require synoptic interpretation to inform 
governmental policy and investment decisions by assessing their possible risks and likely 
benefits.  
 
Each of these elements requires a different mix of expert skills, contributing in a largely 
complementary and somewhat overlapping way to the modelling project as a whole. The 
sources of the expertise that is required for this will vary: in some cases, such as collecting 
and interpreting survey data, understanding and expertise based on local knowledge will be 
paramount. Specifying and implementing transport model components in practical software 
requires both programming and software engineering skills. The formulation and 
representation of policy will require specialist skills specific to these tasks as well as pertinent 
local knowledge. Structuring and setting up software systems for these models and running 
them effectively will call on skills derived from experience of transport planning modelling at 
the national scale. Finally, interpretation of the model outputs to establish results from a 
study will call on skill and judgement in the context of the policies being tested and the area 
of application. In practice, these various skills seem likely to draw on the knowledge and 
expertise of a range of professionals. This requirement for diverse expertise gives rise to the 
further one for moderation and oversight to achieve effective integration of contributions 
and unity of view. 
 
The requirement for a national transport model to be sustainable in future usage and 
application highlights the issue of where responsibility for these many different kinds of 
expertise will reside. The software systems used to develop the model components and to 
integrate them will almost certainly be commercial products: these could be general purpose 
utilities such as programming languages, spreadsheet products or they could be purpose-
specific transport planning model systems. All of these will require maintenance from time to 
time with potential consequences for a national transport model that uses them. Although 
the balance of responsibility for maintenance between software suppliers, the owners and 
the users will vary across the range of possibilities, some of this will inevitable reside with the 
end users. The principal expertise in policy development and evaluation will reside with the 
end users, but establishing appropriate representations of them within the model framework 
and reliable ways to evaluate them will call upon close liaison with software and modelling 
specialists.  
 
According to this analysis, a national travel model will call for continuing contributions from 
experts in the public sector who are familiar with its structure, technical content and 
operation, and its software implementation. This will contribute to continuing proper 
operation and development, and also through liaison with users the appropriate 
representation of the scenarios and policies that are to be evaluated. In the context of 
developing and integrating existing regional and single mode transport models, some of this 
expertise will be contributed by the owners and users of these models. More generally, 
contributions to the processes of model development, refinement, integration and usage will 
most likely come from groups of public sector employees who can offer a combination of 
modelling capability and policy awareness (Chowdhury and Mills, 2015a, p20). The need for 
employees who have various combinations of specialist training and industrial experience, as 
well as other in-house resources is a direct consequence of this.  
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The balance as between the commercial services of suppliers of software and software 
products, contractors, external technical consultant advisors and employees will be a 
strategic one that should therefore be addressed early on in the enterprise of the national 
transport model. Large-scale models require continuing maintenance, of software, parameter 
values and data, with frequency to be decided according to their respective pace of change. 
The timescales, volume of skilled input and costs associated with development of a national 
model will depend on the balance of expertise that is decided. Scoping and exploration of this 
will be informed by commercial discussion both with prospective suppliers and with 
independent consultants. The possibility of retaining into the future some consultancy advice 
from commercial contributors seems wise in order to make good use of their software 
systems as well as for continuing maintenance and development as and when it is required. 
The need for in-house public sector employees who have technical capability and are familiar 
with transport planning modelling therefore seems fundamental to the success of this, both 
as a skilled user base and in liaising with software suppliers and consultants. 
 
 
3.  Specification and scope of models 
 
Chowdhury (2015) has provided a valuable comparison of international examples of national 
transport models. This has facilitated development of the specification and framework for the 
New Zealand model by considering the complexity, functionality and resulting capability of 
established national travel models alongside their associated national requirement. 
Chowdhury and Mills (2014b) assess the suitability of these models to New Zealand in terms 
of topography, population distribution and travel patterns. Through this, various existing 
model structures and formulations can be assessed against this context as providing potential 
frameworks as software solutions for the NZNTM. Ways in which the structure and content 
of these established international models can be drawn upon in the development of the New 
Zealand one are reviewed by Chowdhury and Mills (2014b).  
 
