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Chapter Two provides a background on EWSs and IFW systems and the 
associated data  needs for IFWs. Further background of the NZ hydrometeorological 
hazardscape, hydrometeorological warning system, and emergency management 
sector is provided for context.  

Chapter Three  presents the research design, which covers the overarching 
research philosophy and chosen methods used for primary data collection and 
analysis.  

Chapter Four  presents the initial results from the data collection methods, and 
overarching findings from the Grounded Theory analysis, where the key themes and 
phenomena of this doctoral study are identified.  

Chapter Five , the first paper  (i.e., journal article) , presents a literature review to 
explore the role of Volunteered Geographic Information (VGI) for EWSs.  

Chapter Six, the second paper, investigates the data uses and gaps for IFWs to 
determine how hazard, impact, vulnerability, and exposure (HIVE) data are used in an 
IFW system, and to identify gaps in the data that need to be addressed in order to 
effectively implemen t an IFW system.  

Chapter Seven, the third paper, identifies existing and potential sources of HIVE 
data in New Zealand that can support IFW systems. Inhibitors and facilitators to 
collecting these data are also discussed.  

Chapter Eight , the fourth paper,  delves into issues of data governance and 
access for HIVE data and identifies opportunities for improving data governance and 
acquisition.  

Chapter Nine  integrates the results of each manuscript together around the core 
category that was identified in the  Grounded Theory analysis.  

Chapter Ten  concludes the thesis by returning to the research questions and 
objectives  of the research and identifying the significance, impacts, limitations of this 
doctoral research, and areas for future research.  

1.5 Chapter Summary  

This chapter outlined the re search problem and the structure of this doctoral 
thesis research. It began by introducing the role of the researcher in this study, 
motivations for the broader body of work, and the research background. From there, 
the research problem describing the need  for Impact Forecasts and Warnings and 
their supporting data was outlined. The research question was presented, along with 
objectives for answering the research question. The outline of the thesis was then 
presented with a summary of each chapter. 
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Figure 2.1. Four opera tional components of an Early Warning System (Harrison et al., 
2020 adapted from Basher, 2006; Golnaraghi, 2012; WMO, 2018) . 

2.1.1 Severe Weather Early Warning Systems 

In the context of EWSs for hydrometeorological hazards, National 
Meteorological and Hydrologic al Services (NMHSs) are often responsible for 
monitoring, detecting, and forecasting the hazards  (WMO, 2015) . In many countries , 
hydrological services and meteorological services are provided  by separate national  
or regional  agencies (Golnaraghi, 2012) . Simultaneously, Emergency Management 
(EM) agencies, or Civil Defence and Emergency Management (CDEM) Groups in NZ, 
are typically responsible for managing risks and emergency preparedness and 
response by conducting risk assessments and building mitigation, preparedness and 
response plans, etc.  (Golnaraghi, 2012; WMO, 2015) . These agencies and other  
sector-specific agencies, often  monitor and document the impacts of hazards across 
sectors, such as health, agriculture, infrastructure, water resourc e management, and 
transportation (Golnaraghi, 2012) .  

Golding et al. (2019) outlined the Warning Value Chain  concept  for representing 
the information flow  amongst actors in the warning chain for designing and operating 
hydrometeorological warnings.  This Warning Value Chain provides a conceptual basis 
for understanding the flow of information from detection through to warning delivery. 
The Warning Value Chain consists of six components: (1) Observation, Monitoring, 
and Detection; (2) Weather  Forecasting; (3) Hazard Forecasting; (4) Impact 
Forecasting; (5) Warning;  and (6) Decision /Action. These components are 
summarised in Table 2.1, and a more detailed description and analysis of the Warning 
Value Chain is provided in Chapter Six (Harrison et al., 2022). 
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Risk matrices have some shortcomings that can limit their effectiveness. Their 
low resolution (i.e., the small number of colours and rating levels) can result in 
assigning identical risk ratings to different risks (Cox, 2008, p. 506). For example, a low 
impact -medium likelihood event may be assigned the sam e level of risk as a medium 
impact -low likelihood event using the risk matrix presented by Neal et al. (2014). This 
can potentially lead audiences to take inadequate protective actions against medium 
impacts or take overly protective actions against low im pacts. Furthermore, t he risk 
matrix is usually built on predefined impact thresholds resulting from a hazard  (Neal 
et al., 2014; Sai et al., 2018), and thus does not include dynamic exposure and 
vulnerability and may not apply to all audiences (WMO, 2015) . It is important to 
account for dynamic exposure and vulnerability and to design the matrices to suit 
various audiences to convey the level of risk more accurately. For example, different 
parts of a country might have different impact thresholds to the sam e hazard due to 
underlying vulnerability and exposure (Neal et al., 2014). It is important to consider 
these underlying conditions and ensure that the risk matrix reflects these different 
threshold s. Discussions with partners and stakeholders can inform th e design of risk 
matrices and the overall design of an IFW system, to account for these variances in 
exposure, vulnerability, and warning audiences (WMO, 2015) .  

