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We care a lot! 

We care a lot! 

About disasters, fires 

Floods and killer bees 

… 

We care a lot! 

About you people 'cause we're 

Out to save the world! 

Yeah! 

… 

 

Well it's a dirty job but 

Someone's gotta do it 

Said, it's a dirty job but 

Someone's gotta do it 

 

Faith No More, (1985). We Care a Lot 
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Abstract  

The impact of natural hazards on society and the environment continues to increase, 

resulting in intolerable and unsustainable financial and social costs. The traditional 

approach of responding to the hazard once it has occurred is no longer acceptable because 

it hasn’t always raised awareness of the hazard or allowed communities to pre-emptively 

take action to protect themselves and their property. It is now more important than ever 

for governments and communities to proactively understand and prepare for natural 

hazard risks before hazards occur, so that our vulnerability and exposure to them is 

reduced when they occur. The costs-benefits of following a proactive approach, rather than 

a reactive approach are clear, bringing about a change in the way natural hazards are 

managed, as exemplified by the risk management focus of the Sendai Framework for 

Disaster Risk Reduction (2015).  

Despite considerable research and effort in this area, natural hazard risk management 

struggles to be applied at global, national, and local scales. This illustrates a need to better 

understand how natural hazard risk is perceived and understood, and how it influences the 

development of policy frameworks for natural hazard management. In particular, questions 

remain regarding how risk modelling influences perception of natural hazard risk and 

application of risk reduction measures at the community level.    

This research explores how risk informs natural hazard management in Aotearoa New 

Zealand’s local government. It focusses on how the RiskScape risk modelling tool is used to 

communicate natural hazard risk for influencing risk awareness and the perceptions of 

practitioners. It specifically focusses on a tsunami hazard generated in the Hikurangi 

Subduction Margin as tsunami is Aotearoa New Zealand’s least likely but most significant 

natural hazard risk. However due to its infrequent occurrence, tsunami is perceived as less 

risky than other hazards.  

Focus group sessions and semi-structured qualitative interviews were held with natural 

hazard risk practitioners within local government, primarily across the Gisborne, Hawke’s 

Bay, and Wellington regions of Aotearoa New Zealand. The focus groups and interviews 

explored practitioners’ perceptions on the value of risk modelling tools, particularly 

‘RiskScape', for communicating risk and influencing policy development, as well as their 

thoughts and opinions on natural hazard risk management policy development in general, 



ii 
 

and with a specific focus on tsunami. These results were then corroborated through 

document analysis of risk-based tsunami policy and procedure for the regions studied. 

This research found that while practitioners understand the value of risk modelling for 

communicating tsunami risk for developing risk awareness and influencing perceptions, 

RiskScape is not employed widely within local government to achieve risk-based policy and 

practice. This is partly attributed to trust in risk modelling outputs as well as developmental 

problems with the RiskScape software. However, the larger part is due to challenges for 

natural hazard risk management within local government. Local Government’s challenges 

include lack of guidance, mandate, and collaboration for hazard management; limited risk 

leadership, understanding and awareness; lack of funding, capacity, and capability; and 

unavailability of quality data. Underlying each of these challenges are more fundamental 

challenges relating to the disconnect of the ‘science-policy-practice’ interface, and the 

interrelated complexity of the challenges which limit the effectiveness of solutions. Along 

with the limited use of risk modelling, risk-based policy and procedure for tsunami remains 

scarce. Of the 58 national and local policy documents analysed as part of this research, only 

three contain specific tsunami risk-based policy. 

This research proposes the use of ‘systems thinking’ to better understand this complex 

system of challenges as a whole. This approach can identify intervention points, which can 

interrupt the system’s dynamics and better apply natural hazard risk management in local 

government. The science-policy-practice interface is identified as an intervention point; 

however, tensions for collaboration across this interface limit its effectiveness. A formalised 

structure, which is mandated by integrative research frameworks, is recommended for how 

collaboration across the science-policy-practice interface can be improved.  

An improved science-policy-practice interface would enable the application of further 

recommendations for overcoming challenges for local government natural hazard risk 

management. These include developing awareness of natural hazard risk and the cognitive 

biases that influence risk perceptions; improved understanding of the value in using 

established risk management approaches; and greater capacity and capability for collecting, 

managing, and using natural hazard risk data. The outcome would enable bottom-up        

co-development of risk modelling, which is trusted and used within local government to 

better develop risk-based policy and procedure.  
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Through greater use of risk modelling in local government, tsunami risk can be better 

communicated, and risk-based tsunami policy and procedure can be better achieved. This 

will reduce tsunami-related losses and enable greater community resilience. 
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1 Introduction 

Risk management has increased in public profile in the past decade as social, environmental 

and technological consequences have impacted on the world causing losses for people, 

communities, organisations, and governments on an intolerable scale. People, 

communities, organisations, and governments are increasingly aiming to reduce their losses 

by proactively managing the uncertainties associated with these consequences and 

applying measures to control their likelihood and impact before they occur, rather than 

reacting to them once they have occurred. Whilst it is understood that risk management 

can reduce the likelihood and impact of hazards or threats in general, it is challenged by 

issues relating to perception, communication, and motivation to act. This in turn affects the 

value and success of policies and procedures employed for the application of risk 

management. 

This thesis focusses on natural hazard risk management, specifically on how risk modelling 

for tsunami inundation informs the development of risk management policy and procedure 

within local government in Aotearoa New Zealand. As such, it studies the interface 

between:  

1. destructive tsunami – a severe but unlikely hazard risk that is difficult to perceive 

and internalise;  

2. natural hazard risk governance – primarily applied by local government; the 

coalface for managing natural hazard risk for Aotearoa New Zealand; subject to a 

complex system of challenges that limit its effective application; and  

3. risk modelling – a communication tool for risk management; beset with its own 

assumptions and uncertainties.  

While this research will focus primarily on tsunami risk, the insights gained from this 

research could be applied to a range of social, technological and natural hazard risks. 

Improved understanding of the challenges and solutions for risk management is significant 

because it has the potential to develop resilience and reduce loss for people, communities, 

and organisations. 
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1.1 Overview of this chapter 

This chapter provides the background for this thesis. It introduces natural hazards and their 

impact on our global society. It then introduces the tsunami hazard, a specific focus of this 

research because of their devastating impact and consequences. However, due to the low 

likelihood of destructive tsunami, they remain an underrated hazard mainly due to the 

perception that their infrequency does not present significant risk compared to other 

natural hazards. The chapter then introduces the concept of risk, how it can be managed, 

and how risk perceptions challenge the application of natural hazard risk management. 

From here, the chapter introduces the international governance context for how natural 

hazard risk is managed and introduces risk modelling as a tool for communicating natural 

hazard risk within this setting. The chapter ends with the rationale for the research and the 

structure of this thesis. 

1.2 Natural hazards 

Physical phenomena occur frequently in nature; however, they only become natural 

hazards when they have the potential to impact on human systems, or society. As Kates 

(1971) defines in the following citation, they are considered hazards when they impact on 

both the natural and human systems to a point where they cause harmful effects:   

“A natural hazard is an interaction of man [sic] and nature, governed by the 

coexistent state of adjustment in the human use system and the state of nature 

in the natural events system. In this context, it is those extreme events of 

nature that exceed the capabilities of the system to reflect, absorb, or buffer 

that lead to the harmful effects, ofttimes dramatic, that characterise our image 

of natural hazards” (Kates, 1971, p. 438). 

In its recent review of hazard definitions and classification, the United Nations Office of 

Disaster Risk Reduction (UNDRR, 2020) clustered natural hazards into:  

• Meteorological and hydrological – including tropical cyclones, drought, riverine 

floods, and heatwaves.  

• Extra-terrestrial – including asteroid and meteorite impacts and solar flares.  

• Geohazards – including earthquakes, tsunamis, lava flows, rockfalls, ashfalls, and 

coastal erosion.  
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• Environmental – relating to degradation of the natural systems (e.g. due to 

climate change) upon which humanity depends, including biodiversity loss, land 

salination, and loss of permafrost. 

• Biological – insect/animal plagues, pathogenic microorganisms, and toxins and 

bioactive substances that occur naturally causing disease epidemics. 

Natural hazards are often associated with events that have rapid onsets, for example, 

earthquakes, volcanic eruptions, and tsunamis (noting that distal / regional tsunamis come 

with hours to many hours of warning time). They can also have a slow onset, particularly 

those exacerbated by climate change (e.g. sea level rise). The United Nations Institute of 

Disaster Reduction (UNIDR, 2015a) has reported that the frequency of geophysical hazard 

events remained broadly constant between 1994 and 2013. However, a sustained rise in 

environmental related hazards, occurring due to climate change, has significantly increased 

total occurrences of natural hazard related disasters. Since 2000, the Emergency Events 

Database (EM-DAT) has recorded an average of 341 climate-related disasters per annum, 

up 44% from the 1994-2000 average and well over twice the level in 1980-1989 (UNIDR, 

2015a).  

Figure 1-1 shows that the global cost of natural hazard related disasters is increasing. In 

2020 alone, there were $210 billion of losses as several countries battled hurricanes, floods, 

and wildfires (Munich Re, 2021). While the cost of natural hazard related disasters is 

increasing, it is offset by increasing global wealth. As such, loss from disasters, as a share of 

global gross domestic product (GDP), remains relatively constant. However, as shown in 

Figure 1-2, global deaths from natural hazard related disasters continue to grow, reaching 

an average of more than 99,700 deaths per year between 2004 and 2013.  
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Table 1-1: Global damage cost from disasters cause by natural hazards 1990 – 2019                                        
Source: Our World in data. Natural Disasters. Last revised in 2019. Accessed 02/07/21 

 

Table 1-2: Global deaths from disasters cause by natural hazards 1990 – 2019                                                  

Source: Our World in data. Natural Disasters. Last revised in 2019. Accessed 02/07/21 

Of note are the spikes in both graphs for 2005, 2008 and 2010. The spike for 2005 was 

caused by a record number of Atlantic hurricanes, including Hurricane Katrina in 2005; the 

spike for 2008 was caused by Cyclone Nargis and the Great Sichuan earthquake; the spike 

for 2010 was caused by the Haiti earthquake and Russian heatwave. 

Increasing deaths from natural hazard related disasters are partly explained by global 

population rise (almost doubling in the last 45 years), resulting in more people exposed to 

the impact of natural hazards. However, increasing deaths are also highly correlated with 
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the vulnerability of people in low-income demographic brackets. EM-DAT data shows that 

on average, more than three times as many people died per disaster in low-income 

countries (332 deaths) than in high-income nations (105 deaths) (UNIDR, 2015a).  

As such, population growth and patterns of economic development are more important 

than the progressive impact of climate change for explaining increasing natural hazard 

related deaths. Not only is increased development and intensification occurring in areas 

exposed to natural hazards, but increased numbers of people are vulnerable to their 

impact. This, in turn, increases the risk that a natural hazard becomes a disaster.  

1.2.1 Tsunami 

This research specifically focuses on destructive tsunami because its low frequency 

compared to other natural hazards means that it is not as directly experienced, which limits 

its risk perception, resulting in an underestimation of the risk (Bronfman et al., 2020). The 

deadliest tsunami in history was the Indian Ocean tsunami in 2004, which impacted on the 

coastal communities of numerous countries, including the Nicobar Islands, Burma, 

Indonesia, and parts of Sri Lanka. The total tsunami death toll was approximately 227,898 

people (Athukorala & Resosudarmo, 2005). The losses from such an event, and others like 

it, are too high for them to be acceptable and therefore need to be managed. However, 

because destructive tsunamis are relatively infrequent, they are perceived by individual 

public and community decision makers as less risky compared to other hazards (Bryant, 

2014). Thus, preparatory actions to reduce tsunami risk have not adequately progressed to 

reflect the significance of the risk. 

A tsunami is a series of waves in a water body caused by the displacement of a large 

volume of water. The water displacement that causes these waves can be generated by a 

number of naturally occurring events, including earthquakes, volcanic eruptions, landslides, 

glacier calvings, and meteorite impacts. Large, destructive tsunamis are most often 

generated by earthquakes occurring at subduction interfaces (Clarke et al., 2019; Mueller et 

al., 2015; Priest et al., 2017) where the collision of tectonic plates can cause a sudden 

vertical deformation or ‘thrust’ to large areas of ocean floor, displacing the overlying water 

and generating tsunami.  

Tsunami sources are often defined as ‘local’, ‘regional’ or ‘distal’, depending on the 

distance from where they are generated to the coastline that they impact upon (Downes et 

al., 2017; Garside et al., 2009; Johnston et al., 2014). A local source tsunami is generated 
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within 100 kilometres or less than one hour’s travel time from the impacted coastline. 

These can result in a significant number of casualties due to little warning time for people 

to evacuate. A regional source tsunami is generated within 1000 kilometres or one to three 

hour’s travel time from the impacted coastline. A distal source tsunami is generated more 

than 1000 kilometres or over three hour’s travel time from the impacted coastline. Distal 

source tsunamis are also referred to as ‘ocean-wide’ (Gusman et al., 2015; Heidarzadeh et 

al., 2018) because the waves continue to travel across an entire ocean basin, impacting on 

multiple coastlines. While there is more time to evacuate distal source tsunami, they have 

all been generated by major earthquakes (CTIC, n.d.) and have potential to cause large 

scale casualties and destruction for the coastlines they impact upon. 

The simplest form of tsunami wave shape is sinusoidal and is described by three main 

parameters: crest to trough wave height (H), wavelength (L) and water depth (d), which 

relate to each other by three ratios: H : L, H : d, L : d (Komar, 1998), see Figure 1-1. 

Figure 1-1: Change in tsunami wave shape relative to bathymetry and shoreline. 

H = crest to trough wave height, L = wavelength, d = water depth,  Ho = crest to trough wave height at source, h 

= crest height above the seabed, ŋ = crest height above mean sea level, Ht = crest to trough wave height at the 

toe of the shelf, Hs = crest to trough wave height at shore, Hr = wave runup height above mean sea level. Source: 

Bryant (2014) 

While the magnitude of its generating event influences tsunami wave height, its location 

and the depth of the water column through which the wave travels also influence wave 

heights. Tsunami generated by earthquakes in deep water would normally be under 40 cm 

in height (Wiegel, 1970), have a wavelength between 10 and 500 km, a wave period of 1.6 – 

33 minutes, and travel at speeds of 600–900 kilometres per hour (Bryant, 2014).  
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When a tsunami that has been generated in deep water approaches the shore and interacts 

with shallower bathymetry, its energy is progressively concentrated into a smaller volume 

of water. It slows down to around 36 kilometres per hour (Bryant, 2014), its wavelength 

decreases and the wave height increases. The shallower bathymetry also causes part of the 

wave to reflect and interact with the following waves in the tsunami wave train. This can 

cause the waves to resonate and amplify, depending on which part of the sinusoidal curve 

they interact at, causing the second and third waves to be larger, and have a bigger impact, 

than the first wave (Pudjaprasetya, Adytia, & Subasita, 2021). Following the first few waves 

in the tsunami wave train, waves heights will typically taper off exponentially in height over 

four to six hours (Bryant, 2014). 

Once they impact upon a coast, tsunami can inundate many kilometres inland, causing 

devastation to people, property, ecosystems, and the landscape in their inundation zone. 

Their most significant impact is on people and the built environment, destroying buildings, 

infrastructure networks, and other structures, which create debris that act to further 

destroy other buildings, networks, and structures. People caught within a tsunami are not 

only vulnerable to the wave of water, but also the debris and contamination carried in the 

wave, causing an average of 79 deaths for every 1,000 people affected (UNISDR, 2015a). 

The most significant cause of death due to tsunamis is drowning, but also includes deaths 

due to fire, asphyxiation (excluding drowning), and injuries to the head; however, in many 

cases the cause of death is unknown (Seto & Imamura, 2020).  

The impact of destructive tsunami can then cause cascading disasters (Kelman, 2020; 

Pescaroli & Alexander, 2015), primarily for health, the natural environment, technology, 

and economies. Tsunami survivors are often left wounded, without access to potable 

water, food, and shelter causing health disasters due to unavailability of community health 

services exacerbated by destruction of potable water and sewerage networks (Morgan, 

Ahern, & Cairncross, 2005). Environmental disasters occur due to destruction of flora and 

fauna and the landscapes that support them (Srinivas & Nakagawa, 2008). Technological 

disasters or ‘Natechs’ – natural hazard triggered technological disasters – occur due to the 

release of hazardous materials resulting from natural hazard impacts, for example, the 

Fukushima Daiichi nuclear disaster in 2011 (Krausmann & Cruz, 2021). Economic disasters 

occur due to death or injury to working populations, the destruction and contamination of 

primary production, and the community’s ability to recover (Athukorala & Resosudarmo, 

2005). Furthermore, the consequences of destructive tsunami and cascading disasters is 
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exacerbated by sea level rise due to climate change (Nagai et al., 2020; Sepúlveda et al., 

2021). 

Historical recordings of destructive tsunami indicate a low frequency of occurrence, with 13 

major tsunamis recorded over a time span of 115 years from 1849 throughout 1964 (SMS 

Tsunami Warning, n.d.). However, with better recording frameworks, and with an increased 

population living in areas exposed to the tsunami hazard, destructive tsunami are now 

being recorded more frequently. Table 1-3 shows that since 2000 eight major tsunamis 

have occurred causing significant death. 

Date Location Generation Wave 
height  

Deaths 

2004 Indian Ocean Earthquake (9.3 MM) 33m ≈227,898 

2006 South of Java Island Earthquake (7.7 MM) 6m 800+ 

2007 Solomon Islands Earthquake (8.1 MM) 12m 52 

2009 Samoa Earthquake (8.1 MM) 14m 189+ 

2010 Sumatra Earthquake (7.7 MM) 3m 435 

2011 Japan Earthquake (9.0 MM) 10m 18,550 

2018 Sulawesi Earthquake (7.5 MM) 
and underwater 
landslide  

7m ≈1,234 

2018 Java and Sumatra Volcanic-eruption-
triggered landslide 

13m 426 

Table 1-3: Major tsunami occurring since 2000. Source: Wikipedia, List of Tsunamis, 2000s – Present. Accessed 

12/08/21 

In 2018, The United Nations Office for Disaster Risk Reduction (UNISDR) called attention to 

deaths and economic losses from recorded tsunami events over the preceding twenty 

years. A review of available data from tsunami events between 1998 – 2017 put these 
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losses at a total of 251,770 deaths (mostly attributed to the Indian Ocean Tsunami) with 

costs of US$280 billion (UNISDR, 2018).  

This is a significant increase in reported losses compared to between 1978 – 1997, which 

reported 998 deaths and costs of US$2.7 billion (UNISDR, 2018). Furthermore, recorded 

financial losses are primarily drawn from physical damage and loss of earning potential. 

Indirect losses from natural hazards, such as impact on mental health and lost education, 

are rare and harder to quantify (Dottori at al., 2018; Merz et al., 2020). Considering this, 

total losses from destructive tsunami are much greater than recorded.  

While awareness of the tsunami related hazards and consequences has grown over the past 

thirty years, their relative infrequency compared to other hazards means that they are not 

as directly experienced, which limits their risk perception (Bronfman et al., 2020). As such, 

the risk of destructive tsunami is underrated compared to other natural hazards. 

Consequently, the history of tsunami losses has not been effectively translated into 

preparedness and response (Bryant, 2014). For example, the 2004 Indian Ocean Tsunami 

revealed weaknesses in early warning systems (de León, 2006) and the 2011 Tohoku 

Tsunami revealed flaws in risk perception and preparation (Komendantova & Mochizuki, 

2016; Sun & Sun, 2019).  

With most of the world’s population living on the coastline, if a large, destructive tsunami 

were to occur today, the death toll would be in the tens of thousands and the damage 

would exceed that of any historical disaster (Bryant, 2014). Considering this, the risk of 

tsunami needs to be better understood, along with how communities and governments 

perceive and manage their risk, in order to reduce their impact (Løvholt et al., 2019). 

The increasing losses from tsunami and other natural hazards are unacceptable. This is not 

only because of the significant loss of life and impact on economies and community health, 

but also because these losses can be reduced through risk management. However, as 

stated earlier in this section, perceptions of risk (in this case tsunami risk) challenge how 

natural hazard risk management is achieved.  Risk and risk perceptions are explained 

further in sections 1.3 and 1.4. 

1.3 What is risk? 

Life is risky. People, communities, organisations, and governments exist in a world where 

social, technological and natural processes are sometimes hazardous. At these times, there 
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are several choices for taking action (contingency), and these choices can have 

consequences. People, communities, organisations, and governments think about risk 

because they want to decide on the best choice of action to manage the uncertainty of 

these consequences, which may have negative (or positive) effects (Eiser et al., 2012; Renn, 

2008). 

There are many definitions of risk. This is because the concept of risk is abstract, as well as 

transdisciplinary, and as such is a “symbiosis of natural and human sciences, of everyday 

and expert rationality, of interest and fact” (Healy, 2001, p. 39). Aven et al. (2011) list some 

examples of the range of risk definitions, including: 

1. Risk equals the expected loss.  

2. Risk equals the expected disutility.  

3. Risk is a measure of the probability and severity of adverse effects.  

4. Risk is the combination of probability and extent of consequences.  

5. Risk refers to uncertainty of outcome, of actions and events. 

6. Risk is a situation or event where something of human value (including humans 

themselves) is at stake and where the outcome is uncertain. 

7. Risk is an uncertain consequence of an event or an activity with respect to 

something that humans value. 

8. Risk is the effect of uncertainty on objectives. 

9. Risk is equal to the two-dimensional combination of events/consequences and 

associated uncertainties. 

10. Risk is uncertainty about and severity of the consequences (or outcomes) of an 

activity with respect to something that humans value. 

Given the variation in risk definitions, the understanding of risk is dependent on the 

discipline and culture within which it is applied. In addition, risk comes with a plethora of 

associated terminology, which is “jargon-filled and opaque, using probability estimates and 

abstracted impacts” (Manning et al., 2015, p. 588). The result is considerable confusion and 

substitution, by both lay-people and experts over the concepts of risk, hazard, 

susceptibility, vulnerability, resilience, exposure, risk tolerance/acceptance, risk awareness, 

and risk management (Kelman, 2018).  
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In the natural sciences, the simplest definition of risk is defined as: R = F × D (Power, 2013); 

where R is risk, F is the frequency or likelihood of an event occurring, and D is the damage 

or consequences. The damage or consequences (D) can be further broken down into two 

factors: exposure (E) and vulnerability (V). This breakdown is reflected in the most common 

definition of risk where frequency (F) has been replaced with hazard (H) to define: Risk = 

Hazard × Exposure × Vulnerability (Wisner et al., 2004; Pondard & Daly, 2011; Power, 2013; 

Purdy, 2010). In this sense, natural scientists use risk to quantify the likelihood and 

magnitude of a hazard and the consequences of its impact on tangible assets, given the 

exposure to the hazard and how vulnerable we are to it. The result is usually expressed as 

loss in financial terms or number of casualties. As such, natural scientists commonly view 

risk objectively, assessing it through risk frameworks and quantifying it through the use of 

risk models. 

However, risk cannot be defined as only an objective quantification of what is happening 

‘out there’, independent of our minds and cultures. This is because risk calculates the 

chance that something may happen in the future, which has not yet happened and is 

therefore an idea rather than a reality. As such, the idea is constructed ‘in here’ in our 

minds and is susceptible to how humans subjectively qualify it (Burgess, 2015; Dake, 1992; 

Oliver-Smith et al., 2017). In the social sciences additional meaning is given to the 

uncertainties of risk, incorporating considerations such as doubt, dread, catastrophic 

potential, controllability, equity, and risk to future generations. Risk is therefore considered 

a symbiosis, straddling the divide between the natural and social sciences (Donovan & 

Oppenheimer, 2015; Healy, 2001; Renn, 2008; Slovic, 2001). But this symbiosis is an untidy 

state, with discontinuities between scientific ‘fact’ and human ‘values’ for communicating 

risk, where natural science resists the link with social construction, and social science sees 

this resistance as weak and idealistic (Healy, 2001; Stirling, 2007).  

Consequently, there is a need for a standard risk management approach for how risk is 

assessed objectively and also evaluated subjectively, which enables explicit and shared 

understanding for how risk can be managed. One option for achieving this is through the 

ISO 31000 Risk Management Standard. 

1.3.1 The ISO 31000 risk management approach 

The ISO 31000 Risk Management Standard (ISO, 2018) spans the natural and social 

environments by combining risk assessment based on likelihood and consequence, with risk 
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evaluation based on human and cultural factors. It is a standard developed by the 

International Organization for Standardization (ISO) through “the distilled wisdom of 

people with expertise in their subject matter and who know the needs of the organizations 

they represent” (ISO, n.d.). 

The ISO 31000 Risk Management Standard is used globally across a range of disciplines and 

technologies including occupational health and safety (Santos & de Oliveira, 2019; Wilbanks 

& Byrd, 2020), business management (Almeida et al., 2019; Rampini, Takia, & Berssaneti, 

2019), ITC security (Banowosari & Gifari, 2019), and infrastructure networks (Rød et al., 

2020; Häring et al., 2021). The value of the ISO 31000 approach is that it works “to develop 

a risk management culture where employees and stakeholders are aware of the 

importance of monitoring and managing risk. Implementing ISO 31000 also helps 

organisations see both the positive opportunities and negative consequences associated 

with risk, and allows for more informed, and thus more effective, decision-making” 

(Tranchard, 2018, p. 181).  

Figure 1-1 sets out the ISO 31000 system. This comprises of how the principles of risk 

management interact with its risk management process and risk management framework. 

This ensures that risk information is assessed using a structured and comprehensive 

approach, while also taking into account the influence of risk perceptions. Fundamental to 

the success of the ISO 31000 risk management framework is leadership and commitment, 

i.e. the support of decision makers, to understand the value of risk management, enable its 

process, and ensure it is regularly applied by practitioners within organisations. 
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Figure 1-2: The ISO 31000:2018 risk management system. 

The links between the principles for how risk management should be implemented, the process for how risk management is assessed, treated and reported, and the framework for how risk 

management is supported and sustained within an organisation. (https://www.iso.org/obp/ui/#iso:std:iso:31000:ed-2:v1:en, Accessed 10/11/21)

https://www.iso.org/obp/ui/#iso:std:iso:31000:ed-2:v1:en
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The United Nations guidelines for national disaster risk assessment (UNISDR, 2017) refer to 

the ISO 31000 standard as the most commonly used approach to risk management. These 

guidelines set out four components of the risk management process:  

1. Establishing context – understanding the risk management context and engaging 

with stakeholders to define criteria for decision making. 

2. Risk identification – using the knowledge and experience of stakeholders, as well as 

data from past events to draw initial conclusions on the significance of the natural 

hazard risk. This includes consideration of exposed assets and known vulnerabilities 

as well as whether the risk event is extensive (frequent, low- impact) or intensive 

(occasional, high-impact). 

3. Risk analysis – obtaining a more detailed understanding of the disaster risk, 

including hazard analysis, exposure analysis, vulnerability analysis, and capacity 

analysis. It also includes assessing the level of uncertainty or likelihood for the 

hazard’s occurrence and consideration of its consequences, including effectiveness 

of existing capacities to manage them. 

4. Risk evaluation – using likelihood and consequence, adjusted by understanding of 

capacities, risk perception, and risk acceptance, to prioritise oversight and 

immediacy of risk treatment (UNISDR, 2017).  

Further steps in the ISO 31000 risk management process that aren’t included in the United 

Nations guidelines are ‘risk treatment’, ‘communication and consultation’, and ‘monitoring 

and review’ as defined below: 

5. Risk treatment – iteratively selecting risk treatment options, implementing the 

treatment, assessing the effectiveness of the treatment, deciding whether the 

residual risk is acceptable and, if not acceptable, repeating the treatment process. 

Common treatment options include risk avoidance, removing the risk source, 

changing the likelihood, changing the consequences, sharing the risk and/or 

retaining the risk by informed decision (ISO, n.d.).  

6. Communication and consultation – assisting stakeholders in understanding the risk 

in order to aid decision making. Consultation should take place throughout all steps 

of the risk management process with the aim of gathering different expertise in the 

process, ensuring all views and perceptions are considered, providing sufficient 

information for decision making, and building inclusiveness and ownership for 
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managing risk (ISO, n.d.). Section 1.4 sets out the challenges for risk 

communication; however, section 1.6 sets out how communication can be assisted 

with risk modelling (even though it has its own challenges). 

7. Monitoring and review – including planning, gathering, and analysing information, 

recording results, and providing feedback to assure and improve the quality and 

effectiveness of process design, implementation, and outcomes (ISO, n.d.). When 

applied to natural hazard risk management, Thomas (2018) states that it is 

“important to monitor changes in the environment (e.g. new risk reduction 

initiatives, changes in politics, demographic changes, a hazardous event, 

development of new assets and new hazard information) that may change the 

context or the risk itself” (Thomas, 2018, p. 15). She adds that monitoring changes 

in the environment also helps identify any emerging risks.  

In summary, a standardised and structured risk management approach enables the severity 

of the risk to be assessed, evaluated, and communicated for shared risk awareness and 

understanding. Ultimately, this risk information is used to influence decision makers to 

enable proactive management to reduce risks before they occur, rather than respond to 

events once they have occurred.  

1.4 Natural hazard risk perceptions, communication, and disaster 

preparedness 

1.4.1 Perceptions 

The economic benefits of proactively acting to reduce natural hazard risk before a disaster 

occurs are clear. Mechler (2016) provides a cost benefit of disaster risk reduction (DRR), 

where he found that despite limited evidence, the benefits of investing in DRR outweigh 

the costs by about four times in terms of avoided and reduced losses. Shreve and Kelman 

(2014) add to this by stating that while there is solid evidence to support the economic 

effectiveness of DRR, cost-benefit ratios differ depending on the influence of culture on the 

hazard, vulnerability, risk, and disaster.  

Despite the economic benefits being clear, the application of natural hazard risk 

management continues to be challenged by perceptions of risk. This is because risk is a 

subjective idea, a difficult concept to grasp, and people have a low understanding of it 

(Burgess, 2015; Donahue et al., 2014; WSS Fellows on RIA, 2014; Doyle et al., 2014; 
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Edwards et al., 2012; Henrich et al., 2015; King, 2015; Manning et al., 2015; Oliver-Smith et 

al., 2017). Further risk perception challenges include: contrasting perceptions between 

‘authoritative / scientific’ experts and ‘inexperienced’ lay-people leading to conflict and 

inaction (Barnes, 2001; Donahue et al., 2014; Slovic, 2001); damage to trust between 

scientists and stakeholders due to wrong interpretations of risk data (Doyle et al., 2014); 

misunderstanding of the ‘technical’ framing for risk communication by people without 

technical knowledge (Barnes, 2001; Doyle et al., 2014); ineffective traditional educational 

approaches for increasing risk perception (Paton & Johnston, 2001); a complicated 

communication environment for risk given the distribution of risk perceptions through 

society (Paton & Johnston, 2001); and how different risk perceptions cause people to 

respond to risk in unexpected or seemingly illogical ways (WSS Fellows on RIA, 2014).  

1.4.2 Communication 

When communicating natural hazard risk, the factors that affect its perception and 

understanding include framing, likelihood, past experience, warning fatigue, and political 

and economic factors. In Doyle et al.’s (2014) investigation into how verbal or numerical 

framing of probabilities affect risk perception and decision making, they found that 

numerical framing prompted more of a response than verbal framing. Despite this, people 

tend to have a poor understanding of numerical values for low likelihoods (Doyle & Potter, 

2015; Shoemaker, 1980; Slovic, Fischoff, & Lichtenstein, 1982). As such, Henrich, McClure, 

and Crozier (2015) found that describing earthquake risk in a 50-year time interval rather 

than as a return period (e.g. 500-year) and using frequencies of fatalities, rather than the 

probability of death from an earthquake, was most effective.  

Similarly, Slovic, Fischoff, and Lichtenstein (1982) found that people are insensitive to 

differences in very low probabilities and that below a certain threshold, low probabilities 

are perceived as the same and tend to zero. Shoemaker (1980) stated that people either 

ignore low probabilities or are unable to make rational decisions involving low probabilities. 

Slovic et al. (2004), LGNZ (2014), and Bryant (2014) outline how unlikely but catastrophic 

events are perceived as less risky than more frequent, lower magnitude risks and how this 

low likelihood lulls us into a false sense of security. Past experience that an individual has 

had for a hazard can contribute to heightened perception of risk and increased efficacy for 

preparedness (Donahue et al., 2014; Lawrence et al., 2014; Paton & Johnston, 2001), as 

well as decreased risk perception and optimism bias particularly if outcomes were not as 

severe as those forecasted (Mileti & O’Brien, 1992; Solberg, Rossetto, & Joffe, 2010). Fraser 
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et al. (2016), Mileti and O’Brien (1992), and Solberg, Rossetto, and Joffe (2010) referred to 

how warning fatigue and normalisation bias can drive people to underestimate the risk of 

natural hazards. Underestimation or misperception of these risks can also be influenced by 

political agendas where natural hazard risk management is seen as a barrier to 

development and economic growth (Lawrence & Manning, 2012; Lawrence et al., 2015). 

It is important to be aware of the multi-faceted and complex nature of perspectives when 

communicating risk information and in turn influencing stakeholder and decision-maker 

perceptions to use and act on that information (WSS Fellows on RIA, 2014; Eiser et al., 

2012; Lawrence et al., 2014; Slovic, 2001). When risk communication fails to influence 

stakeholder and decision-maker perceptions, the result is a misappropriation of time and 

resource into preparing for risks with minor implications, over more serious risks with 

severe implications.  

1.4.3 Preparedness 

Preparedness for natural hazard related disasters is typically understood as consisting of 

measures that enable individuals, households, organisations, communities, and societies to 

respond effectively and recover more quickly when disasters strike (Sutton & Tierney, 

2006). Common preparation measures include developing contingency or risk management 

plans, developing skills needed for response, collecting and storing survival items, 

implementing actions to reduce vulnerability and exposure, getting involved with wider 

community preparedness initiatives, and thinking about recovery-based response planning 

(Becker et al., 2012; Paton et al., 2013). Yet while large amounts of time and resource are 

invested by governments and other organisations in disaster preparedness, especially 

around public awareness and education, efficacy for disaster preparedness remains limited 

(Becker et al., 2012; Donahue, 2014; Laurence et al., 2014; Vinnell et al., 2021).  

While it is easy to assume that low levels of preparedness are because people, 

communities, and organisations are ignorant of ‘the facts’ or irrational in how they 

interpret information, this is a misconception (Eiser et al., 2012). Studies have shown that 

variances in efficacy for disaster preparedness are influenced by a range of factors: 

different perspectives of risk, previous experience, education, income, social relationships, 

attitudes, beliefs, political will, decision processes, gender, and race (Edwards et al., 2012; 

Eiser et al., 2012; Donahue et al., 2014; Paton & Buergelt, 2019).  Eiser et al. (2012) explain 

that efficacy for disaster preparedness is not an all-or-none process but a spectrum ranging 
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from where some people are aware of the hazard but decide not to prepare, to the other 

end of the preparedness spectrum with those who have acted without being aware of a 

specific hazard.  

Even though action to prepare for disasters remains low, the literature also suggests that 

communicating risk can increase motivations to act. Paton et al. (2013) discuss that, among 

other things, it is how people interpret their risk that determines what people do. Similarly, 

Donahue (2014) suggests that risk perceptions influence support for preparedness 

capabilities and programmes.  

While the relationship between risk perceptions and motivation to act for disaster 

preparedness is growing, knowing the risk and knowing how to prepare for the risk are not 

the same (Eiser et al., 2012; Odiase, 2020). As such, there remain broad gaps in the link 

between understanding what motivates people to prepare (Donahue, 2014) and the 

provision of risk information for preparedness (Paton & Johnston, 2001).  

1.5 Governance of natural hazard risk 

Governance is a complex concept that is subject to varying definitions depending on its 

context and how it is applied (Robichau, 2011). To understand natural hazard risk 

governance, the different governance concepts that combine to make it need to be defined. 

These are a definition of governance and its shift to ‘new governance’; a definition of how 

governance is applied to managing risk; a definition of how governance is applied to the 

environment; and how these concepts are incorporated to define disaster risk governance.   

1.5.1 Governance and ‘New Governance’ 

The Commission on Global Governance (1995) defined governance as:  

…the sum of the many ways individuals and institutions, public and private, 

manage their common affairs. It is a continuing process through which 

conflicting or diverse interests may be accommodated and co-operative action 

may be taken. It includes formal institutions and regimes empowered to 

enforce compliance, as well as informal arrangements that people and 

institutions either have agreed to or perceive to be in their interest (The 

Commission on Global Governance, 1995. Chapter One, The Concept of Global 

Governance, para. 2). 
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A key characteristic of this definition is that since the 1980’s, a neoliberal agenda has 

shifted governance practices away from centralised, bureaucratic and rigid hierarchical 

systems of state governance (Bulkeley, 2010; Goldsmith & Eggers, 2004). There has been a 

shift to ‘new governance’, hallmarked by the absence of coercive state power and in its 

place a dependence on co-existent networks of multiple agents, institutions, and 

arrangements (Bevir & Rhodes, 2011; Paavola, 2007; Rodes, 1996). These networks 

acknowledge the complexity of governance and promote both vertical and horizontal 

cooperation across actors, which act to close the policy gaps across levels of government 

and promote collaboration in providing the best service (Kita, 2017).  

Two forms of governance network are relevant to natural hazard risk governance in 

Aotearoa New Zealand and are further reviewed in section 2.3. They are: 

• A joined-up government network, where different government agencies coordinate 

their efforts and share information (Goldsmith & Eggers, 2004). 

• A third-party government network, where non-state actors are used to deliver 

public services (Goldsmith & Eggers, 2004). This is referred to as ‘hollowing out of 

the state’, where governance functions are directed towards special-purpose 

bodies and outwards to agencies (Rhodes, 1997). 

1.5.2 Risk governance 

Risk governance links the fields of ‘risk management’, including risk analysis and 

communication, with ‘governance’, which collectively binds decisions associated with 

regulation (Klinke & Renn, 2021). Renn (2008) defines risk governance as an activity that: 

…requires consideration of the legal, institutional, social, and economic 

contexts in which a risk is evaluated, and involvement of the actors and 

stakeholders who represent them. Risk governance looks at the complex web of 

actors, rules, conventions, processes, and mechanisms concerned with how 

relevant risk information is collected, analysed, and communicated, and how 

management decisions are taken. (Renn, 2008, p. 9). 

While risk governance originally applied to the quantification and management of 

unwanted consequences in the engineering and economic disciplines, it has evolved as the 

unintended consequences of modernisation have resulted in new and complex forms of risk 

that pose a challenge to pre-existing social and political processes (Beck, 1992; Bulkeley, 
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2001). Three key traits have contributed to this evolution: complexity, uncertainty, and 

ambiguity: 

1. Complexity – As social, environmental and technological influences have become 

more interrelated in the modern world, risk governance has needed to 

acknowledge the complexity of causal links for limiting how risk can be assessed 

based on the knowledge of the system elements and the assumptions about these 

elements (Johansen & Rausand, 2014; Van Asselt & Renn, 2011).  

2. Uncertainty – In the context of risk assessment, human knowledge is always 

incomplete and selective and cannot be completely resolved. This means that we 

make uncertain assumptions, assertions, and predictions, which put the validity of 

risk assessment results into question (Renn, 2008).  

3. Ambiguity – Over the past three decades the influence of social sciences has driven 

risk governance to incorporate the non-technical and non-linear concepts of risk 

perception and characterisation, which are shaped by values, beliefs, political 

systems, and cultural factors (Klinke & Renn, 2021; Slovic et al., 2004). Some 

sociologists, such as Beck (1992) and Giddens (1999), have proposed socio-

culturally constructed risks as the driving forces initiating the reorganisation of risk 

governance in the post-industrial society.  

As such, risk governance cannot simply be calculated as a function of probability and effect. 

Social context is also an important contributor, which in turn creates challenges for the 

development and application of policy.  

1.5.3 Environmental governance  

Challies and Newig (2019) define environmental governance as: 

… the totality of interactions among societal actors aimed at coordinating, 

steering and regulating human access to, use of, and impacts on the 

environment, through collectively binding decisions. Environmental governance 

arrangements may be directed towards a range of causes – including 

conservation and environmental protection, spatial and land use planning, 

(sustainable) management of natural resources, and the protection of human 

health – and operate across scales to address local and global environmental 

problems. (Challies & Newig, 2019. What is ‘environmental governance’? A 

working definition, para. 7) 
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Environmental governance is intended to improve accountability, accessibility, and a voice 

for local people and their representatives (Batterbury & Fernando, 2006). This has been 

reflected in the new governance agenda where decentralisation of decision-making powers 

from the state, outwards and downwards towards local institutions, NGOs, and 

communities, is an important feature of the environmental governance approach (Savage, 

Hudson, & Osborne, 2020). However, it is important to acknowledge ‘the tragedy of the 

commons’ (Hardin, 1968) for decentralised environmental governance. The tragedy of the 

commons is where groups are logically motivated to exploit a common resource that is 

open to all, such as the environment, without limit even though that resource is limited. 

Herein lays Hardin’s tragedy, which is the inability of groups to sustainably manage a 

common resource. Powerful influences from special interest groups to bend the rules 

(Croley, 2009) can perpetuate a tragedy of the commons, resulting in varied success for 

decentralisation of environment governance mechanisms (Batterbury & Fernando, 2006).  

In response to this, the concept of ‘good governance’ has emerged, which aims to ensure 

that policy mechanisms for the governance of public goods, including the environment, are 

accountable, stable, effective, and resistant to corruption (Graham, Plumptre & Amos, 

2003; Rothstein, 2012). Good governance acknowledges that policies to govern public 

goods cannot be managed by the state alone, but that in many cases there is a need for 

collaboration with business and/or voluntary organisations. For decentralisation of 

environmental governance to work, centralised government regulations are needed in 

collaboration with alternative, non-state policy approaches (Rothstein, 2012; Young, 2017), 

where accountable institutions at all levels of government can secure autonomous decision 

making and rule making at the local level (Ribot, Agrawal & Larson, 2006; Epstein, 2017). 

1.5.4 Disaster risk governance 

Over the last thirty years, disaster risk governance has incorporated the concepts as 

defined earlier for ‘new governance’, ‘risk governance’, ‘environmental governance’, and 

‘good governance’. Disaster risk governance acknowledges the decentralisation, or 

‘hollowing out’ of the state, where implementation of disaster risk management policies 

has moved away from being solely developed and administered by central government. The 

United Nations Development Programme (UNDP) defines disaster risk governance as: 

the way in which the public authorities, civil servants, media, private sector, 

and civil society coordinate at community, national and [international] levels in 
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order to manage and reduce disaster and climate related risks (UNDP, 2013, 

Disaster Risk Reduction and Governance, para. 4). 

This has resulted in three dimensions for the distribution of influence and responsibility in 

disaster risk governance (Jones, Manyena, & Walsh, 2015): 

1. An upward dimension where governments are becoming more accountable to 

international institutions and transnational networks; 

2. An outward dimension, requiring different sectors to integrate disaster and 

development into their activities to develop better prevention and preparedness; 

and 

3. A downward dimension empowering local communities to formulate realistic and 

implementable prevention, preparedness, response, and recovery plans. 

The redistribution of state functions upward to the international level in disaster 

governance has led to the creation of the United Nations International Strategy for Disaster 

Risk Reduction (UNISDR) in 1999. The UNISDR was set up as a focal point for the 

coordination of disaster reduction activities of governments, UN agencies, and 

organisations across international regional and civil society organisations to guide, monitor, 

and report on the progress of disaster risk reduction (DRR) measures implemented by 

member states. Progress for DRR is coordinated by what the UNISDR refers to as National 

Disaster Management Organisations (NDMOs) against frameworks such as the Sustainable 

Development Goals, Paris Agreement (UNFCC, 2015) and the Sendai Framework for 

Disaster Risk Reduction 2015–2030 (UNISDR, 2015b). While weaknesses have been noted 

for how NDMOs have implemented their DRR measures in accordance with international 

frameworks (UNISDR, 2011; Raju & da Costa, 2018), there is growing recognition of the 

importance for reporting to UNISDR, which has gradually become the institution of practice 

and a constitutive element of disaster governance (Jones, Manyena, & Walsh, 2015). 

Despite the agenda of new governance to ‘hollow out’ the influence of the state, NDMOs 

are still called upon to integrate DRR internally throughout their government’s 

administrative levels, requiring a joined up, coordinated government network. This calls for 

both vertical and horizontal cooperation across the state’s organisational structures, such 

as health, natural resource management, and economic development, where DRR is linked 

across policies and practice. However, it has been found that many NDMOs are not 

adequately resourced to fulfil this function due to complexity of issues, scarcity of funding, 
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limited expertise, and limited ability to influence (Rajan, 2002; UNISDR, 2013). Nationally 

formulated DRR policies and plans have not achieved widespread systemic change in local 

practices, creating a void which has largely been filled by development partners from non-

state actors including non-government organisations (NGOs) (e.g. the International 

Federations of Red Cross and Red Crescent), community organisations, the private sector, 

academia, and voluntary groups (Lassa, 2018).  

As such, the distribution of disaster risk governance has moved outwards from NDMOs and 

is shared with non-state actors. Non-state actors are seen as more effective and efficient 

than government because of their pursuit of community-based participatory approaches, 

their principled motivations, clear mission and objectives, organisational flexibility and 

adaptability, progressive development agendas, and lower overhead costs (Izumi & Shaw, 

2012; Jones, Manyena, & Walsh, 2015; Lassa, 2018). While the participation of non-state 

actors in DRR has risen markedly over the last thirty years, the literature is also critical of 

their legitimacy as vehicles for disaster risk governance. This includes non-state actors 

being more accountable to donors than to their beneficiaries, being self-interested, and 

causing fragmentation and duplication (AbouAssi & Trent, 2016; Lister, 2003; Suleiman, 

2013; Uddin & Belal, 2019).  

Given that the allocation of resources for DRR has the potential to be misappropriated, the 

concept of ‘good governance’ has been applied as a framework for accountability in 

achieving DRR (Choudhary & Neeli, 2018; Planitz, 2015). However, good governance for 

DRR has turned out to be a challenging undertaking at the community level, especially in 

countries with weak or corrupt governance systems (Planitz, 2015; Uddin, Haque & Khan, 

2020).   

While disasters impact at a national scale, disaster risk is always experienced locally (Scott 

& Tarazona, 2011; Gaillard & Mercer, 2012). This has led to the redistribution of disaster 

risk governance downward to the community level, where local government and 

community-based organisations cooperate to apply disaster risk management. The value of 

community-based approaches, which are often developed or supported by non-state 

actors, is that they focus on ‘grassroots’ community involvement and ownership and are 

based on identifiable local needs and priorities (Izumi & Shaw, 2012; Manyena & Walsh, 

2015; Shaw, 2012).  



24 
 

These approaches, commonly referred to as ‘community-based disaster risk reduction’ 

(CBDRR), empower the capacity of communities to undertake pre-emptive, bottom-up 

approaches to DRR, that focus on the root causes of vulnerability rather than isolated 

disaster events (Allen, 2006). However, while non-state actors (NGOs) often initiate CBDRR 

programmes of work, problems arise when funding for these programmes ends, and they 

withdraw from the field. This leads to two major challenges: sustainability of effort at the 

community level and incorporation of CBDRR issues at the policy level (Shaw, 2012). To be 

effective over time, CBDRR needs the involvement of local government, ensuring that 

expertise and good practice developed through participatory, community-based 

approaches is captured and sustained through existing governance structures for policy, 

planning, and budgeting (Shaw, 2012; Manyena & Walsh, 2015). Furthermore, good 

practice in CBDRR needs to be recognised and captured within national and international 

governance frameworks. This is currently reflected in the Sendai Framework for Disaster 

Risk Reduction 2015–2030 (UNISDR, 2015b) which, while advocating disaster risk 

governance at the national, regional and international level, also calls for empowerment of 

local authorities and communities through resources, incentives, and decision-making 

responsibilities as appropriate.  

1.6 Risk modelling for communicating natural hazard risk 

Up until the availability of modelling, the common practice for communicating risk for 

natural hazard risk governance was with a hazard map detailing the location of assets, for a 

single return-period (e.g. 1 in 250 years). If the hazard was less frequent (e.g. a 1 in 1,000 

year event), there was a limited understanding of what the consequences would be from 

such an event, or whether stakeholders were ready to accept the associated risk if they 

knew what it was (Pondard & Daly, 2011). As such, the demand for risk modelling has 

significantly increased over the last few decades (The World Bank, 2014). Researchers, 

policy makers, and practitioners are increasingly using risk modelling to scope the 

consequences for hazards scenarios that they know they are exposed to, but have no 

historical information about, particularly low-frequency, high-magnitude events such as 

destructive tsunami (UNISDR, 2015; Donovan & Oppenheimer, 2015; Eiser et al., 2012). By 

giving a visual representation of risk, as well as tabulated data on impact and loss, risk 

models provide decision makers with a starting point for how they balance the cost and 

benefits of associated risk reduction measures (Edwards et al., 2012; Stein & Stein, 2014).   
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Risk models come with a number of limitations. A model is a representation of ‘reality’ 

which we cannot fully understand and is therefore defined by a series of assumptions. 

These assumptions are fuelled by scientists being uncertain about their knowledge and 

data, incomplete information, inadequate understanding of the processes involved, and 

undifferentiated alternatives (Baven et al., 2018; Doyle et al., 2019). 

Each of the components within the risk model has its own set of associated uncertainties. 

Van Asselt (2000) outlines four types of modelling uncertainty: 

1. Technical – from the quality or appropriateness of the input data used to describe 

the system, from aggregation (temporal and spatial) and simplification, as well as 

from lack of parameters from data and approximations.  

2. Methodological – due to uncertainty in equations and model structures.  

3. Epistemological – uncertainty in levels of confidence and model validity.  

4. Model operation uncertainties – due to hidden flaws in technical equipment and/or 

accumulation of uncertainties propagated through the model.  

As these uncertainties compound, the model output may move further away from 

‘accuracy’. For example, a risk model might appear to produce an output detailing that 

21,689 people will be affected, but in reality the accuracy of the model and input data may 

provide only an order of magnitude estimate, e.g. in the thousands – ≈22,000 (GFDRR, 

2014). While the experts developing these models are aware of their uncertainty and 

assumptions, the policy and decision makers using this risk information are less aware 

(Donovan & Oppenheimer, 2015; GFDRR, 2014; Stein & Stein, 2014). 

Furthermore, there has been little assessment of the uncertainties in risk modelling or of 

how well models predict future events. Stein and Stein (2014) propose two approaches to 

change this situation: 

1. The uncertainties in models should be clearly communicated to users in a manner 

that suits their needs, enabling them to decide how much credence to place in the 

modelling outputs. Doyle et al. (2019) find that a shared understanding of decision-

maker perspectives, values, and judgements is needed so scientists can more 

effectively communicate and increase decision makers’ tolerance for model 

uncertainty.  
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2. The modelled outputs should be tested objectively against null hypotheses outputs 

to compare their predictions. So, while models have a role in communicating risk to 

policy and decision makers, “as soon as they are used in this way their vulnerability 

as representations of nature is exposed” (Donovan & Oppenheimer, 2015, p. 153). 

Models have the potential to support decision makers with natural hazard risk information. 

This involves a two-way communication process, where the feedback from stakeholders 

also informs the usability of the model and how it is applied (Komendantova et al., 2014). 

This is very important for the communication of risk from science to policy and vice versa. 

However, there is a scarcity of research in this area. A review of 101 papers on risk 

modelling for natural hazard risk reduction (Newman et al., 2017) found that only 13 papers 

referred to end-user involvement in model design, with fewer in regard to end-user 

involvement in specifying decision criteria, and none that reported on the success of 

natural hazard modelling over the long or short term. 

As such, while modelling is increasingly being used to communicate the impact and losses 

from natural hazards, the use of risk modelling is compromised by unavailability of hazard 

data along with modelling uncertainties. Furthermore, there is limited understanding of 

how modelled information is received and valued by stakeholders and how models can be 

improved to better inform their natural hazard risk preparedness measures. Currently there 

is no clear recommended approach to address how modelling uncertainty is communicated 

to stakeholders (Doyle et al., 2019) and more research is needed to better understand how 

natural hazard modelling is used by decision makers to inform the governance and 

management of natural hazard risk.  

1.7 Rationale for the research 

As presented in this introduction, global losses caused by natural hazards are significant 

and unacceptable. Yet these losses continue to increase. The risk of natural hazards can be 

reduced through risk management, with structured risk management approaches, such as 

ISO 31000, enabling organisations to do this. However, complex and subjective perceptions 

of ‘risk’ challenge how natural hazards are governed. These perceptions are influenced by 

the frequency of the event, where low-likelihood natural hazards such as tsunami are 

perceived as less risky. Effective governance of natural hazard risk requires decision makers 

and practitioners to be risk aware, for risk to be managed via consistent, structured 

approaches, and for risk management to be connected between government and 
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community actors. One option for achieving this is through risk modelling tools, which have 

been increasingly used to help communicate natural hazard risk for different audiences 

with different perceptions.  

Given this background, this research seeks to better understand how natural hazard risk is 

communicated and managed in Aotearoa New Zealand. It focusses on local government 

because that is where natural hazard risk management is primarily applied. It specifically 

focusses on destructive tsunami because despite the significance of its consequences, its 

low likelihood causes the risk to be misperceived and underrated. The research then 

focusses on how risk modelling is used for communicating tsunami risk in local government 

to aid the development of policy and procedure for natural hazard risk management. 

However, the adoption of risk modelling is challenged by model uncertainties and further 

research is needed for how they are perceived by end users. 

1.8 Thesis structure 

This thesis consists of a mixture of conventional chapters and manuscripts that have been 

submitted for publication in peer-reviewed journals, as follows:  

1. Chapter 2 reviews the literature specific to natural hazard risk management in 

Aotearoa New Zealand, with a specific focus on tsunami risk governance in local 

government and the use of risk modelling. It concludes with the key research areas 

and questions that this thesis seeks to answer. 

2. Chapter 3 sets out the philosophy, methods, ethics, and areas studied for this 

research.  

3. Chapters 4, 5, 6 and 7 are presented as manuscripts and explore the research 

questions. They are set out in Table 1-4, followed by a brief summary of each 

manuscript. 

4. Chapter 8 concludes the thesis with a synopsis of the literature review presented in 

Chapter 2, a summary of the research undertaken and the results, implications of 

the research, and opportunities for future research. 

The manuscripts in Chapters 4 to 8 are presented in Table 1-4 along with the research 

questions (RQs) they aim to answer and are explained further in the following paragraphs. 
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Chapter 4 –  

1st Manuscript 

Chapter 5 –  

2nd Manuscript 

Chapter 6 –  

3rd Manuscript 

Chapter 7 –  

4th Manuscript 

Explores how risk 

modelling tools, such as 

RiskScape, can be used 

to manage natural 

hazard risk in Aotearoa 

New Zealand local 

government. 

Think piece exploring 

how risk modelling is 

perceived and used by 

the policy making, land-

use planning, and 

emergency management 

functions within 

Aotearoa New Zealand 

local government. 

 

Explores the thoughts 

and opinions of natural 

hazard risk practitioners 

regarding tsunami risk 

management policy, 

along with the use of risk 

modelling (RiskScape) 

for tsunami policy 

development. 

 

Explores the complex 

system of challenges for 

the application of 

natural hazard risk 

management within 

local government as a 

whole and how the 

science-policy-practice 

interface can interrupt 

the complex system’s 

overall dynamic. 

 RQ1.  How is risk communicated, perceived, and acted upon by government              

bodies? 

   

RQ2.  How is risk modelling informed by natural hazard management? 

   

RQ3.  How are natural hazard management 

policies and procedures informed by risk modelling? 

  

RQ4.  What are the risk communication barriers and enablers that limit or contribute to efficacy for risk 

management for local government? 

    

RQ5.  What link do these limiting (or 

contributing) factors have with natural hazard 

management policy and procedures, and how can 

those policies and procedures be developed to 

enhance enablers and overcome barriers? 

Table 1-4: Manuscript Positionality in Relation to Research Questions 

Chapter 4 (the first manuscript) draws on focus group sessions with natural hazard risk 

practitioners in Aotearoa New Zealand local government to explore how risk modelling 

tools, such as RiskScape, can be used to manage natural hazard risk. The manuscript 

discusses that while there is definite interest and engagement in the use of risk modelling 

from emergency management and other natural hazard risk management practitioners 

within local government, the use of risk modelling to better understand and communicate 
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natural hazard risk continues to be challenged by the disconnect across the science-policy 

interface and resulting practice. The conclusion summarises these challenges and makes 

recommendations to span the science-policy interface and enable risk modelling as a 

communication tool to better develop policy and procedure for natural hazard 

management.  

Chapter 5 (the second manuscript) continues from Chapter 4, drawing from the original 

focus group sessions, as well as follow-up interviews with natural hazard risk practitioners 

in Aotearoa New Zealand local government, contributing to the scarcity of research on the 

perception and use of natural hazard risk modelling tools, specifically RiskScape. It is a think 

piece that explores how risk modelling is perceived and used by different natural hazard 

practitioners within local government, focussing on functions for strategic policy making, 

land-use planning, and emergency management. The research finds differences in how risk 

modelling is perceived and used by each function and goes on to provide opinions on why 

this is the case. It concludes with recommendations for developing end-user perceptions of 

risk modelling and better enabling its use for natural hazard risk management.  

Chapter 6 (the third manuscript) shifts the focus away from the challenges of applying risk 

modelling in Aotearoa New Zealand local government and explores risk perception as a 

cause of these challenges. It focusses on risk perception for tsunami risk because tsunami is 

Aotearoa New Zealand’s most significant natural hazard risk but is also the least likely. It 

explores how low-likelihood influences the development of tsunami risk management 

policy, the barriers and enablers that limit or contribute to this, and briefly how risk 

modelling (RiskScape) can help communicate risk to influence risk perceptions. The 

research reinforces the literature, finding that low likelihood presents a significant 

challenge for the development of tsunami risk management policy in Aotearoa New 

Zealand. The result is a paucity of tsunami risk management policy. The manuscript goes on 

to explore cognitive biases as a cause for this and makes recommendations to overcome 

the low-likelihood challenge for tsunami risk management policy. The research recognises 

that these challenges arise from more fundamental issues relating to how natural hazard 

risks are governed in Aotearoa New Zealand. These issues are complex, interrelated, and 

entrenched within local government and result in the limited success of natural hazard risk 

management approaches. 

Chapter 7 (the fourth manuscript) picks up from the end of the third manuscript to explore 

the challenges for natural hazard risk management within local government in Aotearoa 
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New Zealand. It views these challenges as a complex system, consisting of feedback loops, 

which inhibit the effective resolution of the challenges. It is proposed that these challenges 

remain unresolved because they are elements within a complex system. This complex 

system is explored using a systems-thinking approach and identifies the science-policy-

practice interface as an intervention point which can interrupt the complex system’s overall 

dynamic. The manuscript concludes with recommendations for further research into the 

use of systems thinking for exploring these challenges, as well as how collaboration across 

the science-policy-practice interface can be improved to apply natural hazard risk 

management more effectively within local government.   
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2 Literature Review 

2.1 Overview of this chapter 

This research focusses on how risk perceptions of natural hazards influence the 

development of policy and procedure in Aotearoa New Zealand. It specifically focusses on 

tsunami risk as, despite its destructive consequences, its low likelihood influences 

practitioners and decision makers to misperceive and underrate the risk, resulting in them 

being less prepared for tsunami than for other natural hazards. The research pulls the 

global context for natural hazard risk management, including tsunami (presented in 

Chapter 1), into the national context for Aotearoa New Zealand. It presents a brief overview 

of the natural hazard setting in Aotearoa New Zealand and reviews the literature for how 

the management of these hazards is governed. The chapter then focusses on tsunami risk 

management, reviewing the literature on how it is applied within local government. It then 

reviews the literature on the application of RiskScape for communicating natural hazard risk 

within this setting and concludes by setting out the key research areas and questions for 

this research. 

2.2 Natural hazards in Aotearoa New Zealand 

Aotearoa New Zealand is an island nation in the southwest Pacific. Figure 2-1 shows that 

the country lies across the boundary of the Australian and Pacific tectonic plates. The figure 

shows that to the east of the North Island, the Pacific Plate is being subducted under 

(pushed under) the Australian Plate. To the southwest of the South Island the opposite is 

happening — the Australian Plate is being subducted under the Pacific Plate.  
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Figure 2-1: The tectonic setting of Aotearoa New Zealand showing the generalised plate boundary between the 

Australian and Pacific tectonic plates (DPMC, 2007) 

Its position straddling two plate boundaries results in Aotearoa New Zealand being 

susceptible to geophysical hazards including volcanic eruption, land instability, earthquake 

and tsunami related disasters (please refer to Section 2.5 for more on the tsunami risk 

management in Aotearoa New Zealand). Its position as an isolated landmass in the Pacific 

Ocean results in it being susceptible to maritime weather patterns, including storm, 

flooding, and drought related disasters, which are exacerbated by climate change. These 

hazards occur with sufficient frequency and intensity that substantial damage and loss of 

life results (King & Bell, 2006). Furthermore, Lloyd’s (2018) placed Aotearoa New Zealand as 

the second most vulnerable economy in the world for annual expected disaster related 

losses as a percentage of gross domestic product (GDP). Since 2000, the financial losses 

caused by natural hazards in Aotearoa New Zealand is $1,830,630,000 (NZD) (ICNZ, n.d.), or 

approximately 1% of the country’s annual GDP. Given the increase in occurrence of natural 

hazard events (as explained in Chapter 1), the costs from natural hazards in Aotearoa New 

Zealand will continue to increase unless there is effective governance of natural hazard risk. 
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2.3 The framework for natural hazard risk governance in Aotearoa New 

Zealand 

Governance for natural hazard risks in Aotearoa New Zealand reflects the structure 

presented for disaster risk governance in section 1.5.4, where it is accountable: 

• upwards to international institutions and frameworks;  

• outwards across National Disaster Management Organisations (NDMOs) located 

within central government; and  

• downwards to local government and community-based organisations.  

2.3.1 Upwards 

Aotearoa New Zealand is ‘upwardly’ accountable to international institutions and 

frameworks for natural hazard risk governance, primarily the Sendai Framework for 

Disaster Risk Reduction 2015–2030 (Sendai Framework) (UNISDR, 2015b). The Sendai 

Framework takes into account the experience gained through the implementation of its 

predecessor - the Hyogo Framework for Action 2005–2015 (Hyogo Framework) (UNISDR, 

2005) because it shifts the focus from managing disasters to managing disaster risk. The 

framework states a need for focused action within and across sectors at local, national and 

global levels in the following four priority areas:  

• Priority 1: Understanding disaster risk.  

• Priority 2: Strengthening disaster risk governance to manage disaster risk.  

• Priority 3: Investing in disaster risk reduction for resilience.  

• Priority 4: Enhancing disaster preparedness for effective response and to “Build 

Back Better” in recovery, rehabilitation, and reconstruction. 

Priority 2 of the Sendai Framework specifically relates to governance, calling for a 

strengthening of disaster risk governance to manage disaster risk, including a clear vision, 

plans, competence, and guidance. It also calls for effective and efficient management of 

disaster risk ‘outward’ at the national level and ‘downwards’ to the local level. As part of 

this, it calls for coordination within and across sectors and participation from relevant 

stakeholders.  

Under these priorities, the framework sets seven global targets for improved disaster risk 

reduction, which signatory nations are asked to report on annually. The targets are: 
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1. Substantially reduce disaster mortality by 2030, aiming to lower average per 

100,000 mortality between 2020–2030 compared with 2005–2015. 

2. Substantially reduce the number of affected people by 2030, aiming to lower the 

average figure per 100,000 between 2020–2030 compared with 2005–2015. 

3. Reduce disaster economic loss in relation to gross domestic product (GDP) between 

2020–2030 compared with 2005–2015. 

4. Substantially reduce disaster damage to critical infrastructure and disruption of 

basic services, among them health and educational facilities, including through 

developing their resilience by 2030. 

5. Substantially increase the number of countries with national/local disaster risk 

reduction strategies by 2020. 

6. Substantially enhance international cooperation to developing countries through 

adequate and sustainable support to complement their national actions for 

implementation of [the] framework by 2030. 

7. Substantially increase the availability of and access to multi-hazard early warning 

systems and disaster risk information and assessments to the people by 2030. 

Historically, international frameworks concerning disaster risk and its reduction have been 

poorly acknowledged in Aotearoa New Zealand, with the Hyogo Framework (UNISDR, 2005) 

largely ignored (Basher, 2016). However, the Sendai Framework is now specifically 

referenced in Aotearoa New Zealand’s National Disaster Resilience Strategy (MCDEM, 

2019). This strategy has incorporated the targets listed in the Sendai Framework into the 

strategy’s objectives, with the aim to report, on a biennial basis, progress against goals and 

objectives, resilience, and impacts.  

The National Emergency Management Agency (NEMA) is developing a national loss and 

impact database, which will be used to report losses and impacts to the UNDRR in 

fulfilment of the Sendai Framework. However, Harrison et al. (2021) note that development 

of the database is slow as NEMA is continuously busy responding to other events. 

Furthermore, Saunders et al. (2020) specifically explore the progress that Aotearoa New 

Zealand is making in changing its governance measures to meet the commitments made to 

international frameworks. Saunders et al. (2020) found that the Sendai Framework’s shift in 

focus from managing disasters to managing natural hazard risk is incorporated into current 

emergency management planning but is lacking in reference and refinement in strategic 
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and statutory documents that guide land-use planning. They give four recommendations to 

further implement these international accountabilities within natural hazard governance in 

Aotearoa New Zealand: (1) take into account international agreements during the 

development and implementation of all legislation; (2) build awareness, capability, and 

capacity within central, regional and local governments to support implementation; (3) 

actively evaluate the progress of implementing initiatives designed to reduce vulnerability 

and strengthen resilience; and (4) ensure that more weight and value are given to 

indigenous planning documents.  

As such, Aotearoa New Zealand is working to meet its obligations ‘upwards’ to the Sendai 

Framework; however, acknowledgement of the framework is not evenly distributed across 

legislation for natural hazard risk management, and national reporting has been disrupted 

by other events, for example, the Covid-19 pandemic. While Saunders et al. (2020) have 

provided a starting point for how government is meeting these obligations, further research 

is needed to understand how the Sendai Framework is used as a driver for natural hazard 

risk governance both ‘outwards’ and ‘downwards’, across all levels of government, and how 

our natural hazard governance system can best enable them.    

2.3.2 Outwards 

Governance for natural hazard risk in Aotearoa New Zealand is shared ‘outwards’ across 

national disaster management organisations (NDMOs) within central government. The 

primary agencies responsible for administration of natural hazard governance legislation 

and policy are:  

• The Department of Internal Affairs (DIA), which administers the legislation for local 

government management.  

• The National Emergency Management Agency (NEMA), which administers the 

legislation for civil defence emergency management; 

• The Ministry for Environment (MfE), which administers legislation for sustainable 

land-use management and climate change; and  

• The Ministry of Business, Innovation and Employment (MBIE), which administers 

legislation and regulations for building control, as well as funding for collaborative 

research (e.g. the National Science Challenges).  
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These central government agencies administer the acts of legislation for natural hazard risk 

governance in Aotearoa New Zealand, as well as provide implementation support for 

organisations to collaborate in the research and application of natural hazard risk 

governance. An example of this collaboration is the Resilience to Nature's Challenges 

(Resilience Challenge), which is one of the National Science Challenges funded through 

MBIE. The Resilience Challenge formally involves Crown Research Institutes, Crown Entities, 

universities, and private research consultancies (or NGOs) (e.g. WSP, Resilient Organisations 

and Market Economics), which work together to co-create research solutions to inform how 

New Zealand will build a transformative pathway toward natural hazard resilience 

(Resilience to Nature’s Challenges, 2018). Another example is the Earthquake Commission, 

which is a Crown Entity established under the Earthquake Commission Act 1993, investing 

in natural disaster research and education and providing insurance to residential property 

owners (EQC, n.d.). 

Crawford et al. (2019) recognise four key central government acts of legislation (Acts) under 

which natural hazard risk is governed within Aotearoa New Zealand. They are the Local 

Government Act (New Zealand Government, 2002b); the Resource Management Act (New 

Zealand Government, 1991); the Civil Defence Emergency Management Act (New Zealand 

Government, 2002a), and the Building Act (New Zealand Government, 2004). Saunders et 

al. (2020) add to this list of key legislation with the Climate Change Response (Zero Carbon) 

Amendment Act (New Zealand Government, 2019). 

