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ABSTRACT: Fundamental to being ready for earthquakes is to understand the risks, 
implement risk reduction, and plan for post earthquake response. Transportation lifelines 
function as integral networks and it is important that they be considered across road 
controlling authority boundaries, to enable emergency response and mitigation planning. 

NZTA co-ordinated a study to integrate the risk assessment results to develop a single 
resilience map for the Greater Wellington Area.  The initial studies carried out over a 
period of time were integrated using a common resilience framework, by deriving and 
presenting performance states for each of the three networks of Wellington, Hutt City and 
the State Highways (NZTA). Integrated resilience maps are now available, allowing 
authorities to implement strengthening of their networks and plan for emergency 
response, considering vulnerabilities across the entire network. 

NZTA’s participation in the Pheonix V Exercise identified the importance of using up to 
date information on the vulnerability of roads, the time likely to be taken for recovery, 
and prior planning of the post-earthquake response for key vulnerabilities (bridges, 
retaining walls and significant steep slopes). NZTA has initiated development of post-
earthquake response plans. This has been helped by observations of response after the 
2008 Wenchuan Earthquake in China.  

1 INTRODUCTION 

Wellington Region is in an area of high seismicity and steep terrain, which makes its transportation 
routes particularly vulnerable to earthquake and storm events.  The 2008 Wenchuan Earthquake in 
China has highlighted the vulnerability of roads to closure by landslides, see Figure 1, and the 
importance of roads for response and recovery.  Road and rail transportation access into and within 
Wellington Region is recognised to be a critical issue, and this has been highlighted by emergency 
response exercises such as Exercise Phoenix run by Greater Wellington Regional Council. 

 
Figure 1 – Highway completely destroyed by landslides, 2008 Wenchuan Earthquake, China 
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Transportation networks are key lifelines for communities and are vital for response and recovery after 
major hazard events such as earthquakes.  Transport routes provide access for communities, food 
supply, and for the recovery and functioning of other lifeline facilities to which they provide access.  

Since 1998, Opus International Consultants progressively developed a systematic approach to the 
assessment of the resilience of transportation routes to natural hazards, and prioritisation of mitigation, 
through a programme of research and actual studies (Brabhaharan, 2002, 2004 and 2006).  Actual 
studies included road networks in Upper Hutt, Wellington, Western Bay of Plenty, Hutt Valley and the 
state highway network for Wellington Region. 

The need to integrate the resilience assessments for various road networks forming a regional 
transportation network has long been emphasised (Brabhaharan and Moynihan, 2002).  Such 
integration will enable the vulnerabilities and access constraints to be considered for the integrated 
network.  

Greater Wellington Regional Council conducts regular exercises to test our ability to respond to large 
earthquakes in the Wellington Region.  The New Zealand Transport Agency (NZTA) participated in 
the Phoenix V exercise, and the learning from this exercise highlighted potential improvements that 
can be made to the understanding of the consequences of such earthquakes to the transportation 
network and our preparedness to respond.  This led to the incorporation of the results from the 
resilience assessments into post-earthquake response planning. 

2 INDIVIDUAL ROAD NETWORK STUDIES FOR WELLINGTON REGION 

The vulnerability of the road network in the Wellington Region has been highlighted by the 
earthquake lifelines study that was concluded in the early 1990s (Centre for Advanced Engineering, 
1991).  While this study served to highlighted the general vulnerability of key (state highway) routes, 
the need for further studies to understand the vulnerability of the larger network became apparent. 

Previous and concurrent New Zealand and international research is summarised by Brabhaharan et al 
(2001 and 2006).  These research initiatives focussed only on nodal structures such as bridges and 
traffic analyses for the road networks. None of the other approaches provided a useful and pragmatic 
approach that can be applied effectively to entire road networks, to a level of detail appropriate for 
proactive risk management as an integral part of asset management.   

A seismic hazard study of the Porirua District for carried out for Porirua City Council (Works 
Consultancy Services, 1993), which also included an assessment of the vulnerability of the road 
network.   

Wellington City Council (1995) published its own broad study of the road reopening scenarios in the 
Wellington District.  The results of this study highlighted the need for a more systematic and detailed 
study of the vulnerabilities and risks, to a level that would enable proactive risk management.   