As previously described in Section 2.1, interagency communication is critical for 
integrated EWSs and decision -making in disaster response (Doyle & Paton, 2017; 
Garcia & Fearnley, 2012; Golnaraghi, 2012) . Agencies involved in disaster response 
require both access to scientific data and a sufficient understanding of these data for 
rapid decision -making (Paton et al., 1999). Inter-agency networks have proven to fulfil  
this need (Paton et al., 1999). For example, during the 2012 Tongariro v olcanic 
eruption crisis  in NZ, interagency communication was essential for supporting a 
coordinated response to, and communication process of, the associated hazards and 
impacts (Leonard et al., 2014) . Furthermore, the even t revealed a critical 
communication gap between the health sector and the response and science sectors 
and provided an opportunity to bridge this gap (Leonard et al., 2014) . Learning from 
events such as this indicate that interagency communication and coll aboration 
supported through developing p artnerships are key for hydrometeorological IFW  
systems such that knowledge of impacts, vulnerability, and exposure can be shared 
across agencies to inform the warning thresholds, warning messages, and responses 
(Hemingway & Gunawan, 2018; Kox, Kempf, et al., 2018) .  

Examples of agencies that possess the information and knowledge needed for 
IFWs and thus needed to build p artnerships and collaborations  for IFWs were 
consolidated from the literature and are summarised i n Table 2.3. As mentioned 
earlier, when meteorologists create forecasts and warnings, they may not possess 
knowledge of  the vulnerable or exposed populations  and infrastructure (Hemingway 
& Gunawan, 2018; Kox, Kempf, et al., 2018) . However, insurance/re -insurance 
companies often systematically collect this information, and EM agencies often 
conduct hazard and risk assessments to identify areas at risk or exposed to different 
hazards (Crawford et al., 2018) . Working with local communities and economic sector s 
can help identify the appropriate impact thresholds for the various populations and 
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RiskScape operates on a modular framework, where inputs are exchangeable 
under three modules: the hazard module, the asset module, and the vulnerability 
module (Schmidt et al., 2011) . The hazard module consists of hazard specifications 
such as hazard type, the hazard model (such as a hydraulic inundation model), and 
hazard exposures (such as flood inundation depth and velocity), typically in the form 
of a geospatial layer (Schmidt et al., 2011).  

Inputs for the asset module consist of asset types such as buildings, trees, 
people; asset attributes such as building height, demographics; and asset attribute 
types (Schmidt et al., 2011) . These are all contained in one asset dataset, which can 
also be geospatial (Schmidt et al., 2011).  

The vulnerability module uses a fra gility curve or vulnerability function to relate 
the hazard exposure from the hazard module and the asset data to the resulting 
potential damage (Schmidt et al., 2011). The output of a model like RiskScape is the 
quantification of affected assets and losse s, which can be provided in tabular and/or 
geospatial forms for visualisation (Deligne et al., 2017; Schmidt et al., 2011) . 

Visualisations aid the communication of hydrometeorological warnings, 
including IFWs . Apart from risk modelling, maps can also be cr eated to convey 
exposure and vulnerability. Exposure maps are created by overlaying spatial asset 
layers (e.g., building footprints) with hazard layers (e.g., flood inundation levels), as 
was done by Bell et al. (2016) and Paulik et al. (2020) to map expos ure to floods and 
sea level rise in NZ. Vulnerability maps can also be created using frameworks to 
develop social vulnerability indicators using demographic data (e.g., Census 
population data; Mason et al., 2021) . These indicators can then be visualised on  maps 
for further context and planning, as was done by Mason et al. (2021) for Porirua City 
in New Zealand.  

