urban science

Article

Disaster Risk Perception in Informal Urban Settlements: A Case
Study in Santo Domingo, Dominican Republic

Yanelba E. Abreu-Rojas 1'2(, Juan C. Sala-Rosario 3, Antonio Torres-Valle "*(, Antonio Jurado-Malaga °

and Ulises J. Jauregui-Haza

M) Check for updates

Academic Editor: Bethuel

Sibongiseni Ngcamu

Received: 3 June 2026

Revised: 26 July 2026

Accepted: 29 July 2026

Published: 1 August 2026
Copyright: © 2026 by the authors.
Licensee MDPI, Basel, Switzerland.
This article is an open access article
distributed under the terms and
conditions of the Creative Commons
Attribution (CC BY) license.

1,6,%

Area de Ciencias Bésicas y Ambientales, Instituto Tecnolégico de Santo Domingo (INTEC), Ave. de los
Proceres #49, Santo Domingo 10602, Dominican Republic; y.abreu@grupoalfama.com (Y.E.A.-R.);
juan.salas@defensacivil.gob.do (J.C.S.-R.); antonio.torres@intec.edu.do (A.T.-V.)

Grupo ALFAMA, Construccién y Proyectos Sostenibles, Rafael Bonelli St. #3, Evaristo Morales,

Santo Domingo 10147, Dominican Republic

Oficina de la Defensa Civil, Defensa Civil Nacional, Ave. Ortega y Gasset esq. Pepillo Salcedo,

Plaza de la Salud, Santo Domingo 10304, Dominican Republic

Instituto Superior de Tecnologifas y Ciencias Aplicadas (INSTEC), Universidad de la Habana,

Quinta de los Molinos, La Habana 10400, Cuba

Departamento de Economia, Universidad de Extremadura, Avda. de Elvas, s/n, 06006 Badajoz, Spain;
ajurado@unex.es

Cétedra UNESCO de Cambio Climaético, Resiliencia y Sistemas Complejos, Instituto Tecnolégico de Santo
Domingo (INTEC), Ave. de los Proceres # 49, Santo Domingo 10602, Dominican Republic

*  Correspondence: ulises.jauregui@intec.edu.do

Abstract

Disaster risk perception in informal urban settlements remains insufficiently understood
despite its importance for climate adaptation and urban resilience policies. This study eval-
uated disaster risk perception among residents of nine informal settlements in Greater Santo
Domingo, Dominican Republic, focusing on the relationship between the subjective risk
of disaster, poverty, and socio-environmental vulnerability. A mixed-methods approach
was applied using the RISKPERCEP algorithm and a structured survey composed of
98 questions grouped into key perception variables. A total of 198 surveys were conducted
across four municipalities, supported by expert consultation, probabilistic sample-size cal-
culation, and statistical analyses including chi-square tests and Cramér’s V coefficients. The
results revealed a generalized moderate underestimation of climate-related risks, mainly
associated with limited understanding of hazards, weak institutional trust, low personal
involvement, poor memory of past disasters, and reduced concern about consequences. So-
cioeconomic deprivation, particularly among women, retirees, and low-income groups, was
strongly associated with higher perceived vulnerability. Statistical analyses demonstrated
a dense and multidimensional network of interdependent social, economic, and spatial
variables shaping vulnerability. The study concludes that low disaster risk perception
constitutes a major barrier to climate adaptation in informal settlements and highlights
the need for integrated public policies combining social protection, climate education,
urban resilience, and community-based adaptation strategies. The implications of this
study point to the use of a disaster risk perception inquiry method at the community level,
structured around specific variables that allow the identification of underlying causes of
the widespread underestimation of disaster risk. This approach enables the design of adap-
tive policies—both structural and non-structural—that explicitly incorporate these aspects
when formulating resilience measures. Future research should aim to generalize the study
to other communities across the country, preceded by addressing the limitations identified.
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1. Introduction

