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‘Planning Emergency Levels of Service’ (PELOS) are service delivery goals for infrastructure providers during 
and after an emergency event. These goals could be delivered through the existing infrastructure (e.g., pipes, 
lines, cables), or through other means (trucked water or the provision of generators). This paper describes how 

an operationalised framework of PELOS for the Wellington region, New Zealand was created, alongside the key 
stakeholders. We undertook interviews and workshops with critical infrastructure entities to create the frame- 
work. Through this process we found five themes that informed the context and development of the PELOS 
framework: interdependencies between critical infrastructure, the need to consider the vulnerabilities of some 
community members, emergency planning considerations, stakeholders’ willingness to collaborate on this re- 
search/project and the flexibility/adaptability of the delivery of infrastructure services following a major event. 
These themes are all explored in this paper. This research finds that the understanding of the hazardscape and 
potential outages from hazards is critical and that co-ordination between key stakeholders is essential to create 
such a framework. This paper may be used to inform the production of PELOS frameworks in other localities. 
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. Introduction 

.1. Planning emergency level of service (PELOS) overview 

Many infrastructure providers use the term ‘level of service’ to de-
cribe features of infrastructure, through ‘asset condition, performance
nd other relevant outputs’ Edwards [1] . While the term, and use of lev-
ls of service is well understood in the management of infrastructure,
owll et al. [2] found that there are few examples, internationally, of

tilities publicly stating measurable and timebound levels of service that
re specific to an emergency response or recovery. The work carried out
n the West Coast of the USA [3–5] , which led to the creation of the NIST
uide [6] provide an example of how goals for performance for a city
r state can be articulated, however few other regional or district-wide
xamples can be found. There are examples of standards provided for
mergency- and low-cost environments provided by the World Health
rganization [7] and the Sphere Association [8] , however these are ei-

her exclusively for the water sector only, or cover only some infras-
ructure sectors, and in a way that it most applicable to emergency- and

ow-cost environments. 
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One of the few examples of a publicly available emergency level of
ervice is Wellington Water’s delivery strategy of ‘20 litres per person
er day of drinking water within eight days of a major shock event’
9] . Such a statement demonstrates Wellington Water’s planning inten-
ion (hence the use of the word ‘Planning’), and their goal for delivery
n an emergency. While Wellington Water was able to source informa-
ion from well researched and authoritative sources [ 7 , 8 ] in develop-
ng their level of service, other infrastructure sectors (energy, telecom-
unications and transport) are not rich in publicly stated measurable

nd timebound Planning Emergency Levels of Service (PELOS). Some
rganizations have stated PELOS that are hard to measure due to state-
ents such as “nearly always ”, with one example being from the (provi-

ional) Customer Levels of Service of Waka Kotahi New Zealand Trans-
ort Agency [10] . Another example is to have levels of service that are
seful for the sector, but not necessarily relevant to the end-user, us-
ng network-averaging outage measures such as SAIDI (System Average
nterruption Duration Index) and SAIFI (System Average Interruption
requency Index), where network outages are calculated for electricity
ines distribution companies using formulae to demonstrate the reliabil-
ty of a network (example, Wellington Electricity [11] ). These examples
ay 2023 
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emonstrate that some infrastructure providers have internal measures
hat are useful for their respective sectors, but less relevant to the end-
sers. 

While advances have been made in the measurement of the concept
f ‘community disaster resilience’, the resilience of components of the
ransport network and the quantification of ‘resilience’ [12–14] , work-
ng towards the provision of PELOS can be used to plan for levels of
ervice in a response that provide for the immediate needs of commu-
ities. 

The UNDRR uses the term ‘critical infrastructure’ to define ‘(the)
hysical structures, facilities, networks and other assets which provide
ervices that are essential to the social and economic functioning of a
ommunity or society’ [15] . Most other OECD countries and bodies also
se the term ‘critical infrastructure’ for example the European Union
16] , Australia [17] and the USA [18] . In this paper, the term ‘lifeline
tilities’ is used interchangeably with ‘critical infrastructure entities’.
his is because the former term has been used in New Zealand since the
arly 1990s [19] , and is included in the names of regional organisations
uch as the Wellington Lifelines Group (WeLG). However, the National
mergency Management Agency (NEMA) is consulting (as of August
022) on a potential legislation update that may change the term in
ew Zealand to be ‘critical infrastructure entities’ to bring New Zealand

nto line with international terminology. 
Different countries use different mechanisms to outline the obliga-

ions of the critical infrastructure entities to provide resilience. For ex-
mple, in the USA, the U.S. Department of Homeland Security [20] notes
hat ‘Infrastructure security and resilience programs can be voluntary,
egulatory, or a combination of both. In the United States, voluntary pro-
rams are most common.’ In Australia the legislation is more prescrip-
ive, with the obligations of the critical infrastructure entities stating
hat such entities must ‘have, and comply with, a critical infrastructure
isk management program…’ which must identify, minimize or elimi-
ate or mitigate risks [21] . In New Zealand, the Civil Defence Emergency
anagement Act No 33 [22] states (Clause 60) that: “Every lifeline util-

ty must… ensure that it is able to function to the fullest possible extent,
ven though this may be at a reduced level, during and after an emer-
ency ”. This statement is laudable in its intent but is unmeasurable and
oes not provide key guidance on what critical infrastructure entities
re expected to be able to achieve in terms of risk reduction actions or
n a response to an event. While building codes do provide a basis for
he design of specific buildings or components of infrastructure such as
ridges [23] , they do not provide a system-wide standard for the perfor-
ance of infrastructure, or sector-wide resilience standards as networks

uch as road surfaces and buried pipes generally do not have network-
evel measurable performance targets. This paper outlines the process
aken to develop a preliminary PELOS framework informed by infor-
ation in the literature [2] , into an operationalized PELOS framework,

2] alongside key considerations related to the creation and understand-
ng of PELOS. These considerations are presented as five themes that
ere derived from a series of interviews and workshops, these being: 

• Interdependencies between critical infrastructure sectors; 
• the vulnerabilities of community members to the outages from in-

frastructure failures, including those too old or too young, or oth-
erwise unable to, for example, collect water from 1 km away, and
other community members that will struggle to interface with the
PELOS; 

• the responsibilities, and actions of parties (for example the critical
infrastructure entities) in working with PELOS; 

• the willingness of key parties to collaborate on the creation of the
PELOS framework; and 

• the flexibility/adaptability of the delivery of infrastructure services
following a major event. 

After this introduction and overview of the context, the methodology
or updating the preliminary framework to a operationalized one is cov-
red in Section 2 . The key issues and themes (noted above) are explored
2 
n Section 3 . Discussion points and engagement issues are covered in
ection 4 , with conclusions drawn in Section 5 . 

.2. The wellington region context 

The Wellington Lifelines Group (WeLG) has existed since 1993 and
as run various projects with the critical infrastructure entities on un-
erstanding the risk to the region and the potential impacts of hazard
vents (Wellington Lifelines Group, n.d.), working towards proactive
itigation of risk to infrastructure. The Group includes all the critical

nfrastructure entities working within the Wellington metropolitan area
which is defined in this paper as covering the Kapiti Coast, Porirua City,
pper Hutt City, Hutt City and Wellington City areas – see Fig. 1 ). 

The purpose of the Wellington Region Emergency Management Of-
ce (WREMO), amongst other objectives, is to create a space where
ollaborative emergency planning can be carried out between the key
takeholders in the region, including the councils, emergency services,
entral government, mana whenua (local M āori, the indigenous peoples
f New Zealand), the critical infrastructure entities and the community.