Maps are also the preferred visualisation method using colours to represent 
warning levels over defined geographic areas (GFDRR, 2016). Amongst oth ers, the UK 
MetOffice ; MeteoAlarm in Europe  (Neal et al., 2014); Meteo Shanghai and the 
Meteorological Administration of Guang dong Province in China ; the Philippine 
Atmospheric, Geophysical and Astronomical Services Administration in the 
Philippines  (Otto et al., 2017); and Instant Weather in Ontario, Canada  use this 
approach to communicate IFWs on maps. These maps can easily communicate 
impacts to the public, as well as sector -specific impacts to stakeholders  (GFDRR, 2016; 
WMO, 2015) .. 
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of the South Pacific Ocean, as well as a series of regular forecasts described in Table 
2.4.  

Table 2.4. Meteorological Forecast and Warning Services provided by the MetService  , taken 
directly from the Meteorological Services Contract (Williamson, 1998. paras. 5-7)2. 

Service Requirements & Responsibilities  
Warnings of 
hazardous 
weather affecting 
land areas 

�x Widespread heavy rain, exceeding 50 mm in 6 hours or 100 mm 
in 24 hours  

�x Widespread heavy snowfalls below 1000 metres [above sea level] 
on the North Island and 500 metres [above sea level] on the 
South Island, exceeding a depth of 10 cm in 6 hours or 25 cm in 
24 hours  

�x Widespread severe gales with a sustained wind speed of 
90 km/hr or more, or frequent gusts of 110 km/hr or more  

�x Heavy coastal swells, according to agreed criteria for certain 
regional authorities  

Basic public 
forecasts 

�x Four short forecasts are issued daily, covering the next two days, 
for all of New Zealand  

�x Two extended short forecasts are issued daily, c overing the 
following three days  

�x Two brief forecasts are issued daily for the mountain areas of New 
Zealand 

Marine forecasts 
and warnings  

�x Warnings of gales, storms, and hurricanes are issued as required 
for the Tasman Sea and a large part of the South Pacific Ocean, 
extending halfway to South America, and from latitude 25 ºS to 
55ºS (roughly 6% of the world's oceans)  

�x Twice daily synopses and forecasts are issued for the same area  
�x Four times daily detailed marine warnings and forecasts are 

issued for the coastal waters of New Zealand (up to 100 km from 
the coast) and the Chatham Islands (the precise areas covered for 
these coastal services are as specified in the New Zealand 
Nautical Almanac)  

�x Warnings of near gales (25 to 33 knots) are issued as r equired for 
the Auckland marine area - Manukau and Waitemata harbours 
and the Hauraki Gulf south of a line from Cape Colville to Bream 
Head.  

�x Four times daily, marine forecasts are issued for the Auckland 
marine area, Wellington Harbour and south coast, fo r inshore 
waters from Waitarere to Pukerua Bay, and for Pegasus Bay from 
the mouth of the Waimakariri River to Lyttelton Harbour  

�x MetService operates a radio -facsimile service broadcasting 
marine weather charts over the Pacific Ocean south of the 
equator  

 

  

 
2 Over the last 20 years since signing the Meteorological Services Contract, the r equirements 
in this contract have been expanded. However, the current Commercial Contract cannot be 
shared publicly. Examples of such expansions are the introduction of thunderstorm warnings, 
and an increase in the number of inshore marine forecasts.  
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Table 2.5. The thresholds as defined by the MetService  for its Severe Weather Watches, Severe 
Weather Warnings, Severe Thunderstorm Warnings, Road Snowfall Warnings, and Heavy Swell 
Warnings (taken directly from MetS ervice, 2021c). 

Watch or Warning  Thresholds  
Severe Weather 
Watch 

�x After the next 24 hours but within 48 -72 hours, or  
�x If there is a high level of uncertainty within the next 24 hours.  

Severe Weather 
Warning  

�x Widespread 3 rainfall greater than 50  mm within 6 hours or 
100 mm within 24 hours;  

�x Widespread snowfall below 1000 m [above sea level] on the 
North Island, South Canterbury or Otago - or below 500 m [above 
sea level] elsewhere on the South Island with a snow depth of 10 
cm within 6 hours or 25 cm within 24 hours;  

�x Widespread severe gales with a minimum mean speed of 
90 km/h or frequent gusts exceeding 110km/h.  