These Acts are part of a plethora of central government legislation, national strategies, 

plans, policies, regulatory codes, and practices supporting natural hazard risk management 

outcomes, including: 

• Soil Conservation and Rivers Control Act 1941 

• Local Government Official Information and Meetings Act 1987 

• Earthquake Commission Act 1993 

• The Public Finance Act 1989 

• New Zealand Coastal Policy Statement 2010  

• National Civil Defence Emergency Management Plan Order 2015 

• Building Regulations 1992 

• National Tsunami Advisory and Warning Supporting Plan 2016 
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• National Disaster Resilience Strategy – Rautaki ā-Motu Manawaroa Aituā 2019.  

These Acts and policy instruments provide a framework for sharing responsibility for 

natural hazard risk governance ‘outwards’ across a number of central government agencies 

and supporting organisations, and also ‘downwards’ for application by local government 

and community organisations. However, the breadth of interrelationships across these 

policies has resulted in issues for its application. In its think piece, ‘Managing Natural 

Hazard Risk in New Zealand’, Local Government New Zealand (LGNZ) argued that natural 

hazard management sits within a complex legislative environment that requires the many 

players to work together in a coordinated way and consists of high-level, disconnected and 

widely-interpretative policy guidance (LGNZ, 2014). It found there was no formal approach 

for how natural hazard risk management is achieved, or how it is applied ‘downwards’ 

within local government and community organisations. This finding is supported in later 

research (Basher, 2016; Crowley & Crawford, 2018a; EQC, 2019; Kilvington & Saunders, 

2019), which found that local government and community organisations are currently left 

to individually manage natural hazard risk with varying degrees of success. 

This lack of guidance has been acknowledged within central government through a 2020 

review of the Resource Management Act, titled ‘New Directions for Resource Management 

in New Zealand’ (MfE, 2020). The review recommended that the RMA is repealed and 

replaced with three new Acts called the ‘Natural and Built Environments Act’; the ‘Strategic 

Planning Act’; and the ‘Managed Retreat Act’ (now referred to as the ‘Climate Adaptation 

Act’). The ‘Natural and Built Environments Act’ would be the primary replacement for the 

RMA and proposes greater use of mandatory national direction and nationally coordinated 

data management with a focus on climate change and reduction of risks from natural 

hazards. The ‘Strategic Planning Act’ would integrate ‘outwards’ with other legislation 

relevant to development and set long-term funding and planning processes for strategic 

spatial planning. The ‘Climate Adaptation Act’ would provide the framework for managed 

retreat resulting of sea level rise brought about by climate change. 

While the recommendations in ‘New Directions for Resource Management in New Zealand’ 

(MfE, 2020) provide structure ‘downwards’ for local government natural hazard risk 

governance, it also takes some responsibility away from local government bodies for 

developing their own, fit for purpose, community-focussed measures for managing natural 

hazard risk. As such, the redistribution of responsibility back to central government for 

managing natural hazard risk contradicts the neoliberal governance agenda as explained in 
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section 1.4. The recommendation to shift more natural hazard risk governance to central 

government, along with the complexity of central government legislation in the first place, 

exposes a gap in research for better understanding the system of natural hazard risk 

governance in Aotearoa New Zealand, and how this system can best enable local 

government to apply natural hazard risk governance.       

2.3.3 Downwards 

As noted in the previous section, central government policy is devolved ‘downwards’ for 

application in local government. There are two tiers of local government:  

• The first tier is regional councils, with responsibilities including: sustainable regional 

well-being; managing the effects of using freshwater, land, air, and coastal waters; 

managing rivers; mitigating soil erosion and flood control; and regional emergency 

management and civil defence preparedness (Department of Internal Affairs, 

Councils' roles and functions web page, n.d). 

• The second tier is territorial authorities (district and city councils), with 

responsibilities including: sustainable district well-being; the provision of local 

infrastructure, including water, sewerage, stormwater, and roading; controlling the 

effects of land use (including hazardous substances, natural hazards, and 

indigenous biodiversity), noise, and the effects of activities on the surface of lakes 

and rivers; building control; and district emergency management and civil defence 

preparedness (Department of Internal Affairs, Councils' roles and functions web 

page, n.d). 

In six cases, the responsibilities of regional councils and territorial authorities have been 

combined under a ‘unitary authority’. These have been developed for areas in Aotearoa 

New Zealand which could not support both regional and territorial authorities (Morgan-

Williams & Macdonald, 1999), or because separated regional and territorial authorities did 

not fit the governance framework desired for an area’s development. Examples of unitary 

authorities are Gisborne District Council and Auckland Council. 

Local government in Aotearoa New Zealand currently consists of seventy-eight councils: 

eleven regional councils; sixty-one district and city councils and six unitary councils (LGNZ, 

n.d.). The seventy-eight councils have about 1600 local politicians, who are elected every 

three years in accordance with the Local Government Act (New Zealand Government, 

2002b) by voters within their communities. These local politicians, consisting of a mayor 
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and a body of councillors, typically meet monthly to decide on the preferences of their 

communities, the commitments of previous councils, central government requirements, 

and the policy platforms they were voted in on. The mayor employs a chief executive to run 

the everyday business of the council. The chief executive then employs all other council 

staff, who implement council decisions in compliance with Acts and other legislative 

instruments.  

As stated in section 2.3.2, Crawford et al. (2019) recognise four key central government 

Acts under which natural hazard risk is governed within Aotearoa New Zealand. Saunders et 

al. (2020) add to this list, including the Climate Change Response (Zero Carbon) 

Amendment Act. These Acts and a brief description of their natural hazard risk governance 

responsibilities are set out in Table 2-1. Their provisions for managing natural hazard risk 

are further explained in the following sections. 

Legislative Act Natural hazard risk governance responsibilities 

The Local Government Act 
(New Zealand Government, 
2002b) 

A local authority must manage risks to infrastructure 
from natural hazards (section 101B(3)(e)). 

The Resource Management 
Act (New Zealand 
Government, 1991) 

A local authority shall manage significant risks from 
natural hazards for the use, development, and 
protection of resources (section 6(h)). 

The Civil Defence Emergency 
Management Act (New 
Zealand Government, 2002a)  

A local authority shall encourage and enable 
communities to achieve acceptable levels of risk 
(section 3(b)). 

The Building Act (New Zealand 
Government, 2004) 

A local authority must manage consent for construction 
or alteration of buildings subject to natural hazards 
(section 71). 

The Climate Change Response 
(Zero Carbon) Amendment 
Act (New Zealand 
Government, 2019) 

A local authority may be required to report a 
description of the processes that it uses to identify, 
assess, and manage the risks and opportunities arising 
from climate change (section 5ZW(1)). 

Table 2-1: Key legislative Acts in Aotearoa New Zealand for local government natural hazard risk management 

2.3.3.1 The Local Government Act (LGA) 

The LGA provides the framework for local government to promote the social, economic, 

environmental and cultural well-being of their communities, taking a sustainable 

development approach. It provides the overall setting, including funding arrangements, for 
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which local government can achieve its natural hazard risk management objectives through 

various types of legislation and policy instruments. The primary document produced under 

the LGA is the long-term plan (LTP), which is the key planning tool for councils. The purpose 

of the LTP is to: 

• describe the council’s activities in meeting outcomes focussed on the current and 

future needs of communities for good-quality local infrastructure, local public 

services, and performance of regulatory functions; 

• provide integrated decision making and coordination of the resources, as set out in 

section 93(6)(c) of the Act; 

• provide a long-term focus; 

• show accountability to the community; 

• provide an opportunity for participation by the public in council decision-making 

processes. 

LTPs cover a 10-year period and are reviewed every three years, when local government is 

required to consult with their communities and other stakeholders, who are invited to 

submit their views on how the LTP meets the local outcomes in which they are interested. 

While LTPs cover a 10-year timeframe, section 101B of the LGA sets requirements for local 

authorities to prepare and adopt infrastructure strategies that cover at least 30 consecutive 

financial years. One of the matters that must be taken into account in preparing the 

strategy is the need to “provide for the resilience of infrastructure assets by identifying and 

managing risks relating to natural hazards and making appropriate financial provision for 

those risks”. The Draft New Zealand Infrastructure Strategy (NZIC, 2021) refers to the 

uncertainties from climate change and other natural hazards over the next 30 years and 

recommends that government agencies, including local government, be required to 

develop and publish capital investment plans for a minimum period of 10 years. 

LTPs set provision for management of natural hazard risk through land-use planning, 

emergency management, building control, and climate change. However, specific actions 

and outcomes for governing natural hazard risk management are primarily focussed 

through legislation that works alongside the LTP, specifically the Resource Management Act 

(1991), the Civil Defence Emergency Management Act (2002), the Building Act (2004), and 

the Climate Change Response (Zero Carbon) Amendment Act (2019). Plans, strategies, and 
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other policy instruments are then developed under these Acts, and these are discussed 

further in the following sections. 

2.3.3.2 The Resource Management Act (RMA) 

The provision for environmental management is devolved through the RMA by way of 

National Policy Statements (NPSs), National Environmental Standards (NESs), Regional 

Policy Statements (RPSs), regional plans, district plans, and resource consents.  

The purpose of NPSs is to state objectives and policies for matters of national importance 

(s6) that are relevant to achieving the purpose of the RMA (RMA, s45). Specifically, “when 

determining whether it is desirable to prepare a national policy statement, the Minister 

may have regard to anything which, because of its uniqueness, or the irreversibility or 

potential magnitude or risk of its actual or potential effects, is of significance to the 

environment of New Zealand” (RMA, s45(2)(g)).   

NESs are regulations issued under section 43 of the RMA, which can prescribe technical 

standards, methods, or other requirements nationally. Current examples of NESs are 

standards for air quality, drinking water, and assessing and managing soil contamination. 

Each regional, city or district council must enforce the same standard, or impose stricter 

standards.  

Currently, there are no NPSs or NESs that set any standards for the management of natural 

hazard risk, though some progress towards natural hazard risk management is recognised 

in the New Zealand Coastal Policy Statement (NZCPS). The NZCPS sets out objectives and 

policies in order to achieve the objectives of the RMA in relation to the New Zealand’s 

coastal environment and makes provision for “activities in the coastal environment [that] 

are susceptible to the effects of natural hazards such as coastal erosion and tsunami, and 

those associated with climate change” (NZCPS, 2010). The NZCPS includes policies on the 

subdivision, use, and development of land in areas of coastal hazard risk, as well as 

strategies for protecting existing development from coastal hazard risk. 

RPSs are a particularly useful instrument for coordinating RMA policy across a region 

because of the requirement for regional and district plans to ‘give effect’ to them. It is 

important that to be effective, RPSs integrate with other natural hazard risk management 

measures in the region, particularly CDEM risk reduction aspirations (Saunders et al., 2015).  
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Under the current RMA, every regional council has a responsibility to control the use of 

land, coastal marine area, or bed of a water body for the purpose of the avoidance or 

mitigation of natural hazards (RMA, s 30). A regional council can prepare a specific natural 

hazard regional plan but, because of the interrelated nature of hazards with other 

environmental features or effects, these planning provisions are usually distributed across 

different sections of other regional plans, for example, CDEM plans (the RMA Quality 

Planning Resource, n.d.).  

Territorial authorities need to be aware of measures outlined in the regional plan when 

reviewing their district plans for the purpose of stating: 

• the objectives for the district; 

• the policies to implement the objectives; and 

• the rules (if any) to implement the policies. 

However, if no direction is provided through the RPS, there is no requirement for the 

district plan to include risk-based measures to control the use of land to avoid or reduce the 

effect of natural hazards. 

A local authority should provide: 

• clear direction through plans and other means on the hazard information that 

needs to be included in any resource consent application; 

• policies within the plan giving clear guidance on the matters addressed during 

consideration of a resource consent and the desired outcome sought in managing 

hazard risk. 

• methods on how policies will be implemented, such as through rules. 

A resource consent is the authorisation given to certain activities that would otherwise 

contravene the policies of the regional or district plan. Resource consent applications must 

be accompanied by an assessment of environment effects (AEE), where an assessment of 

an activity’s effects on the environment must address any risk to the neighbourhood, the 

wider community, or the environment through natural hazards (RMA – Schedule 4(7)(1)(f)). 

The Quality Planning website (n.d.) lists a number of aspects for the AEE to consider, 

including: 

• risk to life, property, and the environment posed by the natural hazard; 
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• likely frequency and magnitude of the hazard event; 

• type, scale, and distribution of any potential effects from the natural hazard. 

However, while these considerations are integral to natural hazard risk management, they 

are listed as potential good practice rather than a requirement. 

2.3.3.3 The Civil Defence Emergency Management Act (CDEMA) 

Natural hazard risk governance under the CDEMA is framed around the four ‘Rs’, being: 

• Reduction – involving the identification and analysis of risks to life and property 

from hazards, taking steps to eliminate those risks if practicable, and, if not, 

reducing the magnitude of their impact and the likelihood of their occurrence to an 

acceptable level. 

• Readiness – involving the development of operational systems and capabilities 

before an emergency happens, including arrangements with emergency services, 

lifeline utilities, and other agencies, and developing self-help and response 

programmes for the general public. 

• Response – involving the actions taken immediately before, during or directly after 

an emergency to save lives and property and to help communities begin to recover. 

• Recovery – involving the co-ordinated efforts and processes used to bring about the 

short, medium and long-term holistic regeneration and enhancement of a 

community after an emergency (MCDEM a., n.d.). 

This approach starts with recognising the hazards New Zealand faces and the vulnerability 

of communities and infrastructure to those hazards. By addressing what these hazards 

could do, the focus can move to measures for reducing the risks and for managing the 

impacts when they occur. 

Guidance for how the four ‘Rs’ are applied is led by the National Emergency Management 

Agency (NEMA), and the CDEMA requires the formation of Regional CDEM Groups, which 

are consortia of representatives from the regional, territorial or unitary authorities. The 

location of current CDEM Groups in Aotearoa New Zealand, with participating councils is 

shown in Figure 2-2.
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Figure 2-2 Location of Civil Defence Emergency Management (CDEM) Groups, with participating councils in Aotearoa New Zealand (NEMA, n.d.) 
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The national level policy document under which all CDEM Groups administer natural hazard 

risk management is the National Disaster Resilience Strategy – Rautaki ā-Motu Manawaroa 

Aituā (2019). The strategy sets three priorities to improve our nation’s resilience to 

disasters:  

1. Managing risks – what we can do to minimise the risks we face and limit the 

impacts to be managed if hazards occur;  

2. Effective response to and recovery from emergencies – building our capability and 

capacity to manage emergencies when they do happen; and  

3. Enabling, empowering and supporting community resilience – building a culture of 

resilience in New Zealand so that everyone can participate in and contribute to 

communities’, and the nation’s, resilience. 

The strategy is given effect through regional CDEM Group Plans, which enable effective, 

efficient and coordinated CDEM delivery at a group level.  Each member of a CDEM Group 

has a responsibility to support and promote the principles underlying the CDEM Act 2002. 

These principles include:  

• promoting the sustainable management of hazards; 

• encouraging and enabling communities to achieve acceptable levels of risk; 

• providing for planning and preparation for response to, and recovery from, 

emergencies; 

• co-ordinating programmes and activities, and encouraging co-operation and joint 

action among agencies across the areas of reduction, readiness, response, and 

recovery; and 

• providing the basis for the integration of local with national CDEM policies, 

processes, and operations (MCDEM, 2018).  

CDEM Groups are encouraged to use a risk-based approach when developing their Group 

Plans, which is “[t]he requirement to practise sound risk management is implicit throughout 

the CDEM Act. CDEM Groups are required to apply risk management to their planning and 

activities. Whilst planning is not a linear process and may involve many iterative steps, it is 

expected to follow a risk management based approach” (MCDEM, 2002, p. 17). 
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2.3.3.4 The Building Act (BA) 

The Building Act governs the building sector and sets out the rules for the construction, 

alteration, demolition, and maintenance of new and existing buildings in Aotearoa New 

Zealand. It does this through the Building Code, which is a set of regulations defining clear 

standards and expectations to ensure that the intended use of a building is safe, healthy, 

and durable for everyone who visits or lives within them. Plans for building work are 

assessed by building consent authorities (BCAs), usually the council, to ensure the proposed 

building work will comply with the Building Code. When the BCA is satisfied, it will issue a 

building consent for the work to proceed. 

Section 71(1) of the Building Act requires the territorial authority to refuse a building 

consent for building work if the land is subject to one or more natural hazards, or if the 

building work will accelerate or worsen the adverse effects because of the natural hazard 

on that land or other property. Rather confusingly, section 71(2) goes on to state that 

section 71(1) need not apply if an applicant can satisfy the territorial authority that the land 

and building will be protected from the hazard. Section 71(3) defines a list of natural 

hazards, including erosion, falling debris, subsidence, inundation (including flooding, 

overland flow, storm surge, tidal effects, and ponding), and slippage. However, section 

71(3) does not include inundation from tsunami, nor does it address issues associated with 

the land under buildings (e.g. earthquake or geothermal activity) (ICNZ, 2014; LGNZ, 2014).  

Section 72 of the Act adds to this confusion where it states that despite section 71, a 

territorial authority must grant a building consent if the building consent authority 

considers that building work will not accelerate, worsen, or result in a natural hazard; the 

land is subject, or is likely to be subject to one or more natural hazards; and it is reasonable 

to grant a waiver or modification of the Building Code in respect of the natural hazard 

concerned. As such, it appears that section 72 negates section 71(1) even though the land 

may be subject to one or more natural hazards (out of an incomplete list of natural 

hazards). It is at the discretion of the BCA to decide what is reasonable in waiving 

requirements with regards to the Building Code and the natural hazard(s) concerned.   

2.3.3.5 The Climate Change Response (Zero Carbon) Amendment Act 

In May 2019, in response to commitments made under the Paris Agreement (UNFCC, 2015), 

central government enacted the Climate Change Response (Zero Carbon) Amendment Act 

(New Zealand Government, 2019). One of the main drivers for development of the Act was 



47 
 

through Generation Zero, a youth-based NGO that had been active on climate issues since 

2010 to lobby for more ambitious climate policy in Aotearoa New Zealand (Bailey et al., 

2021). The involvement of non-government actors in creating this legislation reflects the 

‘hollowing out of the state’ as described in section 1.4, where development and 

implementation of disaster risk management policies has moved away from being solely 

developed and administered by central government. 

The Climate Change Response (Zero Carbon) Amendment Act created a Climate Change 

Commission responsible for advising government-led policies. This commission is 

responsible for preparing a National Climate Change Risk Assessment and a National 

Adaptation Plan. These link with international natural hazard risk governance frameworks, 

primarily the Paris Agreement, to limit the global average temperature increase to 1.5 °C 

above pre-industrial levels and allow Aotearoa New Zealand to prepare for and adapt to the 

effects of climate change. The National Adaptation Plan must be prepared in response to a 

national climate change assessment where the Government must consider “the distribution 

of the effects of climate change across society, taking particular account of vulnerable 

groups or sectors” (section 5ZS(4)(b)). In anticipation of their inclusion into this planning, 

some authorities within local government have developed non-regulatory plans for how 

their regions are addressing climate change risk and response. Saunders et al. (2020) have 

stated that early indications of local government involvement in this process are positive 

and include action from Auckland Council, Nelson City Council, Wellington City Council, and 

Christchurch City Council. 

2.4 Challenges (and solutions) for local government natural hazard risk 

governance  

Given these responsibilities, local government practitioners for natural hazard risk 

management range across a number of disciplines and functions, including policy making, 

environmental science, land-use planning, building control, emergency management, asset 

management, engineering, and hazard modelling. These practitioners interact ‘upwards’ 

and ‘outwards’ to gather, communicate and apply natural hazard risk information:  

• ‘upwards’ with central government through working groups for 

reviewing/developing policy and specific initiatives requiring local government 

input; and  



48 
 

• ‘outwards’ with CRIs, universities, local-level NDMOs (including the Police, Fire and 

Rescue Service, District Health Boards, Ambulance), the private sector through 

public-private partnerships (PPPs), council-controlled organisations (CCOs) 

(including airport and marine port authorities), and community organisations. 

However, as highlighted in section 2.3.2, there is not yet any formal approach for local 

government to apply natural hazard risk management. Local government is left to 

individually manage how these ‘upwards’ and ‘outwards’ interactions are achieved resulting 

in varying degrees of success (Basher, 2016; Crowley & Crawford, 2018a; EQC, 2019; 

Kilvington & Saunders, 2019; LGNZ, 2014). 

Within this setting, this research identifies four broad challenges for the application of 

natural hazard risk management within local government in Aotearoa New Zealand: 

1. Lack of guidance, mandate, and collaboration; 

2. limited risk leadership, understanding, and awareness at the national and local 

government levels;  

3. lack of funding, capacity, and capability; and 

4. unavailability of quality data and information. 

Underlying each of these themes are a further two fundamental challenges for natural 

hazard risk management: 1) the disconnect of science to policy to practice, and 2) the 

complex system of challenges for natural hazard risk management. These challenges are 

reviewed in the following sections. 

2.4.1 Lack of guidance, mandate, and collaboration 

2.4.1.1 Guidance 

An absence of clear and concise national government guidance for natural hazard risk 

management was recognised by Glavovic, Saunders, and Becker (2010) who focussed on 

the ability of land-use planning for coordinating natural hazard risk management within 

local government. They identified a need for local government to take more proactive steps 

for managing the risk of hazards rather than managing them through an ad hoc, response 

and recovery basis. Among other recommendations, they called for “nationally consistent 

practical steps to improve the safety and sustainability of at-risk communities” (Glavovic, 

Saunders, & Becker, 2010, p.697). Kilvington and Saunders (2013) identified that guidance 
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for managing natural hazards through land-use planning appeared independent and not 

located in a conceptual hierarchy, such as a national to local scale. They stated that in the 

absence of clear, directive guidance material from central government, the trajectory for 

natural hazard management was being primarily directed by RMA case law.  

Kilvington and Saunders (2016) stated that while there was (and still is) no national policy 

statement (NPS) or national environmental standard (NES) that could be used for local 

government natural hazard risk guidance, an impending amendment to section 6 of the 

RMA was expected to strengthen provisions around natural hazards. This amendment was 

inserted as section 6(h) into the RMA in 2017 (New Zealand Government, 1991), identifying 

‘the management of significant risks from natural hazards’ as a matter of national 

importance which decision makers must recognise and provide for in making decisions. 

However, evidence for how this has enabled stronger national direction for local 

government natural hazard risk management is yet to emerge. The recent review of the 

Resource Management Act, titled ‘New Directions for Resource Management in New 

Zealand’, listed the management of significant risks from natural hazards as a “gap in 

national direction” (MfE, 2020, p. 197). Furthermore, it identified guidance around the 

effects of climate change as a notable omission from national direction. This is despite 

section 7(i) of the RMA requiring those making decisions under the statute ‘to have 

particular regard to the effects of climate change’ (New Zealand Government, 1991). 

The lack of national level guidance for climate change echoes Manning et al.’s (2015) 

analysis of Aotearoa New Zealand’s adaptive capacity for climate change risk. This stated 

that at that time no national adaptation strategy had been developed, which resulted in 

limited development or application of local government climate change policy (Lawrence et 

al., 2015; Hanna, White & Glavovic, 2017). Guidance has since been developed for local 

government management of coastal hazards and climate change (MfE, 2017), as well as 

climate change risk management (MfE, 2019; MfE 2021). Local government has been a 

participant in the development of climate change risk assessment measures (MfE, 2017; 

MfE, 2019), and climate change plans have recently been developed, or are under 

development within local government (WCC, 2020; CCC, 2021), as well as nationally. They 

are in the early stages of application, and evidence for how they are managing climate 

change risk is yet to emerge.  

It is of interest to note the dominance of climate change over other natural hazards for the 

development of national level guidance. While climate change guidance is important and 
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needed within local government, it may have come at the expense of guidance for other 

natural hazards that do not possess the same profile that climate change currently does, for 

example, tsunami risk management.       

2.4.1.2 Lack of mandate for collaboration 

Lack of mandate for intra and inter-council collaboration for natural hazard risk 

management was recognised in Local Government New Zealand’s think piece on managing 

natural hazard risk (LGNZ, 2014). They noted that within councils there was a lack of 

interaction mainly between local government’s land-use planning and emergency 

management functions, stating that RMA planning and CDEM planning operate in a more 

‘silo-ed’ manner. Despite ongoing research into how natural hazard risk management can 

be better achieved through the RMA and CDEMA in New Zealand (Saunders et al., 2007; 

Saunders et al., 2011; Saunders & Beban, 2012; Saunders et al., 2013; Saunders et al., 2014; 

Saunders & Becker, 2015), Saunders et al. (2015) found that while the links between land-

use planning and emergency management had improved over time, collaborations across 

different natural hazard practitioner roles were not commonly encouraged for sharing 

information, good practice, and understanding of roles.  

Collaboration across natural hazard risk management functions is also affected by its 

perceived importance. CDEM is often perceived as a lesser function compared to policy 

making and land-use planning (LGNZ, 2014; Lawrence et al., 2015; Crawford et al., 2018b) 

and has been missed out of natural hazard risk management planning in the past. The 

literature indicates that it is the personal strengths and capability of the people employed 

within CDEM that influence its inclusion within broader council natural hazard risk 

management planning (Glavovic, Saunders, & Becker, 2010; Crowley & Crawford, 2016; 

Crawford et al., 2018a).  

As such, the depth of CDEM involvement in broader local government natural hazard risk 

management is varied across planning documents developed within councils at different 

times, as well as inconsistent across councils throughout Aotearoa New Zealand. Lack of 

consistency in natural hazard risk management across councils was recognised by Saunders 

and Beban (2012), who stated “there is a lack of consistency in how the natural hazards and 

associated risk are addressed. One council may have strict planning requirements 

pertaining to a natural hazard, whereas the neighbouring council has a lesser requirement 

that allows for development that increases the risk” (Saunders & Beban, 2012, p. 18). This is 



51 
 

despite the benefits of a combined, multi-council natural hazard risk management 

approach, which are recognised as acting to reduce duplication and costs associated with 

researching hazards and developing policy, along with consistent and easier understanding 

of natural hazard provisions from stakeholders (Saunders, Beban & Coomer, 2014a). 

Outside of intra and inter-council collaboration, Basher (2016) noted the limited mandate 

for collaborating with communities, where natural hazard risk management arrangements 

did not properly engage civil society actors or recognise their interests in and capacities for 

disaster risk reduction. The Civil Defence Emergency Management Act (New Zealand 

Government, 2002a) does not specifically refer to collaboration with non-government 

actors even though it makes provision for private sector ‘lifelines utilities’, such as 

telecommunications and energy networks and providers, to establish planning and 

operational relationships with local CDEM Groups. CDEM’s engagement with Lifelines 

Groups, an informal collaboration between infrastructure providers, scientists, emergency 

managers, and other professionals, has progressed over that time and is supported with 

guidance for how CDEM and Lifelines Groups engage (MCDEM, 2014).  

More recently, the National Disaster Resilience Strategy (MCDEM, 2019) takes a strong 

community focus for action, including putting in place organisational structures and 

identifying necessary processes – including being informed by community perspectives – to 

understand and act on reducing risks. This includes interaction with iwi, the private sector, 

not-for-profits, and other community representatives. In stating this, the National Disaster 

Resilience Strategy (MCDEM, 2019) recognised that communities and organisations still 

needed to be better joined up and that more effective ways of tackling challenges are 

required to transcend sector barriers.  

2.4.1.3 Solutions for lack of guidance and mandate for collaboration 

While this is not specifically mentioned within the National Disaster Resilience Strategy 

(MCDEM, 2019), an avenue for engaging with local government and communities to build 

guidance and improve collaboration for natural hazard risk management is through 

integrative research collaboratives as introduced at the beginning of section 2.3.2. 

Examples of integrative research collaboratives include the Resilience to Nature's 

Challenges National Science Challenge (Resilience to Nature’s Challenges, 2018), as well as 

the East Coast LAB (Life at the Boundary) and AF8 (Alpine Fault Magnitude 8). The objective 

of these collaborations is “to build shared understanding of natural hazards and risks and to 
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develop practical risk reduction solutions” (Woods et al., 2017, p. 330). An example of this 

is the ‘Napier Natural Hazards Resilience Workshop: Initial Options Report’ (Crawford, Eady, 

& Pearse, 2019) produced through East Coast LAB. This provides options for how local 

government can engage community stakeholders, with the aim of increasing community 

resilience to natural hazards. While focused on Napier City, the report has lessons for all of 

Aotearoa New Zealand.  

2.4.2 Limited risk leadership, understanding, and awareness  

2.4.2.1 Leadership 

In 2015, a Local Government Risk Agency (LGRA) project was started through Local 

Government New Zealand (LGNZ, n.d.). The intention of the project was to pool and 

coordinate local government resources to lower the risk and cost of disaster. This was 

pertinent at the time, given calls for a central agency to provide leadership, expertise, and 

consistent terminology and processes for local government risk management (Basher, 

2016; LGNZ, 2013).  However, government confirmation of the LGRA project’s initial 

business case, which was expected in 2017, has not yet come to pass. 

With the limited national level leadership and guidance provided at that time, there had 

not been the driver for local government to develop and apply risk awareness and 

understanding. This was reflected in the Local Government New Zealand think piece on 

Managing Natural Hazard Risk in New Zealand, which found that “while New Zealand is a 

strong performer in terms of response and recovery, it is less so in terms of risk reduction 

and readiness. Particular concerns are expressed about our effectiveness in risk reduction” 

(LGNZ, 2014, p.34).  

2.4.2.2 Understanding 

Glavovic, Saunders, and Becker (2010) proposed that for land-use planning, poor 

performance in natural hazard risk management was because many Aotearoa New Zealand 

communities typically prioritised issues of immediate and direct impact, rather than taking 

steps to reduce hazard risks. Similarly, for emergency management, this was because 

district, regional and national levels of emergency management focused more 

predominantly on emergency event response and recovery than on risk reduction (Glavovic 

& Smith, 2014; Garrido & Saunders, 2019).  
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In their evaluation of land use and emergency plans for local government natural hazard 

risk management, Saunders et al. (2015) identified a number of challenges for 

understanding and applying risk management, including: 

1. The term ‘risk’ is often not defined or that the definition changes across legislation 

and resultant plans. As such there is little strategic leadership or consistent 

approach to risk management. 

2. The quality and dissemination of risk information is not well developed, and there 

are issues with the availability of natural hazards information for decision making. 

3. Communities are not appropriately engaged, using a risk-based approach, to 

contribute to determining levels of risk. 

Further challenges identified in understanding and applying natural hazard risk 

management for local government in Aotearoa New Zealand include:  

4. Risks are predominantly characterised as static, assuming that future risks will be 

the same as the past, and decision-making practices have become implicitly 

dependent on certainty. Consequently, there is difficulty over making decisions on 

changing risks (Lawrence et al., 2015; LGNZ, 2014; Manning et al., 2015; White & 

Haughton, 2017). 

5. There is no one set of risk assessment methodology or standards of acceptable risk, 

leading to a wide variation in practice and a low level of quantified risk assessment 

(LGNZ, 2014).  

6. The communication of risk and uncertainty, between scientists and stakeholders, is 

open to misinterpretation and misperception (Doyle & Paton, 2017). 

7. Risks are underestimated, especially climate change and low-likelihood (destructive 

tsunami) risks, due to differing timeframes within which different practitioners and 

decision makers operate, e.g. the short three-year electoral cycle for local 

politicians, combined with different planning cycles for land-use planning, asset 

management, and long-term plans (Lawrence & Manning, 2012; Lawrence et al., 

2015).  
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2.4.2.3 Awareness 

It is important at this point to clarify the difference between 1) natural hazard awareness, 

2) natural hazard risk awareness, and 3) natural hazard risk perception. This research 

defines them as:  

1. Natural hazard awareness – recognition of the magnitude or extent of a hazard and 

its physical impact on natural, built and social environments (as defined in section 

1.2).  

2. Natural hazard risk awareness – recognition of the potentiality or likelihood of 

occurrence for a certain magnitude natural hazard and the consequences of its 

impact on exposed and vulnerable populations, environments, and built networks.   

3. Natural hazard risk perception – subjective perception of natural hazard risk 

influenced by factors including likelihood, past experience, background knowledge, 

severity, level of uncertainty, political and economic factors, etc (as defined in 

section 1.3.1). 

Natural hazard awareness is well developed in Aotearoa New Zealand as a result of a number 

of national and international natural hazard events and is represented through a breadth of 

literature (Blake et al., 2018; Dhellemmes et al., 2021; ICNZ, 2014; Johnston, 2018; Kool et 

al., 2020; LGNZ, 2014; Pinal & Coomer, 2019) and natural hazard risk perception (Becker et 

al., 2013; Doyle et al., 2011; Henrich, McClure, & Crozier, 2015; McClure et al., 2016; Vinnell, 

Milfont, & McClure, 2021). However, the research primarily focusses on natural hazards and 

their risk perception for community and household preparedness, with less research on 

natural hazard awareness within local government.  

The literature that does exist for natural hazard awareness in local government includes 

Saunders, Beban, and Coomer (2014), who state that 83% of councils promoted awareness 

of natural hazards for new planners; and Saunders, Beban, and Kilvington (2013), who 

called for planners to “know your hazard” as the first step in applying a risk-based approach 

for natural hazard risk reduction (Saunders, Beban, & Kilvington, 2013, p. 18). However, the 

literature on local government hazard awareness is practitioner focussed, leaving a gap in 

knowledge on decision maker, i.e. local politician, hazard awareness.  

The literature is scarce on risk awareness within local government. This could be because 

risk awareness is understandably included as an aspect of risk perception. However, the 
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literature on risk perception within local government is also scarce. Saunders and Beban 

(2012) stated that high-consequence, low-likelihood events (e.g. destructive tsunami) are 

difficult for practitioners and decision makers to manage, due to a lack of understanding 

and awareness of their consequences. Similarly, Crawford et al. (2019) found that while 

practitioners understood the impact of destructive tsunami hazard, the likelihood of 

destructive tsunami was so remote that its risk was hard for them to internalise. While 

Crawford et al. (2019) refer to how these risk perceptions could also impact on local 

politicians’ motivation to approve specific tsunami risk-based policy, no local politicians 

were interviewed as part of the research. Similarly, Lawrence et al. (2015) address the 

climate change risk perceptions of local politicians, stating that political willingness to act 

on climate change risk was perceived as “it isn’t a problem”, or at least “not in my term of 

office” (Lawrence et al., 2015, p. 313). However, these perceptions were reported by 

practitioners, not by the politicians themselves.  

In their research on communicating the uncertainties of natural hazards for decision 

making, Doyle et al. (2011) found that there was a need to identify the different ways in 

which local government practitioners understood and used uncertainty and probabilities, 

which may have been affected by their perceptions of the likelihood of the event. This 

research was extended by Doyle et al. (2014), who found that practitioners underestimated 

the chance of an event likelihood ‘today’ compared to ‘tomorrow’, due to interpretive bias 

which skewed their perceptions on the likelihood of occurrence. Similarly, White and 

Haughton (2017) refer to the ‘tyranny of the present’ for risk awareness, where governance 

arrangements are bound by policy makers’ biases towards developing policy based on what 

is certain and known about now compared to the future. White and Haughton (2017) and 

White and Lawrence (2020) acknowledge that there is need for growing scientific 

awareness on uncertainty of natural hazard risks over time and space, which needs to be 

matched by policy that can better recognise and cope with the dynamism, uncertainty, and 

ongoing change for natural hazard risk into the future.  

2.4.2.4 Solutions for limited risk understanding and awareness 

As introduced in section 1.3.1, the ISO 31000 risk management approach has been referred 

to in a breadth of literature focussed on structuring local government’s awareness, 

understanding, and management of natural hazard risks in Aotearoa New Zealand. The 

literature includes coastal hazard and climate change (Bell et al., 2017); civil defence 

emergency management (UNDRR, 2020; UNISDR, 2017); a risk-based approach under the 



56 
 

RMA (Beban & Saunders, 2013; Saunders & Beban, 2013; Saunders, Beban, & Kilvington, 

2013; Tonkin & Taylor, 2016b), natural hazard risk communication (Auckland Council, 

2014), and the use of the ‘RiskScape’ risk modelling software (Thomas et al., 2020).  

While some parts of local government have successfully applied the ISO 31000 approach to 

planning for natural hazards, for example, the engagement on risk thresholds as part of Bay 

of Plenty Regional Council’s Regional Policy Statement (Kilvington & Saunders, 2015, 2019), 

adoption of a consistent risk management approach in local government remains scarce. 

The status report on disaster risk reduction in New Zealand (UNDRR, 2020) highlights that, 

despite central government support of the ISO 31000 approach, many local authorities use 

a range of risk assessment approaches depending on their capacities, resources, and risk 

perceptions. The status report goes on to highlight the expected publication of risk 

assessment guidance for CDEM Groups to improve how risk is managed (UNDRR, 2020). 

While ISO 31000 risk assessment guidance has been provided within guidelines for CDEM 

Group planning (MCDEM, 2018), the provision of specific risk assessment guidance, 

expected to be published by the National Emergency Management Agency (NEMA) in early 

2020, has yet to emerge.     

Another avenue for increasing risk awareness and influencing perceptions is through the 

use of risk modelling as a natural hazard risk communication tool. The use of risk modelling 

for communicating natural hazard risk to increase awareness for decision making and 

action is a focus of this research. The benefits of risk modelling were introduced in section 

1.6 and the use of the RiskScape risk modelling tool is presented in section 2.6. Further 

research for how RiskScape is applied and valued within local government is presented in 

Chapters 5, 6 and 7.   

2.4.3 Lack of funding, capacity, and capability  

2.4.3.1 Funding 

In the Ministry of Civil Defence and Emergency Management progress report on Aotearoa 

New Zealand’s implementation of the Hyogo Framework for Action, Hamilton (2013) 

recognised that, despite New Zealand’s exposure and vulnerability to natural hazard risks, 

the country’s relatively small economy limited the total available investment in hazard and 

disaster research and management. Hamilton (2013) went on to state that “competing 

priorities within tighter economic conditions can create challenges for public and 

stakeholder groups in recognising a return on investment from [natural hazard] risk 
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reduction programmes. These challenges not only concern the direct costs of programmes, 

but also perceived lost opportunity due to restrictions on development within high hazard 

risk prone areas” (Hamilton, 2013, p. 12).  

As such, funding for natural hazard risk management is a contentious subject; natural 

hazard risk management is an integral aspect of sustainable social and environmental 

wellbeing of communities as per section 10(1)(b) of the Local Government Act (New 

Zealand Government, 2002), while at the same time potentially limiting the economic 

wellbeing of communities, which is called for under the same section of the Act (New 

Zealand Government, 2002). This is reflected in the National Disaster Resilience Strategy 

(MCDEM, 2019), which states that perceptions of risk reduction for limiting economic 

development and business growth are a barrier to resilience. Similarly, ‘New Directions for 

Resource Management in New Zealand’ (MfE, 2020) states that planning for climate change 

and natural hazards often limits what people can do with their land and impacts property 

values. While this might not fully explain the lack of central government support for natural 

hazard risk management in local government, funding from central government has been 

focussed on emergency response (Faafoi, 2019; UNDRR, 2020) rather than being aimed at 

reducing natural hazard risks and adapting to climate change (MfE, 2020).  

Without dedicated central government support, funding for natural hazard risk 

management has been the responsibility of local government. Local government budget 

allocations for natural hazard risk management are determined by a property-based rating 

system. If a region has a low population, they are less able to provide funding through 

rates, and there is less budget available for natural hazard risk management, regardless of 

the size of the region or its exposure to natural hazard risk. Funding for natural hazard risk 

management is pulled from a finite pool, where budget allocation can be limited due to 

other local government imperatives taking precedence over natural hazard risk 

management because other functions (e.g., three waters management) are perceived as 

more urgent or important, or more politically acceptable (Lawrence & Manning, 2012; 

Manning et al., 2015; Crawford et al., 2019). Furthermore, the increased frequency and 

severity of natural hazard events, driven by climate change, has added to pressures on how 

local government can fund natural hazard risk management. This was recognised by The 

New Zealand Productivity Commission (2019) that councils are struggling to deal with some 

big pressures including climate change, where they recommended changes in funding and 

financing. In its recent review of the Resource Management Act, the Ministry for the 
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Environment (MfE, 2020) identified that funding to cover the scale of response required for 

natural hazard risk management and climate change was ultimately likely to be beyond the 

means of local authorities.  

‘New Directions for Resource Management in New Zealand’ (MfE, 2020) states that the 

success of the new resource management system depends critically on the capacity and 

capability of all those involved in it, and that failure to provide sufficient resources to build 

capability has been one of the more important reasons for past failures. As such, provision 

of funding is closely linked with developing capacity and capability for natural hazard risk 

management. However, a legacy of insufficient funding within local government has 

resulted in limited capacity and capability.  

2.4.3.2 Capacity and capability 

Glavovic, Saunders, & Becker (2010) found that targeted and systematic training was 

required to develop local government capacity and capability for natural hazard risk 

management across a number of different activities: 

1. For land-use planners to improve their understanding about the nature of hazards, 

and to ensure that hazards are ‘mainstreamed’ into their daily work. 

2. For emergency managers to develop a better understanding about the role of land- 

use planning in reducing hazard risks. 

3. For local politicians to develop hazard awareness and understanding given their 

critical decision-making responsibilities. 

4. For planners, emergency managers, developers, and other professionals to work 

together more effectively. 

5. For local government practitioners and disaster scholars to improve their dialogue 

on natural hazard risk. 

6. For local government practitioners to build natural hazard awareness for citizens 

and community leaders. 

Sinclair et al. (2012) stated that the ad hoc approach to emergency management training 

and evaluation provided no guarantee that emergency response capability was being 

increased. LGNZ (2014) noted that many smaller territorial authorities resource the 

emergency management function at well below one full-time-equivalent (FTE), which limits 

its capability to reduce risk, and that there was limited human and intellectual risk 
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management capability. Saunders, Beban, and Coomer’s (2014) survey of council capability 

and capacity for managing natural hazards through land-use planning found, rather 

concernedly, that only 47% of respondents with natural hazard responsibilities had 

undertaken training in natural hazards. They found that without qualified natural hazard 

advice there is potential for incorrect decisions regarding natural hazards and their 

associated risk. Manning et al. (2015) stated that there was limited funding for local 

government risk assessment and reduction, and there was little climate change expertise 

and capacity. Basher (2016) highlighted that local government had limited capacity to 

generate funds for natural hazard risk reduction and had limited access to technical 

expertise. Crawford (2018b, Chapter 5) proposed that due to stretched resources, there has 

not been the drive or capacity for land-use planners to learn different approaches for 

natural hazard risk management. MCDEM (2019) noted gaps in emergency response 

capability and capacity, predominantly around the capacity of response organisations and 

the powers of those authorities to act. 

Limited funding, capacity, and capability has also impacted on local government’s use of 

risk modelling for understanding and communicating natural hazard risk. Crawford et al. 

(2018b, Chapter 5) identified a lack of practitioner understanding of the capability and 

value of risk models, especially within land-use planning. Crawford et al. (2019, Chapter 6) 

found that, in general, local government did not have spare capacity to develop in-house 

capability for natural hazard risk modelling. Similarly, EQC (2019) noted that skilled 

resources are lacking in natural hazards science modelling, and some models and modelling 

capability are not optimised. 

2.4.4  (Un)availability of quality data and information 

Data and information on natural hazards has traditionally been gathered by local 

government as part of their duties, under section 35 of the RMA (New Zealand 

Government, 1991), to gather information, monitor, and keep records of natural hazards to 

the extent that the local authority considers appropriate for the effective discharge of its 

functions (s 35(5)(j)). In addition, the monitoring of natural hazards is deemed important 

for ensuring accurate information is used as the basis for decision making (Saunders et al., 

2015).  
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2.4.4.1 Unavailability of data 

Generally, the natural hazard information that has been collected has been peer reviewed, 

robust, and included appropriate recommendations (Saunders, Beban & Coomer, 2014). 

However, it has been widely agreed that there is insufficient monitoring and collection of 

data and information on environmental pressures (MfE, 2020). Furthermore, Harrison et al. 

(2021) suggested conflicting priorities and a lack of motivation or interest in data creation 

and data maintenance was a barrier for how well natural hazard risk data is collected and 

used.  

Over time, the literature has commonly referred to the unavailability of quality natural 

hazard data and information as a challenge for local government natural hazard 

management. Lawrence and Manning (2012) highlighted general fragmentation and 

unnecessary inconsistencies in climate change data. Their later research supports this, 

where they referred to limited data quality, the complex forms it can take (Manning et al., 

2015), and variable data quality within and across local government regions (Lawrence et 

al., 2015). Bremer and Glavovic (2013) stated that a reason for this was that most local 

government regions do not have the capacity to monitor a large number of natural hazard 

indicators. They go on to state that the scientific data that could supplement local 

government information was poorly disseminated, was often in an unusable form, had 

been lost through poor information management, or was held by private organisations and 

research institutes. Saunders, Beban, and Coomer (2014) identified lack of information on 

the extent and risk presented by the various natural hazards in a council’s jurisdiction, the 

prohibitive cost of obtaining natural hazard risk information, and limited information 

quality and reliability, particularly for low-probability, high-consequence natural hazards 

(such as destructive tsunami). Doyle, Paton, and Johnston (2015) noted the lack of 

networking across the scientific community (in this case, volcanologists), which limited the 

use of scientific data for local government emergency management.  

MWH (2016) referred to the high variability in the nature, comprehensiveness, and 

consistency of information on different natural hazards held by councils. Similarly, Tonkin 

and Taylor (2016) stated that the level of detail and how information is presented, including 

maps, as highly variable around the country and across different types of hazards. They also 

note the prohibitive costs associated with obtaining information and also in maintaining it. 

Bell et al. (2017) highlighted that limited data was a barrier for accurately calculating the 

frequency and magnitude of rare events (such as climate change or destructive tsunami) for 
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local government land-use planning. Crawford et al. (2018a, Chapter 4) noted that 

unavailability of data, and the expense of developing it, as barriers for local government use 

of risk modelling. Crawford et al. (2018b, Chapter 5) added to this when they found that 

risk data for natural hazard modelling was not widely available for emergency 

management, with challenges for emergency management to generate their own data. 

Furthermore, Crawford et al. (2019, Chapter 6) highlight the scarcity of data in a usable 

format and quality for local government natural hazard risk modelling. MCDEM (2019) 

stated that availability of information was crucial at the local level to enable local 

governments and communities to identify and prioritise the use of resources for emergency 

management. However, they go on to state that challenges remain in increasing the 

availability of information and assessments to the people and planners across all levels of 

government.  

Despite general awareness on the unavailability of natural hazard data and information, the 

UN status report on disaster risk reduction in New Zealand (UNDRR 2020) highlighted that 

information on disaster risk reduction was still difficult to track down in government 

documents and policies, with minimal cross-referencing between agencies. Most recently, 

Harrison et al. (2021) noted that the personal interests of key staff within an organisation 

appear to either inhibit or enable data collection and creation, and that “it just depends on 

who’s here and who’s leading the team” (Harrison et al., 2021, p. 17).  

Considering these findings there is a need to improve how natural hazard data and 

information is collected, maintained, governed, and used. This has been recognised in the 

Sendai Framework for Disaster Risk Reduction (UNISDR, 2015b), with one of its targets 

being to “[s]ubstantially increase the availability of and access to … disaster risk information 

and assessments to the people by 2030” (UNISDR, 2015b, p. 12). This target is reflected in 

Aotearoa New Zealand’s National Disaster Resilience Strategy (MCDEM, 2019), where one 

of its objectives is to “[i]mprove the information and intelligence system that supports 

decision-making in emergencies to enable informed, timely, and consistent decisions by 

stakeholders and the public (MCDEM, 2019, p. 30).  

MCDEM’s (2019) objective echoes recommendations made in the literature over time. 

Manning et al. (2015) recommended the use of consistent methodologies for collecting 

natural hazard data, decision-relevant local information, and frequent updates that reflect 

changing climate risk. Saunders et al. (2015) recognised the need for an enhanced and 

more integrated approach to making natural hazards information available, which would 
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help overcome existing issues with information quality and dissemination, as well as 

information for decision making. Crawford et al. (2018a, 2018b) recommended that local 

government capacity and capability is built for collecting, managing, and using natural 

hazard risk data so that it is open, shared, usable, and used. UNDRR (2020) recognised that 

easily accessible disaster information could lead to more comprehensive, detailed, and 

tangible risk and vulnerability assessments at the regional and local level. However, they go 

on to state that this would require increased capacity and capability (technical and human 

resources) for implementation. Harrison et al. (2021) recommended that support and buy-

in from decision makers and upper management was needed to influence priorities and 

increase motivation for data collection. 

2.4.4.2 Solutions for improving availability of quality data and information 

Common amongst recommendations for improving the availability of natural hazard data 

and information has been for a centralised natural hazard information system (Basher, 

2016; Glavovic, Saunders, & Becker, 2010; Hamilton, 2013; ICNZ, 2014; Lawrence & 

Manning, 2012; Lee, 2010; LGNZ, 2014; MfE, 2020; UNDRR, 2020). A centralised system 

could combine various existing platforms and databases to harmonise and synergise 

available information in terms of loss data and to support decision making, prioritisation, 

and funding needs projection (UNDRR, 2020). The information system would be comprised 

of high-quality data (ICNZ, 2014). This would improve efficiency and ensure consistency and 

fairness in application of natural hazard risk management activities around the country 

(Lawrence & Manning, 2012; MfE, 2020) and stakeholders would benefit from a 

comprehensive natural hazards information database bringing together existing 

information to aid decision making (LGNZ, 2014). While a national loss and impact database 

is being coordinated by the National Emergency Management Agency (NEMA), resource 

pressures have meant that development of the database has been slow (Harrison et al., 

2021). 

2.4.5 The disconnect of the science-policy-practice interface 

The science-policy-practice interface is defined as the “social processes and relations 

between scientific experts, policy makers, and other actors in the domain of policy making 

which allow for exchanges, co-evolution, and joint construction of knowledge with the aim 

of enriching decision-making” (Albris, Lauta, & Raju, 2020, p. 3). However, this interface is 

fraught with challenges, where the processes, interactions, and roles at the interfaces 
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between science, policy, and practice can be complex, fuzzy, and inappropriate, with 

scientific knowledge being misused or rejected (van der Hove, 2007; Wyborn et al., 2017).   

2.4.5.1 Challenges for the science-policy-practice interface 

The challenges that can act to disconnect the science-policy-practice interface for natural 

hazard risk management include: 

• Lack of trust – Interaction between stakeholders, at different timeframes and often in 

autonomy, without mutually understood and developed tools leads to uneven power 

relationships, non-contextual, outsider influenced processes and lack of trust in 

scientific knowledge (Gaillard & Mercer, 2012). This can also lead to the politicisation 

of scientific knowledge and a tendency from some community members to oppose 

the perceived authority of the science (Albris, Lauta, & Raju, 2020). 

• Absence of space for dialogue – Low priority accorded to DRR by those most at risk 

due to other pressing concerns, the limited time, resources, and space afforded DRR 

by local actors, and ‘participation fatigue’ or competition from other key issues which 

local actors face (Gaillard & Mercer, 2012). 

• Intangibility of culturally specific knowledge – Strategies which are applicable to DRR 

may not be identified as such by community members, as they are embedded within 

community life and therefore not tangible to outside stakeholders. Cultural and 

language difficulties compound these problems of access and present difficulties in 

attempts to integrate the two knowledge types (Kelman et al., 2011; Gaillard & 

Mercer, 2012). 

• Lack of scientific skill – Traditional hazard assessments are no longer adequate for 

accounting for more complex social and economic vulnerabilities. Scientists need to 

broaden their skill-base and approaches for providing information that is appropriate 

for DRR policy (Albris, Lauta, & Raju, 2020). Correspondingly, there is a lack of 

capability outside of the scientific disciplines for deciphering scientific knowledge 

(Gaillard & Mercer, 2012) and there is a need for ‘mediators of science’ or 

‘knowledge brokers’ to act as translators between science and policy (Albris, Lauta, & 

Raju, 2020; Gluckman, 2013; Meyer, 2010). 

• Difficulties in communicating science – Not only is scientific terminology difficult to 

interpret for non-scientists (Albris, Lauta, & Raju, 2020), but so are the visualisations, 

i.e. maps (Gaillard & Mercer, 2012). When applied to natural hazard risk 
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management, there is a difference in understanding of technical, jargon-filled risk 

terminology that underpins disaster risk assessments, which makes it difficult to 

communicate risk-informed scientific knowledge not only to policy makers but also 

other scientists (Kelman, 2018). Furthermore, personal perceptions of risk also 

influence how scientific risk information is received (Doyle & Paton, 2017; Crawford 

et al, 2019), which can result in policy makers adopting strategies based on idiomatic, 

conceptual understandings (Albris, Lauta, & Raju, 2020).  

• Institutional differences – Common visions for the science-policy-practice interface 

are rare at the national and local levels (Albris, Lauta, & Raju, 2020). There are a lack 

of platforms, arenas, and opportunities to enable dialogue between scientists, policy 

makers and community stakeholders (Albris, Lauta, & Raju, 2020; Gaillard & Mercer, 

2012), which can be further limited by the specific intent for which scientific 

knowledge is being sought by policy makers and the limitations of static policy-

making frameworks. 

While there is an abundance of research on natural hazard risk management in Aotearoa 

New Zealand, turning that theory into practical action is challenging (Bremer & Glavovic, 

2012; Glavovic, Saunders, & Becker, 2010; Lawrence & Manning, 2012; MCDEM, 2019). 

Kilvington and Saunders (2016) reveal six likely problem areas on the role of science in local 

government policy making in Aotearoa New Zealand: 

1. Information dissemination and management practices 

2. Institutional capacity 

3. Mutual misunderstanding and incompatibility 

4. Timely, targeted information 

5. Science and values in decision making, and  

6. Clarity on where to target improvements. 

Each of these problem areas is expanded upon below:  

1. Information dissemination and management practices – The scientific data and 

information that does exist is poorly disseminated, often unusable, has been lost, 

or is restricted by private organisations and research institutes (Bremer & Glavovic, 

2013). There is a lack of awareness that scientific material exists, as well as difficulty 

and prohibitive costs associated with gaining access to it (Kilvington & Saunders 
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2013). There are inconsistent mechanisms for storage, retrieval, and raising 

awareness of the existence of information, and practitioners are often reliant on 

the memories of staff (Kilvington & Saunders, 2013). 

2. Institutional capacity – There is not always the capability within government to seek 

out scientific information and appropriately translate it to a policy question 

(Gluckman, 2013). At the local government level, there is a lack of scientific skill to 

undertake research, or to interact with the science for it to be interpreted for local 

scale and context (Kilvington & Saunders, 2013). Lack of local government scientific 

skill results in a heavy reliance on commissioning work. In Saunders et al.’s (2014) 

survey of capacity and capability of councils for natural hazards management across 

New Zealand, it was found that 49% of councils outsource their natural hazards 

advice, itself contingent on the scientific skill of those outsourced organisations. 

Inhouse resource competition also reduced local government capacity for natural 

hazards science in practice, where topics of high contention and public interest 

(such as freshwater management) were likely to take precedence (Kilvington & 

Saunders, 2016).  

3. Mutual misunderstanding and incompatibility – For scientists and researchers, this 

has been described as “naïve[ity] in assuming that policy follows directly from 

evidence” (Gluckman, 2013, p. 4). Correspondingly, local government policy makers 

can find the nonlinear and alternating evolution and revolution processes, by which 

science knowledge is developed, to be frustratingly protracted (Kilvington & 

Saunders, 2016). Doubt attached to scientific information is not well regarded by 

policy makers, who want incontestable evidence for robust decision making 

(Kilvington & Saunders, 2016; Lawrence & Manning, 2012). As such, it is important 

for scientists to effectively communicate the levels of scientific uncertainty to non-

scientists (Doyle et al., 2019; MFE, 2016). The relevance of scientific research to the 

needs of stakeholders is a significant component of environmental research 

programmes (Thompson et al., 2015). However, the processes for enabling the 

science-policy-practice interface in Aotearoa New Zealand remain largely informal 

(Barton et al., 2020; Woods et al., 2017). If this process is not made clear amongst 

policy makers and scientists from the outset, there is a risk that the resulting 

scientific data and information is not appropriate for decision making.  

4. Timely, targeted information – Kilvington and Saunders (2016) state that the 

guidance for producing scientific information is set at a national level and not 
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specific to regions or districts, which creates challenges for policy makers to 

develop provisions at a local level. Furthermore, different timescales between 

research programmes and policy frameworks make it difficult to ensure natural 

hazard risk management provisions are updated to reflect the latest research 

findings. Land-use planning timelines are notoriously pressured (Kilvington & 

Saunders, 2016), and the capacity of policy makers to ensure that current and 

relevant science is used is highly variable across local government. Consequently, 

inappropriate scientific information can be used to develop policy, which is locked 

in for the duration of the policy document.  

5. Science and values in decision making – While scientists perceive their scientific 

knowledge and information as having a neutral value, in practice it competes with 

the social norms and values of the communities in which it impacts (Doyle, Paton & 

Johnston, 2018; Linnerooth-Bayer et al., 2016). Consequently, the use of science to 

support policy making and resultant practice in local government is potentially 

subject to contestation, “taking the form of doubt in the findings, interpretations, 

and occasionally even the research process or researcher themselves” (Kilvington & 

Saunders, 2016, p. 10). Scientific information can be ‘politicised’, where its value is 

accepted only if it adds legitimacy to the visions already held by decision makers. 

Correspondently, scientific advice is derived from the collective values held by the 

research community, which may advocate for certain precautions or decisions to be 

made regardless of the interests or ‘visions’ of the society that it impacts. As such, 

Kilvington and Saunders (2016) call for further research in how values are 

acknowledged across the science-policy-practice interface, thereby enabling any 

contest to be focussed on the values rather than the validity of research.  

6. Clarity on where to target improvements – Actions taken by research institutions 

can be made in isolation meaning that significant players in the system may be 

overlooked (Kilvington & Saunders, 2016). The importance of knowledge brokers 

for enabling this is acknowledged (Gluckman, 2013); however, in practice 

individuals or groups that perform this role are not always recognised. 

Furthermore, approaches for exchanging knowledge across the science-policy-

practice interface in Aotearoa New Zealand are ad hoc (Thompson et al., 2017; 

Barton et al., 2020). More systemic approaches are needed that aren’t solely driven 

by research programmes and institutions, that improve societal understanding and 
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reflection of the theory, methods, and experience used to connect scientific 

knowledge with policy and practice (Kilvington & Saunders, 2016). 

2.4.5.2 Solution for the disconnect across the science-policy-practice interface 

A solution for communicating natural hazard risk across the science-policy-practice 

interface is through using collaborative, participatory approaches. Participatory approaches 

are fundamentally a collective, self-reflective inquiry including researchers and participants, 

“so they can understand and improve upon the practices in which they participate and the 

situations in which they find themselves” (Rogers et al., 2016, p. 77). It offers a democratic 

model of who is able to produce, own and use knowledge across all stages of the research 

process and encourages face-to face discussion, pooling of skills, and working together 

(Whitman et al., 2015). It enhances mutual awareness of compatibilities in participants’ 

interests and skills and builds trust between participants to facilitate communication and 

effective knowledge transfer (Rogers, 2016).  

Collaborative, participatory approaches have been used to explore risk communication 

(Gurabardhi, Gutteling, & Kuttschreuter, 2005; Bidwell, 2009), for natural hazard risk 

management (Evers et al., 2016; Scolobig & Pelling, 2016), and for spanning the science-

policy-practice interface (Karl, Susskind, & Wallace, 2007; Scolobig & Pelling, 2016; Spruijt et 

al., 2014). Furthermore, they have increasingly been used to span the science-policy-

practice interface for local government in Aotearoa New Zealand (Barton et al., 2020, 

Bremer & Glavovic, 2012; Thompson et al., 2017; Vallance, 2015). In Bremer and Glavovic’s 

(2012) exploration of the science-policy-practice interface for coastal management in 

Aotearoa New Zealand, they found that increased use of participatory approaches 

reflected: 

• an increasing experience and maturity relative to the coastal management regime 

and the restrictions of the statutory decision-making process, leading to more 

creativity beyond core functions;  

• an emphasis on co-management in some regions;  

• recognition of the impediments to mobilising science; and  

• an increasing tendency to base decisions in a fuller understanding, that extends to 

evidence from other knowledge systems (Bremer & Glavovic, 2012, p. 116). 
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However, the practice of participatory collaboration in spanning the science-policy-practice 

interface is not a ‘silver-bullet’ for informing high quality research and relevant, effective 

outcomes. In many cases the practice of participation in environmental research and policy 

making is shallow, where participatory approaches focus “simply on including relevant 

stakeholders or having an underlying agenda of building trust in science or policy-making” 

(Whitman et al., 2015, p. 622). This was earlier identified by Bremer and Glavovic (2012), 

who noted that at that time participatory initiatives were not normal practice in Aotearoa 

New Zealand local government, with most consultation with the wider community still 

limited to the statutory minimum.  

Furthermore, Gaillard and Mercer (2012) stated that local government institutions and 

scientists are reluctant to seriously consider both the participatory approaches themselves 

and the knowledge they produce for improving policies. This is because participatory 

approaches are not primarily geared towards producing quantitative data which are of 

primary importance for government decision makers and scientists (Gaillard & Mercer, 

2012). This is reflected by Barton et al. (2020), where they stated that balanced, co-

designed participatory approaches between scientists and policy makers would better 

enable the co-creation of knowledge for interdisciplinary disaster risk management in 

Aotearoa New Zealand. However, they went on to state that this approach was a 

substantial departure from the precedent set by the science-to-policy-to-practice 

collaborative style that had developed in the preceding five years.  

As such, there is a gap in research for how participatory approaches can be formally applied 

to span the science-policy-practice interface with local government, especially for how the 

uncertain and often qualitative knowledge can be accepted and valued by policy and 

decision makers. These challenges are acknowledged in Chapter 7 of this thesis, which 

focuses on how a formalised structure could improve collaboration across the science-

policy-practice interface for local government in Aotearoa New Zealand. 

2.4.6 The complexity of challenges 

The challenges listed above for natural hazard risk management are interconnected, 

creating a complex system where challenges are impacted upon by other challenges, 

creating feedback cycles with no end point, which impede their effective resolution 

(Ladyman & Wiesner, 2013; Siri et al., 2016; Young, 2017). For example, funding for natural 

hazard risk management in Aotearoa New Zealand is limited by the country’s relatively 
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small economy and by perceptions of natural hazard risk reduction for limiting economic 

development and business growth. Lack of funding then limits the development of 

guidance and mandate for natural hazard risk management and the capacity and capability 

of local government to apply that guidance, gather data, use scientific approaches, and 

develop local-level policy. Lack of capacity and capability in local government then limits 

how policy makers and other practitioners work with each other and with scientists in 

spanning the science-policy-practice interface to develop risk awareness, understanding, 

and knowledge. Finally, limited risk awareness, understanding, and knowledge cycles back 

to impact on decision makers’ perceptions of the natural hazard risk and their motivations 

to fund and develop capacity and capability for natural hazard risk management. Figure 2.2 

shows how these challenges are inter-connected and cycle back to impact on other 

challenges.  

Figure 2-3: A cycle of the interconnected challenges for local government natural hazard risk management 

The complex relationship between natural hazards, sustainability, and society has been 

recognised across a breadth of literature. This includes the increased frequency and 

interaction of natural hazards causing cascading and complex disasters (Cutter, 2018; 

Hariri-Ardebili, 2020; Pourghasemi et al., 2020), the complexities of economic, cultural and 

political linkages with the natural environment and social vulnerability (Cutter & Finch, 

2008; Dwyer et al., 2004; Kaniasty, 2020), complexities in communicating and governing 

risk (Eiser et al., 2012; Johansen & Rausand, 2014; Khan et al., 2017; Renn, 2008; Renn, 

Klinke, & Schweizer, 2018; Slovic, 2001; WSS Fellows on RIA, 2014) and institutional 
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complexity in developing natural hazard policy (Bolognesi & Nahrath, 2021; Kita, 2017; 

Spruijt et al., 2014; Subroto, 2012; Young, 2017; van der Hove, 2007; Wyborn et al., 2017).  

The complexities of natural hazards themselves, natural hazard data, communicating 

natural hazard risks, natural hazard policy, natural hazard response, and the impact of 

natural hazards on society are widely acknowledged as a challenge for decision making, 

policy development, and community engagement for natural hazard risk management in 

Aotearoa New Zealand (Blake et al., 2018, Crawford et al., 2019; Doyle, Paton, & Johnston, 

2015; Fraser, Leonard, & Johnston, 2013; Kwok et al., 2016; Jolly et al., 2014; LGNZ, 2014; 

Kilvington & Saunders, 2016; Lawrence, 2016; Manning et al., 2015; MfE, 2020; Power, 

2013; Saunders & Becker, 2014; Thomas et al., 2020; White & Haughton, 2017). However, 

the literature is scarce for viewing these complexities as a whole, and how their inherent 

challenges can be holistically overcome.    

2.4.6.1 Solution for managing the complexity of natural hazard risk management 

challenges 

An approach for holistically viewing the complex systems of challenges for local 

government natural hazard risk management in Aotearoa New Zealand is through the use 

of systems thinking. Systems thinking is a way for people to understand systems where 

traditional, siloed, reductionist approaches for dealing with complexity have failed to 

produce apparent or effective solutions (Aronson, 1996; Siri et al., 2016). Its fundamental 

feature is that it takes a holistic view of a system while identifying the interrelated, non-

linear properties and behaviours that are internal and external to the system (Jaradat, 

Keating, & Bradley, 2017; Lee & Green, 2015). The benefits from using a systems-thinking 

approach are that the dynamics of a complex system can be mapped out using cyclic 

feedback loops. Cyclic feedback loops, for example, the cycle of the interconnected 

challenges for local government natural hazard risk management shown in Figure 2-2, 

enable people to compare and share mental models for the connections and feedback 

relations between seemingly isolated agents within a system (Haraldsson, 2004; Toole, 

2005), as well as identify intervention points, which can then be used to change the 

system’s overall dynamic (BeLue et al., 2012). 

Application of systems thinking is a novel approach for better understanding the complex 

systems of challenges for natural hazard risk management in local government. Initial 

research into this, and the science-policy-practice interface as an intervention point, is 

presented as a manuscript awaiting publication in Chapter 7. 
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2.5 Tsunami risk management in Aotearoa New Zealand 

Within this context of challenges for the effective local government governance and 

management of natural hazards in Aotearoa New Zealand sits tsunami risk management. 

The National Hazardscape Report (DPMC, 2007) states that Aotearoa New Zealand’s 

tsunami risk is comparable to, or larger than its earthquake risk. It highlights that the area 

of greatest hazard from any tsunami source, combining local and distant-source hazard 

information, is the east coast of the North Island. The report goes on to acknowledge that 

despite growing recognition of the potential effectiveness of tsunami risk reduction, there 

has been little progress in implementing risk reduction measures in Aotearoa New Zealand 

because of the infrequency of damaging tsunamis and because of its low density of 

population exposed to tsunamis.  

Actions to understand and reduce tsunami hazard and risk in Aotearoa New Zealand grew 

after the Indian Ocean Tsunami in 2004 and were further driven by the Samoa Earthquake 

and Tsunami in 2009 and the Tohoku Earthquake and Tsunami in 2011. The increase in the 

production of tsunami hazard and risk research included:  

• a review of tsunami risk knowledge (Power, 2008; Power, 2013; Horspool, 2015; 

Gill, 2015; Webb, 2005);  

• a review and development of tsunami warnings and alerts (Johnston et al., 2008; 

MCDEM, 2008a; MCDEM, 2010);  

• investigations of community awareness, perceptions, and preparedness for tsunami 

risk (Couling, 2014; Dhellemmes, Leonard, & Johnston, 2016; Fraser et al., 2016; 

Gill, 2015);  

• tsunami response behaviour and evacuation (Fraser et al., 2012; Fraser et al., 2013; 

Fraser et al., 2016; Johnston et al., 2016; Leonard et al., 2008; MCDEM, 2008b); 

• the use of risk modelling for clearer understanding and communication of tsunami 

risk (Fraser et al., 2013; Horspool et al., 2015; King, 2015; King & Bell, 2009; 

Pondard & Daly, 2011; Power et al., 2008; Power, 2013; Schmidt et al., 2011); and 

• guidance on incorporating tsunami modelling into land-use planning (Saunders et 

al., 2011; Saunders et al., 2015). 

