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Abstract: Disasters result where hazards and vulnerabilities intersect. The concept of vulnerability
itself is mainly a social construct and the extent to which this can be overcome while transforming
disaster-prone systems has often been emphasised in the critical hazard literature. However, the
extent to which community-based organisations contribute to post-disaster transformation at the
community level remains unexamined. This paper is aimed at examining the extent of the role
of community-based organisations (CBOs) in the transformative adaptation of post-earthquake
Lyttelton. Quantitative data was obtained from community members using a questionnaire survey of
107 respondents, supporting interviews, and secondary data to explain the phenomenon in this study.
System dynamics and agent-based modelling tools were applied to analyse the data. The results
show that while CBOs played a major role in Lyttelton’s transformation by fostering collaboration,
innovation, and awareness, the extent of their impact was determined by differences in their adaptive
capacities. The transformation was influenced by the impacts of community initiatives that were
immediate, during, and a long time after the disaster recovery activities in the community. Our
research extends the discourse on the role of community-based organisations in disaster recovery by
highlighting the extent of CBOs’ impacts in community post-disaster transformation.

Keywords: disasters; transformative-adaptation; community-based organisations

1. Introduction

Communities all over the world are differentially exposed to various forms of environ-
mental hazards and the disasters that evolve often overstretch their capacity to respond.
Vulnerability to disasters is variously defined, but this is generally understood in the
hazard literature as not merely caused by nature but socially constructed [1-4]. The role
played by communities, including associations and community-based organisations, and
their approaches often adopted in responding to hazards while building social resilience
have been well documented [5,6]. Community responses to hazards have been mainly
autonomous and reactive (e.g., References [7-9]) and where the adaptive social systems
are inherently inequitable, transformative adaptation is often required given the limits
of autonomous adaptive responses [8]. Transformative adaptation means the outcome of
responses to social vulnerabilities to hazards within an adaptative social system, often
involving changes in the system’s properties towards long-term desirable outcomes [10].

The role of community-based organisations in post-disaster response and social re-
covery within affected communities has also been variously discussed [6,11]. Community-
based organisations (CBOs) are variously defined, but these are commonly viewed as
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not-for-profit organisations that are run and serviced by members of the local community
with a primary function of meeting the needs of the community [11-13]. Gil-Rivas and
Kilmer (2016) show how to harness human and social resources for disaster resilience and
long-term responses [6]. Other scholars show how community organisations facilitate
community sustainability and resilience to hazards [11,14,15], and how CBOs promote local
governance through the collective actions of organised individuals within the community
has also been discussed [16]. To Drennan and Morrissey (2019), it is important for the work
of the actors in disaster planning to be integrated in local-level governance and planning
towards long-term impacts [11].

Engaging in integrated disaster response planning implies disaster recovery is a
continuous process that starts with pre-disaster preparedness, and proceeds to immediate
post-disaster response and eventual long-term recovery [6]. In spite of the established
advantages of CBOs in community resilience and disaster recovery planning [11], the extent
to which they contribute to transformative adaptation in disaster-prone areas has remained
unexamined [17]. Yet, hazards are context-specific and an understanding of the extent
to which adaptation occurs in disaster-prone areas is crucial, especially within ethnically
heterogeneous urban centres in industrialised economies that have received very little
scholarly attention. This study has thus responded to this knowledge gap using Lyttelton,
New Zealand as an analytical case. It does so by applying agent-based modelling and
system dynamics modelling approaches and tools to analyse post-disaster Lyttleton as a
transformative complex adaptive social system. The time reference of this study is the
aftermath of the 2010/2011 Christchurch earthquakes.

2. Literature and Theory
2.1. Vulnerability, Hazards and Transformative Adaptation

It is important to contextualise important terms that are applied in this research. An
important concept in urban literature is vulnerability, which is used in a variety of ways.
For instance, climate change-related literature such as the Intergovernmental Panel on
Climate Change (2007, p. 883) conceive vulnerability by focusing on the source, to include
the nature, intensity, and frequency of the impact of climate change to which a community
is exposed and its capacity to effectively adapt [18]. Related to this view is the concept of
sensitivity, which is the extent to which the community is affected by the adverse impacts of
climate change [18]. Our study adopts a natural hazard’s view as we conceive vulnerability
as a function of exposure of a system (community) and its susceptibility to a specific set
of external biophysical risks, exemplified by Birkmann'’s (2006) “characteristics of a person,
a group in terms of their capacity to anticipate, cope with, resist and recover from the impact of a
natural disaster” ([19], p. 9). From this perspective, vulnerability has been viewed as also
socially constructed, and “ ... represents the system or the community’s physical, economic,
social or political susceptibility to damage” ([19], p. 4) caused by an earthquake.

Adaptation is another concept that is applied in a variety of ways in the literature on
climate change and hazards. Notable literature such as IPCC (2007) for instance suggests
adaptation as: “adjustment in natural or human systems in response to actual or expected climatic
stimuli or their effects, which moderates harm or exploit beneficial opportunities” ([18], p. 60). This
paper adopts a wider view of adaptation as has been offered by Pelling et al. (2015) [3],
which includes the process of responding to hazards beyond those arising from climate
change. In this view, adaptation is a process that includes reduction or elimination of
undesirable factors, creation of new opportunities, and the transformation of a social
system upon perturbation [3] by an earthquake. A hazard in this context is anything
associated with an earthquake that may have an adverse effect on the normal activities of
the residents of a place [20].