Urbanization in Latin America and the Caribbean has been characterized by rapid
demographic growth, unequal access to housing, and the expansion of informal settle-
ments. This geographic area has been consistently marked by the expansion of informal
settlements, a process driven by socioeconomic inequalities, weak land-use regulation, and
limited access to formal housing. This dynamic has intensified territorial fragmentation,
infrastructure deficits, and socio-environmental vulnerability across the region [1]. Com-
parative evidence illustrates the breadth of this phenomenon: in Lima, informal settlements
challenge sustainable regeneration and monitoring through geospatial technologies [2,3];
in Chile, morphogenetic analyses reveal persistent informal growth patterns [4]; in Bo-
gotd, predictive models highlight unplanned human settlements in peri-urban areas [5,6];
in Buenos Aires, inequalities shape interventions in informal districts [7]; in Mexico, ur-
ban expansion has been linked to climate and land-use pressures [8]; and in Medellin,
studies document cascading effects of infrastructure failures in both formal and informal
areas [9]. Broader regional reviews confirm that while strategies such as land regulariza-
tion, participatory planning, and geospatial integration have achieved partial advances,
long-term sustainability remains constrained by governance deficits and unequal access
to land [10,11].

Globally, more than one billion people live in informal or precarious urban contexts,
where poverty, environmental degradation, and disaster exposure converge [12]. Interna-
tional frameworks such as the Sendai Framework for Disaster Risk Reduction [13] and
the Sustainable Development Goals [14] emphasize the urgent need to strengthen urban
resilience, reduce vulnerabilities, and promote inclusive governance [15]. Yet, despite these
global commitments, informal settlements continue to expand under conditions of socioeco-
nomic marginalization, limited institutional capacity, and weak territorial planning [16-19].

Informal settlements are consistently identified in the global literature as critical
hotspots of disaster risk due to the convergence of physical exposure, socioeconomic vul-
nerability, and limited institutional support. Recent studies show that these areas are
frequently located in hazard-prone environments—such as floodplains, unstable slopes, or
coastal zones—Ilargely because of restricted access to formal land markets and planning
systems. For instance, Bhanye and Li et al. [19,20] estimate that approximately one-third
of slum residents in the Global South are exposed to potentially “disastrous” flooding,
highlighting a structural link between informality and environmental risk. Beyond expo-
sure, vulnerability is amplified by precarious housing conditions, infrastructure deficits,
overcrowding, and limited access to water, sanitation, and emergency services, which
constrain both preparedness and response capacities. Emerging research also emphasizes
that these risks are dynamic and intensifying under climate change, as extreme weather
events disproportionately affect populations excluded from formal urban governance
and protective systems. Moreover, recent empirical work highlights how disaster risk
in informal settlements is shaped by interacting socio-environmental and institutional
drivers, reinforcing cycles of loss, damage, and marginalization across cities in Africa,
Asia, and Latin America [19]. Overall, the evidence underscores that informality is not
merely a spatial condition but a key determinant of disaster risk production, requiring
integrated and inclusive risk reduction strategies that address both structural inequalities
and environmental hazards [21].
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In the Dominican Republic, and particularly in Santo Domingo, informal urbanization
has intensified in areas characterized by irregular land tenure, precarious housing, inade-
quate sanitation, and scarce access to safe drinking water [22]. These communities often
emerge from families’ urgent need to settle near sources of employment rather than bene-
fiting from planned territorial development. This dynamic reproduces cycles of poverty
and exclusion while simultaneously increasing exposure to hurricanes, floods, and other
climate-related disasters [23]. The intersection of poverty and environmental risk creates
chronic vulnerability that obstructs the transformation of these spaces into sustainable and
resilient communities [24-26]. The Dominican Republic, as a small island developing state,
is highly exposed to extreme hydrometeorological events. Since 1851, the country has been
impacted by more than 70 hurricanes, 24 of which reached major hurricane status due
to their destructive capacity. In total, Hispaniola has experienced at least 145 hydrome-
teorological events over 173 years, including 59 tropical storms, 46 hurricanes, 24 major
hurricanes, and 16 tropical depressions. Of these, 77 directly affected Dominican territory,
while 68 caused indirect damage, with the Caribbean Sea being the most frequent route,
concentrating 106 events [27].