Severe 
Thunderstorm 
Warning  

�x Heavy rain from thunderstorms of 25mm/h or more.  
�x Large hail of 20mm diameter or more.  
�x Strong wind gusts from thunderstorms of 110km/h (60 knots) or 

more.  
�x Damaging tornadoes with wind speeds more than 116  km/h 

(63 knots) (i.e., Fujita F1 or stronger).  
Road Snowfall 
Warning  

�x For Napier -Taupo Road (SH5), Desert Road (SH1), Remutaka Hill 
Road (SH2), Lewis Pass (SH7), Arthur's Pass (SH73), Porters Pass 
(SH73), Haast Pass (SH6), Lindis Pass (SH8), Crown Range Road, 
Milford Road (SH94) or Dunedin to Waitati Highway (SH1).  

�x Whenever there is a l ikelihood of snow settling on one or more of 
those roads within the next 24 hours.  

Heavy Swell 
Warning  

�x The Wellington South Coast:  
�x Swell height of 4  m or more from the S or SE with a long period of 

14 seconds  or more  
�x Combined waves of 6m or more from the S or SE with a long 

period of 14  seconds  or more  
 

A Warning is issued when MetService  forecasters are confident about what will 
happen and where, and that any of the thresholds listed in Table 2.5 will be met by 
the weather conditions in the next 24 hours (MetService, 2021c). Warnings are usually 
issued within 1 -2 days of the potential sev ere weather (MetService, 2019b) . When a 
Warning is issued, the MetService instructs recipients to act, prepare for disruptions, 
and follow the advice of local authorities if the impacts are expected to be significant.  

The MetService issues a Severe Thunderstorm Warning when one or more of the 
Severe Thunderstorm Warning criteria listed in Table 2.5 are met (MetService, 2021c) 
(MetService, 2021c). The MetService further notes that tornadic systems such as funnel 
clouds, waterspouts, and land -based tornadoes  are possible with thunderstorms that 
they have not classified as severe. The MetService does not currently issue any specific 
tornado warnings due to difficulties in detecting and forecasting for them (e.g., Franks, 
2021), however tornadoes may be signall ed as a threat in a Thunderstorm Warning 
issued for other phenomena including heavy rain, damaging winds or large hail.  

 
3 "Widespread" means over an area of 1,000 square kilometres or more (MetService, 2021c).  
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Figure 2.6 Map of the 16 CDEM Groups in New Zealand with their respective group 
members , which consist of regional, city, and district councils. Source: NEMA.  

During emergency response, the CDEM Group is primarily responsible for 
coordinating response activities. One key task to support this role is collecting, 
analysing, and disseminating information to the public and stakeholders (e.g., 
Auckland Emergency Mana gement, 2016; Emergency Management Southland, 
2017). This facilitates effective leadership and decision -making, efficient and accurate 
communication with the public and stakeholders, and situational awareness for 
response personnel (e.g., Auckland Emergenc y Management, 2016; Emergency 
Management Southland, 2017) . 

2.5 Chapter Summary 

This chapter provided (1) a literature review of hydrometeorological EWSs and 
their associated challenges and shortcomings, IFW systems and how they have been 
proposed to address th e shortcomings of traditional hydrometeorological EWSs, (2) 
the relevance of this research to the Sendai Framework, and (3) the context of NZ 
hydrometeorological hazards, EWSs, and emergency management.  

The literature review indicates that IFWs may improv e the communication of 
hydrometeorological hazards and their impacts, and thus may allow warning 
audiences to make informed decisions and take appropriate protective action. IFWs 
differ from traditional hydrometeorological warnings by incorporating knowled ge of 
impacts, vulnerability, and exposure into the decision -making process for issuing 
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�x Objective 2.3: Identify further data  gaps/needs for implementing IFWs.  
�x Objective 3.1: Identify the creators, collectors, and users of HIVE data that are 

relevant to severe weather IFWs .  
�x Objective 3.2: Identify the inhibitors and facilitators to collecting and using 

these data, to support the implementation of an IFW system in New Zealand 
for severe weather hazards . 

�x Objective 4.1: Identify and understand the governance and acquisition 
process for HIVE data for severe weather hazards in New Zealand.  

�x Objective 4.2: To support efforts to fulfil the Sendai Framework priorities 
around disaster data access.  