Transport system usage and activity can usefully be stratified in several ways with the benefit 
that each resulting stratum can be represented separately with individual characteristics and 
behaviour. In practice, this is implemented in the Swedish national model (Beser and Algers, 
2002) by stratifying from the demand side according to local, regional, national or 
international travel, with a worthwhile distinction in the latter between inbound (such as 
tourism) and outbound travel. Within each of these strata, travel behaviour can be 
differentiated further according journey purpose: the Norwegian National Transport Model 
(Fox, Daly and Gunn, 2003, pp27-40) considers seven such purposes for regional travel and 
five for long-distance travel. From the usage side, stratification by mode or combination of 
modes of travel is important for the design of transport systems, including both the individual 
modes and modal interchanges. 
 
The scope of a national transport model can be distinguished according to whether or not it 
includes demand forecasting capability. Where this is included, future levels of travel demand 
are estimated within the transport model itself with the advantage that they can be 
reconciled internally with the costs of travel that they generate without recourse to external 
iteration. A key instance of this is the effect of demographic and economic trends on licence 
holding and car ownership, which has direct consequences for car usage (Fox, Daly and Gunn, 
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2003, p29). Where travel demand forecasting is not included within the model, these 
demands are required as explicit input data for the model: they can be estimated exogenously 
according to trends in demography, employment, economy and mobility, together with fixed 
elements of travel costs and estimates of variable ones. Scenario and robustness tests can be 
undertaken by varying these exogenous estimates of travel demand to assess consequent 
changes in performance. 
 
In the case where travel demand is exogenous to the transport planning model, its function 
is to explore ways in which the specified demand can be met by proposed transport systems. 
Variations in the demand estimates that are provided as data can themselves therefore form 
part of future scenarios to be investigated. Models of this kind can be extended to incorporate 
the travel demand modelling function as a further capability: this brings the prospect of 
improved integration and enhanced consistency at the expense of more intricate model 
structure and complex programming. The consequent, and sometimes substantial, need for 
procedures to ensure that results are mutually consistent in respect of costs and flows leads 
to a further kind of requirement for software development arising from this extension to 
model capability. 
 
Multi-modal modelling brings requirements for several distinct capabilities in a transport 
model. The cost-flow relationships incorporated in the model should reflect the combined 
usage of transport infrastructure by different modes, each weighted according to their 
respective usage of capacity. Competition among modes is represented explicitly by mode 
choice modelling. Representing the opportunity to make mixed-mode journeys can call for 
more subtle modelling of use of access modes and modal interchanges. Similarly, trip chaining 
within a day for individuals requires specific representation of continuity of mode choice 
where there is a commitment to a specific mode throughout a tour (such as to car usage to 
destinations away from home) and complementarity though facilities for modal interchange. 
Where freight and individual air travel are considered, continuity of travel through modal 
interchanges and contention for shared facilities requires corresponding model 
representation. 
 
The outputs generated by national transport planning models can address a wide range of 
interests. Principal amongst these are the amount of travel (measured in person of vehicle-
km or person trips), the total economic utility and costs associated with travel (including 
measures such as accessibility, availability, proximity and person-hours by mode), indications 
of bottlenecks caused by capacity limitations, and capacity and functionality of freight and air 
services. Further outputs can relate to environmental concerns, such as fuel usage, emissions 
of noxious local pollutants and of global ones such as CO2, and transport safety estimates. In 
some cases, evaluation of certain projects might entail calculation and reporting of measures 
of performance that are specific to them: examples of this include pricing and tolling 
strategies, where local flows and revenues are important outcomes for evaluation. 
 
From the workstream reviews of prospects for the NZNTM, the international field of national 
transport models that have structure most relevant to the multi-modal needs of the New 
Zealand context were identified as the Swedish SAMPERS model (Beser and Algers, 2002), the 
Norwegian National Travel Model (Fox, Daly and Gunn, 2003, pp27-40), and the Netherlands 
national transport model LMS (Fox, Daly and Gunn, 2003, pp14-26). The Swedish model has 
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a four-stage structure and include trip chaining for individuals. It combines regional models 
for travel distances up to 100km, long-distance models for domestic travel distances above 
100km, and separate models for international travel according to base location as Sweden 
(hence outbound) or abroad (hence inbound, including tourism). The Netherlands LMS model 
includes sensitivity to regional transport development and a licence model: it is intended to 
evaluate policies with respect to their influence on mobility, the economy, safety and the 
environment. The Norwegian national model is structured following the LMS with 
developments that include estimates of CO2 emissions and hence car km of travel. It still has 
relatively little spatial, and hence routing, representation. These models draw on a national 
travel survey for primary data, and represent multi-modal travel choice. 
 
