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ABSTRACT: The need for a national guideline for assessment of seismic hazards is born 

partly in response to the 2010-2011 Canterbury Earthquakes, which caused widespread 

damage that resulted in billions of dollars of damage, but also in recognising that most of 

New Zealand is susceptible to several seismic hazards. Seismic hazards are a normal part 

of life in New Zealand, but communication between project stakeholders about seismic 

hazards is challenging because this requires a complex discussion of likelihood and 

consequence, which may not be easy to rationalise. The Guidelines for Assessment of 

Seismic Hazards in New Zealand are currently in development, and will provide a 

coherent framework for assessing and communicating seismic hazards, so that we, as 

engineers and scientists, can help clients, government bodies, and other engineer’s scope 

and review projects leading to better informed decisions about seismic risks. The 

ideology behind development of the guidelines is to provide a high level document that 

can be understood and applied by non-technical users with sufficient technical content to 

act as a primer for assessment of seismic hazards for engineering practice. The guidelines 

are not meant to replace current detailed practice guidelines. The content of the guidelines 

covers a range of hazards including: ground motions, fault rupture, tsunami and seiche, 

and volcanism, as well as liquefaction and earthquake induced ground and slope 

deformation. The key technical objectives and proposed use of the guidelines are 

summarised in this paper. 

1 INTRODUCTION 

We are keenly aware of seismic activity living in New Zealand as earthquakes are present in our daily 

lives, either directly as a result of an earthquake causing the ground to shake where we live or work, 

but also indirectly in the news, on the radio, and on the internet. New Zealand lies astride the margin 

of the Pacific and Australian tectonic plates, which are moving past each other on different 

trajectories. This movement results in a high rate of seismic activity that makes all of New Zealand 

susceptible to earthquake ground shaking, but the hazards that result from earthquakes are varied.  For 

example, the average person in Christchurch at the moment has an appreciation of liquefaction, but 

outside Christchurch we must broach a key question with our clients, “Do I need to consider seismic 

hazards for my project?”  As practitioners we know that the answer is yes, but our clients often see 

dollars, instead of the understanding and peace of mind that an engineering assessment brings, or the 

possible project cost savings from a more detailed assessment. The Guidelines for Assessment of 

Seismic Hazards in New Zealand (the Guidelines) will help us both ask this question of our clients as 

well as answer the question by providing general guidance on assessment of earthquake related 

hazards in the context of New Zealand.   

2 SEIMIC HAZARD, EXPOSURE, AND RISK IN THE GUIDELINES 

The way in which we assess earthquake, or seismic, hazards and implement designs that ensure that 

new developments achieve an acceptable seismic risk are evolving rapidly, but there is a need to 

represent these hazards evenly across the range of conditions present in our country in order to provide 

society with a sense of comfort and safety. Understanding the words “hazard” and “risk” is critical to 
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communicating seismic risk. A hazard is something with the potential to cause damage.  Hazards 

related to geological processes are often referred to as “geo-hazards.” In the context of the Guidelines, 

a specific set of geo-hazards, namely seismic hazards, are referred to, which encompasses earthquake 

ground shaking, ground surface fault rupture, liquefaction, and landslides, , all of which result as a 

consequence of earthquakes.  The term “seismic hazard” is frequently used in literature specifically to 

describe earthquake ground shaking intensity, but the double meaning of the term to describe both a 

set of geo-hazards and the specific ground shaking hazard is also common.  

Risk is commonly used to describe the negative consequence of a hazard.  For example, a risk of 

liquefaction could be the occurrence of building settlement. However, this definition does not convey 

the very important aspect of time.  Earthquake fault rupture is, geologically speaking, a certainty, but 

in a human lifetime, or even several lifetimes, the risk of earthquake fault rupture causing severe 

ground shaking that results in the occurrence of a phenomena like liquefaction or rock fall with the 

potential to have a negative consequence is difficult to quantify.  That is, we will all experience an 

earthquake while living in New Zealand, but will it be a small earthquake with little consequence, 

“The Big One” with moderate to severe consequences, or something in between?  Our risk of seismic 

hazards is dependent on our exposure to each of the seismic hazards, which is frequently expressed as 

a function of consequence and exposure. 

Throughout society there is an awareness of seismic hazards, and this awareness stems from the most 

spectacular of earthquake consequences that are depicted in the media.  In engineering design, 

however, we have a responsibility to ensure life safety while finding favourable economic outcomes 

for our communities and clients.  When we select design options considering seismic hazards we need 

to answer the questions, “Is the design too expensive?” and “Is the hazard too rare?”  Putting technical 

feasibility aside, if we could design for The Big One at a reasonable cost we would, but The Big One 

is a rare event that might not even happen in several lifetimes, so for many projects it may not be 

worth the cost.  Answering the question, “Is the design too expensive?” is straightforward, but 

answering the question, “Is the hazard too rare?” is very difficult. 