A systematic approach using a geographical information system (GIS) platform to assess and map the 
vulnerability of road networks in an efficient manner was developed by the author.  This approach 
comprised field mapping to characterise the road network, mapping into GIS, assessment of the 
vulnerability of the each road category in different hazard events, consideration of mitigation 
measures, and derivation of benefit/cost for risk mitigation. 

This vulnerability and risk assessment was first applied to part of Upper Hutt District’s road network 
in 1999, for the Upper Hutt City Council. 

This GIS based approach was progressively developed during 1998-2001 to enable vulnerability 
assessments, consideration of mitigation measures, derivation of benefit /cost, and prioritisation, to 
assist with risk management for Wellington City’s road principal, arterial and collector road network 
(Opus International Consultants, 2001).  This enabled risk management to improve resilience to be 
incorporated into the Council’s strategic long term asset management plan. 

Road network risk management was further developed through research funding from Transfund and 
Land Transport New Zealand, currently part of NZTA (Brabhaharan et al, 2001; Brabhaharan and 
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Moynihan, 2002; Brabhaharan et al, 2006).  This included consideration of performance states to 
reflect the vulnerability and consequences of damage from natural hazard events as discussed in 
Section 3.3. 

A road network risk management study for the (Lower) Hutt District was carried out for the Hutt City 
Council in 2007 (Opus International Consultants, 2009).  This considered the resilience of the road 
network, by assessing performance states.  

A broad assessment of the vulnerability of the state highways in the Wellington Region was carried 
out for NZTA (Opus International Consultants, 2008), also using a systematic GIS based approach.  
The need for integration of the vulnerability assessments of all the road controlling authorities was 
emphasised in this study as the state highway network is a spine that interconnects the local authority 
road networks in the region. 

3 INTEGRATION OF ROAD NETWORKS  

3.1 Participation 

NZTA took up the recommendation and co-ordinated a study to mesh together the vulnerability 
assessments for the Greater Wellington area. The NZTA, Wellington City Council and Hutt City 
Council engaged Opus to mesh the lifeline vulnerability data for their road networks in the Wellington 
Region, which has been developed over the past 10 years.  The individual road networks managed by 
these three agencies function together as an overall regional road network, and the three agencies 
therefore agreed that it would be prudent to mesh them together. This would provide the basis for co-
ordination between the road controlling authorities, and allow integrated planning of risk management 
and emergency response for the combined road network. 

It is hoped that this could be expanded in the future to cover other local authority road networks in the 
Wellington region. 

3.2 Differences in Studies 

The development of an integrated road network vulnerability assessment was not a straightforward 
task. While all the studies were carried out using a common fundamental approach and using a GIS 
platform, they varied between each other due to the different expectations, priority and funding 
allocation by the different road controlling authorities. As the studies were carried out individually 
over a period of some 10 years, and given that research into risk management has been carried out 
between the period 1999 to 2006, the thinking and approach had also progressively developed.  A 
common approach was required to integrate the assessments for the three road networks. 

3.3 Resilience and Performance States 

Knowledge of the performance of the road network in natural hazard events is important to understand 
the impact on society – the people, emergency services, economic activity etc. This would also enable 
the expected performance to be compared against desired performance targets, and help develop risk 
management measures. 

Vulnerability or its corollary, resilience, of infrastructure lifelines such as roads is dependent on the 
loss of quality or serviceability, and the time taken to bring the road back into its original usage state 
after the reduction or loss of access (Brabhaharan et al, 2006).  This is shown conceptually in Figure 2.  
The smaller the shaded green area, greater the resilience. The larger the area, the lower the resilience. 

The assessments for the three networks were combined to show their resilience through performance 
states.  “Performance or Resilience States” representing the performance of the road network have 
been developed to consider the impact of various natural hazards on the road network on a similar 
basis (Brabhaharan et al, 2006). These states are summarised in Table 1. 
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Figure 2 - Conceptual Definition of Resilience 

Table 1 – Performance States 

Performance State Description of State 

Damage State Damage State represents the severity of damage to the road and represents the 
severity of damage (and cost of damage repairs).  

Availability State 
Availability State indicates whether the road section would be able to be used 
either at full level, at various reduced levels or not at all.  This indicates the 
degree of access available on that section of road after an event. 

Outage State 
Outage State indicates the duration over which the road will be in the Avail-
ability State above.  This gives an indication of the duration of loss or re-
duced access in links along the road network. 