 
4.  Nature and ownership of software systems 
 
The issue of ownership of software systems that are used to implement a transport model is 
important for its future development and use. A primary requirement for the NZNTM is that 
it can be applied through in-house capabilities: this will entail training and maintaining a user 
base of employees who are cognisant of the methods and workings of the model as well as 
being skilled in representing policy and interpreting output from transport planning models. 
They will be responsible for maintain and updating databases of transport supply and travel 
demand. Associated with this is the responsibility for software maintenance and development 
in light of progressing user requirements and changes in operating systems and 
environments.  
 
The components of an integrated transport model vary greatly in their complexity. Some can 
be implemented conveniently and effectively as direct calculations in spreadsheets. At the 
other extreme, specialist software systems can be required to solve models and calculate 
their results - a typical example of this being road traffic assignment, where an equilibrium of 
one kind or another is required to achieve self-consistent results. Between these extremes of 
complexity, model components can be implemented with more or less difficulty as 
spreadsheet or within purpose-specific transport planning software packages. Identifying 
suitable combinations of models and finding ways of interfacing them successfully calls on 
judgement based on both technical skills and experience.  
 
The advantages of implementing models in spreadsheet form include transparency and direct 
access to the equations of the model so that it can be developed further by technically skilled 
end users. Associated software in the form of spreadsheet macros and available languages 
such as visual basic can be used transparently to extend and enhance the functionality of 
spreadsheet models. Against this, however, are the associated responsibilities for quality and 
maintenance of the software, and for assuring its computational and analytical performance. 
The advantages of adopting purpose-specific transport planning software such as the Emme 
package (Inro, 2015) include that industry standard functionality can be made available from 
within the package. In this case, the responsibility for correctness and maintenance of the 
software will be subject to supplier’s contract. The supplier will also be able to advise on 
appropriate representation within their software system of policies and scenarios to be 
investigated, and on interpretation of the outputs for policy evaluation.  
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Several regional models are currently in use in New Zealand, each of which has its own 
specification, structure and software implementation. These typically include some 
components implemented ad hoc in spreadsheet and language media together with other 
components in proprietary transport planning software packages such as Emme (Inro, 2015). 
These regional models have been developed to investigate the effects of regional and national 
policies on regional travel. Alongside these private land transport models, others national 
scale models have been developed for aviation and shipping in New Zealand. These constitute 
a substantial software base together with their associated data that could form the basis of 
components in an integrated multi-modal national transport model. This approach has the 
advantage of drawing on experience, existing software and data that are already available. 
However, this would raise various issues including inter-compatibility of software, uniformity 
of model formulation and comparability of data frames and results. More fundamentally, 
national coverage of regional models of this kind is not currently complete across the whole 
of New Zealand. Addressing these issues will be a priority in any case to decide on how a 
national model will be related, one way or another, to these existing model components.  
 
The existing New Zealand regional and single mode transport models could be incorporated 
into a national multi-modal model in a range of different ways with associated advantages 
and workloads for development. A minimal approach to this would be to adopt each of the 
various regional and modal models largely in its current form and integrate them into the 
national framework. This would have the advantage of drawing on established models and 
associated expertise without the workload and risks associated with further development to 
them; it would, however, lead to heterogeneous and possibly incomplete national coverage 
in terms of model functionality, capability, interface and operation. The other extreme would 
be to use knowledge and experience associated with these various regional model 
components to formulate a single new model for nation-wide regional application with the 
advantage of uniform coverage and form of interface to the national framework. This would 
entail substantial commitment of labour in software development, and reframing of existing 
data together with complementary surveys to meet further data requirements, most notably 
in regions where models are not currently implemented. 
 
