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Abstract: Resilience measurement is an emerging topic in the field of disaster risk reduction. However,
its application in Global South cities has proven to be a challenge due to the uniqueness of southern
urbanisms and data challenges. As a result, the Resilience Benchmarking Assessment and Impact
Toolkit (RABIT) framework has recently been developed to support resilience assessment in informal,
marginalized, and disaster-prone contexts of southern cities. This paper asserts the relevance of
the RABIT framework and uses it to assess the resilience of Manggahan residences, a resettled
marginalized community in Pasig City, Metro Manila. Drawing on a quantitative approach and
using exploratory factor analysis (EFA), the study revealed that scale, robustness, and learning
attributes of the RABIT framework are strong contributors to the community’s resilience. Self-
organization, diversity, and redundancy have similar levels of contribution. Equality and rapidity
were found to have the weakest relative contribution. The study findings emphasize the need to
view resilience in resettled communities holistically and adopt an integrated and comprehensive
approach that considers the multiple aspects of everyday life to proactively build adaptive and future
resilient capacities.

Keywords: disaster resilience; RABIT framework; Manggahan Residences; Metro Manila; resettlement

1. Introduction

According to the Intergovernmental Panel on Climate Change (IPCC) [1], cities in the
developing world are at the forefront of major hazards. These cities continue to remain
major hotspots of disaster risks and vulnerabilities [2,3]. Climate change impacts, in com-
bination with rapid urbanization and infrastructural lags, have increased the exposure
of developing cities to numerous risks, such as floods [4]. Indeed, reports from EM-DAT
point to an increasing trend in the frequency and intensity of flood risks [5], causing severe
economic, social, and psychological stress to local people and disproportionally impacting
the poor and the most vulnerable in many cities in developing countries. This situation
is well-recognized and has led to an emerging consensus across the global and national
levels to build the resilience of communities vulnerable to disaster risks [6,7]. Several
global frameworks are in collective unison on the call to strengthen resilience at all levels.
One of the foremost global frameworks for disaster risk reduction, the Sendai Framework,
articulates the need to protect and strengthen the resilience of people, communities, and
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countries by planning for and reducing disaster risk [8]. Similarly, the Sustainable Devel-
opment Goals (SDGs) explicitly call for resilience-building on multiple scales. Specifically,
SDG 11 commits to ensuring cities are safe, inclusive, sustainable, and resilient. The New
Urban Agenda also calls for strengthening the resilience of cities, with a particular focus on
risk-prone areas such as informal settlements [9].

A key step towards strengthening resilience is by measuring it. Measuring resilience at
different spatial scales to understand contextual situations, develop interventional strategies
to mitigate disaster impacts, and strengthen communities’ ability to recover from and
successfully adapt to adverse events is a key aspect of the resilience agenda. Over the
years, the concept of resilience has extensively evolved across many disciplines, including
disaster management [10,11]. The etymological and conceptual changes in the concept
have resulted in a proliferation of disaster resilience assessment tools and indexes with
different indicators [12]. For instance, the place-based composite resilience indices illustrate
the important facets of resilience [13]. In addition, the baseline resilience indicators for
community resilience (BRIC), the community disaster-resilience index (CDRI), Foster’s
resilience-capacity index (RCI), and the disaster resilience of place (DROP) are employed to
measure resilience at the provincial level [14–17]. All these resilience assessment tools have
a similar objective of equipping communities to proactively adapt to, cope with, and thrive
in the face of disaster events [18,19]. However, each assessment tool has its limitations.

According to Dianat et al. [20], most resilience assessment tools do not measure all
attributes of resilience. Marzi et al. [21] indicated that using a composite-index approach
provides a clear picture only at the higher administrative levels and neglects the inherent
variability of performance at the lower levels. Most importantly, the BRIC was developed
considering context-specific issues in the United States, which makes generalization and
application to Global South cities difficult [22,23]. Global South cities are characterized by
informal settlements, defined as areas with locational characteristics that include flood-
prone areas, poor infrastructure, and low socio-economic profiles [24,25]. Even though
informal settlements are a major hotspot for disaster, few resilience assessment tools
apply to this context. One resilience assessment tool that considers informal settlement
characteristics is the Resilience Assessment Benchmarking and Impact Toolkit (RABIT)
framework. The RABIT framework was developed based on an informal context of disaster
vulnerability and works within the data and skill set limitations in informal areas [26].
This study, therefore, employs the RABIT framework in a low-income resettled housing
community to ascertain its resilience. Specifically, it seeks to understand from a localized
informal context and with reference to the dimensions of the RABIT framework which
areas are contributing better to the community’s resilience and where improvements are
needed to enhance resilient capacities and futures.

This research makes three major contributions. Although the RABIT framework has
been used in informal contexts in Africa and Latin America, this is the first study to employ
it within Southeast Asia—specifically, Manila. This helps to ascertain its relevance in
disaster-hotspot regions such as Southeast Asia [27] and its role in supporting community-
level resilience. Second, resilience measures often do not consider resettled areas, as
if to implicitly assume the automatic transition of post-resettlement areas to resilient
communities. Third, applying the RABIT framework allows a localized lens into so-
called disaster-risk-improved communities to contextually understand areas that need
further improvement. This allows a localized and situated perspective of previously flood-
vulnerable but resettled communities as “evolutionary sites,” where resilience is not static
or fixed in time but rather a dynamic process of continuous adjustment [28] that needs
to be constantly supported and strengthened to ensure holistic and adaptive responses
to present and future risks. Fundamentally, the study contributes to ongoing policy and
scholarly discussions about the relationship between housing resettlement as a disaster risk
reduction strategy and community resilience.
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The present study was undertaken in Manggahan Residences (colloquially referred to
as Manggahan LRB) in Pasig City, one of the most flood-prone cities in Metro Manila [29].
The work proceeds as follows. Following the introduction, a literature review on resilience
and resilience measurement methodologies is discussed in Section 2. Section 3 provides the
context and description of the study area. Section 4 details the methodology and analysis
employed in the study. Section 5 presents the results of the analysis. The last section of the
paper focuses on the discussion, implications, and conclusion.

