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Topic title:  Seismic resilience of New Zealand’s transport system 
 

Aim 
The intent of this white paper is to summarise the above reasearch topic: The need, 
opportunity, and research priorities.  This initial draft of the white paper is intended to 
provide guidance for a workshop to facilitate collective input and enable further refinement 
for the purpose of considering this topic area for inclusion into the rebid of the QuakeCoRE 
research programme for the period 2020 and beyond. 
 
 

Is this workshop for a Grand Challenge or a Disciplinary focus area?  
☐Disciplinary Focus 
☒Grand Challenge 
☐Neither or Not sure 
 

Research question: 
Can we develop an all of system approach to assess the seismic resilience of transport in New 
Zealand? 
 
 

Problem statement:  
A resilient transport system is critical to the ongoing and future viability of businesses and 
communities across the country, supporting the efficient movement of goods and people. 
Recent earthquakes, and other natural hazard events, have highlighted the lack of 
redundancy in New Zealand’s transport system, the spatially-variable robustness of 
different components, and the reliance on functional transport networks to support post-
event response and recovery. These events have also demonstrated rapid adaptability by 
transport system users and providers to ensure the continued movement of people and 
commodities through alternative transport modes.  
 
The physical and functional impact of seismic and co-seismic hazards on the transport 
system were demonstrated following the 2010-11 Canterbury Earthquake Sequence and 
2016 Kaikōura earthquake. Shaking and liquefaction induced damage to rail and road 
bridges was evident in both events, and failure of engineered and non-engineered slopes 
onto ground transport networks was particularly widespread in the Kaikōura earthquake 
due to the extent of steep terrain. Landslides caused long-term disruption following both 
events. Liquefaction and slope instability caused major damage and disruption to port 
facilities in both events. Supply chains were broken, forcing rapid adaptation to identify 
suitable alternative transport routes and modes. Communities were isolated, tourist flows 
were impacted and a range of businesses were affected due to reduced, or lost, service and 
accessibility. Implications for transport users associated with altered risk from seismic and 
co-seismic hazards in these areas continue to this day. 
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This Grand Challenge focuses on the seismic resilience of New Zealand’s transport system. 
This requires an understanding of the hazards affecting the functionality of specific 
components, of the wider networks and their users. Consideration of the interaction 
between different transport modes and the social and economic impacts of disruption is 
also required. A key challenge is how these can be combined to provide quantifiable 
measures of system resilience, which will, in turn, inform policy and investment decisions to 
improve the transport system in the future.  
 
All modes of transport (road, rail, air and maritime), and the required energy sources to 
enable each network to function (fuel (supply, storage and transport) and electricity) need 
to be assessed.  A multi-modal focus is critical to understand how modes interact and to 
explore options to improve the resilience of the wider system. 
 
 

Research Priorities  
 
Potential priority research areas are discussed in the sections below, including details of 
ongoing research that could inform these areas. It is unlikely that all these areas will be part 
of the final work programme, and the level of resolution in each area will need to be further 
defined based on the research needs identified. These high-level questions relate to the 
balance of research in: 
• Case study vs system wide 
• National vs regional transport  
• Inter city  vs Urban transport 
• Current vs future transport 
 
Seismic hazard exposure and performance of transport and energy network components. 
 
Strong advances have been made in ground motion simulation using physics based methods 
in QuakeCoRE1. These could be used as the basis for the development of probabilistic and 
scenario based estimates of ground motion intensities across transport and energy 
networks. Alongside estimates of ground motion intensity, geospatial methods for 
estimates of co-seismic hazard (liquefaction and landslides) intensities are progressively 
being implemented along infrastructure networks. In conjunction with the Seismic Demands 
and Geohazards disciplinary focus area proposed in QuakeCoRE2 (separate workshop), 
future research could continue to develop both ground motion simulation outputs and co-
seismic hazard models. This work should leverage off ongoing aligned research, such as the 
landslide modelling capabilities being developed in the Endeavour Landslide projects.  
 
Within this topic area, assessments could be used to identify hazard exposure hotspots 
where more detailed research can be undertaken to better characterise potential 
performance of components, facilities and transport corridors. This relates both to shaking 
induced effects and the potential impact of co-seismic hazards. As the functionality of 
networks is critical, both the performance of components and the extent of outage should 
be considered to inform decision making. Structural and geotechnical engineering research 
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could focus on innovative ways to improve the performance of these components, facilities 
and transport corridors. 
 
Potential research areas include: 
• Case study assessment of infrastructure components 
• Development and refinement of corridor based assessments and mitigation 

strategies 
• Assessment of infrastructure retrofit methods for critical components 
• Transport facility based assessment methods. 
• Transport system user exposure to seismic and co-seismic hazards 
• Development of damage and outage time estimates 
 
Transport network functionality and system-of-systems modelling. 
 
Research in QuakeCoRE1 and the Resilience to Nature’s Challenges National Science 
Challenge has explored the use of network process models to assess network resilience, 
moving beyond connectivity or static models of infrastructure networks. These represent 
the flow of users in transport networks, and power flow in the electricity network. The first 
transport model for the South Island was developed, for use in assessing the effect of the 
Kaikōura earthquake and a future Alpine Fault event. Similar approaches were used to 
assess electricity distribution networks in the South Island. Future research can build on an 
initial iteration of a system-of-systems model of distributed infrastructure networks and the 
dependencies between networks following natural hazard events. This approach provides a 
structured quantitative method for assessing the effect of natural hazard events on the 
propagation of network failures both within a network, and between networks.  
 