In 2016, the magnitude Mw 7.8 Kaikōura earthquake occurred in Aotearoa New Zealand 

generating a tsunami with wave oscillations measuring between 1.2 metres below and 2.45 
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metres above mean water level. A maximum run-up height of 5.5–6.9 metres was recorded 

at Goose Bay, 20 kilometres southwest of Kaikoura, with tsunami inundation beyond the 

high tide mark reaching some 250 metres up the Oaro River and 170 metres in Goose Bay 

(Power et al., 2017). While this was a moderate event with minimal property damage and 

no casualties, the experience of the tsunami in Aotearoa New Zealand further drove 

scientific efforts to understand and manage tsunami hazard risk. This included:  

• tsunami hazard modelling (Crowell, Melgar, & Geng, 2018; Lemoine et al., 2018; 

Power et al., 2018; Williams et al., 2019; Williams et al., 2020);  

• tsunami vulnerability and impact modelling (Downes et al., 2017; King et al., 2018; 

Paulik, Craig, & Popovich, 2020; Scheele et al., 2020; Williams et al., 2021);  

• tsunami hazard awareness, perception, and preparedness in communities (Blake et 

al., 2018; Dhellemmes et al., 2021; Lane et al., 2020) including in Māori (Johnston, 

2018; Kaiser & Boersen, 2020);  

• tsunami risk communication (Bailey & Māhutonga, 2021); 

• evacuation from tsunamis (Blake et al., 2018; Payne, Becker & Kaiser, 2019; Tilley et 

al., 2020);  

• participatory tsunami risk science with iwi, hapu, and communities (Doyle et al., 

2020; Thomas, 2018); and  

• coordinated tsunami scientific response (Lane et al., 2020; Woods et al., 2017). 

The literature reviewed above represents a breadth of scientific knowledge on tsunami 

hazard, risk awareness, and response. Many of these articles include recommendations for 

central and local government to use this knowledge to develop tsunami risk reduction 

policy; however, a much smaller bracket of literature reviews how this knowledge is applied 

across the science-policy-practice interface for managing tsunami risk within local 

government.  

This smaller bracket of literature includes Webb’s (2005) review of Aotearoa New Zealand's 

preparedness for tsunami hazard, where he explained that while all tsunami risk can be 

managed through land-use planning arrangements, land-use planning was unlikely to 

provide effective mitigation for the entire risk. As such, management of tsunami risk has 

historically been perceived as best achieved through emergency management using a 

‘readiness and response’ approach of public education, warning, and evacuation measures 
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(Garside et al., 2009; Johnston et al., 2008; King, 2015; Leonard et al., 2007, 2008; MCDEM, 

2008a, 2008b, 2010; Saunders, Prasetya, & Leonard, 2011; Webb, 2005; Wright et al., 

2013). However, emergency management’s traditional tendency to focus on ‘response’ 

over ‘risk reduction’ has resulted in a lack of policy to proactively plan for tsunami and 

reduce future risks (Johnston et al., 2014).  

Given the focus on emergency management rather than land-use planning for tsunami risk 

management, Glavovic et al. (2010) found that at that time there were no land-use 

planning tools available for planners to deal with tsunami risk, despite tsunami being 

referenced to varying degrees in Regional Policy Statements and district plans. In response 

to this, guidance for land-use planners was developed on incorporating modelled tsunami 

inundation maps into land-use planning documents (Saunders et al., 2011).  

Further literature reviewing how emergency management, land-use planning, and building 

control was incorporated with tsunami risk management revealed a lack of, or unclear 

definitions of tsunami risk in the policy (Saunders & Beban, 2012); that tsunami modelling 

may not be set at a level adequate for land-use planning purposes (Saunders, Beban, & 

Coomer, 2014b); and a low identification of consequences and/or likelihood of tsunami risk 

within the Regional Policy Statements (RPSs) and district plans (Saunders, Beban, & 

Coomer, 2014a). Saunders, Beban, and Coomer (2014a) found that 43.8% of Regional Policy 

Statements and 82.6% of district plans contained no description of either the consequences 

and/or the likelihood of tsunami. This is consistent with later research on destructive 

tsunami policy in Aotearoa New Zealand local government (Crawford et al., 2019, Chapter 

6), which found that of the 58 central and local policy documents analysed across the 

Wellington, Hawke’s Bay, and Gisborne Regions, only three contain specific tsunami risk-

based policy. 

The paucity of tsunami risk policy in Aotearoa New Zealand reflects international literature 

that due to perceptions of their infrequency, tsunamis do not present significant risk 

compared to other natural hazards (Bryant, 2014) and that tsunami risk management 

policies and actions need to garner political support in order to be implemented (Kuriyama 

et al., 2020). As stated in section 1.6, the risk needs to be clearly communicated in a way 

that influences decision makers to enable preparatory action. One option for 

communicating tsunami risk to influence the development of tsunami risk management 

policy in Aotearoa New Zealand is through the use of the risk modelling software called 

‘RiskScape’. 
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2.6 The use of RiskScape in Aotearoa New Zealand local government 

RiskScape was first introduced to local government in Aotearoa New Zealand in 2006, 

having received funding in 2004, through collaboration between National Institute of Water 

and Atmospheric Research Ltd (NIWA) and the Institute of Geological and Nuclear Sciences 

(GNS). It was introduced as a national multi-hazard impact model that presents relative 

risks and community exposure to five natural hazards – flood (river), earthquake, volcano 

(ash), tsunami, and windstorm (King & Bell, 2006). At that time, it was a prototype still 

under development, which aimed to provide hazard exposure information into the likely 

impacts for a region, for example, damage and replacement costs, casualties, economic 

losses, disruption, and number of people affected. This hazard exposure information was 

intended to be presented in a way that was usable and aided decision making for non-

technical end users within local government, such as emergency managers and land-use 

planners (King & Bell, 2006; Reese, Bell & King, 2007).  

The difference between RiskScape and other hazard exposure models at that time was that 

RiskScape proposed a modular, integrated, multi-risk assessment framework, which was 

capable of deriving risks for different hazards and asset bases and deliver useful tools to 

compare various hazards impacting on an asset base (or one hazard impacting on multiple 

asset bases) (Schmidt et al., 2011). Figure 2-3 presents how the RiskScape model combined 

asset data (buildings, infrastructure, etc.) and hazard models (defining the hazard model to 

be used), with fragility functions to produce a range of economic and social consequences. 

However, the system was only capable of modelling and comparing multiple independent 

risk scenarios; it was not able to model compounding or cascading hazards, based on 

interaction between multiple hazards and assets in a risk scenario (Schmidt et al., 2011). 
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Figure 2-4: The RiskScape Model Framework. (RiskScape, n.d.) https://riskscape.niwa.co.nz/how-it-
works 08/06/16 

 

The RiskScape model was trialled in three geographically disparate pilot regions –  

Christchurch, Hawke’s Bay, and Westport, each exposed to a different mix of natural 

hazards (Stirling & King, 2010). At that time, Stirling and King (2010) proposed that phase 

two in the development of RiskScape would include more hazards (e.g. landslides, storm 

surges, pyroclastic flows and lahars, and climate change effects) and would advance the 

software into providing probabilistic-based solutions. 

Trialling and development of RiskScape over the following years included implementation 

in volcanic risk assessment (Deligne et al., 2013; Deligne & Wilson, 2015; Kaye, 2008); 

application for seismic performance of transportation networks, electric power systems, 

potable water systems, and other infrastructure (Giovinazzi & King, 2009; Ragued et al., 

2014); earthquake vulnerability assessments for different building types (Giovinazzi et al., 

2018; Uma et al., 2008, 2011; Walsh 2014); social vulnerability indicators (Kwok, 2016), and 

tsunami hazard and impact assessment (Williams at al., 2018, 2020; Williams et al., 2021). 

While the literature listed above highlights considerable effort in developing hazard models 

and fragility functions, less was known about how RiskScape was received by its intended 

end users within local government. Due to a recognised slow uptake in the use of RiskScape 

in the emergency management sector, Crowley and Crawford (2016) sought to better 

understand the needs of the New Zealand Civil Defence Emergency Management (CDEM) 

sector within local government for risk modelling and how RiskScape could be developed to 

https://riskscape.niwa.co.nz/how-it-works
https://riskscape.niwa.co.nz/how-it-works
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better suit those needs. They found that unavailability of usable data limited how CDEM 

could use RiskScape, and that further development was needed for RiskScape to provide 

real-time impacts and consequences, specifically for tackling infrastructure assets, service 

repair time, wellbeing, as well as multi-hazard scenarios. Among other things the report 

recommended targeted engagement and training with specific user groups to grow 

understanding and use of RiskScape.  

Following on from this research, Crawford et al. (2018a) and Crawford et al. (2018b) 

reviewed how risk modelling (RiskScape) was applied within local government in Aotearoa 

New Zealand, with their findings set out in Chapters 4 and 5 of this thesis. Both Crawford et 

al. (2018a) and Crawford et al. (2018b) recommended that: 1) greater clarity and mandate 

was needed for how natural hazard risk management was achieved to enable better 

collaboration, knowledge sharing, and data development across the different local 

government natural hazard risk management functions, and 2) that greater capacity and 

capability was enabled for co-developing, collecting, managing and using natural hazard risk 

data for use in risk modelling. 

In 2017 RiskScape underwent an external review, finding that the modelling software was 

challenged by the old architecture of the system, which impacted on RiskScape’s usability 

and adding complexity to updating the software for future releases (Thomas et al., 2020). A 

programme of work was instigated to redevelop RiskScape’s core engine with a focus on 

workflow functionality, optimisation, performance enhancement, and an improved user 

interface. The result will be ‘RiskScape 2.0’, as presented in Figure 2-9, which builds on 

previous RiskScape versions to enable greater uptake with end users.  
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Figure 2-5: RiskScape version 2.0. Source: Natural hazards 2018 (Pinal & Coomer, 2019).GUI stands for graphical 

user interface and RiAct stands for Real-Time Asset Capture Tool, a tool which provides and receives asset data 

to/from RiskScape  

As part of the programme of work to develop ‘RiskScape 2.0’, an online survey was carried 

out and workshops were run with natural hazard risk management practitioners and 

researchers in local government, and with other parts of the public and private sectors to 

seek feedback on user needs. It found that only 10% of survey respondents had used 

RiskScape (Thomas et al., 2020), with most respondents instead preferring to use 

Geographical Information Systems (GIS) or Microsoft Excel to assess risk. Consistent with 

the findings from Crawford et al. (2018a) and Crawford et al. (2018b), the majority of 

respondents (69%) reported that they would need further access to data before they could 

operate RiskScape, with local government respondents calling for more national datasets 

and data standards for natural hazard risk assessment. Consistent with Crawford et al.’s 

(2018) findings was local government respondents calling for greater risk literacy in local 

government, including in those making decisions (Thomas et al., 2020).  

Despite RiskScape working since 2006 to present hazard exposure information in a way that 

was usable and aided decision making for non-technical end users within local government, 
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the literature reveals that there are a number of current challenges for RiskScape to be 

useful, usable, and used (or desirable) for policy making within local government (Aitsi-

Selmi, Blanchard, & Murray, 2016). Tools that are ‘useful, usable and used’ are defined by 

EQC (2019) as: 

Useful: tools that can identify and fill data gaps to build knowledge. 

Usable: tools that can translate and transform data to create meaning and new insights. 

Used: tools that influence uptake and implementation within local government.  

Thomas et al. (2020) presented an extensive list for what local government practitioners 

still wanted from the RiskScape software. This included for RiskScape to:  

• be robust, credible, and easy to use, with minimal training required; 

• incorporate the user’s own data, as well as access a data pool with vulnerability 

models; 

• produce outputs that are in formats that can easily be imported into spreadsheet 

software (Excel) as well as GIS software; 

• be transparent, including how probabilities are calculated and impact the result, and 

have a clear display of limitations, assumptions, and uncertainty; 

• have varied user interfaces for emergency management and/or land-use planning; 

• generate immediate assessments based on real-time data and to forecast impact; 

• provide more models (e.g. population movement, climate change, cascading and 

secondary hazards, slow-onset hazards, social vulnerability, volcanos, complex 

hazards, infrastructure outage);  

• quantify resilience based on risk, impact, consequence, and loss. 

While there is a desire from local government practitioners to use RiskScape as a tool to 

better understand and communicate natural hazard risks, almost twenty years later 

RiskScape is still not widely used to aid decision making for non-technical end users within 

local government as originally intended by King and Bell (2006). This is partly because of 

developmental problems with the RiskScape software. However, the larger part is due to 

the challenges for natural hazard risk governance, as detailed in section 2.4, creating an 

environment where it difficult for RiskScape to be applied. As stated in section 2.4.6, 

further research on Aotearoa New Zealand’s system of challenges for natural hazard risk 
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governance is needed to better understand how these challenges can be overcome to 

enable effective application of tools, such as RiskScape.  

2.7 Key research areas and questions  

The literature reviewed sets out the governance framework and challenges for local 

government management of natural hazard risks in Aotearoa New Zealand. It highlights 

that there is need to better understand how natural hazard risk (especially tsunami risk) is 

understood and perceived, which builds on previous research for how risk information can 

be communicated to more effectively enable the development and application risk-based 

policy and procedure. Three key areas for research are identified: 

1. The use of RiskScape, a risk modelling tool for communicating natural hazard risk, 

where the end-user experience for risk modelling is not well understood and is 

scarcely covered in the literature.   

2. Perceptions of, and motivation to, manage destructive tsunami risk. While it is 

Aotearoa New Zealand’s most significant natural hazard risk, local government 

policies and procedures to manage tsunami risk are scarce and not well defined.  

3. Governance for natural hazard risk management. The policy environment for 

natural hazard risk management in Aotearoa New Zealand local government is 

beset with challenges impacting on how risk management is applied. The 

interrelationship of these challenges is complex, and gaps in understanding remain 

for how these challenges can be overcome.  

To address these areas, the research questions are: 

• How is natural hazard risk modelled information perceived and acted upon by 

local government? 

• How is risk modelling informed by natural hazard management? 

• How are natural hazard management policies and procedures informed by risk 

modelling? 

• What are the risk communication barriers and enablers that limit or contribute to 

efficacy for natural hazard risk management in local government? 
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• What link do these limiting (or contributing) factors have with natural hazard 

management policy and procedures, and how can those policies and procedures 

be developed to enhance enablers and overcome barriers? 

Consequently, this research attempts to improve our understanding for how initiatives, 

such as the RiskScape risk modelling tool, can be used to span the science-policy-practice 

interface for more effective governance and management of natural hazard risk, specifically 

tsunami risk, within local government in Aotearoa New Zealand. Chapter 3 (Research 

philosophy and methods) discusses how the research was designed and carried out. 
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3 Research philosophy and methods  

3.1 Overview of this chapter 

Chapter 2 reviewed the literature, considered how natural hazard risks are governed and 

managed in Aotearoa New Zealand and identified areas for further study, which are 

addressed in this research. This chapter presents the philosophical framework for 

undertaking the research, methods for how the research was conducted, ethical 

considerations, and the study area in which the research took place.  

3.2 Philosophical framework 

When looking at how to do research, there is need to appreciate a much more profound 

question – why research? The answer to this question is based on the researcher’s 

assumptions concerning the interrelated concepts of ontology, epistemology, and human 

nature (Holden & Lynch, 2004). Ontology and epistemology are both important elements of 

the philosophy of knowledge. They often overlap and there is sometimes confusion over 

what their difference is (Bryman, 2008; Creswell, 2007; Patton, 2015). However, there is a 

clear distinction:  

• Ontology is about our assumptions about how the world is made up, the nature 

and relationship of things, and what is fundamentally ‘real’.  

• Epistemology is about our beliefs on how one might discover knowledge about the 

world, and the way we give meaning to and know things.  

As such, the epistemology is framed by the ontology. The ontology involves the philosophy 

of reality and what fundamentally is real. The epistemology addresses our relationship with 

that reality, what counts as knowledge, and how we come to know it (Krauss, 2005).  

Further to the ontology and epistemology is the methodology. Methodology is “an 

articulated, theoretically informed approach to the production of data” (Ellen, 1984, p. 9). It 

informs how data is produced and how that data is studied, and consists of a strategy, plan 

of action, process, or design that informs one’s choice of research methods (Rehman & 

Alharthi, 2016).   

When combined, the ontology, epistemology, and methodology determine the ‘research 

paradigm’. The research paradigm is “a philosophical and theoretical framework of a 
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scientific school or discipline within which theories, laws, and generalisations and the 

experiments performed in support of them are formulated” (Merriam-Webster's Learner's 

Dictionary, 2016). Choosing a research paradigm is a very personal aspect of the research 

context. It reinforces the researchers’ reasons for the question – why research? as well as 

providing value around where the research takes them (Bryman, 2008; Creswell, 2007; 

Patton, 2015).  

Research paradigms are classified and defined in a range of ways across, and within, 

disciplines (Patton, 2015). Common research paradigms include: 

• Positivist – Knowledge is discovered and verified through direct observations or 

measurements of phenomena, and facts are established by taking apart a 

phenomenon to examine its component parts (Krauss, 2005). It makes claims of 

knowledge based on precision, objectivity, standardisation, deductive reasoning, 

and replicability (Kaushik & Walsh, 2019). Positivists separate themselves from the 

world they study, while researchers within other paradigms acknowledge that they 

have to participate in real world life to some extent so as to better understand and 

express its emergent properties and features (Healy & Perry, 2000). 

• Pragmatist – Knowledge is established based on an objective reality that exists 

apart from human experience. However, this reality is grounded in the 

environment and can only be encountered through human experience (Morgan, 

2014). If the positivist and constructivist research paradigms were located on a 

continuum, they would be located at its two opposite ends, where the pragmatist 

research paradigm bridges the gap between them (Kaushik & Walsh, 2019).  

• Constructivist – Knowledge is established through the meanings attached to the 

phenomena studied; researchers interact with the subjects of study to obtain data; 

inquiry changes both researcher and subject; and knowledge is context and time 

dependent (Krauss, 2005). Constructivist research is shaped from the bottom up, 

through individual perspectives to broad patterns, to gain broad understandings 

(Creswell & Clark 2017). It differs from positivism by disputing that the world 

cannot be known directly, “but rather by the construction imposed on it by the 

mind” (Young & Collin, 2004, p. 375). 

Given that perceptions and understandings of natural hazard risk are constructed in the 

mind and given meaning through social interaction, this research has adopted the 
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constructivist paradigm over other paradigms including the positivist or pragmatist 

paradigms, as further outlined below. 

3.2.1 The constructivist paradigm 

Sections 1.3 and 1.4 acknowledge how perceptions and understandings of natural hazard 

risk are subjective to people, communities, and organisations based on framing, likelihood, 

past experience, warning fatigue, and political and economic factors. These perceptions 

and understandings incorporate considerations such as uncertainty, doubt, dread, 

catastrophic potential, controllability, equity, and risk to future generations. As such, 

perceptions and understandings of natural hazard risk are constructed in the mind (Young 

& Collin, 2004). Furthermore, meaning for risk can only be built through social interaction 

with other people’s perceptions and understanding of contingency and loss (Burgess, 2015; 

Oliver-Smith et al., 2017). 

This research has adopted the constructivist paradigm over other paradigms because the 

meaning behind risk perceptions can only be derived through human experience, requiring 

interaction between the researcher and the participants being studied (Krauss, 2005). As 

such, the positivist paradigm’s approach to research, where positivists separate themselves 

from the world they study, has not been deemed as suitable for this research. Furthermore, 

perceptions of risk are subjective as opposed to objective. As such, the pragmatist 

paradigm’s approach to reality, where knowledge is established based on an objective 

reality, has also not been deemed as suitable for this research.  

Within the constructivist paradigm, ‘constructivism’ has been chosen as the ontology for 

the research and ‘social constructionism’ as the epistemology. There has been some 

confusion over the ambiguity between these terms, where both social constructionism and 

constructivism have been bundled under the term constructivism (Young & Collin, 2004). 

This is reflected by the mix of conflicting definitions for the two albeit very similar 

philosophies, defined as: 

• Constructivism – People construct their own understanding and knowledge of the 

world, through experiencing things and reflecting on those experiences.  

• Social constructionism – Understanding is constructed jointly (rather than 

individually) forming shared assumptions about reality. Human beings give meaning 



84 
 

to their experience by creating models of the social world and share and realise 

these models through language (Young & Collin, 2004). 

Creswell (2007) uses a term that is a mix between the two – social constructivism, which is 

used in this research, explained as: 

… subjective meanings are negotiated socially and historically. In other 

words, they are not imprinted on individuals but are formed through 

interaction with others (hence the social constructivism) and through 

historical and cultural norms that operate in individuals’ lives. Rather than 

starting with a theory (as in post-positivism), inquirers generate or 

inductively develop a theory or pattern of meaning (Creswell, 2007, p. 20–

21).  

3.3 Consideration of methods 

Because different paradigms rest on different assumptions about the nature of the world, 

they require different methods to find or generate the type of data desired (Ochieng, 

2009). The different methods used for producing and studying data are quantitative, mixed 

methods, and qualitative.  

Quantitative research methods are empirical in nature (Ochieng, 2009). They are 

confirmatory and expressed numerically, where validity of research is derived through 

clear, replicable, structured processes and the testing of predetermined hypotheses 

(Goertzen, 2017; Patton, 2015). Quantitative methods most commonly support the 

deductive reasoning based within the positivist paradigm (Kaushik & Walsh, 2019).    

Mixed methods research does not privilege ontology or epistemology over the methods 

that are most appropriate to address the research question (Kaushik & Walsh, 2019). As 

such, they employ both quantitative and qualitative methods which enable the researcher 

to test hypotheses as well as generate data (Goldkuhl, 2012; Morgan, 2014). This results in 

mixed methods being most commonly used within the pragmatist paradigm, which is 

typically associated with abductive reasoning that moves back and forth between 

deduction and induction (Kaushik & Walsh, 2019). 

Qualitative research methods examine the ‘why’ and ‘how’ of decision making (Patton, 

2015) seeking information about the values, interests, behaviours, and opinions of groups 
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in society and to explain behaviour (Smith & Smith, 2018). Creswell (2007) lists the 

characteristics of qualitative research methods where:  

1. data is collected at the source via interviews, focus groups, or case studies; 

2. the researcher is the key instrument – collecting the data in person; 

3. there are multiple sources of data – interviews, observations, and documents; 

4. understanding/theory is built inductively – from the bottom up, through interactive 

collaboration and development of themes; 

5. research is focussed on learning the meanings that participants hold about an issue, 

not the theories that research hold over the issue; 

6. the research process is emergent and can change from initial plans as the research 

progresses; and 

7. the research is a form of inquiry where researchers develop a complex picture of 

the problem or issue under study from multiple perspectives. “The research is not 

bound by tight cause and effect relationship but rather by identifying the complex 

interactions of factors in any situation” (Creswell, 2007, p. 38–39). 

As such, qualitative methods are typically associated with the constructivist paradigm 

(Kaushik & Walsh, 2019) and have been deemed as appropriate to generate data and learn 

meanings from participants’ perceptions and understanding of natural hazard risk.  

The research paradigm and qualitative methods used in this research are set out as 

research design in Table 3-1, which also sets out the sampling strategy, data collection, and 

analysis methods. These will be further explained in the following sections. 
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Table 3-1: Research Design Framework 

 Type: Descriptions: My reasons / defence: 

Epistemology: Social Constructionism Our understanding of the world is 'constructed' rather than existing 

'objectively'. We build our internal models in a pseudo-shared way in 

response to our perceptions of perceived constructs we receive from 

others. Constructivism can thus be seen as a social process whereby 

constructs (and hence 'reality') emerge from ongoing conversations and 

interactions.  

Risk is an intangible, flexible construct where its meaning can only be 

built through social interaction with other people’s perceptions and 

understanding of contingency and loss. 

Methodology Qualitative  Exploratory: used to gain an understanding of underlying reasons, 
opinions, and motivations, to uncover trends in thought and opinions, 
and dive deeper into a problem. 

• Fits with my epistemology and personal values. 

• The research questions best suit a qualitative method. 

• Understandable, teachable, and usable for a participatory approach. 

Sampling Strategy: Purposive Sampling – 

homogenous sampling 

Selection of similar cases to study the characteristics they have in 

common. 

The project specifically focuses on natural hazard risk management 

within local government, so sampling is purposefully directed towards a 

small group of practitioners and decision makers in that field. 

Data Collection 

Methods: 

Focus Groups – multi-category 

design 

Different groups with the same focus. The project will work with different groups in CDEM, land-use planning, 

building control, engineering and policy development all focussing on 

natural hazard risk management. 

Interviews – semi-structured Open interview style that follows a loose interview guide. Allows new, 

tangential ideas to be brought up during the interview as a result of 

open-ended interview questions. 

• Supports qualitative enquiry. 

• Encourages participants to communicate how they think, feel, and 
understand (perceive). 

Document Analysis – public 

records 

The official, ongoing records of an organisation’s activities.  Local government measures for natural hazard risk management are 

recorded in public records: national legislation, annual plan and strategy 

documents, Long Term Plans (LTP), National/Regional/Coastal Policy 

Statements, Resource Management Plans, CDEM Plans, by-laws.   

Analysis: Inductive – Constant 

comparative analysis 

Thematic 

Data is compared to all other pieces of data that are either similar or 

different looking at what the data different and/or similar to other pieces 

of data. 

Supports the social constructivism approach, where knowledge and 

understanding emerge from the collaborative process. 
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3.3.1 Qualitative methods 

There are a variety of methods of data collection in qualitative research, where the most 

common are document analysis, observations, semi-structured interviews, and focus groups 

(Russell & Gregory, 2003; Shenton, 2004).  

This research employs three of the four qualitative methods referred to above, set across three 

phases, to collaborate with local government natural hazard practitioners and corroborate 

results. Phase 1 uses a focus group research method, Phase 2 uses a semi-structured interview 

research method, and Phase 3 uses a document analysis research method. Each of these 

methods is further explained in sections 3.3.1.1 to 3.3.1.3.  

The three different phases along with their respective data sources and qualitative research 

methods have been used because they triangulate the research. Triangulation, within 

qualitative research, refers to the use of multiple methods or data sources to develop a 

comprehensive understanding of phenomena (Carter et al., 2014; Patton, 2015). It 

corroborates the findings from other methods (Bowen, 2009; Carter et al., 2014) and enables 

saturation of data (Fusch & Ness, 2015; Patton, 2015), when there is enough information to 

replicate the study and when further coding is no longer feasible.  

The mixing of qualitative methods allows for different perspectives that may otherwise be 

overlooked (Morse, 2009). For example, data captured from focus groups produce multiple 

stories and diverse experiences (Brown, 1999), whereas data captured from qualitative 

interviews stimulate discussion on different and more sensitive topics than focus groups 

(Powell & Single, 1996; Kaplowitz, 2001). Carter et al. (2014) added that use of multiple 

qualitative methods allows for participants to be involved in the study who were unable to 

participate when other methods were used (i.e. in a previous phase of research), and to 

‘member check’, “a procedure largely associated with qualitative research whereby the 

researcher submits material relevant to an investigation for checking by the people who were 

the source of those materials” (Lewis-Beck et al., 2003, p. 663). This ensures that the data 

gathered, and assumptions derived, from previous use of other methods was relevant.  
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Table 3-2 gives an overview of each phase, the objective, the qualitative research technique 

used, and the reason for employing that technique, which are further explained in the 

following sections. 

Phase: Objective: Research 

method: 

Reason for use: 

Phase 1: 

RiskScape 

CDEM Focus 

Groups 

Research on how risk information 

is shared across councils and how 

risk is modelling tools, such as 

RiskScape, can be used for Civil 

Defence Emergency Management 

(CDEM) decision-making and risk 

assessment. 

Focus 

groups 

Interactive group setting where 

participants are free to talk with 

other group members producing data 

and insights that would be less 

accessible without the interaction.  

 

Phase 2: 
Follow-up 

interviews 

• Renewing the relationship 
between me and the 
participants. 

• Reviewing previous research 
results. 

• Introducing tsunami inundation 
risk modelling as the specific 
focus. 

• Exploring views on natural 
hazard risk management policy 
and procedure.  

Interviews The use of an individual approach to 

member check how risk modelling 

informs natural hazard risk 

management policy and procedure 

and how natural hazard risk 

management policy and procedure 

inform risk modelling. 

Phase 3: 

Planning and 

policy analysis 

Analysis of national legislation and 

council policies and procedures 
with a specific focus on tsunami 

risk management. 

Document 

analysis 

A review of the literature which 

triangulates with findings from the 

previous phases about where the 

researcher and participants think the 

barriers and enablers are for the 

communication, perception, and 

efficacy for natural hazard risk 

management in their council. 

Table 3-2: Overview of research phases 

3.3.1.1 Focus groups (Phase 1) 

A focus group is a type of qualitative research in which a group of people are asked about their 

perceptions, opinions, beliefs, and attitudes towards something in an interactive group setting 

where participants are free to talk with other group members (Patton, 2015). It stimulates the 

identification and sharing of various perspectives on the same topic (Morgan, 2014). 

Participants can hear each other’s responses and provide additional comments that they might 
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not have made individually (Carter et al., 2014), and it “produces data and insights that would 

be less accessible without the interaction found in the group” (Flick, 2006, p. 197). 

One to ten focus groups sessions are generally sufficient for most studies depending on the 

nature and complexity of the research, with each session lasting between 90–120 minutes 

(Powell & Single, 1996) and consisting of between six and ten participants (Patton, 2015). The 

facilitator of focus group sessions ideally shares the participants’ characteristics and 

background (Powell & Single, 1996; Dilshad & Latif, 2013). Facilitation should be relaxed and 

non-judgemental and achieved via a non-prescriptive, semi-structured interview schedule. The 

semi-structured interview schedule is based on pre-prepared focus areas, which enable 

researchers to clarify a topic or explore participants' answers in greater detail (Powell & Single, 

1996). 

Focus groups are a relatively easy and inexpensive method to gain access to information on 

interactions in a given group (Busetto, Wick, & Gumbinger, 2020) and tend to be less costly in 

time than other qualitative methods, especially semi-structured interviews (Carter et al., 2014). 

However, the time and effort required to analyse the focus group data may ultimately negate 

any time savings (Mansell et al., 2004). Further disadvantages of focus groups include limited 

control over the process, where some participants may vocalise their perspectives more than 

others. Power dynamics between group members also need to be carefully managed to ensure 

all perspectives are equally acknowledged. Aligned with this is the emergence of ‘groupthink’, a 

common disadvantage of focus groups (Chuka-Maduji, 2021), where people set aside their own 

personal beliefs to adopt the opinion of the rest of the group. As such, focus group sessions 

require experienced facilitation (Busetto, Wick, & Gumbinger, 2020); however, experienced 

facilitators may not be involved or available.  

Section 3.5.1 sets out how the focus group research method was applied, including how 

disadvantages were managed. Limitations for this method are also discussed in section 3.7.  

3.3.1.2 Semi-structured interviews (Phase 2) 

Qualitative interviews are “a conversation with a purpose” (Smith & Smith, 2018, p. 72) and are 

one of the most powerful tools for gaining an understanding of human beings and exploring 

topics in depth (Fontana & Frey, 2000). The defining characteristic of qualitative interviews is 
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the use of questions to understand the thoughts, feelings, beliefs, and behaviour of people 

(Grant, Rohr, & Grant, 2012). Edwards and Holland (2013) add that the negotiation of the 

participants in the interview situation – the researcher and the researched – is what creates 

knowledge and understanding of social life. 

Types of qualitative interviews range from being structured and controlled, increasing in 

flexibility towards being unstructured and fluid. The primary difference between them is the 

amount of control the researcher has over how the interview progresses and how interview 

aims are met (Stuckey, 2013). The different types of qualitative interview are summarised 

below: 

• Structured interviews follow a predetermined set of questions with a limited number of 

response categories, for example, a survey (Sarantakos, 2005). Questions are asked 

verbatim, and researchers do not deviate from that format (Mueller & Segal, 2014). 

They allow for larger numbers of participants to be studied, with answers recorded 

according to a to a pre-set coding scheme (Stuckey, 2013).  

• Semi-structured interviews set an outline for the topics covered and employs open-

ended questions to cover them. The researcher has more latitude to follow up on the 

participants’ responses (Mueller & Segal, 2014), which determines the way in which the 

interview is directed. This requires the researcher to be knowledgeable about the topic 

being covered, whereas structured interviews can be completed by interviewers not 

familiar with the research (Mueller & Segal, 2014). 

• Unstructured interviews have no pre-set parameters for the topic being researched and 

depth of conversation. It is more of a free-flowing conversation where the researcher is 

responsible for determining the specific questions that are needed to successfully cover 

the topic (Mueller & Segal, 2014). As with semi-structured interviews, the researcher is 

required to be knowledgeable about the of the topic being covered. The lack of 

structure in unstructured interviews, compared to semi-structured interviews, can 

potentially result in the researcher not gathering all the information needed to meet 

the research aims.   

This research has adopted the semi-structured interview because the number of participants in 

the local government areas being researched are not large (twenty-three participants) and 
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therefore doesn’t require structured interviews. Furthermore, the aim of the research is to    

co-create knowledge and understanding of participants’ thoughts, feelings, and perceptions of 

natural hazard risk, which requires latitude in interview questioning that is more suited to semi-

structured or unstructured interviews. However, semi-structured interviews were adopted over 

unstructured interviews to reduce the risk that relevant information was not gathered. 

Edwards and Holland (2013, p. 3) defined the common features of semi-structured qualitative 

interviews as: 

• The interactional exchange of dialogue between two or more participants, in face-to-

face or other contexts. 

• A thematic, topic-centred, biographical or narrative approach where the researcher has 

topics, themes, or issues they wish to cover, but with a fluid and flexible structure. 

• A perspective regarding knowledge as situated and contextual, requiring the researcher 

to ensure that relevant contexts are brought into focus so that the situated knowledge 

can be produced. Meanings and understandings are created in an interaction, which is 

effectively a co-production, involving the construction or reconstruction of knowledge. 

Potential disadvantages of semi-structured interviews are that nuance is lost due to inability to 

have in-person conversations (Kakilla, 2021), instead using technology to hold interviews (e.g. 

Skype or Zoom), which is pertinent in this time of the Covid-19 pandemic. Further 

disadvantages are language barriers resulting in questions being lost in translation and limited 

ability to probe answers (Kakilla, 2021), limited participant understanding or inadequate 

response to the topic (Kakilla, 2021), inability of the researcher to build rapport with the 

participants or actively listen to the participants’ responses and engage in the interview 

(Mueller & Segal, 2014; Kakilla, 2021), time pressures that limit the availability of participants 

(Kakilla, 2021), and the costs in time and effort to gather and analyse the data (Carter et al., 

2014).  

Section 3.5.2 sets out how the semi-structured interview research method was applied, 

including how disadvantages were managed. Limitations for this method are also discussed in 

section 3.7. 
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3.3.1.3 Document analysis (Phase 3) 

Document analysis is a systematic procedure for reviewing or evaluating documents. When 

used qualitatively, this method requires data be examined and interpreted in order to elicit 

meaning, gain understanding, and develop empirical knowledge (Bowen, 2009). Approaches for 

the analysis of documents appear in a variety of forms, with the most common being document 

study, content analysis, and text analysis (Sarantakos, 2005). Each of these methods is 

summarised below: 

• Document study is a basic method which focusses on description, identification of 

trends, frequencies, and interrelationships, producing summaries of factual 

information (Sarantakos, 2005).  

• Content analysis is a more sophisticated analysis focusing on manifest or latent 

content within documents, which allows for conclusions to be made on meanings that 

are beyond the text and the language (Sarantakos, 2005). It compresses text across 

whole documents into a few content categories based on criteria or rules of coding 

(Stemler, 2000). 

• Text analysis approaches text as a ‘virtual reality’, using methods such as semiotics, 

discourse analysis, and hermeneutics to provide in-depth analysis beyond the level 

that other methods can reach (Sarantakos, 2005). 

This phase employed the content analysis approach for analysing documents to gain an 

overview of patterns and meaning of tsunami risk management content within national 

legislation and local strategy and planning policy documents. This was done to corroborate the 

findings from the other qualitative methods used in this research. Indeed, document analysis is 

often used in combination with other qualitative research methods as a means of triangulation 

(Bowen, 2009).  

Document analysis is a is less time-consuming than other methods because it requires data 

selection, instead of data collection (Bowen, 2009; Sarantakos, 2005). Documents are often 

publicly available without need for permission and are free to access (Bowen, 2009, Davie & 

Wyatt, 2021). Documents are ‘unobtrusive’ and ‘non-reactive’ (Bowen, 2009) and therefore 

moderate reflexivity (i.e. the researcher’s contribution to the construction of meaning) 

inherent to in other qualitative research methods. Documents are also context and time 
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specific, providing details on knowledge and understanding for a time and place. Within the 

document analysis method, the content analysis approach allows for consideration of explicit 

and implicit discourses (Davie & Wyatt, 2021), where the researcher has some control over the 

scope of the content being analysed. It is systematic (Stemler, 2000), based on explicit rules of 

coding, and is able to be replicated (Sarantakos, 2005). 

Potential disadvantages of document analysis are that documents may be out of date or don’t 

contain the detail needed for the research aims (Bowen, 2009; Sarantakos, 2005). Documents 

may be unavailable, inaccessible, or missed from being gathered for analysis (Bowen, 2009; 

Davie & Wyatt, 2021; Sarantakos, 2005). Some documents gathered may be biased or not 

representative of their kind and therefore influence generalisations and/or the interpretation 

of meaning (Davie & Wyatt, 2021; Sarantakos, 2005). Within the document analysis method, 

Stemler (2000) identifies two fatal flaws for the content analysis approach – faulty definitions 

of categories and non-mutually exclusive and exhaustive categories. 

Section 3.5.3 sets out how the content analysis approach to the document analysis research 

method was applied, including how disadvantages were managed. Limitations for this method 

are also discussed in section 3.7. 

3.4 Ethics 

The ethical issues relating to this research pertain to the nature of harm that the research may 

cause for the participants involved, and their ability to consent to providing information. These 

ethical issues were assessed with reference to the Massey University ‘Code of Ethical Conduct 

for Research, Teaching and Evaluations involving Human Participants’ (Massey University, 

2017) and were discussed with colleagues and supervisors.   

Discussions with colleagues and supervisors primarily focussed on whether the research was 

ethically ‘high risk’ or ‘low risk’. High-risk ethics relates to research undertaken with 

participants whose competence to exercise informed consent is in doubt (i.e. children or 

people with learning difficulties); participants who may not be socially able to exercise 

unfettered informed consent (i.e. prisoners, asylum seekers or family members of the 

researcher); and participants whose circumstances may unduly influence their decisions to 

consent (i.e. people who anticipate personal benefits from participation). Given that this 
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research did not engage these types of participants, and because the nature of the harm was 

minimal and no more than was normally encountered in daily life (Massey University, n.d.), it 

was agreed amongst colleagues and supervisors that the ethical issues relating to this research 

were ‘low risk’. 

Low-risk ethics was then sought and approved by the Massey University Ethics Committee to 

cover Phase 1 and Phase 2 of this research (see Appendices A and B). No ethics approval was 

required for Phase 3 of the research as document analysis is an ‘unobtrusive measure’ (Davie & 

Wyatt, 2021). Information sheets were developed for Phases 1 and 2 of the research, 

containing all the information that potential participants needed to make an informed decision 

about whether or not they wished to consent to participate in the research (Appendices C and 

D). I emailed these to potential participants prior to the focus group sessions and interviews, at 

the same time as I sent calendar invites to book participants’ time. The information sheets 

were written in the form of a customised letter of invitation using language suitable for 

participants, avoiding unnecessary specialist terminology. They were set out in accordance with 

the standard format for Massey University information sheets and included the following sub-

sections: (i) the researcher’s personal introduction; (ii) a description of the project and an 

invitation to participate in the research; (iii) details of participant identification and 

recruitment; (iv) a concise description of each of the research procedures and the overall time 

commitment; (v) an explanation of how data will be gathered, stored, used, and disposed of; 

(vi) a list of participants’ rights; (vii) researcher and supervisor contact details; and (viii) 

compulsory statement(s). 

At the time of the meetings, I provided consent forms for participants to fill in before the focus 

groups or semi-structured interviews had started. A consent form is the equivalent of a legal 

document that has been signed by the participants agreeing to participate in the research as 

described in the information sheet. This was an important legal protection for me and for 

Massey University, as well as for participants. The consent forms for Phases 1 and 2 have been 

safely kept by me for the duration of this research and are available on request.  
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3.5 Application of qualitative methods in this research 

Phases 1, 2 and 3 of this research were applied between November 2015 and August 2018, 

between 6 ½ and 4 years ago. It is acknowledged within the constructivist paradigm that the 

thoughts and opinions on natural hazard risk, as well as development of natural hazard policy, 

is based on human experience, which will have developed in the intervening years. Intervening 

events, such as the Whakaari / White Island eruption in 2019 and the Covid-19 pandemic 

beginning in 2020, will have influenced risk perceptions and impacted on actions within local 

government. Policy development, especially in the climate change space, has also occurred. As 

such, the findings from application of Phases 1, 2 and 3 between 2015 and 2018 may not be 

representative of findings, using the same methods, from research applied now.  

3.5.1 Focus groups (Phase 1) 

This phase of my research collaborated with researchers from GNS Science and NIWA, where 

the data was collected jointly for a report prepared by the National Institute of Water and 

Atmospheric Research (NIWA) (Crowley & Crawford, 2016) and to inform this research. The 

research team included me, Doctor Sally Potter from GNS Science, and Doctor Kate Crowley 

from NIWA.  

Focus groups were run with five local authorities across Aotearoa New Zealand to gather data 

for how risk modelling tools, such as RiskScape, can be used for Civil Defence Emergency 

Management (CDEM) decision-making and risk assessment. While the sessions focussed on 

CDEM, emergency management is a holistic role that works with other parts of the council to 

manage natural hazard risk. As such, participants in other council roles (e.g. land-use planners, 

engineers, GIS technicians, building controllers) were also encouraged to contribute. 

Potential participants were recruited through a ‘homogenous sampling’ strategy. This strategy 

it is a type of qualitative sampling that brings together people of similar backgrounds and 

experiences to participate in a focus group, identifying common issues, characteristics, and 

circumstances (Patton, 2015). Homogenous sampling was adopted over other sampling 

methods (i.e. convenience sampling or quota sampling) because its specific focus on a certain 

group of participants eliminates variation (noise) associated with a wider participant sample 
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base and improves the accuracy and quality of the resultant data (Bornstein, Jager & Putnick, 

2013).   

Emails were sent to local government natural hazard risk management practitioners in 

management positions, who were contacted because of their ability to act as a ‘gate keeper’. A 

gate keeper is a person who is able to transfer information from the external environment to 

colleagues within their organisation, with a primary interest in personal use of the information 

gathered (Macdonald & Williams, 1993). The gate keepers were also already known to different 

members of the research team, were willing and able to be involved, and were capable of 

encouraging other people within their councils to participate. 

The five local authorities that participated in the focus group sessions are listed in Table 3-3:  

Council visited Date visited Participant 
numbers 

Bay of Plenty Regional Council 19/11/15 12 

Wellington Regional Emergency Management 
Office (representing the Wellington region 
and its districts) 

23/11/15 7 

Tasman District and Nelson City Council  17/03/16 5 

Hawke’s Bay Regional Council (and districts) 04/04/16 6 

Environment Canterbury (and districts) 23/05/16 15 

Table 3-3: Councils and participant numbers for focus group sessions 

Before the sessions started, participants were given an oral introduction on the purpose of the 

research, provided with further information sheets, reminded of their participant rights, and 

asked to sign a participant consent form as part of the ethics process.    

Initially, the focus groups were controlled via facilitator-led discussions around key questions 

interspersed with group activities; however, after two sessions it became apparent that this 

method of data collection was not conducive to encouraging free talk as this approach led the 

participants to focus more on delivering the activity rather than the discussion. The remaining 
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three sessions removed the activities and facilitated the sessions using a semi-structured 

question guide (as per Table 3-4), which encouraged participant-led discussion over broad 

themes. Sometimes open-ended questions were used to guide discussion for further clarity, or 

if the participants remained off-topic for too long.  

Scene setting:  

• Introduction to why we were there and the aims.  

• Highlight that RiskScape is more easily applied. 

Establish Context: 

• How does CDEM works in this region, and what roles and responsibilities participants 

have? 

Data and pathways: 

• How does this group links with other departments and the wider natural hazards 

management within the council? 

• How is hazard information communicated and decided upon across councils and within 

CDEM?  

• What information do you use? Where does it come from? Do you withhold your own 

information? 

Examples: 

• Encourage discussions around examples of risk decision making, or response? What 

went well in terms of information requirements? What information was missing or 

what are the information gaps? 

• How would you like to receive or share hazards information?  

• Select particular hazards to discuss – let the discussion flow naturally around CDEM 

needs and expectations. 

Thirty minutes before end of session (at least), wrap up discussion and present RiskScape tool 

version 1. Explain main features and outputs, explain a little about how these could be used. 

Ask what do they think? Could this be used by the CDEM Group? What for? What would they 

need? 

Table 3-4: Semi-structured question guide for focus group sessions 
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Each focus group session lasted up to two hours with data captured via notes taken during the 

focus group sessions and through dictaphone recordings. The transcriptions and notes were 

analysed to identify themes through thematic analysis. Thematic analysis is a common form of 

analysis in qualitative research and was chosen over other types of analysis (i.e. narrative or 

content analysis) because it emphasises pinpointing, examining, and recording patterns (or 

‘themes’) within data. Braun and Clarke (2006) recommend thematic analysis as it “provides a 

flexible and useful research tool, which can potentially provide a rich and detailed, yet complex 

account of data” (Braun & Clarke, 2006, p. 5). Themes were identified using an inductive, 

‘bottom up’ approach (Patton, 2015), where patterns of meaning were reflexively interpreted 

through the lens of the researcher (Braun & Clarke, 2006). Resultant themes were 

independently coded within two qualitative analysis software packages – NVivo was used by 

me and QDA Miner 4 Lite was used by Doctor Kate Crowley (being the qualitative analysis 

software available to her). Following the thematic analysis, the individually-identified codes 

were explicitly considered and discussed (Braun & Clarke, 2006) by Doctor Kate Crowley and 

myself and regrouped into mutually agreed themes during a one-day analysis workshop.  

Analysis of the data informed the development of the NIWA technical report – ‘Risk Tool and 

Data Needs: Civil Defence and Emergency Management in New Zealand’ (Crowley & Crawford, 

2016), the journal article – ‘Risk Modelling as a tool to support natural hazard risk management 

in New Zealand local government’ (Crawford et al., 2018a) in Chapter 4, and partly informed 

the conference proceedings – ‘End-user perceptions of natural hazard risk modelling across 

policy-making, land-use planning, and emergency management within New Zealand local 

government’ (Crawford et al., 2018b) in Chapter 5. 

3.5.2 Semi-structured interviews (Phase 2) 

Compared to Phase 1 where focus groups were run in five locations across the North and South 

Islands, this phase focussed on the specific study areas for this research: Wellington, Hawke’s 

Bay, and Gisborne (see the study areas in Chapter 3.6). Interviews were held individually with 

the same natural hazard risk management functions as identified in Phase 1 for the regions of 

Wellington and Hawke’s Bay, and with previously identified participants in Gisborne who were 

unable to attend the focus group session in Hawke’s Bay. Five local authorities participated in 

the semi-structured interviews as set out in Table 3-5  
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Council Visited Date visited Participant numbers 

Wellington Regional Council 
17th of May 2017 

16th of June 2017 
4 

Hawke’s Bay Regional Council 22nd – 23rd of September 2016  5 

Napier City Council 
22nd of September 2016  

26th of June 2017 
3 

Hastings District Council 27th of June 2017 3 

Gisborne District Council 
26th – 27th of September 2016 

28th – 29th of May 2017 
8 

Table 3-5: Councils and participant numbers for semi-structured interviews 

Emails were sent to the participants in the Wellington and Hawkes bay regions that 

participated in Phase 1, as well as new participants in Gisborne. The emails provided a brief 

introduction of the purpose and benefits of being part of the follow-up interviews, as well as an 

information sheet describing the interview purpose. Twenty-three participants were 

individually interviewed between September 2016 and June 2017, covering functions for 

strategic policy making, land-use consent planning, and emergency management, as well as 

other roles including environmental science, building control, asset management, engineering, 

and hazard modelling. Two series of interview sessions were held with practitioners in Hawke’s 

Bay and Gisborne regions to ensure participants were interviewed that were unavailable at the 

time of the previous interview series. 

The interviews lasted between 1–2 hours and were held in a private space. Before the sessions 

started participants were given a brief introduction on the purpose of the interview, provided 

with a further information sheet, reminded of their participant rights, and asked to sign a 

participant consent form. 

The purpose for each interview was: 

1. To renew the relationship and review my research – using a fluid and unstructured 

interview approach, I reintroduced myself and talked about how I thought the 

communication of risk for natural hazard management policy and procedure was an 
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important subject. Throughout this process I encouraged participants to relate to what 

I said and provide their own views and experiences. 

2. To review the report from Phase 1 and member check – where I referred to the NIWA 

report from Phase 1 (Crowley and Crawford, 2016) and checked whether it aligned with 

participants’ views and experiences. This procedure gave credibility to the research and 

also served to alleviate any anxieties I might have held in my capacity to understand 

the social context of the other participants.  

3. To introduce tsunami inundation risk modelling as the specific focus – in the first 

interview I attempted to use the RiskScape risk modelling tool to run an all-of-boundary 

earthquake and tsunami event originating from the Hikurangi Margin on my lap-top 

computer. However, while practice runs of the model had worked previously, the 

modelling run-time was too slow for the interview timeframe of 1 – 2 hours, potentially 

because of a poor guest Wi-Fi connection at the interview location. To avoid this issue 

in the following interviews, I described the intended capabilities of the RiskScape 

model and presented pre-prepared outputs of what the modelled scenario would be 

for the region where I was interviewing participants. I asked them what they thought 

and how they felt about this information. Following on from that, I asked participants 

what they thought the barriers and enablers were for the communication and 

perception of this risk, and how this influenced motivation to act on risk information.  

As with the focus group sessions, a semi-structured interview guide was developed to help 

steer the course of the interviews as set out in Table 3-6: 
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Table 3-6:  Semi-structured Interview Guide 

Data was captured through dictaphone recordings and then transcribed. Transcriptions were 

thematically analysed as it “provides a flexible and useful research tool, which can potentially 

provide a rich and detailed, yet complex account of data” (Braun & Clarke, 2006, p. 5). As with 

Phase 1, themes were identified using an inductive, ‘bottom up’ approach (Patton, 2015), 

where patterns of meaning were reflexively interpreted through the lens of the researcher 

(Braun and Clarke, 2006). The NVivo software package was used to assist with the analysis, 

categorisation, and organisation of the data into main themes with contributing sub-themes. 

Analysis of the data informed the development of the conference proceedings paper – ‘End-

user perceptions of natural hazard risk modelling across policy-making, land-use planning, and 

emergency management within New Zealand local government’ (Crawford et al., 2018b) in 

Thoughts, feelings, and experiences on how natural hazard risk management policy works in that 

Council: 

• Its level of importance. 

• How often policy is developed. 

• How policy is applied.  

• Links across council for natural hazard risk management.  

• The local governance environment/mandate for policy development. 

• Risk-based policy. 

Views on the use of risk modelling software: 

• Whether it changes the way participants perceive natural hazard risk. 

• Whether it better communicates the risk, why, and why not. 

• Whether it is better at creating efficacy for developing more risk informed policy and 

procedure. 

• What participants think are the barriers for the communication, perception, and efficacy 

for natural hazard risk. 

• What participants think are the enablers for the communication, perception, and 

efficacy for natural hazard risk. 
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Chapter 5. It partly informed the development of the journal article ‘The low-likelihood 

challenge: Risk perception and the use of risk modelling for destructive tsunami policy 

development in New Zealand local government’ (Crawford et al., 2019) in Chapter 6, and also 

informed the development of the manuscript ‘A cycle of challenges for natural hazard risk 

management for local government in Aotearoa New Zealand – and how it could be interrupted’ 

(unsubmitted manuscript) in Chapter 7. 

3.5.3 Document analysis (Phase 3) 

New Zealand national legislation along with local strategy and planning policy documents were 

analysed for their provisions relating to natural hazards, risk management, and tsunami. The 

documents selected were required to be operational at the time of analysis and refer to natural 

hazard risk management within the Wellington, Hawke’s Bay, or Gisborne regions.  

Fifty-eight national and local policy documents were identified via a combination of internet 

searches and documents provided by participants. Examples include the New Zealand Coastal 

Policy Statement (Department of Conservation, 2010), the Hawke’s Bay Regional Council – Long 

Term Plan 2012–2022 (Hawke’s Bay Regional Council, 2012), and the City of Lower Hutt District 

Plan (Hutt City, 2016). A full list of the documents is provided in Appendix E. 

The documents were analysed using content analysis in accordance with pre-determined 

criteria (Sarantakos, 2005; Stemler, 2001). Previous analyses of New Zealand local government 

natural hazard policy were considered in determining criteria (Becker & Johnston, 2000; 

Glavovic et al., 2010; Kilvington & Saunders, 2016; Lawrence & Haasnoot, 2017; Saunders & 

Beban, 2012), with the criteria for this analysis primarily aligned with Saunders et al.’s (2015) 

evaluation of the use of land use and emergency management policy documents for natural 

hazards in New Zealand local government. In their analysis, a plan was considered to be best 

practice based on eight indicators including hazard identification, the inclusion of hazard 

specific rules, and the use of risk management language (e.g. consequence and likelihood). The 

analysis used in this research adapted Saunders’ et al. (2015) best practice indicators to explore 

four objectives – the pattern of natural hazards policies in general, the pattern of tsunami 

policies specifically, the pattern of risk-based policies in general, and the pattern of tsunami 

risk-based policies specifically. Table 3-7 sets out these four objectives along with the pre-

determined criteria which inform each of them. 
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Table 3-7: Document analysis criteria with objectives 

Criteria  Objectives 

The document analysed:   

• has a section on natural 
hazards 

• has a definition for 
natural hazard  

• includes natural hazard 
policies 

 

Explores patterns generally associated with 
natural hazard management policies. 

• lists tsunami as a natural 
hazard 

• refers to tsunami as 
potentially affecting that 
district/region 

• includes tsunami policies 

• refers to tsunami 
inundation maps 

 

Explores patterns specifically focussing on 
tsunami hazard management policies.  

• has a definition of risk  

• sets out a risk-based 
management model 

• includes risk-based 
policies  

• links to risk management 
policies in other 
documents 

 

Explores patterns generally associated with risk-
based policies.  

• refers to tsunami risk – 
e.g. likelihood and 
consequences of certain 
magnitude events  

• includes tsunami risk-
based policies 

 

Explores patterns specifically focussing on 
tsunami risk-based policies. 
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Analysis of the data partly informed the development of the journal article – ‘The low-

likelihood challenge: Risk perception and the use of risk modelling for destructive tsunami 

policy development in New Zealand local government’ (Crawford et al., 2019) in Chapter 6. 

3.6 Study areas 

This research focusses on three regions, as defined by local government boundaries, exposed 

to the impact of an all-of-boundary tsunami generated in the Hikurangi Subduction Zone. The 

Wellington, Hawke’s Bay, and Gisborne Regions were chosen, as they have been recognised as 

being exposed to the greatest risk from any tsunami hazard source (DPMC, 2007). The most 

significant tsunami to impact on this area is a local source tsunami generated in the Hikurangi 

Subduction Zone. The Hikurangi Subduction Zone is shown in Figure 1- 5, located to the east of 

Aotearoa New Zealand’s lower North Island, and can be divided into three segments – the 

northern, central, and southern, each with their own seismogenic characteristics and a specific 

likelihood of rupture (Power, 2013; King, 2015). 

 

Figure 3-1: The Hikurangi Subduction Zone separated into its northern, central, and southern segments (Geonet, n.d.) 

The Hikurangi Subduction Zone can produce an ‘all-of-boundary’ mega-thrust earthquake, 

where all three segments of the subduction zone rupture as part of the same event, with a 
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magnitude corresponding to Mw = 9.0 (Power, 2008). If a rupture of this size were to occur, the 

resultant tsunami would be one of the most destructive Aotearoa New Zealand is likely to 

encounter over a 1000-year time frame (Power, 2008), affecting 200–300 km or more of the 

nearby coast, with large run-ups and severely damaging waves (Power, 2013). One scenario for 

a 9.0 Mw rupture on the Hikurangi subduction interface modelled wave heights of 7.4m at 

Wellington, 8.4m at Hawke’s Bay, and 8.0m at Gisborne, which are similar to the wave height 

of 10m recorded for the 2011 Tohoku Tsunami. Modelled deaths and injuries from an all-of-

boundary tsunami in the Hikurangi subduction interface total 3,990 in Wellington, 8,647 in 

Hawke’s Bay, and 1,811 in Gisborne (Gill, 2015). If a disaster like this was to impact on Aotearoa 

New Zealand, it would cause huge loss of life and severely affect the national economy with an 

estimated financial loss of $20,280 million NZD (Gill, 2015).  

The Hikurangi subduction interface is not the only tsunami generating margin in New Zealand, 

there are also the Kermadec Trench (extending further north of the Hikurangi trench), and the 

Puysegur Trench (to the south of the South Island); however, the Hikurangi subduction 

interface is preferential compared to the Puysegur or Kermadec Trenches as it holds the 

highest risk (Power, 2008) and is located around where I live and study (in Wellington). The 

findings from this project will not be restricted to tsunami risk management specific to the 

Hikurangi subduction interface but can be applied for tsunami (and natural hazard) risk 

management anywhere. 

Each of the three case study areas are outlined in the following sections. 

 

 



106 
 

3.6.1 Case study area 1: The Wellington Region 

 

Figure 3-2: Wellington Regional Map. Source: Google maps – Wellington region. 

https://www.google.co.nz/maps/place/Wellington/@-

41.0342341,174.3211995,8z/data=!3m1!4b1!4m5!3m4!1s0x6d3f5205bd43cf57:0xf7ade3e9c48078c2!8m2!3d-

41.0299323!4d175.4375574. 6/07/16 

The Wellington Region covers an area of 8,049 square kilometres and hosted a population of 

approximately 506,814 counted in the 2018 census (Stats NZ, n.d.). It is home to New Zealand’s 

capital city of Wellington and the cities of Lower Hutt, Porirua and Upper Hutt. The region also 

includes the Kapiti Coast District and three rural districts containing most of the Wairarapa, 

covering the towns of Masterton, Carterton, Greytown, Featherston, and Martinborough. 

Wellington's economy is based on knowledge, with central government and nine of New 

Zealand's top 20 companies headquartered there. It is also home to the New Zealand Stock 

Exchange. Wellington’s economic strength lies in the service sector with information 

technology, film, and education (Wellington Chamber of Commerce, n.d.). The Wellington 

region has 497 kilometres of coastline, much of it exposed to tsunami generated in the 

Hikurangi Margin. Wellington City’s southern coast and harbour and the Wairarapa coast are 

most exposed to tsunami risk from the southern segment of the Hikurangi Margin, which is the 

most likely segment of the margin to rupture and could result in tsunami waves arriving at 

Wellington within five minutes of the earthquake (Fraser et al., 2016). 

https://www.google.co.nz/maps/place/Wellington/@-41.0342341,174.3211995,8z/data=!3m1!4b1!4m5!3m4!1s0x6d3f5205bd43cf57:0xf7ade3e9c48078c2!8m2!3d-41.0299323!4d175.4375574
https://www.google.co.nz/maps/place/Wellington/@-41.0342341,174.3211995,8z/data=!3m1!4b1!4m5!3m4!1s0x6d3f5205bd43cf57:0xf7ade3e9c48078c2!8m2!3d-41.0299323!4d175.4375574
https://www.google.co.nz/maps/place/Wellington/@-41.0342341,174.3211995,8z/data=!3m1!4b1!4m5!3m4!1s0x6d3f5205bd43cf57:0xf7ade3e9c48078c2!8m2!3d-41.0299323!4d175.4375574
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Figure 3-3: Island Bay, Wellington. Source: The Island: Island Bay, Wellington, New Zealand. 

http://nztravelblogue.blogspot.co.nz/2007/06/26-island-island-bay-wellington-new.html. 27/06/16 

The region’s natural hazard management is administered through the Greater Wellington 

Regional Council, via the Wellington Region Emergency Management Office (WREMO)1 as well 

as through land-use planning and hazard policy development functions within the regional 

council and its constituent territorial authorities.  

 

                                                           
1 Wellington Region Emergency Management Office (WREMO) – http://www.getprepared.org.nz/. 
07/07/16 

http://nztravelblogue.blogspot.co.nz/2007/06/26-island-island-bay-wellington-new.html.%2027/06/16
http://www.getprepared.org.nz/
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3.6.2 Case study area 2: The Hawke’s Bay Region 

 

Figure 3-4: Hawke's Bay Regional Map 

Source: Google maps – Hawke’s Bay region. https://www.google.co.nz/maps/place/Hawke's+Bay/@-

39.302624,175.7947779,8z/data=!3m1!4b1!4m5!3m4!1s0x6d69b343861c81c1:0x454e29826582867!8m2!3d-

39.7711616!4d176.7416374. 6/07/16 

The Hawke’s Bay Region covers an area of 14,200 square kilometres and hosts a population of 

approximately 166,368 (Stats NZ, n.d.), with approximately 130,000 living in its major centres – 

the cities of Napier and Hastings. Local government in the region consists of the Hawke’s Bay 

Regional Council, Wairoa District, Hastings District, Napier City, and its southernmost district, 

the Central Hawke's Bay District. The region is renowned for its horticulture, with large 

orchards and vineyards on the plains. In the hilly parts of the region sheep and cattle farming 

predominates, with forestry blocks in the roughest areas. Hawke's Bay is the country's oldest 

winemaking region and is New Zealand's leading producer of red wine and is also home to a 

significant concentration of Art Deco architecture. The Hawke’s Bay region has over 350km of 

coastline, all of it exposed to tsunami generated in the Hikurangi Margin. In an all-of-boundary 

event, tsunami inundation is expected to travel 4 km inland, with a flow depth of up to 3 m in 

Napier city centre (Fraser et al., 2014). The region’s natural hazard management is 

https://www.google.co.nz/maps/place/Hawke's+Bay/@-39.302624,175.7947779,8z/data=!3m1!4b1!4m5!3m4!1s0x6d69b343861c81c1:0x454e29826582867!8m2!3d-39.7711616!4d176.7416374
https://www.google.co.nz/maps/place/Hawke's+Bay/@-39.302624,175.7947779,8z/data=!3m1!4b1!4m5!3m4!1s0x6d69b343861c81c1:0x454e29826582867!8m2!3d-39.7711616!4d176.7416374
https://www.google.co.nz/maps/place/Hawke's+Bay/@-39.302624,175.7947779,8z/data=!3m1!4b1!4m5!3m4!1s0x6d69b343861c81c1:0x454e29826582867!8m2!3d-39.7711616!4d176.7416374
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administered through Hawke’s Bay Regional Council, via the Hawke’s Bay Emergency 

Management Group2 as well as through the land-use planning function via district plans and 

the Regional Policy Statement (RPS). The Group’s website states that it reduces natural hazard 

risk thorough: “hazard research, land use planning and educating the community about hazards 

so they can reduce the risk they face” (HBEMG, 2016b). The Group’s primary hazard risk 

management initiative is the ‘Hawke's Bay Hazard Information Portal’3, a web-based GIS data 

viewer, which aims to make information on the nature and location of hazards more accessible, 

in order to assist people and organisations make better risk management decisions (HBEMG, 

2016a). 

3.6.3 Case study area 3: The Gisborne Region 

 

Figure 3-5: Gisborne Regional Map Source: Google maps – Gisborne region. 

https://www.google.co.nz/maps/place/Gisborne/@-

38.2508563,177.3457326,9z/data=!4m5!3m4!1s0x6d65be53821b0acb:0xccabbe7b4ce8f81e!8m2!3d-

38.1309688!4d178.0118473. 6/07/16 

                                                           
2 Hawke’s Bay Emergency Management Group – http://www.hbemergency.govt.nz/. 07/07/16 
3 Hawke's Bay Hazard Information Portal – http://www.hbemergency.govt.nz/hazards/portal. 07/07/16 

https://www.google.co.nz/maps/place/Gisborne/@-38.2508563,177.3457326,9z/data=!4m5!3m4!1s0x6d65be53821b0acb:0xccabbe7b4ce8f81e!8m2!3d-38.1309688!4d178.0118473
https://www.google.co.nz/maps/place/Gisborne/@-38.2508563,177.3457326,9z/data=!4m5!3m4!1s0x6d65be53821b0acb:0xccabbe7b4ce8f81e!8m2!3d-38.1309688!4d178.0118473
https://www.google.co.nz/maps/place/Gisborne/@-38.2508563,177.3457326,9z/data=!4m5!3m4!1s0x6d65be53821b0acb:0xccabbe7b4ce8f81e!8m2!3d-38.1309688!4d178.0118473
http://www.hbemergency.govt.nz/
http://www.hbemergency.govt.nz/hazards/portal
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The Gisborne Region covers an area of 8,386 square kilometres and hosts a population of 

approximately 47,517 (Stats NZ, n.d.), with approximately 35,700 living in its only main centre, 

the city of Gisborne. Local government in the region is administered by Gisborne District 

Council, a unitary territorial authority, as described in section 2.3.3. Agriculture has been the 

most important industry since earliest settlement. However, agriculture has diversified over the 

years and now includes forestry, viticulture, and horticulture, which are now the backbone of 

the district's economy. Gisborne sits at the northern section of the Hikurangi Margin in an area 

of more moderate subduction than further south, yet has a history of tsunami events. In 1947, 

the Gisborne region experienced two tsunami with run-ups of up to 10 and 6 metres 

respectively. Power et al. (2008) suggest that these tsunami may recur in the Gisborne region 

as frequently as ~70–80 years.  

 

Figure 3-6: Coastline in front of Gisborne City. Source: Gisborne, New Zealand. 

http://www.internnzoz.com/human-resources-internships-in-new-zealand.html. 27/06/16 

  

http://www.internnzoz.com/human-resources-internships-in-new-zealand.html.%2027/06/16
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3.7 Limitations of methods used 

Some participants were unable to attend either focus group sessions (Phase 1) or semi-

structured interviews (Phase 2), due to work requirements at the time that these phases were 

conducted. This was managed through the use of multiple qualitative methods in this research, 

as well as two series of semi-structured interviews in the Hawke’s Bay and Gisborne areas, 

which allowed for participants to be involved in the research who were unable to participate 

previously.  

Participants may have felt uncomfortable revealing certain information in Phases 1 and 2. This 

was addressed across all phases with participants being provided with information sheets that 

explained the purpose and aims of the research and being reminded of their right to withdraw 

from participation at any time. They were also assured that all data collected was anonymous 

and pooled across locations in the study areas. Participants seemed comfortable providing 

information and no one withdrew from participating in the research.  

It is important to acknowledge my own positionality in conducting qualitative research within a 

constructivist paradigm. I adopted the position of ‘participant as observer’ (Bryman, 2008), 

where I interacted with the participants and expressed my own thoughts and opinions. My 

position as the researcher, coming from a perceived position of scientific knowledge and 

therefore authority or power, may have influenced participants’ views, the conversations we 

had with each other, and the data that was collected. I was careful to (re)introduce myself at 

the beginning of Phases 1 and 2, and explained my background having worked in local 

government natural hazard risk management. This built rapport with participants and enabled 

comfortable, free flowing conversation. Furthermore, conversations were kept on track using 

the semi-structured question guides in Phase 1 (Table 3-4) and in Phase 2 (Table 3-5). 

There was potential that participant numbers for the focus group sessions (Phase 1) would be 

too small, that one participant might dominate the discussion, or that participants wouldn’t 

adequately represent the focus of the research. None of these issues presented themselves; 

however, in one focus group session only emergency management practitioners were present. 