�x Objective 4.3: To support the implementation of a severe weather IFW 
system. 

�x Objective 5.1: To identify the required partnerships and collaborations 
required for IFW systems.  

�x Objective  5.2: To identify existing partnerships and collaboration in NZ that 
can support IFW systems.  

�x Objective 5.3: To outline a path forward for nurturing partnerships and 
collaboration for IFW systems.  

Achieving these objectives involved identifying and intera cting with the 
creators, users, sharers, and custodians of these data for the purpose of  
understand ing  current challenges with first collecting, using, sharing, and maintaining 
the data, and second, using it for an IFW system in New Zealand. A qualitative research 
approach  was chosen for this study as it met the needs of this research by allowing  for 
the development of a deeper understanding of the reasons behind processes leading 
to data collection, use, sharing, maint enance, and its applicability for IFW systems 
(Creswell, 2003). Qualitative research in IS employs several research strategies which 
will be described next. The most suitable research strategy for this study  is also 
selected.  

3.2.2 Research Strategy 

Meeting the research objectives required engaging with  the issuers of severe 
weather  warning s, and the users of hazard, impact, vulnerability, and exposure data . 
The most suitable  research strategies  for this kind of engagement  in Pragmatic IS 
research for this study  were Action Research, Design Science Research, Practical 
Inquiry, Case Study, and Grounded Theory  (Darke, Shanks, Broadbent, Gartner, & 
Pacific, 1998; Goldkuhl, 2008a, 2008b; Iivari & Venable, 2009; Peffers, Tuunanen, 
Rothenberger, & Chatterjee, 2007) . These research strategies are summarised in  
Table 3.2. For a more in-depth description of the research strategies wit h references 
to the supporting literature, please see  Appendix C.  The following section provide s 
an analysis of the benefits and limitations of each strategy in the context of this 
research, from which the most suitable strategy is selected.  
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Action Research (AR) is an applicable research strategy for this study. However, 
true AR with the completion of all phases was not feasible due to time and funding 
constraints that come with a PhD study. These limitations also apply to Practical Inquiry 
Research. It may also be difficult to apply the knowledge  generated from Practical 
Inquiry  to general practice across NZ, and outside of NZ. This is because, as was 
discovered in the preliminary interviews with EM officials across NZ, the warning 
system is not consistent across the country, and each CDEM Group  has their own 
approach to issuing warnings (Ministry of Civil Defence and Emergency Management, 
n.d.). Thus, the knowledge contribution will likely be to local practice, rather than 
general prac tice. As such, it was determined that Action Research and Practical Inquiry 
were not suitable for this research.   

The key objective of Design Science Research (DSR) is to develop an artefact to 
solve organisational problems (Hevner et al., 2004). Artifacts  include constructs, 
models, methods, instantiation, social innovations, or new resource properties (Aken, 
2004; Hevner et al., 2004). The objective of this study was not to design an artefact, 
thus DSR was deemed not suitable for this study.  

The Case Study research strategy offers flexibility whilst also enabling in -depth 
understanding of the study case. Traditional case studies have been limited by 
geography and time, such as an event that occurred, or an agency/agencies (e.g., 
Ehnis, 2018; Yates & Paquette, 2011)  The Case Study research strategy was not the 
most appropriate strategy for this PhD research because of the wide range of actors 
and organisations involved in hydrometeorological warnings and HIVE data collection 
in New Zealand. HIVE data are collected and used by various stakeholders, such as 
meteorological services, emergency management groups, risk modellers, 
researchers, etc. Case studies would not have captured a wide enough range of 
perspectives for this study.  