2. Resilience and the RABIT Framework: An Overview
2.1. Overview of Resilience

In recent years, the concept of resilience has been gaining currency and attention
across multiple academic fields [30]. This is because it provides a workable framework for
examining the way in which systems adapt, transform, and persist despite facing serious
disturbance [31]. However, there continues to be debate among scholars on its definition,
policy applicability, and practice [32,33]. The widely accepted definition put forth by the
IPCC [34] (p. 5) defines it as “the ability of a system and its component parts to anticipate,
absorb, accommodate, or recover from the effects of a hazardous event in a timely and
efficient manner.” Keating et al. [35] (p. 26) define it as “the ability of a system, community,
or society to pursue its social, ecological, and economic development and growth objectives
while managing its disaster risk over time, in a mutually reinforcing way.”

Recent conceptualizations of resilience proffer a non-equilibrium or evolutionary
model [32,36–38]. Clark-Ginsberg et al. [39] succinctly encapsulate the evolutionary per-
spective of resilience as the system’s capacity to be able to weather external shocks while
still maintaining normal functions and eventually moving into a state of adaptation and
transformation. They summarize it as resilience meaning “bouncing forward” instead of
“bouncing back” [39].

For the purposes and scope of this study, we examined resilience at the community
level. There are two strands of academic literature on community resilience: first, as
described by Holling [40] in the socio-ecological context, and second, in the psychosocial
context, as explored by Alexander [41]. Community resilience is defined as a concept
that enables the community to plan, prepare for, and more successfully adapt to actual
or potentially detrimental scenarios efficiently and effectively [42] (p. 148). Magis [43]
describes it as the community’s ability to engage, develop, and generate community
resources to cope and persist in situations where there is a high degree of uncertainty
and unpredictability.

2.2. Measuring Resilience

Resilience measurement has been progressively considered an essential step towards
reducing disaster risk and facilitating adaptation to disasters [44,45]. The Sendai Frame-
work has advocated for the application of scientific knowledge and evidence-based ap-
proaches in disaster risk reduction [8]. As such, methods to measure and monitor resilience
have become abundant in recent years [2,42,46]. Jones [47] summarizes the scientific and
evidence-based approaches to resilience measuring into objective and subjective. The objec-
tive approach to resilience measuring relies on self-assessed judgements and observations
outside of those being measured [48,49]. In contrast, subjective resilience measurement
frameworks involve the self-assessment of the cognitive and affective capabilities of indi-
viduals or households in responding to risk [50,51]. The objective resilience approach has
numerous advantages over the subjective. For instance, the objective resilience approach
adopts a fixed and transparent definition of the concept of resilience [49], allows for the
comparison of different areas or groups [52], and relies on indicators that government
agencies routinely collect [53].
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Cutter’s [15] DROP framework utilizes a system of quantifiable indicators in six dimen-
sions: community competence, ecological, economic, social, infrastructure, and institutional
dimensions. This type of assessment has focused on the county scale, as it was developed
in United States [23]. Similarly, the Baseline Resilience Indicators for Communities (BRIC),
which is adapted from the DROP model, is among the most consistently cited frameworks
for the measurement of resilience [54]. It includes 49 indicators of community resilience [13].
Despite it being one of the few to examine resilience metrics at the community level [55],
implementation in Global South contexts would be a significant challenge, as it relies on
secondary data [46], where data access and availability is a major setback.

Most of these resilience measurement methodologies are reliant on existing secondary
data, such as census data and statistics [56]. Unfortunately, the adoption of these re-
silience frameworks presents challenges to developing countries due to the paucity of such
data [57,58]. Furthermore, factors that determine resilience in measurement methodologies
vary between and among geographical scales, and as such, translation, for example, from
the national to community level tends to be cumbersome [54,57]. Extant studies conducted
at the national and regional levels seem to be inadequate for resilience analysis at the local
level [23]. Moreover, Keating et al. [59] note that few community disaster resilience mea-
surement frameworks have been implemented in the field, with none empirically validated.
Departing from this, we turn to the RABIT framework.

2.3. RABIT Framework

The RABIT framework was conceptualized and developed by researchers from the
University of Manchester to tackle the issues of knowledge gaps from current resilience-
measurement tools. It was designed to address the lack of robust tools for measuring the
baseline metrics of resilience and the evaluation of the impact of development interventions
on the level of resilience [60]. The framework was designed specifically with the context
of developing countries in mind. It also offers a holistic and in-depth understanding of
resilience at the community level [61].

Ospina and Heeks [60] identified eight attributes as properties that communities have
to a lesser or greater degree (see Table 1). These include robustness, self-organization, and
learning, considered core characteristics of resilient systems and referred to as foundational
attributes. The other five characteristics are redundancy, rapidity, scale, diversity and
flexibility, and equality, which are enabling attributes and facilitate the operationalization
of the foundational attributes [60]. The framework has already been piloted in two separate
case studies involving marginalized communities in Africa and Latin America [26,61]. The
two pilot studies utilized a small sample size in their assessment but nevertheless yielded
emergent findings that were not brought to light in previous resilience evaluations in
marginalized urban communities [26]. Surprisingly, the framework has yet to be used in
Southeast Asia—a region that, according to the latest World Risk Report [62], hosts some of
the cities that face the highest disaster risks. In this regard, this study hopes to contribute
and extend its application in the Southeast Asia region, specifically the Philippines. More
importantly, it seeks to contribute to a better understanding of community resilience and
generate insights for disaster risk reduction for resilience planners and practitioners.
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Table 1. The RABIT Resilience Framework (adapted from [26]).