This was not an issue as the focus of the research was on the CDEM role, but the lack of 

integration with other natural hazard management roles within the council was noted.  
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Presenting a working RiskScape tool was a major aspect of the qualitative interviews (Phase 2) 

for gaining an understanding of participant views on the value of the tool for communicating 

risk and influencing perceptions. However, at the time that the qualitative interviews were 

undertaken, the RiskScape risk modelling software was not able to run tsunami scenarios on 

my lap-top computer within the 1–2 hour interview timeframe. I addressed this in interviews 

by describing the intended capabilities of the RiskScape model and showing pre-prepared 

outputs of what the modelled scenario would be for the region in which I was interviewing 

participants. Participants were able to provide their thoughts and opinions on the use of risk 

modelling. However, an interview about the use of risk modelling without actually being able to 

use a risk model may have influenced the balance and quality of data that was gathered.   

Decision makers, i.e. local politicians, were not invited to the focus group sessions (Phase 1) or 

qualitative interviews (Phase 2). This was because the focus of the research was on 

practitioners’ thoughts and opinions of risk modelling and natural hazard policy in local 

government. However, the participation of decision makers in the qualitative interviews would 

have improved data quality, especially for how risk modelling influenced them to enable the 

development of risk-based policy procedure.         

There was potential that the categorisation used for content analysis of the documents in 

Phase 3 was faulty (Stemler, 2000). This was managed through consideration of criteria used in 

previous analyses of New Zealand local government natural hazard policy and by aligning the 

criteria used in this research with criteria previously used by Saunders et al. (2015) in their 

evaluation of the use of land use and emergency management policy documents for natural 

hazards in New Zealand local government. 

Relevant policy documents or references within the documents may have been missed in the 

document analysis for Phase 3. This was addressed by me asking participants, who I had 

previously developed a relationship with through Phase 1 and 2, to send me relevant policy 

documents. I also conducted an additional internet search within respective council websites 

for documents that may have been overlooked by participants. All documents were required to 

be operational at the time of content analysis and refer to natural hazard risk management 

within the Wellington, Hawke’s Bay, or Gisborne regions. The number of documents analysed 

(58 documents) was considered to have reached the point of saturation (Fusch & Ness, 2015; 
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Patton, 2015) where no new information was discovered in the data analysis, and that any 

missed documents or references would not have significantly altered the results. 

My personal biases will have influenced my analysis and interpretation of the data, which 

challenges the validity of the findings and subsequent discussions within my research 

manuscripts. The influence of personal biases is acknowledged with regards to the validity of 

qualitative research (Galdas, 2017; Morse et al., 2002) and can never be removed. The validity 

of this qualitative research has been addressed through the rigour of the research methods 

used across all three phases and through triangulation and member checking. It was also 

validated through explicit consideration and discussion of themes between Doctor Kate 

Crowley and myself for Phase 1, and through review and moderation by my PHD supervisors 

for Phases 2 and 3. 
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4 [1st manuscript] Risk Modelling as a tool to support 

natural hazard risk management in New Zealand local 

government 
 

4.1 Overview of this chapter 

This manuscript draws on focus group sessions with natural hazard risk practitioners in 

Aotearoa New Zealand local government to explore how risk modelling tools, such as 

RiskScape, can be used to manage natural hazard risk. The manuscript discusses that while 

there is definite interest and engagement in the use of risk modelling from emergency 

management and other natural hazard risk management practitioners within local government, 

the use of risk modelling to better understand and communicate natural hazard risk continues 

to be challenged by the disconnect across the science-policy interface and resulting practice. 

The conclusion summarises these challenges and makes recommendations to span the science-

policy interface and enable risk modelling as a communication tool to better develop policy and 

procedure for natural hazard management. 

Table 4-1 positions this manuscript in relation to the other manuscripts within this thesis and 

the research questions that it has aimed to answer. 
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Chapter 4 –  

1st Manuscript 

Chapter 5 –  

2nd Manuscript 

Chapter 6 –  

3rd Manuscript 

Chapter 7 –  

4th Manuscript 

Explores how risk 

modelling tools, such as 

RiskScape, can be used 

to manage natural 

hazard risk in Aotearoa 

New Zealand local 

government. 

Think piece exploring 

how risk modelling is 

perceived and used by 

the policy making, land-

use planning, and 

emergency management 

functions within 

Aotearoa New Zealand 

local government. 

Explores the thoughts 

and opinions of natural 

hazard risk practitioners 

regarding tsunami risk 

management policy, 

along with the use of risk 

modelling (RiskScape) 

for tsunami policy 

development. 

Explores the complex 

system of challenges for 

the application of 

natural hazard risk 

management within 

local government as a 

whole and how the 

science-policy-practice 

interface can interrupt 

the complex system’s 

overall dynamic. RQ1.  How is natural hazard risk modelled information perceived and acted 

upon by local government? 

   

RQ2.  How is risk modelling informed by natural hazard management? 

   

RQ3.  How are natural hazard management 

policies and procedures informed by risk modelling? 

  

RQ4.  What are the risk communication barriers and enablers that limit or contribute to efficacy for risk 

management for local government? 

    

RQ5.  What link do these limiting (or 

contributing) factors have with natural hazard 

management policy and procedures, and how can 

those policies and procedures be developed to 

enhance enablers and overcome barriers? 

Table 4-1: Positionality of the first manuscript to the thesis 

4.2 Manuscript preparation and publication 

I prepared this manuscript following development of the NIWA Report – Risk Tool and Data 

Needs: Civil Defence and Emergency Management in New Zealand (2016), jointly authored by 

Dr Kate Crowley, Dr Sally Potter, and myself. I conducted the data collection and analysis with 

Dr Kate Crowley, which then contributed to this manuscript. I prepared the manuscript as the 

primary author with Dr Kate Crowley, Dr Sally Potter and my supervisors, Dr Wendy Saunders 
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and Dr David Johnston, as co-authors. The co-authors provided guidance on the systematic 

review analysis, gave insights into patterns in the data collected, and offered feedback on the 

content and structure of the manuscript. I prepared the final manuscript for submission to the 

journal. The manuscript, published in 2018 by the International Journal of Disaster Risk 

Reduction, was accepted with minor revisions by the journal (Crawford et al., 2018a). 

4.3 Abstract 

Due to New Zealand’s exposure and vulnerability to natural hazards, it is important for local 

government to have tools that enable effective use of its natural hazard risk information. This 

manuscript explores the use of risk modelling as a tool that can support local government to 

better understand, manage, and communicate natural hazard risk. Focus group sessions were 

held with emergency management and other natural hazard practitioners in councils across 

New Zealand to understand their perceptions on the value of risk modelling tools, particularly 

‘RiskScape'. While practitioners see the value in the use of risk modelling relating to 

communication, decision making, planning, and emergency response purposes, they also see a 

number of challenges. Challenges identified for the use of risk modelling relate to how 

emergency management and natural hazard risk is perceived and managed, issues with 

connecting information and developing data, and the capability of risk modelling software. 

Underlying these challenges is the recognition that while risk modelling can help span the 

science-policy interface, it is the problems with this interface that slow its development. 

However, with ongoing mutual engagement, risk modelling can become an effective tool to 

communicate natural hazard risk and better inform natural hazard policy and procedure. 

4.4 Introduction 

‘Sometimes it does us a power of good to remind ourselves that we live … where 

two tectonic plates meet, in a somewhat lonely stretch of windswept ocean just 

above the roaring forties. If you want drama – you’ve come to the right place’ (Sir 

Geoffrey Palmer, cited in MCDEM, 2004, p. 2).  

New Zealand is an island nation in which events such as earthquake, volcanic activity, tsunami, 

flooding, storm, and landslides occur with sufficient intensity that substantial damage and loss 

of life results (King & Bell, 2006). Given the severity of natural hazard risks, it is an increasingly 
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important focus for national and local government to ensure natural hazards are understood 

and managed effectively. However, local government’s understanding and management of 

natural hazard risk is fraught with challenges, including uncertainty over how natural hazards 

should be managed (LGNZ, 2014; Saunders et al., 2015), scarce data on natural hazards (MWH, 

2016; Tonkin &Taylor, 2016), and limited appreciation of natural hazard risks (LGNZ, 2014; 

Tonkin &Taylor, 2016).  

Underlying these challenges is the disconnect of ‘science to policy’. While scientists, policy 

makers, and practitioners agree on the importance and value of science-informed policy and 

practice, bridging the science to practice gap is not a simple task and depends on a mutual 

spirit of partnership and interest between the scientific and practice communities (Vogel, 

2007). Kilvington and Saunders (2016) reflect on this in their review of how natural hazard 

science is incorporated in land-use planning in New Zealand, recognising that “despite genuine 

and ongoing efforts to improve the relationships between science information users and 

producers, research agencies still struggle in many ways to fully transition their communication 

practice towards new ideals” (Kilvington & Saunders, 2016, p. 4).  

Along with this, the need for improved risk communication between science, policy, and 

practice has been increasingly recognised (Jönsson et al., 2016; Kuhlicke & Demeritt, 2014; WSS 

Fellows on RIA, 2014). However, much of the research has focussed on the tenets and mental 

models of risk communication (Bostrom et al., 2008; Fischhoff et al., 1993; Khan & Kelman, 

2012; Lindenfeld et al., 2014) and, while there has been a call for the use of tangible heuristics 

and models to support decisions for effective risk management (The World Bank, 2014; WSS 

Fellows on RIA, 2014), little is known about how effective risk models are as a communication 

tool for natural hazard risk management.  

The term ‘risk modelling' can be applied to many frameworks and guidance. Within this paper, 

we focus on risk modelling as a software application, based on a risk assessment framework, to 

assess the consequences of a natural hazard event. Risk modelling is important as 

understanding the impacts and consequences of a natural hazard event is an essential building 

block for resilience (Crowley, Feaeff, Macara & Duncan, 2017). This paper explores the 

perception and use of risk modelling, with specific reference to the ‘RiskScape' model, as a tool 
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to support local government in New Zealand to better understand and communicate natural 

hazard risk.  

This paper begins by explaining the structure for how natural hazard risk management is 

applied within New Zealand local government. It details the role of emergency management, 

known in New Zealand as CDEM (Civil Defence Emergency Management), within that natural 

hazard risk management function, and recognises the complicated legislative environment in 

which this takes place. We then describe risk modelling as a tool to support natural hazard risk 

management and introduce the RiskScape modelling tool. From here we explain our use of 

focus groups to gather data on how natural hazard risk practitioners perceive risk modelling 

and examine three key themes that emerged from analysis of the results: 1) ‘CDEM within and 

across councils’; 2) ‘drivers and needs for risk modelling’; and 3) ‘risk data sources and 

pathways’. We discuss our findings, setting out the challenges and opportunities for the use of 

risk modelling, and how these are driven by the existing disconnect across the science-policy 

interface. We conclude by giving recommendations for how the science-policy interface can be 

improved in local government, to better enable its use of natural hazard risk modelling, which 

can then inform improved natural hazard risk policy and procedure. 

4.5 Local government natural hazard risk management 

The responsibility for natural hazard risk management in New Zealand is devolved from central 

government legislation to local government for application, with local government operating 

under a 3-tiered structure of regional and district councils. Regional councils manage a larger 

geographic area and are comprised of between one to ten district councils. As such, regional 

councils play more of a directing role, developing regional policy which the district councils 

comply with.  
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Figure 4-1: Map of New Zealand with Regional Council Boundaries. Source: New Zealand Regions (n.d.) 

While regional and district councils have slightly different functions, both tiers of local 

government fulfil responsibilities including:  

• sustainable well-being;  

• environmental management;  

• emergency management and civil defence preparedness;  

• infrastructure, including roads, water, sewerage, and stormwater;  

• environmental health matters, including building control, public health inspections; and  

• controlling the effects of activities (including hazardous substances, natural hazards, 

and indigenous biodiversity), noise, and the effects of activities on the surface of lakes 

and rivers (DIA, n.d.).  

Natural hazard risk management is spread across all of these responsibilities and is achieved 

through a combination of national and local policies, plans, and strategies. It requires many 

council roles to work together in a coordinated way and consists of high-level and widely-
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interpretative policy guidance (LGNZ, 2014). Given the breadth of natural hazard policies and 

the differences in how they are managed, there is no formal approach for how hazard risk 

management is achieved, or which council function owns it (LGNZ, 2014; Basher, 2016). 

Within this complicated policy environment sits Civil Defence Emergency Management (CDEM). 

CDEM in New Zealand promotes the sustainable management of hazards and encourages 

communities to manage natural hazard risk via a framework of Reduction, Readiness, 

Response, and Recovery, known as the 4Rs. By addressing the consequences of these hazards, 

the focus can move to measures for reducing the risks and for managing the impacts when they 

occur. The framework for how the 4Rs are applied is led by the Ministry of Civil Defence & 

Emergency Management (MCDEM) through the CDEM Act, via CDEM Groups (Lee, 2010). 

CDEM Groups are a partnership of the district and regional authorities across a region, in 

conjunction with emergency services, utilities, management groups and other government 

departments to identify hazards and risks. CDEM Groups develop Group Plans to manage those 

hazards and risks following a risk-based approach:  

The requirement to practice sound risk management is implicit throughout the 

CDEM Act. CDEM Groups are required to apply risk management to their planning 

and activities. Whilst planning is not a linear process and may involve many 

iterative steps, it is expected to follow a risk management based approach 

(MCDEM, n.d. a).  

MCDEM is also the national focal point for New Zealand’s implementation of the Sendai 

Framework for Disaster Risk Reduction 2015–2030 (UNISDR, 2015b; MCDEM, n.d. b). This 

involves providing leadership within a multi-sectoral, holistic approach to implementing 

disaster risk reduction and coordinating progress reporting, as required under the monitoring 

regime of the new framework. 

4.6 Natural hazard risk modelling 

Natural hazard risk modelling involves combining hazard impact scenarios with exposure data 

and vulnerability functions. The output is an estimate of loss, depicted in various ways including 

economic cost, human casualties or fatalities, building damage states, societal disruption, and 

other types of consequence given the severity of the hazard.  
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Demand for natural hazard risk modelling has significantly increased over the last few decades 

(The World Bank, 2014). Researchers, policy makers, and practitioners increasingly seek to use 

risk modelling to scope the consequences for hazard scenarios they know people are exposed 

to but have little historical information about. Pondard and Daly (2011) illustrate how risk 

modelling can give a more comprehensive insight into natural hazards and their socioeconomic 

consequences, setting out three key benefits:  

1) a clearer overview of geographical concentrations of natural hazard risks, across 

different frequencies and magnitudes;  

2) quantification of potential physical damage, business interruption, and casualties; and  

3) identification of key risk drivers.  

As such, a clearer, more comprehensive picture of the uncertainties and consequences of 

natural hazards provides policy makers and decision makers with a better starting point to 

communicate and decide on how they manage the cost and benefits of risk reduction measures 

(Edwards et al., 2012; King & Bell, 2006; Newman et al., 2017; Pondard & Daly, 2011; Stein & 

Stein, 2014). However, risk models also come with a number of limitations relating to the 

development and modelling process itself and their uptake and application by users. A model is 

only a representation of reality and is therefore defined by a series of assumptions. These 

assumptions are informed by imperfect historical records, our incomplete knowledge of natural 

processes, limitations in how the model describes those natural processes, as well as 

perceptions around exposure and vulnerability. Furthermore, each of the components within a 

risk model has its own set of associated uncertainties. Table 4-2 outlines these components as 

set out by Van Asselt (2000) in her figure – ‘Uncertainty in the modeller’s and decision-maker’s 

view’:  
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1. Technical – from the quality or appropriateness of the input data used to 

describe the system, from aggregation (temporal and spatial) and simplification, 

as well as from lack of parameters from data and approximations.  

2. Methodological – due to uncertainty in equations and model structures.  

3. Epistemological – uncertainty in levels of confidence and model validity.  

4. Model operation uncertainties – due to hidden flaws in technical equipment, 

and/or accumulation of uncertainties propagated through the model.  

Table 4-2: Four components of modelling uncertainty  

As these uncertainties compound, the modelled output may move further away from 

‘accuracy’, providing only an order of magnitude estimate (GFDRR, 2014), which may not give 

much assurance for stakeholders and decision makers. Also, the application of risk modelling 

tools relies on sound data being available in a format that can be input into the model; the 

technical capacity to employ the modelling tool to produce results that are relevant and 

accessible; trust from users in the validity of the results; and mandate from decision makers to 

use the tool (The World Bank, 2016). If any aspect of this is inhibited, then confidence in the 

practice of risk modelling can be diminished.  

The RiskScape risk modelling tool has been developed over the last ten years in New Zealand 

through a joint venture between GNS Science and the National Institute of Water and 

Atmospheric Research (NIWA) (King and Bell, 2009). RiskScape is designed to meet demand for 

a natural hazard impact and loss modelling tool for New Zealand conditions. It creates direct 

and indirect loss estimates for a number of hazards, for all types of assets, networks, and 

populations. Figure 4-2 sets out how RiskScape combines hazard, asset and vulnerability 

modules through a data selection process, producing both individual and aggregated outputs 

quantifying a range of economic and social consequences (RiskScape, n.d.). 
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Figure 4-2: The RiskScape Model Framework. Source: RiskScape model framework (n.d.) 

RiskScape’s aim is to support the investigation, planning and response activities of councils and 

stakeholders by providing decision makers with information on direct and indirect socio-

economic losses and casualties across the spectrum of natural hazard threats facing a region. 

This information is then used to assist the council or organisation in developing natural hazard 

risk management policy and procedure, as well as in responding to actual events (King & Bell, 

2009). Recent disaster risk management projects using RiskScape include: The Pacific Risk Tool 

for Resilience project (PARTneR), developing real-life case studies that address the impact of 

natural hazard risks for land-use planning and emergency response needs (Crowley & Crawford, 

2016), as well as building damage assessments and loss estimates following the 2016 Kaikoura 

Earthquake.  

Reducing the uncertainty within the risk modelling process has been a focus of natural hazard 

science for many years (de Moel & Aerts, 2011; Douglas, 2007; Merz et al., 2010; Nilsen & 

Aven, 2003; The World Bank, 2016). However, less consideration has gone into how 

stakeholders perceive and apply such tools. This is supported by Komendantova et al. (2014) 

who discuss that while models have the potential to support decision makers with risk 

information, this is a two-way communication process, where the feedback from stakeholders 

also informs the usability of the model and how it is applied. As such, the focus of this study is 

to explore how CDEM practitioners perceive the value of risk modelling tools, such as 

RiskScape, to support natural hazard risk management, rather than on the uncertainties of the 

physical modelling process. 
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4.7 Method 

Engaging across the science-policy divide requires an understanding of not just the policy for 

applying natural hazard risk management in local government, but the motivations, challenges, 

and ethos of that sector (Vogel et al., 2007). As such, the research team selected the use of 

focus group discussions. A focus group is a qualitative research method which quickly enables a 

group of people to discuss their perceptions, opinions, beliefs, and attitudes on the use of the 

RiskScape risk modelling tool for natural hazard risk management. This method provides an 

interactive group setting where participants are free to talk with other group members, 

enabling open and creative discussion and producing data and insights that would be less 

accessible without the interaction found in the group (Flick, 2006).  

Five CDEM Groups participated in the research, each with varied attributes relating to the size 

of the region for which the CDEM Group has responsibility, CDEM Group management 

structure, and the regional hazard landscapes. Focus group sessions were held, one at each of 

the following regions:  

• Wellington  

• Hawke’s Bay  

• Canterbury  

• Nelson/ Tasman (combined CDEM Group)  

• Bay of Plenty.  

Each session had six to fifteen participants attending, including those from CDEM roles as well 

as from other natural hazard risk management roles across the council spanning land-use 

planning, policy writing, engineering, hazard analyst, and GIS technician roles. The participants 

were identified and invited by a ‘gate keeper’ in each region. A gate keeper is a person who is 

able to transfer information from the external environment to colleagues within their 

organisation, with a primary interest in personal use of the information gathered (Macdonald & 

Williams, 1993). The gate keepers were all council staff and were a CDEM officer, land use-

planner, or hazards advisor.  
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Participants were encouraged to discuss the use of risk modelling via a semi-structured 

approach framed by guiding questions as set out in Table 4-3. However, once conversation was 

stimulated, most focus group sessions did not need prompting from the guiding questions as 

they were automatically covered within the richness of discussion.  

Understanding the context:  

• What is the structure of CDEM here?  

• How does CDEM operate within council?  

Understanding information management:  

• How is this group linked with other departments and wider natural hazards risk 

management within the council?  

• How do you communicate risk and hazard information and make decisions across 

the council and within CDEM?  

• What information do you use?  

• Where does it come from?  

• Do you create or provide your own information?  

• How would you like to receive or share risk and hazard information?  

Discussion based on examples:  

• Do you have any examples of risk-informed decision making or response?  

• What went well in terms of information requirements?  

• What information was missing or what were the information gaps?  

Table 4-3: Focus Group Guiding Questions  

It is important to recognise the influence of the researchers’ position, power, and perceived 

role on this process (Landström et al., 2011; Whitman et al., 2015). In this case the research 

team were positioned as ‘participant-as-observer’ (Bryman, 2008), where the three researchers 

fully participated in the discussions, with the other members of the focus group having been 

informed, at the beginning of the focus group session, of the research team’s backgrounds 
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spanning natural hazards, disaster risk reduction, emergency management, and risk 

management.  

Data were captured through notes taken during the focus group sessions and through 

dictaphone recordings. The data was then transcribed and thematically analysed to pinpoint, 

examine, and record its patterns or ‘themes'. Thematic analysis was used because it “provides 

a flexible and useful research tool, which can potentially provide a rich and detailed, yet 

complex account of data” (Braun & Clarke, 2006, p. 5). Themes were individually identified or 

‘coded’ by the research team using an inductive, bottom-up approach, where the themes 

emerge from the data itself (Patton, 2015). Two qualitative analysis software packages were 

used for this – NVivo and QDA Miner 4 Lite. Following the analysis, the individually identified 

themes were reviewed and regrouped into mutually-agreed themes. This approach is based on 

content analysis, a process of organising information into categories (Bowen, 2009). Content 

analysis is mainly used to analyse subjective viewpoints (Flick, 2006), and as such is an 

appropriate method for this research. The goal of content analysis is to reduce the material; for 

this research it meant that less relevant themes were skipped and then the remaining similar 

themes were bundled and summarised.  

Potential issues considered for this focus group method were that participant numbers would 

be too small, that one participant might dominate the discussion, or that participants wouldn’t 

adequately represent the focus of the research. None of the issues presented themselves; 

however, in one focus group session only emergency management practitioners were present. 

This was not an issue as the focus of the research was on the CDEM role, but the lack of 

integration with other natural hazard management roles within the council was noted and is 

expanded upon in section 4.8.1. 

4.8 Results 

The themes that emerged through analysis of the focus group discussions are: 1) ‘CDEM within 

and across councils’; 2) ‘drivers and needs for risk modelling’; and 3) ‘risk data sources and 

pathways’. These themes interact and influence each other and are examined in turn. 
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4.8.1 CDEM within and across councils 

Given the lessons from the literature highlighted in section 4 focussing on the uptake, 

application, and mandate for the use of risk modelling tools, it was important to understand 

the context, role, and structure of each CDEM Group. It appeared that their perceived and real 

role within the council influences their depth of engagement with risk-reduction decision 

making and the receiving and provision of risk information. The groups discussed the 

perception that CDEM are just for response and yet they all agreed that CDEM must work 

across each relevant council department in order to address the 4 Rs:  

… usually civil defence is the ‘gimp’, if you remember that movie, usually they sit in 

a box and they only bring the gimp out when things get really, really bad…when it’s 

over they put civil defence back in the box. So I think the challenge is for civil 

defence to be out of the box all the time and actually be working with other parts of 

local authorities.  

Some groups recognised the confusion of CDEM being responsible for natural hazard risk 

management and yet it being a shared function across most departments and groups across 

council. There was disagreement within each of the focus groups between raising the profile of 

CDEM within council decisions and discussions that require a risk-informed approach versus 

labelling natural hazard risk management as a CDEM process alone:  

We are all doing it and this is where some confusion comes from…just because it 

has not got a CDEM label on it, it is sometimes not classed as CDEM work. But it is 

all going on and what we need to do is look at what is going on and make sure that 

we include it in this, e.g. flood mapping is part of EM [emergency management] 

and weather forecasting as well.  

Entry points for CDEM to engage in natural hazard risk management across council were a 

common point of discussion. There were a spread of approaches ranging from complete 

integration of CDEM across council, which naturally provided easy access to important 

discussions and decisions, through to issues where CDEM remained isolated and had to push 

their way into discussions that they were able to find out about. The ease of integration across 

council appeared to stem from the influence of key individuals within the group, either in terms 

of a specially designated ‘knowledge broker’, people that create connections between 
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researchers and their audience (Meyer, 2010), or through gate keepers with their ability to 

influence colleagues to connect to, use, and share external knowledge.  

Most participants described their CDEM function as engaging with others within and across 

councils through a subcommittee structure. Multiple subcommittees on specific areas, such as 

‘Readiness and Recovery’ and ‘Communications’, provide an opportunity for staff to meet and 

share natural hazard information. Despite this positive engagement there remained an 

undercurrent of opinion that the CDEM function is often isolated from certain decisions, in 

particular land-use planning and natural hazard policy development.  

In summary, the key influencers on CDEM’s role in council natural hazard risk management are 

the misconception of its role, uncertainty over how it works with other council roles to manage 

natural hazard risk, and its level of integration across council functions. These influencers 

impact on CDEM’s ability to engage in decision making, drive and develop relevant risk data 

and information, and access risk information for their needs. 

4.8.2 Drivers and needs for risk modelling 

Participants identified a range of regulatory and non-regulatory activities which would be 

supported by natural hazard risk modelling. These include:  

• Communication to the public and decision makers  

• Real-time event response  

• Exercise development  

• Contingency planning  

• Generic plans, such as land-use and civil defence plans  

• Policy development, such as Regional Policy Statements.  

The two most frequently discussed activities focussed on risk communication and real-time 

event response. However, cutting across these activities were common threads relating to 

uncertainty, external influencers, and experience. Each of these is discussed in further detail 

below.  
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4.8.2.1 Risk Communication  

The complex policy setting for natural hazard management in local government drives the need 

for CDEM to communicate risk to at least two distinct audiences – the public and council 

decision makers. The need to effectively communicate risk requires CDEM staff to understand 

the risk in their region.  

While the CDEM function is integrally linked with protecting the community from the effects of 

natural hazards, this is not just in a response capacity. Communicating natural hazard risks was 

recognised not only for increasing hazard awareness, but also as a mechanism for gaining input 

and agreement for council policies designed to reduce community exposure and vulnerability:  

[It] would be a huge benefit for us to be able to show [RiskScape results] to our 

politicians, to our community members, so they could understand what the impacts 

of these events might be so that they are encouraged to take those mitigation 

options that we believe they need to take now.  

Participants discussed the importance of communicating risk information, specifically economic 

loss information, for influencing decision making on future development:  

Managing development …making sure that we don’t develop in risky places. Being 

aware and making sure the right rules are in place.  

If you’ve got an economic reason to be resilient, you’re more likely to get the 

support for that.  

Real-time information participant discussions separated ‘real-time’ information needs from 

pre-event or preparedness information needs, concentrating on the need for rapid and 

updateable information for both the multi-hazard environment and social vulnerability and 

capacities of the community. The speed of data access, analysis, and interpretation was a 

critical discussion point, with most participants agreeing that the ability to gather or produce 

real-time information during a crisis would be beneficial:  

In terms of CDEM we need information that is as up to date as possible. We can use 

it as a response tool as long as the data is available.  
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4.8.2.2 Uncertainty  

Underlying and giving context to all discussions was a theme focussing on uncertainty. While it 

was acknowledged that risk is a measure of uncertainty and that modelling produces uncertain 

results, participants were not necessarily concerned with knowing the detailed uncertainty of 

the modelling. Rather, they were concerned with the order of magnitude of the uncertainties 

for decision-making processes:  

The need [from science and researchers] is around what is uncertain and what is 

not uncertain.  

4.8.2.3 External Influences  

All focus group sessions included a reference to an external influence and/or personal 

experience as a driver for better understanding and assessing natural hazard risk. Predominant 

among these were references to the 2011 Great East Japan Earthquake and the 2010-ongoing 

Canterbury Earthquake Sequence, for example:  

It could be just knowledge of Christchurch occurring, tsunamis overseas, and you 

see the damage to Japan, and of course the properties are very similar to here. And 

suddenly that brings it to the forefront of your mind that it could actually happen 

here…. And we need to think about that a little bit.  

Understandably, this was most felt by the Canterbury participants, who are still engaged with 

the recovery from the 2010-ongoing Canterbury Earthquake Sequence. The link between 

disaster experience and preparedness is well documented, where people’s deliberations about 

preparedness are not only attributed to individual cognitive processes but are also influenced 

by their interactions with wider society (Becker et al., 2012; Becker et al., 2013; Donahue et al., 

2014; Paton, 2003). This heightened awareness of risk and preparedness was not only reflected 

in the Canterbury Region but has boosted changes across all five regions visited, with CDEM 

instigating risk assessments and reassessing how CDEM Groups are structured and coordinated.  

In summary, participants presented a proactive and pragmatic view on the ‘drivers and needs 

for risk modelling’ theme. It was implicitly agreed that risk data was valuable for 
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communication and decision-making purposes with participants also seeing a strong need for 

its use in a real-time, emergency response capacity. 

4.8.3 Risk data sources and pathways 

Essential to discussions was CDEM’s ability to access natural hazard risk data and the relevance 

of information available. In most cases, the CDEM Groups described themselves as ‘gatherers’ 

rather than ‘generators’ of risk information, and therefore reliant on a range of external 

information sources from other parts of the council as well as from outside agencies:  

We pull this information from various consultancies, research, local authority 

information and science.  

As a result, all the groups reported similar challenges arising from lack of data where neither 

the council nor outside agencies had seen it as their responsibility to collect the data. 

Participants also reported a lack of knowledge of what data their council held, adding that even 

if they knew of its existence it was often in a format that could not be used outside of its 

original context. For example:  

Various [councils] have asset databases – I guess we have. It’s important that we 

know if the information is modelled or surveyed.  

[The data] was never really designed for CDEM. We can use it … as long as the data 

is available.  

Another challenge lay in the cost of data collection or management, where the cost of 

collecting data for cross-council use did not meet the benefits and was abandoned: 

Feedback from the planners was that it was very expensive inputting data and that 

there was other ways that they could make those calculations.  

In light of the challenges in accessing and using natural hazard risk data, some CDEM Groups 

have seen the need to become proactive instigators for developing natural hazard risk data and 

are organising forums in isolation in an attempt to share information:  

The strength is also about the process. Getting everyone together and having a 

discussion and sharing ideas on what we are not doing and where we are going in 

the future…should identify information for the gaps that we are now addressing.  
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Additionally, those CDEM Groups that are taking the lead in risk information generation are 

also considering how they will manage and share this information at a regional level, for 

example:  

The hazard portal is a one stop shop, so it’s an authoritative source for hazard 

information in the region. So instead of someone in a district grabbing an old book 

and thinking this is my flooding risk, they know that actually if I want to know the 

most current information, this is where I go. So if an update is done by one of the 

engineers it’s automatically on the website and reflecting the current picture.  

In summary, while proactive measures towards managing natural hazard risk are developing 

across a number of the CDEM Groups visited, results show a challenging environment for 

CDEM’s use of risk modelling as a tool to better understand and manage natural hazard risk. 

This is not only because of confusion over CDEM’s role and its limited influence for decision 

making, but also because of lack of data availability and suitability. As such, results show that 

there appears to be no standard approach to generating or sourcing risk data and there is no 

simple pathway for its communication. 

4.9 Discussion 

There is definite interest and engagement in the use of risk modelling from CDEM and other 

natural hazard risk management practitioners within local government. The outputs from risk 

modelling are seen as beneficial for managing emergency events, increasing natural hazard 

awareness for the public, and also for communicating risk to decision makers for cost-benefit 

analysis, risk reduction, and land-use development measures. As such, participants agreed that 

risk modelling tools, like RiskScape, can help span the communication gap across the science-

policy interface, providing information that better enables decision makers to develop 

improved natural hazard management policy.  

Yet the use of risk modelling to better understand and communicate natural hazard risk 

continues to be challenged by the disconnect across the science-policy interface and resulting 

practice. Even though the risks are acknowledged by the scientists and practitioners, there is a 

disconnect between them, the decision makers, and resultant policies and procedure. Drawing 
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on the core themes from the focus groups and literature set out in section 4.8 (Results), we 

discuss the key contributors to this disconnect.  

4.9.1 Misperceptions of the CDEM role within council  

Goal Two of the National CDEM Strategy (MCDEM, 2007) aims to reduce the risks from hazards 

to New Zealand, achieved by: 

• improving the co-ordination, promotion, and accessibility of CDEM research;  

• developing a comprehensive understanding of New Zealand’s hazardscape;  

• encouraging all CDEM stakeholders to reduce the risks from hazards to an acceptable 

level; and  

• improving the co-ordination of government policy relevant to CDEM (MCDEM, 2007, p. 

11).  

However, the results in section 4.5.1 show that CDEM in New Zealand is often misperceived as 

solely having a emergency response role. Emergency management’s bias for emergency 

response has long been known (Britton & Clark, 2000; Petak, 1985; Waugh & Streib, 2006), 

where the employment background of CDEM practitioners in response-focussed military or 

police roles can result in a greater tendency to focus on CDEM response activities over risk 

reduction. Donahue et al. (2014) add that elected officials support this by investing more on 

emergency response than risk reduction because electoral payoffs are higher if they do so. 

Furthermore, while CDEM practitioners can see the value in risk management, the benefits of 

risk management are uncertain, which lessens their willingness to give action to risk-reduction 

measures (Edwards et al., 2012; Manning et al., 2015). As such, with the value of CDEM seen 

more easily through its emergency response activities, CDEM is marginalised as mainly a 

response role, with that marginalisation inadvertently supported by the CDEM practitioners 

themselves.  

The need to better understand the impact of organisational culture and mental models for 

CDEM is recognised by Doyle et al. (2015), where they recommend the use of ‘shared mental 

models’ to overcome misconceptions of other people’s roles. A shared mental model requires 

an understanding of each other’s knowledge, skills, roles, anticipated behaviour or needs, and 
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can be developed a number of ways, including inter and intra-team networking, exercising, and 

role-swapping (Doyle et al., 2015). By building shared mental models, CDEM and other natural 

hazard risk practitioners can improve the understanding of their function, better coordinate 

their roles, and break down misconceptions. 

4.9.2 Communicating uncertainty  

The uncertainties associated with risk data has traditionally been recognised as a challenge, 

where compounding assumptions have the potential to misrepresent the risk, as well as 

mislead practitioners (Donovan & Oppenheimer, 2015; GFDRR, 2014; Stein & Stein, 2012). 

However, as related in section 4.5.2, this was not an issue for the participants. The participants 

wanted some communication on the uncertainty associated with the modelling process but not 

in a detailed probabilistic/mathematical sense. As with Doyle et al. (2011), Doyle et al. (2014) 

and Henrich et al. (2015), participants were more interested in the uncertainties being framed 

in a way that they could apply to their decision-making needs. RiskScape's ability to spatially 

depict consequences is one option for achieving this, where depicting the uncertainty of the 

risk in map form is beneficial for decision makers (Kunz et al., 2011; Mason et al., 2016; 

Spiegelhalter et al., 2011). However, as Thompson et al. (2015) point out, "conveying such 

complicated data on a static map image without careful consideration of user perspectives or 

context, may result in contrasting interpretations, misunderstandings, or aversion to using the 

map" (Thompson et al., 2015, p. 1) 

4.9.3 Immaturity of risk modelling and its data  

Another challenge is due to natural hazard risk modelling still being a new application. The 

results in sections 4.5.2 and 4.5.3 support that, while work is ongoing to further develop risk 

models, they cannot yet compute multi-hazard events or cascading consequences, and cannot 

be used to their fullest extent due to unavailability of data and expense of developing it. Even 

though practitioners see the benefits in risk modelling, they’re reluctant to invest in its 

development due to resource pressures (time, capability, and money), as well as the limited 

assurance that decision makers would appreciate its value.  

It’s a ‘Catch-22’ (Heller, 1961); there is not the level of capability or data availability to enable 

risk modelling to be realised as a valuable risk management tool for local government, yet 
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without realisation of its value, there is limited investment into collecting natural hazard data, 

developing the software, or developing the capability to use it. Investment in risk modelling is 

sorely needed with the cost-benefit advantages of investing in risk-reduction measures being 

well documented (Shreve & Kelman, 2014; Špačková & Straub 2015), and with wide consensus 

across geo-social science disciplines that natural hazard related disasters are increasing in 

magnitude, frequency, and cost. 

4.9.4 Uncertainty over council natural hazards management  

Figure 4-3 sets out the complexity of the environment for natural hazard management 

legislation and how it contributes to a network of policy and procedural measures.  

 

Figure 4-3: Relationships between key legislation for natural hazard management. Source: The RMA Quality Planning 

Resource (n.d.) 

In its current state, the connections across the legislative environment for natural hazard 

management are difficult to coordinate, and there is no mandated structure for how natural 

hazard risk assessment and communication can be achieved (LGNZ, 2014; Saunders et al., 

2015). This difficulty in coordination and lack of mandated structure leads to confusion and a 

lack of will to invest in natural hazard risk management activities, including the use of risk 

modelling. While this lack of national coordination is a challenge for local government natural 

hazard risk management, section 6.3 shows that some councils have independently recognised 
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the need to share information on natural hazard management and have developed forums to 

achieve this. However, the participants discussed how these forums are isolated, with no 

standard operating model, and have varying degrees of support from decision makers in senior 

and political positions. While these forums are making progress towards good natural hazard 

risk management, they are small, have limited funding, and are not currently focused on the 

development and use of risk modelling. This is a significant challenge given that cross-

government sharing and collection of data is crucial for risk assessment. This is not a unique 

challenge for New Zealand but has been highlighted internationally (The World Bank, 2016).  

4.9.5 Limited use of ‘knowledge brokers’ and ‘gate keepers’  

‘Knowledge brokers’ are people that can move knowledge around and create connections 

between researchers and their audience (Meyer, 2010). Similar to the ‘knowledge broker’ role 

are ‘gate keepers’, who are people that can integrate external knowledge with different roles 

within an organisation (Macdonald & Williams, 1993). Knowledge brokers and gate keepers are 

beneficial because they act as the link between science and policy and can enable the 

appropriate information translation in an organisation. However, of the five councils visited, 

the knowledge broker and gate keeper roles were effective in only two, with those two councils 

being the most proactive and dynamic for how CDEM was integrated with cross-council natural 

hazard management. Figure 4-4 outlines the spectrum of integration or connectivity that was 

identified during the analysis, with each of the five CDEM Groups visited at a different point 

across the spectrum from ‘isolated’ to ‘integrated’. This is particularly relevant to the theme of 

enabling effective data pathways across councils as outlined in section 4.8.3. 
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Figure 4-4: A spectrum of connectivity identified from the focal group discussions. Source: Crowley & Crawford (2016) 

While some progress towards integrated natural hazard risk management has been achieved 

through knowledge brokers and gate keepers, the use of risk modelling has not been a focus 

for local government natural hazard management. 

4.10 Recommendations and Conclusion 

Common across both researchers and natural hazard practitioners is that, even though they are 

aware of the challenges for applying risk modelling tools, they have yet to overcome them. This 

points to a deeper, more fundamental challenge – while it is agreed that risk modelling can 

contribute to improving the disconnect across the science to policy interface for natural hazard 

management, it is the problems with this interface that impede the development of natural 

hazard risk modelling tools.  

The disconnect between science and policy for natural hazard management is well 

documented. Write et al. (2013) point out that the language barrier between science and policy 

is large and often underestimated. Landström et al. (2011) and Nursey-Bray et al. (2014) reflect 

this, stating how different knowledge discourses between scientific knowledge and local 

knowledge limit its integration with policy. Gaillard & Mercer (2012) refer to the need for 

CDEM as a dynamic team 

across council, involved 

in risk data development, 

use and management 

Integrated 

CDEM as response 

focussed only, physically 

and organisationally 

isolated, limited data 

sharing 

CDEM brought into 

discussions when 

required, receiver of 

risk data 

Isolated 



  

139 
 

participatory, integrative processes for linking knowledge to action; however, Le De et al. 

(2015) and Mercer et al. (2008) warn of the difficulties of using participatory approaches, 

questioning the accountability of academics for ensuring an open and transparent process. 

Glasgow & Emmons (2007) refer to the need for more inter-connectedness across contributing 

programmes, and Finewood & Porter (2010) point out conflicting pressures between 

environmental and economic development as the disconnect, rather than between scientists 

and decision makers.  

Gluckman (2011) takes a New Zealand government perspective, referring to the challenges of 

the science-policy disconnect for developing knowledge-informed policy. Challenges include a 

lack of interaction between academia and the public service, a haphazard structure for internal 

scientific advice, limited use of external scientific advice, conflicts of interest with Crown 

Research Institutes, and how the deprecation of social science can undermine good policy 

development. Kilvington and Saunders (2016) add to this with their review of the role of 

science in -use planning within New Zealand’s local government. They refer to a mixture of 

factors contributing to the disconnect between science, policy, and practice, including limited 

information dissemination and information management, differing time-frames between 

research and practice, limited institutional capacity, unavailability of knowledge brokers, and 

social and political pressures.  

Given these challenges, we make the following recommendations to span the science-policy 

interface and enable risk modelling as a communication tool to better develop policy and 

procedure for natural hazard management:  

• Legislate greater mandate for how natural hazard risk management is achieved in New 

Zealand local government, with clarity on which local government natural hazard role is 

the lead for the function across the council. The silos between the existing natural 

hazard roles can be more easily crossed with a recognised lead for the natural hazard 

management function.  

• Enable greater capacity and capability building for collecting, managing, and using 

natural hazard risk data so that it is well known, available, and usable, where its value 

is obvious to policy and decision makers through collaborative risk modelling 

approaches.  
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• Support and enable the movement of knowledge for natural hazard risk management 

through the development of shared mental models via knowledge broker and gate 

keeper roles that give greater connectivity, advocacy, and significance to natural 

hazard management initiatives across different council roles.  

• Adopt effective and meaningful participatory approaches for developing natural hazard 

risk management policy. While participatory approaches are useful for democratising 

the exchange of knowledge between science, policy, and practice, they need to be 

managed carefully so that the process doesn’t become a ‘box-ticking’ exercise that 

remains ineffectual.  

In conclusion, given the severity of natural hazards in New Zealand, it is important for local 

government to be able to understand and manage them effectively. Risk modelling, specifically 

RiskScape, is a tool that can help support local government to do this through communicating 

natural hazard risk to better inform policy and procedure. However, research on the perception 

and use of risk modelling is scarce. As such, this research gains a practitioner perspective on 

how the RiskScape risk modelling tool can be used to support local government natural hazard 

risk management. Participants identified the value in risk modelling for managing emergency 

events, increasing natural hazard awareness for the public, and also for communicating risk to 

decision makers for cost-benefit analysis, risk reduction, and land-use development measures. 

However a number of challenges were also identified – misperceptions on the salience of 

emergency management for natural hazard risk management, uncertainty over how natural 

hazards are managed within New Zealand local government, issues with connecting 

information from outside organisations and across council functions, the capability of risk 

modelling software, and limited availability of natural hazard risk data. Underlying these 

challenges is the recognition that while risk modelling can help span the science-policy 

interface, it is the problems with this interface that slow the development of risk modelling. 

These challenges continue to limit the efficacy of research, not just for risk modelling and 

natural hazard risk management, but across a number of academic disciplines interacting with 

government and private organisations. However with mutual partnership and ongoing 

engagement across the science-policy interface, along with the recommendations listed above, 

risk modelling can be enabled as an effective tool, not only to communicate natural hazard risk 
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and inform better natural hazard policy and procedure, but also for other disciplines spanning 

social and technological hazards. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



142 
 

  



  

143 
 

5 [2nd manuscript] End-user perceptions of natural hazard 

risk modelling across policy making, land-use planning, 

and emergency management within New Zealand local 

government 

5.1 Overview of this chapter 

This manuscript continues from Chapter 4, drawing from the original focus group sessions, as 

well as follow-up interviews with natural hazard risk practitioners in Aotearoa New Zealand 

local government, contributing to the scarcity of research on the perception and use of natural 

hazard risk modelling tools, specifically RiskScape. It is a think piece that explores how risk 

modelling is perceived and used by different natural hazard practitioners within local 

government, focussing on functions for strategic policy making, land-use planning, and 

emergency management. The research finds differences in how risk modelling is perceived and 

used by each function and goes on to provide opinions on why this is the case. It concludes 

with recommendations for developing end-user perceptions of risk modelling and better 

enabling its use for natural hazard risk management. 

Table 5-1 positions this manuscript in relation to the other manuscripts within this thesis and 

the research questions that it has aimed to answer. 
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Chapter 4 –  

1st Manuscript 

Chapter 5 –  

2nd Manuscript 

Chapter 6 –  

3rd Manuscript 

Chapter 7 –  

4th Manuscript 

Explores how risk 

modelling tools, such as 

RiskScape, can be used 

to manage natural 

hazard risk in Aotearoa 

New Zealand local 

government. 

Think piece exploring 

how risk modelling is 

perceived and used by 

the policy making, land-

use planning, and 

emergency management 

functions within 

Aotearoa New Zealand 

local government. 

Explores the thoughts 

and opinions of natural 

hazard risk practitioners 

regarding tsunami risk 

management policy, 

along with the use of risk 

modelling (RiskScape) 

for tsunami policy 

development 

Explores the complex 

system of challenges for 

the application of 

natural hazard risk 

management within 

local government as a 

whole and how the 

science-policy-practice 

interface can interrupt 

the complex system’s 

overall dynamic. RQ1.  How is natural hazard risk modelled information perceived and acted 
upon by local government? 

   

RQ2.  How is risk modelling informed by natural hazard management? 

 

 

  

RQ3.  How are natural hazard management 
policies and procedures informed by risk modelling? 

  

RQ4.  What are the risk communication barriers and enablers that limit or contribute to efficacy for 
natural hazard risk management in local government? 

    

RQ5.  What link do these limiting (or 
contributing) factors have with natural hazard 
management policy and procedures, and how can 
those policies and procedures be developed to 
enhance enablers and overcome barriers? 

Table 5-1: Positionality of the second manuscript to the thesis 

5.2 Manuscript preparation and publication 

I prepared this manuscript for the proceedings of the International Conference on Information 

Systems for Crisis Response and Management (ISCRAM), which I attended in Wellington in 

2018. I was the primary author with my supervisors, Dr Saunders, Dr Doyle, and Professor 

Johnston. The manuscript is a think piece presenting personal thoughts and opinions for how 

risk modelling is valued in New Zealand local government, based on analysis of interviews with 

local government practitioners. I collected the data through follow-up interviews with 
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participants from the initial focus group sessions that contributed to Manuscript 1. The data 

was analysed with the support of my supervisors, who also guided me in the structuring and 

editing of the manuscript. The final manuscript was accepted for the proceedings of ISCRAM 

Asia Pacific 2018: Innovating for Resilience – 1st International Conference on Information 

Systems for Crisis Response and Management Asia Pacific.  

5.3 Abstract 

While the development of risk modelling has focussed on improving model accuracy and 

modeller expertise, less consideration has been given to understanding how risk models are 

perceived and used by the end user. In this think piece, we explore how risk modelling is 

perceived and used by three different end-user functions for natural hazard risk management 

in New Zealand local government – policy making, land-use planning, and emergency 

management. We find that risk modelling is:  

• valued and used by strategic policy makers,  

• less valued within operational land-use consent planning and not as widely used, and  

• valued within operational emergency management but not as widely used.  

We offer our thoughts as to why this is the case with reference to focus groups and qualitative 

interviews held with local government natural hazard risk end-users across the Bay of Plenty, 

Gisborne, Hawke’s Bay, Wellington, Nelson, Tasman, and Canterbury regions of New Zealand. 

We conclude with recommendations for how risk modelling can be further developed to 

increase community resilience. 

5.4 Introduction 

Researchers and practitioners are increasingly using risk modelling to scope the consequences 

for natural hazard scenarios where there is uncertainty over vulnerability and exposure 

(UNISDR, 2015; Donovan & Oppenheimer, 2015; Eiser et al., 2012). However, while research 

has focussed on developing better risk models, less consideration has been given to end-user 

perceptions and use of risk modelling for natural hazard management (Komendantova et al., 

2014; Reiter et al., 2017). 
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Natural hazard management in New Zealand is achieved through the devolution of central 

government legislation down to local government for application. Three key pieces of 

legislation coordinate how natural hazard management is applied: 

1. The Local Government Act 2002 (LGA) – provides for local government to meet the 

natural hazard management needs of communities through local infrastructure, 

local public services, and performance of regulatory functions; 

2. The Resource Management Act 1991 (RMA) – land-use consent planning assures 

avoidance or mitigation of natural hazards with respect to the use, development, 

or protection of land; 

3. The Civil Defence Emergency Management Act 2002 (CDEMA) – emergency 

management supports the sustainable management of hazards in a way that 

contributes to the social, economic, cultural and environmental well-being and 

safety of the public and also to the protection of property. 

Each piece of legislation and its associated policies and processes are applied through separate 

local government functions. While it is intended that these functions work seamlessly together, 

it is shown that over time integration remains limited, resulting in different perceptions, and 

reduced effectiveness for natural hazard management (Becker & Johnston, 2000; Ericksen et 

al., 2004; Glavovic et al., 2010; LGNZ, 2014; Saunders et al., 2014; Saunders et al., 2015; Basher, 

2016; Kilvington & Saunders, 2016; Crawford et al., 2018; Lawrence, 2018). 

This think piece explores the differences between how end users perceive and use risk 

modelling for natural hazard management across the functions of strategic policy making under 

the LGA, operational land-use consent planning under the RMA, and operational emergency 

management under the CDEMA. It refers to data captured from focus groups sessions and 

qualitative interviews held with end users from the Bay of Plenty, Gisborne, Hawke’s Bay, 

Wellington, Nelson, Tasman, and Canterbury regions of New Zealand. We discuss the 

differences in how end users perceive and use natural hazard risk modelling and conclude with 

recommendations for how natural hazard risk modelling can be further developed.  
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Through a better understanding of how each natural hazard end-user function perceives and 

uses risk modelling, we can improve the usability of risk modelling, increase its application, and 

therefore build community resilience to natural hazards. 

5.5 Methods 

In the social sciences, risk perception is subjective, involving people’s feelings, beliefs, attitudes 

and judgements (Barnes, 2001). As such, qualitative approaches were used because they 

“explore the views, experiences, beliefs and/or motivations of individuals on specific matters” 

(Gill et al., 2008, p. 292). Two qualitative approaches were used to better understand end-user 

perceptions towards the risk modelling and its use – focus groups and qualitative interviews. 

Focus groups sessions were held with the Bay of Plenty, Hawke’s Bay, Wellington, Nelson, 

Tasman and Canterbury regional or unitary authorities. This method was used because the 

“explicit use of group interaction produces data and insights that would be less accessible 

without the interaction found in the group” (Flick, 2006, p. 197). The sessions ranged in size 

from six to fifteen participants covering functions for strategic policy making, land-use consent 

planning, and emergency management, and also for engineering, hazard analyst, and GIS 

technician roles. Participants were encouraged to discuss their perceptions of the use of risk 

modelling via a semi-structured approach framed by guiding questions as set out in Table 5-2.  
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Table 5-2:  Focus Group Session Guide 

Qualitative interviews were held in Wellington, Hawke’s Bay, and Gisborne. Twenty-three 

participants were individually interviewed covering functions for strategic policy making, land-

use consent planning, and emergency management, as well as other roles for environmental 

science, building control, asset management, engineering, and hazard modelling. As with the 

focus group sessions, an interview guide was developed to help steer the course of the 

interviews as set out in Table 5-3. 

Understanding information management: 

• How is this group linked with other departments and wider natural hazards risk 

management within the council? 

• How do you communicate risk and hazard information and make decisions across the 

council? 

• What information do you use? 

• Where does it come from? 

• Do you create or provide your own information? 

• How would you like to receive or share risk and hazard information? 

Discussion based on examples: 

• Do you have any examples of risk-informed decision making or response? 

• What went well in terms of information requirements? 

• What information was missing or what were the information gaps? 
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Table 5-3:  Qualitative Interview Guide 

Both the focus group sessions and qualitative interviews lasted between 1–2 hours with data 

captured through dictaphone recordings and then transcribed. Transcriptions were 

thematically analysed as it “provides a flexible and useful research tool, which can potentially 

provide a rich and detailed, yet complex account of data” (Braun & Clarke, 2006, p. 5). The 

themes identified emerged through iteratively analysing the transcripts via an inductive, 

‘bottom-up’ process (Patton, 2015). The NVivo software package was used to assist with the 

analysis, categorisation, and organisation of the data into main themes with contributing sub-

themes. 

Thoughts, feelings, and experiences on how natural hazard risk management policy works in 

that council: 

• Its level of importance. 

• How often policy is developed. 

• How policy is applied. 

• Links across council for natural hazard risk management.  

• The local governance environment/mandate for policy development. 

• Risk-based policy. 

Views on the use of risk modelling software: 

• Whether it changes the way participants perceive natural hazard risk? 

• Whether it better communicates the risk, why, and why not? 

• Whether it is better at creating efficacy for developing more risk informed policy and 

procedure? 

• What participants think are the barriers for the communication, perception, and 

efficacy for natural hazard risk? 

• What participants think are the enablers for the communication, perception, and 

efficacy for natural hazard risk? 
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5.6 Results 

The themes identified from the transcriptions are examined across the strategic policy making, 

land-use consent planning, and emergency management functions in turn. 

5.6.1 Strategic policy making 

When discussing how natural hazard risk management was achieved within their council, 

strategic policy makers were clear about how it was a holistic approach, incorporating different 

council roles and external influences: 

You have the engineers and the building consents guys and the planners and 

they are all collectively are fully aware of the hazards, so as an organisation I 

think we are pretty good with it. We are constantly, collectively working on 

contingency plans. 

It doesn't always have to look like rules and regulations in a regional plan… you 

don't have to go anywhere near and RMA planning instruments in reality. 

Policy is, in my view, not just about local authority. It is about other industry 

sectors: very much insurance has a role, or lenders have a role to play in this, 

and they are having more and more of a role in this. 

While strategic policy makers were unanimous in supporting natural hazard risk management, 

they were also pragmatic about its relationship with economic development:    

I guess it's how you meaningfully respond to the threat of natural hazards and 

what you can do which doesn't prevent people from living and undertaking their 

daily life and keeping the economy moving and cities growing. 

In line with their holistic, pragmatic view of natural hazard risk, strategic policy makers showed 

a good understanding of risk management concepts: 

At the end of the day, what is a reasonable probability that you are willing to 

accept as a community for risk? [Some policies] would be too onerous to try and 

work your planning framework around, so there needs to be a bit of risk 

tolerance in every decision that you make. 
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Considering this, strategic policy makers presented mixed perceptions of natural hazard risk 

modelling and its use. They appreciated its value for providing science-informed results: 

Looking at what the risks are and establishing priorities… So we have used [risk 

modelling] as part of that with the fragility curves and working out what the 

assets are at risk.  

If we get a handle on the scale of what is at risk, it is always valuable for policy 

development. 

I wanted to have something to support me if I’m in a hearing in Environment 

Court or in a consent (Resource Consent) to show that these areas were at risk. 

However, the uncertainties and assumptions inherent within risk modelling meant that they 

had limited confidence in modelled results: 

[Risk modelling] might be entirely valid as a tool to inform your high level 

strategic special planning but not be able to inform a land use regulatory 

Environment Court appeal kind of decision-making forum… It comes back to 

your policy advisors having an awareness of the potential but also the 

limitations of any of these risk models and also an awareness of the data 

availability. 

Overall, strategic policy makers appreciated risk modelling as a communication tool that 

informed policy making: 

Modelling produces a visual, spatial map output and if there is one thing I know 

from many years of talking to the community and councils and people is that 

they can relate to any visual-graphic representation of something people can 

see. So they’re hugely powerful tools for communicating risk and impact and 

disaster risk reduction. 

I'm a firm believer that any model is there to support decision making not to 

make decisions. Only humans can do that in full judgement of the information 

available. So as a communications tool risk modelling is still quite valid.  
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5.6.2 Land-use planning 

While land-use consent planners acknowledged the use of other legislation for achieving 

natural hazard risk management, a common thread for discussions was on using the RMA and 

associated plans to deliver regulation: 

My colleagues think the RMA is the Bible and is the key means of delivering on 

land use planning decisions. 

There are two different types of planner; I like to think that we are heading more 

towards the outcome focussed planner but, to be honest, I think we have gone 

more towards the book version [where] ‘the book’ [the District Plan] gives us the 

answers. 

Considering the land-use consent planning focus on using existing rules and regulations, and 

due to stretched resources, there has not been the drive or capacity to learn different 

approaches for natural hazard risk management: 

That's the problem – sophisticated spreadsheets and sophisticated modelling 

have never been a strong point in planning. 

People are stretched with their workloads and probably find it difficult to 

develop a new area. 

In conjunction with this, participants reported that risk modelling for less frequent natural 

hazard events was not synonymous with the policy timeframes used within land-use consent 

planning: 

As far as planning is concerned … they're dealing with the here and now, they're 

dealing with people who come in with development proposals, they're looking at 

a District Plan which maybe has a ten-year life.  

As such, while there is an appreciation of risk modelling as a tool, it has not been readily 

adopted within land-use consent planning:   

I can see that being a really useful tool… there’s a social component to it. 
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Some of them know about [risk modelling], but I think it just hasn’t hit the point 

where people see it as a valuable tool as far as how they make decisions. 

Maybe the software approach is just too much effort, with too little flexibility, to 

be of value on the day. 

5.6.3 Emergency management 

An interesting theme that emerged from discussions was how the emergency management 

function interacted with other parts of the council. While natural hazard risk management is a 

primary focus for emergency management, it is a less important focus for land-use consent 

planning and strategic policy making: 

Hazards will be in the mix as part of that upcoming plan review exercise, but we 

have bigger fish to fry. 

Even though hazards and [emergency management] are important … when 

events aren’t occurring it just drops down on the importance list. 

In addition, emergency management is commonly perceived as only an emergency response 

function, making it less relevant to other natural hazard risk management functions across the 

council:  

[Emergency management] tends to operate much more on the response and 

recovery side and try as you might there's not actually a lot of crossover 

between and dialogue between the emergency management and the planning 

policy people. 

I still think that the Council think of us as the people that work responding to an 

emergency. [They] don't actually think about the value that can be added from 

other areas. 

Considering this challenging environment, emergency management has had to rely on 

influential personalities to better enable integration with other natural hazard functions:    
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She’s playing the long game, she’s been around for a while doing it, and because 

of the set of circumstances, she’s able now to influence across a wide breadth 

within the Council, and show the value of [emergency management] to them. 

Emergency managers showed a good understanding of risk as part of achieving their function 

for natural hazard risk management:    

So that’s where [emergency management] comes in, so you can’t actually say 

“well what is the risk of developing that land there?”, unless you understand 

that if that event happens, what is the impact and the response? We have to 

evacuate that, we have to house people, we have to this, we have to do that, we 

have to do planning and that takes resources and time.  

It’s looking at it and saying “well these are the risks, this is what would need to 

happen for response” and therefore we could ‘tutu’ (muck around) with the 

design to make response easier and therefore carry on. Or go well, the chances 

are pretty low, therefore the risk is acceptable. Yes, there is a risk but it is 

acceptable. 

Given their understanding of risk management, emergency managers saw value in risk 

modelling: 

It would be very powerful for [emergency] planning, through knowing what the 

potential impacts would be, in other words, what is the end game? If something 

happens, what’s it going to look like? Then we can go back to the start and say 

this is our future recovery planning that we are going to have to think about. 

Emergency managers also found risk modelling valuable for: 

• communication to the public and decision makers 

• real-time event response 

• exercise development 

• contingency planning 

• generic plans, such as land-use and civil defence plans, and 
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• policy development, such as Regional Policy Statements. 

However, while emergency managers agree that risk modelling was a valuable tool for natural 

hazard risk management, on the whole, it isn’t used. Emergency managers reported that this 

is because contributing data is not available and because risk models are not suitable for their 

specific needs:  

In terms of CDEM, we need information that is as up to date as possible. We can 

use it as a response tool as long as the data is available. 

I know that … the [emergency management] people weren't too keen on it. 

Maybe because that is just too hard to use in an event.  

As such, emergency managers have looked to use their own community knowledge as well as 

other tools for assessing and communicating risk: 

The Hazards Portal, you know, that's great, great, and [emergency 

management] is leading that, which is great.  

I can virtually do that myself on GIS by plotting all of our lifelines across it, all the 

residential areas, daytime populations are all going to be in the CBD around this 

area so we’re going to get pretty good loss of daytime in this area. You know 

these residential areas at night, okay, these are the inundation maps we've got 

and they're not great but they're better than nothing. 

5.7 Discussion 

The themes set out in the results section present a complex and differing environment for the 

perception and use of risk modelling across the strategic policy making, operational land-use 

consent planning, and operational emergency management functions for natural hazard risk 

management. We find that risk modelling is: 

• valued and used by strategic policy makers;  

• less valued within operational land-use consent planning and not as widely used; and 

• valued within operational emergency management but not as widely used.   
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While the data that informs this discussion represents a significant portion of New Zealand 

local government (seven of the seventeen regional and unitary authorities), it is not 

representative of all of New Zealand local government. Perceptions and uses for risk modelling 

may be different in areas that were not part of the study.      

We offer our thoughts on the differences in perception and use of risk modelling of our case 

study area in turn.  

5.7.1 Strategic policy making 

Strategic policy making is central to achieving the strategic local government objectives for the 

social and economic development of their communities. While councils see natural hazard risk 

management as important (BOPRC, 2018; CRC, 2018; GDC, 2015; GWRC, 2015; HBRC, 2012), it 

is only a part of the strategic policy making function. Other foci for local government strategic 

policy making include management of infrastructure, environment, social issues, and economic 

development. Strategic policy makers take a wider, holistic view to achieve natural hazard risk 

management outcomes. It is their role to see the ‘big picture’ and think ‘outside the box’, 

straddling all council functions and combining different legislations, policies, plans, tools, and 

processes. Strategic policy makers also look to public-private partnerships to develop strategy 

that meets the current and future needs of our communities as per the Local Government Act 

(LGA) (New Zealand Government, 2002b).  

Due to its importance, strategic policy making can easily connect to and integrate with other 

council functions in order to achieve objectives. It is also more easily able to influence decision 

makers to financially support the use of methods and tools to achieve those objectives. 

Furthermore, strategic policy making’s position of straddling all council functions, along with 

private sector business management, has enabled them to develop a more holistic 

understanding of risk management. For example, ongoing management of ageing and 

vulnerable infrastructure has resulted in more developed risk-based local government policy 

focussed on asset management than for any other council function. Strategic policy makers are 

then able to transfer this knowledge to other areas like natural hazard risk management. 

This understanding of risk, the readiness to use different methods and tools, along with its 

influence within the organisation, has meant that strategic policy makers are using risk 
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modelling the most out of the three end-user functions. Examples of its use for natural hazard 

strategy development include for a cost-benefit analysis of residential development within 

Lower Hutt, impacts assessment as part of the Hawke Bay Coastal Strategy (T&T, 2016a), and 

mitigation strategies for Gisborne District Council (GNS, 2016). 

Yet even though strategic policy makers use natural hazard risk modelling the most, they show 

the least confidence in its outputs. This correlation makes sense. With greater exposure to the 

uncertainties and assumptions contained within risk modelling comes a greater appreciation of 

its limitations. We also think that strategic policy makers’ more developed understanding of 

risk better informs them of how much tolerance they have for risk modelling uncertainties and 

the assurance that risk modelling provides.  

Nevertheless, while strategic policy makers are consistent in saying that risk models are too 

uncertain for rezoning-type applications, they are valued for cost-benefit analysis and 

communicating risk for high-level policy making.   

5.7.2 Land-use planning 

Similar to strategic policy making, land-use consent planning is central to achieving the 

strategic local government objectives for sustainable development. District plan provisions 

(under the Resource Management Act (RMA)), applied through land-use consent planners, are 

a useful and wide-ranging legislative instrument. As with strategic policy making, natural hazard 

risk management is only part of the land-use consent planning function. Planners regulate a 

number of other community activities including development, industry, transport, water, noise, 

heritage, hazardous substances, and air quality. Due to the similarities between the two 

functions, land-use consent planners have a more established relationship with strategic policy 

makers than with emergency managers.  

Land-use consent planning is operationally focussed. It looks to regulate community activities 

through regional and district plan resource consents, monitoring, and enforcement. While it is 

not a strategic function like policy making, it is still viewed as important for how councils 

achieve their objectives. As such, the land-use consent planning function is a well-established, 

embedded, process-orientated and valued participant in council strategy development.  
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We suggest that the strength of the RMA is both a benefit and a detriment for how land-use 

consent planners achieve natural hazard risk management. It is a benefit because it is able to 

enforce community compliance and therefore more easily achieve natural hazard risk 

management outcomes. However, it is a detriment because the robust and prescriptive 

legislation means that many land-use consent planners choose to use established processes 

rather than exploring new methods and tools to achieve outcomes. In addition to this, the ten-

year cycle for district plans is considered by some to be too long for flexible responses for 

natural hazard risk management, and the three-year political cycle is too short for 

consideration of risks emerging over longer timeframes (Lawrence et al., 2015). While 

innovative new risk-based approaches for natural hazard management are being developed 

(BOP, 2014; CCC, 2017), the results indicate that land-use consent planners are less inclined to 

‘think outside of the box’ to better achieve natural hazard risk management outcomes.   

It is interesting to note that the subject of risk management did not enter into many of the 

discussions with land-use consent planners. This may be because land-use consent planners are 

less familiar with the subject compared to the strategic policy making and emergency 

management functions. While efforts for land-use consent planners to think about risk within 

the RMA have been ongoing (Saunders & Beban, 2012), appreciation for risk management has 

been slow to develop. This could have been because risk management has not been a focus of 

the RMA; however, now that section 6 of the RMA has been amended to include ‘the 

management of significant risks from natural hazards’ as a matter of national importance (New 

Zealand Government, 1991, section 6), there is the potential for comprehensive risk-based 

planning to be implemented. 

As such, results show that whilst the land-use consent planning function is able to use risk 

modelling for natural hazard risk management, it has not generally been adopted. However, 

land-use consent planners are beginning to see its value, and with the recent changes to how 

the RMA manages natural hazards risk, there is greater opportunity for it to be used more. 

5.7.3 Emergency management 

The results suggest that emergency management is not perceived as being as important as 

strategic policy making or land-use consent planning as it is commonly viewed as only an 

emergency response function. This perception is supported in the literature (Lawrence et al., 
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2015; Lee, 2010; LGNZ, 2014; Saunders et al., 2015) and also by emergency managers 

themselves. Many report how they have historically been employed by response-focussed 

organisations, such as the army or the police, and as such tend to put more effort into 

response. While emergency management also operates across reduction, readiness, and 

recovery to achieve natural hazard risk management, these other activities have less visibility 

across the council than response. Strategic policy makers have some interaction with 

emergency managers as part of policy development; however, in many cases, the only 

interaction land-use consent planners have with emergency management is during emergency 

response-focussed exercises.  

In addition to this, we suggest that the Civil Defence Emergency Management Act (CDEMA), 

under which emergency managers operate, does not have the same standing for council 

strategy and management as the LGA or the RMA. Where the LGA and the RMA are central to 

community development and have wide-ranging responsibilities requiring community 

compliance with policy initiatives, the CDEMA is not perceived as being as central for 

community development and has no penalties for non-compliance (New Zealand Government, 

2002a; DPMC, 2017). This creates a challenging environment for how emergency management 

achieves its natural hazard risk management function as they are less integrated with council 

strategy than policy making or land-use consent planning. While recent events, such as the 

Canterbury Earthquakes, have helped increase council awareness of emergency management’s 

broader role, the emergency managers interviewed commonly reported being misperceived as 

only being there for emergency response.  

Given the misperceptions of emergency management’s role, along with having less integration 

within the council organisation, emergency management is obliged to be a dynamic function 

that develops relationships and thinks ‘outside of the box’ in order to gain influence and 

achieve its natural hazard risk management function.  

As such, emergency management cannot rest on the strength of legislation and established 

processes as land-use consent planning has and is similar to strategic policy making where it 

looks to use different legislations, policies, plans, tools, and processes, working across the 

public and private sectors. Also similar to strategic policy makers, emergency managers show a 

more developed understanding of risk. We think this is more to do with the risk-based 
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approach that emergency management takes to natural hazard risk management (MCDEM, 

2018) than from inclusion into council long-term strategy management. 