Grounded Theory (GT), the process of building a theory by systematically 
gathering and analysing data through the lens of the researcher (Chun Tie et al., 2019), 
has become a widely used research strategy in IS research (Urquhart & Fernández, 
2016; Wiesche  et al., 2017). As an exploratory strategy, GT is particularly useful for 
research on areas with little to no prior research and where theory building is needed 
or desired (Fernandez, 2005; Lehmann, 2010) . The field of IS research has been 
criticised for l acking theories developed within the IS context (Weber, 1987, 2003) , 
due to the rapid development and evolution of information technologies (Weber, 
1987, 2003). As such, GT has been identified as a viable approach for developing IS -
based theories (Urquhart  et al., 2010). Yet, while many IS research studies have 
claimed to use GT, they have been criticised for incorrectly labelling the study as a GT 
study when the GT was not fully utilised, and for failing to develop any theories 
(Urquhart & Fernández, 2016;  Wiesche et al., 2017). Therefore, when GT is said to be 
applied for IS research, the researcher must ensure that they explicitly state how they 
used GT, whether for data analysis (in which case, the full methodology is not applied), 
or for data planning, collection, and analysis (i.e., the full GT is used) (Urquhart et al., 
2010).
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challenges and benefits, requirements for implementation); what kind of impact, 
vulnerability, and/or exposure data they use, why, and how; the life path of the data 
(e.g. how it is obtained, used, stored, what happens to it after its intended use), 
experienced and/or perceived challenges with obtaining the required data for IFWs 
and other uses; thoughts on collecting and using alternative data sources (e.g. social 
media and crowdsourcing) to address  their challenges (if they identified any). See 
Appendix D  for the interview questions. The interviews were transcribed verbatim for 
subsequent analysis. 

3.3.2 Workshops 

Workshops were conducted in the second stage of data collection to diversify 
the qualitative  dataset and to triangulate the research findings (Corbin & Strauss, 
2015; Gibson, 2007) . Workshops were chosen to capture a wider coverage of 
participants with diverse perspective for facilitating co -creation of knowledge (e.g., 
Belanger, 2012; Henriksen et al., 2018; Potter et al., 2021) . Furthermore, nurturing 
partnerships and engaging with stakeholders is an important process for the 
successful implementation of IFWs (Hemingway & Gunawan, 2018; WMO, 2015) , and 
workshops were deemed an effective method f or stakeholder engagement and 
nurturing partnerships.  

3.3.2.1 Virtual Workshop Methods  

The workshops were held  virtually due to COVID -19 concerns. From 12 to 30 
August 2020, Auckland went into Alert Level 3 6 (partial lockdown), and the rest of the 
country moved from Alert Level 1 to Alert Level 2, introducing physical distancing 
measures. From 30 August to 7 Octo ber 2020 Auckland was in Alert Level 2, while the 
rest of the country moved back to Alert Level 1 on 21 September 2020. On 7 October 
2020, Auckland moved back to Alert Level 1 with the rest of the country. Due to the 
uncertainty around the changing COVID -19 Alert Levels and concerns with traveling 
across the country, the workshops were held virtually over Microsoft Teams.  

The web-based whiteboarding platform, Mural 7, was used to facilitate  the 
workshop. A virtual whiteboard was mapped out with specific questions and activities 
for the participants to navigate and interact with. Prior to the day of the workshop, 
participants were provided with training resources to become familiar with the M ural 
platform. Workshop questions and activities are available in Appendix E.  

Participants were asked to provide feedback on the impact, vulnerability, and 
exposure data framework that resulted from the interviews. They were then asked to 
identify data req uirements and sources for IFWs from the perspective of their roles 
and agencies. The third activity requested the participants to identify 1 -2 
datasets/data sources that are important and outline the life track of the data, and to 

 
6 The New Zealand government implemented a 4 -level COVID-19 alert level system to inform 
the population on what measures are needed to reduce the spread of the virus 
(https://covid19.govt.nz/about -our-covid -19-response/history -of-the-covid -19-alert-system/). 
7 https://www.mural.co/   
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Table 3.6. Interviewee codes.  

Interviewee Code  Position Classification Location  Government 
Level 

Agriculture/Rural NZ. A  Agriculture policy coordina tor  Agriculture/Rural  NZ National  
Data Management Gov. NZ. 
Nat. A 

Senior Resilience Advisor  Data Management  NZ National  

Data Management Private NZ. 
B 

Geospatial Specialist  Data Management  NZ   

Data Management Research 
NZ. C 

GIS Specialist Data Management  NZ   

Data Management Private NZ. 
D 

GIS Specialist Data Management  NZ   

Data Management Gov. NZ. 
Nat. E 

Head of Data  Data Management; Governance  NZ National  

EM. NZ. Reg. A Director  Emergency Management  NZ Regional  
EM. NZ. Reg. B Controller  Emergency Management  NZ Regional  
EM. NZ. Reg. C Controller  Emergency Management  NZ Regional  
EM. NZ. Reg. D Principal Science Advisor  Emergency Management  NZ Regional  
EM. NZ. Reg. E Principal Advisor Strategy and 