 
5. Possibilities for the New Zealand national transport model 
 
The requirements for functionality and resulting modelling capability of the New Zealand 
national model are considered by Chowdhury and Mills (2014a): these include requirements 
of the Ministry for Transport and of the transport industry. Chowdhury and Mills (2014b, 
pp21-2) proceed to consider these requirements in comparison to the capabilities of the 
Swedish, Norwegian and Netherlands national models. Within the scheme of this comparison, 
a useful assessment is made of the coverage of current models for New Zealand regions and 
modes. The Swedish national model SAMPERS (Beser and Algers, 2002) has a wide range of 
modelling features and capabilities, including four stage modelling and trip chaining, with 
regional, national and international segments. The Norwegian national model was devised 
primarily to estimate CO2 emissions, with estimates of travel demand and transport activity 
secondary to this. Because of these priorities, the Norwegian model has a lower degree of 
spatial resolution and transport network representation. The Netherlands national model is 
intended to estimate traffic levels on the national network, and to achieve this represents 
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travel demand and its sensitivity to policy and scenario variations. The review of European 
transport demand models developed by RAND (Fox, Daly and Gunn, 2003) provides a good 
comparative reference source for model formulations and their capabilities.  
 
In their analysis of requirements on the capability and functionality of possible formulations 
of the New Zealand national transport model, Chowdhury and Mills (2015, p 17) identify 
timescales of model availability as an important element. The Ministry of Transport has an 
immediate need for some transport modelling capability, which therefore influences the 
choice among the possibilities for programmes and the aims for development: any 
programme of development will therefore require that operational version of models will be 
available even if in the short-term they have restricted functionality and specification. The 
need for expanded outputs and improved modelling capability in the medium to longer term 
was seen in their analysis as being less important on the basis that this could be achieved 
within any modelling framework. Chowdhury and Mills (2015) weighted the performance of 
options for development according to these priorities, using ranges of numerical weights to 
investigate the robustness of the preferences among outcomes. 
 
Chowdhury and Mills (2015) considered five specific options for the structure of the proposed 
NZNTM. They consider different model formulations and their modelling capabilities in light 
of their respective complexity and consequent versatility in representing policies, projects 
and scenarios. Balanced against this capability of the candidate models is the timeliness, cost, 
effort and practicality of model development and data management. Here, we review options 
1, 4 and 5, which are the main contenders from their analysis.  
 
Option 1 has structure based on the Swedish national model: it aspires to best international 
practice and has the advantage of incorporating and building on the regional models that are 
currently available in some parts of New Zealand. Some of these regional models are 
implemented in commercial transport modelling packages such as Emme (Inro, 2015). This 
option would ultimately provide the best assessment of future national transport policies 
(Chowdhury and Mills, 2015, p16). However, it would require substantial model development 
to apply the best current New Zealand regional models uniformly across the country. 
Particular issues that arise in this are that in some regions of New Zealand, modelling practice 
is less well developed than would be required, leading to requirements for further model 
development and implementation, acquisition of further travel demand data and the 
unification of data representation and coding systems for this across the different regional 
models. Because some of the model components are implemented in proprietary software 
packages such as Emme, the ownership of the software will not reside entirely with the users, 
and maintenance of some elements of these components will therefore depend on the 
planning software suppliers. 
 
Option 4 was conceived as a structure based upon the Norwegian and Netherlands national 
models, based upon a four-stage structure but with low regional modelling resolution. The 
model components can be derived from existing national models for New Zealand, written 
initially in spreadsheet software and then developed in programming languages that are 
readily available. This formulation is well matched to the needs for a national model for policy 
and strategy evaluation. Because this model will be expressed in spreadsheets and 
programming language software, ownership of the resulting transport model will rest in-
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house. The responsibility for maintaining the model will fall in-house and to the users as the 
programming media are updated and the transport planning requirements develop. The 
timeframe for development, calibration and implementation was estimated as five to six 
years, though this will depend on the extent and intensity of staff involvement.  
 
In order to address the requirement for early availability of a working model, Option 5 was 
developed as a simplified version of option 4. This option has the particular advantage of 
being based on existing or partially available model components, though it would still require 
some reframing of data. This option does not include a licence holding model, which is part 
of the core of option 4. Beyond this, option 5 does not specify extensions to model either 
mode-specific public transport demand or emissions. This model would therefore require 
estimates of demand to be provided exogenously, generated for example by a separate model 
on the basis of estimated rather than modelled travel costs. The reduced specification of this 
option relative to option 4 leads to an estimated timeframe for development, calibration and 
implementation of about two years.  
 