Resilience
Attribute Definition Indicators

Robustness
The ability of a community to sustain a level of
stability amid environmental shocks and
disruptions

• Physical infrastructure
• Coordination between the community and

local authorities in the area

Self-organization
The ability of a community to adjust itself and its
protocols under the threat of serious
disturbances without external influence

• Level of trust between community members
• Collaboration networks
• Trust in community leaders

Learning
The ability of the community to leverage past
experiences to strengthen current skills and
innovate and plan creatively for the future

• Awareness of present risks
• Access to drills and training
• Knowledge-sharing between members

Redundancy
The degree to which resources and functions are
diversified in the event of a major emergency
or disruption

• Contingency options
• Diversified income sources
• External support

Rapidity
The capacity of a community to act swiftly and
access resources efficiently in emergency
situations

• Access to early warning systems
• Swift action in response to emergency events
• Immediate support from external networks

during emergencies

Scale
Access to a wide range of assets and support to
facilitate recovery and overcome the deleterious
effects of serious disruptions

• Contact between the community and
organizations or institutions that operate at a
higher level

• Collaborations between the community and
the private and public sector

• Cross-scale relationships

Diversity

Availability of a wide variety of courses of action
and opportunities to the community and its
ability to innovate and improvise given the
circumstances

• Variety of options available to the community
• Implementation of innovative methods
• Perception of change as opportunity, as

opposed to a threat

Equality
Degree to which the community distributes its
resources and opportunities to members of the
community equally

• Participation and enhanced competencies
• Inclusivity and transparency

3. Study Context
3.1. Disaster Risk and Vulnerability Context of Metro Manila

According to the World Risk Report 2022, the Philippines is ranked first in terms of
risk among 193 countries worldwide, with a score of 46.82 out of 100. It is a global risk
hotspot, which is reflected in its high-risk values, owing to a risk profile characterized by
multiple exposures and high intensities [62].

Metro Manila, an agglomeration of 17 local government units and the nation’s capital,
is home to more than 13 million inhabitants [63]. Megacities such as Metro Manila are
characterized by high urban density and rapid population growth, which exacerbates
environmental degradation and contributes to low-quality housing and poor quality of
life [24,64,65]. A report by the National Economic and Development Authority (NEDA) [66]
estimates that there are approximately 556,526 informal settler families (ISFs) in the city.
This translates to 1 out of every 4 Metro Manila residents currently residing in informal
housing [67]. Of these, 104,000 ISFs are situated in environmentally hazardous zones such
as dump sites, railways, and along waterways [66]. Flooding is a perennial threat, as
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an average of 20 typhoons occur in the region each year, which makes these ISFs highly
vulnerable to the detrimental effects of flooding [68]. Figure 1 shows the location of Metro
Manila and the areas of flood susceptibility.
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3.2. Post-Disaster Resettlement and the People’s Plan

On 26 September 2009, unprecedented rainfall and subsequent flooding caused by
tropical storm Ketsana (known locally as “Ondoy”) submerged 34% of Metro Manila. The
effects were devasting for approximately 4.9 million residents, including 464 casualties,
37 missing persons, and an estimated USD 240 million in damage to property and infras-
tructure [71]. Following the aftermath, the national government set aside PHP 50 billion
to relocate ISFs living within 3 meters of eight priority waterways across Metro Manila
(Figure 2) and provide them with safer housing [72]. To gain access to the funds, affected
communities were tasked to prepare and submit a community-based resettlement plan
called the People’s Plan [73].
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The People’s Plan is a blueprint for empowering communities and marks a shift in the
conventional top-down process typically employed by the government in their resettlement
programs [75]. The community is tasked to handle several responsibilities on their own,
such as site selection for resettlement and negotiations with builders regarding the design
and costs of the construction [73]. The process takes a considerable amount of time, with
completion taking an average of six years, the bulk of which is spent on site selection,
whereas only a short period of time is allocated to its design phase [76].

3.3. Study Site: The Manggahan Floodway Resettlement Project (LRB)

The Manggahan Floodway in Pasig City was constructed in 1986 to alleviate flooding
in Metro Manila. Shortly thereafter, informal settlers then began occupying its embank-
ments [75]. A Supreme Court ruling in 2008 mandated the clearing of waterways that feed
into Manila Bay [72]. The catastrophic floods in the following year only served to solidify
efforts to evict communities living along waterways, as the public sector looked to blame
them for clogging the floodway [75,77,78].

Under the threat of eviction, 11 community organizations formed the Alliance of
People’s Organizations Along Manggahan Floodway (APOAMF) in 2010 with support
from a local non-government organization (NGO), Community Organizers Multiversity
(COM). With the help of COM, APOAMF was able to follow through with the People’s Plan,
navigate the complicated and lengthy bureaucratic process, and negotiate with various
state actors [78]. This community-embedded process of resettlement informed the selection
of the site for the case study. Specifically, the Manggahan LRB resettlement project is one
of the first to employ community participation and developed along the lines of deeper
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engagement and dialogue with the affected residents in flood-prone areas. This provides
an opportunity to empirically ascertain how so-called community-based resettlement
programs shape resilient outcomes in informal settings.

Further, it needs to be mentioned that, from the government side, the project was
framed around building disaster risk reduction through the resettlement [77]. It is notewor-
thy that in spite of the seemingly successful resettlement program, there have been some
challenges, such as halted construction of the remaining buildings due to problems with
the sub-contractor, the ongoing technical problems with the project’s sewage treatment
plant [75], and the lack of play spaces for the children in the community, which had not
been planned for due to the short design phase allotted for the project [79].

At the time of this study, the project had housed some 573 households. These house-
holds were resettled from the nearby east and west embankments of the floodway, which
are severely vulnerable to floods (Figure 3). The project has a total of 15 planned buildings,
of which only 10 have been completed. Each building has a total of five floors, with each
floor containing 12 units. A community member is elected to serve as a representative for
their building. The building representative is also supported by five leaders, each in charge
of one floor. It is through this community structure that functions such as information
dissemination and rule enforcement are enabled [80]. The Manggahan LRB community
also has an established organizational structure with committees assigned to deal with
issues and concerns within the resettlement project. A Disaster Risk Reduction (DRR)
committee, for example, is tasked to facilitate DRR drills and training conducted in the
community. These drills and training are provided by the local government as part of their
DRR capacity-building mandate [63]. Due to the COVID-19 pandemic, however, these
drills have been suspended.
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4. Methodology
4.1. Data and Sample Collection

To test the resilience of the study area to multiple hazards (typhoon, fire, flood, and
earthquake), survey data were collected from 236 participants in the Manggahan LRB
community in Pasig City, Philippines, using the simple random-sampling technique. The
questionnaire was administered with a combination of face-to-face and pen-and-paper
methods. The data field study was conducted from July to August 2022, spanning a period
of 2 months. Before data collection, the researchers conducted a reconnaissance survey
(5–11 July 2022) to become familiar with the topography of the study area and build a good
rapport with members of the community and leaders. With the help of the community
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leaders, a reference group was formed to help create awareness about the study and en-
courage the residents to voluntarily take part. In addition, the community reference group
evaluated the questionnaire and made recommendations for the structure and wording
of the survey instruments. This helped to improve the readability of the questionnaire
survey. The questionnaire was then pretested (12–15 July 2022) using 10 respondents who
were conveniently sampled from the study area as a further step to improve and finetune
the questions. Collection of survey data was conducted over the course of one month
(20 July–18 August 2022).