 

3.4 Earthquake Scenario 

All the Performance States were developed for a large regional earthquake affecting the whole of the 
Wellington Region, such as a characteristic magnitude 7.5 earthquake on the Wellington Fault or the 
Ohariu Fault for example.  However, given the general nature of the earthquake scenario across a wide 
region, ground damage from fault rupture has not been assumed on any of the faults. 

3.5 Assessment of Performance States 

Performance States were developed and used to map the vulnerability of the road network to a large 
earthquake in the Wellington Region, for the Hutt City Council priority road network and the Region 9 
State Highway network.   

Performance states were not previously developed and mapped for the Wellington City road network, 
the vulnerability of which was assessed several years ago.  Therefore, the performance states for the 
principal and arterial roads in Wellington City were assessed based on the previous road 
characterisation for a similar earthquake event.  The performance states were assigned by considering 
the level of damage and consequences from different hazard events, for each road category. This 
approach is described by Brabhaharan (2006).  The road characterisation was reviewed and updated 
for the sections of Ngaio Gorge Road that have been strengthened by the Wellington City Council 
since the original risk study. 

The performance states for the state highway bridges in NZTA Region 9 were assessed from the 
seismic screening data, taking into account bridges that had been retrofitted since the seismic 
screening study completed in 1999.  The performance or resilience states for the bridges are also 
included in the performance states.  Performance state data for bridges in the Wellington City and Hutt 
City were not available, and hence were not included in the combined resilience maps. 
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3.6 Meshing of Spatial Data 

The performance states were spatially mapped in GIS for each of the three road networks – state 
highways in Region 9, Wellington City’s principal and arterial roads and Hutt City’s priority roads.  
The performance states provided a common framework for considering data from the three networks. 

The performance states have been meshed and displayed together in GIS, so that the whole network 
can be visually seen together.  However, the GIS data has been deliberately kept separate, given the 
separate ownership of the data, as agreed with NZTA, Wellington City Council and Hutt City Council. 
This will facilitate the data to be independently maintained and updated. 

4 COMBINED RESILIENCE OF ROAD TRANSPORTATION NETWORK 

The combined resilience of the priority lifeline road network developed from the study is illustrated in 
the Availability State map for a local magnitude 7.5 earthquake shown on Figure 3. This is shown for 
part of the Wellington Region. 

 
Figure 3 – Availability State after a major local magnitude 7.5 earthquake 

As illustrated in Figure 2, the availability state on its own does not give a full picture as to the 
resilience of the road network.  How long the road is likely to remain in that state (closed or reduced 
availability) is also important in considering resilience, and this is illustrated through an extract from 
the Outage State map for the same event presented in Figure 4. 

Brabhaharan et al (2006) also present a disruption state which combines the availability and outage 
states to represent these in a combined state.  However, as illustrated by Brabhaharan (2009), it is 
more useful to consider the availability and outage states separately, because of the importance of 
these states to emergency response and recovery, which is masked by the disruption state. 
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Figure 4 – Outage State after a major local magnitude 7.5 earthquake 

The combined resilience maps enable the resilience of the combined state highway and local road 
network to be considered in the Greater Wellington Area.  This is important, because the availability 
of secure alternative routes to a state highway section along a local authority road, or visa versa, 
means that access along that corridor would still be available after a major event, and hence risk 
mitigation will be of lesser priority.  On the other hand if both the state highway and local routes are 
closed for a long time, this would have a major impact on access for response, recovery and 
reinstatement of other lifelines, and risk mitigation would be of higher priority. 

These maps are also very valuable to plan post earthquake response, and in the emergency response 
after such an event.  These maps have been used in the identification of the key vulnerabilities along 
State Highway 1 (SH1) and development of post-earthquake response plans as discussed in Section 6. 

5 MITIGATION OF RISKS ALONG ROAD NETWORKS 

The assessment of the vulnerability of road network and resilience state maps have allowed road 
controlling authorities to implement a programme of strengthening measures for the road network, 
other than key bridge structures. 