Through past studies, the risk of, and representative outages from,
 major hazard event impacting the Wellington region are relatively
ell understood [24–26] . The aforementioned studies focus on a ma-

or earthquake impacting the region (for the 2019 study, specifically a
upture of the Wellington fault), although the [27] lists the five top haz-
rds impacting the region as pandemic, earthquakes, flooding, tsunami
nd storms. As will be seen, some stakeholders consider the Wellington
ault to be representative hazard, which usefully provides a ‘worst case’
cenario for analysis and planning. 

While these reports have improved the understanding of risk, only
he WeLG Programme Business Case [26] contains a proactive plan for
ong-term risk reduction. While providing excellent information, the
bove documents do not directly inform response and recovery inten-
ions or planning for the region. In order to address this, a plan to
reate PELOS was included in the WREMO ‘Group Plan’ [27] , in or-
er to give all utilities a consistent basis for planning immediate re-
ponse and early recovery activities following a major event. The cre-
tion of PELOS by critical infrastructure entities was intended, through
he WeLG/WREMO project to demonstrate the intentions of individual
nfrastructure providers in an emergency to three key sets of stakehold-
rs: the other critical infrastructure entities, the emergency management
ector (to aid planning for emergencies) and finally to the members of
he community, (to aid transparency of levels of infrastructure vulnera-
ility). 

At a national level, the National Emergency Management Agency
NEMA) “provides leadership in reducing risk, being ready for, respond-
ng to and recovering from emergencies ” [28] in New Zealand. One ma-
or task carried out by NEMA during 2021 and 2022 was to work on
n update of New Zealand’s emergency management legislation [22] .
s noted above, the CDEM Act is relatively non-specific in what level
f resilience should be achievable by critical infrastructure entities, or
heir assets. One aspect, relevant to this research/project, was that one
f the changes consulted on by NEMA for an update of the Act was that

lifeline utilities must publicly state their PELOS’. This consultation com-
enced just before the research interviews commenced, making partici-
ants mindful of a potential legislative change regarding PELOS. The po-
ential impact of this aspect on this research is discussed in Section 3.4 .

. Creating a PELOS framework: methodology and process 

.1. Research philosophy 

Action research is a methodology used by practitioners to investigate
n aspect of their work, within their colleague group. It is seen as a
iving process, generating knowledge from experiences. McNiff [29] sees
hat action researcher/practitioners work in environments with other
ractitioners in which negotiation is required to progress, and where
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Fig. 1. - Local councils comprising the Wellington region, New Zealand. 
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earning (for both researcher and practitioners) is therefore created. The
ction research methodology was a clear fit for this research and has
een the one taken. Comments on the appropriateness of this approach
re made in Section 4.5 . 

This research draws on 29 in-depth interviews carried out for this
esearch, held between September 2021 and May 2022, and from a
orkshop carried out in May 2022. Interviews carried out for this re-

earch/project were carried out with staff who work for critical infras-
ructure entities, who have knowledge of both how utilities function and
f how these functions interface with emergency management (through
he risk reduction, readiness, response, and recovery phases), and with
mergency management professionals. The critical infrastructure inter-
iewees were spread across the four (as listed in the Civil Defence Emer-
ency Management Act No 33 [22] ) sectors of energy, telecommunica-
ions, transport and water. The lead author holds working relationships
ith the relevant organizations, again matching the action research
ethodology. Details of the interviews and analysis methods are given

n Sections 2.4 and 2.4.2 . 
This research was approved by the Massey University Human Ethics

ommittee (Ethical Approval SOA 21/40). 

.2. Process taken to create the PELOS framework 

The process taken in creating a PELOS framework in the Wellington
egion is summarized in Fig. 2 . The bands across the diagram (prelimi-
ary work, engagement, decision-making, finalization and release) are
aken as the main headings for the following parts of this section. 

The National Institute of Standards and Technology [6] [NIST] out-
ines the process of ‘defining goals and objectives’ (p4) for emergency
anagement as including: 

• ‘establish long-term community goals 
• Establish performance goals 
• Define community hazards 
• Determine anticipated performance 
• Summarise results.’ 

NIST defines this as one step of a six-step process to planning for
ommunity resilience. The process outlined in this paper assumes that
ommunity hazards are already known, to some degree, as detailed in
3 
ection 1.1 . The process in this paper does not run to the extent of
utlining how each critical infrastructure provider, or the emergency
anagement sector, should create a plan for the delivery of perfor-
ance in an emergency, leaving this step to other emergency manage-
ent processes, both at the critical infrastructure entities and within the

mergency management sector. This paper, instead, focusses on NIST’s
establish performance goals’ step, or for this paper, the creation of
ELOS. 

From an emergency management standpoint it would not be ap-
ropriate to plan for the delivery of individual infrastructure services
o a community without considering the delivery of all services. For
xample, the absence of just one utility – for example a water ser-
ice – would put stress on a community. The loss of other services
road access or power supply) could necessitate evacuation from their
omes for some community members. For this reason, the framework
ncorporates all the key utilities. In this way, the framework can be
iewed as a ‘whole’, allowing people to anticipate how they might plan
or the temporary absence of each critical infrastructure service, with
ome knowledge of how long, and how many services together, may be
navailable. 

.3. Preliminary work 

.3.1. Literature review 

The first step of the process of creating a framework of PELOS was
 literature review. As outlined in Section 1.1 , the literature review for
his research, detailed by Mowll et al. [2] , demonstrates that there is a
elative wealth of literature on the needs of humans for water supply,
nd good sources of outage modelling and network modelling for the
nergy, telecommunications and transport sectors, however, it largely
ighlighted that despite the sources that support the creation of such
ELOS, and PELOS frameworks, and guidance on how this can be car-
ied out, there are few publicly stated PELOS. Some guidance literature
largely practitioner, rather than research-led), informed the creation of
reliminary PELOS. For any other region carrying out a similar study,
here may be a need to update the literature review with newer informa-
ion, and to also establish whether any of the local critical infrastructure
ntities already have stated PELOS (or equivalents) that are measurable
nd timebound. 
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Fig. 2. PELOS creation process diagram. 
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.3.2. Choose a representative hazard 

In order to create a framework of PELOS for the Wellington region,
 representative major hazard event initially needed to be identified, to
llow for a scale of event to be envisaged when articulating new PE-
OS. However, on working through the process of the creation of the
perational framework it was found that PELOS were appropriate for

any’ major regional hazard event. For example, the PELOS for water,
or ‘the remainder of the first month’ of 20 L of water, per person, per
ay, a highly researched level of service, should be relevant for whether
here has been an earthquake, a tsunami, a large flood, or any hazard.
he need of each person is still the same, and the target service should
till be the same. Therefore it was necessary not to nominate the ex-
ct hazard (earthquake, tsunami, flooding etc.,) rather it was necessary
o establish the scale of the event used for planning purposes. For this
ramework, a rupture of the Wellington fault was initially nominated as
he representative major event, to allow stakeholders to use a modelled
ajor event as a basis for establishing the PELOS, however as noted

bove this quickly became peripheral to the actually nominated PELOS.
ow the hazard event interfaces with the selection of PELOS is explored

urther in Section 3.3.2 . 