In their analysis of options, Chowdhury and Mills (2015) test each of the five options against 
the spectrum of user (Ministry of Transport and industry) requirements and practicality in 
terms of their call on data and resources. They also consider whether each option will lead to 
a model that can be developed incrementally to add further capability in due course. The 
summary of this analysis is reproduced here as Table 1 (Chowdhury and Mills, 2015, p18).  
 
According to this analysis, option 4 was deemed as the best (score 22.1) with option 5 second 
best (score 21.4) whilst option 1 was second worst (score 18.7 compared to 15.0 for the worst 
option). However, inspection of the scores for the individual requirements shows that option 
1 scored best among the options in respect of the needs of each of Ministry of Transport and 
industry, and second best in respect of potential for further development notwithstanding its 
relatively well developed specification. Option 1 scored badly (score 1, with next worst score 
5) in respect of use of existing data and resources: because of the high weight associated with 
this criterion, the low score for it resulted in a low total score with the weights that were used.  
 
 
Table 1: Option analysis scores and weightings  
(Source: Table 7 from Chowdhury and Mills, 2015, p18) 

Requirement Meets 
Ministry of 
Transport 

needs 

Meets 
transport 
industry 
needs 

Uses existing 
data and 
resources 

Can be 
further 

developed 
incrementally 

 

Weight 
Option 

0.85 0.55 0.90 0.65  
Total 

    1 9 9 1 8 18.7 

    2 6 5 5 4 15.0 

    3 5 7 9 7 20.8 

    4 8 8 7 7 22.1 

    5 7 6 7 9 21.4 
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A robustness analysis was undertaken by varying the weights associated with the scores for 
the 4 individual requirements, confirmed option 4 as best supported (best in 32.1% of cases) 
but with option 1 as second best supported (best in 30.9% of cases). This reveals the great 
sensitivity of the recommendation for option 4 as opposed to option 1 to the weights 
associated with the individual scores. A further qualitative analysis (Chowdhury and Mills, 
2015, p19), undertaken by considering the capability and resource requirement of each 
option. This qualitative analysis denoted as option 1 and option 4 as having high scores in 
both of these respects and were therefore deemed as acceptable. By contrast, option 5 was 
given a moderate score for capability that could be achieved at low resource requirement: 
this led to option 5 being deemed as preferable. 
 
According to this analysis, option 4 was preferred as the medium-term model formulation for 
the NZNTM with option 5 as an interim formulation and a base for development. The 
incremental solution approach recommended is to build initially according to option 5, with 
an estimated timeframe of about two years, and then develop option 4 based on this, with a 
timeframe of a further three to four years. This solution approach would yield a modelling 
framework that largely meets the Ministry of Transport and industry requirements for 
evidence to base policy and strategy decisions for national travel. The initial offering could be 
used to evaluate scenarios according to exogenously estimated demand: the fully developed 
solution would integrate demand estimation into the model framework with the aim of 
achieving mutual consistency. This would call for transport modelling expertise to implement 
and integrate these models in open spreadsheet software, and to use them and to interpret 
their results. It would build upon exiting models, implemented in available spreadsheet and 
language-based software, and so avoid dependence on proprietary transport planning 
software packages.  
 
By contrast, option 1 offers greatest flexibility and modelling capability, and this would be 
required for analysis of the national effects of regional transport policy development. 
However, this could only be achieved at the expense of substantial requirement for software 
development and use of proprietary transport planning software packages. Although some of 
the component models for this option already exist for some regions of New Zealand, the 
coverage is neither uniform nor complete. This brings the practical problem of workload in 
extending coverage of the model components and, more fundamentally, the institutional 
problem that there is no formal requirement for regions to participate in development and 
use of the national model.  
 