Given their understanding of risk, emergency managers value risk modelling as a tool. While 

they can see its value across a number of functions, emergency managers are quicker to see 

the value of risk modelling as a response tool than as a risk-reduction tool. This could be 

because of emergency management’s tendency to focus on response, but also because 

emergency managers own the emergency response role, where they would need to collaborate 

with policy and consent planners to achieve risk reduction.       

Even though emergency management is a dynamic function that looks to use different tools to 

achieve their natural hazard risk management function, on the whole they do not use risk 

modelling. Emergency managers value risk modelling, but the challenges associated with being 

a less integrated and misperceived function mean they are not as enabled to use it. Historically, 

risk modelling was not used due to the limited capability of risk modelling software to fit 

emergency management requirements. However, as risk modelling has developed, the issue 

rests more with risk data not being available for emergency management’s use, and challenges 

for emergency management to generate their own data. 

5.8 Recommendations and Conclusion 

This think piece gives our views on end-user perceptions of natural hazard risk modelling across 

the strategic policy making, land-use consent planning, and emergency management functions 

for natural hazard risk management within New Zealand local government. We paint a thought-

provoking picture of how risk modelling is perceived and used. Risk modelling sits within a 

complex, interrelated environment where perceptions of importance, levels of integration, 

understanding of risk, and willingness to use different methods and tools combine in various 

ways to influence its use.  

As such, we make the following recommendations to develop end-user perceptions of risk 

modelling and better enable its use for natural hazard risk management:  

• Structured collaboration for natural hazard risk management – By structuring 

for greater collaboration across the strategic policy making, land-use consent 

planning and emergency management functions, a shared understanding of 
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roles and responsibilities can be developed. As such, issues relating to 

misconceptions of roles can be broken down, enabling greater integration 

across the functions, shared perceptions of risk modelling, and improved risk 

model application (Doyle & Paton, 2017). 

• Participatory co-development of risk modelling – Involving strategic policy 

makers, land-use consent planners, and emergency managers to work 

together, co-developing risk models through a bottom-up, participatory 

approach. This will enhance understanding of the capability of risk models, 

develop confidence in the information that they provide, and build the value 

of risk modelling across the council for natural hazard risk management 

(Newman et al., 2017).  

• Regular risk management workshops – Natural hazard risks are constantly 

changing depending on shifts in community vulnerability and exposure. 

Regular workshops to review the risks and what measures can be employed to 

reduce them can build an understanding of risk management for decision 

support, promote its use across the end-user functions, and add value for 

natural hazard management (Saunders & Beban, 2012).    

• Data development – Combine resources to enable greater capacity and 

capability for natural hazard risk data collection, management, and use. 

Natural hazard risk modelling end-users can collaborate on standardised 

controls for data collection, quality, and format so that it is open, shared, 

usable, and used.   

In conclusion, this think piece focusses on the less researched area of how end users perceive 

and use risk models. We explore how risk modelling is perceived and used by three different 

end-user functions for natural hazard risk management in New Zealand local government 

finding that risk modelling is valued and used by strategic policy makers, less valued within 

land-use consent planning and not as widely used, and valued within emergency planning but 

not as widely used. Through a better understanding of how each natural hazard end-user 

function perceives and uses risk modelling, we have made recommendations for how end users 

can work together to develop their perceptions and use of risk modelling. With improved end-

user perception and use of risk modelling, it can be applied more widely, better support 
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decision making for natural hazard risk management, and therefore build community resilience 

to natural hazards. 
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6 [3rd manuscript] The low-likelihood challenge: Risk 

perception and the use of risk modelling for destructive 

tsunami policy development in New Zealand local 

government 

6.1 Overview of this chapter 

This manuscript shifts the focus away from the challenges of applying risk modelling in 

Aotearoa New Zealand local government and explores risk perception as a cause for these 

challenges. It focusses on risk perception for tsunami risk because tsunami is Aotearoa New 

Zealand’s most significant natural hazard risk but is also the least likely. It explores how low-

likelihood influences the development of tsunami risk management policy, the barriers and 

enablers that limit or contribute to this, and briefly how risk modelling (RiskScape) can help 

communicate risk to influence risk perceptions. The research reinforces the literature, finding 

that low likelihood presents a significant challenge for the development of tsunami risk 

management policy in Aotearoa New Zealand. The result is a paucity of tsunami risk 

management policy. The manuscript goes on to explore cognitive biases as a cause for this and 

makes recommendations to overcome the low-likelihood challenge for tsunami risk 

management policy.  The research recognises that these challenges arise from more 

fundamental issues relating to how natural hazard risks are governed in Aotearoa New Zealand. 

These issues are complex, interrelated, and entrenched within local government, and result in 

the limited success of natural hazard risk management approaches. 

Table 6-1 positions this manuscript in relation to the other manuscripts within this thesis and 

the research questions that it has aimed to answer. 
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Chapter 4 –  

1st Manuscript 

Chapter 5 –  

2nd Manuscript 

Chapter 6 –  

3rd Manuscript 

Chapter 7 –  

4th Manuscript 

Explores how risk 

modelling tools, such as 

RiskScape, can be used 

to manage natural 

hazard risk in Aotearoa 

New Zealand local 

government. 

Think piece exploring 

how risk modelling is 

perceived and used by 

the policy making, land-

use planning, and 

emergency management 

functions within 

Aotearoa New Zealand 

local government. 

 

Explores the thoughts 

and opinions of natural 

hazard risk practitioners 

regarding tsunami risk 

management policy, 

along with the use of risk 

modelling (RiskScape) 

for tsunami policy 

development. 

 

Explores the complex 

system of challenges for 

the application of 

natural hazard risk 

management within 

local government as a 

whole and how the 

science-policy-practice 

interface can interrupt 

the complex system’s 

overall dynamic. 

RQ1.  How is natural hazard risk modelled information perceived and acted 

upon by local government? 

   

RQ2.  How is risk modelling informed by natural hazard management? 

 

 

  

RQ3.  How are natural hazard management 

policies and procedures informed by risk modelling? 

  

RQ4.  What are the risk communication barriers and enablers that limit or contribute to efficacy for 

natural hazard risk management in local government? 

  

 

  

RQ5.  What link do these limiting (or 

contributing) factors have with natural hazard 

management policy and procedures, and how can 

those policies and procedures be developed to 

enhance enablers and overcome barriers? 

Table 6-1: Positionality of the third manuscript to the thesis 

6.2 Manuscript preparation and publication 

I prepared this manuscript as the primary author with my supervisors, Dr Saunders, Dr Hudson-

Doyle, Dr Leonard, and Professor Johnston, as co-authors. I conducted the data collection, 

analysis, and drafted the initial manuscript. The co-authors provided guidance on the 

systematic review analysis, gave insights into patterns in the data collected, and offered 
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feedback on the content and structure of the manuscript. I prepared the final manuscript for 

submission to the journal. The manuscript, published in 2019 by the Australasian Journal of 

Disaster and Trauma Studies, was accepted with minor revisions by the journal (Crawford et al., 

2019). 

6.3 Abstract 

The Hikurangi Subduction Interface, located 50 to 100 kilometres off the east coast of New 

Zealand’s North Island, has the potential to generate the most destructive tsunami New 

Zealand is likely to encounter over a 1000-year timeframe. Yet, while such a severe risk hangs 

over the area, the number and detail of tsunami risk management policies do not match this 

risk. This article presents research on the influence of low likelihood on perceptions for 

developing destructive tsunami risk management policy. It explores the thoughts and opinions 

of natural hazard risk practitioners in regard to tsunami risk management policy, along with the 

use of risk modelling (RiskScape) for tsunami policy development. Results highlight risk 

perceptions associated with the low likelihood of a destructive tsunami, including such an 

event being perceived as “not happening here” and the development of tsunami risk 

management policy perceived as sitting in the “too hard basket”. We discuss how these risk 

perceptions could be influenced by cognitive biases due to their seemingly illogical nature and 

how risk modelling can be used as a communication tool to help overcome these perception 

challenges. We conclude with some recommendations for how we could better match tsunami 

risk management policy with tsunami risk through further developing local government 

provisions for risk management, the influence of cognitive biases, risk modelling, and policy 

flexibility. 

6.4 Introduction 

A tsunami caused by an earthquake on the Hikurangi plate interface is thought to 

be a plausible candidate for the most destructive tsunami New Zealand is likely to 

encounter over a 1000-year time frame – capable of severe damage to urban areas 

on the east coast. (Power, Wallace, & Reyners, 2008, p. 6). 
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The Hikurangi Subduction Interface is capable of producing an all-of-interface megathrust 

earthquake ranging in magnitude from M7.5–9.0 (Power, 2013). Figure 6-1 sets out the 

location of the Hikurangi Subduction Interface off the east coast of New Zealand’s North Island, 

presenting how a tsunami generated within the interface could affect 200–300 kilometres of 

the nearby coast, potentially impacting on the Gisborne, Hawke’s Bay, and Wellington regions, 

along with a small amount of the Manawatu region (excluded from this study). Table 6-2 

provides the modelled median tsunami wave heights and direct losses, derived using the 

‘RiskScape’ model (King & Bell, 2005; King & Bell, 2009), that each of these regions could expect 

from a M9.0 rupture along the length of the Hikurangi Subduction Interface. 

 

 

Figure 6-1: The Hikurangi Subduction Interface and the Gisborne, Hawke’s Bay, and Wellington regions 
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Location Wave height 

(m) 

Deaths Injuries Economic loss ($M) 

Wellington 7.4 2198 1792 5,556 

Hawke’s Bay 8.4 4895 3752 5,211 

Gisborne 8.0 982 829 1,734 

Table 6-2: Modelled median wave height and direct losses from M9.0 rupture on the Hikurangi Subduction Interface 

(Gill et al., 2015; Horspool et al., 2015) 

With such severe consequences impacting these regions, it is understandable that tsunami 

have been identified as potentially New Zealand’s most severe natural hazard (Department of 

the Prime Minister and Cabinet, 2007). However, considering the comparatively high risk from 

tsunami, New Zealand spends relatively little on mitigation. This is evidenced in Table 6-3, 

which presents public spending on tsunami risk management compared to other risks. 

 

Event Government spending 

2008/9, $m 

Average annual 

individual fatality 

risk/100,000 

Spending per unit of 

risk $m 

Assaults $122  1.3  $93.85  

Workplace 

accidents 

$85  4.1  $20.73  

Vehicle accidents $854  9.2  $92.83  

Tsunami $2.55  2.8  $0.910  

Table 6-3: Public spending on tsunami risk management compared to other risks (Gill et al., 2015, p.  4) 

Our capacity to withstand and recover from the impacts of destructive tsunami is achieved 

through a combination of scientific research to build our understanding of the hazard and local 

government policy which enables the risk to be assessed, communicated, and managed within 

our communities. However, natural hazard risk management in New Zealand local government 

is challenged by a complex legislative environment, lack of data, misconceptions and biases, 

limited resources, and the differing requirements of numerous actors (Crawford et al., 2018; 

Glavovic, Saunders, & Becker, 2010; Kilvington & Saunders, 2016; Saunders, Grace, & Beban, 

2014). While the devastating impacts of recent tsunami in the Indian Ocean (2004), Samoa 
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(2009), Japan (2011), and Indonesia (2018) have raised awareness and spurred tsunami policy 

development (Johnston et al., 2014; King, 2015), local government have been slow to integrate 

such lessons into natural hazard risk management policy (Basher, 2016; Lawrence, 2018; Local 

Government New Zealand, 2014). 

This research aims to understand how tsunami risk management policy and procedure relates 

to tsunami risk in the Gisborne, Hawke’s Bay, and Wellington. It explores practitioners’ 

perceptions of low-likelihood, destructive tsunami; their views on tsunami risk management 

policy; and the use of risk modelling as a communication tool for tsunami risk management. 

The rest of the introduction describes the complex legislative structure for how tsunami risk 

management is achieved in New Zealand and introduces risk modelling as a communication 

tool for tsunami risk management. The method section explains the mixed method approach of 

qualitative interviews and document analysis used to gain a deeper understanding of 

practitioners’ views on tsunami risk management policy distribution and how tsunami policy is 

corroborated by practitioners’ perceptions of tsunami risk. The findings presented in the results 

section highlight a paucity of tsunami risk management policy across the study area and sets 

out three key themes that emerged from analysis of the qualitative interviews: disassociation 

from tsunami risk, reduced motivation for developing policy, and risk modelling challenges. 

Following these results, we discuss how cognitive biases associated with low likelihoods 

influence tsunami risk perceptions and challenge motivation for tsunami policy development. 

We propose that risk modelling is a valuable tool that can help address this challenge. In the 

discussion section we also provide recommendations for how risk modelling can work in 

combination with risk management, cognitive debiasing techniques, and long-term planning to 

overcome the low-likelihood challenge for tsunami risk management policy development in 

New Zealand local government. However, we argue that before this is achieved, fundamental 

challenges for how natural hazard risk is governed need to be addressed. 
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6.5 Natural hazard risk management, tsunami risk management, and risk 

modelling in New Zealand 

6.5.1 Natural hazard risk management  

We view risk as “uncertainty about and severity of the consequences of an activity with respect 

to something that humans value” (Aven, Renn, & Rosa, 2011, p. 1074). Risk is managed through 

arrangements for designing, implementing, monitoring, reviewing, and continually improving 

activities for its control (International Organization for Standardization, 2009). When applied to 

natural hazard management in New Zealand, risk management sits within a complex, 

interrelated system of devolved legislation (Local Government New Zealand, 2014). Figure 6-2 

sets out the relationship across New Zealand legislation for the management of natural 

hazards. 

 

Figure 6-2: Relationships between legislation for the management of natural hazards (The RMA Quality Planning 

Resource; n.d.) 

Within this breadth of legislation, four key statutes provide a framework of responsibilities for 

how natural hazard risk management is applied: 

1. The Local Government Act (LGA) – A local authority must manage risks to infrastructure 

from natural hazards (section 101B(3)(e); New Zealand Government, 2002b). 
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2. The Resource Management Act (RMA) – A local authority shall manage risks for the 

use, development, and protection of resources (section 6(h); New Zealand 

Government, 1991). 

3. The Civil Defence Emergency Management Act (CDEMA) – A local authority shall 

encourage and enable communities to achieve acceptable levels of risk (section 3(b); 

New Zealand Government, 2002a). 

4. The Building Act (BA) – A local authority must manage consent for construction or 

alteration of buildings subject to natural hazards (section 71; New Zealand 

Government, 2004). 

While intending to work seamlessly together, each piece of legislation is applied through 

separate local government functions which often have limited integration and effectiveness for 

natural hazard management. This is reflected in Saunders, Grace, Beban, and Johnston’s (2015) 

review of local government natural hazards management, where they note that collaborations 

across different natural hazard practitioner roles are not commonly encouraged for sharing 

information, good practice, and understanding of roles.  

6.5.2 Tsunami risk management 

Tsunami risk management sits within this challenging policy environment. While it would 

ideally be a joint responsibility across the local government land-use planning, emergency 

management, and building control functions, it has historically sat within emergency 

management for application (Johnston et al., 2008; Johnston et al., 2014; King, 2015; Saunders, 

Prasetya, & Leonard, 2011; Webb, 2005). Webb (2005) explains that while all tsunami risk can 

be managed through land-use planning arrangements, “due to a public desire to use coastal 

areas and the relatively long return period of damaging tsunami, regulations and land use 

planning are in reality unlikely to provide effective mitigation for the entire risk” (Webb, 2005, 

p. 64). As such, the residual risk is managed through a readiness and response approach of 

public education, warning, and evacuation measures, which are commonly regarded as 

emergency management functions. 

However, over time the growing recognition of risk reduction for natural hazard management 

has called for greater involvement of land-use planning and building control (Beban & 
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Saunders, 2013; Glavovic et al., 2010; Saunders, W., Forsyth, J., Johnston, D., & Becker, J., 2007; 

Saunders et al., 2011; Saunders & Beban, 2012; Saunders et al., 2015). This is reflected through 

specific reference to tsunami risk management in Policy 25 of the New Zealand Coastal Policy 

Statement (Department of Conservation, 2010), and also with the recent amendments to 

section 6 of the Resource Management Act (New Zealand Government, 1991), where the 

management of “significant risks” from natural hazards is now a matter of national importance. 

6.5.3 Natural hazard risk modelling: RiskScape 

One avenue for assessing and communicating natural hazard risk is through the use of risk 

modelling. Quantitative risk modelling combines deterministic or probabilistic hazard models, 

with data detailing the type and location of assets that are exposed to the hazard, along with 

models that assess the vulnerability of that asset to the hazard. The result is an assessment of 

consequence, most often depicted as economic loss, but can also be depicted through 

infrastructure or societal impacts dependent on the risk management objectives. Risk 

modelling then acts as an assessment and communication tool that presents the risk 

information in a way that assists decision makers and communities to better understand their 

risk and make more informed risk management decisions (Global Facility for Disaster Reduction 

and Recovery, 2014a; Global Facility for Disaster Reduction and Recovery, 2014b; Global Facility 

for Disaster Reduction and Recovery, 2014c; Pondard & Daly, 2011).  

The risk modelling software used in this research is RiskScape4. RiskScape has been developed 

through scientific collaboration between NIWA and GNS Science5 to meet the demand for a 

natural hazard impact and loss modelling tool for New Zealand conditions (King & Bell, 2009). 

RiskScape allows its users to assess tsunami-related risk through existing scenarios saved within 

the application, or users can upload their own hazard scenario. Users then apply the hazard 

scenario to an asset database dependent on the asset for which they are assessing risk. The 

RiskScape asset database holds data on buildings but also includes data for electricity cables, 

roads, and reticulated water services. The hazard and asset data are then combined with a 

                                                           
4 https://www.riskscape.org.nz/  

5 The National Institute of Water and Atmosphere (NIWA) and the Institute of Geological and Nuclear 

Science (GNS Science) are New Zealand Crown Research Institutes charged with promoting the transfer 

and dissemination of research, science, and technology. 
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fragility function which calculates the probability or severity of damage for the asset given the 

intensity of the specific hazard. The output is an estimated loss or consequence as illustrated in 

Figure 6-3.  

 

Figure 6-3: RiskScape modelling framework for how natural hazard and asset modules are combined with a 

vulnerability module to produce quantitative risk information. Source: RiskScape Model Framework (n.d.) 
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The results from RiskScape modelling are presented in spreadsheet or map form, as shown in 

Figure 6-4, and can be aggregated. The results can also be exported into geographic 

information system (GIS) applications for further application and integration with other risk 

assessment and decision-making or planning tools. 

 

Figure 6-4: RiskScape modelling results shown in map form. The map shows a scenario of individual building exposure 

to tsunami inundation in Napier City following a Magnitude 8.9 earthquake generated in the Hikurangi Subduction 

Interface. The blue colours (located amongst the dots) represent the extent of tsunami inundation, the red dots 

represent buildings that have been impacted by tsunami inundation, and the black dots represent buildings that have 

not been impacted. Source: Ryan Paulik, NIWA, 2018. 

6.6 Methods 

Risk perception is subjective, involving people’s feelings, beliefs, attitudes, and judgements 

about the harm and loss associated with the consequences of an event (Aven et al., 2011; 

Barnes, 2001; Mileti & O’Brien, 1992; Slovic, 1987). However, it is also framed by culture and 

society (Doyle, McClure, Paton, & Johnston, 2014), with our risk perceptions contextualised and 

informed by local values and norms and dependent on disciplinary frameworks (World Social 

Science Fellows on Risk Interpretation and Action, 2014). As such, this research is based on a 

social constructionist epistemology, where our meaning of ‘reality’ is informed by creating 

models of the social world and sharing these models through communication (Young & Collin, 

2004). The research follows a qualitative methodology, used because it examines the ‘why’ and 
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‘how’ of decision making, seeking to understand the depth and variety of people’s feelings and 

perspectives, rather than quantities and distributions as studied through a quantitative 

methodology (Creswell, 2007).  

Two methods were used in this research. Document analysis was used to gain an overview of 

the extent of tsunami risk-based policy, which was then corroborated with qualitative 

interviews. Qualitative interviews were used to gain a better understanding of subjective views 

towards tsunami risk management policy and of risk modelling as a communication tool. Each 

method is described in the following sections.  

6.6.1 Document analysis 

Document analysis is a systematic procedure for reviewing or evaluating documents. When 

used qualitatively, this method requires data be examined and interpreted in order to elicit 

meaning, gain understanding, and develop empirical knowledge (Bowen, 2009). Document 

analysis has been used in this research to gain an overview of the distributions or patterns of 

local government tsunami risk management policy to corroborate the findings from the 

qualitative interviews. It does not seek to analyse the strength or significance of the policy. 

New Zealand national legislation, local strategy, and planning policy documents were analysed 

for their provisions relating to natural hazards, risk management, and tsunami. The documents 

selected were required to be operational at the time of analysis and refer to natural hazard risk 

management within the Wellington, Hawke’s Bay, or Gisborne regions. It is recognised that 

national tsunami warning arrangements are relatively well advanced, but wider risk 

management documentation is either still needed or in development. 

Fifty-eight national and local policy documents were identified via a combination of internet 

searches and documents provided by participants. Examples include the New Zealand Coastal 

Policy Statement (Department of Conservation, 2010), the Hawke’s Bay Regional Council – Long 

Term Plan 2012–2022 (Hawke’s Bay Regional Council, 2012), and the City of Lower Hutt District 

Plan (Hutt City, 2016). A full list of the documents is given in Appendix E. 

The documents were analysed using deductive analysis in accordance with pre-determined 

criteria (Stemler, 2001). Previous analyses of New Zealand local government natural hazard 

policy were considered in determining criteria (Becker & Johnston, 2000; Glavovic et al., 2010; 
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Kilvington & Saunders, 2016; Lawrence & Haasnoot, 2017; Saunders & Beban, 2012), with the 

criteria for this study primarily based on Saunders et al.’s (2015) evaluation of the use of land-

use and emergency management policy documents for natural hazards in New Zealand local 

government. In their study, a plan was considered to be best practice based on eight indicators 

including hazard identification, the inclusion of hazard specific rules, and the use of risk 

management language (e.g. consequence and likelihood). This study adapted Saunders et al.’s 

(2015) best practice indicators to explore four objectives – the distribution pattern for natural 

hazards policies in general, the distribution pattern for tsunami policies specifically, the 

distribution pattern for risk-based policies in general, and the distribution pattern for tsunami 

risk-based policies specifically. Table 6-4 sets out these four objectives along with the pre-

determined criteria which inform each of them. 

 

 

 

 

 

 

 

 

 

 

 

 

 



176 
 

Criteria  Objectives 

The document analysed:   

• has a section on natural 
hazards 

• has a definition for 
natural hazard  

• includes natural hazard 
policies 

 

Explores patterns generally associated with natural 
hazard management policies. 

• lists tsunami as a natural 
hazard 

• refers to tsunami as 
potentially affecting that 
district/region 

• includes tsunami policies 

• refers to tsunami 
inundation maps 

 

Explores patterns specifically focussing on tsunami 
hazard management policies.  

• has a definition of risk  

• sets out a risk-based 
management model 

• includes risk-based 
policies  

• links to risk management 
policies in other  
documents 

 

Explores patterns generally associated with risk-
based policies.  

• refers to tsunami risk –  
e.g. likelihood and 
consequences of certain 
magnitude events  

• includes tsunami risk-
based policies 

 

Explores patterns specifically focussing on tsunami 
risk-based policies. 

Table 6-4: Document analysis criteria with objectives 

Limitations for this method are that relevant policy documents or references within the 

documents may have been missed from the analysis. Considering 58 documents were analysed 

covering central government legislation and local government strategy and planning policy, we 

are confident that our data reached the point of ‘saturation’ (Patton, 2015), and that any 
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missed documents or references have not significantly altered the patterns identified from the 

analysis. 

6.6.2 Qualitative interviews 

Exchange of dialogue, fluidly structured, and covering certain issues are common features of 

the qualitative interview, where meanings and understandings are co-produced through 

interaction (Edwards & Holland, 2013). Interview participants were identified and invited by a 

gatekeeper within each region who was able to transfer external information to colleagues 

within their organisation (Macdonald & Williams, 1993). The gatekeepers were all council staff 

who worked with the participants of this research. The gatekeepers were known to the lead 

author of this article, who had worked with them in previous, related research (Crawford et al., 

2018a; Crawford et al., 2018b).  

Twenty-three participants were interviewed across the Gisborne, Hawke’s Bay, and Wellington 

regions, whose roles included the following functions:  

• policy making 

• environmental science 

• land-use planning 

• building control 

• emergency management 

• asset management 

• engineering, and 

• hazard modelling.  

The qualitative interview guide used in the interviews is presented in Table 6-5 below. The 

guide provides a semi-structured approach to the interview, to ensure that the same general 

areas of information are collected from each interviewee. “This provides more focus than the 

conversational approach, but still allows a degree of freedom and adaptability in getting 

information from the interviewee” (McNamara, 2009).  
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Table 6-5:  Qualitative Interview Guide 

Each interview lasted between one and one and a half hours with data captured through 

recordings which were transcribed and thematically analysed; thematic analysis “provides a 

Objective 1  

Encourage participants to express their thoughts, feelings, and experiences on natural 

hazard risk management policy in NZ local government, especially what they think are the 

barriers for its development, and what the enablers are.  Start by asking how natural 

hazard policy works in that council. Capture discussion on: 

• Its level of importance. 

• How often policy is developed. 

• How policy is applied.  

• The local governance environment/mandate for policy development. 

• RMA amendments to include risk focus. 

• Risk-based policy. 

• Tsunami risk management. 

• Links across council for tsunami risk management.  

Objective 2 

Review participant’s views on the use of risk modelling software (RiskScape), compared to 

without the use of risk modelling. Try to elicit thoughts and feelings on whether they think 

risk modelling can better communicate tsunami risk to influence decision-maker 

perceptions and the willingness to engage in improved policy and procedure. Capture 

discussion on: 

• Whether risk modelling changes the way participants perceive this risk? 

• Whether risk modelling better communicates the risk, why, and why not? 

• Whether participants think risk modelling is better at creating motivation for 
developing more risk informed policy and procedure? 

• What participants think are the barriers for the communication, perception, and 
motivation for this risk? 

• What participants think are the enablers for the communication, perception, and 
motivation for this risk? 
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flexible and useful research tool, which can potentially provide a rich and detailed, yet complex 

account of data” (Braun & Clarke, 2006, p. 5). Themes were identified using an inductive 

bottom-up approach, where the themes emerge from the data itself (Patton, 2015). The NVivo 

software package (Bazeley & Jackson, 2013) was used to assist with the analysis, 

categorisation, and organisation of the data into main themes with contributing subthemes.  

Limitations for this method are that participants may feel uncomfortable revealing certain 

information, or the interviews may not capture the intended data. These were respectively 

managed via participants being assured that all data collected was anonymous and pooled 

across locations in the study area, and through the guidance of the Qualitative Interview Guide 

to capture the intended data.  

It is important to acknowledge the lead author’s own positionality, having worked in risk and 

local government emergency management, and how this background has influenced his 

interpretation of the interview data (Landström et al., 2011; Whitman, Pain & Milledge, 2015). 

When conducting the interviews, the lead author automatically adopted the position of 

‘participant as observer’ (Bryman, 2008) where he interacted with the participants and 

expressed his own views from experiences working in local government natural hazard risk 

management, while participants were also aware of his status as a researcher. 

6.7 Results 

The results section is separated into two parts reflecting the two different research methods 

used. The first section gives results for the policy document analysis, highlighting a paucity in 

local government risk-based tsunami policy. The second section (including its subsections) gives 

results from the qualitative interview analysis, identifying three emergent themes: 

“disassociation and inability to internalise tsunami risk”, “reduced motivation for developing 

destructive tsunami policy”, and “risk modelling is valued but challenging”. 

6.7.1 Document analysis 

Fifty-eight central and local government policy documents across the Wellington, Hawke’s Bay, 

and Gisborne regions were analysed for their policies relating to natural hazard, tsunami, and 

tsunami risk management. Our findings have been grouped in accordance with the four 

objectives of the document analysis as presented in Table 6-6 – natural hazard policy 
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distribution, tsunami policy distribution, risk-based policy distribution, and tsunami risk-based 

policy distribution. Table 4 presents an overview of the distribution of natural hazard policy and 

risk-based policy across the documents, both in general and specifically. 
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Objectives & Criteria 
Central 
Government 

(13 documents)  

Local Government 

Regional/Unitary 
Council 

(17 documents)  

District Council 

(28 documents) 
N

at
u

ra
l h

az
ar

d
 

m
an

ag
e

m
e

n
t 

p
o

lic
ie

s Has a section on natural 
hazards 

1 12 2 

Has a definition for 
natural hazard 

5 10 5 

Includes natural hazard 
policies 

9 13 14 

Ts
u

n
am

i h
az

ar
d

 m
an

ag
e

m
e

n
t 

p
o

lic
ie

s 

Lists tsunami as a natural 
hazard 

5 14 16 

Refers to tsunami as 
potentially affecting that 
district/region 

0 15 17 

Includes tsunami policies 2  5 2 

Refers to tsunami 
inundation maps 

0 2 0 

R
is

k-
b

as
e

d
 p

o
lic

ie
s 

Has a definition of risk  2 6 1 

Sets out a risk-based 
management model 

2 8 4 

Includes risk-based 
policies  

9 12 17 

Links to risk 
management policies in 
other documents 

3 3 2 

Ts
u

n
am

i r
is

k-
b

as
e

d
 

p
o

lic
ie

s 

Refers to tsunami risk – 
e.g. likelihood and 
consequences of certain 
magnitude events  

0 1 0 

Includes tsunami risk-
based policies 

1 1 1 

Table 6-6: Distribution for natural hazard, tsunami, and risk-based policy across central and local government policy 

documents 
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Table 6-6 shows that natural hazard management is important for local government. This was 

stated by participants in the interviews and is reflected by the wide distribution of policy 

referring to general natural hazard management across long-term strategic plans, 

environmental policy statements, resource management plans, emergency management plans, 

and plans with specific focus areas such as coastal hazard management. The majority of 

resource management and emergency management plans for regional councils contain natural 

hazard-focussed sections, where long-term strategic plans tend not to specifically focus on 

natural hazards but refer to their general management throughout the document. While the 

documents contain policy specific to certain natural hazards, the majority of policies within and 

across the different document types take an all-hazards approach, where policies are designed 

to manage a generic range of hazards. Of the specific hazard policies, the majority focus on 

more frequent, experienced, and escalating hazards such as flooding, erosion, and sea level 

rise. These findings are similar to those presented by Saunders et al. (2015).   

At the central government legislative level, tsunami is listed as a hazard or emergency in the 

Resource Management Act (New Zealand Government, 1991), the Civil Defence Emergency 

Management Act (New Zealand Government, 2002a), the Local Government Act (New Zealand 

Government, 2002b), the New Zealand Coastal Policy Statement (Department of Conservation, 

2010), and the National Tsunami Advisory and Warning Supporting Plan (Ministry of Civil 

Defence and Emergency Management, 2017). Interestingly, and somewhat problematically, is 

how tsunami is not listed as a natural hazard within the Building Act (New Zealand 

Government, 2004), which instead refers to the less specific description of inundation. At the 

local government level, tsunami is recognised as a hazard across the majority of the policy 

documents analysed. While many of the documents state that tsunami could significantly 

impact their region, many rate other hazards such as earthquake or flooding as posing a greater 

risk. Of the 45 local government policy documents analysed, only seven documents contain 

policy addressing tsunami management. Of those seven documents, the majority of policy is 

general, for example “contingency plans shall be implemented for emergency events such as… 

tsunami” (Wairoa District Council, 2015, p. 48).  

The only central government documents that define risk are the Civil Defence Emergency 

Management Act (New Zealand Government, 2002a) and the National Civil Defence Emergency 

Management Strategy (DIA, 2008), defining it as the likelihood and consequences of a hazard. 
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This scarcity of risk definition is reflected in local government documents, with only a few 

defining natural hazard risk as a combination of likelihood and consequence of a certain 

magnitude hazard. Of these documents, the majority are emergency management plans and 

coastal hazard strategies. When referring to risk, most local government policy documents are 

high-level and all-hazard, calling for the identification, assessment, communication, avoidance, 

and reduction of risks in general. While the documents contain policy requiring the 

management of risks, there is a paucity of policy setting out frameworks for how this is 

achieved. Of the documents that do contain risk management frameworks, the majority focus 

on frameworks for asset management, followed by water quality, hazardous substances, and 

contaminated site management. Only three of these documents refer to natural hazard risk 

management; these are contained in either emergency management or coastal hazard 

management plans.  

Of the 58 national and local policy documents that were analysed, three contain specific 

tsunami risk-based policy. The New Zealand Coastal Policy Statement (Department of 

Conservation, 2010) does so at the central government level, with the Tairawhiti Civil Defence 

Emergency Management Group Plan 2016–2021 (Gisborne District Council, 2016) at the 

regional council level (as a unitary authority6) and the City of Lower Hutt District Plan (Hutt City, 

2016) at the district council level. Whilst some further documents contain risk-based policies 

specific to coastal hazards, they are generic and do not specifically relate to tsunami risk 

management.  

6.7.2 Qualitative Interview Analysis 

6.7.2.1 Disassociation and inability to internalise tsunami risk  

Interview participants commonly used return periods to describe tsunami likelihood, ranging 

from 500 to 3000 years. They stated that these numbers were unrealistic, or not something 

they would probably see in their lifetime. In general, participants conveyed that the likelihood 

of destructive tsunami was so remote that its risk was hard to understand: 

                                                           
6 A unitary authority is a territorial authority that has the responsibilities, duties, and powers of a 

regional council. 
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It’s not been in my lifetime, why would I worry about it? Therefore, when you 

start getting shown maps it’s like the whole area’s new and it’s like...It’s not 

real. (Participant). 

While participants logically understood that a destructive tsunami could impact at any time and 

that the consequences would be severe, they had difficulty internalising what the 

consequences would mean for them. Instead, participants chose to disassociate themselves 

from the risk, preferring to assure themselves that a destructive tsunami was very rare and that 

a tsunami “won’t happen here”:    

I think ever since the Indonesian event in 2004, and then that big follow up by 

what happened in Japan in 2011, there's a real fear and perception out there 

that if we get a decent tsunami it’s going to create devastation, huge 

devastation, but at the same time there is this, just this general thing “oh well 

but what is the chance of that happening, it won't happen here” sort of thing. 

(Participant). 

Common across participant discussions was how important the coastal area was for their 

community to use and enjoy. Many participants lived in coastal areas and stated that, despite 

awareness of tsunami risk, living on the coast was preferable to living outside of a tsunami 

inundation area: 

I live at Westshore, a big tsunami zone and I’m not going to move. I like living on 

the coast. It’s worth my while, I think, to have that enjoyment as a trade-off for 

the risk that I think about. (Participant). 

As such, even though the consequences of destructive tsunami are severe, participants stated 

that the “un-realness” of the likelihood and consequences in combination with people’s affinity 

for living on the coast meant that they are prepared to accept the risk, believing that 

destructive tsunami will not happen to them: 

People are willing to take a bit more risk around those areas and just accept the 

fact that there is tsunami, or these one-off major events, which have a return 

period of I think, two and a half thousand years, which is the largest modelled 
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one. So most people go “well two and a half thousand years, I'll take my 

chances”. (Participant). 

6.7.2.2 Reduced motivation for developing destructive tsunami policy  

Participants stated that currently there was not the same degree of focus within policy 

frameworks to cover the extremely rare events such as destructive tsunami, which are spaced 

out over hundreds or thousands of years. In-line with this short-term policy focus, participants 

found it easier to talk about risk management measures in place for more frequent, 

experienced hazards such as noise pollution, flooding, and erosion. Participants conveyed that 

these hazards were more pertinent issues that policy makers, decision makers, and the 

community could see every day, happening in front of their eyes. As such, policy for managing 

these more frequent hazards was well understood and received greater acceptance within the 

community. Participants stated that while tsunami was a coastal hazard, it was easier to 

separate tsunami from coastal hazard policy development and deal with more immediate 

concerns:  

It’s pretty easy to deal with some short-term stuff, you know, don't build on that 

hillside because it’s in a slip zone, but tsunami is… you know… you're talking 

about hundreds and hundreds of years, so how do you identify what the risk is, 

how do you identify the policy response? (Participant). 

Participants also stated that the cost of implementing tsunami risk management policy would 

outweigh its benefits, especially when viewed in conjunction with shorter-term planning 

timeframes for natural hazard management. They believed that while highly concentrated 

populations, such as Japan, may have the means to reduce tsunami risk by relocating their built 

assets or through building large protective structures, New Zealand did not have the population 

concentration or economic means to make that option realistic. Furthermore, participants 

referred to where tsunami protection walls were overtopped in the Great East Japan 

Earthquake and Tsunami of 2011, stating that even if there were means to build protective 

structures, this did not guarantee community protection. They thought that considering the 

“extremely unlikely” event of a large, destructive tsunami, they would deal with the 

consequences if they occurred, rather than pay for protective structures which could fail 

anyway.     
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Similar to their views on the cost-benefit of applying policy for tsunami protection, participants 

stated that a precautionary policy approach for destructive tsunami risk management would 

effectively prohibit community development and economic benefit. Given that community and 

economic development is central to the objectives of local government (New Zealand 

Government, 2002b), prohibiting development to manage tsunami risk “just doesn’t stack up”. 

This is especially relevant given that the major cities in the Gisborne, Hawke’s Bay, and 

Wellington regions are already located within tsunami inundation areas. Participants stated 

that policy which limited development of existing buildings in tsunami inundation areas was an 

issue that would potentially affect too much land and too many assets (built and human). Given 

the low likelihood of destructive tsunami, participants were uncertain as to how policy could be 

developed when the benefit from applying the policy was greater than the cost. Participants 

stated that there were more options for applying policies to manage development in greenfield 

areas where no existing building had taken place; however, they doubted whether policies that 

restricted greenfield development could be applied without property developer, community 

and jurisdictive resistance: 

The uncertainty of tsunami risk sits in the really hard basket when you’re looking 

at established development areas, obviously when you’re planning new ones 

you can take those things into account, but if you’re looking at managing 

existing areas it is really difficult. (Participant). 

It just doesn't stack up and I doubt whether we will, as an organisation, head to 

the Environment Court7 to try and fight for those provisions and I don't think the 

Environment Court would be very receptive. (Participant). 

Because of the low likelihood of destructive tsunami and the uncertainties that they entail, 

policy development to manage tsunami risk is perceived as being in the “too hard basket”. As 

such, planning and policy initiatives to reduce tsunami risk are less explored. One option for 

better communicating low-likelihood, destructive tsunami risk is through the use of risk 

                                                           
7 The Environment Court of New Zealand works to solve issues relating to the Resource Management Act 

1991. The court largely deals with appeals about the contents of regional and district plans and appeals 

arising out of applications for resource consents. 
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modelling. However, as pointed out in the following section, risk modelling comes with its own 

challenges when applied within local government. 

6.7.2.3 Risk modelling is valued but challenging  

While some participants were not as familiar with the use of tsunami risk modelling as others, 

they all agreed that risk modelling was beneficial, especially as it can produce a visual 

representation of the risk with which people can more easily identify. Some participants 

referred to the colloquialism that “a picture is worth a thousand words”. They added that the 

ability of risk modelling to spatially distribute natural hazard risks on maps made it a valuable 

communication tool for community awareness campaigns, for media use, and for increasing 

decision makers’ risk awareness. 

Participants also valued the ability of risk modelling to provide loss estimates for planning 

purposes. They stated that the ability of modelling to tabulate comparisons of loss, depending 

on differences in exposure and vulnerability of assets, made it useful for section 32 analyses 

(New Zealand Government, 1991, section 32), where benefits and costs, and considerations of 

alternatives, are required to be considered for the development of policies. They also referred 

to the value of risk modelling for emergency management, where modelled estimates of 

consequences can be used to inform readiness arrangements and pre-event recovery planning. 

Almost all participants believed, especially in the case of low-likelihood hazards such as 

destructive tsunami, that modelled outputs which clearly and succinctly set out aggregated 

economic and infrastructural losses were beneficial for communicating risk and influencing 

decision makers’ risk perceptions. However, participants expressed uncertainty as to whether 

risk modelling would actually change how decision makers would act. Some participants told of 

previous experiences where decision makers had rejected risk modelling outputs. These 

participants stated that officially, decision makers did not want to act because they were 

unsure of the quality of the modelled results; whereas unofficially, decision makers may not 

have wanted to act on the modelled results because of political reasons:   

I don't think anyone politically wants to say “yeah, the legacy I left in my tenure 

was to make sure that there were protection and policies in place to hamper the 

growth of a city because it exists in a tsunami zone...” (Participant). 
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In line with this, participants held reservations over the assumptions and uncertainties inherent 

within risk modelling. They expressed that risk modelling needed more transparency, rather 

than being a “black box”, so that users could see how data was manipulated within the model 

and have more confidence in what it was telling them. They expressed that the assumptions of 

the models and lack of transparency were the first things that get contested by decision makers 

and the judicial system (Environment Court) when risk modelling had been used in the past to 

defend policy proposals.  

Further concerns that participants had regarding risk modelling was that input data, in a usable 

format and quality, was very scarce; that data generation was very costly; and that their 

councils did not have the spare capacity or capability to support in-house risk modelling. 

Consequently, risk modelling had not yet been able to provide the specific level of information 

needed to inform detailed land-use and urban planning: 

The thing with planning is that it requires pretty detailed information in order to 

justify putting in those policy constraints at the end of the day. You have to 

absolutely have it backed up 100 percent because you will be fighting it through 

councils, politicians themselves are not going to approve something unless it’s 

fully sound. (Participant). 

As such, while participants saw risk modelling as beneficial, they were clear to state that it 

could only ever be a support tool for decision making. Many referred to risk modelling as a 

communication tool, capable of conveying information in a way that influences risk awareness 

and perception, to help start decision maker discussions for policy development:  

That's probably a nice turn of phrase “as a communication tool” because I'm a 

firm believer that any model is there to support decision making not to make 

decisions. Only humans can do that in full judgement of the information 

available. So as a communications tool risk modelling is still quite valid. 

(Participant). 
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6.8 Discussion 

[Natural hazard preparedness] involves understanding how people construe the 

relationship between themselves, the hazard and the protective measures 

available to them and assisting their protective decision making within this 

socio-ecological context. (McIvor, Paton, & Johnston, 2017, p. 45) 

The results from the policy document analysis show that while natural hazard management is 

important for local government, there is a paucity of risk-based policy for tsunami 

management. Factors contributing to this are that the majority of policy takes a generic all-

hazards approach; that existing policy tends to focus on more frequent, experienced, and 

escalating hazards; that the majority of tsunami-specific policy is unclear and non-prescriptive; 

and that risk-based policy is high-level and lacks reference to frameworks for how risk 

management would be achieved. As such, of the 58 national and local policy documents that 

were analysed, only three contain specific tsunami risk-based policy. 

This paucity of tsunami risk management policy reinforces similar findings on the need for 

more specific hazard policy in New Zealand local government (Becker & Johnston, 2000; 

Glavovic et al., 2010; Local Government New Zealand, 2014; Saunders et al., 2014). The 

tendency to refrain from developing hazard-specific risk policy in favour of an all-hazards 

approach could be attributed to policy makers trying not to miss hazards out, as well as 

resource issues pushing them to achieve the greatest policy coverage with limited budgets. 

However, given the qualitative interview results where participants logically understand 

tsunami risk but choose to disassociate from it, we propose that the paucity in specific risk-

based tsunami policy could also be attributed to cognitive biases. 

Cognitive biases are a human condition where heuristics can sometimes cause us to behave in 

contrary or seemingly illogical ways. Over 100 cognitive biases have been recognised (Ehrlinger, 

Readinger, & Kim, 2016), with many acting in contradictory ways to others. While the following 

discussion focusses on how cognitive biases can influence people to under-perceive risk, other 

types of cognitive bias can influence people to over-perceive risk (Notebaert, Clarke, & 

MacLeod, 2016). 
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While the results show that participants logically understand that an unlikely, destructive 

tsunami can occur at any time and that the consequences will be severe, their difficulty in 

internalising the consequences from such an event shows a disassociation from the risk; that 

“tsunami won’t happen to us”. Research has established a number of reasons for this. People 

tend to have a poor understanding of low likelihoods (Doyle & Potter, 2015; Shoemaker, 1980; 

Slovic, Fischoff, & Lichtenstein, 1982). Slovic, Fischoff, and Lichtenstein (1982) found that 

people are insensitive to differences in very low probabilities and that below a certain 

threshold, low probabilities are perceived as the same and tend to zero. Shoemaker (1980) 

stated that people either ignore low probabilities or are unable to make rational decisions 

involving low probabilities. Henrich, McClure, and Crozier (2015) reported that people have 

difficulty perceiving low-likelihood disaster risk, especially when it is framed as a recurrence 

interval (e.g. 1/ 1000 years). McClure, Allen, and Walkey (2001), Khan, Crozier, and Kennedy 

(2012), and Baytiyeh and Naja (2016) stated that people are less likely to prepare for disasters 

due the belief that disasters are too destructive to prepare for successfully. Fraser et al. (2016), 

Mileti & O’Brien (1992), and Solberg, Rossetto, & Joffe (2010) referred to how warning fatigue 

and normalisation bias can drive people to underestimate the risk of natural hazards.   

Cognitive biases which can influence practitioners to disassociate themselves from tsunami risk 

include: 

• The Ostrich Effect – a tendency to disbelieve or ignore something that has a negative 

emotional effect, even if there is evidence to the contrary; 

• The Optimism Bias – a tendency to underestimate the likelihood that negative 

consequences will occur from future threats; 

• The Confirmation Bias – a tendency to search for, interpret, favour, and recall 

information in a way that confirms one’s own pre-existing beliefs or hypothesis; and 

• The Amnesia Bias – a tendency to forget too quickly the lessons of past disasters. 

The results show that because of the low likelihood of destructive tsunami and the 

uncertainties they entail, practitioners perceive that developing policy to manage tsunami risk 

sits in the “too hard basket”, which results in a paucity of tsunami risk management policy.  
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Cognitive biases which can influence practitioners’ motivations towards developing policy 

include: 

• The Myopia Bias – a tendency to focus on overly short future time horizons when 

appraising costs and the potential benefits of protective investments; 

• The Availability Heuristic – a tendency to act on threats which have previously been 

experienced, or are easy to imagine; 

• The Inertia Bias – a tendency to maintain the status quo or adopt a default option 

when there is uncertainty about the potential benefits of investing in alternative 

protective measures; and 

• The Bandwagon Effect or Groupthink – a tendency for people to do something 

primarily because other people are doing it, regardless of their own beliefs which they 

may ignore or override. 

The types of cognitive biases that influence policy development for low-likelihood, destructive 

tsunami are difficult to overcome. This is because these biases tend to be resistant to logic, 

deconstruction, or the use of training tools (Montibeller & von Winterfeldt, 2015; Weinstein & 

Klein, 1995). Debiasing measures that can improve decision-maker risk perceptions include 

(Montibeller & von Winterfeldt, 2015; Parkhurst, 2017; United States Government, 2009): 

• Clear, easily digestible communication of the risk; 

• Identification of the consequences associated with the risk; 

• Provision of alternative scenarios and counter-examples; and 

• Use of diverse expert information.  

We propose that risk modelling can reduce the impact of these types of cognitive bias and 

therefore support the development of tsunami risk-based policy. The model used in the 

interviews (RiskScape) visually presents information in map form, which participants found 

easy to understand and with which to identify. The framework for the RiskScape model has 

been developed using robust science (Schmidt et al., 2011), is populated with diverse expert 

information for hazard and fragility models (Bell, Paulik, & Wadwha, 2015; Cousins, 2015; 
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Kwok, 2016; Uma, 2009), and is capable of presenting modelled consequences in map form and 

as numerical tables.  

The results highlight how participants thought “a picture is worth a thousand words”, implying 

that the risk model visually communicated risk in a way that they found more informative and 

easily digestible than other traditional methods. Furthermore, even though they had not 

personally experienced the low-likelihood tsunami scenario depicted in the risk model, they 

stated that after seeing the results, they were better inclined to act on the information 

presented. Participants also thought that the aggregated economic and infrastructural 

consequences presented in the numerical tables were beneficial for influencing decision 

makers’ risk perceptions. As such, participants agreed that the ability of RiskScape to 

communicate consequences visually and numerically could help reduce misperceptions 

associated with a tendency to forget the lessons from similar disasters or underinvest in risk 

reduction measures. Participants also valued the ability of RiskScape to provide alternative 

scenarios. While this enables them to perform cost-benefit analyses for different risk reduction 

measures, it also provides more certainty around investing in those measures, thus enabling 

decision makers to move past biases associated with maintaining the status quo.  

However, even though participants see risk modelling as beneficial for communicating past 

cognitive biases and risk perceptions for low-likelihood tsunami, this has not yet been achieved. 

Concerns relating to data availability, quality and cost, the capacity and capability to use risk 

models, and trust in modelled results mean that modelling is not widely used in New Zealand 

local government (Crawford et al., 2018). Also of concern are participants’ views that while 

decision makers may correctly perceive the risks communicated through risk modelling, they 

may not act upon them for political reasons. 

6.9 Recommendations  

This research reveals a number of challenges for low-likelihood, destructive tsunami risk 

management: 

• A paucity of tsunami risk-based policy; 

• Cognitive biases influencing tsunami risk perception; 
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• Challenges for how easily risk modelling can be used within local government; and  

• Concerns about decision-maker motivation to enable tsunami risk management policy 

development.  

As such, we recommend the following solutions to further develop a pathway forward for how 

local government could better match tsunami risk management policy with low-likelihood, 

destructive tsunami risk: 

1. Further resource national risk management initiatives, for example, the Local 

Government Risk Agency8, to better enable the development and application of natural 

hazard risk management frameworks within local government. This could be achieved 

through structured collaboration and training across the different local government 

functions responsible for natural hazard risk management (Crawford et al., 2018; 

Saunders et al., 2014). One option is regular risk management workshops to assess 

risks and what can be done to reduce them. The result is a shared understanding of 

each other’s risk management roles (Doyle & Paton, 2018), greater integration across 

functions, and an improved ability to develop specific risk-based policy for destructive 

tsunami, rather than an all-hazard policy approach.  

2. Include debiasing techniques as part of natural hazard risk management workshops so 

that practitioners and decision makers are better informed about how innate cognitive 

biases influence their perceptions that destructive tsunami “won’t happen here”. While 

increased awareness of cognitive biases may not change risk perceptions, it provides 

greater context when considering how acceptable the risk information is, allowing 

practitioners and decision makers to make more informed decisions. 

3. Co-develop risk modelling through a bottom-up, participatory approach to enhance the 

usefulness and usability of the models (Newman et al., 2017). This approach would 

enable local government users to influence model development so that models can 

process a wider range of data formats (therefore increasing data availability), have a 

more intuitive user interface, and have increased quality of information output (Global 

                                                           
8 Local Government New Zealand (LGNZ) has proposed a Local Government Risk Agency that pools and 

coordinates local government resources to lower the risk and cost of disaster. 

https://www.lgnz.co.nz/our-work/local-government-risk-agency/ 
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Facility for Disaster Reduction and Recovery, 2014a; Global Facility for Disaster 

Reduction and Recovery, 2016). This would tie in with initiatives to increase local 

government understanding of risk management so that practitioners and decision 

makers have a better understanding of the capability and value of risk models and 

greater confidence in modelled information. 

4. Review the flexibility of natural hazard policy instruments to enable policy for low-

likelihood hazards that have intervals over thousands of years, thus providing a way 

forward for long, long-term planning instruments (Lawrence et al., 2015). These long, 

long-term planning instruments could operate outside of shorter-term planning cycles 

and apply policy across 100–500 years, incrementally reducing community exposure 

and vulnerability to natural hazards over generations. A long, long-term plan would 

separate low-likelihood, destructive tsunami risk management from the more 

immediate political, financial and community development issues, which currently 

influence decision makers to perceive it as sitting in the “too-hard-basket”.    

Furthermore, we propose that these challenges arise from more fundamental issues relating to 

how natural hazard risks are governed in New Zealand and other countries. When discussing 

this with practitioners in the interviews, they referred to:  

• a complex natural hazard management legislative environment; 

• limited national-level clear, structured guidance; 

• lack of any mandate within local government to lead cross-council natural hazard 

management functions; 

• misperception or lack of integration across natural hazard management functions; 

• the scarcity of available natural hazard data and information; 

• a disconnect between science and policy;  

• mismatched policy and planning timeframes across land-use planning, emergency 

management, building codes, and local government responsibilities;  

• the differing requirements of decision makers across different practitioners’ functions, 

politicians, and between practitioners and politicians; 
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• a shortage of resources impacting on capacity and capability. 

These issues are complex, interrelated, and entrenched within local government. Participants 

reported that these issues result in long timeframes for natural hazard policy development, a 

paucity in risk-based policy, and a reduced ability to apply natural hazard management 

solutions such as risk modelling (Crawford et al., 2018).  Considering this, we recommend the 

ongoing review of the interrelationship across natural hazard provisions in New Zealand to 

further explore governance approaches which can more effectively enable the application of 

natural hazard risk management solutions.  

6.10 Conclusion 

While the regions of Wellington, Hawke’s Bay, and Gisborne are at risk of experiencing the 

most destructive tsunami that New Zealand is likely to encounter over a 1000-year timeframe, 

this risk is not currently matched by tsunami risk management policy. An analysis of 58 central 

and local government policy documents for those regions reveals only three that contain 

specific tsunami risk-based policy. We propose that this paucity in policy is influenced by 

cognitive biases which can cause people to disassociate themselves from low-likelihood 

tsunami risk and reduce motivation for developing risk-based policy. We argue that risk 

modelling (RiskScape) can help overcome these cognitive biases and aid policy development. 

While participants see value in risk modelling as a tool to communicate tsunami risk in a way 

that is more digestible and useful, they are uncertain of how easily it could be used and how 

acceptable its information is for decision makers. As such, we recommend participatory risk 

modelling to work in combination with risk management training, cognitive debiasing 

techniques, and long, long-term planning to overcome the challenge of low-likelihood tsunami 

risk perception. The complexity of New Zealand’s natural hazard governance system remains 

an issue. However, with a deeper understanding of how New Zealand’s natural hazard 

governance system impacts on the development and application of natural hazard policy, we 

can better apply solutions and enable our communities to become safer, sustainable, and more 

resilient. 
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7 [4th manuscript] Systems thinking for interrupting the 

cycle of challenges for risk-based natural hazard 

management in Aotearoa New Zealand Local 

Government. 

7.1 Overview of this chapter 

This manuscript picks up from the end of the third manuscript to explore the challenges for the 

development of natural hazard risk management policy within local government in Aotearoa 

New Zealand. It views these challenges as a complex system, consisting of feedback loops 

which inhibit the effective resolution of the challenges. It is proposed that these challenges 

remain unresolved because they are elements within a complex system. This complex system is 

explored using a systems-thinking approach and identifies the science-policy-practice interface 

as an intervention point which can interrupt the complex system’s overall dynamic. The 

manuscript concludes with recommendations for further research into the use of systems 

thinking for exploring these challenges, as well as how collaboration across the science-policy-

practice interface can be improved to apply natural hazard risk management more effectively 

within local government.   

Table 7-1 positions this manuscript in relation to the other manuscripts within this thesis and 

the research questions that it has aimed to answer. 
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Chapter 4 –  

1st Manuscript 

Chapter 5 –  

2nd Manuscript 

Chapter 6 –  

3rd Manuscript 

Chapter 7 –  

4th Manuscript 

Explores how risk 

modelling tools, such as 

RiskScape, can be used 

to manage natural 

hazard risk in Aotearoa 

New Zealand local 

government. 

Think piece exploring 

how risk modelling is 

perceived and used by 

the policy making, land-

use planning, and 

emergency management 

functions within 

Aotearoa New Zealand 

local government. 

Explores the thoughts 

and opinions of natural 

hazard risk practitioners 

regarding tsunami risk 

management policy, 

along with the use of risk 

modelling (RiskScape) 

for tsunami policy 

development. 

Explores the complex 

system of challenges for 

the development of 

natural hazard risk 

management policy 

within local government 

as a whole and how the 

science-policy-practice 

interface can interrupt 

the complex system’s 

overall dynamic. RQ1.  How is natural hazard risk modelled information perceived and acted 

upon by local government? 

   

RQ2.  How is risk modelling informed by natural hazard management? 

 

 

  

RQ3.  How are natural hazard management 

policies and procedures informed by risk modelling? 

  

RQ4.  What are the risk communication barriers and enablers that limit or contribute to efficacy for 

natural hazard risk management in local government? 

  

 

  

RQ5.  What link do these limiting (or 

contributing) factors have with natural hazard 

management policy and procedures, and how can 

those policies and procedures be developed to 

enhance enablers and overcome barriers? 

Table 7-1: Positionality of the fourth manuscript to the thesis 

7.2 Manuscript preparation and publication 

I prepared this manuscript as the primary author with my supervisors, Dr Saunders, Dr Hudson-

Doyle, and Professor Johnston, as co-authors. I conducted the data collection, analysis, and 

drafted the initial manuscript. The co-authors provided guidance on the systematic review 

analysis, gave insights into patterns in the data collected, and offered feedback on the content 
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and structure of the manuscript. The manuscript was submitted to the International Journal of 

Disaster Risk Reduction in September 2022. 

7.3 Abstract  

Local government in Aotearoa New Zealand struggles to effectively apply risk-based natural 

hazard management. Interviews held with local government practitioners in 2016 and 2017 

reveal three main challenges for this: 1) Insufficient central government funding; 2) Lack of 

central government guidance and mandate; and 3) Limited local government risk awareness. A 

fourth cross-cutting theme also exists under each of these: Lack of quality data. A review of the 

literature indicates that while these challenges have been clearly identified over time, in many 

cases the recommended solutions cannot be applied or are not fully effective, and the challenges 

persist. We propose that many of these challenges persist because they are elements within a 

complex system, containing feedback cycles which limit policy development and application of 

risk management tools and procedures. Using a systems-thinking approach, we identify greater 

local government use of integrated research as an intervention, which can interrupt the complex 

system’s feedback cycles. We conclude with recommendations for further research into the use 

of systems thinking for exploring these challenges, and action for how collaborative, integrative 

research can be improved to more effectively span the science-policy-practice interface and 

apply natural hazard risk management within local government.                

7.4 Introduction 

Aotearoa New Zealand is a small island nation that has been ranked as high-risk for almost every 

natural hazard except for extreme heat and water scarcity (Voerman, 2020). Events including 

earthquake, volcanic activity, tsunami, flooding, storm, and landslide occur with sufficient 

intensity that substantial damage and loss of life results (King & Bell, 2006). Financial losses from 

the impact of natural hazards continue to grow (Insurance Council of New Zealand, 2014; New 

Zealand Institute of Economic Research, 2020) due to increased natural hazard frequency, 

intensity, and the growing exposure and vulnerability of persons and assets (UNISDR, 2015; 

UNDRR, 2020). In their 2018 report, Lloyd’s (2018) placed Aotearoa New Zealand as the second 

most vulnerable economy in the world for annual expected disaster related losses as a 

percentage of Gross Domestic Product (GDP). Considering the nation’s vulnerability to, and 
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losses from natural hazards, it is increasingly important for Aotearoa New Zealand to proactively 

develop and apply natural hazard risk management policies, tools, and procedures. These 

measures act to reduce the financial and social vulnerability to hazards before they occur, as well 

as mitigate costs and losses for responding to, and recovering from them, when they occur. 

However, local government has struggled to effectively develop measures to reduce risks. This 

is reflected by Crawford et al. (2019), who found that of 58 central and local government natural 

hazard policy documents analysed, the majority of policy referring to natural hazard risk 

management was ambiguous, high-level and ‘all-hazard’. Furthermore, there was a paucity of 

policy that set out frameworks for how natural hazard risks were identified, assessed, 

communicated, avoided, and reduced. Crawford et al. (2019) went on to state that of the local 

government policy documents that contained risk management frameworks, most applied to 

functions outside of natural hazard risk management, for example asset management, water 

quality, hazardous substances, and contaminated site management.   

This research explores the reason for this paucity in local government natural hazard risk-based 

policy and resultant application of natural hazard risk management tools and procedures. Semi-

structured interviews were held between September 2016 and June 2017 with local government 

practitioners in functions relating to natural hazard management, including policy making, land 

use consent planning, emergency management, environmental science, building control, asset 

management, engineering, and hazard modelling. Participants were asked for their thoughts, 

feelings and experiences for how natural hazard risk management policy works in their council, 

revealing a number of interconnected challenges for developing policy and applying natural 

hazard risk management tools and procedures.  

In Section 2 we define the qualitative methods used to gather participant’s thoughts, feelings, 

and experiences regarding natural hazard risk management policy in their councils. The results, 

presented in Section 3, reveal three main challenges for the application of natural hazard risk 

management: 1) Insufficient central government funding; 2) Lack of central government 

guidance and mandate; and 3) Limited local government risk awareness. A fourth cross-cutting 

theme also exists under each of these: Lack of quality data. These challenges are not new, and 

the results section refers to associated literature for each challenge, identifying how they have 

been recognised over time yet, in many cases, remain unresolved. In Section 4, we propose that 

these challenges remain unresolved because they are elements within a complex system of 
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natural hazard governance within local government in Aotearoa New Zealand containing 

feedback cycles. These feedback cycles limit the application and effectiveness of solutions 

delivered via policy, tools, and procedures. Using a systems thinking approach we explore this 

complex system and identify greater local government use of integrated research as an 

intervention point, which can interrupt the complex system’s feedback cycles. We review the use 

of integrated research for collaborating across the science-policy-practice interface with local 

government on natural hazard risk management; itself a complex system of interrelated 

elements that limit its effective application. Finally, in Section 5, we conclude with 

recommendations for further use of systems thinking to review and improve the development 

of risk-based local government natural hazard measures, as well as the effective application of a 

formally structured, collaborative integrative research approach for bridging the science-policy-

practice interface. 

7.5 Methods 

The research employs qualitative methods to “explore the views, experiences, beliefs and/or 

motivations of individuals” (Gill et al., 2008. p. 292) because risk perception is subjective, 

involving people’s feelings, beliefs, attitudes, and judgements (Barnes, 2001). Qualitative 

interviews were used in this research as they are “a conversation with a purpose” (Smith & Smith, 

2018, p. 72) and are one of the most powerful tools for gaining an understanding of human 

beings and exploring topics in depth (Fontana & Frey, 2000). Qualitative interviews were adopted 

over other qualitative methods (e.g., document analysis, observations, and focus groups) 

because they engage directly with participants and stimulate discussion on different and more 

sensitive topics than other methods (i.e., focus groups) (Powell & Single, 1996; Kaplowitz, 2001).  

Types of qualitative interviews range from being structured and controlled, increasing in 

flexibility towards being unstructured and fluid. This research adopted the semi-structured 

interview as it provides more focus than an unstructured interview but still enables latitude in 

interview questioning for the researcher to follow up on the participants’ responses (McNamara, 

2009; Mueller & Segal, 2014). This was deemed appropriate for exploring potentially sensitive 

discussions where participants identified challenges for the effective development of policy and 

application of natural hazard risk management tools and procedures. The Massey University 

Ethical Code of Conduct was followed, and this research received a low risk ethics approval.  
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Participants were purposively identified and invited by a ‘gatekeeper’ in each region who was 

able to transfer external information to colleagues within their organisation (Macdonald & 

Williams, 1993). The participants were all local government practitioners whose work related to 

natural hazard management. The gatekeepers were all local government staff who worked with 

the participants of this research. The gatekeepers were known to the lead author of this article, 

and had worked with him in previous, related research (Crawford et al., 2018a; Crawford et al., 

2018b; Crawford et al. 2019). 

Table 7-2 shows that twenty-three participants consented to be individually interviewed in 2016 

and 2017, in five local government councils across the Wellington, Hawke’s Bay, and Gisborne 

regions of Aotearoa New Zealand (mapped out in Figure 7-1) all of which are exposed to 

significant natural hazard risks. The interviews lasted between 1–2 hours, within which 

participants were asked to relate their thoughts, feelings and experiences on how natural hazard 

risk management policy works in their council, following a semi-structured interview guide (Table 

2). 

Council Visited Date visited Participant numbers 

Wellington Regional Council 
17th of May 2017 

16th of June 2017 
4 

Hawke’s Bay Regional Council 22nd – 23rd of September 2016  5 

Napier City Council 
22nd of September 2016  

26th of June 2017 
3 

Hastings District Council 27th of June 2017 3 

Gisborne District Council 
26th – 27th of September 2016 

28th – 29th of May 2017 
8 

Table 7-2: Councils and participant numbers for semi-structured interviews 
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Figure 7-1: Map locating the Wellington, Hawke’s Bay and Gisborne local government regions 

Thoughts, feelings and experiences on how natural hazard risk management policy works in 

their council:  

• Its level of importance 

• How often policy is developed 

• How policy is applied 

• Links across council for natural hazard risk management 

• The local governance environment/mandate for policy development 

• Risk-based policy 

Table 7-3: Semi-structured interview guide 

The recorded and transcribed interviews were thematically analysed using NVivo9 software. 

This analysis approach “provides a flexible and useful research tool, which can potentially 

provide a rich and detailed, yet complex account of data” (Braun & Clarke, 2006, p. 5). As 

shown in the semi-structured interview guide (see Table 7-3), participants were not specifically 

                                                           
9 https://www.qsrinternational.com/nvivo-qualitative-data-analysis-software/home 
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asked to identify challenges for how natural hazard risk management policy works in their 

council. An inductive, ‘bottom up’ approach (Patton, 2015) was adopted to code the 

transcripts. These codes were organised, structured, and re-structured, and reflexively 

interpreted through the lens of the researcher to generate a set of themes that represent 

shared patterns of meaning across the interviews (Braun and Clarke, 2006).  

7.5.1 Limitations and Risks   

The data that informs this research was gathered between September 2016 and June 2017. 

Intervening events, such as the increasing impact of climate change related events, the Whakaari 

/ White Island eruption in 2019, and the Covid-19 pandemic beginning in 2020, would have 

influenced risk perceptions and impacted on actions within local government. Policy guidance 

and development, especially in the climate change space (MCDEM, 2018; MfE, 2017; MfE, 2019; 

MfE, 2022; WCC, 2020), has also occurred. Therefore, while many of the findings in this research 

still apply, some participant’s views on local government natural hazard risk management policy 

will have progressed.  

Semi-structured interviews run the risk that participants are not able to attend interview 

sessions, have a limited understanding of the topics covered, and are not comfortable answering 

the researcher’s questions. There is also the risk that the researcher is unable to build rapport 

with participants and/or is unable to actively listen to the participants’ responses and engage in 

the interview (Mueller & Segal, 2014; Kakilla, 2021).  

These risks were managed by having two series of interviews, which allowed practitioners to 

participate who were unable to attend the initial interview sessions. Participants were 

purposively identified by gatekeepers, ensuring they were natural hazard practitioners and had 

a good understanding of their council’s natural hazard policy and procedures. To provide privacy 

for the discussion, interviews were one-to-one, conducted in a private space and participants 

were assured that that data gathered would be aggregated across a number of councils and 

functions so that the thoughts, feelings, and experiences referred to in the research could not be 

traced to specific individuals. The primary author introduced his background having worked in 

local government natural hazard risk management, which built rapport with participants. 
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7.6 Results with literature review 

Analysis of the qualitative interviews reveal interconnected challenges for the development of 

risk-based policy and application of natural hazard risk management. Three main challenges 

emerged from the analysis: 1) Insufficient central government funding; 2) Lack of central 

government guidance and mandate; and 3) Limited local government risk awareness. A fourth 

cross-cutting theme also exists under each of these: Lack of quality data. These challenges have 

been recognised in the literature on local government natural hazard management over time. 

While this literature has recommended solutions for these challenges, more recent literature 

published after the interviews were undertaken has highlighted that in many cases the 

challenges persist.       

7.6.1 Insufficient national funding 

Participants commonly called for more central government financial assistance for natural 

hazard research, data collection, communication, and policy development:  

I think the real difference is money. If you want to move communities away from 

hazards, somebody has to pay for it. So, the real deal is for central government to front 

up with some cash. It all takes money to do something, so the ‘do nothing’ option is 

an easy policy response, but it is not a very good political response. 