The target sample size was determined using Slovin’s formula based on the total
households (573) in the community. Based on the total households, a confidence level
of 95%, and a margin error of 5%, 231 households were determined to be the optimal
sample size. Survey collection was implemented based on 10 clusters, corresponding to
the existing 10 low-rise buildings currently occupied in the study area and using a simple
random-sampling method to select participants/households.

The questionnaire surveys employed for the study comprised three sections. The first
section was made up of the inclusion criteria, participant information sheet, and consent
form. The second part of the questionnaire entailed respondents’ demographic informa-
tion, such as gender, age, education, employment status, marital status, and monthly
income. Section 3 of the survey instrument consisted of adopted questions underpinning
the variables of the RABIT Framework.

4.2. Measures

A validated survey instrument from Haley et al. [26], which conceives resilience as
eight attributes, was adapted for this study. These resilience attributes include learning,
robustness, rapidity, scale, diversity, flexibility, equality, and redundancy. Each attribute
was measured using a Likert scale of 1–5 (1 = strongly disagree and 5 = strongly agree).
This instrument provides a holistic and measurable approach to resilience and design to fit
the characteristics of marginalized and informal communities—high-risk locations, high
population density, and economic and political marginalization. Appendix A provides
details of the instrument employed in this study.

4.3. Data Analysis

Prior to data entry, the questionnaires were screened to ensure the data for further
analysis was error-free and inconsistencies were rectified. Preliminary analysis was under-
taken to check for missing variables and outliers. Descriptive statistics were run for the
demographic data using percentages, means, and standard deviation. This was followed
by exploratory factor analysis (EFA) and construct validity and reliability tests. The EFA
was used to summarize the variables and identify the factors (attributes of resilience based
on the RABIT framework) and their contribution to resilience. The contribution of the
factors to the overall resilience was based on the eigenvalues and percentage of variance of
each factor.

5. Results

The socio-demographic characteristics of the study participants are summarized in
Table 2. In this study, 79.2% of the respondents were females, whereas the remaining
20.8% were males. Concerning the age cohort of the sampled population, the majority,
comprising 35.6%, were aged 45–54. The results also show that 52.5% of respondents were
married, whereas 52.1% had secondary high school education and more than one-third
were employed.
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Table 2. Characteristics of respondents.

Demographic Factors Components Percentage (%)

Gender
Female 79.2
Male 20.8

Age

15–24 6.8
25–34 13.1
35–44 22.5
45–54 35.6
55–64 18.2
65+ 3.8

Marital status

Single 13.6
Married 74.1
Separated 4.2
Widowed 8.1

Employment status

Employed 39.4
Unemployed 16.5
Retired 3.0
Student 4.7
Housewife 36.4

Educational background

Primary school/junior high school 19.9
Senior high school 52.1
Vocational (post-SHS) 15.7
Tertiary (undergraduate and postgraduate) 11.4
No formal education 0.8

Level of income (PHP)

11,001–22,000 25.8
22,001–44,000 4.2
44,001–77,000 2.1
Less than 11,000 62.3
Prefer not to answer 5.5

5.1. Exploratory Factor Analysis

In most cases, researchers do not perform exploratory factor analysis (EFA), partic-
ularly when the instrument employed in the study is an adapted scale. In this study, the
researchers conducted EFA to identify variables that adequately explain the construct in
the Philippines context. This was based on Juliawati et al.’s [81] assertion that a scale
previously validated is not necessarily valid in a different location, time, and context.

Tables 3 and 4 show the results for the exploratory factor analysis (EFA). Before coming
to that, the Kaiser–Meyer–Olkin test indicated that the sample was adequate for the analysis,
as evidenced by the score of 0.910, which is higher than the suggested threshold point of
0.6 [82]. The Bartlett test of sphericity was also significant (X2 = 4856.270, df = 741, p = 0.000),
indicating that the correlation between the variables was not equal and, consequently, fit
for a factor analysis. Table 3 shows the proportion of variance explained by the factors.
Only factors with eigenvalues above 1 were retained, which is the acceptable level used for
EFA [83]. In all, eight factors were reported to have the eigenvalues above 1. Out of this,
the first component had an eigenvalue of 12.918, which corresponds to 33.12% of the total
proportion of variance explained.
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In all, the eight factors accounted for 63% of the total variance that explained the
resilience, which is above the 50% criterion that Samuels [84] and Streiner [85] recommend
as the minimum threshold. Table 3 also reports on the rotation sums of squared loadings,
which represent the distribution of the variance after the varimax rotation. According to
Costello and Osborne [86], the varimax rotation adds another layer to EFA by clarifying
the relationship among the factors. The rotation seeks to maximize the variance shared
among the component by increasing the squared correlation of items and decreasing the
correlation of items that are dissimilar. Here, we observed that the proportion of the
variance explained by the first component was 16.66%. The remaining component showed
more even variances.

Table 3. Proportion of total variance explained.