Discussions on adaptation also show distinctions between planned and unplanned or
autonomous adaptation based on whether the adaptive responses are planned interven-
tions [21,22]. Adaptation actions are also categorised based on their objectives, with those
aimed at the benefit of the public referred to as public adaptation, whereas those meant
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for private benefits of the initiator are referred to as private adaptation [22]. There are
also categories of adaptation as anticipatory or reactive. This is according to whether the
responses to hazards are anticipatory or reactive, and adaptation actions are also viewed as
short-run or long-run based on the longevity of their occurrence [22].

Recent studies have also distinguished between incremental and transformative adap-
tation (e.g., References [8,23-25]). Incremental adaptation refers to the existing processes,
actions, and behaviours in a community that are often adopted to avoid disruption in a
perturbed social system [24,26,27]. Outcomes from transformative adaptation are, however,
far reaching as they involve changes in the system’s properties towards long-term desirable
outcomes upon perturbation [8]. The view of adaptation in our study is transformative
adaptation seen as a process of responding to hazards from an earthquake in a community
with community-based organisations as the agents. Community-based organisations are
non-state organisations that are operated by the members in local communities mainly
aimed at meeting specific community needs [6].

Researchers in urban hazards have amply documented the role of community-based
organisations in the provision of infrastructure and resilience-building [6,21,28-30]. They
show that the absence of community organisations pre- and post-disaster has a tendency to
work against community resilience and long-term recovery. Earlier studies demonstrate
how the different kinds of community-based structures prior to a hazard event can mitigate
the impacts and support recovery [31]. However, by the conceptual models adopted, these
studies did not show the extent of the role of the CBOs in a community’s transformation as
a social system.

2.2. Complex Adaptive Systems

Complex adaptive systems theory has been variously applied to analyse adaptive
processes in urban studies [32]. An understanding of roles and processes within social
systems requires an understanding of social systems and complexity [33]. Complexity in a
complex adaptive system takes the shape of nested systems interacting dynamically and
self-organising without recourse to a higher system [34-36]. Further, complex systems
self-organise, emerging without external influence, upon perturbation [34-36]. As such,
the behaviour of the whole cannot be predicted by knowledge of behaviour of the parts in
a complex system [33,34]. CBOs, being a part of the complex system in this study, provide
valuable insights into the processes and behaviours of the Lyttelton community.

An understanding of complex adaptive systems presents a unique advantage in this
study for understanding autonomous decisions and system interventions, and how they
compound and lead to system emergence. Also of importance to this study is the role of
disturbances in creating the needed momentum for change. Adaptive complex systems
once exposed to external perturbation do learn, transform, and adapt to their external
environment [34,37]. Transformative adaptation means that responses to the hazards
from an earthquake involve changes in the system’s properties towards long-term, more
desirable outcomes [8].

2.3. Modelling for Understanding Complex Systems

Models are generally used in studies on complex systems to portray and provide ex-
planations for system behaviours that have been identified through perception, observation,
or measurement [38]. Although models are sometimes useful for control and prediction of
system outcomes, they are mainly useful for understanding complex systems [39]. Hence,
to obtain optimum benefit from system models for understanding system complexities, the
accuracy of data, theoretical frames, relationships, and tools is very important.

In this study, we captured the two aggregate levels for modelling complex systems
within the community using both agent-based and system dynamics modelling. The
system dynamics model was used to simulate system-level interactions and behaviours,
and to observe and assess the impact of interventions on the overall outcomes. The system
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dynamics model in this study was used to simulate CBOs and government initiatives and
interventions, and how they impact on outcomes within the community.

Agent-based modelling is used to simulate emergent phenomena within a complex
system through a correct description of the system, the characteristics of individual agents,
and the relationships between agents [40]. We used ABM in this study to simulate the activ-
ities of individual agents and the interactions between them, and the resultant emergence
at the system level. The agents were defined by attributes, variables, and affiliations to
CBOs, and the values were used to capture the agents’ activities and interactions, and how
they create momentum for systemic transformation.

Lyttelton, according to existing studies, is known for a variety of initiatives, social
innovations, and adaptation strategies that facilitated recovery from the impacts of the
2010/2011 Christchurch earthquakes which affected the community [41]. These studies also
highlighted the role community-based organisations (CBOs) played in organising these
initiatives [41,42]. However, based on the conceptual and theoretical models adopted in
these studies, and their thematic focus, these studies did not discuss the transformative
role of CBOs in the post-disaster response in Lyttleton. To understand and capture the
role of CBOs in community post-disaster recovery and transformation in this study, we
used agent-based modelling and system dynamics modelling tools for understanding of
(1) the social structure in Lyttelton and the existing interactions among actors and system
components, and (2) the impacts of CBOs on transformative adaptation outcomes within
the Lyttelton context. The simulation and model development in this study was based on
an already published conceptual framework [1] and empirical data collected from a field
study in Lyttelton.