However, as stated by Hamilton (2013), Aotearoa New Zealand had (and still has) a relatively 

small economy, had difficulty in recognising a return on investment from natural hazard 

management, and perceived natural hazard policy as restricting opportunities for social and 

economic development in hazard risk prone areas. This has resulted in limited availability of 

central government funding for local government natural hazard risk management. 

Given limited central government funding, it is the responsibility of local government to fund 

natural hazard risk management. However, as identified in the literature over time, local 

government funding for natural hazard risk management has been limited by the size and wealth 

of the rate payer base to provide adequate local government funding, as well as available funds 

being appropriated to other local government activities that are perceived as more 

urgent/important (Lawrence & Manning, 2012; Manning et al., 2015; MCDEM, 2019; MfE, 2020). 

Responses from different participants that reflect this theme included:  
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Something is better than nothing I guess, it’s just the question about how we actually 

fund it in the short term. Its fine for the big councils, they have a nice big ratepayer 

base, they can justify spending on these things, but we are fairly small one and have 

trouble funding it. But we still have to do it. 

For this Council water [supply] is the number one priority and most of the efforts of 

the planners and the resource management staff are focussed in those areas, so even 

though natural hazards and emergency management are important, when events 

aren’t occurring it just drops down on the importance list. 

Interconnected with lack of funding is lack of capacity and capability in local government for 

natural hazard risk management (NZPC, 2019). Participants stated that lack of funding limited 

their ability to gather quality data and information, develop new skills and recruit skilled resource 

to use that information for natural hazard management. Responses from different participants 

included: 

Internal resource for the council is always an issue. People are stretched with their 

workloads and probably find it difficult to develop in a new area. 

We have talked about outsourcing to help us with things, but we haven't gone there 

because while we've got money for our natural hazards policy work, it's not enough to 

get everything done well. For getting specialist expertise in-house, one problem is that 

we can't pay them enough to attract them. 

Lack of capacity and capability for local government has been recognised as a challenge in the 

literature over time. Glavovic, Saunders & Becker (2010) identified limited local government 

capability for land-use planning, emergency management, and risk awareness for natural 

hazards. Sinclair et al. (2012) stated that the ad hoc approach to emergency management 

training and evaluation provided no guarantee that emergency response capability was being 

increased. LGNZ (2014) noted that many smaller local government authorities resourced the 

emergency management function at well below one full-time-equivalent (FTE), which limited 

capability to reduce natural hazard risk, and that there was limited human and intellectual risk 

management capability. Manning et al., (2015) highlighted that there was little local government 

climate change capacity and expertise. Toka Tū Ake EQC (2019) noted that skilled resources are 

lacking in natural hazards science modelling, and some models and modelling capability are not 

optimised. NZCP (2019) recognised that councils are struggling to deal with some big pressures 
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including climate change, and recommended changes in funding and financing. MCDEM (2019) 

stated that gaps remain in local government emergency response capability and capacity and in 

the powers of those authorities to act. 

Furthermore, the interconnection between insufficient funding and lack of local government 

capacity and capability was highlighted in a more recent review of the Resource Management 

Act, titled ‘New Directions for Resource Management in New Zealand’ (MfE, 2020). The report 

stated that the new resource management system would critically depend on the capacity and 

capability of all those involved in it, and that failure to provide sufficient resources to build 

capability had been one of the more important reasons for past failures. 

7.6.2 Lack of central government guidance and mandate 

Another common challenge emerging from the qualitative interviews was participants calling for 

more clear and concise central government guidance and support for them to progress the 

application of natural hazard risk policy and procedures.  

If [central government] want to be proactive in terms of trying to make New Zealand 

more resilient to specific types of natural hazard, then it needs to be a bit more front-

footed in terms of a solutions. 

Participants stated that strong central government direction was needed because the policy 

changes involved would result in unwanted, disruptive change to how people live, which was too 

contentious to direct at the local government level. They also acknowledged that while central 

government direction was needed, it would come at political cost. Different participant 

responses included: 

It really has to be a national directive. I can’t really think of any way around it at the 

moment. The removal of property rights would be so significant, and you could just 

imagine the legal challenges that [local government] would get.  

Are [central government] going to be the ones that say their legacy is that they 

crippled people living at the coast, you know, from growing their environment, and 

there's lots more like that? 

As such, participants noted a reluctance, or indecision from central government to set policy 

direction, preferring to devolve it to local government.    
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I am on the National [Tsunami] Working Group and I really wanted [central 

government] to put in who was going to make that decision but they won't. They said 

that was a decision for each individual council to decide where that delegation is going 

to lay. 

Furthermore, participants stated that inaction from central government around setting clear 

guidance had restrained local government from giving effect to natural hazard risk management 

measures. 

The big issue I reckon, in terms of the impediments, is changes going on at a national 

level. You know, constant rhetoric we’re getting from MfE [Ministry for the 

Environment] around “we’re looking at changes here, we’re looking at changes there”, 

and then the fact that the planners think that if these changes are coming there's no 

point in actually putting effort in, because it’s such a long game in terms of getting 

these changes made, so it’s better to hold fire at the moment. 

The challenges arising from lack of central government guidance have been identified in previous 

research. Glavovic, Saunders and Becker (2010) called for nationally consistent practical steps to 

improve the safety and sustainability of at-risk communities. Kilvington and Saunders (2013) 

identified that guidance for managing natural hazards through land-use planning appeared 

independent and not located in a conceptual hierarchy, such as a national to local scale. 

Kilvington and Saunders (2016) highlighted that there was (and still is) no national policy 

statement (NPS) or national environmental standard (NES), which would provide central 

government guidance relating to sustainable natural hazard management.  

Since the time of these interviews, central government guidance has progressed. In 2017, the 

management of significant risks from natural hazards was added as ‘a matter of national 

importance’ in section 6(h) into the Resource Management Act (RMA) (New Zealand 

Government, 1991). Climate change guidance has also been published (MfE, 2017; MfE, 2019; 

MfE 2021; MfE 2022), planning and engineering guidance was published for land prone to 

liquefaction (MBIE, 2017), and emergency risk management guidance (including emergencies 

resulting from natural hazards) was provided within planning guidelines for Civil Defence 

Emergency Management (CDEM) in 2018 (MCDEM, 2018).  
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While this guidance has provided greater direction, participants at that time were sceptical about 

how it would make a difference. For example, in relation to section 6(h) into the RMA (which was 

only proposed at the time of the interviews), one participant stated: 

Just by inserting an extra couple of lines into section 6 [of the RMA] doesn’t 

miraculously mean that we will all start thinking about hazards.  We've been thinking 

about natural hazards for years and years and years. Whether that makes any 

material difference, I don't know. But certainly, from where I sit the section 6 addition 

shouldn't really be that much of a game changer if you're doing good practice already. 

Indeed, despite the inclusion of section 6(h) into the RMA, as well as the proliferation of climate 

change guidance, more recent literature has identified that the management of significant risks 

from natural hazards remains a “gap in national direction” (MfE, 2020, p. 197). 

Participants were also weary that if clearer central government guidance was provided, it could 

restrict the flexibility needed for natural hazard risk management policies and procedures to fit 

within different environments.  

Part of me is terrified of the prospect [of a natural hazards NPS] because experience 

with other forms of national direction has meant that it's just going to push stuff down 

to local government to try and manage. It’s either very vague and not specific or very 

directive and it might hamstring innovation and creativity at the local level. Not to say 

that we don't need national direction, there's certainly a nice sweet spot somewhere. 

It’s a matter of discovering that sweet spot for central government led initiatives. 

Interconnected with the lack of clear and concise central government guidance, participants 

described a lack of mandate for coordinated natural hazard management resulting in 

inconsistent perceptions within councils for different natural hazard risk management functions. 

When interviewed, policy makers were adamant that their natural hazard management took a 

holistic approach, incorporating different council functions and external resources. However, 

interviews with land-use resource planners revealed that they mostly focused on only the 

regulatory functions defined by the RMA (New Zealand Government, 1991), rather than holistic, 

outcome orientated management. Furthermore, interviews with emergency managers 

highlighted that in many cases their function was marginalised from coordinated natural hazard 

risk management, with it being perceived as solely focussing on managing emergency response 
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and recovery. Responses from different participants on this theme included: 

You have the engineers and the building consents guys, and the planners and they are 

all collectively are fully aware of the hazards, so as an organisation I think we are 

pretty good with it. We are constantly, collectively working on contingency plans. 

As far as [resource] planning is concerned … they're dealing with the here and now, 

they're dealing with people who come in with development proposals, they're looking 

at a District Plan, which maybe has a ten-year life. 

[Emergency management] tends to operate much more on the response and recovery 

side and try as you might there's not actually a lot of crossover and dialogue between 

the emergency management and the planning policy people. 

Lack of mandate and the resultant misperceptions for natural hazard risk management 

functions has been identified in the literature over time. LGNZ (2014) identified that within 

councils, land-use planning and CDEM planning operated in a more ‘silo-ed’ manner. Lawrence 

et al. (2015), and Crowley and Crawford (2016) highlighted how CDEM was perceived as a less 

connected function for natural hazard planning compared to policy making and land use 

planning. This working environment reflects Saunders et al. (2015), who noted that 

collaborations across different natural hazard practitioner roles had not been commonly 

encouraged for sharing information, good practice, and understanding of roles.  

Participants agreed that coordinated natural hazard risk management across local government 

authorities would be useful for shared understanding of natural hazard risks and achieving 

mutually beneficial outcomes with limited budgets. However, lack of mandate meant that 

coordinated efforts were inconsistent across regions, were reliant upon established 

relationships, and were often only achieved when there was a ‘champion’ available to take the 

lead when they had spare time to do it. Different participant responses included:   

I don't see a discussion going on around region wide coordinated policy for hazard 

management other than for the coastal strategy that we are doing now. 

We have set up a cross council committee to have an overview, as in across our council 

– our works, engineering, building, strategic planning/policy people, and civil defence 

so that we can at least get a clear idea of what’s happening. We haven’t met yet, only 

because I’ve been busy doing other things. 
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Inconsistent coordination of natural hazard risk management across local government 

authorities has also been identified in previous literature. As far back as 2012, Saunders and 

Beban (2012) identified that “there is a lack of consistency in how the natural hazards and 

associated risk are addressed. One council may have strict planning requirements pertaining to 

a natural hazard, whereas the neighbouring council has a lesser requirement that allows for 

development that increases the risk” (Saunders & Beban, 2012, p. 18).    

7.6.3 Limited local government risk awareness 

Participants consistently stated that while their Council was aware of natural hazards and took 

their management seriously, they were less aware of natural hazard risk. They acknowledged 

that lack of consistent, quality data resulted in limited awareness for the likelihood of certain 

magnitude hazard events, and the consequences of their impact. This limited the potential for 

policy-makers to develop risk-based policy, and for decision-makers, i.e., local politicians, to 

support/approve it. Different participant response included: 

The quality of information or availability of information underpins the types of decision 

making that you can or can't make, and therefore the tools you can or can't deploy. 

So, if you've got pretty crude data sets, well the chances are you're not going to have 

sophisticated policy. 

The thing with planning is that it requires pretty detailed information in order to justify 

putting in those policy constraints at the end of the day. You have to absolutely have 

it backed up 100% because you will be fighting it through councils, politicians 

themselves are not going to approve something unless it’s fully sound. 

Lack of quality data in local government has been identified in the literature over time. Bremer 

and Glavovic (2013) proposed that a reason for this was that most local government regions do 

not have the capacity to monitor a large number of natural hazard indicators. They went on to 

state that the scientific data that could supplement local government information was poorly 

disseminated, was often in an unusable form, had been lost through poor information 

management, or was held by private organisations and research institutes. Saunders, Beban, and 

Coomer (2014) identified the prohibitive cost of obtaining natural hazard risk information, along 

with the limited information quality and reliability, particularly for low-probability, high-

consequence natural hazards. MWH (2016) referred to the high variability in the nature, 
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comprehensiveness, and consistency of information on different natural hazards held by 

councils. MCDEM (2019) stated that challenges remain in increasing the availability of 

information and assessments to the people and planners across all levels of government. The 

UNDRR (2020) recognised that easily accessible disaster information could lead to more 

comprehensive, detailed, and tangible risk and vulnerability assessments at the regional and local 

level. However, they go on to state that this would require increased capacity and capability 

(technical and human resources) for implementation. Most recently, Harrison et al. (2021) noted 

that the personal interests of key staff within organisations appear to either inhibit or enable 

data collection and creation, and that “it just depends on who’s here and who’s leading the team” 

(Harrison et al., 2021, p. 17). 

Participants stated that lack of natural hazard risk data also resulted in misperception of the 

significance of the risk for practitioners and decision-makers, which has also been identified in 

the literature over time. Saunders and Beban (2012) stated that high-consequence, low-

likelihood events were difficult for practitioners and decision makers to manage, due to a lack of 

understanding and awareness of their consequences. Doyle et al. (2014) identified that 

practitioners underestimated the chance of an event likelihood ‘today’ compared to ‘tomorrow’, 

due to interpretive bias which skewed their perceptions on the likelihood of occurrence. 

Similarly, White and Haughton (2017) refer to the ‘tyranny of the present’ for risk awareness, 

where governance arrangements are bound by policy makers’ biases towards developing policy 

based on what is certain and known about the present compared to the future. 

This is reflected in participants responses, which highlighted that frequently experienced but 

lower risk hazards were given greater attention and policy-making support than less frequent, 

higher risk hazards.   

The focus is generally on subsidence and a reactive style resilience work where we 

know there’s an issue, you can see it visually, and so we’ll go and treat that. As 

opposed to a tsunami that might come in 20 years’ time or whatever and if it came it 

would wipe out a bridge but because that bridge is fine now, we’re not going to do 

anything to protect it. And I think that’s where we are very weak, not just in tsunami 

but all the natural hazards. We’re not looking long-term and assessing the true risk. 

Furthermore, participants recognised that the short incumbency of local government politicians 

(3 years) along with the short local government planning timeframes (10 years), resulted in 
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challenges for governing less frequent, high consequence hazards, even though they presented 

greater risk. 

Individuals and the public have so many other priorities in the here and now, even 

politicians when they worry about the next three years. So, the likelihood and the 

intervals between one tsunami and the next are over the horizon for many. 

A district plan is for only 10 years. It's not a particularly long life so if you try to put 

regulation around a two and a half thousand year event it's hard for communities to 

be able to wrap their head around planning for that length of time even though it 

could happen tomorrow. The only people that can come into that space is central 

government taking a real major lead in it and saying, “the risk is too high, we do need 

to do something!”. 

The lack of long-term risk awareness and resultant lack of political efficacy to manage it has 

also been identified in the literature, where Lawrence et al. (2015) stated that political 

willingness to act on climate change risk was perceived as “it isn’t a problem, or at least not in 

my term of office” (Lawrence et al., 2015, p. 313).  

Given the lack of natural hazard risk data, interconnected with limited local government risk 

awareness, participants highlighted that it was difficult to develop and gain policy-maker and 

decision-maker support for tools and procedures used for better managing natural hazard risk. 

For example, risk modelling was viewed by participants as useful for assessing and 

communicating natural hazard risks for policy development and decision-making, however it was 

not commonly used. Different participant responses included: 

I think risk modelling is hugely powerful for two reasons: One is for policy-makers and 

decision-makers to use to develop policy instruments to identify those risk areas and 

help mitigate some of that risk. It would also be very powerful for CDEM planning, 

through knowing what the potential impacts would be. 

More and more of these models are becoming fairly sophisticated, complex 

things, and those things in themselves present challenges around transparency. Are 

they just magical black boxes that spit out something? What does that something 

actually mean and how was that arrived at, with loads and loads of assumptions or 

very little? That then leads you to either the policy analyst or the decision maker 
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having a bit less faith or confidence in the model and what it's telling them. 

7.6.4 The persistence of challenges 

The challenges identified in this research are based on data gathered in 2016 and 2017. It is 

acknowledged that the impact of natural hazard events, the application of central government 

guidance and the development of policy during the intervening years may have changed 

practitioner’s thoughts and opinions on challenges for local government natural hazard risk 

management. However, more recent literature indicates that these challenges persist, for 

example the impact of limited funding on development of local government capacity and 

capability (NZPC, 2019; MfE, 2020), gaps in central government guidance (MfE, 2020), and lack 

of available natural hazard data (UNDRR, 2020; Harrison et al., 2021). 

The more recent identification of these challenges within the literature adds weight to the 

discussion, in Section 4, that these challenges persist because of fundamental issues relating to 

the system for how natural hazard risks are governed in New Zealand. This was recognised by 

Crawford et al. (2019), who noted that long timeframes for natural hazard policy development, 

a paucity in risk-based natural hazard policy and frameworks, and a reduced ability to apply (or 

have success with) natural hazard management solutions was a result of challenges that were 

complex, interrelated, and entrenched within local government. 

7.7 Discussion 

The challenges for natural hazard risk management identified in the Results Section persist 

despite recommendations made in previous research for how they can be resolved. Examples of 

solutions recommended in the literature over time include: 

• The application of natural hazard risk modelling as a risk communication tool (Crowley 

and Crawford, 2016; Crawford et al., 2018a; Crawford et al., 2018b; King and Bell, 2006; 

Saunders et al., 2015); 

• Local government adoption and application of the ISO 31000 standard and approach for 

risk management (Beban & Saunders, 2013; Saunders & Beban, 2013; Saunders, Beban, 

& Kilvington, 2013; Tonkin & Taylor, 2016; Kilvington and Saunders, 2015; Kilvington and 

Saunders, 2019; MCDEM, 2018; UNDRR, 2020); 
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• The provision of scientific guidance for local government natural hazard planning and 

response (Kilvington and Saunders, 2013; Kilvington and Saunders, 2016; Thompson et 

al., 2015; Woods et al, 2017); 

• Development of a centralised natural hazard information database (Basher, 2016; 

Glavovic, Saunders, and Becker, 2010; Hamilton, 2013; ICNZ, 2014; Lee, 2010; LGNZ, 

2014; MfE, 2020; UNDRR, 2020; MfE; 2022); 

• The application of dynamic adaptive pathways for managing natural hazard risk 

(Lawrence, Bell and Stroombergen, 2019; Lawrence and Haasnoot, 2017); 

• Communicating uncertainty for decision making on natural hazard risk management 

(Doyle et al., 2011; Doyle et al., 2014; Doyle et al., 2018; Doyle et al., 2019); 

• Gaining community engagement with natural hazard risk management (Kilvington and 

Saunders, 2015; Kilvington and Saunders, 2019); and 

• A framework to help local government decision-makers better understand and approach 

disaster risk decision evaluation (Brown et al., 2017). 

However, in many cases the application and effectiveness of solutions has been limited. Two 

examples of are: 

• The use of the ‘RiskScape’ risk modelling software and adoption of the ISO 31000 risk 

management international standard and approach. Despite RiskScape being introduced 

in 2006 (King & Bell, 2006) to more effectively assess and communicate natural hazard 

risk for local government policy development and decision making, 14 years later 

RiskScape had only been used by 10% of surveyed local government practitioners, where 

the majority (69%) reported that they would need further access to data before they 

could operate it (Thomas et al., 2020).  

• In 2013, the ISO 31000 standard and approach (ISO, n.d.) was recommended for natural 

hazard risk management under the RMA (Beban & Saunders, 2013; Saunders & Beban, 

2013; Saunders, Beban, & Kilvington, 2013). While the ISO 31000 approach has been 

endorsed by central government and has been adopted in some local government 

authorities (Kilvington & Saunders, 2015; 2019), many local government authorities have 
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continued to use alternative and inconsistent risk management approaches depending 

on various capacities, resources, and risk perceptions (UNDRR, 2020).   

We propose that the limited application and effectiveness of solutions delivered via policy, tools 

and procedures, which results in the persistence of challenges for local government, is because 

they are elements within a ‘complex system’ of natural hazard governance. A ‘system’ is a set of 

interacting elements that form an integrated whole intended to perform a function (Skyttner, 

1996). A ‘complex system’ is when the relationships between its interacting elements are non-

linear or cyclic, creating dynamic processes which have no endpoint and do not perform as 

intended (Ladyman & Wiesner, 2013; Young, 2017).  

As highlighted in the results section, the cycle of challenges for local government begins with 

insufficient central government funding for natural hazard risk management. Insufficient funding 

then limits the development of central government guidance and the capacity and capability of 

local government to apply that guidance, gather more data, and grow awareness of natural 

hazard risks. Limited local government risk awareness then impacts on decision-makers’ 

willingness to prioritise funding for natural hazard risk management over other local government 

activities, and practitioners’ ability to develop risk-based policy and apply risk-based tools and 

procedures. Lack of local government risk awareness, along with limited use of risk-based 

measures then cycles back to limit the provision of funding and guidance at the central and local 

government levels, as well as the ability for local government to gather data, develop capacity 

and capability … and the cycle persists.  

An approach for exploring a complex system is through ‘systems thinking’. Systems thinking is a 

way for people to understand systems where traditional, siloed, reductionist approaches for 

dealing with complexity have failed to produce apparent or effective solutions (Aronson, 1996; 

Siri et al, 2016). While systems thinking is based on an ambiguous collection of interdisciplinary 

conceptual frameworks (Shaked & Schechter, 2017), its fundamental feature is that it takes a 

holistic view of a system while identifying the interrelated, non-linear properties and behaviours 

of the system (Jaradat, Keating & Bradley, 2017; Lee & Green, 2015).  

While the systems thinking approach has been applied for natural hazard management overseas 

(Fawcett & Fawcett, 2013; Mavhura, 2017; Rehman et al., 2019; Sword-Daniels, 2014; Zhuo & 

Han, 2016), its application for exploring the challenges for local government natural hazard risk 

management in Aotearoa New Zealand is limited to PhD research on integrated natural hazard 
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planning frameworks (Mamula-Seadon, 2007). As such, this research contributes a preliminary 

example of the potential for systems thinking to holistically view the complexity of Aotearoa New 

Zealand’s natural hazard risk management system within an already sparse area of research. 

The benefits from using a systems thinking approach are that the elements of the system can be 

mapped out using ‘causal loop diagrams’. A causal loop diagram is a cycle that has no endpoint, 

where an initial element within a complex system influences other elements, which eventually 

feeds back to influence the initial element (Boardman and Sauser, 2008). Causal loop diagrams 

enable people to compare and share mental models for the connections and feedback relations 

between elements within a system and identify the overall system dynamic (Haraldsson, 2004; 

Toole, 2005). This system dynamic can be ‘the same’, where similar elements act to build upon 

each other and strengthen the system dynamic, or ‘opposite’, where different elements oppose 

each other and weaken the system dynamic. Most importantly, causal loop diagrams enable 

people to identify intervention points, which can then be used to interrupt the system’s overall 

dynamic (BeLue et al, 2012).  

A causal loop diagram of the interrelated challenges identified in this research is mapped out in 

Figure 7-2. 

 

Figure 7-2: Cyclic feedback loop mapping out the interrelated challenges for natural hazard policy, tools and 
procedures in local government in Aotearoa New Zealand. 
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The causal loop diagram in Figure 1 shows that the elements within the complex system of 

challenges for natural hazard policy, tools and procedures in local government are ‘the same’, 

where similar elements (challenges) act upon each other. This results in a system where 

challenges persist or are strengthened, and the success of solutions is limited. As such, an 

intervention point is needed to interrupt the system’s persistent or strengthening dynamic.  

Figure 1 highlights that the ‘Limited local government capacity and capability’ element within the 

system is interconnected with many other elements. As such, an intervention at this point has 

significant potential to influence other elements and weaken the system dynamic. We propose 

that this intervention can be achieved through greater local government involvement in, and use 

of, ‘integrative research’. Van Kerkhoff (2014) defines integrative research as operating within 

the context of complexity, with a specific aim to contribute to action, implementation and 

practical change. It acts to bridge barriers that separate traditional modes of inquiry. It is trans-

disciplinary, trans-sectoral, integrates across geographical scales, and integrates across styles of 

knowledge creation (National Research Council, 1999). A fundamental characteristic of 

integrative research is that it uses collaborative, participatory approaches to co-develop 

knowledge that can bridge the science-policy-practice interface (Barton et al., 2020; Wyborn et 

al., 2017).  

Frameworks for integrative natural hazard research in Aotearoa New Zealand already exist. 

Examples include the ‘Natural Hazards Research Platform’ (2009 – 2019) and the ‘Resilience to 

Nature’s Challenges National Science Challenge’ (2013 – present). They are (or were) a 

consortium of research organisations and agencies including Crown Research Institutes, State 

Owned Entities, universities, private research consultancies, central and local government, 

industry, and other stakeholders with the objective “to build shared understanding of natural 

hazards and risks, and to develop practical risk reduction solutions” (Woods et al., 2017, p. 330). 

Importantly, these integrative natural hazard research frameworks have sat independently of 

local government. They have not been subject to the local government’s challenges of insufficient 

central government funding or lack of central government guidance and mandate which have 

resulted in lack of local government capacity and capability. As such, they have brought a new 

level of research networking capacity to collaboratively bridge the science-policy-practice 

interface resulting in high quality outputs which have fed directly into natural hazard policy and 

practice decisions (Beavan et al., 2017). 
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Despite Beaven et al.’s (2017) positive comments, integrated research frameworks have not been 

a ‘silver bullet’ for bridging the science-policy-practice interface for local government natural 

hazard risk management. The balance and facilitation of participant member organisations is 

crucial for the success of integrative research and action, which has been identified as a weakness 

in past integrative frameworks. Beaven et al. (2017) found that the Natural Hazards Research 

Platform was weighted more towards science and its pre-identified areas for research than 

towards the policy domain. This can result in ‘outsider driven research’ (Le De, Gaillard & Friesen, 

2015), where externally identified research requisites can be imposed on stakeholders, who have 

not identified them, or perceived them as important compared to other priorities, resulting in 

limited engagement from policy makers.  

This tension has limited the effectiveness of integrated research to bridge the science-policy-

practice interface and interrupt the complex system of challenges for local government 

application of natural hazard risk management in Aotearoa New Zealand. Challenges associated 

with this tension include:   

• Limited capacity and capability within local government to seek out scientific information 

and appropriately translate it to a policy question (Bremer & Glavovic; 2013; Gluckman, 

2013) 

• Scientific research traditionally follows a pre-determined agenda to address research 

objectives. This can limit the flexibility of approach and reduce potential for sustainable 

solutions (Le De, Gaillard & Friesen, 2015). 

• Uncertainty and doubt attached to scientific information is not well regarded by policy 

and decision makers, who want either incontestable evidence or appropriately 

communicated uncertainty, for robust decision making (Doyle et al., 2019; Gaillard & 

Mercer, 2012; Kilvington & Saunders, 2016; Lawrence & Manning, 2012). 

• Different timelines between scientific research and local government policy 

development make it difficult to ensure natural hazard risk management provisions 

reflect the latest research findings (Kilvington & Saunders, 2016) and for scientific 

information to be legitimised through verification and peer-review (Beaven et al., 2017). 
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• Scientific information can be ‘politicised’, where its value is accepted only if it adds 

credibility to the visions already held by local government policy and decision makers 

(Kilvington & Saunders, 2016). 

The importance of a formalised structure has been highlighted for managing these challenges 

(Thompson et al., 2017; Wyborn et al., 2019). A formalised structure for integrative research 

frameworks would enable improved collaboration across the science-policy-practice interface 

through: 

• diverse representation from all relevant stakeholders (Thompson et al., 2017), especially 

policy analysts (Cvitanovic et al., 2018), where engagement is purposefully and 

strategically codesigned to meet project aims and objectives (Wyborn et al., 2019). 

• early reflection and understanding of the different cultural and institutional perspectives 

between participating groups and the collective expectations and attitudes towards 

research, which are revisited longitudinally (Crawford et al., 2018b; Kilvington & 

Saunders, 2016; Thompson et al., 2017; Wyborn et al., 2019). 

• skillful and iterative facilitation for bridging barriers between disciplines and 

organisations (Thompson et al., 2017), with consideration of power dynamics between 

individuals (Wyborn et al., 2019), for developing and maintaining trust (Cvitanovic et al., 

2018). 

• clarity between all parties involved regarding scale, timelines, processes, responsibilities 

and accountabilities, and the criteria for which decisions are made and for outcomes to 

be measured and achieved, with consideration of the (limited) resources and time that 

is available (Cvitanovic et al., 2018, Le De, Gaillard & Friesen, 2015; Thompson et al., 

2017; Wyborn et al., 2019). The use of scenario planning tools or similar approaches to 

building shared understanding can help develop this clarity (Keough & Shanahan, 2008; 

Renn, 2014). 

• Strong leadership or ‘knowledge brokerage’ (Meyer, 2010) in achieving project aims and 

objectives within a broad and adaptive organisational strategy, which is flexible and 

allows for unanticipated demands on funding, time and resource (Thompson et al., 

2017), as well as adaptation to policy and societal processes (Cvitanovic et al., 2018). 
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As such, a formalised structure for integrative research frameworks provides guidance for 

collaborative research to be clear, reflective and effective, and acknowledges local government 

capacity and capability in how this is achieved.  

Despite this, efforts to collaborate with local government across the science-policy-practice 

interface in Aotearoa New Zealand have largely been achieved on a ‘what seems to work’ basis 

(Kilvington & Saunders, 2016), rather than a formalised structure. Indeed, Barton et al. (2020) 

reflect that a formalised structure would have been beneficial in increasing the pace of 

cocreation and reducing the widespread confusion concerning the knowledge that was required, 

available, and achievable within integrative research frameworks. However, this “would have 

required a substantial departure from the precedent set by the science-policy-practice 

collaborative style that had developed in the preceding five years” (Barton et al., 2020. 

Reflections Section). 

7.8 Recommendations and Conclusion 

Local government struggles to effectively coordinate and apply natural hazard risk management. 

This research identifies three main themes (challenges) that contribute to this: 1) Insufficient 

national funding; 2) Lack of national guidance and mandate, and 3); Limited risk awareness. A 

fourth cross-cutting theme also exists under each of these: Lack of quality data. A review of the 

literature indicates that while these challenges have been clearly identified over time and 

solutions have been provided, the challenges persist. We propose that these challenges persist 

because they are elements in a complex system which limits the application and success of 

solutions. By viewing this complex system of challenges and solutions using cyclic feedback loops, 

the whole system can be better understood, and interventions can be identified that can 

interrupt the system’s dynamic.    

However, the use of systems thinking for natural hazard risk management is a sparse area or 

research in Aotearoa New Zealand. Even though the complexities of policies and procedure for 

natural hazard risk management have been acknowledged over time, only Mamula-Seadon 

(2007) has previously broached this subject. As such, further research is needed for how systems 

thinking can be applied. 

In a cursory attempt at this, this research has identified integrative natural hazard research 

frameworks as a medium for developing local government capacity and capability to interrupt 
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the complex system of challenges and solutions for natural hazard risk management. Integrative 

research frameworks already exist, however their engagement with local government across the 

science-policy-practice interface has achieved limited success so far. As such, we recommend 

that integrative research frameworks adopt systems thinking for a clearer, more wholistic view 

of how they approach both the complexity of natural hazard risk management system in general, 

as well as complexities for engaging across the science-policy-practice interface.  

Furthermore, the importance of a formalised structure has been highlighted for increasing the 

pace of cocreation and reducing the widespread confusion concerning the knowledge that was 

required, available, and achievable. However, collaboration has historically been achieved on a 

‘what seems to work’ basis. To address this, we recommend further research is given to the 

development and application of a formalised structure for collaboration across the science-

policy-practice interface in Aotearoa New Zealand. In addition, we recommend that the 

formalised structure is mandated by integrative research frameworks, including Resilience to 

Nature’s Challenges, and is reviewed over time to ensure it is effective in building shared 

understanding of natural hazards and risks and developing practical risk reduction solutions. This 

is particularly important with regard to future funding frameworks that may emerge from the ‘Te 

Ara Paerangi Future Pathways’ review of Aotearoa New Zealand’s research and science 

investment system (MBIE, n.d.). 

Through review of the challenges facing local government application of natural hazard risk 

management and research of different approaches for improving how this can be improved, 

Aotearoa New Zealand is better placed to manage natural hazard risks before they occur and is 

better able to reduce the losses associated with responding to, and recovering from, them once 

they occur. 
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8 Conclusion 

8.1 Introduction 

This chapter begins with a synopsis of the introduction in Chapter 1 and literature review in 

Chapter 2 and a summary of the research taken and the results. The chapter then discusses the 

implications of the research for how risk informs natural hazard management for local 

government in Aotearoa New Zealand, specifically focusing on the interface between risk 

modelling for tsunami inundation and local government policies and procedures. Finally, 

opportunities for future research are presented. 

8.2 Background and context 

Considering the increased frequency of natural hazard related disasters and their associated 

losses, it is important that we understand the risk of natural hazards so we can better prepare 

for them before they occur, rather than just respond to them once they occur. The economic 

benefits of proactively acting to reduce natural hazard risk before a disaster occurs are clear. 

Natural hazard risk reduction outweighs the costs of reacting to them by about four times in 

terms of avoided and reduced losses (Mechler, 2016). These are just economic losses, more 

intangible or indirect losses, such as impact on community mental health or lost education, can 

also be reduced through proactive risk management. 

However, natural hazard risk cannot just be objectively assessed and quantified as a function of 

likelihood and consequence. It is also evaluated dependent on how humans subjectively qualify 

natural hazards within a social setting, incorporating considerations such as doubt, dread, 

catastrophic potential, controllability, equity, and risk to future generations. This impacts on 

perceptions of risk where it can be misunderstood or underestimated, resulting in a false sense 

of security and inaction or underinvestment in risk reduction activities. 

Destructive tsunami risk management is an example of this. It remains an underrated hazard 

mainly due to the perception that the infrequency of tsunamis does not present significant risk 

compared to other natural hazards (Bryant, 2014). However, tsunami is a significant natural 
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hazard. Between 1998 and 2017, tsunamis caused 251,770 deaths (mostly attributed to the 

Indian Ocean Tsunami) with costs of US$280 billion (UNISDR, 2018).  

Governance for natural hazard risks has progressed over the last 30 years. It has moved away 

from being solely developed and administered by central government and is now accountable 

upwards to international frameworks such as the Sendai Framework for Disaster Risk Reduction 

2015-2030 (UNISDR, 2015b), outwards across multiple central government organisations, and 

downwards towards local government and community organisations.     

Effective governance of natural hazards requires decision makers and practitioners to 

overcome misperceptions of risk. This is especially relevant for low-likelihood hazards, such as 

destructive tsunami. Decision makers and practitioners need to be risk aware; manage natural 

hazard risk via consistent, structured approaches; and ensure natural hazard risk management 

is connected across government and community actors.  

This requires effective risk communication. One approach for assessing and communicating 

natural hazard risk is through risk modelling. Researchers, decision makers, and practitioners 

are increasingly using risk modelling to scope the consequences for hazards scenarios that they 

know they are exposed to but have little to no historical information about. This is particularly 

true for low-frequency, high-magnitude events such as destructive tsunami (UNISDR, 2015; 

Donovan & Oppenheimer, 2015; Eiser et al., 2012). However, the use of risk modelling is 

compromised by unavailability of hazard data, as well as the existence of modelling 

uncertainties that are often poorly communicated (Doyle et al., 2019). Furthermore, there is 

limited understanding for how modelled information is received and valued by stakeholders 

(Komendantova et al., 2014), and how models can be improved to better inform their natural 

hazard risk preparedness measures. Currently there is no clear recommended approach to 

address how modelling uncertainty is communicated to stakeholders (Doyle et al., 2019). 

Given this background, this research has focussed on how risk informs natural hazard 

management in local government in Aotearoa New Zealand. It has specifically focussed on the 

risk of tsunami generated in the Hikurangi Subduction Margin off the east coast of the North 

Island of Aotearoa New Zealand as it is the country’s most significant natural hazard risk. It has 

also focussed on the use of the RiskScape risk modelling tool for communicating this risk for 
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local government decision makers and practitioners to enable the development of policies and 

procedures that reflect the significance of the risk.   

Governance for natural hazard risk management in Aotearoa New Zealand is set across a 

plethora of legislation consisting of high-level, disconnected and widely interpretative policy 

guidance (LGNZ, 2014). This legislation is devolved to local government for application, which 

are left to individually manage natural hazard risk with varying degrees of success (Basher, 

2016; Crowley & Crawford, 2018a; EQC, 2019; Kilvington & Saunders, 2019).  

Consequently, the application of natural hazard risk management in local government is beset 

with a number of challenges. This research has grouped them into four broad themes: 

1. lack of guidance, mandate, and collaboration; 

2. limited risk awareness, understanding, and knowledge;  

3. lack of funding, capacity, and capability; and 

4. unavailability of quality data and information. 

Underlying each of these themes are a further two fundamental challenges for natural hazard 

risk governance: 1) the disconnect of science to policy to practice, and 2) the complexity system 

of challenges for natural hazard risk management.  

Within this context, this research has sought to contribute to the body of knowledge through 

better understanding how the RiskScape risk modelling tool has influenced the development of 

local government policy and procedure for tsunami generated by an all-of-boundary 

earthquake in the Hikurangi Subduction Margin.  

8.3 Summary of research undertaken 

Three key areas were researched: 

• The use of RiskScape, a risk modelling tool for communicating natural hazard risk, 

where the end-user experience for risk modelling is not well understood and is 

scarcely covered in the literature.  
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• Perceptions of and motivation to manage destructive tsunami risk. While tsunami is 

Aotearoa New Zealand’s most significant natural hazard risk, local government 

policies and procedures to manage tsunami risk are scarce and not well defined.  

• Governance for natural hazard risk management. The policy environment for 

natural hazard risk management in Aotearoa New Zealand local government is 

beset with challenges impacting on how risk management is applied. While the 

literature has identified these challenges, gaps in understanding remain for how 

these challenges can be overcome.  

To address these areas, the research questions were: 

1. How is natural hazard risk modelling information perceived and acted upon by local 

government? 

2. How is risk modelling informed by natural hazard management? 

3. How are natural hazard management policies and procedures informed by risk 

modelling? 

4. What are the risk communication barriers and enablers that limit or contribute to 

efficacy for natural hazard risk management in local government? 

5. What link do these limiting (or contributing) factors have with natural hazard 

management policy and procedures, and how can those policies and procedures be 

developed to enhance enablers and overcome barriers? 

These research questions were answered over the four manuscripts presented in this thesis 

with the findings set out in the following sections. 

8.3.1 How natural hazard risk modelled information is perceived and acted upon by 

local government 

The first manuscript (Risk Modelling as a tool to support natural hazard risk management in 

New Zealand local government; Crawford et al., 2018a) identified that there was definite 

interest and engagement in the use of risk modelling for communicating natural hazard risk 

information within local government. Modelled natural hazard risk information was seen as 

beneficial for:  



  

227 
 

• Communication to the public and decision makers  

• Real-time event response  

• Exercise development  

• Contingency planning  

• Generic plans, such as land-use and civil defence plans  

• Policy development, such as Regional Policy Statements. 

However, the first manuscript found a reluctance from the councils to invest in risk modelling 

for communicating natural hazard risk due to a number of challenges. These were: 1) 

uncertainty associated with the modelling process; 2) the lack of capability of risk modelling for 

communicating impacts from multi-hazard events or cascading consequences; 3) unavailability 

of quality data for risk modelling; 4) an unsupportive legislative environment for enabling 

natural hazard risk modelling and risk communication; and 5) lack of ‘knowledge brokers’ 

and/or ‘gate keepers’ for linking science with policy and enabling appropriate information 

translation.   

The second manuscript (End-user perceptions of natural hazard risk modelling across policy 

making, land-use planning, and emergency management within New Zealand local 

government; Crawford et al., 2018b) found that risk modelling was valued and used differently 

across three different local government functions that are essential for natural hazard risk 

management. Strategic policy makers valued and used natural risk information and used 

modelled risk information for providing science-informed results. However, the uncertainties 

and assumptions inherent within risk modelling meant that, in general, they were reluctant to 

develop policy based on modelled results because they had limited confidence in them. Land-

use planners commonly expressed a lack in drive or capacity to learn different approaches 

outside of existing rules and regulations (i.e. the Resource Management Act and district plans) 

for natural hazard risk management. While they expressed an appreciation of risk modelling for 

communicating natural hazard risk, it had not been readily adopted within land-use consent 

planning. Emergency managers had a good understanding of natural hazard risk management, 

valued the use of natural hazard risk information, and agreed that risk modelling was a valuable 

tool for natural hazard risk management. However, in general, it wasn’t used because 
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contributing data was not available and because risk models were not suitable for their specific 

needs for real-time information, multi-hazard events, and cascading consequences. 

The third manuscript (The low-likelihood challenge: Risk perception and the use of risk 

modelling for destructive tsunami policy development in New Zealand local government; 

Crawford et al., 2019) acknowledged that modelled natural hazard risk information was valued 

by local government but challenging to use. Risk modelling was valued because its ability to 

spatially distribute natural hazard risks on maps made it a valuable communication tool for 

community awareness campaigns, for media use, and for increasing decision makers’ risk 

awareness. It was also valued because its ability to tabulate comparisons of loss, depending on 

differences in exposure and vulnerability of assets, made it useful for consideration of benefits 

and costs, and considerations of alternatives required for the development of policies. 

However, participants expressed uncertainty as to whether modelled risk information would 

actually change how decision makers would act. These participants stated that officially, 

decision makers did not want to act because they were unsure of the quality of the modelled 

results; whereas unofficially, decision makers may not have wanted to act on the modelled 

results because, while the results may have been correct, they were politically unacceptable. 

8.3.2 How risk modelling is informed by natural hazard management 

The first manuscript (Risk Modelling as a tool to support natural hazard risk management in 

New Zealand local government; Crawford et al., 2018a) identified that, in most cases, the CDEM 

Groups described themselves as ‘gatherers’ rather than ‘generators’ of risk information, and 

therefore reliant on a range of external information sources from other parts of the council as 

well as from outside agencies. As a result, all the CDEM Groups reported similar challenges 

arising from a lack of data. Participants also reported a lack of knowledge of what data their 

council held, adding that even if they knew of its existence, it was often in a format that could 

not be used outside of its original context. 

In light of the challenges in accessing and using natural hazard risk data, some CDEM Groups 

had seen the need to become proactive instigators for developing natural hazard risk data and 

are organising forums in isolation in an attempt to share information. In summary, while 

proactive measures towards managing natural hazard risk were developing across a number of 

the CDEM Groups visited, results showed a challenging environment for CDEM’s use of risk 
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modelling as a tool to better understand and manage natural hazard risk. This was not only 

because of confusion over CDEM’s role and its limited influence for decision making, but also 

because of lack of data availability and suitability. As such, results showed that there appeared 

to be no standard approach to generating or sourcing risk data and there was no simple 

pathway for its communication. 

The second manuscript (End-user perceptions of natural hazard risk modelling across policy 

making, land-use planning, and emergency management within New Zealand local 

government; Crawford et al., 2018b) acknowledged differing levels of capability across three 

different natural hazard risk management functions within local government for informing and 

using risk modelling: 

1. Strategic policy makers were able to more easily influence decision makers to 

financially support the data collection and training needed to use risk modelling.  

2. Land-use consent planners were also able to support data collection for use in risk 

modelling. However, the appreciation for their role in natural hazard risk management, 

and therefore the use of risk modelling, has been slow to develop.  

3. On the whole, emergency managers were found to be less integrated within council 

than the other functions, which has limited their ability to gather or access risk data for 

use in risk modelling. 

The third manuscript (The low-likelihood challenge: Risk perception and the use of risk 

modelling for destructive tsunami policy development in New Zealand local government; 

Crawford et al., 2019) found that more frequent hazards, with better availability of data, 

informed the use of risk modelling more than for less frequent, but higher-risk hazards, such as 

destructive tsunami. Furthermore, risk perceptions for low-likelihood hazards and the difficulty 

for participants in internalising the consequences from such events shows a disassociation from 

the risk and therefore less desire to use risk modelling to better understand it. 
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8.3.3 How natural hazard management policies and procedures are informed by risk 

modelling 

The second manuscript (End-user perceptions of natural hazard risk modelling across policy 

making, land-use planning, and emergency management within New Zealand local 

government; Crawford et al., 2018b) found that, overall, policy makers appreciated risk 

modelling as a communication tool that informed policy making; however, the uncertainties 

and assumptions inherent within risk modelling meant that they had limited confidence in 

modelled results. Participants also reported that risk modelling for less frequent natural hazard 

events, such as destructive tsunami, was not synonymous with the policy timeframes used 

within land-use consent planning and had therefore not been readily adopted. Furthermore, 

data unavailability for use in risk modelling meant that modelled results were not suitable for 

specific needs and other tools, such as GIS, were used for assessing and communicating risk.     

The third manuscript (The low-likelihood challenge: Risk perception and the use of risk 

modelling for destructive tsunami policy development in New Zealand local government; 

Crawford et al., 2019) identified that natural hazard risk management policy development was 

focussed more on modelled risk information for frequent, experienced and escalating hazards, 

such as flooding and erosion, than for the low-likelihood hazard of destructive tsunami. As 

such, the research found limited action taken by government relating to risk information for 

low-likelihood, destructive tsunami. Of the fifty-eight central and local government policy 

documents analysed, only three contained specific tsunami risk-based policy. The research 

found two main reasons for this. The first was that practitioners perceived the likelihood of 

destructive tsunami to be so remote that its risk was hard to understand, and the 

consequences were difficult to internalise given people’s affinity for living on the coast. The 

second was that practitioners perceived the cost of implementing tsunami risk management 

policy would outweigh its benefits. They stated that Aotearoa New Zealand did not have the 

population or economic means to move built up areas (cities) away from the coast, and that a 

precautionary policy approach for destructive tsunami risk management would effectively 

prohibit community development and economic benefit. 
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8.3.4 What the risk communication barriers and enablers are that limit or contribute to 

efficacy for risk management in local government 

The first manuscript (Risk Modelling as a tool to support natural hazard risk management in 

New Zealand local government; Crawford et al., 2018a) identified misperceptions for the value 

of CDEM for contributing to natural hazard risk management, uncertainty resulting from the 

legislative environment, and limited use of knowledge brokers and gate keepers for translating 

and sharing natural hazard risk information. While risk modelling was seen as a useful tool for 

communicating natural hazard risk, issues relating to how data was collected, managed, and 

shared limited its use. Primary amongst these issues was availability of data, the cost of 

gathering and/or managing it, and the uncertainty of modelled information.  

The second manuscript (End-user perceptions of natural hazard risk modelling across policy 

making, land-use planning, and emergency management within New Zealand local 

government; Crawford et al., 2018b) found that while risk modelling was seen as a useful tool 

for communicating natural hazard risk, risk modelling sat within a complex, interrelated policy 

environment, which impacted on local government natural hazard risk management functions. 

Perceptions of importance for different natural hazard risk management functions limited 

integration across those functions, especially for risk communication made through emergency 

management. Limited understanding of risk and the value of risk management restricted the 

use of modelling for communicating risk, especially within the highly regulated land-use 

consents planning function. Unavailability of quality data and limited trust in risk modelling 

outputs limited its use for risk communication, especially for strategic policy making. 

The third manuscript (The low-likelihood challenge: Risk perception and the use of risk 

modelling for destructive tsunami policy development in New Zealand local government; 

Crawford et al., 2019) identified that despite risk awareness, less likely hazards, such as 

destructive tsunami, impacted on how the risk was perceived. Even though participants 

acknowledged that the consequences from a destructive tsunami would be severe, the low-

likelihood and severe consequences were difficult for them to internalise and did not seem 

real, resulting in a dissociation from the risk where destructive tsunami would not happen to 

them. This indicated that, despite risk awareness and/or understanding, cognitive biases 

influenced how risk information was received, especially where the risk information called for a 
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precautionary policy approach that would effectively prohibit people’s affinity for living on the 

coast, was uneconomical and/or did not enable community development. While risk modelling 

could be used to effectively communicate natural hazard risk to better enable policy 

development, the information being communicated may not be personally or politically 

acceptable by practitioners and decision makers. Consequently, this research found that there 

was less motivation amongst local government practitioners to use risk modelling to better 

understand and communicate low-likelihood hazards such as destructive tsunami. 

The fourth manuscript (A cycle of challenges for natural hazard risk management for local 

government in Aotearoa New Zealand – and how it could be interrupted; Crawford et al. – 

awaiting publication) found that challenges identified over time for local government 

application of natural hazard risk management remain unresolved. Three main challenges were 

identified: insufficient national funding, lack of guidance and mandate, and limited risk 

awareness. A fourth cross-cutting challenge also exists under each of these – lack of quality 

data. Insufficient national funding limited local government’s capacity and capability to gather 

quality data and information and recruit skilled resource to use that information for 

communicating natural hazard risk. Lack of guidance and mandate had limited the 

establishment of intra and inter-council collaboration and communication of natural hazard risk 

information and data. Limited risk awareness, as a consequence of limited data, caused 

misperceptions of the significance of the risk where greater policy-making support was given to 

frequent, experienced but lower-risk hazards than for less frequent, higher-risk hazards. 

8.3.5 The link these limiting (or contributing) factors have with natural hazard 

management policy and procedures, and how those policies and procedures can 

be developed to enhance enablers and overcome barriers 

The third manuscript (The low-likelihood challenge: Risk perception and the use of risk 

modelling for destructive tsunami policy development in New Zealand local government; 

Crawford et al., 2019) identified that risk-based policy favours more frequent, experienced but 

lower-risk hazards than for low-likelihood but higher-risk hazards such as destructive tsunami.  

As such, the significance of natural hazard risks was not balanced by the development of policy 

and procedures for their management. The manuscript recommends that misperceptions of 
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natural hazard risks, along with the unbalanced development of natural hazard risk 

management policy and procedure, could be solved through: 

• Further resourcing of national risk management initiatives, which enable risk 

management training and workshops, greater integration of risk management across 

council functions enabling a shared understanding of the risks and an improved ability 

to develop specific risk-based policy. 

• Inclusion of debiasing techniques as part of natural hazard risk management 

workshops, providing greater context when considering how acceptable the risk 

information is, allowing practitioners and decision makers to make more informed 

decisions.  

• Co-development of risk modelling so they are easier for end users to apply within local 

government, for practitioners and decision makers have a better understanding of the 

capability and value of risk models, and have greater confidence in modelled 

information.   

• Longer-term natural hazard policy instruments to enable policy for low-likelihood 

hazards that have intervals over thousands of years. This would separate low-

likelihood, destructive tsunami risk management from the more immediate political, 

financial and community development issues, which currently influence decision 

makers to perceive it as too hard or unacceptable. 

The fourth manuscript (A cycle of challenges for natural hazard risk management for local 

government in Aotearoa New Zealand – and how it could be interrupted; Crawford et al. 

(awaiting publication) found that the challenges that underly the development of policy are a 

complex system, consisting of feedback loops, which inhibit the effective resolution of the 

challenges. The manuscript proposes that these challenges are explored using a systems-

thinking approach, which can identify intervention points that interrupt the complex system’s 

overall dynamic. It identifies the science-policy-practice interface as an intervention point and 

recommends the development of a formalised structure, mandated by national integrative 

research frameworks, for better enabling natural hazard risk communication across the 

science-policy-practice interface (including through the use of risk modelling), which then 
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enables the development of appropriate natural hazard risk management policy and 

procedure. 

8.4 Research limitations and opportunities for further research 

Natural hazard risk management is important. This is acknowledged within local government in 

Aotearoa New Zealand; however, its system for natural hazard risk management presents 

complex, interrelated challenges for natural hazard risks awareness, how they are understood, 

and how they are managed. These challenges have then limited how risk modelling is 

perceived, valued, and applied for communicating natural hazard risk management. 

Consequently, risk modelling has not been readily adopted by local government in Aotearoa 

New Zealand for the development of risk-based policy and procedure.  

The manuscripts in this paper identified the challenges that have caused the limited use of risk 

modelling in local government and have provided recommendations (solutions) for how those 

challenges can be overcome. However, these recommendations are reliant on a framework for 

natural hazard risk management that enables them to be applied. The final manuscript 

proposed the use of a systems-thinking approach for holistically viewing the interrelations and 

resultant dynamics of the challenges within this framework. This approach helps identify 

intervention points across the challenges, which act to change the systems dynamics and 

potentially enable recommendations (solutions) to more effectively be applied. However, the 

use of a systems-thinking approach is novel within local government natural hazard risk 

management in Aotearoa New Zealand. Further research is needed to better understand how 

these challenges interact, how a systems-thinking approach can be applied, and whether a 

systems-thinking approach is beneficial for identifying and solving complexities related to these 

challenges.  

This research focussed on practitioners’ thoughts and opinions of risk modelling and natural 

hazard risk management policy and procedure. However, the use of risk modelling, the 

information it provides, and the resultant development of natural hazard risk management 

policy and procedure is reliant on the support of decision makers, i.e. local politicians. This 

research has touched on decision makers’ risk awareness and understanding, as well as how 

acceptable risk information is for them. However, the thoughts and opinions that provided 
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these insights were from practitioners, not from the decision makers themselves. Furthermore, 

the body of literature reviewed for this research found scarce coverage of decision makers’ 

thoughts and opinions on local government natural hazard risk management. As such, the 

findings in this research need corroboration through further research to better understand 

decision makers’ perceptions and awareness of natural hazard risk; understanding of risk 

management; value given to modelled risk information; and their resultant motivation to 

support the development of natural hazard risk management policy and procedure. 

This research spanned the science-policy-practice interface between the RiskScape risk 

modelling tool and its application within local government. However, tensions across the 

interface due to outsider-driven scientific research and limited engagement from local 

government policy makers have historically limited collaboration between scientific research 

the development of local government policy and procedure. Increased facilitation through 

national frameworks for integrating scientific research with policy (such as Resilience to 

Nature’s Challenges) have further enabled collaboration; however, there is no formalised 

structure for how this is applied. Further research is needed for the development of a 

formalised structure for how scientific research collaborates with local government policy 

makers to increase the pace of collaboration and reduce confusion concerning the knowledge 

that is required, available, and achievable across the science-policy-practice interface. 

Furthermore, research is needed for how a formalised structure could be given mandate 

through national research frameworks, and how effective it is in building shared understanding 

and collaboration between scientists and practitioners for developing practical risk reduction 

solutions.  

It must be acknowledged that the data for this research was collected in focus groups in 2016, 

follow-up interviews in 2016 and 2017, and document analysis in 2018. This information was 

gathered in a rapidly-evolving policy environment. Therefore, while many of the findings in this 

research still apply, the practitioners’ views and the capability of local government for risk 

modelling and natural hazard risk management will have progressed.  

Finally, the research presented in this thesis has limitations but also highlights areas for future 

research. The four manuscripts and the overall doctoral project will move the academic 
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discussion forward on the topics of how risk modelling informs tsunami hazard management 

policies and procedures.



  

237 
 

9 References 

AbouAssi, K., & Trent, D. L. (2016). NGO accountability from an NGO perspective: Perceptions, 

strategies, and practices. Public Administration and Development, 36(4), 283–296. 

http://dx.doi.org/10.1002/pad.1764  

Aitsi-Selmi, A., Blanchard, K., & Murray, V. (2016). Ensuring science is useful, usable, and used 

in global disaster risk reduction and sustainable development: a view through the Sendai 

framework lens. Palgrave Communications, 2(1), 1–9. 

http://dx.doi.org/10.1057/palcomms.2016.16  

Albris, K., Lauta, K. C., & Raju, E. (2020). Disaster knowledge gaps: Exploring the interface 

between science and policy for disaster risk reduction in Europe. International Journal of 

Disaster Risk Science, 11(1), 1–12. http://dx.doi.org/10.1007/s13753-020-00250-5 

Allen, K. M. (2006). Community‐based disaster preparedness and climate adaptation: local 

capacity‐building in the Philippines. Disasters, 30(1), 81–101. http://dx.doi.org/10.1111/j.1467-

9523.2006.00308.x  

Almeida, R., Teixeira, J. M., da Silva, M. M., & Faroleiro, P. (2019). A conceptual model for 

enterprise risk management. Journal of Enterprise Information Management, 32(5), 84–868 

http://dx.doi.org/10.1108/JEIM-05-2018-0097    

Aronson, D. (1996). Overview of systems thinking. 

http://resources21.org/cl/files/project264_5674/OverviewSTarticle.pdf Accessed September 8, 

2020. 

Athukorala, P. C. & Resosudarmo, B. P. (2005). The Indian Ocean tsunami: Economic impact, 

disaster management, and lessons. Asian Economic Papers, 4(1), 1–39. 

http://dx.doi.org/10.1162/asep.2005.4.1.1  

Auckland Council. (2014). Natural hazard Risk Communication Toolbox. Natural Hazard Risk 

Management Action Plan. 

Aven, T., Renn, O., & Rosa, E. A. (2011). On the ontological status of the concept of risk. Safety 

Science, 49(8), 1074–1079. http://dx.doi.org/10.1016/j.ssci.2011.04.015  

Bailey, I., Fitch-Roy, O., Inderberg, T. H. J., & Benson, D. (2021). Idealism, pragmatism, and the 

power of compromise in the negotiation of New Zealand’s Zero Carbon Act. Climate Policy, 1-

16. http://dx.doi.org/10.1080/14693062.2020.1868393  

Bailey, J. & Māhutonga, N. P. (2021). Designing tsunami risk communication with communities: 

A site-specific case study from Tūranganui-a-Kiwa, Aotearoa New Zealand. Australasian Journal 

of Disaster and Trauma Studies, 25(1). 

http://dx.doi.org/10.1002/pad.1764
http://dx.doi.org/10.1057/palcomms.2016.16
http://dx.doi.org/10.1007/s13753-020-00250-5
http://dx.doi.org/10.1111/j.1467-9523.2006.00308.x
http://dx.doi.org/10.1111/j.1467-9523.2006.00308.x
http://dx.doi.org/10.1108/JEIM-05-2018-0097
http://resources21.org/cl/files/project264_5674/OverviewSTarticle.pdf
http://dx.doi.org/10.1162/asep.2005.4.1.1
http://dx.doi.org/10.1016/j.ssci.2011.04.015
http://dx.doi.org/10.1080/14693062.2020.1868393


238 
 

Banowosari, L. Y. & Gifari, B. A. (2019). System Analysis and Design Using Secure Software 

Development Life Cycle Based on ISO 31000 and STRIDE. Case Study Mutiara Ban Workshop. In 

2019 Fourth International Conference on Informatics and Computing (ICIC) (p. 1–6). IEEE. 

http://dx.doi.org/10.1109/ICIC47613.2019.8985938  

Barnes, P. (2001). Regulating safety in an unsafe world. Journal of Hazardous Materials, 86, 25–

37. 

Barton, T., Beaven, S., Cradock-Henry, N., & Wilson, T. (2020). Knowledge sharing in 

interdisciplinary disaster risk management initiatives: cocreation insights and experience from 

New Zealand. Ecology and Society, 25(4). http://dx.doi.org/10.5751/ES-11928-250425 

Basher, R. (2016) High Stakes–Disaster Risk in New Zealand. Policy Quarterly. 12(3), 25–29. 

http://dx.doi.org/10.26686/pq.v12i3.4615 

Batterbury, S. P. & Fernando, J. L. (2006). Rescaling governance and the impacts of political and 

environmental decentralization: an introduction. World Development, 34(11), 1851–1863. 

http://dx.doi.org/10.1016/j.worlddev.2005.11.019  

Baytiyeh, H. & Naja, M. (2016). The effects of fatalism and denial on earthquake preparedness 

levels. Disaster Prevention and Management, 25(2), 154–167. http://dx.doi.org/10.1108/DPM-

07-2015-0168  

Bazeley, P. & Jackson, K. (Eds.). (2013). Qualitative data analysis with NVivo. Sage Publications 

Limited. 

Beaven, S., Wilson, T., Johnston, L., Johnston, D., & Smith, R. (2017). Role of boundary 

organisation after a disaster: New Zealand’s natural hazards research platform and the 2010–

2011 Canterbury Earthquake Sequence. Natural Hazards Review, 18(2). 

http://dx.doi.org/10.1061/(ASCE)NH.1527-6996.0000202  

Beban, J. G. & Saunders, W. S. A. (2013). Incorporating a risk based land use planning approach 

into a district plan, GNS Science Miscellaneous Series, 63, p. 52. 

Beck, U. (1992) The Risk Society: toward a new modernity. London, Sage. 

Becker, J. & Johnston, D. (2000). District Plans and Regional Policy Statements: How do they 

address earthquake hazards? Planning Quarterly, 22–23. 

Becker, J. & Johnston, D. M. (2000). Planning and policy for earthquake hazards in New 

Zealand. Institute of Geological & Nuclear Sciences. 

Becker, J. S., Paton, D., Johnston, D. M., & Ronan, K. R. (2012). A model of household 

preparedness for earthquakes: how individuals make meaning of earthquake information and 

how this influences preparedness. Natural Hazards, 64(1), 107–137. 

http://dx.doi.org/10.1007/s11069-012-0238-x  

http://dx.doi.org/10.1109/ICIC47613.2019.8985938
http://dx.doi.org/10.5751/ES-11928-250425
http://dx.doi.org/10.26686/pq.v12i3.4615
http://dx.doi.org/10.1016/j.worlddev.2005.11.019
http://dx.doi.org/10.1108/DPM-07-2015-0168
http://dx.doi.org/10.1108/DPM-07-2015-0168
http://dx.doi.org/10.1061/(ASCE)NH.1527-6996.0000202
http://dx.doi.org/10.1007/s11069-012-0238-x


  

239 
 

Becker, J. S., Paton, D., Johnston, D. M., & Ronan, K. R. (2013). Salient beliefs about earthquake 

hazards and household preparedness. Risk Analysis, 33(9), 1710–1727. 

http://dx.doi.org/10.1111/risa.12014  

Bell, R.G., Paulik, R., & Wadwha, S. (2015). National and regional risk exposure in low-lying 

coastal areas. National Institute of Water & Atmospheric Research Ltd. NIWA Client Report No. 

HAM2015-006 

BeLue, R., Carmack, C., Myers, K. R., Weinreb-Welch, L., & Lengerich, E. J. (2012). Systems 

thinking tools as applied to community-based participatory research: a case study. Health 

Education & Behavior, 39(6), 745–751. http://dx.doi.org/10.1177/1090198111430708 

Bevir, M. & Rhodes, R. A. (2011). The stateless state. The Sage Handbook of Governance, 203–

217. 

Bidwell, D. (2009). Is community-based participatory research postnormal science?. Science, 

Technology, & Human Values, 34(6), 741–761. 

Blake, D., Johnston, D., Leonard, G., McLaren, L., & Becker, J. (2018). A citizen science initiative 

to understand community response to the Kaikōura earthquake and tsunami warning in Petone 

and Eastbourne, Wellington, Aotearoa/New Zealand. Bulletin of the Seismological Society of 

America. 108(3B):1807–1817. http://dx.doi.org/10.1785/0120170292   

Boardman, J., & Sauser, B. (2008). Systems thinking: Coping with 21st century problems. CRC 

Press. 

Bolognesi, T., Metz, F. & Nahrath, S. (2021). Institutional complexity traps in policy integration 

processes: a long-term perspective on Swiss flood risk management. Policy Sciences, 1–31. 

http://dx.doi.org/10.1007/s11077-021-09443-1  

BOP (Bay of Plenty Regional Council). (2014). Operative Regional Policy Statement, 1 October 

2014 – Appendix L.  

BOP (Bay of Plenty Regional Council). (2018). Long Term Plan Te Mahere Wā-Roa 2018–2028. 

Bornstein, M. H., Jager, J., & Putnick, D. L. (2013). Sampling in developmental science: 

Situations, shortcomings, solutions, and standards. Developmental Review, 33(4), 357–370. 

http://dx.doi.org/10.1016/j.dr.2013.08.003  

Bostrom, A., French, S. P., & Gottlieb, S. J. (Eds.). (2008). Risk assessment, modelling and 

decision support: Strategic directions, 14. Springer Science & Business Media. 

Bowen, G. A. (2009). Document analysis as a qualitative research method. Qualitative research 

journal, 9(2), 27–40. http://dx.doi.org/10.3316/QRJ0902027  

http://dx.doi.org/10.1111/risa.12014
http://dx.doi.org/10.1177/1090198111430708
http://dx.doi.org/10.1785/0120170292
http://dx.doi.org/10.1007/s11077-021-09443-1
http://dx.doi.org/10.1016/j.dr.2013.08.003
http://dx.doi.org/10.3316/QRJ0902027


240 
 

Braun, V. & Clarke, V. (2006). Using thematic analysis in psychology. Qualitative Research in 

Psychology, 3(2), 77–101. http://dx.doi.org/10.1191/1478088706qp063oa  

Bremer, S. & Glavovic, B. (2013). Exploring the science–policy interface for integrated coastal 

management in New Zealand. Ocean & Coastal Management, 84, 107–118. 

http://dx.doi.org/10.1016/j.ocecoaman.2013.08.008 

Britton, N. R. & Clark, G. J. (2000). From Response to Resilience: Emergency Management 

Reform in New Zealand. Natural Hazards Review, 1(3), 145–150. 

http://dx.doi.org/10.1061/(ASCE)1527-6988(2000)1:3(145)   

Bronfman, N. C., Cisternas, P. C., Repetto, P. B., Castañeda, J. V., & Guic, E. (2020). 

Understanding the relationship between direct experience and risk perception of natural 

hazards. Risk analysis, 40(10), 2057-2070. http://dx.doi.org/10.1111/risa.13526  

Brown, C., Smith, N., Saunders, W., & Harvey, E. (2017). Disaster risk management evaluation 

(DAMAGE): a framework for assessing and comparing disaster risk intervention options. 

https://www.resorgs.org.nz/wp-content/uploads/2019/04/DAMAGE-Report_Web_Final.pdf 

Accessed December 26, 2021. 

Brown, J. B. (1999). The use of focus groups for clinical research. In B. F. Crabtree & W. L. Miller 

(Eds.), Doing Qualitative Research. 2nd ed., 109–124. Thousand Oaks, CA: Sage. 

Bryant, E. (2014). Tsunami: The Underrated Hazard. Springer International Publishing 

Switzerland. 3rd ed. 

Bryman, A. (2008). Social research methods. Oxford University Press. 3rd ed. 

Bulkeley, H. (2001) Governing climate change: the politics of risk society? Transactions of the 

Institute of British Geographers, 26, 430–447. http://dx.doi.org/10.1111/1475-5661.00033  

Bulkeley, H. (2010). Cities and the governing of climate change. Annual Review of Environment 

and Resources, 35, 229–253. http://dx.doi.org/10.1146/annurev-environ-072809-101747  

Burgess, A. (2015). Social construction of risk. The SAGE handbook of risk communication, 56–

68. 

Busetto, L., Wick, W., & Gumbinger, C. (2020). How to use and assess qualitative research 

methods. Neurological Research and practice, 2, 1–10. http://dx.doi.org/10.1186/s42466-020-

00059-z  

Canterbury Regional Council (CRC). (2018). Canterbury Regional Council (Environment 

Canterbury) Long-Term Plan for 2018 to 2028. 

http://dx.doi.org/10.1191/1478088706qp063oa
http://dx.doi.org/10.1016/j.ocecoaman.2013.08.008
http://dx.doi.org/10.1061/(ASCE)1527-6988(2000)1:3(145)
http://dx.doi.org/10.1111/risa.13526
https://www.resorgs.org.nz/wp-content/uploads/2019/04/DAMAGE-Report_Web_Final.pdf
http://dx.doi.org/10.1111/1475-5661.00033
http://dx.doi.org/10.1146/annurev-environ-072809-101747
http://dx.doi.org/10.1186/s42466-020-00059-z
http://dx.doi.org/10.1186/s42466-020-00059-z


  

241 
 

Carter, N., Bryant-Lukosius, D., DiCenso, A., Blythe, J., & Neville, A. J. (2014). The use of 

triangulation in qualitative research. Oncology Nursing Forum, 41(5), 545–7. 

http://dx.doi.org/10.1188/14.ONF.545-547  

CCC (Christchurch City Council). (2021). Ōtautahi Christchurch Climate Change Strategy – Draft 

2021. https://ccc.govt.nz/assets/Documents/Consultation/2021/03-March/STR3951-Draft-

Otautahi-Christchurch-Climate-Change-Strategy-WEB.pdf Accessed December 26, 2021. 

CCC (Christchurch City Council). (2017). The Christchurch Replacement District Plan. Chapter 5 

– Natural hazards. https://ccc.govt.nz/assets/Documents/The-Council/Plans-Strategies-Policies-

Bylaws/District-Plan/New-Christchurch-district-plan/CDP-Chapter-05-Aug-2017.pdf Accessed 

August 28, 2018. 