The data requirements and model outputs for each of these leading options have been 
compared effectively with the requirements for the NZNTM and availability of existing model 
components. The model structures that have greater complexity offer greater flexibility and 
versatility: this will enable a national transport model based on them, when fully developed, 
to be used to investigate the effects of a wide range of transport and planning policies and 
scenarios. In the case of more complex models that include regional model components, the 
dependence on regional policy and scenario changes of both the regional travel patterns and 
the national ones can be investigated. 
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As a practical matter, a staged approach is proposed for development, starting with core 
functionality and progressing to greater functionality through the integration of further sub-
models into a single unified framework. These model formulations could use certain 
components that have already been developed variously in spreadsheets, languages and the 
purpose-specific transport planning packages such as Emme (Inro, 2015). A cautionary note 
on incremental model development of this kind is that where there are interdependencies 
among model components (such as between supply and demand), simple iteration cannot 
always be guaranteed to lead to stable self-consistent solutions: this is an issue for technical 
analysis and appropriate programming as required. 
 
 
6. Review and assessment  

 
6.1. Introduction 

 
The plan for development of the New Zealand national transport model has been proposed 
(see Mills, 2015) to address the requirements of the Ministry of Transport and of industry, 
with a view to practical issues such as model and data availability, and scope for future 
development. The priority that emerged from this is on integrated multi-modal modelling at 
a national scale as opposed to regional and local modelling. Reference has been made in this 
to availability of existing models in New Zealand and good practice in national models 
elsewhere. Several transport models have been developed for New Zealand: the national-
scale ones tend to be specific to mode (land, air, sea) or function (private, public, freight), 
whilst the regional and local ones are diverse in content and structure, and incomplete in 
national coverage. Integration of these models will require unified representation, especially 
of multi-modal usage and inter-modal influences, interconnection of the data inputs and 
outputs of models in compatible frames of reference, and resolution of feedback across 
model responses to achieve mutual consistency of results. 
 
This analysis identified an appropriate formulation for a national scale integrated multi-modal 
transport model. A phased approach is proposed for development and implementation of this 
model so that an interim form will become available as soon as possible. In due course this 
will be developed to increase functionality by integrating further model components. The 
analysis that led to this view is robust and well-reasoned according to the specific 
requirements. The resulting proposals and the underlying plan for their delivery are practical, 
with a good balance between the conflicting considerations of functional capability, technical 
specification and data requirements. In this section the main features of the proposed 
modelling approach are reviewed and assessed, and specific comments are made on key 
points. 
 
 

6.2. Model formulation 
 
The proposed model formulation is a staged development towards an integrated national 
scale transport model that includes licensing as a key measure of demand for private land 
transport as well as public transport, air travel, freight and marine modes. The ultimate 
framework for this, which is denoted by Chowdhury and Mills (2015) as option 4, is based on 
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the established Norwegian and Netherlands national transport models. Because of the model 
intricacy, data requirements and technical issues associated with this model formulation, its 
full development is expected to take several years. For this reason, an intermediate model 
framework is proposed, which can be developed relatively quickly as a practical interim 
measure to respond to the short-term needs for national transport modelling capability. This 
intermediate model is denoted by Chowdhury and Mills (2015) as option 5: it has a simplified 
structure and specification, in particular excluding demand forecasting functionality.  
 
The specification of option 4 provides most of the functionality of an integrated multi-modal 
national transport model that will be required according to Chowdhury and Mills (2014a). The 
functionality considered within the workstreams that is excluded from this proposed model 
formulation relates largely to local and regional modelling. This would represent the effects 
of regional infrastructure development on national travel, and the influence of developments 
in transport availability on land use. Representation of these influences on national transport 
activity will therefore be exogenous to the proposed national transport model, requiring 
separate analysis to adjust data input. 
 
A possible model formulation for a national transport model that integrates greater 
functionality on regional infrastructure and land-use interaction was considered by 
Chowdhury and Mills (2015) as option 1: this corresponds to current best practice in 
integrated multimodal national transport modelling. This option includes regional models for 
travel of up to 100km in each direction, hence assessing the likely effects of regional policies 
on strategic personal choices such as car ownership that could influence choices for national 
scale travel behaviour. The main reasons against developing such an elaborate framework for 
the NZNTM stem from the lack of complete national coverage within New Zealand of existing 
data and model resources. This is exacerbated by the absence of institutional structures that 
would require uniform national participation in a project to develop similar regional models 
throughout the country. In any case, the workload involved in developing this option was 
assessed as leading to a 10-year timescale that would therefore in itself not address the need 
for national modelling capability in the shorter term. 
 