.3.3. Create a preliminary framework 

As detailed by Mowll et al. [2] , a preliminary framework was created
hrough discussions between three emergency management profession-
ls at WREMO. Where literature sources were available, the PELOS in
he preliminary framework were based on the literature. Where no liter-
ture was available, ‘best guess’ PELOS were created, informed (where
vailable) by the infrastructure outages modelled by WeLG [26] and
alanced against ‘best guess’ human needs (as detailed in Section 2.3.2 ).
hile the process taken to create the preliminary framework was not a

perfect’ process in terms of having access to ‘perfect’ information or to
 bedrock of available literature, it was considered by the practitioners
o be a starting point to create a framework of PELOS and provided a
ufficient demonstration of what the intended framework was meant to
4 
ook like, making it easier to explain the concept with stakeholders in
ollowing discussions. 

.3.4. Create a preliminary mapping tool 

A preliminary mapping tool was created, in order to establish
hether the proposed PELOS were very easily achievable, hard, or im-
ossible to achieve, and therefore what PELOS should be included in
n operationalized framework. Where used, this also gave stakehold-
rs during interviews and the final project/research workshop an un-
erstanding of anticipated infrastructure outages, and their impacts on
ommunities, in an emergency. The infrastructure outage information
sed in the modelling was from the WeLG Programme Business Case of
019 [26] , which used a rupture of the Wellington fault as its hazard
vent. The development of this mapping tool will be the basis of future
esearch. 

.4. Interviews and focus groups 

.4.1. Conduct interviews 

The creation of the operationalized PELOS framework was carried
ut through a series of interviews with key stakeholders from the critical
nfrastructure entities and the emergency management sector, followed
p by a workshop with all stakeholders. Engaging with the stakeholders
n this way allowed the framework to be updated to incorporate the
xperience and knowledge of the technical experts and key stakeholders.

As outlined in Section 2.1 , the lead author has a role within emer-
ency management, and existing working relationships with the orga-
izations engaged in this research and is carrying out academic study
n PELOS. The use of the action research methodology [29] therefore
llowed for the integration of those two aspects together as a coherent
ethodology for conducting this research. 

Staff from a wide set of organizations, including members of the
ellington Lifelines Group and key emergency management bodies

both national and regional), were contacted by e-mail, inviting them to
articipate in this research. Initial approaches were to the lead author’s
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Table 1 

Interviewees - number and sectors. 

Sector Number of interviewees ∗ Group or individual 

Emergency Management Ten All single-person interviews, except one two-person interview 

Energy Eight All single-person interviews 

Telecommunications / broadcast Five All single-person interviews 

Transport Ten Eight single-person interviews, one interview with two interviewees and one with three 

Water Four Three single-person interviews, one interview with two interviewees 

Group interviews Two One community group interview (eight attendees), one workshop involving all key stakeholders (28 attendees) 

∗ Note that some interviewees covered more than one aspect – such as a council employee who could talk to both emergency management and the water or 
roading PELOS. 
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t  
orking contacts at the Wellington Lifelines Group, however in some
ases the contacted staff passed on the interview request to colleagues.
ffectively this produced a saturation of available interviewees for this
ubject. A total of 29 interviews were carried out for this research, each
eing of one hour or less in duration, between the months of September
021 and May 2022. These were semi-structured, with 26 of them held
n a one-to-one basis. 

All interviewees were provided a copy of the literature review and
reliminary framework, as presented by Mowll et al. [2] , for background
nformation/context. The remaining three interviews were also semi-
tructured, but held with two or three interviewees, where the relevant
rganizations’ functions necessitated input from more than one staff
embers who separately had technical knowledge of their infrastruc-

ure network or an understanding of the emergency management con-
ext. Most of the infrastructure professionals interviewed hold positions
n their organizations that are technical but include a liaison role with
mergency management. This meant that those individuals were able
o provide both technical and emergency management advice. Numbers
re summarized in Table 1 . 

Interviews were carried out under confidence so that interviewees
ould talk openly about any of the sectors, whether they were engaged
n that sector or not. Due to this aspect, although it was more likely that
nterviewees would refer, at least in part, to their own sector, the infor-
ation source for any one PELOS could have come from a person from

ny of the infrastructure sectors. In addition, to gauge the usefulness of
he concept of PELOS to end-users of infrastructure services, one com-
unity group was interviewed. The community group was assembled
reviously by one of the region’s critical infrastructure entities, through
ampling carried out by a professional research company. This ensured
hat the community group provided a good representation of views from
round the region, and from different demographics. One of the results
f the interviews was a long list of suggestions as to how to improve the
ELOS framework. All interviews and the community group interview
ere one hour in length. 

Rather than taking the results of all the individual interviews di-
ectly into a workshop with all attendees, a small Advisory Group was
ormed to discuss the suggestions listed in the long list of potential up-
ates. The Advisory Group consisted of five people, from emergency
anagement, a council plus there was one independent consultant. This
dvisory Group was small, to allow open discussion, and deliberately
ad a minority of engineers on it, to ensure that community impacts of
he PELOS would be highlighted, while being advised by the technical
nput the engineers could provide. The recommendations of the Advi-
ory Group created a short list of updates, which were taken into the
nal workshop. This process minimized the work required in the work-
hop and ensured that each suggestion was allowed full consideration
y emergency management professionals. 

.4.2. Data analysis 

All interviews, for individuals and groups, were recorded and tran-
cribed. Coding was carried out using NVIVO software, using the nodes
hown in Table 2 . NVIVO is a software tool used by qualitative re-
5 
earchers to order and analyze information gathered on a research topic.
he number of files denotes the number of interviewees that referred to
he code. The number of references demonstrates the number of times
hat a particular node was referred to during interviews. As can be seen,
here was a greater level of response on issues such as hazards used for
nalysis and interdependencies, but fewer comments on aspects such as
he use of PELOS in other organizations or personal preparedness. 

This study is qualitative, however it is useful to note some of the
umbers of responses on issues, as it provides relative levels of inter-
st, or responses, on issues. For example, it is interesting to note that
articipants were happy to talk across sectors. Of comments made on
ector-specific issues, 18 comments were made by interviewees relating
o their own sector, while 19 comments were made about sectors that
ere not theirs. This demonstrates that the interviewees were aware of
ither their dependence on other sectors (as an interdependency require-
ent) or their impact on others, such as a transport provider’s knowl-

dge of how the loss of road access will impact food deliveries. This was
articularly evident where five non-roading interviewees commented
n road dependencies and three non-telecommunications interviewees
ommented on telecommunications dependencies. Conversely, in some
ectors only those that worked in the sector commented on it (e.g., air-
ort and natural gas). Where delineations between which interviewee
roups commented on which issue are pronounced, they are commented
n in the sections below. 

.5. Decision-making and finalisation 

In order to progress development and agreement on the framework,
ecision-making is an important component of the process. The first
ey decision milestone for the framework was to agree to running this
roject at all. This was carried out at a workshop prior to the data col-
ection phase in 2018 which was a part of the creation of the Wellington
DEM Group Plan [27] . At this workshop, the high-level objectives of
reating a PELOS framework were stated, from which agreement was
ained to proceed with the project/research. 

A second set of key decisions were taken at the end-of-project work-
hop, which was the final part of the research data collection phase, but
 key part of the WeLG/WREMO project, in which the WeLG Chair and
he Steering Committee were in attendance. This workshop provided
he decision point for WeLG on whether to finalize the framework. All
embers of WeLG were invited to this two-hour workshop, along with

ll people interviewed for this study. At the workshop, all parties had
pportunities to contribute to, and comment on, all other sectors, and
o provide advice on the final PELOS identified for their own sector. The
utput of that workshop was the updated, ‘operationalized’ framework.