Among the most devastating hurricanes, we can cite San Zenén (1930, category
4 on the Saffir-Simpson scale), which destroyed much of Santo Domingo, causing over
4500 deaths; David (1979, category 5), the only one of this category to strike the country,
resulting in nearly 2000 deaths and the destruction of approximately 200,000 homes; and
Georges (1998, category 4), which severely affected the entire nation, with extensive damage
to housing, agriculture, and electrical systems. In Greater Santo Domingo, approximately
44 hurricanes and 32 tropical storms have been recorded since 1851, leaving a legacy of
human and economic losses. Recent floods in November 2022 and 2023, as well as April
2026, highlight the city’s persistent vulnerability, linked to structural deficiencies such as
inadequate stormwater drainage, occupation of ravines, unplanned urban growth, and
poor solid waste management [28].

A critical dimension of this challenge is the low perception of disaster risk among
residents. Despite living in precarious conditions and facing high exposure, many commu-
nities underestimate the threats posed by climate change and environmental hazards. This
lack of awareness and preparedness limits community participation in resilience-building
initiatives and reduces the effectiveness of public policies. While previous studies have
examined structural vulnerabilities in informal settlements [16,17,21,29], there is a signifi-
cant gap in analyzing how subjective risk perception of disaster interacts with poverty and
socio-environmental challenges to perpetuate disaster exposure [30]. Recent local studies
highlight the importance of integrating community-level perceptions into disaster risk
assessments, reinforcing the relevance of this research in the Dominican context [31-33].

On the other hand, risk studies have become a key tool for assessing sustainability,
as they integrate both objective and subjective dimensions [34]. However, one of the
most complex aspects is risk perception (subjective risk), which remains less developed
than objective risk [35]. Objective risk relies on measurable data such as event statistics,
production records, and imaging systems [36,37], often focusing on impacts. Prospective
tools like risk matrices and failure mode and effect analyses have further strengthened its
evaluation [38,39].

The way individuals and societies recognize, interpret, and manage potential dangers
is commonly conceptualized as risk perception. Scholars have explored this construct using
diverse explanatory models, among them cognitive and heuristic approaches, the psycho-
metric paradigm, cultural interpretations of risk, social amplification mechanisms, and
emotional perspectives emphasizing risk-related feelings [40—-42]. More recently, Pirla [43]
proposed a psychological model of collective risk perceptions that integrates individual
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probabilistic reasoning with the social transmission of information, highlighting how con-
textual and organizational factors shape emergent perceptions of risk.

The rationale for triangulating material living conditions, socioeconomic indicators,
and subjective well-being relies on the consensus that risk perception is fundamentally
shaped by structural coping capacities [44]. Material deprivation does not merely represent
a lack of physical assets; it functions as a chronic stressor that severely limits a household’s
capacity to anticipate, cope with, and recover from external shocks [45]. Empirical research
demonstrates that individuals facing severe financial strain—such as the inability to meet
unexpected expenses—exhibit significantly higher levels of risk perception, as they lack the
economic safety nets required for post-disaster resilience [46]. Consequently, evaluating
objective socioeconomic indices alongside subjective welfare measures allows for a com-
prehensive understanding of vulnerability, moving beyond traditional hazard exposure
models to capture the psychological and material realities of community vulnerability [47].

The psychometric paradigm, central to this study, quantitatively identifies qualitative
factors shaping perception. Beyond probability, elements such as dread, perceived control,
uncertainty, and catastrophic potential strongly influence how risks are judged [48,49].
Cultural theory highlights how perceptions are shaped by values and “ways of life” (hi-
erarchical, individualist, egalitarian, fatalist), influencing which risks are prioritized [50].
Cultural and religious diversity also affects perception, linking it to health, cognition, and
experiences with extreme events [51]. While not explored in depth here, these aspects are
incorporated through the psychometric approach.