Challies, E. & Newig, J. (2019). What is ‘environmental governance’? A working definition. A 

Blog by the Research group Governance, Participation & Sustainability at Leuphana University. 

https://sustainability-governance.net/2019/06/14/what-is-environmental-governance-a-

working-definition/ Accessed July 22, 2021. 

Choudhary, C. & Neeli, S. R. (2018). Good governance to achieve resiliency and sustainable 

development. In Disaster Risk Governance in India and Cross Cutting Issues (p. 245–259). 

Springer, Singapore. 

Chuka-Maduji, N. (2021). On-Focus: A Web-Based Platform for Planning, Organizing, and 

Managing Focus Groups. Theses, Dissertations and Culminating Projects. 727. 

https://digitalcommons.montclair.edu/etd/727  

Clark, K., Howarth, J., Litchfield, N., Cochran, U., Turnbull, J., Dowling, L., ... & Wolfe, F. (2019). 

Geological evidence for past large earthquakes and tsunamis along the Hikurangi subduction 

margin, New Zealand. Marine Geology, 412, 139–172. 

Commission on Global Governance. (1995). Our global neighbourhood: the report of the 

Commission on Global Governance. Oxford University Press. 

Couling, M. (2014). Tsunami risk perception and preparedness on the east coast of New 

Zealand during the 2009 Samoan Tsunami warning. Natural Hazards, 71(1), 973–986. 

Cousins, W.J. (2015). Occupancy model for RiskScape. Lower Hutt, N.Z.: GNS Science GNS 

Science report 2013/52, p. 25. 

Crawford, M., Eady, P., & Pearse, L. (2019). Napier Natural Hazards Resilience Workshop: Initial 

Options Report. East Coast LAB Report No. 01/19, March 2019. ISBN: 978-0-473-47766-0  

Crawford, M. H., Crowley, K., Potter, S. H., Saunders, W. S. A., & Johnston, D. M. (2018a). Risk 

modelling as a tool to support natural hazard risk management in New Zealand local 

government. International Journal of Disaster Risk Reduction, 28, 610–619. 

http://dx.doi.org/10.1016/j.ijdrr.2018.01.011 

http://dx.doi.org/10.1188/14.ONF.545-547
https://ccc.govt.nz/assets/Documents/Consultation/2021/03-March/STR3951-Draft-Otautahi-Christchurch-Climate-Change-Strategy-WEB.pdf
https://ccc.govt.nz/assets/Documents/Consultation/2021/03-March/STR3951-Draft-Otautahi-Christchurch-Climate-Change-Strategy-WEB.pdf
https://ccc.govt.nz/assets/Documents/The-Council/Plans-Strategies-Policies-Bylaws/District-Plan/New-Christchurch-district-plan/CDP-Chapter-05-Aug-2017.pdf
https://ccc.govt.nz/assets/Documents/The-Council/Plans-Strategies-Policies-Bylaws/District-Plan/New-Christchurch-district-plan/CDP-Chapter-05-Aug-2017.pdf
https://sustainability-governance.net/2019/06/14/what-is-environmental-governance-a-working-definition/
https://sustainability-governance.net/2019/06/14/what-is-environmental-governance-a-working-definition/
https://digitalcommons.montclair.edu/etd/727
http://dx.doi.org/10.1016/j.ijdrr.2018.01.011


242 
 

Crawford, M. H., Saunders, W. S. A., Doyle, E. E., & Johnston, D. M. (2018b). End-user 

perceptions and use of natural hazard risk modelling across policy making, land use planning, 

and emergency management within New Zealand local government. In K. Stock & D. Bunker 

(Eds.), Proceedings of ISCRAM Asia Pacific 2018: Innovating for Resilience – 1st International 

Conference on Information Systems for Crisis Response and Management Asia Pacific. (p. 550–

560). Wellington. 

Crawford, M. H., Saunders, W. S., Doyle, E. E., Leonard, G. S., & Johnston, D. M. (2019). The 

low-likelihood challenge: Risk perception and the use of risk modelling for destructive tsunami 

policy development in New Zealand local government. Australasian Journal of Disaster and 

Trauma Studies, 23(1). 

Creswell, J. W. (2007). Qualitative inquiry and research design: Choosing among five 

approaches. Sage. 

Croley, S. P. (2009). Regulation and public interests. Princeton University Press. 

http://dx.doi.org/10.1515/9781400828142  

Crowell, B. W., Melgar, D., & Geng, J. (2018). Hypothetical real-time GNSS modeling of the 2016 

Mw 7.8 Kaikōura Earthquake: perspectives from ground motion and tsunami inundation 

prediction. Bulletin of the Seismological Society of America. 108(3B):1736–1745. 

http://dx.doi.org/10.1785/0120170247  

Crowley, K. & Crawford, M. (2016). Risk Tool and Data Needs: Civil Defence and Emergency 

Management in New Zealand. NIWA Client Report No: 2016011WN. 

Cutter, S. L. (2018). Compound, cascading, or complex disasters: what's in a name? 

Environment: Science and Policy for Sustainable Development, 60(6), 16–25. 

http://dx.doi.org/10.1080/00139157.2018.1517518  

Cutter, S. L. & Finch, C. (2008). Temporal and spatial changes in social vulnerability to natural 

hazards. Proceedings of the National Academy of Sciences, 105(7), 2301–2306. 

http://dx.doi.org/10.4324/9781351201117-16  

Cvitanovic, C., M. F. Löf, A. V. Norström, and M. S. Reed. (2018). Building university-based 

boundary organisations that facilitate impacts on environmental policy and practice. PLoS ONE 

13(9): e0203752. https://doi.org/10.1371/journal.pone.0203752  

Dake, K. (1992). Myths of Nature: Culture and the Social Construction of Risk. Journal of Social 

Issues, 48(4). https://doi.org/10.1111/j.1540-4560.1992.tb01943.x   

de León, J. C. V., Bogardi, J., Dannenmann, S., & Basher, R. (2006). Early warning systems in the 

context of disaster risk management. Entwicklung and Ländlicher Raum, 2, 23–25. 

http://dx.doi.org/10.1515/9781400828142
http://dx.doi.org/10.1785/0120170247
http://dx.doi.org/10.1080/00139157.2018.1517518
http://dx.doi.org/10.4324/9781351201117-16
https://doi.org/10.1371/journal.pone.0203752
https://doi.org/10.1111/j.1540-4560.1992.tb01943.x


  

243 
 

Deligne, N. I., Leonard, G., King, A., Wilson, G., Wilson, T., & Lindsay, J. M. (2013). Development 

of a risk assessment tool for volcanic urban environments: RiskScape and the Auckland Volcanic 

Field, New Zealand. In AGU Fall Meeting Abstracts (Vol. 2013, p. NH33C-04). 

Deligne, N. I. & Wilson, G. (2015). Architecture and hazard intensity metrics for RiskScape 

volcano. Lower Hutt, N.Z.: GNS Science. GNS Science report 2015/19, p. 23. 

Dhellemmes, A., Leonard, G. S., & Johnston, D. M. (2016). Tsunami awareness and 

preparedness on the east coast of New Zealand’s North Island. GNS Science report 2016/20. 

May 2016. 

Dhellemmes, A., Leonard, G. S., Johnston, D. M., Vinnell, L. J., Becker, J. S., Fraser, S. A., & 

Paton, D. (2021). Tsunami awareness and preparedness in Aotearoa New Zealand: The 

evolution of community understanding. International Journal of Disaster Risk Reduction. 

http://dx.doi.org/10.1016/j.ijdrr.2021.102576  

DIA (Department of Internal Affairs). (2008). National Civil Defence Emergency Management 

Strategy.  

DIA (Department of Internal Affairs). (n.d.). Councils' roles and functions. 

https://www.localcouncils.govt.nz/lgip.nsf/wpg_url/About-Local-Government-Local-

Government-In-New-Zealand-Councils-roles-and-functions Accessed December 26, 2021. 

Dilshad, R. M. & Latif, M. I. (2013). Focus group interview as a tool for qualitative research: An 

analysis. Pakistan Journal of Social Sciences (PJSS), 33(1). 

Donahue, A., Eckel, C., & Wilson, R. (2014). Ready or Not: How citizens and public officials 

perceive risk and preparedness. American Review of Public Administration, 44(4S):89S–111S. 

http://dx.doi.org/10.1177/0275074013506517  

Donovan, A. R. & Oppenheimer, C. (2015). Modelling risk and risking models: The diffusive 

boundary between science and policy in volcanic risk management. Geoforum, 58, 153–165. 

http://dx.doi.org/10.1016/j.geoforum.2014.11.005  

Dottori, F., Szewczyk, W., Ciscar, J. C., Zhao, F., Alfieri, L., Hirabayashi, Y., ... & Feyen, L. (2018). 

Increased human and economic losses from river flooding with anthropogenic warming. Nature 

Climate Change, 8(9), 781-786. http://dx.doi.org/10.1038/s41558-018-0257-z  

Doyle, E. E., Johnston, D. M., McClure, J., & Paton, D. (2011). The communication of uncertain 

scientific advice during natural hazard events. New Zealand Journal of Psychology, 40(4), 39–

50. 

Doyle, E. E., Johnston, D. M., Smith, R., & Paton, D. (2019). Communicating model uncertainty 

for natural hazards: a qualitative systematic thematic review. International Journal of Disaster 

Risk Reduction, 33, 449–476. http://dx.doi.org/10.1016/j.ijdrr.2018.10.023 

http://dx.doi.org/10.1016/j.ijdrr.2021.102576
https://www.localcouncils.govt.nz/lgip.nsf/wpg_url/About-Local-Government-Local-Government-In-New-Zealand-Councils-roles-and-functions
https://www.localcouncils.govt.nz/lgip.nsf/wpg_url/About-Local-Government-Local-Government-In-New-Zealand-Councils-roles-and-functions
http://dx.doi.org/10.1177/0275074013506517
http://dx.doi.org/10.1016/j.geoforum.2014.11.005
http://dx.doi.org/10.1038/s41558-018-0257-z
http://dx.doi.org/10.1016/j.ijdrr.2018.10.023


244 
 

Doyle, E. E., Lambie, E., Orchiston, C., Becker, J. S., McLaren, L., Johnston, D., & Leonard, G. 

(2020). Citizen science as a catalyst for community resilience building: A two-phase tsunami 

case study. Australasian Journal of Disaster and Trauma Studies, 24(1), 23–50. 

Doyle, E. E., McClure, J., Paton, D., & Johnston, D. M. (2014) Uncertainty and decision making: 

volcanic crisis scenarios. International Journal of Disaster Risk Reduction, 10, 75–101. 

http://dx.doi.org/10.1016/j.ijdrr.2014.07.006  

Doyle, E. E. & Paton, D. (2017). Decision-Making: Preventing Miscommunication and Creating 

Shared Meaning Between Stakeholders. In: Fearnley C. J., Bird D. K., Haynes K., McGuire W. J., 

& Jolly G. (eds). Observing the Volcano World. Advances in Volcanology (An Official Book Series 

of the International Association of Volcanology and Chemistry of the Earth’s Interior – IAVCEI, 

Barcelona, Spain). Springer, Cham. https://doi.org/10.1007/11157_2016_31  

Doyle, E. E., Paton, D., & Johnston, D. M. (2015). Enhancing scientific response in a crisis: 

evidence-based approaches from emergency management in New Zealand. Journal of Applied 

Volcanology, 4(1), 1. http://dx.doi.org/10.1186/s13617-014-0020-8 

Doyle, E. E., Paton, D., & Johnston, D. (2018). Reflections on the communication of uncertainty: 

Developing decision-relevant information. In K. Stock & D. Bunker (Eds.), Proceedings of 

ISCRAM Asia Pacific 2018: Innovating for Resilience – 1st International Conference on 

Information Systems for Crisis Response and Management Asia Pacific. Wellington. 

Doyle, E. E. H. & Potter, S. H. (2015). Methodology for the development of a probability 

translation table for GeoNet, GNS Science Report 2015/67, p. 8. 

Downes, G., Barberopoulou, A., Cochran, U., Clark, K., & Scheele, F. (2017). The New Zealand 

tsunami database: historical and modern records. Seismological Research Letters, 88(2A), 342–

353. http://dx.doi.org/10.1785/0220160135  

DPMC (Department of Prime Minister and Cabinet). (2007). National Hazardscape Report. 

Published by Officials’ Committee for Domestic and External Security Coordination. 

DPMC (Department of Prime Minister and Cabinet). (2017). Ministerial Review: Better 

responses to natural disasters and other emergencies. Released by the Minister of Civil 

Defence, 17 November 2017. 

Dwyer, A., Zoppou, C., Nielsen, O., Day, S., & Roberts, S. (2004). Quantifying social vulnerability: 

a methodology for identifying those at risk to natural hazards. Geoscience Australia. Record 

2004/14. 

Edwards, R. & Holland, J. (2013). What is qualitative interviewing? Bloomsbury Academic. 

http://dx.doi.org/10.5040/9781472545244  

http://dx.doi.org/10.1016/j.ijdrr.2014.07.006
https://doi.org/10.1007/11157_2016_31
http://dx.doi.org/10.1186/s13617-014-0020-8
http://dx.doi.org/10.1785/0220160135
http://dx.doi.org/10.5040/9781472545244


  

245 
 

Edwards, S., Fearnley, C., Lowe, C., & Wilkinson, E. (2012). Disaster risk reduction for natural 

hazards: Putting research into practice. Environmental Hazards, 11(2):172–176. 

http://dx.doi.org/10.1080/17477891.2011.614730  

Ehrlinger, J., Readinger, W. O., & Kim, B. (2016). Decision-making and cognitive biases. 

Encyclopedia of Mental Health, 12. http://dx.doi.org/10.1016/B978-0-12-397045-9.00206-8  

Eiser, J. R., Bostrom, A., Burton, I., Johnston, D. M., McClure, J., Paton, D., ... & White, M. P. 

(2012). Risk interpretation and action: A conceptual framework for responses to natural 

hazards. International Journal of Disaster Risk Reduction, 1, 5–16. 

Ellen, R. F. (1984). Ethnographic research: A guide to general conduct. New York, NY: Academic 

Press. 

Epstein, G. (2017). Local rulemaking, enforcement and compliance in state-owned forest 

commons. Ecological Economics, 131, 312–321. 

http://dx.doi.org/10.1016/j.ecolecon.2016.09.012  

EQC (The Earthquake Commission). (2019). Resilience Strategy for Natural Hazard Risk 

Reduction 2019–2029.  

Ericksen N. J., Berke P. R., Crawford J. L., Dixon J. E. (2004). Plan-making for sustainability: The 

New Zealand experience. Ashgate, Aldershot, p. 350. 

http://dx.doi.org/10.4324/9781315246741  

Evers, M., Jonoski, A., Almoradie, A., & Lange, L. (2016). Collaborative decision making in 

sustainable flood risk management: A socio-technical approach and tools for participatory 

governance. Environmental Science & Policy, 55, 335–344. 

http://dx.doi.org/10.1016/j.envsci.2015.09.009  

Faafoi, K. (2019). New funding to put people at the heart of NZ’s emergency management 

system. Beehive Releases, June 25. 

Fawcett, A. M., & Fawcett, S. E. (2013). Benchmarking the state of humanitarian aid and 

disaster relief: A systems design perspective and research agenda. Benchmarking: An 

International Journal. http://dx.doi.org/10.1108/BIJ-07-2011-0053  

Finewood, M. H. & Porter, D. E. (2010). Theorizing an alternative understanding of ‘disconnects' 

between science and management. Southeastern Geographer, 50(1), 130–146. 

Fischhoff, B., Bostrom, A., & Quadrel, M. J. (1993). Risk perception and communication. Annual 

Review of Public Health, 14(1), 183–203. 

http://dx.doi.org/10.1146/annurev.pu.14.050193.001151  

Flick, U. (2006). An introduction to qualitative research. Sage. 

http://dx.doi.org/10.1080/17477891.2011.614730
http://dx.doi.org/10.1016/B978-0-12-397045-9.00206-8
http://dx.doi.org/10.1016/j.ecolecon.2016.09.012
http://dx.doi.org/10.4324/9781315246741
http://dx.doi.org/10.1016/j.envsci.2015.09.009
http://dx.doi.org/10.1108/BIJ-07-2011-0053
http://dx.doi.org/10.1146/annurev.pu.14.050193.001151


246 
 

Fontana, A. & Frey, J. H. (2000). The interview: From structured questions to negotiated text. 

Handbook of Qualitative Research, 2(6), 645–672. 

Fraser, S. A., Doyle, E. E., Wright, K. C., Potter, S. H., McClure, J., Johnston, D. M., ... & Johal, S. 

(2016). Tsunami response behaviour during and following two local-source earthquakes in 

Wellington, New Zealand. International Journal of Disaster Risk Reduction, 16, 123–133. 

http://dx.doi.org/10.1016/j.ijdrr.2016.02.008  

Fraser, S., Leonard, G. S., Murakami, H., & Matsuo, I. (2012). Tsunami vertical evacuation 

buildings—Lessons for international preparedness following the 2011 Great East Japan 

tsunami. Journal of Disaster Research, 7, 446–457. http://dx.doi.org/10.20965/jdr.2012.p0446  

Fraser, S., Leonard, G. S., & Johnston, D. M. (2013). Intended evacuation behaviour in a local 

earthquake and tsunami at Napier, New Zealand. GNS Science report 2013/26, August 2013. 

Fraser, S. A., Power, W. L., Wang, X., Wallace, L. M., Mueller, C., & Johnston, D. M. (2014). 

Tsunami inundation in Napier, New Zealand, due to local earthquake sources. Natural Hazards, 

70(1), 415–445. http://dx.doi.org/10.1007/s11069-013-0820-x  

Fusch, P. & Ness, L. (2015). Are we there yet? Data saturation in qualitative research. The 

Qualitative Report, 20, 1408–1416. http://dx.doi.org/10.46743/2160-3715/2015.2281  

Gaillard, J. C. & Mercer, J. (2012). From knowledge to action: Bridging gaps in disaster risk 

reduction. Progress in Human Geography, 37(1), 93–114. 

http://dx.doi.org/10.1177/0309132512446717 

Galdas, P. (2017). Revisiting bias in qualitative research: Reflections on its relationship with 

funding and impact. International Journal of Qualitative Methods, 16(1). 

http://dx.doi.org/10.1177/1609406917748992  

Garrido, J. & Saunders, W. S. A. (2019). Disaster risk reduction and land use planning: 

Opportunities to improve practice. In IAEG/AEG Annual Meeting Proceedings, San Francisco, 

California, 2018-Volume 5 (p. 161–165). Springer, Cham. http://dx.doi.org/10.1007/978-3-319-

93136-4_20  

Garside, R., Johnston, D., Saunders, W., & Leonard, G. (2009). Planning for tsunami 

evacuations: the case of the Marine Education Centre, Wellington, New Zealand. Australian 

Journal of Emergency Management, 24, 28–31. 

GDC (Gisborne District Council). (2015). Tairawhiti First! 2015–2025 Long Term Plan. 

GFDRR (Global Facility for Disaster Reduction and Recovery). (2014a). Understanding Risk: 

Review of Open Source and Open Access Software Packages Available to Quantify Risk from 

Natural Hazards. Global Facility for Disaster Reduction and Recovery (GFDRR), 2014. 

http://dx.doi.org/10.1016/j.ijdrr.2016.02.008
http://dx.doi.org/10.20965/jdr.2012.p0446
http://dx.doi.org/10.1007/s11069-013-0820-x
http://dx.doi.org/10.46743/2160-3715/2015.2281
http://dx.doi.org/10.1177/0309132512446717
http://dx.doi.org/10.1177/1609406917748992
http://dx.doi.org/10.1007/978-3-319-93136-4_20
http://dx.doi.org/10.1007/978-3-319-93136-4_20


  

247 
 

GFDRR (Global Facility for Disaster Reduction and Recovery). (2014b). Understanding Risk: The 

Evolution of Disaster Risk Assessment since 2005. Background Paper Prepared for the 2015 

Global Assessment Report on Disaster Risk Reduction. Global Facility for Disaster Reduction and 

Recovery (GFDRR), 2014. 

GFDRR (Global Facility for Disaster Reduction and Recovery). (2014c). Understanding risk in an 

evolving world: emerging best practices in natural disaster risk assessment. Global Facility for 

Disaster Reduction and Recovery (GFDRR), 2014. 

GFDRR (Global Facility for Disaster Reduction and Recovery). (2016). Solving the Puzzle: 

Innovating to reduce risk. Global Facility for Disaster Reduction and Recovery (GFDRR), 2016. 

Gill, D., Clough, P., & Webb. T. (2015). Tsunami risk facing New Zealand. NZIER report to the 

Earthquake Commission. 

Gill, P., Stewart, K., Treasure, E., & Chadwick, B. (2008). Methods of data collection in 

qualitative research: interviews and focus groups. British Dental Journal, 204(6), 291. 

http://dx.doi.org/10.1038/bdj.2008.192 

Giovinazzi, S. & King, A. (2009). Toward the seismic performance assessment of lifelines within 

the regional RiskScape model in New Zealand. 

Giovinazzi, S., Abeling, S., Galvez, F., Vallis, S., Goded, T., Horspool, N., ... & Ingham, J. (2018). 

Fostering the resilience of heritage buildings in New Zealand: Potentialities of decision support 

systems. In Proceedings of the 16th European Conference on Earthquake Engineering (16ECEE), 

Thessaloniki. June 2018 (p. 1–13).  

Glasgow, R. E. & Emmons, K. M. (2007). How can we increase translation of research into 

practice? Types of evidence needed. Annual Review of Public Health, 28, 413–433. 

http://dx.doi.org/10.1146/annurev.publhealth.28.021406.144145  

Glavovic, B. C., Saunders, W. S. A., & Becker, J. S. (2010). Land use planning for natural hazards 

in New Zealand: the setting, barriers, ‘burning issues’ and priority actions. Natural 

Hazards, 54(3), 679–706. http://dx.doi.org/10.1007/s11069-009-9494-9 

Glavovic, B.C. & Smith G.P. (2014). Adapting to Climate Change: lessons from natural hazards 

planning, Dordrecht: Springer. http://dx.doi.org/10.1007/978-94-017-8631-7  

Gluckman, P. (2011). Towards Better Use of Evidence in Policy Formation. A discussion paper. 

Office of the Prime Minister's Science Advisory Committee. http://www.pmcsa.org.nz/wp-

content/uploads/Towards-better-use-of-evidence-in-policy-formation.pdf  Accessed August 22, 

2018.  

Gluckman, P. (2013). The role of evidence in policy formation and implementation. A report 

from the Prime Minister’s Chief Science Advisor. 

http://dx.doi.org/10.1038/bdj.2008.192
http://dx.doi.org/10.1146/annurev.publhealth.28.021406.144145
http://dx.doi.org/10.1007/s11069-009-9494-9
http://dx.doi.org/10.1007/978-94-017-8631-7
http://www.pmcsa.org.nz/wp-content/uploads/Towards-better-use-of-evidence-in-policy-formation.pdf
http://www.pmcsa.org.nz/wp-content/uploads/Towards-better-use-of-evidence-in-policy-formation.pdf


248 
 

GNDR (Global Network of Civil Society Organisations for DRR). (2009). Clouds but Little Rain: 

Views from the Frontlines – a Local Perspective of Progress towards Implementation of the 

Hyogo Framework for Action. 

GNS Science. (2016). Annual Report 2016: Making a world of difference. 

file:///C:/Users/mcrawfo1/Downloads/2016-part1.pdf Accessed June 25, 2018. 

Goertzen, M. J. (2017). Introduction to quantitative research and data. Library Technology 

Reports, 53(4), 12–18. 

Goldkuhl, G. (2012). Pragmatism vs interpretivism in qualitative information systems research. 

European Journal of Information Systems, 21(2), 135–146. 

http://dx.doi.org/10.1057/ejis.2011.54  

Goldsmith, S. & Eggers, W. D. (2004). Governing by network: The new shape of the public 

sector. Brookings institution press. 

Grace, E. S., Frances-Hudson, B. T., & Kilvington, M. J. (2019). Reducing risk through the 

management of existing uses: tensions under the RMA. Lower Hutt (NZ): GNS Science, p. 131. 

(GNS Science Report; 2019/55. DOI: 10.21420/27S5-E538). 

Graham, J., Plumptre, T. W., & Amos, B. (2003). Principles for good governance in the 21st 

century. Ottawa: Institute on governance. 

Grant, M. A., Rohr, L. N., & Grant, J. T. (2012). How informants answer questions? Implications 

for reflexivity. Field Methods, 24(2), 230–246. 

Greater Wellington Regional Council (GWRC). (2015). 10 Year Plan 2015–25. 

Gurabardhi, Z., Gutteling, J. M., & Kuttschreuter, M. (2005). An empirical analysis of 

communication flow, strategy and stakeholders' participation in the risk communication 

literature 1988–2000. Journal of Risk Research, 8(6), 499–511. 

http://dx.doi.org/10.1080/13669870500064192  

Gusman, A. R., Murotani, S., Satake, K., Heidarzadeh, M., Gunawan, E., Watada, S., & Schurr, B. 

(2015). Fault slip distribution of the 2014 Iquique, Chile, earthquake estimated from ocean‐

wide tsunami waveforms and GPS data. Geophysical Research Letters, 42(4), 1053–1060. 

http://dx.doi.org/10.1002/2014GL062604  

Hamilton, J. (2013). New Zealand: National progress report on the implementation of the 

Hyogo Framework for Action (2011-2013). Government of New Zealand. 

Hanna, C. J., White, I., & Glavovic, B. (2017). Managed retreat in New Zealand: revealing the 

terminology, approaches and direction of local planning instruments. Report for the National 

Science Challenge: Resilience to Natures Challenges, University of Waikato, New Zealand. 

file:///C:/Users/mcrawfo1/Downloads/2016-part1.pdf
http://dx.doi.org/10.1057/ejis.2011.54
http://dx.doi.org/10.1080/13669870500064192
http://dx.doi.org/10.1002/2014GL062604


  

249 
 

Haraldsson, H. V. (2004). Introduction to system thinking and causal loop diagrams (p. 3–4). 

Department of Chemical Engineering, Lund University. 

Hardin, G. (1968). “The Tragedy of the Commons.” Science 162, 1243–1248. 

Häring, I., Fehling-Kaschek, M., Miller, N., Faist, K., Ganter, S., Srivastava, K., ... & Linkov, I. 

(2021). A performance-based tabular approach for joint systematic improvement of risk control 

and resilience applied to telecommunication grid, gas network, and ultrasound localization 

system. Environment Systems and Decisions, 41(2), 286–329. 

http://dx.doi.org/10.1007/s10669-021-09811-5  

Hariri-Ardebili, M. A. (2020). Living in a multi-risk chaotic condition: pandemic, natural hazards 

and complex emergencies. International Journal of Environmental Research and Public Health, 

17(16), 5635. http://dx.doi.org/10.3390/ijerph17165635  

Harrison, S. E., Potter, S. H., Prasanna, R., Doyle, E. E., & Johnston, D. (2021). ‘Where oh where 

is the data?‘: Identifying data sources for hydrometeorological impact forecasts and warnings 

in Aotearoa New Zealand. International Journal of Disaster Risk Reduction, 66. 

http://dx.doi.org/10.1016/j.ijdrr.2021.102619 

Hawke’s Bay Regional Council (HBRC). (2012). Long Term Plan 2012–2022. 

Healy, M. & Perry, C. (2000). Comprehensive criteria to judge validity and reliability of 

qualitative research within the realism paradigm. Qualitative Market Research: An 

International Journal. http://dx.doi.org/10.1108/13522750010333861  

Healy, S. (2001). Risk as social process: the end of ‘the age of appealing to the facts’? Journal of 

Hazardous Materials, 86(1), 39–53. http://dx.doi.org/10.1016/S0304-3894(01)00254-0  

Heidarzadeh, M., Satake, K., Takagawa, T., Rabinovich, A., & Kusumoto, S. (2018). A 

comparative study of far-field tsunami amplitudes and ocean-wide propagation properties: 

insight from major trans-Pacific tsunamis of 2010–2015. Geophysical Journal International, 

215(1), 22–36. http://dx.doi.org/10.1093/gji/ggy265  

Heller, J. (1961). Catch-22. New York: Simon & Schuster.  

Henrich, L., McClure, J., & Crozier, M. (2015). Effects of risk framing on earthquake risk 

perception: Life-time frequencies enhance recognition of the risk. International Journal of 

Disaster Risk Reduction, 13, 145–150. http://dx.doi.org/10.1016/j.ijdrr.2015.05.003  

Horspool, N., Cousins, W. J., & Power, W. L. (2015). Review of tsunami risk facing New Zealand: 

a 2015 update. GNS science consultancy report, 38. 

ICNZ (Insurance Council of New Zealand). (2014). Protecting New Zealand from Natural 

Hazards: An Insurance Council of New Zealand perspective on ensuring New Zealand is better 

protected from natural hazards, p. 16. 

http://dx.doi.org/10.1007/s10669-021-09811-5
http://dx.doi.org/10.3390/ijerph17165635
http://dx.doi.org/10.1016/j.ijdrr.2021.102619
http://dx.doi.org/10.1108/13522750010333861
http://dx.doi.org/10.1016/S0304-3894(01)00254-0
http://dx.doi.org/10.1093/gji/ggy265
http://dx.doi.org/10.1016/j.ijdrr.2015.05.003


250 
 

ICNZ (Insurance Council of New Zealand). (n.d.). Cost of natural Disasters. 

https://www.icnz.org.nz/natural-disasters/cost-of-natural-disasters/ Accessed July 2, 2021.  

Integrated Research on Disaster Risk (IRDR). (2021). Compilation: A ten-year science quest for 

disaster risk reduction. 315 pages. Doi:10.24948/2021.02. 

Internal Affairs (n.d.) Councils' roles and functions.  

http://www.localcouncils.govt.nz/lgip.nsf/wpg_url/About-Local-Government-Local-

Government-In-New-Zealand-Councils-roles-and-functions Accessed March 15, 2017. 

International Organization for Standardization (ISO). (2018). ISO 31000: Risk Management: 

Principles and Guidelines. ISO. Geneva: International Organization for Standardization; 2018.  

International Organization for Standardization (ISO) (n.d.). Risk Management – Guidelines. 

https://www.iso.org/obp/ui/#iso:std:iso:31000:ed-2:v1:en Accessed November 11, 2021. 

International Organization for Standardization (ISO) (n.d.). What is a Standard? 

https://www.iso.org/standards.html Accessed December 23, 2021. 

International Risk Governance Council. (n.d.). What is Risk Governance? https://irgc.org/risk-

governance/what-is-risk-governance/ Accessed August 21, 2019. 

Izumi, T. & Shaw, R. (2012). Role of NGOs in community-based disaster risk reduction. In 

Community-based disaster risk reduction. Emerald Group Publishing Limited. 

Jaradat, R. M., Keating, C. B., & Bradley, J. M. (2017). Individual capacity and organizational 

competency for systems thinking. IEEE Systems Journal, 12(2), 1203–1210. 

http://dx.doi.org/10.1109/JSYST.2017.2652218 

Johansen, I. L. & Rausand, M. (2014). Defining complexity for risk assessment of sociotechnical 

systems: A conceptual framework. Proceedings of the Institution of Mechanical Engineers, Part 

O: Journal of Risk and Reliability, 228(3), 272–290. 

http://dx.doi.org/10.1177/1748006X13517378  

Johnston, D. M. (2018). Towards tsunami-safer communities in the New Zealand: Evaluating 

real events, exercises, drills and awareness programs. In AGU Fall Meeting Abstracts (Vol. 2018, 

p. NH43E-1092). 

Johnston, D., Pettersson, R., Downes, G., Paton, D., Leonard, G., Pishief, K., & Bell, R. (2008). 

Developing an effective tsunami warning system: Lessons from the 1960 Chile earthquake 

tsunami for New Zealand coastal communities. Kotuitui: New Zealand Journal of Social Sciences 

Online, 3(2), 105–120. http://dx.doi.org/10.1080/1177083X.2008.9522436  

Johnston, D. M., Saunders, W. S. A., Leonard, G. S., Beban, J., Wright, K., & Fraser, S. A. (2014). 

History of Tsunami Planning in New Zealand: 1960 to the present. In UHPH_14: Landscapes and 

https://www.icnz.org.nz/natural-disasters/cost-of-natural-disasters/
http://www.localcouncils.govt.nz/lgip.nsf/wpg_url/About-Local-Government-Local-Government-In-New-Zealand-Councils-roles-and-functions
http://www.localcouncils.govt.nz/lgip.nsf/wpg_url/About-Local-Government-Local-Government-In-New-Zealand-Councils-roles-and-functions
https://www.iso.org/obp/ui/#iso:std:iso:31000:ed-2:v1:en
https://www.iso.org/standards.html
https://irgc.org/risk-governance/what-is-risk-governance/
https://irgc.org/risk-governance/what-is-risk-governance/
http://dx.doi.org/10.1109/JSYST.2017.2652218
http://dx.doi.org/10.1177/1748006X13517378
http://dx.doi.org/10.1080/1177083X.2008.9522436


  

251 
 

ecologies of urban and planning history. Proceedings of the 12th conference of the Australasian 

Urban History/Planning History Group (p. 361–372). 

Johnston, D., Tarrant, R., Tipler, K., Lambie, E., Crawford, M., Johnson, V., ... & Ronan, K. (2016). 

Towards tsunami-safer schools in the Wellington region of New Zealand: Evaluating drills and 

awareness programs. The Australian Journal of Emergency Management, 31(3), 59–66. 

Jolly, G. E., Keys, H. J. R., Procter, J. N., & Deligne, N. I. (2014). Overview of the co-ordinated 

risk-based approach to science and management response and recovery for the 2012 eruptions 

of Tongariro volcano, New Zealand. Journal of Volcanology and Geothermal Research, 286, 

184–207. http://dx.doi.org/10.1016/j.jvolgeores.2014.08.028  

Jones, S., Manyena, B., & Walsh, S. (2015). Disaster risk governance: evolution and influences. 

In Hazards, Risks and Disasters in Society (p. 45–61). Academic Press. 

Jönsson, A. M., Boström, M., Dreyer, M., & Söderström, S. (2016). Risk Communication and the 

Role of the Public: Towards Inclusive Environmental Governance of the Baltic Sea? 

In Environmental Governance of the Baltic Sea (p. 205–227). Springer International Publishing. 

http://dx.doi.org/10.1007/978-3-319-27006-7_9  

Kaiser, L. & Boersen, K. (2020). Kura e Tai Aniwhaniwha (schools and tsunami): Bi-cultural and 

student-centred tsunami education in Aotearoa New Zealand. The Australian Journal of 

Emergency Management, 35(2), 58–65. 

Kakilla, C. (2021). Strengths and Weaknesses of Semi-Structured Interviews in Qualitative 

Research: A Critical Essay. Preprints 2021, 2021060491 (doi: 

10.20944/preprints202106.0491.v1). 

Kaniasty, K. (2020). Social support, interpersonal, and community dynamics following disasters 

caused by natural hazards. Current opinion in psychology, 32, 105–109. 

http://dx.doi.org/10.1016/j.copsyc.2019.07.026  

Kaplowitz, M. D. & Hoehn, J. P. (2001). Do focus groups and individual interviews reveal the 

same information for natural resource valuation? Ecological Economics, 36, 237–247. 

http://dx.doi.org/10.1016/S0921-8009(00)00226-3  

Karl, H. A., Susskind, L. E., & Wallace, K. H. (2007). A dialogue, not a diatribe: effective 

integration of science and policy through joint fact finding. Environment: Science and Policy for 

Sustainable Development, 49(1), 20–34. http://dx.doi.org/10.3200/ENVT.49.1.20-34  

Kates, R. W. (1971). Natural hazard in human ecological perspective: hypotheses and models. 

Economic Geography, 47(3), 438–451. http://dx.doi.org/10.2307/142820  

Kaushik, V. & Walsh, C. A. (2019). Pragmatism as a research paradigm and its implications for 

social work research. Social Sciences, 8(9), 255. http://dx.doi.org/10.3390/socsci8090255  

http://dx.doi.org/10.1016/j.jvolgeores.2014.08.028
http://dx.doi.org/10.1007/978-3-319-27006-7_9
http://dx.doi.org/10.1016/j.copsyc.2019.07.026
http://dx.doi.org/10.1016/S0921-8009(00)00226-3
http://dx.doi.org/10.3200/ENVT.49.1.20-34
http://dx.doi.org/10.2307/142820
http://dx.doi.org/10.3390/socsci8090255


252 
 

Kaye, G. D. (2008). Volcanic hazard risk assessment for the RiskScape program, with test 

application in Rotorua, New Zealand, and Mammoth Lakes, USA. PhD thesis. Canterbury 

University, New Zealand 

Kelman, I. (2018). Lost for words amongst disaster risk science vocabulary? International 

Journal of Disaster Risk Science, 9(3), 281–291. http://dx.doi.org/10.1007/s13753-018-0188-3  

Kelman, I. (2020). Disaster by choice: How our actions turn natural hazards into catastrophes. 

Oxford University Press. 

Kelman, I., Lewis, J., Gaillard, J. C., & Mercer, J. (2011). Participatory Action Research for 

Dealing with Disasters on Islands. Island Studies Journal, 6(1). 

Keough, S. M., & Shanahan, K. J. (2008). Scenario planning: toward a more complete model for 

practice. Advances in Developing Human Resources, 10(2), 166-178. 

http://dx.doi.org/10.1177/1523422307313311 

Khan, S., Crozier, M. J., & Kennedy, D. (2012). Influences of place characteristics on hazards, 

perception and response: a case study of the hazardscape of the Wellington Region, New 

Zealand. Natural Hazards, 62(2), 501–529. http://dx.doi.org/10.1007/s11069-012-0091-y  

Khan, S. & Kelman, I. (2012). Progressive climate change and disasters: communicating 

uncertainty. Natural hazards, 61(2), 873–877. http://dx.doi.org/10.1007/s11069-011-0058-4  

Khan, S., Mishra, J. L., Lin, K. H. E., & Doyle, E. E. (2017). Rethinking communication in risk 

interpretation and action. Natural Hazards, 88(3), 1709–1726. 

http://dx.doi.org/10.1007/s11069-017-2942-z  

Kilvington, M. & Saunders, W. S. A. (2013). Doing it better: Improving scientific guidance for 

land use planners, GNS Science Miscellaneous Series 64. p. 27. 

Kilvington, M. & Saunders, W. S. A. (2015). " I Can Live with This" The Bay of Plenty Regional 

Council Public Engagement on Acceptable Risk. GNS Science, Te Pū Ao. 

Kilvington, M. & Saunders, W.S.A. (2016). The role of science in land use planning: exploring the 

challenges and opportunities to improve practice. GNS Science Report 2016/057, p. 53. 

Kilvington, M. & Saunders, W. (2019). Gaining public input on natural hazard risk and land-use 

planning: A case study from New Zealand. Disaster Prevention and Management: An 

International Journal. http://dx.doi.org/10.1108/DPM-04-2018-0134 

King, D. N. (2015). Tsunami hazard, assessment and risk in Aotearoa–New Zealand: A 

systematic review AD 1868–2012. Earth-Science Reviews, 145, 25–42. 

http://dx.doi.org/10.1016/j.earscirev.2015.02.004  

http://dx.doi.org/10.1007/s13753-018-0188-3
http://dx.doi.org/10.1007/s11069-012-0091-y
http://dx.doi.org/10.1007/s11069-011-0058-4
http://dx.doi.org/10.1007/s11069-017-2942-z
http://dx.doi.org/10.1108/DPM-04-2018-0134
http://dx.doi.org/10.1016/j.earscirev.2015.02.004


  

253 
 

King, A. & Bell, R. (2006). RiskScape New Zealand: A multihazard loss modelling tool. In 

Proceedings of Earthquake Engineering in the 21st Century (EE-21C) conference, topic (Vol. 8). 

King, A. & Bell, R. (Programme Managers) (2009). RiskScape Project: 2004 – 2008, NIWA 

Science Report 2009/75, p. 172. 

King, D. N., Shaw, W. S., Meihana, P. N., & Goff, J. R. (2018). Māori oral histories and the impact 

of tsunamis in Aotearoa-New Zealand. Natural Hazards and Earth System Sciences, 18(3), 907–

919. http://dx.doi.org/10.5194/nhess-18-907-2018  

Kita, S. M. (2017). “Government doesn't have the muscle”: state, NGOs, local politics, and 

disaster risk governance in Malawi. Risk, Hazards & Crisis in Public Policy, 8(3), 244–267. 

http://dx.doi.org/10.1002/rhc3.12118  

Klinke, A. & Renn, O. (2021). The coming of age of risk governance. Risk analysis, 41(3), 544–

557. http://dx.doi.org/10.1111/risa.13383  

Komar, P. D. (1998). Beach processes and sedimentation. Upper Saddle River, New Jersey: 

Prentice Hall Inc., p. 544. 

Komendantova, N., Mrzyglocki, R., Mignan, A., Khazai, B., Wenzel, F., Patt, A., & Fleming, K. 

(2014). Multi-hazard and multi-risk decision-support tools as a part of participatory risk 

governance: Feedback from civil protection stakeholders. International journal of disaster risk 

reduction, 8, 50–67. http://dx.doi.org/10.1016/j.ijdrr.2013.12.006  

Komendantova, N. & Mochizuki, J. (2016). Impacts of risks perceptions on decision-making on 

mitigation of losses from natural hazards: case studies of the 1995 Kobe, the 2004 Sumatra-

Andaman and the 2011 Tohoku earthquakes. Journal of Integrated Disaster Risk Management, 

6(1), 30–46. 

Kool, R., Lawrence, J., Drews, M., & Bell, R. (2020). Preparing for sea-level rise through adaptive 

managed retreat of a New Zealand stormwater and wastewater network. Infrastructures, 

5(11), 92. http://dx.doi.org/10.3390/infrastructures5110092  

Krausmann, E. & Cruz, A. M. (2021). Natech risk management in Japan after Fukushima–What 

have we learned? Loss Prevention Bulletin, 277, 11. 

Krauss, S. E. (2005). Research paradigms and meaning making: A primer. The Qualitative 

Report, 10(4), 758–770. http://dx.doi.org/10.46743/2160-3715/2005.1831  

Kuhlicke, C. & Demeritt, D. (2014). Risk, uncertainty, and the institutional geographies of 

adaptation to future flooding in England. In 5th Biennial ECPR Standing Group for Regulatory 

Governance Conference, Barcelona, Spain, 17, p. 12-35. 

Kunz, M., Grêt-Regamey, A., & Hurni, L. (2011). Customized visualization of natural hazards 

assessment results and associated uncertainties through interactive functionality. Cartography 

http://dx.doi.org/10.5194/nhess-18-907-2018
http://dx.doi.org/10.1002/rhc3.12118
http://dx.doi.org/10.1111/risa.13383
http://dx.doi.org/10.1016/j.ijdrr.2013.12.006
http://dx.doi.org/10.3390/infrastructures5110092
http://dx.doi.org/10.46743/2160-3715/2005.1831


254 
 

and Geographic Information Science, 38(2), p. 232–242. 

http://dx.doi.org/10.1559/15230406382232  

Kuriyama, N., Maly, E., León, J., Abramson, D., Nguyen, L. T., & Bostrom, A. (2020). Towards a 

Comparative Framework of Adaptive Planning and Anticipatory Action Regimes in Chile, Japan, 

and the US: An Exploration of Multiple Contexts Informing Tsunami Risk-Based Planning and 

Relocation. Journal of Disaster Research, 15(7), 878–889. 

http://dx.doi.org/10.20965/jdr.2020.p0878  

Kwok, A. H. (2016). Integrating social vulnerability indicators in RiskScape's earthquake risk 

modelling. Lower Hutt, N.Z.: GNS Science. GNS Science report 2016/09 iv, p. 58. 

Ladyman, J. & Wiesner, K. (2013). What is a complex system? European Journal of Philosophical 

Science, 3: 33–67. http://dx.doi.org/10.1007/s13194-012-0056-8 

Landström, C., Whatmore, S. J., Lane, S. N., Odoni, N. A., Ward, N., & Bradley, S. (2011). 

Coproducing flood risk knowledge: redistributing expertise in critical ‘participatory modelling’. 

Environment and Planning, 43(7), 1617–1633. http://dx.doi.org/10.1068/a43482  

Lane, E. M., Thomas, K. L., Schoenfeld, M. R., Wilson, T. M., Hughes, M. W. (2020). The scientific 

response to the 14 November 2016 Kaikōura tsunami – lessons learnt from a moderate event. 

International Journal of Disaster Risk Reduction. http://dx.doi.org/10.1016/j.ijdrr.2020.101636  

Lassa, J. A. (2018). Roles of non-government organizations in disaster risk reduction. In Oxford 

Research Encyclopaedia of Natural Hazard Science. 

http://dx.doi.org/10.1093/acrefore/9780199389407.013.45  

Lawrence, J. (2018). Implications of climate change for New Zealand’s natural hazards risk 

management. Policy Quarterly, 12(3). http://dx.doi.org/10.26686/pq.v12i3.4605  

Lawrence, J., Bell, R., & Stroombergen, A. (2019). A hybrid process to address uncertainty and 

changing climate risk in coastal areas using dynamic adaptive pathways planning, multi-criteria 

decision analysis & real options analysis: a New Zealand application. Sustainability, 11(2), 406. 

http://dx.doi.org/10.3390/su11020406 

Lawrence, J., Boston, J., Bell, R., Olufson, S., Kool, R., Hardcastle, M., & Stroombergen, A. 

(2020). Implementing pre-emptive managed retreat: Constraints and novel insights. Current 

Climate Change Reports, 1–15. http://dx.doi.org/10.1007/s40641-020-00161-z  

Lawrence, J. & Haasnoot, M. (2017). What it took to catalyse uptake of dynamic adaptive 

pathways planning to address climate change uncertainty. Environmental Science & Policy, 68, 

47–57. http://dx.doi.org/10.1016/j.envsci.2016.12.003  

Lawrence, J. & Manning, M. (2012). Developing adaptive risk management for our changing 

climate. The New Zealand Climate Change Research Institute. NZCCRI 2012 Report: 2012–1. 

http://dx.doi.org/10.1559/15230406382232
http://dx.doi.org/10.20965/jdr.2020.p0878
http://dx.doi.org/10.1007/s13194-012-0056-8
http://dx.doi.org/10.1068/a43482
http://dx.doi.org/10.1016/j.ijdrr.2020.101636
http://dx.doi.org/10.1093/acrefore/9780199389407.013.45
http://dx.doi.org/10.26686/pq.v12i3.4605
http://dx.doi.org/10.3390/su11020406
http://dx.doi.org/10.1007/s40641-020-00161-z
http://dx.doi.org/10.1016/j.envsci.2016.12.003


  

255 
 

Lawrence, J., Quade, D., & Becker, J. (2014). Integrating the effects of flood experience on risk 

perception with responses to changing climate risk. Natural Hazards, 74(3), 1773-1794. 

http://dx.doi.org/10.1007/s11069-014-1288-z  

Lawrence, J., Sullivan, F., Lash, A., Ide, G., Cameron, C., & McGlinchey, L. (2015). Adapting to 

changing climate risk by local government in New Zealand: institutional practice barriers and 

enablers. Local Environment, 20(3), 298–320. 

http://dx.doi.org/10.1080/13549839.2013.839643 

Le De, L., Gaillard, J. C., & Friesen, W. (2015). Academics doing participatory disaster research: 

how participatory is it? Environmental Hazards, 14(1), 1–15. 

http://dx.doi.org/10.1080/17477891.2014.957636  

Lee, B. Y. (2010). Working together, building capacity. A case study of civil defence emergency 

management in New Zealand. Journal of Disaster Research, 5(5), 565–576. 

http://dx.doi.org/10.20965/jdr.2010.p0565  

Lee, L. S. & Green, E. (2015). Systems thinking and its implications in enterprise risk 

management. Journal of Information Systems, 29(2), 195–210. http://dx.doi.org/10.2308/isys-

51047 

Lemoine, A., Foumelis, M., Raucoules, D., & De Michele, M. (2018, April). Revisiting the 

Kaikoura (New Zealand) M7. 8 earthquake by combining Sentinel-1, Landsat 8 and source 

complexity. Implications for tsunami modelling. In EGU General Assembly Conference Abstracts 

(p. 12270). 

Leonard, G. (2007). Hazard warning systems for the Gisborne district: assessment of options. 

GNS Science. 

Leonard, G. S., Johnston, D. M., Paton, D., Christianson, A., Becker, J. & Keys, H. (2008). 

Developing effective warning systems: Ongoing research at Ruapehu volcano, New Zealand. 

Journal of Volcanology and Geothermal Research, 172, 199–215. 

http://dx.doi.org/10.1016/j.jvolgeores.2007.12.008  

Leonard, G. S.; Power, W.; Lukovic, B.; Smith, W.; Johnston, D.; Downes, G. (2008). Tsunami 

evacuation zones for Wellington and Horizons regions defined by a GIS-calculated attenuation 

rule. GNS Science Report 2008/30, p. 22. 

Lewis-Beck, M., Bryman, A. E., & Liao, T. F. (2003). The Sage encyclopaedia of social science 

research methods. Sage Publications. 

LGNZ (Local Government New Zealand). (2013) New Zealand Local Government Insurance 

Market Review. Prepared for Local Government New Zealand by Stobo, C., p. 27. 

http://dx.doi.org/10.1007/s11069-014-1288-z
http://dx.doi.org/10.1080/13549839.2013.839643
http://dx.doi.org/10.1080/17477891.2014.957636
http://dx.doi.org/10.20965/jdr.2010.p0565
http://dx.doi.org/10.2308/isys-51047
http://dx.doi.org/10.2308/isys-51047
http://dx.doi.org/10.1016/j.jvolgeores.2007.12.008


256 
 

LGNZ (Local Government New Zealand). (2014). Managing natural hazard risk in New Zealand – 

towards more resilient communities. A think piece for local and central government and others 

with a role in managing natural hazards. 

LGNZ (Local Government New Zealand). (n.d.). Local Government in New Zealand. 

https://www.lgnz.co.nz/local-government-in-nz/  Retrieved 17/06/21. 

LGNZ (Local Government New Zealand). (n.d.) Local Government Risk Agency (LGRA). 

http://www.lgnz.co.nz/assets/Uploads/LGNZ1139-Local-Government-risk-agency-A3-RJ-1.8.pdf   

Retrieved 20/08/18. 

Lin, L. (2018). Integrating a national risk assessment into a disaster risk management system: 

Process and practice. International Journal of Disaster Risk Reduction, 27, 625–631. 

http://dx.doi.org/10.1016/j.ijdrr.2017.08.004  

Lin, S.-L., King, A., Horspool, N., Sadashiva, V., Paulik, R., & Williams, S. (2019) Development and 

application of the real-time individual asset attribute collection tool. Frontiers in Built 

Environment, 5(15). http://dx.doi.org/10.3389/fbuil.2019.00015  

Lindenfeld, L., Smith, H. M., Norton, T., & Grecu, N. C. (2014). Risk communication and 

sustainability science: lessons from the field. Sustainability Science, 9(2), 119–127. 

http://dx.doi.org/10.1007/s11625-013-0230-8  

Linnerooth-Bayer, J., Scolobig, A., Ferlisi, S., Cascini, L., & Thompson, M. (2016). Expert 

engagement in participatory processes: translating stakeholder discourses into policy options. 

Natural Hazards, 81(1), 69–88. http://dx.doi.org/10.1007/s11069-015-1805-8  

Lister, S. (2003). NGO legitimacy: technical issue or social construct? Critique of Anthropology, 

23(2), 175–192. http://dx.doi.org/10.1177/0308275X03023002004  

Lloyd’s (2018). A world at risk. Closing the insurance gap. Lloyds’s of London. 

https://www.lloyds.com/~/media/files/news-and-insight/risk-

insight/2018/underinsurance/lloyds_underinsurance-report_final.pdf Retrieved 06/12/21. 

Løvholt, F., Fraser, S., Salgado-Galvez, M., Lorito, S., Selva, J., Romano, F., ... & Baptista, M. A. 

(2019). Global trends in advancing tsunami science for improved hazard and risk 

understanding. Contributing Paper to GAR19, June.  

Macdonald, S. & Williams, C. (1993). Beyond the boundary: an information perspective on the 

role of the gatekeeper in the organization. Journal of Product Innovation Management, 10(5), 

417–427. http://dx.doi.org/10.1111/1540-5885.1050417 

Mamula-Seadon, L. (2007). Application of Soft Systems Methodology to Development of an 

Integrated Risk Management Framework for Natural Hazards. Department of Planning, 

University of Auckland. (PhD thesis) 

https://www.lgnz.co.nz/local-government-in-nz/
http://www.lgnz.co.nz/assets/Uploads/LGNZ1139-Local-Government-risk-agency-A3-RJ-1.8.pdf
http://dx.doi.org/10.1016/j.ijdrr.2017.08.004
http://dx.doi.org/10.3389/fbuil.2019.00015
http://dx.doi.org/10.1007/s11625-013-0230-8
http://dx.doi.org/10.1007/s11069-015-1805-8
http://dx.doi.org/10.1177/0308275X03023002004
https://www.lloyds.com/~/media/files/news-and-insight/risk-insight/2018/underinsurance/lloyds_underinsurance-report_final.pdf
https://www.lloyds.com/~/media/files/news-and-insight/risk-insight/2018/underinsurance/lloyds_underinsurance-report_final.pdf
http://dx.doi.org/10.1111/1540-5885.1050417


  

257 
 

Manning, M., Lawrence, J., King, D. N.; Chapman, R. (2015). Dealing with changing risks: A New 

Zealand perspective on climate change adaptation. Regional Environmental Change, 15(4):581–

595. http://dx.doi.org/10.1007/s10113-014-0673-1 

Mansell, I., Bennett, G., Northway, R., Mead, D., & Moseley, L. (2004). The learning curve: the 

advantages and disadvantages in the use of focus groups as a method of data collection. Nurse 

Researcher, 11(4). http://dx.doi.org/10.7748/nr2004.07.11.4.79.c6217  

Mason, J. S., Klippel, A., Bleisch, S., Slingsby, A., & Deitrick, S. (2016). Special issue introduction: 

Approaching spatial uncertainty visualization to support reasoning and decision making. Spatial 

Cognition & Computation, 16(2), 97–105. http://dx.doi.org/10.1080/13875868.2016.1138117  

Massey University. (2017). Code of Ethical Conduct for Research, Teaching and Evaluations 

involving Human Participants. 

https://www.massey.ac.nz/massey/fms/Human%20Ethics/Documents/MUHEC%20Code.pdf?2

F3CBE296DD2345CC01794BF9CFCA13A  

Massey University. (n.d.). Guidelines for low risk notifications. 

https://www.massey.ac.nz/massey/fms/Human%20Ethics/Documents/Low%20Risk%20Guideli

nes%202015.pdf?AB4A16D49F57503AA80382C1223AF6E2  

Mavhura, E. (2017). Applying a systems-thinking approach to community resilience analysis 

using rural livelihoods: The case of Muzarabani district, Zimbabwe. International Journal of 

Disaster Risk Reduction, 25, 248-258. http://dx.doi.org/10.1016/j.ijdrr.2017.09.008  

McClure, J., Allen, M. W., & Walkey, F. (2001). Countering fatalism: Causal information in news 

reports affects judgments about earthquake damage. Basic and Applied Social Psychology, 

23(2), 109–121. http://dx.doi.org/10.1207/S15324834BASP2302_3  

McClure, J., Henrich, L., Johnston, D., & Doyle, E. E. (2016). Are two earthquakes better than 

one? How earthquakes in two different regions affect risk judgments and preparation in three 

locations. International Journal of Disaster Risk Reduction, 16, 192–199. 

http://dx.doi.org/10.1016/j.ijdrr.2016.03.003  

MCDEM (Ministry of Civil Defence Emergency Management). (2004). Resilient New Zealand – A 

Aotearoa manahau: national civil defence emergency management strategy – 2003–2006. 

Wellington: Ministry of Civil Defence & Emergency Management, 2004, p. 2. 

MCDEM (Ministry of Civil Defence Emergency Management). (2007). National Civil Defence 

Emergency Management Strategy. Published in March 2008 by the Department of Internal 

Affairs. Retrieved from http://www.civildefence.govt.nz/assets/Uploads/publications/national-

CDEM-strategy-2008.pdf  Accessed April 27, 2017. 

MCDEM (Ministry of Civil Defence Emergency Management). (2008a). National Tsunami 

Signage Technical Standard for the CDEM Sector [TS 01/08]. Wellington, New Zealand.  

http://dx.doi.org/10.1007/s10113-014-0673-1
http://dx.doi.org/10.7748/nr2004.07.11.4.79.c6217
http://dx.doi.org/10.1080/13875868.2016.1138117
https://www.massey.ac.nz/massey/fms/Human%20Ethics/Documents/MUHEC%20Code.pdf?2F3CBE296DD2345CC01794BF9CFCA13A
https://www.massey.ac.nz/massey/fms/Human%20Ethics/Documents/MUHEC%20Code.pdf?2F3CBE296DD2345CC01794BF9CFCA13A
https://www.massey.ac.nz/massey/fms/Human%20Ethics/Documents/Low%20Risk%20Guidelines%202015.pdf?AB4A16D49F57503AA80382C1223AF6E2
https://www.massey.ac.nz/massey/fms/Human%20Ethics/Documents/Low%20Risk%20Guidelines%202015.pdf?AB4A16D49F57503AA80382C1223AF6E2
http://dx.doi.org/10.1016/j.ijdrr.2017.09.008
http://dx.doi.org/10.1207/S15324834BASP2302_3
http://dx.doi.org/10.1016/j.ijdrr.2016.03.003
http://www.civildefence.govt.nz/assets/Uploads/publications/national-CDEM-strategy-2008.pdf
http://www.civildefence.govt.nz/assets/Uploads/publications/national-CDEM-strategy-2008.pdf


258 
 

MCDEM (Ministry of Civil Defence Emergency Management). (2008b). Tsunami Evacuation 

Zones. Director’s Guideline for Civil Defence Emergency Management Groups [DGL 08/08]. 

Wellington, New Zealand.  

MCDEM (Ministry of Civil Defence Emergency Management). (2010). Tsunami Advisory and 

Warning Plan. Supporting Plan [SP01/09]. Revised October 2010. Ministry of Civil Defence and 

Emergency Management, Wellington. 

MCDEM (Ministry of Civil Defence Emergency Management). (2014). Director’s Guideline for 

Lifeline Utilities and Civil Defence Emergency Management Groups [DGL 16/14]. June 2014. 

Ministry of Civil Defence and Emergency Management, Wellington 

MCDEM (Ministry of Civil Defence Emergency Management). (2017). Tsunami Advisory and 

Warning Plan: Supporting Plan SP 01/17. Revised November 2017. Ministry of Civil Defence and 

Emergency Management, Wellington (p. 43). 

MCDEM (Ministry of Civil Defence Emergency Management). (2018). CDEM Group Planning. 

Director’s Guideline for Civil Defence Emergency Management Groups [DGL 09/18]. 

Wellington: Ministry of Civil Defence & Emergency Management, 2018. 

MCDEM (Ministry of Civil Defence Emergency Management). (2019). National Disaster 

Resilience Strategy – Rautaki ā-Motu Manawaroa Aituā. Wellington: Ministry of Civil Defence & 

Emergency Management, April 2019. ISBN: 978-0-478-43523-8. 

MCDEM (Ministry of Civil Defence Emergency Management). (n.d. a). National Hazard Risk 

Reduction. http://www.civildefence.govt.nz/cdem-sector/cdem-framework/the-

4rs/reduction/national-hazard-risk-reduction/ Accessed November 13, 2015. 

MCDEM (Ministry of Civil Defence Emergency Management). (n.d. b). International Hazard Risk 

Reduction. http://www.civildefence.govt.nz/cdem-sector/cdem-framework/the-

4rs/reduction/international-hazard-risk-reduction/ Accessed May 20, 2017 

McIvor, D., Paton, D., & Johnston, D. (2017). Modelling community preparation for natural 

hazards: understanding hazard cognitions. Journal of Pacific Rim Psychology, 3(2), 39–46. 

http://dx.doi.org/10.1375/prp.3.2.39  

McNamara, C. (2009). General guidelines for conducting interviews. 

https://managementhelp.org/businessresearch/interviews.htm Accessed September 24, 2018.  

Mechler, R. (2016). Reviewing estimates of the economic efficiency of disaster risk 

management: opportunities and limitations of using risk-based cost–benefit analysis. Natural 

Hazards, 81(3), 2121–2147. http://dx.doi.org/10.1007/s11069-016-2170-y  

Merz, B., Kuhlicke, C., Kunz, M., Pittore, M., Babeyko, A., Bresch, D. N., ... & Wurpts, A. (2020). 

Impact forecasting to support emergency management of natural hazards. Reviews of 

Geophysics, 58(4). http://dx.doi.org/10.1029/2020RG000704  

http://www.civildefence.govt.nz/cdem-sector/cdem-framework/the-4rs/reduction/national-hazard-risk-reduction/
http://www.civildefence.govt.nz/cdem-sector/cdem-framework/the-4rs/reduction/national-hazard-risk-reduction/
http://www.civildefence.govt.nz/cdem-sector/cdem-framework/the-4rs/reduction/international-hazard-risk-reduction/
http://www.civildefence.govt.nz/cdem-sector/cdem-framework/the-4rs/reduction/international-hazard-risk-reduction/
http://dx.doi.org/10.1375/prp.3.2.39
https://managementhelp.org/businessresearch/interviews.htm
http://dx.doi.org/10.1007/s11069-016-2170-y
http://dx.doi.org/10.1029/2020RG000704


  

259 
 

Meyer, M. (2010). The rise of the knowledge broker. Science Communication, 32(1), 118–127. 

http://dx.doi.org/10.1177/1075547009359797 

MfE (Ministry for the Environment). (2016). A Draft Guide to Communicating and Managing 

Uncertainty When Implementing the National Policy Statement for Freshwater Management 

2014. Wellington: Ministry for the Environment. 

MfE (Ministry for the Environment). (2017). Coastal hazards and climate change: Guidance for 

local government. Wellington: Ministry for the Environment. 

MfE (Ministry for the Environment). (2019). Arotakenga Huringa Āhuarangi: A Framework for 

the National Climate Change Risk Assessment for Aotearoa New Zealand. Wellington: Ministry 

for the Environment. 

MfE (Ministry for the Environment). (2020). New directions for resource management in New 

Zealand. Resource Management Review Panel. June 2020. Wellington: Ministry for the 

Environment. 

MfE (Ministry for the Environment). (2021). A guide to local climate change risk assessments. 

Wellington: Ministry for the Environment. 

Mileti, D. S. & O'Brien, P. W. (1992). Warnings during disaster: Normalizing communicated risk. 

Social Problems, 39(1), 40–57. http://dx.doi.org/10.2307/3096912  

Montibeller, G. & Von Winterfeldt, D. (2015). Cognitive and motivational biases in decision and 

risk analysis. Risk Analysis, 35(7), 1230–1251. http://dx.doi.org/10.1111/risa.12360  

Morgan, D. L. (2014). Integrating qualitative and quantitative methods: A pragmatic approach. 

Thousand Oaks: Sage. http://dx.doi.org/10.4135/9781544304533  

Morgan, O., Ahern, M., & Cairncross, S. (2005). Revisiting the tsunami: health consequences of 

flooding. Public Library of Science Medicine, 2(6), e184. 

http://dx.doi.org/10.1371/journal.pmed.0020184  

Morgan-Williams, J. & Macdonald, J. (1999). Local government environmental management: a 

study of models and outcomes. Parliamentary Commissioner for the Environment. Wellington. 

1999. 

Morse, J. M. (2009). Mixing qualitative methods. Qualitative Health Research, 19(11), 1523–

1524. http://dx.doi.org/10.1177/1049732309349360  

Morse, J. M., Barrett, M., Mayan, M., Olson, K., & Spiers, J. (2002). Verification strategies for 

establishing reliability and validity in qualitative research. International Journal of Qualitative 

Methods, 1(2), 13–22. http://dx.doi.org/10.1177/160940690200100202  

http://dx.doi.org/10.1177/1075547009359797
http://dx.doi.org/10.2307/3096912
http://dx.doi.org/10.1111/risa.12360
http://dx.doi.org/10.4135/9781544304533
http://dx.doi.org/10.1371/journal.pmed.0020184
http://dx.doi.org/10.1177/1049732309349360
http://dx.doi.org/10.1177/160940690200100202


260 
 

Mueller, C. S., Briggs, R. W., Wesson, R. L., & Petersen, M. D. (2015). Updating the USGS seismic 

hazard maps for Alaska. Quaternary Science Reviews, 113, 39–47. 

http://dx.doi.org/10.1016/j.quascirev.2014.10.006  

Mueller, A. E. & Segal, D. L. (2014). Structured versus semistructured versus unstructured 

interviews. The Encyclopedia of Clinical Psychology, 1–7. 

http://dx.doi.org/10.1002/9781118625392.wbecp069  

Munich Re. (2021) Record hurricane season and major wildfires – The natural disaster figures 

for 2020. https://www.munichre.com/en/company/media-relations/media-information-and-

corporate-news/media-information/2021/2020-natural-disasters-balance.html Accessed July 2, 

2021. 

MWH. (2016). Wellington Regional Natural Hazard Management Strategy, Stocktake and Issues 

Report. Prepared for Greater Wellington Council, April 2016. 

Nagai, R., Takabatake, T., Esteban, M., Ishii, H., & Shibayama, T. (2020). Tsunami risk hazard in 

Tokyo Bay: The challenge of future sea level rise. International Journal of Disaster Risk 

Reduction, 45, 101321. http://dx.doi.org/10.1016/j.ijdrr.2019.101321  

National Research Council. (1999). Our common journey: a transition toward sustainability. 

National Academies Press. 

NEMA (National Emergency Management Agency) (n.d.).  CDEM groups and councils. 

September 2013.  https://www.civildefence.govt.nz/assets/Uploads/cdem-groups-and-

councils-september-2013.pdf. Accessed December 5, 2021.  

Newman, J. P., Maier, H. R., Riddell, G. A., Zecchin, A. C., Daniell, J. E., Schaefer, A. M., ... & 

Newland, C. P. (2017). Review of literature on decision support systems for natural hazard risk 

reduction: Current status and future research directions. Environmental Modelling & Software, 

96, 378–409. http://dx.doi.org/10.1016/j.envsoft.2017.06.042 

NZCPS (New Zealand Coastal Policy Statement). (2010). https://www.doc.govt.nz/about-

us/science-publications/conservation-publications/marine-and-coastal/new-zealand-coastal-

policy-statement/new-zealand-coastal-policy-statement-2010/ Accessed August 7, 2017.  

New Zealand Government. (1991). Resource Management Act 1991. Wellington: Published 

under the Authority of the New Zealand Government. 

New Zealand Government. (1992). Crown Research Institutes (CRI) Act 1992. Wellington: 

Published under the Authority of the New Zealand Government. 

New Zealand Government. (2002a). Civil Defence Emergency Management Act 2002. 

Wellington: Published under the Authority of the New Zealand Government. 

http://dx.doi.org/10.1016/j.quascirev.2014.10.006
http://dx.doi.org/10.1002/9781118625392.wbecp069
https://www.munichre.com/en/company/media-relations/media-information-and-corporate-news/media-information/2021/2020-natural-disasters-balance.html
https://www.munichre.com/en/company/media-relations/media-information-and-corporate-news/media-information/2021/2020-natural-disasters-balance.html
http://dx.doi.org/10.1016/j.ijdrr.2019.101321
https://www.civildefence.govt.nz/assets/Uploads/cdem-groups-and-councils-september-2013.pdf
https://www.civildefence.govt.nz/assets/Uploads/cdem-groups-and-councils-september-2013.pdf
http://dx.doi.org/10.1016/j.envsoft.2017.06.042
https://www.doc.govt.nz/about-us/science-publications/conservation-publications/marine-and-coastal/new-zealand-coastal-policy-statement/new-zealand-coastal-policy-statement-2010/
https://www.doc.govt.nz/about-us/science-publications/conservation-publications/marine-and-coastal/new-zealand-coastal-policy-statement/new-zealand-coastal-policy-statement-2010/
https://www.doc.govt.nz/about-us/science-publications/conservation-publications/marine-and-coastal/new-zealand-coastal-policy-statement/new-zealand-coastal-policy-statement-2010/


  

261 
 

New Zealand Government. (2002b). Local Government Act 2002. Wellington: Published under 

the Authority of the New Zealand Government. 