At the workshop, the preliminary mapping tool was reviewed, to
alibrate discussions. It would have been relatively worthless to have
reated PELOS that were impossible to achieve, even with high levels
f investment, and therefore seeing the achievability of the PELOS with
xisting infrastructure allowed for discussions to be held on realistic
ELOS. Each of the PELOS were then discussed in turn, focussing on
he suggestions made by the Advisory Group. Once each suggestion was
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Table 2 

Coding nodes and references captured. 

Node Number of files (interviewees commenting) Number of references captured (times that this code was referred to) 

General issues: 

PELOS framework usefulness 10 15 

PELOS general comments 4 10 

PELOS used in other contexts / organisations 1 1 

General comments 8 17 

Hazard events used 10 10 

Interdependencies 10 19 

Methodological issues 0 0 

Personal preparedness 0 0 

Timeframes (first week, first month etc.) 14 26 

Use of Sphere Handbook 3 4 

Present utility assessments 1 1 

Sector-specific issues: 

Airport 1 1 

Broadcast 1 1 

Food and LPG (Liquid Petroleum Gas) 3 12 

Fuel 3 6 

Natural gas 2 8 

Port 2 3 

Power (electricity) 5 18 

Roading 8 26 

Sanitation 0 0 

Shelter 2 4 

Telecommunications 7 22 

Water 3 3 

Process and release issues: 

Visualization of outputs/outages to be released? 28 28 

Publicly release the framework? 29 29 
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iscussed and any amendments to the PELOS made, discussion moved to
he next suggestion. Discussion was held on the potential public release
f the framework, either by WeLG or in an academic paper (such as this
aper). 

The framework was then finalized through agreement within the
ellington Lifelines Group Steering Committee, and through the emer-

ency management governance processes of the Wellington region. 

. Key themes and issues 

The following are five key themes that were developed from
he interviews carried out for this research. They cover the aspects
f interdependencies, vulnerable communities, emergency planning
onsiderations, willingness to collaborate on this work, and flexibil-
ty/adaptability of the delivery of services. While these themes fall out-
ide of the contents of the PELOS framework, they were overarching
onsiderations for the development and implementation of the frame-
ork. These themes will also inform the development of a framework
f PELOS in other locations. 

.1. Interdependencies 

Interdependencies refer to the dependence of some infrastructure
ervices on other services to be operational – for example, a water pump-
ng station will require electricity to function, and road access for staff
o maintain and, if required, carry out repairs. Various texts identify the
omplexity of analyzing infrastructure interdependencies in detail, for
xample Moore et al. [30] , Oster et al. [31] and Macaulay [32] . For
he creation of the operationalized framework, an exhaustive interde-
endency analysis was not carried out for this framework due to time
nd resource constraints, however key interdependency issues were cap-
ured at a high level. For example, fuel distribution could only be carried
ut once roads were open, the water network could not fully operate un-
il power was supplied to pumping stations (using a networked power
upply or using fuelled generators) and supermarkets could only take
6 
ayment (through the use of credit/debit cards) once they were con-
ected to the telecommunications network (for banking connectivity).
ne (infrastructure entity) interviewee put it this way: “… our levels of

ervice are somewhat irrelevant if they don’t align with other service
roviders ” (interview 15). Another critical infrastructure entity inter-
iewee noted the reliance on road access: 

“… looking at Christchurch, looking at other events that have hap-
pened in between, the biggest thing for us is going to be to get access
to the sites. So, we could say we’re going to get within two weeks to
get things up and running, but if we’re not going to get access, we’d
be struggling ” (interview 19). 

During the interviews, the subject of interdependencies was dis-
ussed specifically by ten of the interviewees, spread across the council,
DEM and critical infrastructure entities. Of those interviewees, 18 of
he comments received referred to their own sectors, while 19 comments
eferred to others. This shows that interviewees were comfortable talk-
ng of other sectors, and reflects the nature of interdependencies, where
ome PELOS are only achievable where a preceding service is provided,
or example supply of fuel (energy sector) on roads (transport sector) to
ervice stations. 

The above high-level approach on interdependencies was taken for
wo reasons. Firstly, if the logic of interdependencies within the frame-
ork (as per the examples above) was correct, then conceptually, the
elivery of key services should be achievable. For the Wellington ex-
mple, detailed analysis, taking into account interdependencies had al-
eady been carried out with outage modelling following a rupture of the
ellington fault [26] . Therefore, a comparison of the PELOS against the

esearch that had already been carried out would provide a firm foun-
ation of interdependency analysis. Secondly, greater analysis would be
nlikely to change the sequence of events, or the timeframes given in
he operationalized framework of PELOS. Finally, acknowledging that
n actual emergency will have many different aspects and complexities,
reater analysis of interdependencies may provide greater certainty of
odelling, but no greater certainty of actual delivery in an event. In this
ay, the framework is relatively simple in its approach, but a high-level
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pproach was considered sufficient. Finally, as one interviewee put it:
None of us think we’ve got it right, exactly right. It is a start on the
ourney ” (interview 11). 

.2. Vulnerable communities 

The creation of PELOS, in consultation with the utility providers,
ill help gain an understanding of the planning (but not guaranteed)

nfrastructure delivery goals in an emergency. As seen in Mowll et al.
2] , these are high-level statements of the provision of services within a
imeframe. The general provision of a service does not, however, guar-
ntee that all end-users will be able to benefit from that level of ser-
ice. For example, the immobile (for reasons of age or disability) may
ot be able to personally collect 20 L of water from a kilometer away.
eople with disabilities [ 8 , 33 , 34 ], big bodied people [35] , those with
evere mental illness [36] , linguistically isolated populations [37] and
hildren [38] , amongst other groups, may have difficulties in collecting
uch quantities of water from such distances. 

Sphere deals with this issue by recommending that the vulnerabili-
ies and capacities of a population need to be understood. The Sphere
andbook recommends that such an understanding can be achieved
rstly by disaggregating population data (which in New Zealand is cur-
ently available from Statistics NZ). This helps understand the propor-
ion of the population that may have difficulties in accessing services.
s stated in the Sphere Handbook [8] , “Response and preparedness pro-
ramming should consider the capacities and needs of all persons with
isabilities and make deliberate efforts to remove physical, communi-
ation and attitudinal barriers to their access and participation. ” Inter-
iewee 05 put it this way: 

“… if I could understand the demographics of the City then I can un-
derstand what each… suburb or part of the City, what the demands
on them might be for these services and provisions, and I can test
and adjust accordingly, depending on how resilient a particular area
might be verses another one ”. 

Therefore, the operationalized PELOS framework, and its companion
apping tool, will provide information on where emergency managers,

ommunity groups and groups with disabilities or special needs could
est enable participation in planning for an event. The goal would be
o organize the assistance that such people may require, in an event.
uch planning will be an onerous task, however, can be more targeted
n that deliveries of services will be better understood through the iden-
ification of PELOS and understanding where vulnerable groups may
e located or concentrated. Additionally, representatives of community
roups may be invited into the process of emergency planning and es-
ablishing PELOS (example Mowll et al. [39] ). 

.3. Emergency planning considerations 

.3.1. Considerations for key stakeholders 

As outlined in the introduction, there are three sets of parties that are
elevant to this framework – the critical infrastructure entities, the emer-
ency management sector, and the end-users. Each will be discussed in
urn. 