3. Materials and Methods
3.1. Study Location

The field study for this project was conducted in Lyttelton, a suburb politically part of
Christchurch and geographically situated on the outskirts of the Christchurch CBD, and
accessible via a tunnel. Lyttelton is a community with very clear geographical boundaries,
making it is easier to define the system boundaries. Lyttelton is a port town that serves
the Christchurch and Canterbury regions, and which historically was the colonial settlers’
entry into the Christchurch region. The Lyttelton port has remained a major service port for
the Christchurch and Canterbury region since then. Lyttelton is a community exposed to
earthquakes and, being a port town, Lyttelton is also exposed to floods and tsunamis. Based
on the 2013 census, the population of the community was 2859 [41] and increased to a total
of approximately 3100 people in 2019. The demographics of the Lyttelton community are
characterised by a relatively older and less ethnically diverse population when compared
to the Christchurch central city [43]. However, Lyttelton is a close-knit community with
at least 9 community organisations and groups, and a high level of participation within
the groups and community at large [2,41]]. Another strong feature within the community
is a strong sense of place among Lyttelton residents, which further promotes community
participation in communal activities. Although the 2010/2011 earthquakes brought down
some of the town’s historic buildings, they also created a sense of community among
residents and facilitated the uptake of social groups and initiatives within the community.

3.2. Data Collection Methods

The study design included developing and testing of the research hypothesis on a
selected case. The case study approach was preferred as it allows a detailed study of a
real-life phenomenon [44]. The study hypothesis is: Community-based organisations are
significant determinants of post-disaster transformation outcomes.

This study adopted a mixed-methods research approach. This approach combines
the advantages of both qualitative and quantitative research methods in gaining a basic
understanding of issues and for identifying generalisable findings. An exploratory mixed-
methods design was adopted in this study. The two strands of the methodology were
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conducted sequentially, starting with the qualitative strand and followed by the quantitative
strand. The qualitative strand was used to show the contextual transformative processes
and to inform the development of a survey instrument to assess transformation, whereas
the quantitative strand was used to collect more representative data from the community,
which was analysed and used for the model building and validation [2]. Interviews and
questionnaires were used to obtain qualitative and quantitative data, respectively.

3.3. Sampling and Sample Distribution

Purposive sampling was applied in the qualitative strand whereas the quantitative
strand involved random sampling. A total of 16 interviews were conducted with a range of
participants including community members, representatives of community organisations,
and government agencies. Participants for the survey were randomly selected, giving every
adult resident of the community an equal chance of being selected. Questionnaires were
randomly distributed to residents of the community through a variety of ways, namely
mailboxes, community gatherings, community hubs, and different online platforms. Online
community groups were used to recruit survey participants through partnerships with
major community organisations. Periodic reminders were sent to these online platforms to
encourage participation. Participants were permitted to take the questionnaires home for
completion and were provided the option of dropping them off at identified locations in the
community. A total of 107 completed questionnaires were returned including 54 responses
from the online survey and 53 responses from the paper survey. Online responses were
automatically saved in a spreadsheet, and those from the paper survey were manually
input into an excel spreadsheet. The sample size for the survey represented nearly 4.5%
of the eligible population as provided in the 2013 census and was deemed significantly
representative of the population.

3.4. Data Analysis

Computational models are often applied in analysing the dynamic interactions be-
tween individual agents and groups across various scales of their influence [45]. In this
study, we developed a hybrid model that combines the advantages of both agent-based
modelling and system dynamics modelling for analysing complex adaptive systems. Agent-
based models are used in the analysis of bottom-up relationships and the mechanisms of
how they contribute to system-level emergence [46]. System dynamics models are also
helpful for studying complex systems by capturing system-level interactions and feedback
relationships, and how they may affect agents within the system [47]. The model offered a
lot of value to the study by providing a full understanding of the processes that occurred
in the community following the disaster and, more importantly, the role of the CBOs in
the transformation process, and how these findings can inform policy decisions on social
transformation.

3.5. Contribution of the Study

The value of this research is to show how small changes and processes within a disaster-
affected community can induce system-wide changes, and the ways in which interventions
can facilitate achievement of the desired results. Discussions about transformation in
the literature have often argued for radical or sweeping changes in the affected system.
However, the case of Lyttelton shows transformation as a process rather than an event.
Therefore, rather than laying emphasis on the triggers of this ‘radical’ change, the processes
and interactions in transformation are equally important. This study used modelling tools
to simulate the complex processes and interactions that exist in the Lyttelton community
and how autonomous decisions of agents lead to transformation within the community.

3.6. Limitation

The main limitation of this study is in regards to its scope. The study scope is limited
to the social aspects of transformation by examining the chain of socially adaptive and trans-
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formative responses that are triggered by environmental hazards. Therefore, the interview
questions and questionnaires focused mainly on these aspects. This study acknowledges
that, although these social transformations cannot be studied in isolation due to the vari-
ous interdependencies that exist within complex systems, the study tried to examine the
complex and feedback processes that started with the earthquakes, their impacts on the
community, the systems’ response, and the variables responsible for those responses.