Partnerships 
Emergency Management  NZ Regional  

EM. NZ. Reg. F GIS Lead Emergency Management; Data 
Management  

NZ Regional  

EM. Gov. NZ. Nat. G Senior Hazard Risk Management 
Advisor  

Emergency Management; 
Governance  

NZ National  

EM. NZ. Reg. H Emergency Management Advisor  Emergency Management  NZ Regional  
EM. NZ. Nat. I First Responder Emergency Management  NZ National  
EM. Gov. NZ. Nat. J National Operations Manager  Emergency Management; 

Governance  
NZ National  

EM. NZ. Reg. K Regional Manager  Emergency Management  NZ Regional  
EM. NZ. Reg. L Emergency Management Advisor  Emergency Management  NZ Regional  
EM. NZ. Reg. M Group Controller  Emergency Management  NZ Regional  
Health NZ. Reg. A Respiratory Doctor  Public Health  NZ Regional  
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Interviewee Code  Position Classification Location  Government 
Level 

Hyd. Gov. NZ. Reg. A Flood EWS Programme manager  Hydrology; Governance  NZ Regional  
Lifelines NZ. Reg. A Civil Engineer  Lifelines NZ Regional  
Loss Modelling Research NZ. A Economist  Loss Modelling; Research  NZ   
Met. Int. A  Science Manager  Meteorology  International  National  
Met. Int. B National Manager Disaster Mitigation 

Policy 
Meteorology  International  National  

Met. Int. C Senior Policy Officer  Meteorology  International  National  
Met. Int. D Senior Social Scientist Meteorology  International  National  
Met. Int. E Consultant Meteorologist  Meteorology  International  National  
Met. NZ. F Senior Meteorologist  Meteorology  NZ National  
Met. NZ. G Communications  Meteorology  NZ National  
Met. NZ. H Public Relations Meteorology  NZ National  
Met. Int. I Division Chief/Meteorologist  Meteorology  International  National  
Met. Research NZ. J Meteorologist  Meteorology; Research  NZ National  
Met. NZ. K Senior Meteorologist  Meteorology  NZ National  
Met. Private NZ. L Head Weather Analyst  Meteorology  NZ   
Risk Modelling NZ. A  Risk Modeller  Risk Modelling  NZ National  
Risk Modelling NZ. B  Risk Modeller  Risk Modelling  NZ National  
Risk Modelling NZ. C  Risk Modeller  Risk Modelling  NZ National  
Risk Modelling NZ. D  Risk Modeller  Risk Modelling  NZ National  
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Figure 4.1. Final image of the populated Mural whiteboard from the Auckland Workshop  on  
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12 October 2020.   
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Figure 4.2. Final image of the populated Mural whiteboard from the Southland Workshop  on  
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3 December 2020.  
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are using mobile phones for population movement, social media, 
crowdsourcing. Data Ventures, a branch of Stats NZ, is playing with mobile 
phone data for  COVID-19 analysis. There is potential to use this data for early 
warning systems as well.  

Exposure is a tricky factor for IFWs. It is (arguably) an important factor for 
defining warning thresholds. But as my MetService forecaster participant 
described, e xposure is different at all scales, and the warnings are not currently 
issued at all scales. So which scale do we pick for the warning thresholds? And 
how can we justify excluding people who may be exposed but don't meet the 
warning criteria, and thus do n ot receive a warning?  

Upon identifying the theme of exposure, the researcher then compared physical 
and social impacts and exposure, which became another memo:  

Memo: Physical vs. Social/Human Impacts and Exposure, Harrison, S., 4 
November 2019:  

As I discovered in my first interview, there's a clear emphasis on the 
physical world when talking about risk and impact data and assessments. The 
focus in New Zealand, to date, has been on capturing the physical impacts of 
hazards, such as earthquakes. This means a lot of emphasis on capturing the 
physical damage to buildings, service utility networks, and key infrastructure. 
There has been minimal attention paid to social impacts, aside from counting 
deaths and injuries. What about traffic delays? Evacuation route s and delays? 
Service outages?  

When talking about data, for the past two interviews, much of the focus 
was on assets of buildings, service utilities networks, and key infrastructure. 
Discussion about population exposure is cropping up, though, and there's  a 
clear emerging shift in the direction of risk and impact modelling towards 
modelling social impacts. But what are social impacts? It could be service 
outages and their effect on how people live their day -to-day lives, it could be 
evacuation routes and b ehaviours, traffic delays, etc.  