Critical infrastructure entities that sell infrastructure services do not
uarantee access to their services. For example, the New Zealand Con-
umer Guarantees Act [ 40 , Section 7A] states that “when determining
hat a reasonable consumer would expect, it is assumed that the con-

umer has considered… that the supply of gas or electricity may be af-
ected by emergencies…”. In other words, customers should anticipate
hat there will be outages to services in emergency events. As a counter
o this, the responsibilities of the critical infrastructure entities under
he current (as of April 2022) Civil Defence Emergency Management
ct No 33 [22] , Section 60, is to “ensure that it is able to function to

he fullest possible extent, even though this may be at a reduced level,
uring and after an emergency ”. What the ‘fullest possible extent’ is, is
7 
ot elaborated on, and is therefore difficult to establish or measure. The
reation of PELOS would therefore create a measurable planning target.

It would be counter-productive to expect the measurement of PE-
OS post-event to see if goals were achieved. One interviewee noted: “is
here an expectation that we’re held accountable for it? We just need to
e careful that from an agency, and certainly from a local authority per-
pective, that they understand the context in which it could be applied ”
interview 07). This is the purpose of including the word ‘planning’ in
he concept of PELOS. It is a planning tool, not a guarantee of delivery.

If, as noted in Section 1.2 the concept of PELOS is brought into an up-
ated Emergency Management Act, critical infrastructure entities would
ave to publicly state PELOS, to enable end-users understand what the
lanning goal for delivery is. Knowing their PELOS, the intention of
his framework is that the relevant critical infrastructure entities will
hen plan for the delivery of that PELOS, in the knowledge of their, and
heir consultants’ and contractors’, capacities. Further, knowing both
he vulnerabilities and redundancies of their respective networks, they
ill have a better understanding of what resources such as machinery,

killed personnel and fuel will be required to deliver, and where (in both
ocation and type of activities) they will have to place resource for an
mergency response. 

The Emergency Management sector has a function to “respond to
nd manage the adverse effects of emergencies in its area ” and to “plan
nd carry out recovery activities ” [ 22 , Section 17]. Such activities could
nclude understanding the potential impacts to communities from emer-
ency events, as carried out by the Wellington Lifelines Group [26] .
hile the Emergency Management sector can make broad assumptions

bout the delivery of services following an event, the understanding of
he intentions of the critical infrastructure entities through PELOS would
elp in planning, as “… there’s no two ways about it. There needs to be a
aster plan of some description, that people can pull out, dust off, if not

ive with, to have a degree of understanding ” (interview 14). The knowl-
dge of PELOS will therefore aid the Emergency Management sector to
arry out their function of planning activities and respond to adverse
vents. As noted by Interviewee 04: 

“… for emergency management to look to how we fill that gap in
the meantime, both from a community point of view, in terms of
preparedness, expectation management, that sort of thing, but also
for official support, if we need to do that, how do we fill that gap? ”

The setting of PELOS in a framework, throughout a region would
elp in the creation of such a ‘master plan’. As outlined in Section 3.2 ,
he community end-users are not a homogenous group, with a range of
bilities to interface with the PELOS, particularly following an emer-
ency event, where some will be located close to services such as emer-
ency water distribution points, and some will be further from them.
his dynamic is key information for the emergency management sector,
ho will be informed by where there may be concentrations of more
ulnerable people, and therefore a group (amongst others) that may re-
uire targeted assistance. 

Another set of end-users includes medical centers and pharmacies.
uch facilities will most likely be experiencing very high demand in an
mergency event, particularly where easy access to the hospital is not
vailable, as the roading PELOS indicates for days 0–7 after the event.
y this phase of the response, however, the medical practices and phar-
acies should already have their own generators and fuel supplies to

ontinue to function. Without such services, not only will treatment be
mpaired but access to key medications that require refrigeration (such
s insulin) would be impacted. Due to the modelled outages on the road
etwork, medical centers and pharmacies should have alternative power
upplies installed and available pre-event. The operationalized PELOS
ramework can therefore be a tool to highlight such (inter)dependencies
nd potential outages. The communication of the contents of the PELOS
ramework would be necessary to make those end-users aware of the
ntentions of the critical infrastructure entities. 
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.3.2. Choosing a hazard event is critical 

The development of the PELOS for the Wellington region has been
arried out on the use of a single hazard scenario, the rupture of the
ellington fault. There is a breadth of literature on scenario planning,

efined by Porter [41] as ‘an internally consistent view of what the
uture might turn out to be… not a forecast but one possible future
tructure’. The intention being that by creating and analyzing a se-
ies of scenarios a preferred course of action may be identified and
aken. The pitfalls of using a single scenario as a basis for planning
nd action are highlighted by a range of authors [42–44] . While this
s correct, in the absence of a range of modelled scenarios, the cre-
tion of the operationalized framework used one scenario as repre-
entative of a ‘worst case scenario’ for an earthquake hazard. Much
esearch and emergency management planning in the Wellington re-
ion, for example the Wellington Earthquake National Initial Response
lan (National Emergency Management Agency, 2018), has been made
n the scenario of a ‘worst case’ earthquake such as a rupture of
he Wellington fault. “That’s been a good proxy for almost anything ”
Interview 06). 

As outlined in Section 2.3.2 , the hazard chosen for this operational-
zed PELOS framework was a ‘major regional event’ but using a rup-
ure of the Wellington fault as a baseline for understanding the scale
f potential impacts on critical infrastructure, and therefore the infras-
ructure outages that may impact the community. While the choice of a
major event’ is critical to understanding the nature of the hazard that
he framework is addressing, the important aspect is that the stated PE-
OS should be relevant to any actual event, whether it be an earthquake,
sunami, volcano (ash fall) or other hazard. This includes both primary
i.e. shaking) and secondary (i.e. landslides or liquefaction) impacts. The
ELOS in the framework, for example the delivery of 15–20 L of wa-
er, per person, per day, is seen in literature as a basic standard, which
s a human need independent of whatever hazard event has occurred.
maller events, such as short-term floods or wind events are less likely
o require reference to the PELOS framework due to their smaller and/or
hort-term impacts, and the critical infrastructure entities are likely to
e delivering their services well within the PELOS. 

At the suggestion of the Advisory Group for this project, the title of
he operationalized framework was updated to include the words ‘for
 major regional hazard event’ to make it explicit that the PELOS pre-
ented in the framework are relevant to a major event. As one respon-
ent (Interviewee 01) put it: 

“I think the bigger challenges are around the bigger events, obvi-
ously, because most smaller events can have levels of service restored
within a few days and they become more of an inconvenience in
most instances for people rather than a general threat as the system
is able to absorb those disruptions to smaller events. It’s the medium
to large events which really are in alignment with earthquake and
tsunami. ”

The addition of the words ‘major event’ to the title of the framework
akes it clear that the framework is intended to be used for such major

cenarios, although the PELOS may still be relevant to some aspects
f lesser-scale events, where infrastructure outages from those events
xtend beyond seven days. 

None of the above is intended to replace the need to design individ-
al facilities and structures to the relevant building codes, which will
equire the adherence to specific magnitudes of hazard events. Rather,
s above, the setting of PELOS allows key stakeholders a magnitude of
vent to understand the scale of potential impact, then match a (in this
ase single) hazard against their nominated PELOS. 