Factors
Initial Eigenvalues Extracted Sums of Squared

Loadings
Rotation Sums of Squared

Loadings

Total % of Var Cumm% Total % of Var Cumm% Total % of Var Cumm%

1 12.918 33.124 33.124 12.918 33.124 33.124 6.498 16.663 16.663
2 2.456 6.298 39.423 2.456 6.298 39.423 3.086 7.913 24.575
3 2.297 5.889 45.312 2.297 5.889 45.312 2.932 7.519 32.094
4 1.812 4.645 49.957 1.812 4.645 49.957 2.650 6.795 38.889
5 1.716 4.399 54.356 1.716 4.399 54.356 2.600 6.667 45.556
6 1.327 3.402 57.758 1.327 3.402 57.758 2.468 6.328 51.884
7 1.147 2.941 60.699 1.147 2.941 60.699 2.293 5.880 57.764
8 1.099 2.818 63.517 1.099 2.818 63.517 2.244 5.753 63.517
9 0.971 2.490 66.008

10 0.959 2.459 68.467
11 0.896 2.296 70.763
12 0.807 2.070 72.833
13 0.738 1.933 74.766
14 0.686 1.893 76.659
15 0.646 1.759 78.419

Table 4 reports on the factor loadings of the individual items on the eight factors
reported in this study. In line with arguments made by Pantouvakis and Psomas [87],
we removed coefficients of items that were below 0.6 and reported only items with a
coefficient above 0.6. Table 4 shows that the reported items with coefficients above 0.6
for factor 1 corresponded to the scale attribute of resilience. Further, Table 4 shows that
the reported items with coefficients above 0.6 for factor 2 corresponded to the robustness
attribute of resilience. Similarly, items with coefficients above 0.6 for factor 3 corresponded
to the learning attribute of resilience. However, items such as “We have access to drills
and other training activities and take part in them” (learning 3) had items below 0.6
and therefore were excluded (Table 4). Items with coefficients of more than 0.6 in factor
4 corresponded to the self-organization attribute of resilience. However, the item “I am
ready to assist my neighbors during emergencies and trust that they will do the same for
me” (self-organization 1) was excluded because it had a coefficient below 0.6.

Further, items with coefficients above 0.6 in factor 5 corresponded with the diversity
attribute of resilience; however, similar to those items in the other highlighted attributes,
the item “Our community is made up of members with a diverse set of skills and training”
(diversity 4) was excluded from the list of items in factor 5 because it did not meet the
0.6 threshold. In summing up Table 3, after careful analysis of the factor loadings for factors
6, 7, and 8, we concluded that these factors represent the redundancy, equality, and rapidity
attributes, respectively, of resilience based on the items loaded in these factors. Therefore,
the various attributes of resilience can be ranked by their contribution to resilience in the
following manner: scale, robustness, learning, self-organization, diversity, redundancy,
equality, and rapidity.
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5.2. Reliability and Validity

In this study, we used Cronbach’s alpha and composite reliability to measure the
internal reliability of all the constructs. As depicted in Table 5, Cronbach’s alpha for all
eight constructs was between 0.83 and 0.87, which meets Hair et al.’s [88] recommendation
of 0.70. Moreover, the composite reliability for the eight constructs was found to be
between 0.82 and 0.87 f, aligning with the widely accepted minimum criteria of a composite
reliability greater than or equal to 0.70. We also computed the constructs’ convergent
validity, utilizing the recommended standards by Hair et al. [88]. First, the factor loadings
and significance levels of each construct were assessed. All factor loadings were higher
than 0.60 and significant at 0.01. The average variance extracted (AVE) was measured, and
the results demonstrated that the AVE of all the constructs exceeded the 0.50 threshold.

Table 4. Rotated-components matrix of dimensions of resilience.

Variables Factor 1 Factor 2 Factor 3 Factor 4 Factor 5 Factor 6 Factor 7 Factor 8

Scale 1 0.781
Scale 2 0.791
Scale 3 0.754
Scale 4 0.819
Robustness 4 0.718
Robustness 5 0.704
Robustness 6 0.752
Robustness 7 0.681
Robustness 8 0.658
Learning 1 0.857
Learning 2 0.794
Learning 4 0.684
Self-organization 2 0.881
Self-organization 3 0.797
Self-organization 4 0.689
Diversity 1 0.872
Diversity 2 0.759
Diversity 3 0.747
Redundancy 1 0.776
Redundancy 2 0.867
Redundancy 3 0.759
Equality 1 0.840
Equality 3 0.755
Equality 4 0.790
Rapidity 1 0.878
Rapidity 2 0.781
Rapidity 3 0.697

Table 5. Descriptive, reliability, and validity statistics.

Construct

Descriptive Reliability

AVE
Mean Standard

Deviation
Cronbach’s
Alpha Composite

Robustness 2.39 0.73 0.84 0.83 0.50
Self-organization 2.64 0.89 0.83 0.83 0.63
Learning 2.22 0.86 0.84 0.82 0.61
Redundancy 2.63 0.86 0.87 0.85 0.66
Rapidity 2.36 0.97 0.84 0.83 0.62
Scale 2.31 1.11 0.88 0.87 0.62
Diversity 2.42 0.89 0.85 0.84 0.63
Equality 2.54 0.93 0.84 0.84 0.63
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We utilized the Fornell–Larcker criterion to assess the discriminant validity of the
constructs. According to Fornell and Larcker [89], when the square root of the AVE is
higher than each construct’s correlation (diagonal values in bold), a discriminant validity
has been achieved, as shown in Table 6.

Table 6. Correlation matrix and square root of AVE.

Factors 1 2 3 4 5 6 7 8

Robustness 0.71
Self-organization 0.53 0.79
Learning 0.13 0.13 0.78
Redundancy 0.44 0.10 0.16 0.81
Rapidity 0.11 0.31 0.19 0.21 0.79
Scale 0.09 0.14 0.10 0.26 0.14 0.79
Diversity 0.02 0.06 0.25 0.13 0.05 0.28 0.79
Equality 0.04 0.13 0.02 0.05 0.03 0.10 0.10 0.71

NB: square root of AVE (diagonal) in bold.