According to the social amplification of risk perspective, societal mechanisms and in-
formation flows play a central role in shaping how hazards are perceived, either increasing
or diminishing their perceived significance through communication and collective behav-
ior [52]. The concept of “risk as feeling” further suggests that risk judgments are influenced
not only by rational evaluation but also by emotional and intuitive responses to potential
dangers [53]. This relationship is particularly relevant in sustainability contexts, where
risks emerge from and affect the complex interactions among environmental, economic,
and social systems [54]. Differences between expert assessments and public attitudes reveal
the shortcomings of assuming that greater knowledge alone leads to public acceptance. Cit-
izens often evaluate risks through ethical, social, and emotional lenses that extend beyond
the scope of conventional technical assessments [49,52]. Unlike objective risk, risk per-
ception reflects how people understand and react to hazards, shaping behavior. Research
has increasingly focused on measuring these perceptions and behaviors [35,36,55-58]. Per-
ceived risk profiles have proven effective, particularly variable-based approaches that
integrate survey data [55-57].

This study seeks to address that gap by analyzing disaster risk perception in informal
settlements of Santo Domingo through a case study approach. By examining the intersection
of poverty, socio-environmental conditions, and community perspectives, the research
identifies structural and behavioral factors that hinder transformation. The findings provide
evidence to inform risk governance and urban resilience strategies, underscoring the urgent
need to transform informal settlements into sustainable and resilient communities capable
of confronting climate change scenarios.

The proposed study will address the following hypothesis: “The implementation and
application of tools for diagnosing subjective disaster risk in human settlements will enable
the development of a model for transforming informal settlements in Santo Domingo into
eco-friendly and resilient communities under climate change scenarios”. As a novelty, this
research shows the use of a multidimensional risk perception inquiry tool, focused on risk
perception variables, with which it is possible to discover the underlying causes of the
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deviation from the adequate perception of disaster risk in communities and direct efforts
towards the solution of these problems.

2. Materials and Methods
2.1. Perceived Risk Profile

One of the methodologies that has gained the most traction is the use of perceived
risk profiles [33,58-61]. In Santo Domingo, informal settlements such as La Barquita
and Domingo Savio are recurrently impacted by floods from the Ozama and Isabela
rivers, hurricanes, and extreme rainfall events. Recent disasters illustrate the gravity of the
problem: in November 2022, extreme rainfall of 260 mm in less than 24 h caused widespread
inundation, while in November 2023, record precipitation of 431 mm led to 21 fatalities,
the displacement of over 13,000 residents, and severe infrastructure damage [27] Tropical
Storm Franklin in August 2023 further exacerbated vulnerabilities, damaging homes, crops,
and livelihoods across multiple provinces and requiring mass evacuations coordinated by
the Dominican Red Cross. These recurrent hazards highlight the chronic exposure of tens of
thousands of residents in Santo Domingo’s informal settlements, underscoring the urgency
of developing diagnostic tools for subjective disaster risk perception as a foundation for
eco-friendly and resilient urban transformation under climate change scenarios. Although
risk profiles can be represented directly from surveys [62,63], the variable-based profile
approach has become increasingly popular due to its comprehensiveness. In this approach,
each variable—encompassing the results of several questions—provides a clearer view of
the risk perception of the studied groups, as these variables serve as tools to cluster and
average opinions [61,64,65].

Given the multidimensional socioeconomic and environmental nature of this problem,
the research combines quantitative and qualitative methods and designs. The summary
algorithm of the method, developed for this study, includes the diagnosis of subjective
criteria, recommendations of adaptation actions, and iterative evaluation after the imple-
mentation of recommendations. The algorithm is presented in Figure 1.
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objective indicator structure)

Application of research tools
(survey)

v

‘ Information Collection ‘

Probability of Random Response/
Consultation with Experts
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I
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I
I
1
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I
I
I
I
1
1
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I
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I
I
1
1
1
I
I
1
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settlements and/or communities

A 4 A 4

Implementation ‘ ‘ Revaluation }7

Figure 1. Algorithm for diagnosis and management of subjective resilience in human settlements.
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Subjective resilience is evaluated based on residents’ opinions regarding their living
conditions and ability to deal with the phenomena that are precursors to disasters, col-
lected through a disaster risk perception survey. The key aspects of the block diagram
of the algorithm shown in Figure 1 are described below. The methodology of perceived
risk profiling—based on variables and surveys—has been applied. This methodology
is programmed in the RISKPERCEP code [65]. The RISKPERCEP program, designed by
specialists from the University of Havana, is based on the use of the psychometric paradigm
to measure, through variables and surveys, the perception of risk at the public level or on
specialized fronts such as environmental, technological or occupational risk [33,60,63,64].