Further, through the above, when nominating PELOS it is not neces-
ary to analyze each PELOS against different hazards, however once the
ELOS are complete and agreed, analysis could subsequently be carried
ut on whether the PELOS will be achievable from individual hazard
vents. Such analysis could then also consider multi-hazard events and
he interdependencies between critical infrastructure sectors. 
8 
.4. Willingness of key stakeholders to collaborate on this work 

Much of the key engagement on this research/project has been with
he critical infrastructure entities themselves. They know their networks
ell, the organizational and regulatory context in which they operate
nd, from their own work and having participated in WeLG projects,
re aware of the relative vulnerabilities of their respective networks to
ajor events such as a rupture of the Wellington fault. Their willing-
ess to collaborate on this work is testament to their own profession-
lism and the ongoing risk reduction and readiness work of WeLG and
REMO. Building up such working relationships takes time (WeLG has

een working on such issues since 1993) but can be seen to reap rewards
n good engagement between relevant organizations, across infrastruc-
ure sectors. The creation of an operationalized PELOS framework has
een seen by the lead author as a challenging initiative, as it requires
rganizations to be open about the relative vulnerabilities of their infras-
ructure. The benefit of having an organizational structure (a lifelines
roup) in which to facilitate such discussions has been a major benefit
o the Wellington region. 

As a rough guide to the effort required to create the operationalized
ELOS framework, the lead author (who has carried out the literature
eview and conducted the interviews and analysis) has been able to do
his as part of a part-time role over three years. This has also required the
ime of the interviewees and management overview input at WREMO,
owever as a whole need not be an overly onerous task for other orga-
izations or regions to conduct, particularly with the example PELOS
ramework presented in this paper which could be used as a starting
oint. 

As outlined in Section 2.1 , this research was carried out as both re-
earch and as a WeLG/WREMO project. The collaboration of the various
ember organizations of WeLG and of WREMO and other key organi-

ations’ staff was essential for its success, as noted by Interviewee 04: “I
hink [this project] really builds on the work that’s been done within the
egion up to now ”. The model of ‘lifelines groups’ in the regions of New
ealand has been in practice since the 1990s, and is given a mandate and
tructure, as detailed by the National Emergency Management Agency
45] . This structure has provided a collaborative space for critical in-
rastructure entities to share information on long-term risk reduction
fforts, as many risk reduction activities cannot be carried out within a
ingle organization or sector, due to the need to take interdependencies
nto account. In the Wellington region, collaboration has been further
nhanced through the successful implementation of projects first outlin-
ng the vulnerabilities of infrastructure in the region to the earthquake
azard [ 24 , 25 ] and then promoting a programme of works to reduce
isk [26] . The successes of those projects have led to a well-functioning
roup of organizations having a clear objective – risk reduction to in-
rastructure in the Wellington region. The research and project carried
ut on PELOS has only been possible due to this high level of collabora-
ion between parties and through working relationships that have lasted
ver the 30 years of WeLG’s existence. 

Despite the above, there are clear differences in the motivations and
ynamics of participation in this research and project of the various
takeholders. Looking across the four critical infrastructure sectors of,
nergy, telecommunications, transport, and water, it was seen that there
ere a variety of attitudes to the research and project. The water infras-

ructure in New Zealand for urban areas is owned and operated by local
overnment [46] . For six of the councils in the region (five of which
re within the WeLG area), the management of their water networks
as been passed to Wellington Water [47] . Wellington Water adopted a
ELOS (20 L of water, per person, per day, within 1 km of the house,
rom ‘day 8 ′ ) [9] in 2018, and having already publicly stated a PELOS
nd having based its emergency response on the concept, was thus sup-
ortive of the PELOS approach, and was happy to confirm the use of the
bove level of service in the PELOS framework. 

Transport infrastructure assets in the Wellington region are largely
wned by either central or local government. The Central Government-
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wned transport infrastructure providers are Crown Entities or State-
wned Enterprises. Local Government-owned transport infrastructure

ncludes local roads and the regional port. Additionally, the region’s
nternational airport is part-owned by a local council. As (most of the
bove) are governmental organizations, they tend to be managed in the
ublic interest. As such, collaboration with each of these agencies was
arried out, in the lead-author’s view, as being for the ‘public good’.
his meant that discussions on the resilience of infrastructure could be
arried out in an open way, recognizing that resilience is just one fac-
or of infrastructure management that the owning organization’s may
onsider. 

In the energy sector, the power transmission company is a State-
wned Enterprise (Central Government owned) and owns and operates

he electricity (high capacity) transmission lines. The lower-capacity dis-
ribution networks in the region are owned and operated by companies
n their respective areas, one of which is community owned and two of
hich are privately owned. As the transmission and distribution lines

ompanies run electricity networks in areas as monopolies, they are
ubject to the regulations managed by the Commerce Commission New
ealand [48] . As such, they cannot make commitments on price or qual-
ty of delivery of services without the agreement/approval of the Com-
erce Commission. This means that detailed discussions between WeLG

nd the lines companies on any aspect of the supply (including PELOS)
ust be measured against what is possible within the existing regulatory

ramework. The gas distribution companies are similarly regulated. This
ynamic demonstrates why interacting, where possible, both with the
ritical infrastructure entities, but also with Central Government agen-
ies is necessary to gain a full picture of dynamics around PELOS. 

Relatively, the telecommunications sector is the most complicated
ector, both in terms of physical networks and organizational make-up.
here are 82 telecommunications and broadcasting network operators

n New Zealand, as of April 2022 [49] . Both long-distance and local ac-
ess fiber optic services are provided by several providers. When making
 phone call from a phone on one cellular phone network to another,
he services of at least two telecommunications providers will be used
the respective cellular phone operators, plus at least one fiber optic
etwork provider) along with the use of facilities such as exchanges lo-
ated around the country. Each of the facilities, including any interven-
ng cabinets, must have power to operate. Such interconnectivity leads
o difficulties in defining PELOS for single providers. Therefore, the PE-
OS for the telecommunications sector are deliberately higher-level and
on-specific to individual providers. 

As can be seen from the above, each sector of infrastructure has a
ifferent organizational set-up and different dynamics in terms of being
ble to engage in discussions on PELOS. This made the creation of a
olistic framework covering all sectors challenging, however with the
ase of transport being an enabler for other sectors (see Section 3.1 ),
nce PELOS were defined for transport the definition of PELOS in other
ectors became easier. Further, as seen above, the collaboration already
n existence at WeLG meant that all stakeholders were happy to engage
n the project. 

.5. Flexibility/adaptability of delivery of services 

The wording used in the operationalized PELOS framework is,
argely, deliberately focussed on the services provided to the end-users,
ather than the inputs: “having a clear framework for what ’good’ looks
ike in this space should be a helpful planning tool ” (Interview 01). For
xample, ’15–20 L of water, per person, per day, within 1 km of the
ouse, is a key PELOS (for ‘the rest of the first month: basic functional-
ty’). The PELOS is not prescriptive of how this is achieved, as it could
e carried out through the nearby storage of water (for example, as
eld in seismically resilient reservoirs), through the sourcing of water
rom nearby bores or streams (for example as planned to be delivered by

ellington Water [9] ), through the trucking of water from outside of the
mpacted area to the end-users or through the on-site storage of water
9 
y end-users (for example through the collection and storage of rainwa-
er). This allows the critical infrastructure entity to plan for a response
ot necessarily with business-as-usual delivery methods (in this water
xample through a reticulated water network) but by other means (for
ellington Water, as above, through storage in resilient reservoirs and

ourcing from nearby bores and streams, supplemented by end-users’
torage). Similarly, the delivery of electricity may be through an exist-
ng (or repaired) network using a distant generation plant, transmission,
nd distribution lines, or as arranged by end-users (solar panels and
atteries, or standby generators with fuel stocks). These approaches are
upported by Kartez and Lindell [50] and Alexander [51] , who note that
mergency plans should allow for flexibility in the delivery of the plan’s
eliverables. 