What kind of impacts are we interested in for impact -based warnings? Just 
physical? or social as well? 

This led the researcher to attempt to identify sources of social/human impacts 
and exposure in subsequent interviews, whe reby Wellbeing surveys/welfare 
assessments were identified as a potential source for capturing social/human impacts:  

Memo: Physical vs. Social/Human Impacts and Exposure, Harrison, S., 21 
February 2020:  

Welfare assessments that take place during an event,  as mentioned by the 
participant in Interview 15, are a potential data source for social impacts. 
However, this data contains a lot of personally identifiable information (PII), that 
it is next to impossible to obtain this data. The most that could be obta ined from 
this kind of information is a high -level summary of the results of the assessments, 
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as mentioned by participant from Interview 14 (from MCDEM/NEMA), and 
participant from Interview 15 (regional CDEM).  

In line with these memos, interview questions specifically asked meteorologists 
and emergency management officials about using exposure and vulnerability for 
warnings and collecting exposure and vulnerability data.  

Following interviews with CDEM Groups and meteorologists, diagrams were 
drawn to visua lise the warning and data collection processes described by 
interviewees. For example, Figure 4.3 and Figure 4.4 are diagrams that were drawn 
following interviews with the West Coast CDEM Group and Emergency Management 
Bay of Plenty, respectively, to visualise and understand the severe weather warning 
processes within those groups. Sim ilar diagrams were drawn following interviews with 
the other participating CDEM Groups and meteorological services. These diagrams 
were compared and digitised into a more generalised diagram of the severe weather 
warning chain, shown in Figure 4.5.  

Diagramming was also performed to represent  the data collection and use 
process in the context of IFWs based on interviews. This resulted in several iterations 
of an impact data framework. For example, Figure 4.6 shows the first iteration of the 
framework drawn on 8 October 2019. At this point, hazard, vulnerability, and exposure 
data were considered out of the scope of this research. Following the emergence of 
the exposure theme as documented in the memo writing, exposure data sets began 
to be identified, as shown in Figure 4.7. In October 2020 after a year of data collection 
via interviews, the  framework became more filled in as shown in Figure 4.8.   

The diagram in Figure 4.8 was presented to the workshop participants for 
feedback and validation. Based on feedback from the workshops and additional 
interviews, the framework was updated again and  presented to the GNS workshop 
participants as shown in Figure 4.9. At this point, uncertainty about forecasting 
impacts was identified in interviews and workshops as a concern for IFWs. It was drawn 
in as an increasing wedge to represent the compounding uncertainty that begins from 
hazard forecast through to the warning. The diagram was also simplified to allow 
workshop participants to focus on key gaps in the framework which were represented 
as dashed lines, where the link from risk modelling to warning remained unclear.  

Further memo writing and comparisons between the warning chain diagram 
and the data framework process diagram were conducted to determine how these 
two frameworks/concepts could be integrated. It was found that the impact data 
process framework focused heavily on the process for collecting and using impact, 
vulnerability, and exposure data for IFWs but excluded the initial stages of the process 
where the hazard is first detected, monitored, and forecasted. However, this hazard 
forecasting component was captured in the warning chain diagrams. Thus, integrating 
the warning chain diagram and the data process framework allowed for 
representation of the hazard forecasting component. This was done using the 
Warning Value Chain concept presented by Golding et al. (2019)  as a guiding 
framework. These results are presented in Chapter Six (Harrison et al., 2022).  
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Figure 4.3. Diagram of West Coast warning process following an interview with the West 
Coast CDEM Group on 22 April 2020.  

 

Figure 4.4. Diagram of the Bay of Plenty severe weather warning process following an 
interview with Emergency Management Bay of Plenty.  
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Figure 4.5. Diagram of severe weather warning chain based on interviews with NZ CDEM Groups and the MetService.  
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Figure 4.6. First iteration of the impact data framework drawn on 8 October 2019  
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Figure 4.7. Second iteration of the impact data framework following the emergence of the exposure theme , drawn on 7 November 2019.  
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Figure 4.8. Data process framework  resulting from the Auckland workshop in October 2020.  
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and used in the Southland workshop in December 2020.  
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