4. Results
4.1. The Model

The hybrid model applied in this study is intended to be a tool for analysing the
process of transformative adaptation as it occurred in Lyttelton. The model parameters are
specific to Lyttelton; this is to ensure that the model simulates the reality of the community.
Data tables containing real data indicating past trends in employment rates, funding and
membership to community organisations, and reconstruction were also used in calibrating
the model. Empirical data collected from both primary and secondary sources were used
for model calibration, the definition of the agents’ attributes, and the values for indices
used in characterising agents. Details of our models’ parameterisation are discussed below
and further details can be found in the published article by Ajulo et al. (2021) [2].

4.2. Base Model

The base model is a representation of the system as it is. Hence, our base model was
developed using a combination of theoretical evidence, data from secondary sources, and
empirical evidence bearing on the concept of transformative adaptation. AnyLogic software
was used in the implementation of the model using data from the various sources, which
were inputted as parameters and variables. The model parameters were input into the
system before running each simulation whereas the values of variables were built into the
model. Table 1 shows details of the model inputs for the base model. Relevant quantitative
data for model calibration were obtained from the empirical study, Statistics NZ, and other
secondary sources.

Table 1. Values for the base model parameters.

Scheme Initial Parameters Value Distribution
1 Fully employed people receiving payment 0.24 outof 1 Random
2 Perceived government transparency 0.64 out of 1 Random
3 Number of buildings 1100 -

4 Yearly construction rate 0.1 -
5 Percentage of damaged buildings in 2010 0.08 Random
6 Percentage of damaged buildings in 2011 0.2 Random
7 Policy for payment of wages in emergencies true -
8 Commitment factor 0-1 Uniform
9 Socio-cultural weight (ATV) 0.34 -
10 Institutional weight (ATV) 0.28 -
11 Economic weight (ATV) 0.38 -
12 Residents with assets (home ownership) 0.7 out of 1 Random
13 Adaptive management weight (AV) 0.283 -
14 Innovation weight (AV) 0.340 -
15 Information behaviour weight (AV) —0.116 -
16 Trust in government weight (AV) —0.099 -
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Scheme Initial Parameters Value Distribution
17 Social network weight (AV) 0.175 -
18 Reciprocity weight (AV) 0.198 -
Human, financial, and physical capital
19 weight (AV) 0.248 -
20 Governance weight (TCV) 1 -
21 Leadership weight (TCV) 1 -
22 Empowerment weight (TCV) 1 -
23 System sustainability weight (TCV) 1 -
24 Foresight weight (TCV) 1 -
25 Reflexivity weight (TCV) 1 -

Indices and threshold values were determined for the simulation. The thresholds were determined based on the
most realistic model results. The threshold values for the base model were ATV = 0.7 out of 1, AV = 1.2 out of 2,
and TCV =4 outof 7.

4.3. Model Inputs

The model inputs were contextualised to suit the characteristics and interactions
between CBOs and the individual family agents. Details of these inputs are discussed next.

4.4. CBOs

The model captures the top-down interactions between CBOs and the individual
family agents. These interactions were captured using four main attributes of CBOs that
influence the transformative adaptation of family agents. These attributes, otherwise known
as transitions, include innovation, collaboration, awareness, and funding (see Figure 1).
The transitions form a link between the CBOs and the family agents, and demonstrate
the ways in which CBOs may influence the agents’ variables. Based on empirical data,
certain activities within the CBOs in the aftermath of the 2010/2011 earthquakes led to an
increase in innovation (via the agents” knowledge co-production variable), collaboration
(via the agents’ leadership and a shared vision for change variables), and awareness (via the
awareness initiatives and commitment variables). Funding was likewise seen to indirectly
impact on agents’ transformative capacity because these funds provided the resources
needed for overseeing the continued running of existing social initiatives and the creation
of new ones, which led to an increase in agents’ transformative capacity. The model
implemented these interactions using transitions, which created an exchange between
CBOs and family agents. Hence, changes in the functions and activities of CBOs create
a corresponding change in the capacity of family agents based on the studies within
the community. Community initiatives were created and maintained by CBOs based on
available funds from the government and external grants. In our model, the funds for each
initiative were calculated based on percentages and the average yearly running costs of
each initiative. The community initiatives were classified into four groups:

i Social capital initiatives: The main goal of social capital initiatives is building
social capital within the community. These initiatives are defined by existing social
networks and reciprocity, and include community groups that facilitate network
building and bonding among their members. Hence, initiatives that fall within this
category are valued based on their membership level, which is factored into the AV
index for the agents.

ii. Awareness initiatives: Awareness initiatives are created with the goal of increasing
awareness among community members. In Lyttelton, examples of such initiatives
include information sessions, movie screenings, information pamphlets, and classes
aimed at increasing awareness of and sensitising people to environmental hazards
and preparedness. The model calculates awareness values based on an initial
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uniform distribution; however, these values may increase depending on the agents’
interaction with awareness initiatives.

iii. Collaboration initiatives: These initiatives are geared towards maintaining a strong
relationship between the community and external stakeholders such as the city
council. In the model, growth in collaboration initiatives is linked to increased
political participation in the community. The values for collaboration initiatives are
calculated based on innovative partnerships between the government and the com-
munity, and available funding for that. The presence and growth of collaboration
initiatives leads to an increase in agents’ perceived collaboration, also increasing
the agents’ TCV.

iv. Sustainability initiatives: Sustainability initiatives have the goal of ensuring en-
vironmental, social, and economic sustainability within the community by cam-
paigning for waste reduction, alternative currencies (such as time banking), local
agriculture, etc. Sustainability initiatives are linked to agents” perceived system
sustainability and the presence and growth of sustainability initiatives will increase
the agents’ TCV.