6. Discussion

The results generated and the analytical framework provide insight into the study
area’s resilience. First, the reliability and validity tests show that the RABIT framework is a
valid and suitable method for assessing the resilience of the Manggahan LRB community.
As a result, the study supports the assertions made by Heeks and Ospina [90] that the
RABIT framework is suitable for low-income and marginalized contexts. The EFA result
reveals that each of the eight attributes contributed to resilience, although there were both
variations and similarities among the attributes in terms of the strength of their overall
contribution, which was basically assessed using the eigenvalues and percentage variance
of each attribute. Indeed, the findings indicate that when ranked from the largest to smallest
contributor to resilience, the attributes can be ranked as follows: scale, robustness, learning,
self-organization, diversity, redundancy, equality, and rapidity. Further, the findings from
the EFA also show that the scale attribute contributed largely to resilience in the study
area relative to the other attributes. This finding is informative and shows that, depending
on the study context, the contributions from the eight resilience attributes may not be
the same. For instance, utilizing the RABIT framework, Haley et al. [26] found that in
Masiphumelele, a low-income community in South Africa, the strength of resilience was
based on the contribution of self-organization and scale. Understanding why some of the
attributes play a more significant impact in fostering resilience in different low-income
communities is an interesting issue to explore.

In our study, scale was identified as the most important contributor to resilience in
the study area. Scale, according to Folke et al. [91], borders on the breadth of resources
that is available and can be utilized by a community to effectively overcome the impact
of a disaster or disturbances. Resources can take varied forms and may include natural,
physical, financial, and social capital, as well as other support systems available to the
community. In the context of the current study, it can be argued that the community’s
long-standing relationship and support received from COM has been beneficial to the
Manggahan LRB community, as they have been able to foster multiple partnerships and
leverage these support systems to overcome threats of eviction and call for support from
the local and national governments. One of the results of these partnerships is the People’s
Plan, which provides an opportunity for broader engagement to promote resilience. Thus,
strong partnership with NGOs is instrumental to the resilience building of the Manggahan
LRB community, and it is therefore not surprising that a stronger coefficient was reported
for items such as such as scale 2 (“The community has strong collaborations with the local
and national government”) and scale 4 (“The community has regular interactions with
NGOs, academic organizations, etc. on disaster preparation and response”). Similarly,
several studies have pointed to the importance of community–institutional collaborations
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as a form of social capital (bridging networks) in building community resilience [92–96].
This highlights the need to not only invest in physical infrastructure but also to foster
collaboration and strong partnerships to provide opportunities for exchanges and flows
of ideas, expertise, and resources that can be leveraged in times of difficulties. These
collaborations and partnerships, as a form of social infrastructure, can help resettled
communities to better anticipate and overcome future disasters [97].

The next attributes that made an almost similar contribution to resilience in the Mang-
gahan LRB community after scale were robustness and learning. Robustness essentially
refers to the ability of the community to sustain itself from shocks and disruptions and
ensure some level of stability [26]. Robustness undoubtedly requires essential infrastructure
and collaboration with state and non-state actors. Indeed, the government implementation
of the resettlement plan has been instrumental in reducing the vulnerability of the resettled
community, since it provides safe housing and essential services and infrastructure required
for improved living [98]. Though opposed at the initial stages, the plan came to fruition
due to the successful engagement with stakeholders such as the government and NGOs.
The strong coefficient for robustness items highlights the relevance of improved housing
and infrastructure in resilience building. Learning as an attribute of resilience has been
found to have strong links with access to DRR-related drills and training. Cui and Han [99]
argue that by participating in drills, training, and other forms of capacity building, the
community can improve its resilience and recover from systemic disturbances. In the
study area’s case, the COVID-19 pandemic led to the suspension of DRR-related drills
and training in the community for the past two years. Nonetheless, the influence of past
learning experiences had some level of impact on residents, given the contribution it made
towards building the resilience of residents. Indeed, there were high coefficients for items
such as learning 2 (“I have received and shared lessons from past experiences with flooding
from other members”) and learning 4 (“The community leverages past experiences to antic-
ipate and plan differently in the future”), which clearly indicate that residents’ learning
experiences with past disasters have been instrumental in shaping their preparedness for
future disaster occurrences.

The next attributes that made almost similar contributions to resilience were self-
organization, diversity, and redundancy. Beginning with self-organization, it highlights
how a community can adjust itself and its practices under serious threats or pending distur-
bances. The community partnership forged between other organizations such as COM and
APOAMF to follow through with the People’s Plan and effectively mobilize themselves and
work with their leaders to negotiate and implement the resettlement program is a clear case
in point. Indeed, items with a strong coefficient for self-organization indicate strong trust
in leadership, participation, and mobilization. This finding corresponds to previous studies
on self-organization in similar low-income, informal, and marginalized communities in
Accra, where community adjustments are made possible through collaboration, network
building, and trust in community structures [100,101].

In the case of diversity, it can be argued that the community made efforts to increase
the range of options to press home their demands for more support and engagement.
It is not surprising, therefore, that there were strong coefficients for diversity 2 (“I am
able to identify potential opportunities emerging from change”) and diversity 3 (“The
community comes up with innovative and creative solutions to problems that arise in
times of emergency”). Despite the point made for diversity, there were difficulties that the
community faced that limit their ability to take action to promote its interests. For instance,
its status as a resettled community means that they still must depend on the government for
many of the services they need. In the case of redundancy, it can be argued that the support
gained from external bodies such as livelihood programs from women-led international
NGO Huairou Commission [102] could also have contributed to building the community’s
resilience. Nonetheless, it needs to be mentioned that although the community has been
able to leverage the support they received from COM to fight against the eviction orders,
they are still dependent on the government resettlement project for infrastructure and basic
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amenities. The challenges highlighted for diversity and redundancy explain why they did
not contribute much to resilience in the community.

The two attributes that made the smallest contribution to resilience were equality
and rapidity. Equality entails the fair distribution of opportunities and capacity-building
programs and fostering participation among all members of the community. Promoting
inclusivity and participation among members of the community has been found to be
instrumental in quick and effective outcomes for improvement [103,104]. In the context
of this study, delays in resettling all the disaster-prone households (only 573 have been
resettled out of 900 households) and lags in providing infrastructure facilities, such as issues
with the sewage-treatment plant for the entire community [78] and the lack of public spaces
and playgrounds for children [79], might explain the comparatively limited contribution of
equality to the resilience in the study area.