Wellington City Council has implemented a programme of risk mitigation since 2003, and six sections 
of road supported by retaining walls have been strengthened over a 6 year period. The risk 
management study and maps and the benefit/cost for risk mitigation have unpinned this programme of 
risk mitigation as part of the Council’s long term asset management.  NZTA is currently strengthening 
2 sections of State Highway 1 supported by retaining walls in Pukerua Bay.  Figure 5 illustrates 
strengthening of retaining walls supporting Ngaio Gorge Road and SH1 in Pukerua Bay. 
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Figure 5 – Strengthening of Ngaio Gorge Road (left) and Strengthening at SH 1 in Pukerua Bay (right) 

6 POST EARTHQUAKE RESPONSE TO RESTORE TRANSPORTATION LIFELINES 

6.1 Phoenix Exercise V 

Greater Wellington Regional Council conducts regular exercises to test our preparedness to major 
earthquakes in the Wellington Region.  NZTA participated in the exercises, and the author participated 
in NZTA’s response during the Phoenix V exercise held on 12-13 November 2008.  Our team 
identified the potential for more informed identification of the impacts of a large earthquake to the 
road network using the availability and outage state maps developed for the region, and that 
emergency response pre-plans for key vulnerabilities along the state highway network would greatly 
assist in responding to restore emergency access after a major earthquake. NZTA collated and 
reviewed lessons and recommendations from the exercise. 

6.2 Development of Pre-plans for Post-Earthquake Response 

The lessons from the Phoenix V exercise has led to the engagement of Opus to use the combined 
earthquake resilience maps to identify key vulnerabilities along State Highway 1, and the development 
of pre-plans for post-earthquake response.  

These plans are being discussed with stakeholders, and are expected to be used in future earthquake 
exercises, and in the event of a real event. 

6.3 Observations of Post-Earthquake Response after 2008 Wenchuan Earthquake 

 
Figure 6 – Quick reinstatement of access along damage by fault rupture using earthworks ramp 

Observations of the damage and post earthquake response measures that have been used in real 
earthquake events are of great value in planning for post earthquake response in New Zealand. The 
author was part of the New Zealand Society for Earthquake Engineering (NZSEE) Learning from 
Earthquakes reconnaissance team that visited the Sichuan Province of China after the 12 May 2008 
magnitude 8.0 Wenchuan Earthquake.  The team’s observations are documented by the author in 
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further detail in the reconnaissance report (Yu et al, 2010).  These observations were valuable in the 
development of pre-plans for recovery of transportation lifelines, and provide lessons for planning 
post-earthquake response in New Zealand. 

This experience has been valuable to validate our assessment of damage in New Zealand, and to 
provide insights in successful post-earthquake response measures. 

Where fault rupture had displaced road embankments, often with some metres of level difference 
between either side, temporary access was quickly provided by ramping up with fill, see Figure 6.  

Damaged spans of bridges were propped and weakened bridge sections were spanned to provide 
temporary access using Bailey bridge type truss structures, see Figure 7, or steel pipes and frames. 
Temporary crossings of rivers were also formed with culverts and fords as shown on Figure 7.   This 
validates the usefulness of these approaches for post-earthquake response, and highlights the need for 
prior planning to ensure that adequate resources are available.  For example, while some stocks of 
Bailey Bridge components are kept by NZTA in Napier and Christchurch, the adequacy of these for 
response after major earthquakes need to be considered. 

 
Figure 7 – Spanning of weakened sections of bridges and temporary propping using truss structures (left) and 

temporary river crossings using fords (right) 

The lessons and observations from the Wenchuan Earthquake are being used in the preparation of 
post-earthquake response pre-plans for state highways in the Wellington Region, and would be 
valuable for emergency response planning in other areas of New Zealand. 

7 CONCLUSIONS 

A number of road controlling authorities in The Wellington Region have assessed the vulnerability of 
their priority lifeline road networks, and these have been combined into a single GIS based map, using 
a resilience state approach. This provides a valuable resource for asset management planning, 
earthquake risk mitigation, and post-earthquake response planning.  Such collaboration to produce 
combined resilience maps is a useful model for other road controlling authorities in New Zealand. 

The road controlling authorities in the region have embarked on a long term programme of earthquake 
risk mitigation as part of asset management for their road network, and such an approach is also a 
valuable model for other road controlling authorities in New Zealand. 

The resilience maps have been used to identify critical areas along key lifeline transportation routes, 
and are being used to develop pre-plans for post-earthquake response.  Such an approach will ensure 
preparedness to respond quickly after major earthquakes, and reduce the impact on the community. 

The reconnaissance mission to China after the 2008 Wenchuan Earthquake under NZSEE’s Learning 
from Earthquakes programme has been valuable in providing lessons on the need to plan for post-
earthquake response in the recovery of lifelines, and on techniques that have been successful after the 
major earthquake.  These are appropriate to quickly restore access after major events in New Zealand. 
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