“® statechart?

Prelisaster

transitionFundin
g transitionInnovation

i+ { F) - -
transitionAwareness transitionCollaboration

Figure 1. CBO statechart.

4.5. Scenario Test
4.5.1. Hypothesis

Hypothesis 1 (H1). Community-based organisations are significant determinants of transforma-
tion outcomes.

A scenario test was conducted to test Hypothesis 1, in order to simulate the transfor-
mation outcome of agents if there were no CBOs in Lyttelton.

4.5.2. Model Inputs

To test the above-written hypothesis, value inputs from the base model were main-
tained; however, the CBOs and their connections to the family agents were disabled. As
a result, the disabled variables of the family agents included the government funding
that goes to the CBOs and family agents; the knowledge co-production variable (which
represents the creation of innovative ideas and knowledge at the community level); a vision
for change variable (which represents the vision of CBOs to bring positive change to the
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community); and adaptive management (which represents leadership towards adaptation
at the community level and within CBOs). The results are shown in Figures 2—4.

Adaptation&Transformation without community-based
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Figure 2. Adaptation and transformation outcomes for the community without CBOs.
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Figure 4. Transformation outcomes for the base model and scenario test.
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4.5.3. Model Result

The result shows no significant change in the agents’ tendency to adapt; however,
the results show an increase in the short-term adaptation and transformation of family
agents. Figure 2 shows that about 75% of families do not adapt. At the initial stages, only
12% of the agents undergo transformative adaptation; however, the number increases with
time. These results demonstrate the importance of community organisation in bringing
about adaptation and transformation in Lyttelton. These results support findings from
previous studies on the role of community organisations (infrastructure) in resilience-
building [13,21,29,42,48,49]. Their findings indicate that the absence of community or-
ganisations (infrastructure) in communities can be a major barrier to resilience. Previous
studies also highlight the value of having resilient community structures and organisations
before exposure to environmental hazards rather than after [13]. According to Ozanne
and Ozanne (2013) [42], community organisations are beneficial for capacity building, i.e.,
enhancing communication capacities, social capacities, cultural capacities, and community
competencies.

The simulation result validates other studies that discuss the importance of CBOs
for disaster recovery. As seen in the results, when CBOs are absent in the community, it
affects both short-term adaptation and the long-term transformative adaptation of agents.
This reinforces the understanding that CBOs create social spaces for knowledge sharing
and problem solving, i.e., spaces where social needs are addressed and the well-being of
community members are prioritised. Beyond the already stated benefits, CBOs also share
valuable links with the government and with external stakeholders that help meet the
funding requirement for the running of community initiatives. The results of this scenario
test are significant when compared to the base model, and this indicates a strong need for
funded and empowered community organisations.

5. Discussion
5.1. Bottom-Up Emergence of Transfomative Change

Complex systems evolve as an adaptive response to environmental needs and stressors.
Since social systems are complex adaptive systems, they are dynamic systems where
emergence is characteristically dissipative, involving multiple feedback loops [50]. Social
networks serve as a connection line through which feedback loops and interactions within a
social system are sustained [50]; hence, understanding social interactions is fundamental in
determining the flow of information and feedback that leads to the overall system outcomes.

The results from the study highlight the strength of shared goals and vision within a
community—and how small changes can have far-reaching consequences. These impacts
are better understood by studying the social networks that exist within the community.
Disaster recovery periods are crucial for implementing transformative changes, as seen in
the case of Lyttelton, because they provide opportunities for the re-evaluation of established
systems and an avenue to gravitate towards a common goal. These developmental changes
can be geared towards short- and long-term goals [51]. Although disasters result in system
disruptions they should, however, be taken advantage of as opportunities to introduce
valuable changes to the system [52].

As a case study, Lyttelton offers a good example of bottom-up emergence brought
about by the interactions and complex dynamics between different levels of the community.
Hence, actions of individual agents are foundational to the social transformation in the
community in that individual ideas can result in changes within community groups and
initiatives, which has a ripple effect on the beliefs and lifestyles of other members of the
community. For instance, our study showed how the use of time banks that provide
access to services without using conventional currency can reorient mindsets and attitudes
regarding wealth accumulation. Similarly, other initiatives such as the community garden,
the farmers’ market, and the Harbour Co-op facilitate conversations and awareness about
anthropogenic climate change and disasters. These initiatives allow for adaptive solutions
that are relevant to the community and a thriving environment for building community
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resilience, facilitating response and post-disaster recovery while also reducing vulnerability
to future disasters.