Rapidity, or swift access to assets such as disaster-related information and resources, is
the factor that contributed the least to the community’s resilience. Although early warning
systems (EWS) are already in place to disseminate disaster-related information [71] in the
community, previous studies indicate that access to disaster risk information and com-
munication channels embedded in existing social structures and timely updates improve
preparedness and adaptive capacities [100]. Moreover, this points to the importance of an
information system that leverages community trust and leadership to further enhance the
community’s receptiveness and alertness towards disaster risk information and therefore
influences their intentions to prepare for present and future risks [105,106].

7. Conclusions

This study contributes to the emerging research on resilience measurement at the com-
munity level. It applied the RABIT framework, a community-level resilience measurement
tool, to assess the resilience of a resettled informal settler community displaced because
of the catastrophic 2009 floods in Metro Manila. The study also demonstrates its utility
and relevance in evaluating resilience at the community level, focusing on marginalized
urban communities. Resilience attributes were assessed and validated regarding whether
they were statistically significant factors in the community’s resilience. Analysis of the
survey data revealed that although all attributes are statistically relevant, their contribu-
tions towards the community’s resilience vary. The results show that the attributes of scale,
robustness, and learning proved to be relatively strong contributors to the community’s
resilience. Self-organization, diversity, and redundancy were found to have similar levels
of contributions. The attributes of equality and rapidity were found to be relatively weaker
and thus require more attention. The study has shown that although the Manggahan
LRB community and its resettlement as a DRR approach is seemingly trending towards a
resilient outcome, there remain some challenges to be revisited that merit closer scrutiny.

This research provides a case study for the practical measurability of the attributes of
community resilience as prescribed in the RABIT framework. However, the study is limited
in its scope of generalization and application for three reasons. First, the RABIT frame-
work used does not account for mental or psychological attributes of resilience [107,108] in
post-resettlement situations. Measuring mental outlook or psychological aspects in future
studies is important to understand how resettlement communities view their future and
are prepared for future uncertainties and risks, as evidenced by the stresses of the current
pandemic in informal communities. Second, the current study only provides a snapshot
of the community’s resilience through a quantitative lens. Further research is needed to
support the quantitative results with qualitative data (e.g., interviews and focus group
discussions) to provide more holistic depth in the assessment of resilience attributes. Finally,
focusing on a single case without a comparative or experimental analysis with another
community limits the generalizability of the present study. Future experimental or compar-
ative analysis might provide more insight and allow for generalization. Nevertheless, this
study puts forth its contribution towards testing community resilience measurements in
the understanding that these measurement tools do not necessarily translate to instantly
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shaping a particular community to be resilient but can be considered a decision-making
tool for disaster risk reduction and resilience managers to prioritize and direct resources
to critical areas necessary for building adaptive and resilient capacities of marginalized
communities in Metro Manila and other Global South cities.
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I do the necessary preparations to anticipate and respond to 
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Disagree 

o  
Disagree 

o  
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o  
Agree 

o  
Strongly 

Agree 

The building I live in is safe against hazards such as flooding. 
o  

Strongly 
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o  
Disagree 

o  
Neutral 

o  
Agree 

o  
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The building I live in is safe against typhoons. 
o  

Strongly 
Disagree 

o  
Disagree 
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The building I live in is safe against earthquakes. 
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o More than 7 years 
1.10 Which type of natural hazard 
have you experienced? (You may se-
lect more than one.) 
o Floods 
o Earthquakes 
o Typhoons 
o Fires 

2. Resilience Attributes 
2.1 Robustness 

I do the necessary preparations to anticipate and respond to 
flood disasters/emergencies. 

o  
Strongly 
Disagree 

o  
Disagree 

o  
Neutral 

o  
Agree 

o  
Strongly 

Agree 

The building I live in is safe against hazards such as flooding. 
o  

Strongly 
Disagree 

o  
Disagree 

o  
Neutral 

o  
Agree 

o  
Strongly 

Agree 

The building I live in is safe against typhoons. 
o  

Strongly 
Disagree 

o  
Disagree 

o  
Neutral 

o  
Agree 

o  
Strongly 

Agree 

The building I live in is safe against earthquakes. 
o  

Strongly 
Disagree 

o  
Disagree 

o  
Neutral 

o  
Agree 

o  
Strongly 

Agree 

The building I live in is safe against fires. 
o  

Strongly 
Disagree 

o  
Disagree 

o  
Neutral 

o  
Agree 

o  
Strongly 

Agree 

Lifeline utilities such as electricity and water are easily re-
stored following a disruption. 

o  
Strongly 
Disagree 

o  
Disagree 

o  
Neutral 

o  
Agree 

o  
Strongly 

Agree 

Assistance from the government (e.g., rescue, fire brigade) is 
accessible to the community during emergency situations. 

o  
Strongly 
Disagree 

o  
Disagree 

o  
Neutral 

o  
Agree 

o  
Strongly 

Agree 

Community infrastructure is strong to prevent or mitigate im-
pacts from disasters such as flooding.  

o  
Strongly 
Disagree 

o  
Disagree 

o  
Neutral 

o  
Agree 

o  
Strongly 

Agree 
2.2 Self-Organization 
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ruption to our livelihood. 
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2.5 Rapidity 

I have access to early-warning and up-to-date information on 
upcoming flood hazards and other emergency events. 

o  
Strongly 
Disagree 

o  
Disagree 

o  
Neutral 

o  
Agree 

o  
Strongly 

Agree 

Emergency information is rapidly disseminated among mem-
bers of the community. 

o  
Strongly 
Disagree 

o  
Disagree 

o  
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o  
Agree 

o  
Strongly 

Agree 
We are able to swiftly implement evacuation protocols should 
a disaster occur. 

o  
Strongly 

o  
Disagree 

o  
Neutral 

o  
Agree 

o  
Strongly 



Sustainability 2023, 15, 6953 18 of 23

Sustainability 2023, 14, x FOR PEER REVIEW 18 of 24 
 

I am ready to assist my neighbors during emergencies and 
trust that they will do the same for me. 