As above, the wording of the PELOS is intended to enable such flex-
bility and adaptability in the delivery of services and allows for such
exibility in planning for the delivery of the service, not necessarily the
elivery of the same infrastructure to provide the service that was in
lace before the emergency event. While this is possible for the deliv-
ry of water and electricity, this is not possible for other sectors. In the
ellington region, due to the topography of the region, it would not

e possible to re-site at short notice in an emergency either the port or
irport, or as Interviewee 15 put it “…do not make it so broad and flex-
ble that it could be anything ”. Therefore, the PELOS for those services
re assumed to be using the existing infrastructure, i.e. for the airport,
operate a 1200 m long runway’, at the existing airport location and for
he port, the PELOS for the second and third months refers to the avail-
bilities of the berth, jetty and approach structure for fuel delivery. 

The road network in the Wellington region is a mix of roads that
ave been designed and built to be relatively quickly available follow-
ng a major hazard event such as an earthquake, for example the new Te
ra Nui o Te Rangihaeata road (formerly called the Transmission Gully
otorway) [52] , roads that have been assessed to be likely available

ollowing a major earthquake, for example Fergusson Drive in the Hutt
alley [25] . For this reason, the PELOS for roads acknowledges that
riority roads (priorities 1 to 4) ‘or alternates’ should be used to deliver
he services. This is not a guarantee of service following an event, as the
ature of the event will be different to that modelled or used for assess-
ents by geotechnical engineers, but is a guide for what may, or may
ot, be available following an event, with implications for restoration
imes, hence the caveats on the delivery of service given immediately
elow the operationalized PELOS framework. 

. Discussion points and engagement issues 

From a practical standpoint, there were various aspects that were
mportant in the creation of the framework, both from the perspective
f the facilitator / researcher, and from the perspectives of the key stake-
olders. 

.1. Implications of the themes 

The themes developed above, of interdependencies, vulnerable com-
unities, emergency planning considerations, willingness to collaborate

n this work, and flexibility/adaptability of the delivery of services, all
ave implications for the task of creating PELOS frameworks. For the
reation of the operationalized paper, all these aspects demonstrate that
he task of creating PELOS is, to some extent, subjective. For example,
s highlighted in the ‘vulnerable communities’ theme ( Section 3.2 ), the
istance between supermarket and dwelling would be unachievable for
ome members of the community, as they are too old, too young to
alk or cycle to a supermarket, or otherwise unable to interface with

he PELOS. While subjective, the creation of PELOS is a starting point
or discussion. This leads to the considerations in the remainder of this
ection. 



R. Mowll, J. Becker, L. Wotherspoon et al. Resilient Cities and Structures 2 (2023) 1–12 

4

 

t  

a  

p  

a  

c  

f  

w  

e  

s  

e
 

t  

o  

a  

i  

t  

o  

c  

s  

o  

T  

g  

t
 

G  

a  

C  

f  

v  

p  

T  

f  

s

4

 

l  

t  

p  

o  

l  

t  

c  

v  

t  

b  

P  

w  

2  

t  

b  

w  

t  

i  

s  

e  

p  

A  

b  

a  

t  

o  

t  

t  

a  

i  

m  

f

4

 

m  

W  

p  

p  

p  

p  

o  

o  

m  

b  

T  

g  

s
 

t  

b  

n  

p  

t

4

 

m  

i  

f  

(  

q  

i  

a  

t

4

 

t  

t  

p  

l  

b  

t  

t  

o  

g  

r  

t  

l  

t  

o  

b  

b  

t  

t  

l

.2. Who should lead the creation of a PELOS framework? 

One of the key aspects of the PELOS framework is that it is holis-
ic, across infrastructure sectors. While PELOS could be created for
 single sector or infrastructure such as electricity distribution sup-
ly, they would most likely lack the interdependency factors such
s access to fuel (for generators for alternative power) and road ac-
ess (to deliver fuel and to repair damaged electricity lines). The
ramework is therefore greatly enhanced by the all-sectors approach,
hich considers interdependencies (at a high level) and the deliv-

ry of key infrastructure services needed to help a region both re-
pond and take initial steps towards recovery from a major emergency
vent. 

If such a framework is required to cover the energy, telecommunica-
ions, transport and water sectors, some form of engagement mechanism
r facilitation is required between the sectors. The work of both WeLG
nd WREMO as established regional organizations to carry out this facil-
tation has been critical to enable this process. If it were not for either of
hese organisations, it is not clear to the authors which would be the best
rganization to lead such work. While Central Government Ministries
ould take the lead on such work, they tend to be focussed on single is-
ues (transport, energy, water) or lack the mandate to carry out regional
r local planning, where, for example, local councils have the mandate.
he collaboration and facilitation enabled through the regional lifelines
roup and emergency management organization has therefore suited
his work well. 

In addition to the existence of WeLG and Wellington Region CDEM
roup, the governance and leadership of WeLG and WREMO has
lso been a key factor. Both include experienced politicians (the
hair of WeLG and the Governance of the CDEM Group, which ef-

ectively comprises the mayors of the region). This support has pro-
ided excellent guidance prior to, and during, the delivery of the
roject/research and has flowed on to support at key decision points.
he issue of who should lead the creation of the framework is there-
ore not a factor of scale, rather of co-ordination across interdependent
ectors. 

.3. Publicly release framework? 

When asked whether it would be acceptable to stakeholders to pub-
icly release the operationalized framework, as would be carried out
hrough the publication of this paper in an academic journal, or as a
roactive action by WeLG or WREMO, at the time of the interviews,
f the 29 opinions expressed, 27 stated they were happy with the pub-
ic release and two stated that further work needed to be done prior
o releasing the framework. Both of these interviewees work for criti-
al infrastructure providers, and both needed, at the time of the inter-
iew, to check back with their senior managers and Boards. For many of
he interviewees, there was a desire that there should not be a linkage
etween a framework for PELOS and a commitment to achieving the
ELOS should an event happen ‘tomorrow’. This is particularly relevant
here past reports released by WeLG (Wellington Lifelines Group, 2012,
013, 2019) demonstrate that, in the event of a rupture of the Welling-
on fault, there would be parts of some networks where it would not
e possible to achieve the PELOS stated in the operationalized frame-
ork. To mitigate the infrastructure providers’ concerns, it was agreed

hat caveats and assumptions should be included with the operational-
zed framework that “end-user experience may vary ” in the delivery of
ervices, indicating that not all PELOS will be achievable following an
vent, in all locations, and that information on the PELOS should also
oint towards where they are currently known not to be achievable.
dditionally, the framework is not intended to imply any commitment
y the various stakeholders at the time of the interviews, instead they
re intended to be tool for planning purposes only. More than one in-
erviewee thought that a better approach would be to calculate the cost
f delivery of all PELOS prior to public release of the framework, so
10 
hat costs and PELOS could be matched for a potential public consulta-
ion. These issues were discussed at the group workshop, at which it was
greed that the framework could be published in a journal (this paper)
f it was made clear that the PELOS are goals for delivery, not com-
itments to achieve a particular level of service in an as-yet-unknown

uture emergency. 

.4. End-user expectations 

Information on potential outages to infrastructure services from a
ajor emergency event had previously been published by WeLG and
REMO (as detailed in Section 1.1 ). While this would provide good

lanning information for end-users in the Wellington region, for exam-
le giving ideas on how long it would take to restore road access or
ower supplies, the impacts to end-users were not necessarily made ex-
licitly clear, such as the time to restore supply to a local supermarket
r the impact of power outages, there was little information available
n what such infrastructure outages would mean for the end-users. The
apping created for this project will further enhance that understanding

y providing information on what the outages mean for the end-users.
his will help the end-users plan for such outages, for example for emer-
ency water and food storage and to make plans for how to respond in
uch an event. 