5.2. Transformation as a Projection of Pre-Existing Developmental Patterns

Disasters create opportunities for change [53]. However, to take advantage of the
opportunities presented, it is important to implement fundamental changes; otherwise,
disasters can potentially exacerbate pre-existing conditions within a community [30]. To
highlight this point, a research participant said: “I don’t know that it [the earthquakes] funda-
mentally altered the community much because we were already doing all the things that were useful
during the earthquake as a community” (Interviewee 11). In response to further questions
about the ongoing initiatives, the respondent remarked: “These things [social initiatives] were
all happening before the earthquake . .. but it’s kind of like this [illustrates an accelerated pace of
change with a drawing] before the earthquake, and now we’re carrying on the same, maybe a little
different ... ” (Interviewee 11).

The scenario test conducted in this study shows how CBOs affect transformation
outcomes in the community. CBOs were seen to significantly impact the overall transfor-
mation outcomes. CBOs were already a part of the pre-existing structures in Lyttelton
and many were operational before the disaster event. Although the functional aspects of
CBOs can improve with time, the situation in Lyttelton showed that post-disaster recovery
and transformation are dependent on the capacity of CBOs at the time of a disaster. The
scenario test result highlights the importance of long-existing and operational CBOs. These
structures are influential to the culture and norms of a community and are therefore more
beneficial for facilitating transformative adaptation than short-term interventions that are
geared towards managing the impacts of disasters.

The model results highlight the role of social capital on transformation outcomes.
Economic means (which among other factors is determined by employment status) were
seen to be valuable for immediate responses and recovery. Although these impacts may
vary within different cultural contexts, transformation is seen to be inherently fostered by
social factors [54].

5.3. Community Heterogeneity and Transformative Change

Existing studies state the need for empirical studies that investigate the relationship
between social heterogeneity in communities and their transformation potential [54]. Their
study suggests that highly heterogenous groups (i.e., ethnically, socio-economically, and
other forms of diversity) undermine the social transformation potential of a community.
However, another study conducted by Sampson and Graif (2009) [55] highlights the value
of diversity in the accumulation of social capital and, by proxy, in transformation. However,
the impact of diversity on social capital accumulation is determined by other intervening
dimensions of social capital such as organisational participation and social control. Along
these lines, one of the research participants stated that the earthquakes and facilitation by
CBOs created an avenue for people to come together. As she put it,

I guess what it did was it brought everybody much closer together and made people think
about being self-reliant a lot more. Em, you know every community has sort of different
bits, different segments. For a while, the barriers definitely came down between those
different segments.

(Interviewee #11)

5.4. The Role of Community Organisations in Achieving Transformative Adaptation

The study findings and discussions highlight the importance of CBOs in building
a robust and resilient community. This finding reinforces the relevance of panarchy the-
ory [56] for understanding complex systems interacting across multiple levels. In our study,
the 2010/2011 earthquakes created a disturbance that pushed the families” agents into
dissonance that was absorbed by the robustness of the CBOs which enabled transformation
to occur. Although this yielded a positive outcome as desired, if left unchecked, agents’
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overreliance on these supports may have damaging long-term impacts. According to Abel
et al. (2006) [57], an over-reliance of smaller adaptive cycles on larger adaptive cycles may
hamper their ability to self-organise.

The 2010/2011 Christchurch earthquakes were the first major hazard to affect the Lyt-
telton community in a long time, and the role of community organisations and initiatives
was significant in facilitating transformative outcomes within the community. Community
organisations create platforms for building social capital leading to increased knowledge
sharing and participation. They also serve as links to governments and external stake-
holders that facilitate a timely response from all relevant stakeholder and institutions in
responding to the social needs of the community [58]. Community organisations serve as a
driver for bottom-up initiatives and adaptation; and, as seen in the model results, CBOs
play a major role in achieving both short-term adaptation and transformation. According
to the simulation results from this study, CBOs do not act independently in creating the
desired change within a community but their efforts are enhanced through their complex
interactions with other variables within the system. An absence of CBOs and vis-a-vis
the other variables leads to a significant decline in transformative adaptation outcomes in
Lyttelton. Hence, the value of CBOs towards the adaptation and transformation goals of a
community is discussed in the following sub-sections.

5.4.1. Social Networks

CBOs create hubs for activities and initiatives geared towards a common goal which
creates platforms for social interaction. These interactions provide and foster bonding and
bridging social capital, which are required for both disaster responses and the management
of local resources [58]. This study highlights the link between time banking and bonding
social capital. In this study, membership to the Lyttelton time bank was one of the factors
that determined the strength of social networks. Having captured these interactions in the
model, results showed a reduction in the adaptive capacity of family agents who have very
weak social networks (i.e., no membership to community organisations).

Social systems benefit from existing social networks and interactions for facilitating
positive system emergence. Hence, social networks are fundamental to CBOs in achieving
their desired outcomes within a community. Connectedness facilitates collective action,
which is needed for transformation. A research participant put it this way:

“We already had community connections in place, which meant that we just activated
themall ... "

(Interviewee 9)

5.4.2. Government Funding

The study indicates that funding is provided by the City Council for the running
of community organisations and initiatives, and by other social groups. The presence of
community organisations in some way implies that such a community may access some
special funds provided for community groups. In the absence of this, the community may
be left to fend for their own interests or start organising for such assistance after a disaster,
which will limit the momentum for collective action and response. Interviewee 9 remarked,
“Yes, some good things have come out of it [the earthquakes]. Some more listening to each other has
come out of it ... . some more funding has come too” .