The Guidelines namesake is seismic hazards, but in reality its focus is on understanding seismic risk.  

Seismic risk assessment quantifies the negative consequences due to a seismic hazard and the 

probability of occurrence, which is a product of earthquake frequency and exposure. We often want, or 

need, to quantify the various hazards associated with earthquakes, and then assess these hazards to 

make technical and economic decisions from a risk perspective.  The Guidelines will provide the 

framework for assessment of seismic risk in New Zealand to manage the societal exposure to 

earthquake related hazards in a consistent manner.   

3 THE SCOPE OF THE GUIDELINES 

The Guidelines will be a concise document that: 

 Describes how assessment of seismic hazards fits into the legislative context of New Zealand;  

 Sets the scene for developers so that they can see where early consideration of seismic hazards 

will save them time and effort through their project; and 

 Provides concise and impartial guidance for developers, practitioners and regulators on 

scientifically robust and cost effective methods of assessment, as well as enough background 

so that all can understand the rationale for studies. 

The Guidelines will not be a prescriptive document that homogenises the approach to seismic hazard 

assessment.   

3.1 The Structure of the Guidelines 

3.1.1 Introduction 

Introductory sections provide the rationale and context for the guidance.  A background chapter 

introduces relevant: 
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 Legislation 

 The Resource Management Act (1991) 

 The Building Act (2004) 

 The Local Government Act (2002) 

 New Zealand Standards (NZS) 

 NZS 1170 1170.5:2004 

 Guidelines 

 NZGS Module 1 - Guideline for the identification, assessment and mitigation 

of liquefaction hazards (2010) 

 NZTA Bridge Manual (2014) 

 NZSEE Earthquake Prone Buildings (2006) and subsequent updates. 

 NZSOLD New Zealand Dam Safety Guidelines (2015) 

3.1.2 Scoping a Seismic Hazard Assessment 

This section looks at the who, what, when, where, why, and how of the seismic hazard assessment.  It 

describes the reasons that a site specific seismic hazard assessment may be worthwhile.  It cites the 

principal of consistent crudeness (Elms, 1992), which should be considered when specifying the 

requirements of an engineering investigation.  The principal of consistent crudeness relates the 

precision of engineering model outputs to the lowest quality input data. It is a very important concept 

that can help when we discuss seismic hazards with our clients. For example, a detailed structural 

engineering assessment that predicts precise building performance without using precise seismic and 

geotechnical inputs is inaccurate if the building performance is sensitive to these variables.  Similarly, 

there is no point spending a great deal of money developing a detailed model of the ground conditions 

for a single level building that will be built using design parameters from the New Zealand Standards. 

The remainder of this section runs through the things that should be considered by the developer and 

their advisors, and lists what qualifications and experience should be considered when selecting an 

advisor.  This section also highlights the potential for valuable investment in early assessments that 

can reduce construction and or operational costs. 

3.1.3 Assessment of Seismic Hazards 

This section describes the difference between design criteria and design parameters, and provides the 
most technical focused content of the Guidelines with sections on: 

 Earthquake ground motion parameters 

 Site characterisation and seismic site response  

 Tectonic ground surface deformation 

 Earthquake-induced landslide and rockfall 

 Liquefaction 

 Tsunami and Seiche 

 Volcanism 

3.1.4 Volcanic and Residual Soils 

Volcanic and residual soils are present in New Zealand.  Although these soils do not present a seismic 

hazard per se, they must be treated differently from typical geotechnical engineering practice, which is 

oriented toward silica based soils.  This section highlights specific considerations for assessment of 

seismic hazards when volcanic and residual soils are present.  
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3.1.5 Mitigating Seismic Hazards 

This section describes considerations and methods for design of seismic hazard mitigation.  This is a 

broad subject, so the intent of this section, in keeping with the intent of the Guidelines, is to describe 

key concepts and common mitigation measures at a high level that provides enough information to set 

up and scope a project rather than detailed design advice. 

4 FINAL THOUGHTS 

The Guidelines have been written by the authors of this paper and is currently in its first draft.  We 

will soon be compiling working groups to review and revise each chapter and technical subject.  We 

will seek input from a cross section of individuals ranging from geotechnical and structural engineers, 

to government and academic individuals.  The aim of this method of compilation is to get buy-in from 

the technical community and other end-users. 

The draft report has been funded by EQC and Golder Associates and it is hoped that one or more 

professional body will get involved in the further development of the guideline before public issue in 

early 2017. 
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