It should also be noted that, when referring to potential infrastruc-
ure outages, the critical infrastructure entities will, on the whole, only
e able to comment on outages to their infrastructure networks, and
ot to indirect impacts, such as collapsed buildings on roads, or loss of
ower on other networks. This is a distinction that may be made at the
ime of release of any modelled infrastructure outages. 

.5. Was the action research methodology appropriate for this work? 

Section 2.1 details the reasons for adopting the Action Research
ethodology for this research. This was seen, by the authors, to be an

deal means of carrying out this research. It allowed, as anticipated,
or a practitioner (the lead author) to engage within his organizations
WeLG and WREMO) and with related stakeholders on a concept re-
uiring a theoretical foundation. Drawing together the academic and
ndustry sectors was an approach that produced new learnings for the
cademic sector and further developed a working concept for the prac-
itioners. 

.6. Would these PELOS be applicable universally? 

Of the PELOS in the preliminary and operationalized frameworks,
he only PELOS that is robustly grounded in literature and experience is
he water PELOS ‘for the rest of the first month’: “15–20 L of water per
erson per day within 1 km of the house ”. All other PELOS in the pre-
iminary and operationalized framework are guided, where available,
y literature, however many of the PELOS have simply been created
hrough discussion at the research/project interviews. As such, most of
he PELOS have been created for the context (topography, hazard-scape,
rganizational set-up, governmental structures) of the Wellington re-
ion. Despite this, there are some PELOS that may be adapted to other
egions of New Zealand, or internationally. For example, the PELOS for
he airport references the availability of runway lengths appropriate for
anding and taking-off turboprop and jet passenger aircraft. While the
imeframes for such PELOS may differ in other regions (i.e., by the end
f the first week, or by the start of month 4), the PELOS themselves may
e adoptable in other regions. Therefore, the wording of the PELOS may
e translatable to other regions while the timeframes may alter. Alterna-
ively, each region may consider their own PELOS in conjunction with
heir key stakeholders, who would need to engage with their own regu-
atory bodies in such discussions. 
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.7. Limitations of the research 

The following limitations of the research must be acknowledged.
irstly, using the action research methodology has been followed,
utting in place the necessary processes to minimize bias in research.
owever, despite such efforts, the interviewer and interviewee, in most
ases, had been working together on emergency management issues for
p to a decade. This means that shared knowledge and understand-
ngs of emergency management issues may have led to short-cuts of
iscussion. While this is seen as a potential shortfall, it may also be
n advantage to the research, in that it minimized the need to ex-
lain, or discuss, aspects of emergency management at the times of the
nterviews. 

This research has focussed on a single ‘moderate or large scale’ haz-
rd. While the evidence provided by WeLG reports, and the opinions
f the interviewees has supported this approach, there would be ad-
antages in, at a later date, extending the comparison of the PELOS
ramework to other hazards such as distant-source tsunami or large-
cale flooding, hazards listed in the WREMO Group Plan [27] . This may
e possible in time, if research is conducted to understand the impacts
f such hazard events. While this would provide greater information, as
iscussed in Section 2.3.2 , this approach may not, in any case, change
he PELOS identified in the operationalized framework. It would, how-
ver, allow key stakeholders to know the scenarios in which the PELOS
ay not be achievable in a response. 

While there was effectively blanket coverage of organizations inter-
iewed, there was potential to gain further opinions from each orga-
ization, however time constraints prohibited interviewing more par-
icipants. In any case, at least one person from each of the key critical
nfrastructure entities was interviewed, in all cases those people being
xperienced professionals from their respective sectors. 

. Conclusions 

As above, the approach to creating a framework of PELOS for the
egion has been explained, alongside a case study from the Wellington
egion of the creation of a framework. Key themes were explored that
ere features of the process which will be of interest to anyone creating
 similar framework for other locations. 

Having a robust understanding of the hazardscape in the region has
een essential for the creation of this operationalized PELOS framework.
ll of the infrastructure outage studies carried out by WeLG and WREMO
24–26] were, in turn, informed by the work of GNS Science in the ‘It’s
ur Fault’ project [53] , which provided understandings of the earth-
uake hazard in the region (for example, fault locations, liquefaction po-
ential, lateral spreading and co-seismic subsidence susceptibilities and
andslip dynamics) and, in turn, modelled outages [26] . Without such
etailed information, timeframes for outages would be less informed
nd the general hazard-scape of the region would be less understood.
he significance of this strong foundation to all subsequent projects and
nalysis is hard to overstate. While the creation of a PELOS framework
ould be possible without such a foundation, it would be less informed
nd may need to be more generic in its approach to cover many potential
nfrastructure outage possibilities. 

The collaboration of the critical infrastructure entities and the emer-
ency management sector has been essential in the creation of the opera-
ionalized PELOS framework. Indeed, the creation of the operationalized
ramework would not have been possible without them. The vehicle of
he Wellington Lifelines Group has been very effective as an organiza-
ional structure to facilitate the creation of the framework. 

The theme of interdependencies acknowledges that this framework
nly addresses interdependency issues at a relatively high level, not-
ng that following research/project work will map the achievability
f the PELOS in the operationalized framework against previous work
26] that has carried out a rigorous interdependency analysis. 
11 
The PELOS in this framework helps identify issues around the vulner-
bility of some segments of the community, for example those unable to
ollect water from up to 1 km or food from distances of up to 2 km. This
s a feature of the framework that better informs emergency planning ef-
orts, highlighting the work that is required to support such community
embers. 

This research/project has demonstrated that it is possible to create
n operationalised framework of PELOS across infrastructure sectors. As
oted by Interviewee 16: 

“uncharitably, [the PELOS concept] will be put up for target practice
and you know, there’ll be people pointing out, you know, the errors
of the thinking and this, that and the next thing, which is the whole
point, right. The exercise is to fill gaps in current thinking and logic ”
(interview 16). 

This work is now available for scrutiny by the academic and in-
rastructure communities, however, may be seen as an advancement in
he Wellington region’s collective understanding of planning for and re-
ponding to major emergency events. This has the potential to inform
ot just the critical infrastructure entities and emergency management
ector on outages and informing each other (across infrastructure sec-
ors and to emergency management), but also the end-users of outages.
his will inform potential infrastructure impact mitigation projects, and
mergency response plans at the household, suburb (for community
roups) and regional level (for emergency management and critical in-
rastructure entities). In proposing a linkage between infrastructure ser-
ice provision and community needs, does this make PELOS a silver
ullet for understanding this linkage? Or useful for target practice, as
 concept that has levels of service that may be considered by some to
e arbitrary in nature? The authors believe that, while it may not be a
ilver bullet, it does provide greater structure in which to consider what
nfrastructure providers could be planning for in an emergency, and the
otentially impacted communities an understanding of what is planned
o be provided Fig. 2 . 

elevance to resilience statement 

The concept of ‘planning emergency levels of service’ is relevant to
esilience in that it creates pre-event planning targets for infrastructure
roviders for the design and construction of their networks and facil-
ties and guides their emergency response planning. If taken forward
n conjunction with the emergency management sector, it can also as-
ist in identifying how vulnerable members of the community may best
e helped in an emergency to benefit from the response. While not a
easure of resilience, if the city or region’s infrastructure providers can
rovide the full set of planning emergency levels of service, the city or
egion will be more resilient. 
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