5.4.3. Local Initiatives

Local initiatives serve as a foundation and medium through which CBOs mobilise
change within the community. Local initiatives help increase awareness (through regular
membership meetings, community bulletins and updates, and community library opera-
tions) and innovation among agents, and when these initiatives are absent, it is reflected in
adaptation outcome.
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5.4.4. Co-production of Knowledge

A collective vision is a requisite for transformative adaptation. According to Broto
et al. (2018) [23], knowledge co-production is achieved when agents are involved in social
groups that coalesce around a shared vision. Knowledge co-production will be non-existent
if the platforms that facilitate interactions and sharing are unavailable. In the words of
Interviewee 12,

So, working with the council is still a challenge, but what I want to say is that Lyttelton
has got quite a name for itself now as an innovator, you know, that starts new things . . .
and 1 think that’s partly down to our record, so we ask questions.

5.4.5. Shared Vision for Change

Transformative adaptation is associated with changes to existing norms and systems,
which leads to a fundamental overhaul of the status quo, providing a basis for positive
actions. The direction of change in social systems is largely determined by societal goals [59],
and these goals are set and created within social groups. In the absence of a common goal,
individual agents will tend to pursue their own interests, potentially resulting in conflicts
and adverse impacts on the whole community. Therefore, community organisations are
instrumental in creating a shared vision within local communities.

5.4.6. Adaptive Management

Adaptive management focuses on the coordination and management of community-
level actions towards sustainability and increasing the adaptive capacity of agents [60,61].
CBOs and local governments often lead adaptive management efforts, primarily due to
the need for local knowledge for adaptive management. Hence, the potential for adaptive
management is reduced when community organisations do not exist.

5.5. Decrease in the Number of Families That Undergo Transformation over Time

The base model results show an initial increase in the number of families that transition
into the new normal state (transformation) followed by a gradual decline in the numbers.
An inference can be drawn from this in relation to the complexities of the transformation
process. Many factors contribute to the transformation of agents; however, these factors
either became unavailable or the agents, CBOs, or governments were unable to sustain the
initial momentum observed in the model results.

Community Organisations

The scenario test results show a significant decrease in the number of agents that
undergo transformation when CBOs are unavailable. However, in addition to this obvious
observation, the overall level of transformation gradually declines over time. Although
the model results show that, in the absence of CBOs, the number of agents (families) that
undergo transformation is significantly lower than in the base model, this number gradually
increases and remains somewhat consistent after a period of time. This shows that, despite
the valuable role of community organisations in facilitating social transformation, the
potency of these initiatives in yielding positive social transformation decreases over time if
left unchecked. This indicates that although Lyttelton offers a lot of lessons for bottom-up
transformation and community initiatives, it is not a perfect situation. An acceptable
outcome would be to ensure that the level of social transformation increases over time
or, at the very least, is maintained. This outcome is an unintended outcome, and further
analysis can provide more insight and guide future policy decisions. Figure 5 shows how
the transformation outcomes of the base model differ from the results of the scenario test.
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Figure 5. The decline in the number of families that undergo transformation in the base model when
compared to the results of the scenario test.

As indicated in Figure 1, community organisations contribute to the transformative
capacity of family agents through four means and, of the four, funding is seen to impact
both the transformative capacity of agents and community initiatives. This is the case
because funds are used to sustain ongoing initiatives run by the CBOs that facilitate
transformation through innovation, collaboration, and awareness. Therefore, sensitivity
tests were conducted on some variables associated with the activities of CBOs in the
community to determine how much impact they have on transformation outcomes.

i. Collaboration

Collaborative efforts between community organisations and the government were
highlighted by participants in the field study as an important factor in managing social
initiatives that contributed to the transformation outcomes. This was factored into the
hybrid model under two variables: leadership and a shared vision for change. Broto et al.
(2018) [23] stated that leadership fosters collaboration in the execution of social initiatives.
Moreover, collaboration is fostered through having a common goal and vision for the
community. The sensitivity test results for leadership are shown in Figure 6, and the results
for a shared vision for change are shown in Figure 7.

These results shows that transformation outcomes have a low sensitivity to the chang-
ing values of a shared vision for change. However, the sensitivity test for the leadership
variable (Figure 6) shows that, with lower values for leadership, there is a consistent in-
crease in the number of agents that transition to the new normal state throughout the
duration of the simulation; whereas, with an increase in the numerical weight of leadership,
there is an initial increase and, thereafter, a gradual decline in the number of agents that
undergo transformation towards the end of the simulation.

These results show that collaboration between community organisations and the
government has a significant impact on transformation outcomes; however, the decline in
transformation outcomes over time is partly attributable to the leadership variable. In the
model, leadership is measured based on the perceived support from the City Council, and
although a high value for leadership should be a good thing, from the results, leadership
does not offer very good long-term benefits for transformation. A plausible explanation for
this finding is the tendency for a heavy reliance on government support, which, according to
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Abel et al. (2006) [57], can potentially lead to system collapse if left unchecked. Additionally,
a continued dependence on external support and aid may impede a system’s self-organising
ability when exposed to external stress.
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Figure 6. The effect of different weights of leadership on transformation outcomes.
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Figure 7. The effect of different weights of vision for change on transformation outcomes.