New Zealand Government. (2004). Building Act 2004. Wellington: Published under the 

Authority of the New Zealand Government. 

New Zealand Government. (2010). New Zealand coastal policy statement 2010. Department of 

Conservation. 

New Zealand Government. (2015). National civil defence emergency management plan order 

2015. Wellington: Published under the Authority of the New Zealand Government. 

New Zealand Government. (2019). Climate Change Response (Zero Carbon) Amendment Act 

2019. Wellington: Published under the Authority of the New Zealand Government. 

New Zealand Infrastructure Commission. (2021). Draft New Zealand Infrastructure Strategy. 

https://www.tewaihanga.govt.nz/assets/Uploads/211012-Draft-New-Zealand-Infrastructure-

Strategy.pdf Accessed October 27, 2021. 

New Zealand Regions. (n.d.). http://www.3dnewzealand.com/help/nz-regions/ Accessed 

February 20, 2017. 

NZPC (The New Zealand Productivity Commission). (2019). Local government funding and 

financing: Final report. Available from www.productivity.govt.nz Accessed July 27, 2022.  

Notebaert, L., Clarke, P. J., & MacLeod, C. (2016). Does attentional bias to threat ameliorate or 

exacerbate the detrimental effect of trait anxiety on behavioural preparedness for real‐world 

danger? Australian Journal of Psychology, 68(3), 166–177. 

http://dx.doi.org/10.1111/ajpy.12133  

Nursey-Bray, M. J., Vince, J., Scott, M., Haward, M., O’Toole, K., Smith, T., ... & Clarke, B. (2014). 

Science into policy? Discourse, coastal management and knowledge. Environmental Science & 

Policy, 38, 107–119. Chicago. http://dx.doi.org/10.1016/j.envsci.2013.10.010  

NZIER (New Zealand Institute of Economic Research). (2020). Investment in natural hazards 

mitigation. Forecasts and findings about mitigation investment. NZIER report to Department of 

Internal Affairs. August 2020. 

Ochieng, P. A. (2009). An analysis of the strengths and limitation of qualitative and quantitative 

research paradigms. Problems of Education in the 21st Century, 13, 13. 

Odiase, O., Wilkinson, S., & Neef, A. (2020). Risk of a disaster: Risk knowledge, interpretation 

and resilience. Journal of Disaster Risk Studies, 12(1), 1–9. 

http://dx.doi.org/10.4102/jamba.v12i1.845  

https://www.tewaihanga.govt.nz/assets/Uploads/211012-Draft-New-Zealand-Infrastructure-Strategy.pdf
https://www.tewaihanga.govt.nz/assets/Uploads/211012-Draft-New-Zealand-Infrastructure-Strategy.pdf
http://dx.doi.org/10.1111/ajpy.12133
http://dx.doi.org/10.1016/j.envsci.2013.10.010
http://dx.doi.org/10.4102/jamba.v12i1.845


262 
 

Oliver-Smith, A., Alcántara-Ayala, I., Burton, I., & Lavell, A. (2017). The social construction of 

disaster risk: Seeking root causes. International Journal of Disaster Risk Reduction, 22, 469–474. 

http://dx.doi.org/10.1016/j.ijdrr.2016.10.006  

Our World in Data (2019). Natural Disasters. https://ourworldindata.org/natural-disasters 

Accessed July 2, 2021. 

Paavola, J. (2007). Institutions and environmental governance: a reconceptualization. Ecological 

Economics, 63(1), 93–103. http://dx.doi.org/10.1016/j.ecolecon.2006.09.026  

Parkhurst, J. (2017). Mitigating evidentiary bias in planning and policy-making: comment on 

"Reflective practice: How the World Bank explored its own biases?”. International Journal of 

Health Policy and Management, 6(2), 103. http://dx.doi.org/10.15171/ijhpm.2016.96  

Paton, D. (2003). Disaster preparedness: a social‐cognitive perspective. Disaster Prevention and 

Management: An International Journal. http://dx.doi.org/10.1108/09653560310480686  

Paton, D. & Buergelt, P. (2019). Risk, transformation and adaptation: ideas for reframing 

approaches to disaster risk reduction. International journal of Environmental Research and 

Public Health, 16(14), 2594. http://dx.doi.org/10.3390/ijerph16142594  

Paton, D. & Johnston, D. (2001). Disasters and communities: vulnerability, resilience and 

preparedness. Disaster Prevention and Management: An International Journal, 10(4), 270–277. 

http://dx.doi.org/10.1108/EUM0000000005930  

Paton, D., Okada, N., & Sagala, S. (2013). Understanding Preparedness for Natural Hazards: A 

cross cultural comparison. Journal of Integrated Disaster Risk Management, 3(1), 18–35. 

http://dx.doi.org/10.5595/idrim.2013.0051  

Patton, M. (2015). Qualitative research & evaluation methods: integrating theory and practice. 

Sage (Fourth edition). 

Paulik, R., Craig, H., & Popovich, B. (2020). A National-Scale Assessment of Population and Built-

Environment Exposure in Tsunami Evacuation Zones. Geosciences, 10(8), 291. 

http://dx.doi.org/10.3390/geosciences10080291  

Paulik, R., Lane, E., Williams, S., & Power, W. (2019). Changes in Tsunami Risk to Residential 

Buildings at Omaha Beach, New Zealand. Geosciences, 9(3), 113. 

http://dx.doi.org/10.3390/geosciences9030113  

Payne, B. A., Becker, J. S., & Kaiser, L. H. (2019). Understanding residents’ capacities to support 

evacuated populations: A study of earthquake and tsunami evacuation for Napier Hill, Napier, 

Aotearoa New Zealand. Disaster Research Science Report; 2019/01, Wellington (NZ): Massey 

University, p. 49.  

http://dx.doi.org/10.1016/j.ijdrr.2016.10.006
https://ourworldindata.org/natural-disasters
http://dx.doi.org/10.1016/j.ecolecon.2006.09.026
http://dx.doi.org/10.15171/ijhpm.2016.96
http://dx.doi.org/10.1108/09653560310480686
http://dx.doi.org/10.3390/ijerph16142594
http://dx.doi.org/10.1108/EUM0000000005930
http://dx.doi.org/10.5595/idrim.2013.0051
http://dx.doi.org/10.3390/geosciences10080291
http://dx.doi.org/10.3390/geosciences9030113


  

263 
 

Pescaroli, G. & Alexander, D. (2015). A definition of cascading disasters and cascading effects: 

Going beyond the “toppling dominos” metaphor. Planet @ risk, 3(1), 58–67. 

Petak, W. J. (1985). Emergency management: A challenge for public administration. Public 

administration review, 45, 3–7. http://dx.doi.org/10.2307/3134992  

Pinal, C. & Coomer, M. (2019). Natural Hazards 2018. Lower Hutt, NZ: GNS Science. GNS 

Science Miscellaneous Series 127, 60 pages. DOI: 10.21420/KJNM-R522. 

Planitz, A. (2015). Disaster risk governance and the principles of good governance. Disaster Risk 

Reduction for Economic Growth and Livelihood: Investing in Resilience and Development, 225. 

Pondard, N. & Daly, M. (2011). Hazards risk modelling: An approach providing risk management 

solutions for local government. GNS Miscellaneous Series 38. 

Pourghasemi, H. R., Gayen, A., Edalat, M., Zarafshar, M., & Tiefenbacher, J. P. (2020). Is multi-

hazard mapping effective in assessing natural hazards and integrated watershed management? 

Geoscience Frontiers, 11(4), 1203–1217. http://dx.doi.org/10.1016/j.gsf.2019.10.008  

Powell, R. A. & Single, H. M. (1996). Focus groups. International Journal for Quality in Health 

Care, 8(5), 499–504. http://dx.doi.org/10.1093/intqhc/8.5.499  

Power, W. (2013). Review of tsunami hazard in New Zealand (2013 update). GNS Science 

consultancy report 2013/131. August 2013. 

Power, W., Clark, K., King, D. N., Borrero, J., Howarth, J., Lane, E. M., Goring, D., Goff, J., 

Chagué-Goff, C., Williams, J. et al. (2017). Tsunami runup and tide-gauge observations from the 

14 November 2016 M7.8 Kaikōura earthquake, New Zealand. Pure and Applied Geophysics. 

174, 2457–2473. http://dx.doi.org/10.1007/s00024-017-1566-2  

Power, W., Wallace, L., & Reyners, M. (2008). Tsunami hazard posed by earthquakes on the 

Hikurangi subduction zone interface. GNS Science. 

Power, W., Wang, X., Wallace, L., Clark, K., & Mueller, C. (2018). The New Zealand Probabilistic 

Tsunami Hazard Model: development and implementation of a methodology for estimating 

tsunami hazard nationwide. Geological Society, London, Special Publications, 456(1), 199–217. 

http://dx.doi.org/10.1144/SP456.6  

Priest, G. R., Witter, R. C., Zhang, Y. J., Goldfinger, C., Wang, K., & Allan, J. C. (2017). New 

constraints on coseismic slip during southern Cascadia subduction zone earthquakes over the 

past 4600 years implied by tsunami deposits and marine turbidites. Natural Hazards, 88(1), 

285–313. http://dx.doi.org/10.1007/s11069-017-2864-9  

Project AF8 (n.d.). Emergency response planning overview. http://projectaf8.co.nz/safer-

framework/emergency-response-planning-overview/ Accessed August 9, 2018.  

http://dx.doi.org/10.2307/3134992
http://dx.doi.org/10.1016/j.gsf.2019.10.008
http://dx.doi.org/10.1093/intqhc/8.5.499
http://dx.doi.org/10.1007/s00024-017-1566-2
http://dx.doi.org/10.1144/SP456.6
http://dx.doi.org/10.1007/s11069-017-2864-9
http://projectaf8.co.nz/safer-framework/emergency-response-planning-overview/
http://projectaf8.co.nz/safer-framework/emergency-response-planning-overview/


264 
 

Pudjaprasetya, S. R., Adytia, D., & Subasita, N. (2021). Analysis of bay bathymetry elements on 

wave amplification: a case study of the tsunami in Palu Bay. Coastal Engineering Journal, 63(4), 

433–445. http://dx.doi.org/10.1080/21664250.2021.1930749  

Quality Planning. (n.d.). Introduction to natural hazards and the legislative framework for 

hazard management. http://www.qualityplanning.org.nz/index.php/planning-tools/natural-

hazards/introduction-to-natural-hazards-and-the-legislative-framework-for-hazard-

management Accessed June 27, 2016. 

Ragued, B., Wotherspoon, L. W., & Ingham, J. M. (2014). Seismic response of a typical New 

Zealand pile supported wharf configurations. In New Zealand Society for Earthquake 

Engineering Technical Conference and AGM, Auckland. 

Rajan, S. R. (2002). Disaster, development and governance: Reflections on the 'lessons' of 

Bhopal. Environmental Values, 369–394. http://dx.doi.org/10.3197/096327102129341136  

Raju, E. & da Costa, K. (2018). Governance in the Sendai: a way ahead? Disaster Prevention and 

Management: An International Journal. http://dx.doi.org/10.1108/DPM-08-2017-0190  

Rampini, G. H. S., Takia, H., & Berssaneti, F. T. (2019). Critical success factors of risk 

management with the advent of ISO 31000 2018-Descriptive and content analyses. Procedia 

Manufacturing, 39, 894–903. 

Rehman, A. A. & Alharthi, K. (2016). An introduction to research paradigms. International 

Journal of Educational Investigations, 3(8), 51–59. 

Rehman, J., Sohaib, O., Asif, M., & Pradhan, B. (2019). Applying systems thinking to flood 

disaster management for a sustainable development. International Journal of Disaster Risk 

Reduction, 36. http://dx.doi.org/10.1016/j.ijdrr.2019.101101  

Reiter, D., Meyer, W., & Parrott, L. (2017). Why do NRM regional planning processes and tools 

have limited effect? Presenting the perspective of the end user. Climate Risk Management, 18, 

66–74. http://dx.doi.org/10.1016/j.crm.2017.09.001  

Renn, O. (2008) Risk Governance: Coping with uncertainty in a complex world. London, 

Earthscan. 

Renn, O., Klinke, A., & Schweizer, P. J. (2018). Risk Governance: Application to Urban 

Challenges. International Journal of Disaster Risk Science, 9(4), 434–444. 

http://dx.doi.org/10.1007/s13753-018-0196-3  

Resilience to Natures Challenges. (2018). Resilience to Natures Challenges Overview Booklet. 

https://resiliencechallenge.nz/wp-content/uploads/2018/08/RNC-Overview-Booklet.pdf 

Accessed September 18, 2021.  

http://dx.doi.org/10.1080/21664250.2021.1930749
http://www.qualityplanning.org.nz/index.php/planning-tools/natural-hazards/introduction-to-natural-hazards-and-the-legislative-framework-for-hazard-management
http://www.qualityplanning.org.nz/index.php/planning-tools/natural-hazards/introduction-to-natural-hazards-and-the-legislative-framework-for-hazard-management
http://www.qualityplanning.org.nz/index.php/planning-tools/natural-hazards/introduction-to-natural-hazards-and-the-legislative-framework-for-hazard-management
http://dx.doi.org/10.3197/096327102129341136
http://dx.doi.org/10.1108/DPM-08-2017-0190
http://dx.doi.org/10.1016/j.ijdrr.2019.101101
http://dx.doi.org/10.1016/j.crm.2017.09.001
http://dx.doi.org/10.1007/s13753-018-0196-3
https://resiliencechallenge.nz/wp-content/uploads/2018/08/RNC-Overview-Booklet.pdf


  

265 
 

Rhodes, R. A. W. (1997) Understanding Governance: policy networks, governance, reflexivity 

and accountability. Buckingham, Open University Press. 

RiskScape (n.d.). How it works. https://www.riskscape.org.nz/how-it-works/why-use-riskscape 

Accessed September 28, 2016. 

Robichau, R. W. (2011). The mosaic of governance: creating a picture with definitions, theories, 

and debates. Policy Studies Journal, 39, 113–131. http://dx.doi.org/10.1111/j.1541-

0072.2010.00389_8.x  

Rød, B., Lange, D., Theocharidou, M., & Pursiainen, C. (2020). From risk management to 

resilience management in critical infrastructure. Journal of Management in Engineering, 36(4). 

http://dx.doi.org/10.1061/(ASCE)ME.1943-5479.0000795  

Rodes, R. A. W. (1996). The New Governance: Governing. Political Studies, 44, 652–667. 

Rogers, P., Lawry, J., Dragisic, J., & Mills, C. (2016). Collaboration and communication: building a 

research agenda and way of working towards community disaster resilience. Disaster 

Prevention and Management: An International Journal, 25(1). http://dx.doi.org/10.1108/DPM-

01-2015-0013  

Rothstein, B. (2012). Good governance. In The Oxford handbook of governance. 

Russell, C. K. & Gregory, D. M. (2003). Evaluation of qualitative research studies. Evidence 

Based Nursing, 6(2), 36–40. http://dx.doi.org/10.1136/ebn.6.2.36  

Santos, R. B. & de Oliveira, U. R. (2019). Analysis of occupational risk management tools for the 

film and television industry. International Journal of Industrial Ergonomics, 72, 199–211. 

http://dx.doi.org/10.1016/j.ergon.2019.05.002  

Sarantakos, S. (2005). Social research. Macmillan International Higher Education. 

Saunders, W. & Beban, J. G. (2012). Putting R (isk) in the RMA: Technical Advisory Group 

recommendations on the Resource Management Act 1991 and implications for natural hazards 

planning. GNS Science Miscellaneous Series 48, p. 51. 

Saunders, W. S. A., Beban, J. G.; & Coomer, M. A. (2014a). Analysis of natural hazard provisions 

in regional policy statements, territorial authority plans, and CDEM Group Plans, GNS Science 

Report 2014/28, p. 72. 

Saunders, W. S. A.; Beban, J. G.; & Coomer, M. A. (2014b). Assessment of council capability and 

capacity for managing natural hazards through land use planning, GNS Science Report 2014/50, 

p. 59. 

Saunders, W. S. A., Beban, J. G., & Kilvington, M. (2013). Risk-based approach to land use 

planning. GNS Science Miscellaneous Series 67, p. 97.  

https://www.riskscape.org.nz/how-it-works/why-use-riskscape
http://dx.doi.org/10.1111/j.1541-0072.2010.00389_8.x
http://dx.doi.org/10.1111/j.1541-0072.2010.00389_8.x
http://dx.doi.org/10.1061/(ASCE)ME.1943-5479.0000795
http://dx.doi.org/10.1108/DPM-01-2015-0013
http://dx.doi.org/10.1108/DPM-01-2015-0013
http://dx.doi.org/10.1136/ebn.6.2.36
http://dx.doi.org/10.1016/j.ergon.2019.05.002


266 
 

Saunders, W. S. A. & Becker, J. S. (2015). A discussion of resilience and sustainability: Land use 

planning recovery from the Canterbury earthquake sequence, New Zealand. International 

Journal of Disaster Risk Reduction, 14, 73–81. http://dx.doi.org/10.1016/j.ijdrr.2015.01.013  

Saunders, W., Forsyth, J., Johnston, D., & Becker, J. (2007). Strengthening linkages between 

land-use planning and emergency management in New Zealand. Australian Journal of 

Emergency Management, 22(1):36–42. 

Saunders, W. S. A., Grace, E. S., & Beban, J. G. (2014). Overview of the state of land use 

planning for natural hazards in New Zealand. Lower Hutt: GNS Science Report 2014/63. 

Saunders, W. S. A., Grace, E., Beban, J., & Johnston, D. (2015). Evaluating Land Use and 

Emergency Management Plans for Natural Hazards as a Function of Good Governance: A Case 

Study from New Zealand. International Journal of Disaster Risk Science, 6(1):62–74. 

http://dx.doi.org/10.1007/s13753-015-0039-4 

Saunders, W. S., Kelly, S., Paisley, S., & Clarke, L. B. (2020). Progress toward implementing the 

Sendai framework, the Paris agreement, and the sustainable development goals: Policy from 

Aotearoa New Zealand. International Journal of Disaster Risk Science, 1–16. 

http://dx.doi.org/10.1007/s13753-020-00269-8  

Saunders, W. S. A.; Prasetya, G., & Leonard, G. S. (2011). New Zealand’s Next Top Model: 

Integrating tsunami inundation modelling into land use planning. GNS Science Miscellaneous 

Series 34, p. 42.  

Saunders, W. S. A., Prasetya, G., Leonard, G. S., & Beban, J. G. (2015). A Methodology for 

Integrating Tsunami Inundation Modelling into Land Use Planning in New Zealand. Planning 

Practice and Research, 30(1), 15–32. http://dx.doi.org/10.1080/02697459.2014.987441  

Savage, J. M., Hudson, M. D., & Osborne, P. E. (2020). The challenges of establishing marine 

protected areas in South East Asia. In Marine protected areas (p. 343–359). Elsevier. 

http://dx.doi.org/10.1016/B978-0-08-102698-4.00018-6  

Scheele, F., Wilson, T., Lane, E. M., Crowley, K., Hughes, M. W., Davies, T., ... & Thompson, J. 

(2020). Modelling residential habitability and human displacement for tsunami scenarios in 

Christchurch, New Zealand. International Journal of Disaster Risk Reduction, 43, 101403. 

http://dx.doi.org/10.1016/j.ijdrr.2019.101403  

Schmidt, J., Matcham, I., Reese, S., King, A., Bell, R., Henderson, R., ... & Heron, D. (2011). 

Quantitative multi-risk analysis for natural hazards: a framework for multi-risk modelling. 

Natural Hazards, 58(3), 1169–1192. http://dx.doi.org/10.1007/s11069-011-9721-z  

Scolobig, A. & Pelling, M. (2016). The co-production of risk from a natural hazards perspective: 

science and policy interaction for landslide risk management in Italy. Natural Hazards, 81(1), 7–

25. http://dx.doi.org/10.1007/s11069-015-1702-1  

http://dx.doi.org/10.1016/j.ijdrr.2015.01.013
http://dx.doi.org/10.1007/s13753-015-0039-4
http://dx.doi.org/10.1007/s13753-020-00269-8
http://dx.doi.org/10.1080/02697459.2014.987441
http://dx.doi.org/10.1016/B978-0-08-102698-4.00018-6
http://dx.doi.org/10.1016/j.ijdrr.2019.101403
http://dx.doi.org/10.1007/s11069-011-9721-z
http://dx.doi.org/10.1007/s11069-015-1702-1


  

267 
 

Scott, Z. & Tarazona, M. (2011). Study on disaster risk reduction, decentralization and political 

economy. Global Assessment report on disaster risk reduction. United Nations. 

Sepúlveda, I., Haase, J. S., Liu, P. L. F., Grigoriu, M., & Winckler, P. (2021). Non‐Stationary 

Probabilistic Tsunami Hazard Assessments Incorporating Climate‐Change‐Driven Sea Level Rise. 

Earth's Future, 9(6). http://dx.doi.org/10.1029/2021EF002007  

Seto, S. & Imamura, F. (2020). Classification of tsunami deaths by modifying ICD-10 categories 

in the 2011 Tohoku earthquake tsunami-A case study in Miyagi prefecture. International 

Journal of Disaster Risk Reduction, 50, 101743. http://dx.doi.org/10.1016/j.ijdrr.2020.101743  

Shaked, H. & Schechter, C. (2017). Definitions and development of systems thinking. In Systems 

Thinking for School Leaders (p. 9–22). Springer, Cham. http://dx.doi.org/10.1007/978-3-319-

53571-5_2  

Shenton, A. K. (2004). Strategies for ensuring trustworthiness in qualitative research projects. 

Education for Information, 22, 63–75. http://dx.doi.org/10.3233/EFI-2004-22201  

Shi, P., Wang, J. A., Xu, W., Ye, T., Yang, S., Liu, L., ... & Wang, M. (2015). World atlas of natural 

disaster risk. In World Atlas of natural disaster risk (p. 309–323). Springer, Berlin, Heidelberg. 

Shreve, C. M. & Kelman, I. (2014). Does mitigation save? Reviewing cost-benefit analyses of 

disaster risk reduction. International Journal of Disaster Risk Reduction, 10, 213–235. 

http://dx.doi.org/10.1016/j.ijdrr.2014.08.004  

Sinclair, H., Doyle, E. E., Johnston, D. M., & Paton, D. (2012). Assessing emergency management 

training and exercises. Disaster Prevention and Management: An International Journal. 

http://dx.doi.org/10.1108/09653561211256198  

Siri, J. G., Newell, B., Proust, K., & Capon, A. (2016). Urbanization, extreme events, and health: 

the case for systems approaches in mitigation, management, and response. Asia Pacific Journal 

of Public Health, 28(2_suppl), 15S–27S. http://dx.doi.org/10.1177/1010539515595694 

Skyttner, L. (1996). General systems theory: An introduction. Macmillan International Higher 

Education. 

Slovic, P. (1987). Perceptions of risk. Science, 236, 280–285. 

http://dx.doi.org/10.4324/9781315661773  

Slovic, P. (2001). The Risk Game. Journal of Hazardous Materials, 86, 17–24. 

http://dx.doi.org/10.1016/S0304-3894(01)00248-5  

Slovic, P., Finucane, M. L., Peters, E., & MacGregor, D. G. (2004). Risk as analysis and risk as 

feelings: Some thoughts about affect, reason, risk, and rationality. Risk Analysis, 24(2), 311–

322. http://dx.doi.org/10.1111/j.0272-4332.2004.00433.x  

http://dx.doi.org/10.1029/2021EF002007
http://dx.doi.org/10.1016/j.ijdrr.2020.101743
http://dx.doi.org/10.1007/978-3-319-53571-5_2
http://dx.doi.org/10.1007/978-3-319-53571-5_2
http://dx.doi.org/10.3233/EFI-2004-22201
http://dx.doi.org/10.1016/j.ijdrr.2014.08.004
http://dx.doi.org/10.1108/09653561211256198
http://dx.doi.org/10.1177/1010539515595694
http://dx.doi.org/10.4324/9781315661773
http://dx.doi.org/10.1016/S0304-3894(01)00248-5
http://dx.doi.org/10.1111/j.0272-4332.2004.00433.x


268 
 

Slovic, P., Fischhoff, B., & Lichtenstein, S. (1982). Facts versus fears: Understanding perceived 

risk. In D. Kahneman, P. Slovic, & A. Tversky (Eds.), Judgment under uncertainty: Heuristic and 

biases. Cambridge: Cambridge University Press. 

http://dx.doi.org/10.1017/CBO9780511809477.034  

Smith, R. & Smith, L. (2018). Qualitative methods. In Research methods in human rights (p. 70–

93). Routledge. 

SMS Tsunami Warning. (n.d.). Tsunamis: occurrence. https://www.sms-tsunami-

warning.com/pages/tsunami-history#.YNtZ2-gzaUk Accessed June 30, 2021. 

Solberg, C., Rossetto, T., & Joffe, H. (2010). The social psychology of seismic hazard adjustment: 

re-evaluating the international literature. Natural Hazards and Earth System Sciences, 10(8), 

1663–1677. http://dx.doi.org/10.5194/nhess-10-1663-2010  

Špačková, O. & Straub, D. (2015). Cost‐Benefit Analysis for Optimization of Risk Protection 

Under Budget Constraints. Risk Analysis, 35(5), 941–959. http://dx.doi.org/10.1111/risa.12310  

Spiegelhalter, D., Pearson, M., & Short, I. (2011). Visualizing uncertainty about the future. 

Science, 333(6048), 1393–1400. http://dx.doi.org/10.1126/science.1191181  

Spruijt, P., Knol, A. B., Vasileiadou, E., Devilee, J., Lebret, E., & Petersen, A. C. (2014). Roles of 

scientists as policy advisers on complex issues: a literature review. Environmental Science & 

Policy, 40, 16–25. http://dx.doi.org/10.1016/j.envsci.2014.03.002  

Srinivas, H. & Nakagawa, Y. (2008). Environmental implications for disaster preparedness: 

lessons learnt from the Indian Ocean Tsunami. Journal of Environmental Management, 89(1), 

4–13. http://dx.doi.org/10.1016/j.jenvman.2007.01.054  

Stats NZ (n.d.). Gisborne Region population count (2018 Census). 

https://www.stats.govt.nz/tools/2018-census-place-summaries/gisborne-region Accessed 

November 9, 2021. 

Stats NZ (n.d.). Hawke’s Bay Region population count (2018 Census). 

https://www.stats.govt.nz/tools/2018-census-place-summaries/hawkes-bay-region Accessed 

November 9, 2021. 

Stats NZ (n.d.). Wellington Region population count (2018 Census). 

https://www.stats.govt.nz/tools/2018-census-place-summaries/wellington-region Accessed 

November 9, 2021. 

Stein, J. L. & Stein, S. (2014). Gray swans: comparison of natural and financial hazard 

assessment and mitigation. Natural Hazards, 72(3), 1279–1297. 

http://dx.doi.org/10.1007/s11069-012-0388-x  

http://dx.doi.org/10.1017/CBO9780511809477.034
https://www.sms-tsunami-warning.com/pages/tsunami-history#.YNtZ2-gzaUk
https://www.sms-tsunami-warning.com/pages/tsunami-history#.YNtZ2-gzaUk
http://dx.doi.org/10.5194/nhess-10-1663-2010
http://dx.doi.org/10.1111/risa.12310
http://dx.doi.org/10.1126/science.1191181
http://dx.doi.org/10.1016/j.envsci.2014.03.002
http://dx.doi.org/10.1016/j.jenvman.2007.01.054
https://www.stats.govt.nz/tools/2018-census-place-summaries/gisborne-region
https://www.stats.govt.nz/tools/2018-census-place-summaries/hawkes-bay-region
https://www.stats.govt.nz/tools/2018-census-place-summaries/wellington-region
http://dx.doi.org/10.1007/s11069-012-0388-x


  

269 
 

Stemler, S. (2001). An overview of content analysis. Practical Assessment, Research & 

Evaluation, 7(17), 137–146. 

Stirling, A. (2007). Risk, precaution and science: towards a more constructive policy debate. 

EMBO reports, 8(4), 309–315. http://dx.doi.org/10.1038/sj.embor.7400953  

Stirling, M. W. & King, A. (2010). RiskScape: a new tool for comparing risk from natural hazards. 

In AGU Fall Meeting Abstracts (Vol. 2010, p. S33D-02). 

Stuckey, H. L. (2013). Three types of interviews: Qualitative research methods in social health. 

Journal of Social Health and Diabetes, 1(02), 056–059. http://dx.doi.org/10.4103/2321-

0656.115294  

Subroto, A. (2012). Understanding complexities in public policy making process through policy 

cycle model: A system dynamics approach. Universitas Indonesia, Graduate School of 

Management Research Paper, (13-07). http://dx.doi.org/10.2139/ssrn.1992756  

Suleiman, L. (2013). The NGOs and the grand illusions of development and democracy. 

VOLUNTAS: International Journal of Voluntary and Nonprofit Organizations, 24(1), 241–261. 

http://dx.doi.org/10.1007/s11266-012-9337-2  

Sun, Y. & Sun, J. (2019). Perception, preparedness, and response to tsunami risks in an aging 

society: Evidence from Japan. Safety Science, 118, 466–474. 

http://dx.doi.org/10.1016/j.ssci.2019.05.060  

Sutton, J. & Tierney, K. (2006). Disaster preparedness: Concepts, guidance, and research. 

Colorado: University of Colorado, 3, 1–41. 

Sword-Daniels, V. L. (2014). Exploring the dynamics and consequences of long-term volcanic 

activity for the healthcare system in Montserrat, West Indies (Doctoral dissertation, UCL 

(University College London)). 

The RMA Quality Planning Resource (n.d.). Introduction to natural hazards and the legislative 

framework for hazard management. http://www.qualityplanning.org.nz/index.php/planning-

tools/natural-hazards/introduction-to-natural-hazards-and-the-legislative-framework-for-

hazard-management Accessed June 27, 2016. 

The World Bank. (2010). Natural hazards, unnatural disasters: the economics of effective 

prevention. The World Bank and The United Nations. DOI: 10.1596/978-0-8213-8050-5.  

The World Bank. (2014). Understanding Risk: Review of Open Source and Open Access 

Software Packages Available to Quantify Risk from Natural Hazards. Global Facility for Disaster 

Reduction and Recovery, (p. 67). 

http://dx.doi.org/10.1038/sj.embor.7400953
http://dx.doi.org/10.4103/2321-0656.115294
http://dx.doi.org/10.4103/2321-0656.115294
http://dx.doi.org/10.2139/ssrn.1992756
http://dx.doi.org/10.1007/s11266-012-9337-2
http://dx.doi.org/10.1016/j.ssci.2019.05.060
http://www.qualityplanning.org.nz/index.php/planning-tools/natural-hazards/introduction-to-natural-hazards-and-the-legislative-framework-for-hazard-management
http://www.qualityplanning.org.nz/index.php/planning-tools/natural-hazards/introduction-to-natural-hazards-and-the-legislative-framework-for-hazard-management
http://www.qualityplanning.org.nz/index.php/planning-tools/natural-hazards/introduction-to-natural-hazards-and-the-legislative-framework-for-hazard-management


270 
 

Thomas, K. L. (2018). Research to inform community-led action to reduce tsunami impact, 

Wharekauri-Rekohu-Chatham Islands, Aotearoa-New Zealand [MSc Thesis]. Christchurch, 

Aotearoa-NZ: University of Canterbury. DOI:10.26021/7165. 

Thomas, K. L., Woods, R. J., Garlick R., Scheele, F. R., Coomer, M. A., Paulik R., & Clarke, L. B. 

(2020). User requirements of RiskScape 2.0 software and opportunities for disaster risk 

research in Aotearoa New Zealand. Lower Hutt, N.Z.: GNS Science. GNS Science report 2020/10 

p. 83. 

Thompson, M. A., Lindsay, J. M., & Gaillard, J. C. (2015). The influence of probabilistic volcanic 

hazard map properties on hazard communication. Journal of applied volcanology, 4(1), 6. 

http://dx.doi.org/10.1186/s13617-015-0023-0  

Thompson, M. A., Owen, S., Lindsay, J., & Leonard, G., (2015). Co-creating solutions. Engaging 

New Zealand in RNC research. A review of stakeholder engagement and a study of perspectives 

on co-created research in NZ. Report for the Resilience to Nature’s Challenges National Science 

Challenge. 

Thompson, M. A., Owen, S., Lindsay, J. M., Leonard, G. S., & Cronin, S. J. (2017). Scientist and 

stakeholder perspectives of transdisciplinary research: Early attitudes, expectations, and 

tensions. Environmental Science & Policy, 74, 30–39. 

http://dx.doi.org/10.1016/j.envsci.2017.04.006 

Tilley, L., Wilson, T., Hughes, M., Beaven, S., Jack, H., & Scattergood, K. (2020). Tsunami 

evacuation behaviour and dynamics of the 2016 Kaikōura earthquake: Informing network-

based modelling for Kaikōura, New Zealand. 

Tonkin & Taylor Ltd. (T&T). (2016a). Hawke Bay Coastal Strategy: Coastal risk assessment. 

Report prepared for Hawke’s Bay Regional Council. 20514.006.v5. 

Tonkin & Taylor Ltd. (T&T). (2016b). Risk Based Approach to Natural Hazards under the RMA 

Report. Prepared for Ministry for the Environment, June 2016. 

Tonkin & Taylor Ltd. (T&T). (n.d.) Natural Hazard Management. Research Report. 

https://riversgroup.org.nz/wp-content/uploads/2018/06/2.2-TRC-The-legal-frameworkfor-

natural-hazards-aug06.pdf Accessed August 10, 2021. 

Toole, T. M. (2005). A project management causal loop diagram. In Arcom Conference (p. 5–7). 

Tranchard, S. (2018). The new ISO 31000 keeps risk management simple. ISO. 

Uddin, M. M. & Belal, A. R. (2019). Donors’ influence strategies and beneficiary accountability: 

An NGO case study. In Accounting Forum (Vol. 43, No. 1, p. 113–134). Routledge. 

http://dx.doi.org/10.1080/01559982.2019.1589905  

http://dx.doi.org/10.1186/s13617-015-0023-0
http://dx.doi.org/10.1016/j.envsci.2017.04.006
https://riversgroup.org.nz/wp-content/uploads/2018/06/2.2-TRC-The-legal-frameworkfor-natural-hazards-aug06.pdf
https://riversgroup.org.nz/wp-content/uploads/2018/06/2.2-TRC-The-legal-frameworkfor-natural-hazards-aug06.pdf
http://dx.doi.org/10.1080/01559982.2019.1589905


  

271 
 

Uddin, M. S., Haque, C. E., & Khan, M. N. (2020). Good governance and local level policy 

implementation for disaster-risk-reduction: actual, perceptual and contested perspectives in 

coastal communities in Bangladesh. Disaster Prevention and Management: An International 

Journal. http://dx.doi.org/10.1108/DPM-03-2020-0069  

Uma, S. R. (2009). Rapid assessment of buildings with initial evaluation procedure for 

earthquakes. Lower Hutt, N.Z.: GNS Science. GNS Science report 2009/26, p. 45. 

Uma, S. R., Bothara, J., Jury, R., & King, A. (2008, April). Performance assessment of existing 

buildings in New Zealand. In Proceedings of the New Zealand Society for Earthquake 

Engineering Conference, Wairakei, New Zealand (Vol. 11, p. 13). 

Uma, S. R., Ryu, H., Luco, N., Liel, A. B., & Raghunandan, M. (2011, April). Comparison of main-

shock and aftershock fragility curves developed for New Zealand and US buildings. In 

Proceedings of the ninth pacific conference on earthquake engineering structure building and 

Earthquake-Resilient Society, Auckland, New Zealand (p. 14–16). 

UNDP (United Nations Development Programme). (2013). Issue Brief: Disaster Risk 

Governance. Bureau for Crisis Prevention and Recovery, UNDP. 

https://www.undp.org/content/dam/undp/library/crisis%20prevention/disaster/Issue_brief_di

saster_risk_reduction_governance_11012013.pdf Accessed August 10, 2021. 

UN (United Nations) (2015). Transforming our world: The 2030 agenda for sustainable 

development. Geneva: UN.  

UNDRR (United Nations Office of Disaster Risk Reduction). (2020). Disaster Risk Reduction in 

New Zealand: Status Report 2020. Bangkok, Thailand, United Nations Office for Disaster Risk 

Reduction (UNDRR). Regional Office for Asia and the Pacific. 

UNDRR (United Nations Office of Disaster Risk Reduction). (2020). Hazard definition & 

Classification review – Technical report. United Nations Office for Disaster Risk Reduction 

(UNDRR). Geneva, Switzerland. 

UNFCC (United Nations Framework Convention on Climate Change). (2015). Paris Agreement. 

Paris: UNFCC. 

UNISDR (United Nations International Strategy for Disaster Reduction). (2004). Living with risk: 

A global review of disaster reduction initiatives. (2004). Living with Risk: A Global Review of 

Disaster Reduction Initiatives. Geneva: UNISDR. 

UNISDR (United Nations International Strategy for Disaster Reduction). (2005). Hyogo 

Framework for Action 2005–2015: Building the Resilience of nations and Communities to 

Disasters. Geneva: UNISDR. 

http://dx.doi.org/10.1108/DPM-03-2020-0069
https://www.undp.org/content/dam/undp/library/crisis%20prevention/disaster/Issue_brief_disaster_risk_reduction_governance_11012013.pdf
https://www.undp.org/content/dam/undp/library/crisis%20prevention/disaster/Issue_brief_disaster_risk_reduction_governance_11012013.pdf


272 
 

UNISDR (United Nations International Strategy for Disaster Reduction). (2011). Global 

Assessment Report on Disaster Risk Reduction 2011. Revealing Risk, Redefining Development. 

Geneva: UNISDR. 

UNISDR (United Nations International Strategy for Disaster Reduction). (2013). Findings of the 

Review of National Platforms for Disaster Risk Reduction 2012–2013. Geneva: UNISDR. 

UNISDR (United Nations International Strategy for Disaster Reduction). (2015a). The human 

cost of natural disasters: A global perspective. Geneva: UNISDR. 

UNISDR (United Nations International Strategy for Disaster Reduction). (2015b). Sendai 

framework for disaster risk reduction 2015–2030. Geneva: UNISDR. 

http://www.unisdr.org/files/43291_sendaiframeworkfordrren.pdf. Accessed 08 June 2016. 

UNISDR (United Nations International Strategy for Disaster Reduction). (2017). National 

Disaster Risk Assessment. Governance System, Methodologies, and Use of Results. Geneva: 

UNISDR. 

UNISDR (United Nations International Strategy for Disaster Reduction). (2018, November 2). 

Tsunamis account for $280 billion in economic losses over last twenty years. Geneva: UNISDR. 

https://reliefweb.int/report/world/tsunamis-account-280-billion-economic-losses-over-last-

twenty-years 

US Government. (2009). A Tradecraft Primer: Structured analytical techniques for improving 

intelligence analysis. CIA Center for the Study of Intelligence. 

Vallance, S. (2015). Disaster recovery as participation: lessons from the Shaky Isles. Natural 

Hazards, 75(2), 1287–1301. http://dx.doi.org/10.1007/s11069-014-1361-7  

Van Asselt, M. B. (2000). Perspectives on uncertainty and risk. In Perspectives on Uncertainty 

and Risk (p. 407–417). Springer Netherlands. 

Van den Hove, S. (2007). A rationale for science–policy interfaces. Futures, 39(7), 807–826. 

http://dx.doi.org/10.1016/j.futures.2006.12.004  

Van Kerkhoff, L. (2014). Developing integrative research for sustainability science through a 

complexity principles-based approach. Sustainability Science, 9(2), 143-155. 

http://dx.doi.org/10.1007/s11625-013-0203-y  

Vinnell, L. J., Milfont, T. L., & McClure, J. (2021). Why do people prepare for natural hazards? 

Developing and testing a Theory of Planned Behaviour approach. Current Research in Ecological 

and Social Psychology, 100011. http://dx.doi.org/10.1016/j.cresp.2021.100011  

Voerman, J. (2020). Governmental perspective of their role and responsibility in natural 

hazards in Wellington, New Zealand. MSc Thesis Disaster Studies. Wageningen University and 

Research. 

http://www.unisdr.org/files/43291_sendaiframeworkfordrren.pdf.%20Accessed%2008%20June%202016
https://reliefweb.int/report/world/tsunamis-account-280-billion-economic-losses-over-last-twenty-years
https://reliefweb.int/report/world/tsunamis-account-280-billion-economic-losses-over-last-twenty-years
http://dx.doi.org/10.1007/s11069-014-1361-7
http://dx.doi.org/10.1016/j.futures.2006.12.004
http://dx.doi.org/10.1007/s11625-013-0203-y
http://dx.doi.org/10.1016/j.cresp.2021.100011


  

273 
 

Vogel, C., Moser, S. C., Kasperson, R. E., & Dabelko, G. D. (2007). Linking vulnerability, 

adaptation, and resilience science to practice: Pathways, players, and partnerships. Global 

Environmental Change, 17(3), 349–364. http://dx.doi.org/10.1016/j.gloenvcha.2007.05.002  

Walsh, K., Cummuskey, P., Dizhur, D., & Ingham, J. (2014). Structural seismic attributes of 

Auckland’s commercial building stock. In Proceedings of the New Zealand Society for 

Earthquake Engineering Conference. 

Wairoa District Council (2015). 2015–2025 Long Term Plan (LTP). 

Waugh, W. L. & Streib, G. (2006). Collaboration and leadership for effective emergency 

management. Public administration review, 66(s1), 131–140. http://dx.doi.org/10.1111/j.1540-

6210.2006.00673.x  

Webb, T. (2005). Review of New Zealand's preparedness for tsunami hazard, comparison to risk 

and recommendations for treatment. Institute of Geological & Nuclear Sciences client report 

2005, 162, 104. 

WCC (Wellington City Council). (2020). Te Atakura First to Zero. Wellington City’s Zero Carbon 

Implementation Plan 2020–2030. 

Wiegel, R. L. (1970). Earthquake engineering. Prentice Hall. 

Weinstein, N. D. & Klein, W. M. (1995). Resistance of personal risk perceptions to debiasing 

interventions. Health Psychology, 14(2), 132. http://dx.doi.org/10.1037/0278-6133.14.2.132  

White, I. & Haughton, G. (2017). Risky times: hazard management and the tyranny of the 

present. International Journal of Disaster Risk Reduction, 22, 412–419. 

http://dx.doi.org/10.1016/j.ijdrr.2017.01.018  

White, I. & Lawrence, J. (2020). Continuity and change in national riskscapes: a New Zealand 

perspective on the challenges for climate governance theory and practice. Cambridge Journal 

of Regions, Economy and Society, 13(2), 215–231. http://dx.doi.org/10.1093/cjres/rsaa005  

Whitman, G. P., Pain, R., & Milledge, D. G. (2015). Going with the flow? Using participatory 

action research in physical geography. Progress in Physical Geography, 39(5), 622–639. 

http://dx.doi.org/10.1177/0309133315589707  

Wilbanks, D. W. & Byrd, T. (2020). The Relevance & Benefit of ISO 31000 to OSH Practice. 

Professional Safety, 65(10), 32–38. 

Williams, J. H., Paulik, R., Wilson, T. M., Wotherspoon, L., Rusdin, A., & Pratama, G. M. (2020). 

Tsunami fragility functions for road and utility pole assets using field survey and remotely 

sensed data from the 2018 Sulawesi tsunami, Palu, Indonesia. Pure and Applied Geophysics, 

177(8), 3545–3562. http://dx.doi.org/10.1007/s00024-020-02545-6  

http://dx.doi.org/10.1016/j.gloenvcha.2007.05.002
http://dx.doi.org/10.1111/j.1540-6210.2006.00673.x
http://dx.doi.org/10.1111/j.1540-6210.2006.00673.x
http://dx.doi.org/10.1037/0278-6133.14.2.132
http://dx.doi.org/10.1016/j.ijdrr.2017.01.018
http://dx.doi.org/10.1093/cjres/rsaa005
http://dx.doi.org/10.1177/0309133315589707
http://dx.doi.org/10.1007/s00024-020-02545-6


274 
 

Williams, J., Whittaker, C., & Wotherspoon, L. (2018a). Tsunami Vulnerability: Developing Tools 

for Infrastructure Impact Assessment. 

Williams, J. H., Wilson, T. M., Horspool, N., Lane, E. M., Hughes, M. W., Davies, T., ... & Scheele, 

F. (2019). Tsunami impact assessment: development of vulnerability matrix for critical 

infrastructure and application to Christchurch, New Zealand. Natural Hazards, 96(3), 1167–

1211. http://dx.doi.org/10.1007/s11069-019-03603-6  

Williams, J. H., Wilson, T. M., Hughes, M., Horspool, N. A., Lane, E., & Wotherspoon, L. (2018b). 

Tsunami Vulnerability of Critical Infrastructure: Development and Application of Functions for 

Infrastructure Impact Assessment. In AGU Fall Meeting Abstracts (Vol. 2018, p. NH31A-02). 

Williams, S., Paulik, R., Weaving, R., Bosserelle, C., Chan Ting, J., Wall, K., ... & Scheele, F. 

(2021). Multiscale Quantification of Tsunami Hazard Exposure in a Pacific Small Island 

Developing State: The Case of Samoa. GeoHazards, 2(2), 63–79. 

http://dx.doi.org/10.3390/geohazards2020004  

Wisner B, Blaikie P, Cannon T, Davis I. (2004). At Risk: natural hazards, people’s vulnerability 

and disasters. (2nd edn). Routledge: London. 

Woods, R. J., McBride, S. K., Wotherspoon, L. M., Beavan, S., Potter, S. H., Johnston, D. M., ... & 

Becker, J. S. (2017). Science to emergency management response. Bulletin of the New Zealand 

Society for Earthquake Engineering, 50(2), 329–337. 

http://dx.doi.org/10.5459/bnzsee.50.2.329-337  

Wright, K. C., Cousins, W. J.; Johnston, D. M.; Leonard, G. S., and Fraser, S. (2013). When 

engineering isn’t enough – planning for immediate evacuation following major subduction zone 

earthquakes. Proceedings of New Zealand Society for Earthquake Engineering Conference. 

Wright, A. J., Parsons, E. C. M., Rose, N. A., & Witcomb-Vos, E. (2013). Environmental Reviews 

and Case Studies: The Science-Policy Disconnect: Language Issues at the Science-Policy 

Boundary. Environmental practice, 15(1), 79–83. 

http://dx.doi.org/10.1017/S1466046612000506  

WSS Fellows on RIA. (2014) Reporting on the Seminar – Risk Interpretation and Action (RIA): 

Decision Making Under Conditions of Uncertainty. Australasian J of Disaster and Trauma 

Studies, 18(1), 27–37 

Wyborn, C., Datta, A., Montana, J., Ryan, M., Leith, P., Chaffin, B., ... & Van Kerkhoff, L. (2019). 

Co-producing sustainability: reordering the governance of science, policy, and practice. Annual 

Review of Environment and Resources, 44, 319–346. http://dx.doi.org/10.1146/annurev-

environ-101718-033103  

Young, O. R. (2017). Governing complex systems: social capital for the Anthropocene. MIT 

Press. http://dx.doi.org/10.7551/mitpress/9780262035934.001.0001  

http://dx.doi.org/10.1007/s11069-019-03603-6
http://dx.doi.org/10.3390/geohazards2020004
http://dx.doi.org/10.5459/bnzsee.50.2.329-337
http://dx.doi.org/10.1017/S1466046612000506
http://dx.doi.org/10.1146/annurev-environ-101718-033103
http://dx.doi.org/10.1146/annurev-environ-101718-033103
http://dx.doi.org/10.7551/mitpress/9780262035934.001.0001


  

275 
 

Young, R. A. & Collin, A. (2004). Introduction: Constructivism and social constructionism in the 

career field. Journal of Vocational Behavior, 64(3), 373–388. 

http://dx.doi.org/10.1016/j.jvb.2003.12.005  

Zhuo, L., & Han, D. (2016). Resilience to Interacting multi-natural hazards. In EGU General 

Assembly Conference Abstracts (pp. EPSC2016-1367). 

 

 

 

  

http://dx.doi.org/10.1016/j.jvb.2003.12.005


276 
 

Appendices 

Appendix A: Human ethics application 
 

 
Te Kunenga ki Pürehuroa 
 
 

NOTIFICATION OF LOW RISK RESEARCH/EVALUATION 

INVOLVING HUMAN PARTICIPANTS 

 

Staff researchers and supervisors are fully responsible for ensuring that the information in 

this form meets the requirements and guidelines for submission of a Low Risk Notification 

 

SECTION A: 

 

1. Project Title RiskScape Civil Defence Emergency Management (CDEM) 

Engagement Project 

 Projected start date 

for data collection 

15 October 2015  

Projected end date 

15 October 

2018 
 

(Low risk notifications must not be submitted if recruitment and/or data collection has already begun.) 
 

2. Applicant Details  (Select one box only and complete details) 

• ACADEMIC STAFF NOTIFICATION 

Full Name of Staff Applicant/s  

School/Department/Institute  

Region (mark one only) Albany        Palmerston North      Wellington  

Telephone  Email Address  
 

STUDENT NOTIFICATION 

Full Name of Student Applicant Miles Crawford 

Postal Address 

Telephone  Email Address m.crawford1@massey.ac.nz 

Employer   

Full Name of Supervisor(s) 
David Johnston; Emma Hudson-Doyle; Graham Leonard; 

Wendy Saunders 

School/Department/Institute School of Psychology – Joint Centre for Disaster Research 

Region (mark one only) Albany        Palmerston North      Wellington x 

Telephone x 63704  Email Address E.E.Hudson-Doyle@massey.ac.nz 
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GENERAL STAFF NOTIFICATION 

 

Full Name of Applicant  

Section 
 

 

Region (mark one only) Albany     
•    

Palmerston North 
     Wellington  

Telephone   Email Address  

Full Name of Line Manager  

Section 
 

 

Telephone   Email Address  
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3 Type of Project  (provide detail as appropriate) 

Staff Research/Evaluation:  Student Research:  PhD Research  If other, please specify: 

Academic Staff  Name of Qualification   

General Staff  Credit Value of Research   

Evaluation    (e.g. 30, 60, 90, 120, 240, 360)   

 
 

4. Describe the process that has been used to discuss and analyse the ethical issues present in 

this project. 

(Please refer to the Low Risk Guidelines on the Massey University Human Ethics Committee 

website) 

  

The student (Miles) reviewed the Code of Ethical Conduct for Research, Teaching and 

Evaluations Involving Human Participants, and discussed with his supervisors and social 

scientists Dr Sally Potter (GNS Science) and Dr Kate Crowley (NIWA) on potential risks to 

research participants and their affiliated organisations, the student, and Massey University.  The 

student also reviewed the screening questionnaire with his supervisors to ensure that his project 

will cause no harm to research participants, etc., as well as discussed with his supervisors to 

ensure the project research methods are feasible and sound in reaching the project objectives.   

 

5. Summary of Project 

 

1. The purpose of the research 

 

The project will determine the risk information levels of Civil Defence Emergency 

Management (CDEM) and how risk modelling can be used for CDEM decision-making 

and risk assessment.  The project is a joint research venture between GNS Science (Dr 

Sally Potter & Nick Horspool), NIWA (Dr Kate Crowley and Ryan Paulik), and 

Massey University (Miles Crawford). Miles Crawford, a PhD candidate at Massey 

University, will provide significant input and direction as part of his PhD studies, 

particularly for the Wellington, Hawke’s Bay and Gisborne regions. This ethics 

application pertains to the entirety of the project, including Miles’ research.  

 

 

2. The methods you will use. 

 

The project will gather data from Emergency Managers via a mixed method of focus 

groups and follow up interviews. Prospective participants will be provided with 

information about the project, their rights and tasks, along with an invitation to 

participate in the focus groups, in line with ethics procedures. Any further information 

will be provided to participants upon request. The focus group proceedings will be 

audio recorded and transcribed. Results will be shared (triangulated) with all 

participants and stakeholders to validate the data collected. Based on the findings, 

recommendations will be made on how risk modelling can be improved to meet the 

needs of the CDEM sector. Participants can withdraw from participation in the research 

at any time. 

 

Please submit this Low Risk Notification (with the completed Screening Questionnaire) as follows: 

 

1. For staff based at either the Palmerston North or Wellington campus; and students whose Chief 

Supervisor is based at either the Palmerston North or Wellington campus: 
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External Mailing Address    Internal Mailing Address 

Ethics Administrator     Ethics Administrator 

Research Ethics Office    Research Ethics Office 

Massey University     Courtyard Complex, PN221 

Private Bag 11222     Turitea 

Palmerston North 4442    Palmerston North 

 

2. For staff based at the Albany campus and students whose Chief Supervisor is based at the Albany 

campus: 

 

External Mailing Address    Internal Mailing Address 

Ethics Administrator    Ethics Administrator 

Research Ethics Office    Research Ethics Office 

Massey University     Room 3.001B, Level 3 

Private Bag 102904     Quadrangle A Building 

North Shore City 0745    Albany Campus 
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SECTION B:  DECLARATION  (Complete appropriate box) 

 
ACADEMIC STAFF RESEARCH 

Declaration for Academic Staff Applicant 

I have read the Code of Ethical Conduct for Research, Teaching and Evaluations involving Human 

Participants.  I understand my obligations and the rights of the participants.  I agree to undertake the 

research as set out in the Code of Ethical Conduct for Research, Teaching and Evaluations involving 

Human Participants.  My Head of Department/School/Institute knows that I am undertaking this 

research.   I confirm that this submission meets the requirements set out in the Guidelines for Low Risk 

Notifications and that the information contained in this notification is to the very best of my knowledge 

accurate and not misleading. 

 

Staff Applicant’s Signature  Date:  

 

 

STUDENT RESEARCH 

Declaration for Student Applicant 

I have read the Code of Ethical Conduct for Research, Teaching and Evaluations involving Human 

Participants and discussed the ethical analysis with my Supervisor.  I understand my obligations and the 

rights of the participants.  I agree to undertake the research as set out in the Code of Ethical Conduct for 

Research, Teaching and Evaluations involving Human Participants. I confirm that this submission meets 

the requirements set out in the Guidelines for Low Risk Notifications and that the information contained 

in this notification is to the very best of my knowledge accurate and not misleading. 
 

Student Applicant’s Signature  Date: 1/10/2015 

 

Declaration for Supervisor 

I have assisted the student in the ethical analysis of this project.   As supervisor of this research I will 

ensure that the research is carried out according to the Code of Ethical Conduct for Research, 

Teaching and Evaluations involving Human Participants.  I confirm that this submission meets the 

requirements set out in the Guidelines for Low Risk Notifications. 

 

Supervisor’s Signature 

 

Date:  

1/10/2015 

Print Name   Emma Hudson-Doyle  

 

 

GENERAL STAFF RESEARCH/EVALUATIONS 

Declaration for General Staff Applicant 

I have read the Code of Ethical Conduct for Research, Teaching and Evaluations involving Human 

Participants and discussed the ethical analysis with my Supervisor.  I understand my obligations and the 

rights of the participants.  I agree to undertake the research as set out in the Code of Ethical Conduct for 

Research, Teaching and Evaluations involving Human Participants. I confirm that this submission meets 

the requirements set out in the Guidelines for Low Risk Notifications and that the information contained 

in this notification is to the very best of my knowledge accurate and not misleading. 

 

General Staff Applicant’s Signature  Date:  

 

Declaration for Line Manager 

I declare that to the best of my knowledge, this notification complies with the Code of Ethical 

Conduct for Research, Teaching and Evaluations involving Human Participants and that I have 

approved its content and agreed that it can be submitted. 

 

Line Manager’s Signature  Date:  

Print Name   
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Appendix B: Human ethics approval letter 
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Appendix C: Phase 1 information sheet 
 

 
 
 

 

RiskScape - Civil Defence Emergency 

Management Engagement Project 

INFORMATION SHEET 

Introduction  

GNS Science, NIWA and Massey University are conducting a study on how risk modelling 

tools such as RiskScape can be used for CDEM decision-making and risk assessment. The 

purpose of the research is to: 

• Identify the risk information needs of CDEM for risk assessments, risk modelling and 

mapping, and related activities (e.g., what kind of impact information and at what 

scale) 

• Identify risk based information pathways to and from CDEM including ownership of 

data and application 

• Identify the data and methods CDEM are currently using to determine risk and 

impacts or losses from natural hazards (e.g., risk matrix, RiskScape; GIS) 

• Determine if and how RiskScape can inform or provide alternative risk and impacts 

or loss modelling methods currently used by CDEM 

• Identify how RiskScape could effectively be used by CDEM in their roles and 

activities. 

• Identify how CDEM would like to use and visualise risk information 

• Understand the participant’s experience with using RiskScape and other tools used 

for risk assessment – strengths and weaknesses/challenges 

• Establish new functions or make changes for future versions of RiskScape, to enable 

CDEM to use it more easily and efficiently.  

The findings from the project will be used to better understand how the CDEM sector uses 

risk modelling for emergency management purposes, and to recommend how RiskScape 

can be improved as a national and international software tool. Key findings will be collated 

and analysed, and a summary report of results will be communicated to all participants. 

 

Participant Recruitment and Involvement 

This research will be conducted via a mixed method of focus groups and follow up interviews 

to be conducted with CDEM practitioners at times, dates and venues previously agreed with 

CDEM group managers. Focus group sessions will be small (made up of 6-10 people) and 

will take approximately two and a half hours. Light refreshments will be provided during the 

focus group sessions. Participants must be 18 years of age or over. Participants can choose 

how they would like to be identified in the research findings, or can remain anonymous with 

discussions at the focus group reported anonymously and results generalised. 
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Project Procedures 

Group discussions will be undertaken in person, and before discussions start, all participants 

will be informed again about the research, and about their rights as participants. Participants 

will be asked to sign a consent form if they have not already done so. Discussions will be 

taped and notes taken, with the participants’ consent. If requested, individuals will be sent 

the group notes to check and confirm their accuracy. Themes will be identified from the 

tapes and notes and only general findings will be reported. Consent sheets and pre-interview 

information will be stored separate from group transcriptions to ensure participants’ 

anonymity. Project results will be made available to participants in a variety of formats. All 

data will be collected, used and stored in compliance with the Massey University Code of 

Ethical Conduct. 

 

Participant’s Rights 

You are under no obligation to accept this invitation. If you decide to participate, you have 

the right to: 

• decline to answer any particular question; 

• withdraw from the study at any time before the results are sent for publication; 

• ask any questions about the study at any time during participation; 

• provide information on the understanding that your name will not be used unless you 

give permission to the researcher; 

• ask for the audio tape to be turned off at any time during the group discussion; 

• be given access to a summary of the project findings when it is concluded. 

 
Project Team 
For further information about the project, please contact: 
 
Dr Sally Potter, GNS Science, P.O. Box 30386, Avalon, Lower Hutt 
Ph: 04 570 4858, S.Potter@gns.cri.nz 
 
Dr Kate Crowley, NIWA, 301 Evans Bay Parade, Greta Point, Wellington 
Ph: 04 386 0833, Kate.Crowley@niwa.co.nz 
 
Miles Crawford, Joint Centre for Disaster Research, Massey University, PO Box 756, 
Wellington  
Ph: 04 979 3704, m.crawford1@massey.ac.nz 
 
Project Evaluation 
This project has been evaluated by peer review and judged to be low risk. Consequently, it 
has not been reviewed by one of the University’s Human Ethics Committees. The 
researcher(s) named above are responsible for the ethical conduct of this research. 
 
If you have any concerns about the conduct of this research that you wish to raise with 
someone other than the researcher(s), please contact Professor John O’Neill, Director 
(Research Ethics), Massey University, telephone 06 350 5249, email 
humanethics@massey.ac.nz 
 
 
  

mailto:S.Potter@gns.cri.nz
mailto:Kate.Crowley@niwa.co.nz
mailto:m.crawford1@massey.ac.nz
mailto:humanethics@massey.ac.nz
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Appendix D: Phase 2 information sheet 
 

 

 

 

Joint Centre for Disaster Research, Massey University/GNS Science, PO Box 756, Wellington 

6140 

Communicating Natural Hazard Risk Interviews 

INFORMATION SHEET 

 

Introduction 

The purpose of this research is to interview local government practitioners involved with 

natural hazard risk management about their views and experiences on models for 

communicating natural hazard risk. The interviews will be undertaken by Miles Crawford, as 

part of his PhD research on disaster risk management completed through the Joint Centre 

for Disaster Research.  

The aims of the interviews are to: 

1. Review local government natural hazard risk management policy and procedure for 

where participants see the barriers are for its use and development, as well as what 

enablers there are. 

2. Introduce risk modelling (using RiskScape risk modelling software) to evoke thoughts 

and feelings on what participants think of the tsunami risk and whether they think risk 

modelling can better communicate tsunami risk to influence decision maker 

perceptions, and willingness to engage in improved policy and procedure.  

The findings from the research will be used to better understand how risk informs natural 

hazard management, and will be used in conjunction with other research projects to 

recommend a way forward for local government natural hazard risk management policy and 

procedure.  

Participant Recruitment and Involvement 

This research will be conducted via semi-structured, qualitative interviews conducted with 

participants in the Wellington, Hawkes bay and Gisborne regions at times, dates and venues 

previously agreed with local government liaisons for each region. The purpose and benefits 

of participating in the research will be introduced with each liaison before the interviews via 

email and telephone conversations, encouraging them to include participants across wider 

hazard management roles within the council. The interviews will be one-to-one, and will take 

approximately one and a half hours. Participants must be 18 years of age or over and can 
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choose how they would like to be identified in the research findings, or can remain 

anonymous. 

Project Procedures 

Before each interview participants will be given a brief introduction on the interview’s 

purpose, provided with a further information sheet, reminded of their participant rights, and 

asked to sign a participant consent form. Data will be captured through dictaphone 

recordings and analysed thematically, based on content analysis. Themes derived from the 

analysis will be shared with all participants soon after the interviews; ensuring the research 

and approach remains current. 

Participant’s Rights 

You are under no obligation to accept this invitation. If you decide to participate, you have 

the right to: 

• decline to answer any particular question; 

• withdraw from the study at any time before the results are sent for publication; 

• ask any questions about the study at any time during participation; 

• provide information on the understanding that your name will not be used unless you 

give permission to the researcher; 

• ask for the audio tape to be turned off at any time during the interviews; 

• be given access to a summary of the project findings when it is concluded. 

 

Project Team 

For further information about the project, please contact: 

• Miles Crawford, Joint Centre for Disaster Research, Massey University, PO Box 756, 

Wellington, Ph: 04 979 3704, m.crawford1@massey.ac.nz 

 

Project Ethics Evaluation 

This research has been evaluated by peer review and judged to be low risk.  Consequently, it 

has not been reviewed by one of the University’s Human Ethics Committees.  The 

researcher(s) named above are responsible for the ethical conduct of this research. 

If you have any concerns about the conduct of this research that you wish to raise with 

someone other than the researcher(s), please contact Dr Brian Finch, Director, Research 

Ethics, telephone 06 356 9099 x 86015, email humanethics@massey.ac.nz 

 

  

mailto:m.crawford1@massey.ac.nz
mailto:humanethics@massey.ac.nz
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Appendix E: Natural hazard policy documents included in document 

analysis for Manuscript 3 
 

1  Resource Management Act 1991 

2  Building Act 2004 

3  Civil Defence Emergency Management Act 2002 

4  Local Government Act 2002  

5  Environment Act 1986 

6  Local Government Official Information and Meetings Act 1987  

7  New Zealand Coastal Policy Statement 2010  

8  National Civil Defence Emergency Management Plan Order 2015 

9  Department of Internal Affairs (2008) National Civil Defence Emergency 

Management Strategy 

10  Building Regulations 1992 

11  MCDEM (2016) National Tsunami Advisory and Warning Supporting Plan [SP 

01/16] 

12  MCDEM (2015) CDEM Group Planning – Director’s Guideline for Civil Defence 

Emergency Management Groups [DGL 09/15] 

13  MCDEM. (2019). National Disaster Resilience Strategy – Rautaki ā-Motu 

Manawaroa Aituā. Wellington: Ministry of Civil Defence & Emergency 

Management, April 2019. ISBN: 978-0-478-43523-8 

14  Hawke’s Bay Regional Council (2006) Hawke’s Bay Regional Resource 

Management Plan including the Regional Policy Statement (RPS). 

15  Hawke’s Bay Emergency Management Group (2016) Group Plan 2014–2019. 

Hawke’s Bay Civil Defence Emergency Management. (Approved 20 June 2014. 

Updated as at 22 April 2016.) 

16  Hawke’s Bay Regional Council (2014) Hawke's Bay Regional Coastal Environment 

Plan.  
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17  Hawke’s Bay Regional Council, Napier City Council, Hastings District Council 

(TBC) Clifton to Tangoio Coastal Hazards Strategy 2120 

18  Hawke’s Bay Regional Council (2011) Strategic Plan 

19  Hawke’s Bay Regional Council (2011) Long Term Plan 2012–2022 

20  Gisborne District Council (2013) Gisborne CDEM Group Tsunami Contingency 

Plan 

21  Gisborne District Council (2016) Tairawhiti Civil Defence Emergency Management 

Group Plan 2016–2021 

22  Tairāwhiti Resource Management Plan 2017 – Part B - Regional Policy Statement 

23  Tairāwhiti Resource Management Plan 2017 – Region Wide Provisions 

24  Gisborne District Council (2015) Tairāwhiti First! 2015–2025 Long Term Plan 

25  Gisborne District Council Hazard Risk Profile 2015 

26  Wellington Region Emergency Management Group (2013) Wellington Region Civil 

Defence Emergency Management Group Plan 2013–2018 

27  Wellington CDEM Group Distant Source Evacuation Plan 

28  Greater Wellington Regional Council (2013) Regional Policy Statement for the 

Wellington Region 

29  Greater Wellington Regional Council (2000) Regional Coastal Plan for the 

Wellington Region 

30  Greater Wellington Regional Council (2004) Wairarapa Coastal Strategy 

31  Napier City Council (2015) Napier City Council Long Term Plan 2015–2025 

32  Napier City Council (2011) City of Napier District Plan Chapter 62 Natural Hazards 

33  Napier City Council (2011) Safer Napier Policy 

34  Napier City Council (2016) 2016/17 Annual Plan 

35  Central Hawke’s Bay District Council (2015) Long Term Plan 2015–2025 

36  Central Hawke’s Bay District Council (2003) Central Hawke’s Bay District Plan 

37  Hastings District Council (2015) Proposed Hastings District Plan  
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38  Hastings District Council (2012) Hastings District Plan 

39  Hastings District Council (2000) Hastings Coastal Environment Strategy Technical 

Paper #4  

40  Hastings District Council  Hastings Coastal Environment Strategy (in HDC 2015 

proposed plan) 

41  Hastings District Council (2014)  Local Governance Statement 

42  Hastings District Council (2013) Waimarama Community Plan 

43  Hastings District Council (2015) Long Term Plan 2015–25 

44  Hastings District Council (2016) Annual Plan 2016–2017 

45  Wairoa District Council (2005) Wairoa District Plan 

46  Wairoa District Council (2014) Significance & Engagement Policy 

47  Wairoa District Council (2004) Wairoa Coastal Strategy 

48  Wairoa District Council (2015) 2015–2025 Long Term Plan (LTP) 

49  Wairoa District Council (2016) Wairoa District Council Annual Plan 2017/18 

50  Hutt City (2015) Long Term Plan 2015–2025 

51  Hutt City (2016) Annual Plan for 2016–2017 

52  Hutt City (2016) City of Lower Hutt District Plan 

53  Wellington City Council (2017) District Plan 

54  Wellington City Council (2015)  Long-term Plan 2015–25 

55  Wellington City Council (2015) Annual Plan 2016/17 

56  Wellington City Council (2016) 100 Resilient Cities Preliminary Resilience 

Assessment 

57  Wellington City Council (2011) Towards 2040: Smart Capital Strategy 

58  Wellington City Council (2014)  Draft Wellington Urban Growth Plan 2014–2043 
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Appendix F: Certificate of regulatory compliance  
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Appendix G: Statement of contribution – Chapter 4 
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Appendix H: Statement of contribution – Chapter 5 
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Appendix I: Statement of contribution – Chapter 6 
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Appendix J: Statement of contribution – Chapter 7 
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Appendix K: Copyright form and declaration confirming content of digital 

version of thesis 

 