The variables used to evaluate risk perception are selected according to the research
objectives and analytical framework adopted [58-60]. In the context of psychosocial risk
studies, these factors are generally grouped into three dimensions (Table 1): characteristics
of the individual, attributes inherent to the hazard, and elements associated with the way
risks are managed [59,60].

Table 1. Variables used in the study of disaster risk perception in informal human settlements
facing disasters.

Variable (Code) Description

Behavior with Respect to
Risk Perception

Individual variables

1 Familiarity with risk (FAM)

Degree of experience of the subject with

the situation INVERSE

2 Understanding of risk (COMP)

Level of knowledge of the individual

regarding the risk EXTREME

3 Personal involvement (INVO)

Extent to which the activity directly

affects the individual or their family DIRECT

Degree to which their economic

4 Economic—cultural well-being (BE-C)  situation and cultural level allow them INVERSE

to be incorporated into society

Variables of a physical nature

5 Catastrophic potential (CATA)

Severity and concurrence of

. : DIRECT
consequences in space and time

6 Past history of disasters (HIST)

Extent to which the activity has a record

of previous catastrophes or hazards DIRECT

7 Reversibility of consequences (REVE)

Extent to which consequences are

. INVERSE
reversible

8 Concern about risk (PREO)

Extent to which the event generates

. . . IRECT
emotions such as fear, anxiety, or distress DIREC

Variables related to risk management

Degree to which the individual trusts or

9 Trust in institutions (INST) gives credibility to the institutions DIRECT

responsible for safety

Degree of organization observed in the

10 Organizational climate (CLIM) management aimed at adapting to and DIRECT

mitigating climate change (CC)

The relationship between these variables and perceived risk also plays an important
role in their selection. Some factors contribute to higher levels of perceived risk, including
catastrophic consequences, panic-inducing potential, and the rapid onset of adverse effects.
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Others tend to reduce perceived risk, such as familiarity with the hazard, the belief that
it can be controlled, and the possibility of reversing its impacts. Risk comprehension
represents a special case because its effect is characterized by a shared tendency among
both specialists and the general public to underestimate its importance. To facilitate analysis
and avoid the introduction of subjective biases, all variables are treated as independent and
are assumed to contribute equally to the overall assessment.

The questionnaire (Table S1, Supplementary Materials) was adapted to the types of
hazards and study groups in order to generate empathy, moving from the familiar to
uncertainty, from the general to the particular, and from the institutional to the individ-
ual [66]. To facilitate evaluation, closed-ended questions with pre-designed responses
were employed, arranged in a unidirectional increasing order with three gradations. This
design ensures correlation with the associated risk perception scale, which has three levels:
1 indicates risk underestimation, 3 indicates risk overestimation, and 2 represents adequate
risk estimation [61,67]. The assumption of independence is made only for the purpose of
assigning equivalent weights in the algorithmic calculation of the integrated index while
recognizing from the outset its latent interdependent nature in social reality.

This scale applies to questions with variables that evolve directly in relation to the
associated perception. When variables evolve inversely or extremely, the computational
tool performs adjustments during evaluation. A specific feature of this survey was its
intentional ordering and direction toward symmetrical questions, corresponding to the
area of objective indicators.