To represent the transport system, network models would need to be expanded to account 
for all potential transport modes (road, rail, air and maritime), and the interaction between 
these modes. A key question is “how does increased network model resolution improve our 
ability to inform resilience-based decisions when dealing with both single networks and the 
interdependencies across different networks?” Development of baseline models for the 
current state of networks would allow future network changes to be explored. This includes 
technological and societal changes, which have strong links to the Transforming the 
resilience of New Zealand’s infrastructure through disruptive technologies Grand 
Challenge proposed in QuakeCoRE2 (separate workshop). 
 
Potential research areas include: 
• Development of network specific transport and energy models for seismic hazard 

assessment 
• Identification of areas where loss of functionality of transport and energy networks 

results in widespread loss of service across the transport system  
• Assessment of the effect of network model resolution on infrastructure outage 

assessment 
• Influence of service providers prioritising different transport modes on system 

performance 
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• Influence of resilience investments on transport system performance 
• Influence of changes in technology and zero carbon futures on transport system 

performance 
 
Supply chains and logistics across the transport system. 
 
Immediately following an extreme seismic event, there is a need to keep the supply chain 
functioning to support the economy, the supply of resources required to support post-event 
response and recovery, and continued societal well-being. For events where the system is 
impacted for an extended period of time, such as the Kaikōura earthquake, a fundamental 
shift of the supply chain structure may be required. Recent research includes a focus on 
forestry and wine industry supply chains (Resilience to Nature’s Challenges National 
Science Challenge), but there is scope for assessments across broader sectors. Fast Moving 
Consumer Goods (FMCGs) is one logical area of focus, given the increasing dependence of 
communities and businesses on just-in-time services in many areas. The functionality and 
level of service of the transport system across a range of potential events could be used to 
inform supply chain logistics models, allowing the development of new computational 
capabilities. The assessment of both physical network investment and supply chain 
strategies would enable improved post-earthquake logistics capabilities. 
 
Potential research areas include: 
• Post-disaster strategies for logistics support 
• Post-disaster modelling of logistics adaptations across a range of sectors 
• Assessment of workforce needs and constraints following earthquakes  
• Assessment of cross- and multi-modal transport options 
• Influence of resilience investments on supply chains 
• Influence of changes in technology on supply chains 
 
Socio-economic impacts of transport system disruption. 
 
This area will have strong links to the Critical cultural and social factors determining 
societal resilience to earthquakes AND Economics and policy effects on seismic resilience 
(separate workshops) disciplinary focus areas proposed in QuakeCoRE2. Economic impact of 
natural hazards has been assessed in previous research using MERIT (Measuring the 
Economics of Resilient Infrastructure Tool), and the capabilities of this tool are being 
continually developed, including through the incorporation of an extended suite of socio-
economic indicators. Recent research has focussed on the effect of natural hazards on the 
tourism sector and the movement of transient communities (Resilience to Nature’s 
Challenges National Science Challenge and QuakeCoRE1). Socio-economic impacts are key 
to informing mitigation strategies and prioritising approaches to improve the overall 
resilience of the transport system. The potential research in this area is broad, and the 
specific focus, as it relates to the transport system, can be refined in line with the other 
QuakeCoRE2 research areas. 
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Potential research areas include: 
• Socio-economic indicators for transport level of service assessment 
• Development of criticality metrics for the transport system 
• Post-event evacuation planning 
• Impacts on the tourism sector 
• Effect of technology change and transport ownership trends 
• Impacts of isolation of communities and loss of access 
• Identification of areas where loss of functionality of transport and energy networks 

results in widespread socio-economic impacts 
 
Methods to inform policy and decision making. 
 
This area will have strong links to the Economics and policy effects on seismic resilience 
(separate workshop) disciplinary focus area proposed in QuakeCoRE2. Here methods for the 
aggregation of physical, economic and social impacts of transport disruption are required to 
inform how resilience investments can be enabled, how to prioritise these investments 
across transport modes and the supporting energy networks. The potential research in this 
area is again broad, and specific focus as it relates to the transport system can be refined in 
line with the other QuakeCoRE2 research areas. 
 
Potential research areas include: 
• Development of resilience metrics informed by modelling outcomes 
• Approaches to enable resilience investments across regions 
• Enabling targeted investments across different modes as part of wider system 
• Methods for prioritisation of reinstatement of networks 
 
Integrated Analysis Framework 
 
This Grand Challenge could be framed around the development of an integrated analysis 
framework to inform mitigation strategies and prioritise approaches to improve the 
resilience of the transport system. This can build on emerging computational capabilities 
being developed in QuakeCoRE1 and the Resilience to Nature’s Challenges National 
Science Challenge, expanding this capability with a specific transport focus. Both 
probabilistic methods and the use of scenarios, for more focussed research assessments and 
engagement, could be investigated utilising this approach. 
 
Across the different topic areas discussed in the previous sections, different methodologies 
exist to represent different components of an analysis framework (with varying resolutions). 
An initial linkage across these different components can be developed, and the resolution 
can then be incrementally improved throughout the duration of the project. Within each 
component there are specific research areas and case studies that can be explored, with a 
view to future integration into this framework. Through the integration of the previous 
components, physical and management strategy based resilience interventions to ensure 
the functionality of the transport system can be assessed.  
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Potential research areas include: 
• Pre-event resilience investments and design performance targets 
• Robustness vs redundancy 
• Post-event adaptations and recovery strategies 
• Rapid assessment of potential damage, outage times and loss estimates 
• Rapid risk forecasts for road users 
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