Key points 
 

 The proposed framework is based on established national models for Norway and 
Netherlands and therefore benefits from that experience 
 

 Staged development brings early availability of an intermediate operational national 
model for New Zealand with limited but worthwhile capability 

 

 Some functionality, such as local and regional modelling, will remain exogenous to the 
national model so where this is influential, it will require separate analysis 
 

 Best current practice model formulations that meet governmental and industrial 
needs more fully would require substantial further data, resources and development 
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6.3. Data requirements and sources 

 
Mills (2014) reviewed current practice of transport modelling in New Zealand and the 
associated sources of available modelling software and data. Where they offer functionality 
that will be required, these existing models will be prime candidates for incorporation into 
the national transport model. So far as transport models are concerned, there are three main 
software requirements:  

model form, equations and code that implements them 
parameters values, and  
supply (structural) and demand data. 

Because the models reviewed are in current use, the first of these software requirements will 
be met at least in part. Existing equations and code that implements a model might require 
extension for application more generally and beyond their original domain. Where multi-
modal journeys and modal interactions are to be represented as influences in an existing 
unimodal model, special attention will be required to appropriate model form and 
representation in data. In any case, some testing and validation of existing code and software 
that is to be integrated into the national model will be prudent. 
 
Transport planning models generally require some parameters to control the interactions that 
they represent. Typical examples of these are values for prices, elasticities and sensitivities. 
These parameters quantify behaviour of persons and systems, and so ideally would be 
transferable across time and space. In practice, however, parameter values can exhibit 
cultural dependence and can drift over time. For these reasons, tests of parameter calibration 
will be required for any new application of a component model, especially in cases where this 
is spatially or temporally distinct from its current application. 
 
The application of a transport model will usually involve quantitative representation of each 
of supply in the form of transport facility, and demand in the form of trip-making behaviour. 
Where a component of the integrated national transport model is applied to a new area, for 
a new planning period or for a new scenario, fresh data will be required to represent this. 
Collection, checking and coding of data of this kind will form a substantial task in extending 
the application of existing models to new parts of the country. Even if other broadly 
comparable models have already been applied, recoding networks and reframing data can be 
demanding and time consuming. Involvement of national statistical agencies and transport 
enterprises will facilitate this process, but responsibility for integrating and incorporating data 
will reside with the developers of the national transport model. 
 
Key points 
 

 Schedules should be established for acquisition of national datasets required for the 
model envisaged 
 

 Schedules should be established for development, integration and testing of the 
model components 
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6.4. Model capability – regional sensitivities, incremental development 

 
The ultimate model developed according to the proposal of the workstream reports (Mills, 
2015) will offer integrated multi-modal capability as required by the Ministry of Transport and 
the transport industry. It will have capability to assess the effects on national transport 
patterns of variations in land use, accessibility characteristics, socio-economic factors and 
demographic factors.  These capabilities will be based on appropriate sensitivity to future 
trends in prices, incomes, population, and household size and composition. However, the 
model will not have capability reliably to assess regional infrastructure developments, and 
will not include feedback from transport availability to land use. The interim model will have 
capability to assess national scale transport policies and developments at a strategic level, 
with integrated demand modelling for aviation, freight and car ownership but without an 
integrated licence holding model. 
 
The proposal for structured development of this model, starting with the core of option 5 and 
working towards the full specification of option 4 provides a practical approach for the 
NZNTM. It offers the particular advantage of relatively early delivery of a working model, 
albeit with simplified specification. Through these stages of development, the model will have 
increasing capability for scenario evaluation. 
 
Key points 
 

 The model envisaged will have integrated multi-modal capability 
 

 Sensitivities will include land-use, socio-economic and demographic factors 
 

 The model as envisaged will not include the effects of transport provision on land use, 
so where this is required, it will need to be undertaken separately 
 

 Testing of planned policies against a range of scenarios will verify their robustness 
against uncertainties in societal, technological and environmental developments  

 
 
 