Collaborative efforts are encouraged between communities and the government, and
this initiative is seen as a form of social capital (linking social capital) [28,58]. However,
there is a need for proper management so it does not result in increased vulnerability
within communities [57]. These results highlight the tendency for unintended outcomes
in an attempt to build collaborative efforts; hence, the lesson here for policy decisions in
the Lyttelton community is to reassess existing activities and initiatives within its CBOs to
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ensure that those initiatives can be self-sustained and can achieve their set goals with or
without external support.

ii. Innovation

Innovation is essential for building transformative capacity. In this study, CBOs con-
tribute to innovation among the agents through the co-production of knowledge variable.
Knowledge co-production is a collective effort among stakeholders used to facilitate the
creation of knowledge and ideas towards the achievement of set societal goals [61]. In
the model, knowledge co-production is used as a variable that determines the transforma-
tive capacity of the agents. Figure 8 shows the result of the sensitivity test conducted to
determine the impact of knowledge co-production on transformation outcomes.
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Figure 8. The effect of different weights of knowledge co-production on transformation outcomes.

These results show an initial increase followed by a slight decline in the number of
families that have transitioned over time. Based on this result, the potential benefits of
community innovations are not reflected in the transformation outcome of the community.
A research participant in this study expressed concerns about some ongoing tensions with
the community. The exact words were that:

“there’s a certain amount of resentment’ ... ... " there are people out there who feel
that they ve (a community organisation/initiative) become like a bit of a club and a bit
exclusive”.

According to the model results, the negative impacts of innovation on the community
are very subtle, and even though community members involved in these innovative initia-
tives have expressed a great deal of optimism about the potentials and opportunities the
initiatives can offer in building community resilience, the positive outcomes may be short-
lived. As Interviewee 8's comment suggests, the activities of community organisations
with respect to innovation will benefit from being more inclusive.

iii. Awareness

Certain social initiatives were instrumental in creating awareness among the family
agents. Our model measures the contributions of community organisations towards creat-
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ing awareness in the community based on the initiatives that the CBOs engage in over time.
The result of the sensitivity test is shown in Figure 9.
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Figure 9. The effect of different weights of awareness on transformation outcomes.

The result indicates that awareness has very little impact on transformative adaptation
outcomes within the community. The simulation indicated a reduction in the number of
awareness initiatives in the community over time. This lack of urgency may be responsible
for the results seen in Figure 9.

iv.  System Awareness with Respect to Sustainability

System awareness with respect to sustainability represents the community’s active
involvement in sustainability efforts and is an indicator of transformative capacity in the
model. In this study, the system awareness variable is measured based on the agents’
perception of sustainability efforts within the community. The sensitivity analysis result
showing the impact of this variable on transformation outcomes using different values
is presented in Figure 10. The results show that as the numerical weight of the system
sustainability variable increases, although with an initial increase in agents’ transformation,
there is also an increasing decline in long-term transformation. In other words, with an
increase in system awareness, there is a higher drop in the number of agents that revert
from the new normal state back to the status quo.

There are two plausible explanations for this negative impact of increasing awareness
on long-term transformation:

(a) Unattractiveness of Change

Change can be attractive, especially when popular. According to O’Connell et al.
(2015) [4], the attractiveness of change is one of the many factors that can facilitate transfor-
mative adaptation and a transition towards sustainability. People may be more inclined
to adopt more sustainable lifestyles because it is popular or because it gives a sense of
fulfilment. However, change can also become unattractive and burdensome even after it
has occurred. Some of the research participants acknowledged how valuable they thought
community initiatives are, but they did not think those things are for them. As Interviewee
4 putit,

I don’t always use it [the timebank]. Like a lot of my job, we have volunteers that don’t
use timebank. But I have used it, though I don’t use it that often ... A lot of it is ‘cause it
has a lot to do with technology, not for all people.
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To sustain transformative adaptation and outcomes, alternatives should be provided
to suit varying preferences or the majority of community members.

(b) Long-term Outcomes

The model simulation in this study shows results for the period from 1 January 2009
to 31 December 2018. According to Kanie et al. (2012) [61], transformation may sometimes
occur as an attempt to reverse the rapidly changing climate or existing socio-economic
structures although such an attempt itself often takes time. As the simulation runs for
only a 10-year period, there is a possibility of more positive outcomes of system awareness
towards sustainability in the longer run.
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Figure 10. The effect of different weights of system sustainability on transformation outcomes.

6. Conclusions

Community-based organisations may serve different roles within a community, in-
cluding post-disaster recovery and transformation. Results from the simulations and
interviews provided more insight into the bottom-up transformation process in Lyttel-
ton, and the role of CBOs and community initiatives in bringing about transformative
adaptation. Our results present the need to support bottom-up processes and community
initiatives as a key highlight of our study of the Lyttelton community. In conclusion, based
on a case study of Lyttelton, community organisations are seen to be major determinants of
post-disaster recovery.
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