o  
Strongly 
Disagree 

o  
Disagree 

o  
Neutral 

o  
Agree 

o  
Strongly 

Agree 

Local leaders are highly capable and are able to perform their 
duties responsibly during emergencies. 

o  
Strongly 
Disagree 

o  
Disagree 

o  
Neutral 

o  
Agree 

o  
Strongly 

Agree 

I regularly participate in disaster-prevention and -response 
programs initiated in the community. 

o  
Strongly 
Disagree 

o  
Disagree 

o  
Neutral 

o  
Agree 

o  
Strongly 

Agree 

Local groups (e.g., DRM) actively participate in disaster prep-
aration and response. 

o  
Strongly 
Disagree 

o  
Disagree 

o  
Neutral 

o  
Agree 

o  
Strongly 

Agree 

We adopt technology to mobilize resources for disaster pre-
paredness and response. 

o  
Strongly 
Disagree 

o  
Disagree 

o  
Neutral 

o  
Agree 

o  
Strongly 

Agree 
2.3 Learning 

I am knowledgeable of the severity and places of high flood 
risk in our area. 

o  
Strongly 
Disagree 

o  
Disagree 

o  
Neutral 

o  
Agree 

o  
Strongly 

Agree 

I have received and shared lessons from past experiences with 
flooding from other members. 

o  
Strongly 
Disagree 

o  
Disagree 

o  
Neutral 

o  
Agree 

o  
Strongly 

Agree 

We have access to drills and other training activities and take 
part in them. 

o  
Strongly 
Disagree 

o  
Disagree 

o  
Neutral 

o  
Agree 

o  
Strongly 

Agree 

The community leverages past experiences to anticipate and 
plan differently in the future. 

o  
Strongly 
Disagree 

o  
Disagree 

o  
Neutral 

o  
Agree 

o  
Strongly 

Agree 
2.4 Redundancy 

We maintain an emergency fund just in case of serious dis-
ruption to our livelihood. 

o  
Strongly 
Disagree 

o  
Disagree 

o  
Neutral 

o  
Agree 

o  
Strongly 

Agree 

I have diversified income sources to sustain me in times of 
emergency. 

o  
Strongly 
Disagree 

o  
Disagree 

o  
Neutral 

o  
Agree 

o  
Strongly 

Agree 

I have access to financial instruments such as insurance or in-
formal group credit. 

o  
Strongly 
Disagree 

o  
Disagree 

o  
Neutral 

o  
Agree 

o  
Strongly 

Agree 

I receive support from family, friends, and neighbors in times 
of emergency. 

o  
Strongly 
Disagree 

o  
Disagree 

o  
Neutral 

o  
Agree 

o  
Strongly 

Agree 
2.5 Rapidity 

I have access to early-warning and up-to-date information on 
upcoming flood hazards and other emergency events. 

o  
Strongly 
Disagree 

o  
Disagree 

o  
Neutral 

o  
Agree 

o  
Strongly 

Agree 

Emergency information is rapidly disseminated among mem-
bers of the community. 

o  
Strongly 
Disagree 

o  
Disagree 

o  
Neutral 

o  
Agree 

o  
Strongly 

Agree 
We are able to swiftly implement evacuation protocols should 
a disaster occur. 

o  
Strongly 

o  
Disagree 

o  
Neutral 

o  
Agree 

o  
Strongly 

Sustainability 2023, 14, x FOR PEER REVIEW 19 of 24 
 

Disagree Agree 

We are able to promptly receive emergency aid and/or food af-
ter a disaster has occurred. 

o  
Strongly 
Disagree 

o  
Disagree 

o  
Neutral 

o  
Agree 

o  
Strongly 

Agree 

Local leaders and institutions effectively coordinate emer-
gency-preparation and -response activities. 

o  
Strongly 
Disagree 

o  
Disagree 

o  
Neutral 

o  
Agree 

o  
Strongly 

Agree 
2.6 Scale 

The community has various partnerships with NGOs, aca-
demic organizations, and even international agencies. 

o  
Strongly 
Disagree 

o  
Disagree 

o  
Neutral 

o  
Agree 

o  
Strongly 

Agree 

The community has strong collaborations with the local and 
national government. 

o  
Strongly 
Disagree 

o  
Disagree 

o  
Neutral 

o  
Agree 

o  
Strongly 

Agree 

We have received aid (e.g., scholarships, skills training, health 
services, etc.) as a result of these types of partnerships. 

o  
Strongly 
Disagree 

o  
Disagree 

o  
Neutral 

o  
Agree 

o  
Strongly 

Agree 
The community has regular interactions with NGOs, aca-
demic organizations, etc., on disaster preparation and re-
sponse. 

o  
Strongly 
Disagree 

o  
Disagree 

o  
Neutral 

o  
Agree 

o  
Strongly 

Agree 
2.7 Diversity and Flexibility 

I have several options or courses of action available to me in 
case of emergencies. 

o  
Strongly 
Disagree 

o  
Disagree 

o  
Neutral 

o  
Agree 

o  
Strongly 

Agree 

I am able to identify potential opportunities emerging from 
change. 

o  
Strongly 
Disagree 

o  
Disagree 

o  
Neutral 

o  
Agree 

o  
Strongly 

Agree 

The community comes up with innovative and creative solu-
tions to problems that arise in times of emergency. 

o  
Strongly 
Disagree 

o  
Disagree 

o  
Neutral 

o  
Agree 

o  
Strongly 

Agree 

Our community is made up of members with a diverse set of 
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2.8 Equality 

I feel my needs and opinions are considered in the decision-
making process of our community. 
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Disagree 
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The decision-making process on disaster management in our 
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Resources on disaster management such as aid are distributed 
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o  
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o  
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o  
Strongly 
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I am involved in making decisions about steps to undertake 
against the effects of natural hazards such as flooding, ty-
phoons, etc., that affect me. 

o  
Strongly 
Disagree 

o  
Disagree 

o  
Neutral 

o  
Agree 

o  
Strongly 

Agree 
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