 
6.5. Timescales and effort of development 

 
As part of their analysis leading to their proposal, Chowdhury and Mills (2015) estimate 
timescales and so implicitly the effort involved in model development of each of the various 
options. According to these estimates, an interim national model, based on the core of option 
5, could be available for practical use within about two years. Further development to the full 
specification of option 4 is estimated to take a further three to four years’ time. The duration 
of this model development is due to the need for several distinct activities, some of which 
could be undertaken concurrently but others of which are necessarily undertaken 
sequentially.  
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The necessary processes for each component model will involve: 
 Model coding and checking 
 Data collection, collation and coding 
 Model calibration, testing and validation 
After this has been undertaken for each component model individually, it can be integrated 
into the national transport model. The process of integration will itself involve further coding, 
checking and testing against a range of scenarios. This important process will ensure proper 
operation and convergence of the integrated model to self-consistent solutions, as well as 
plausible response to the test scenarios. 
 
In practice, the timescale for model development will depend on the intensity of effort 
committed to it. However, some of the steps, such as data collection, cannot be accelerated 
beyond a certain duration because of the elapsed times that will necessarily be involved.  
 
Key points 
 

 Development of the interim model will take two years, whilst that of the full model 
will take a further three to four years 
 

 Adequate time should be allowed for model coding and checking, with further 
allowance for integration of model components 
 

 Model calibration, testing and validation will be an important part of development, so 
that sufficient time and effort should be allowed for this 

 
 

 
6.6. Needs plan of action, with timescales and staffing effort profiles. 

 
A time-explicit project plan will be required to progress development of the integrated multi-
modal national transport model. This could be in the form of a Gantt chart of similar project 
management device. It will include estimates of both the time and the staffing effort involved 
in each stage of development, together with the interdependencies of project stages. This will 
provide estimates in the usual ways of the range of achievable project durations and their 
associated requirements for different staff skills. The resulting project plan will inform 
decisions on the resource allocation, staffing profiles and recruitment that will be necessary 
to undertake the model development within the proposed timescales. Taken as a whole, 
these decisions together with the project plan will provide estimates of when working models 
of various increasing capability will become available for practical use.  
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Key points 
 

 Proper management and oversight of the development process will be required for 
successful development of the national transport model 
 

 of Development of the interim model will take two years, whilst that of the full model 
will take a further three to four years 

 

 Allocation of sufficient resource of properly skilled staff will be required for successful 
development 

 

 Targets for delivery of interim working models should be treated as project milestones 
 
 

6.7. Staffing and skills sources 
 
Each of the stages that will be involved in developing and using the integrated multi-modal 
national transport model will call for a mix of specialist skills and expertise. During the 
operational lifetime of the model, further development is likely to be required in order to 
meet increasing requirements, emerging opportunities and changing societal environment.  
The importance of this will be reflected in the quality of the resulting model and the 
effectiveness of its use in practice. The ultimate outcome of this will be the transport system 
that is provided in the country as a whole. 
 
The specialist skills required during the project development will include (but not necessarily 
be limited to): 
 
 Survey methodology 

Data acquisition and management 
Transport model analysis and design 
Software engineering 
Programming in appropriate software 
Transport policy development 
Transport planning modelling 
Policy analysis. 
 

There are several possible sources for these specialist skills including software suppliers, 
consultants, and employed in-house experts who are familiar with the data and models. The 
balance among these sources of expertise will vary during the development of the national 
model according to the requirements at each stage and the project management preferences. 
However, the quality of the resulting model, and the reliability of the results, their 
interpretation and evaluation will depend crucially on the skills of the staff engaged. The 
particular and continuing need for skilled staff as end users of transport planning models 
should be noted in this. The sources of this expertise will include graduates employed in-
house who have education relevant to transport modelling and staff who are experienced in 
the practice of this. The in-house expertise could be supplemented and supported by 
consultants and advisors as appropriate to the modelling applications. 
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Key points 
 

 Deployment of sufficient skilled staff will be crucial to success of the project 
 

 Project management expertise will be required to coordinate and facilitate the 
diversely skilled teams working on this project 
 

 Employment and retention in-house of expert transport modellers will be valuable in 
both development and application of the national transport model 
 

 Continued education, training and professional development of staff will support 
modelling capability and will promote staff retention 
 

 Adoption of model components from internationally recognised software suppliers  
will bring state-of-the-art capability to the model 
 

 Engagement of expert international consultants on transport modelling and analysis 
will support and complement in-house skills and expertise 
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