A significant aspect of this specialized survey was the inclusion of questions address-
ing the poverty index of the surveyed community members. This addition resulted from
research informed by experiences in European community studies [68,69]. To confirm the
quality of the survey, it was subjected to two validation methods: one assessing the proba-
bility of random responses and another involving expert review [70,71]. For calculating the
probability of random responses, the Gaussian distribution was applied:

B[n,p|] = Nlu, 0] 1)

These terms show that the Gaussian distribution B, evaluated for population n with
probability of success p, is equivalent to the normal distribution N with population mean
u and standard deviation ¢. Substituting the terms y and o, the following expression

N[u, o] = N[(Npop : P,,/Npop-P~Q)] )

Additionally, the probability of random success, considering X, as the number of

is obtained:

questions that must be answered correctly for the survey to be deemed acceptable, can be
calculated as

P(X>xmem>=p(Z>’W):1p(z<Xmet;ﬂ) -

To assess this criterion, the Gaussian distribution (Equation (1)) was employed, con-
sidering the total number of questions (1 = 98), the probability of success for each question
(P =0.4), the probability of failure (Q = 0.6), and the threshold score X;;et; (Equation (3)).
Candidate values of Xy, were iteratively evaluated until the probability of obtaining
a passing score through random guessing was effectively zero. The analysis identified
59 correct responses as the minimum threshold. Consequently, a respondent would need to
answer at least 59 questions correctly by chance to achieve an acceptable score. Given the
negligible likelihood of this event, the survey instrument satisfies this adequacy criterion.
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A Delphi round with experts was conducted to discuss the survey [72]. Based
on their suggestions, modifications were made to construct the final version (Table S1,
Supplementary Materials). The expert review consisted of meetings with specialists from
various institutions, whose contributions were essential for refining the methodological
framework of the study. To ensure the preparedness of the research team, evaluators were
subsequently trained in the application of objective indicators. This process was supported
by the availability of a multidisciplinary group of experts, including civil engineers, struc-
tural specialists, vulnerability assessors, psychologists, financial analysts, and professionals
in climate change and disaster risk management, who had previously conducted evalua-
tions comparable to those required in this study. Their collective expertise provided both
methodological rigor and practical experience, strengthening the reliability and validity
of the assessment process. The experts provided suggestions regarding the content of the
questions and their response options. These recommendations led to amendments to the
original version of the survey. Once the final list of questions was approved, it was incorpo-
rated into an intuitive, powerful, and reliable software tool designed for data collection,
analysis, and management in surveys, monitoring, evaluation, and research: KoboTool-
box 2.026.27c. This digital tool, which operates both online and offline, was specifically
designed to facilitate survey implementation and data collection. The tool designed for the
study of subjective indicators is available at https://ee-eu.kobotoolbox.org/x/fbHCndjh
(accessed on 12 February 2026).

An important detail in the study of subjective risk was the calculation of a represen-
tative sample according to the resident population values in each settlement. For this
purpose, Equation (4) [73], programmed within the RISKPERCEP code, was applied:

2
n— NZ%pq ; )
e2(N—1)+Z%pq

where n—sample size; p—probability of success; g—probability of failure; e—precision
(maximum allowable error in the proportion); Z—probabilistic factor, defined as a function
of the confidence level error; and N—initial population.

For the disaster risk perception survey, training sessions were required for its adminis-
trators. The application of the tools was facilitated by their availability in the form of online
questionnaires. During implementation, databases were updated in real time and compiled
in Excel tables, collecting data provided by evaluators and community members in their
respective areas of participation.

An intermediate step in the risk perception study was the interpretation of responses
to each question according to pre-established keys in the required format (see Supple-
mentary Materials) for evaluation via RISKPERCEP. Since some questions deviated from
the traditional format of closed, unipolar increasing responses, interpretation keys were
established for questions designed differently (multi-option or priority ranking).

For evaluation with RISKPERCEDP, it is essential to have files containing: (i) risk
perception variables (including polytomous variables and their relationship with associated
perception), (ii) surveys (closed, unipolar increasing questions related to the variables
under study), and (iii) risk perception compilations (responses coded as values 1, 2, and 3,
corresponding to underestimation, adequate estimation, and overestimation of risk).

With this data, the system quantifies averaged indicators at the individual, variable,
and group levels, presented in analytical tables and perceived risk profiles. In addition to
group indicators, dispersion studies of responses are conducted to determine the level of
agreement within the group regarding the trends represented by the pre-designed survey
questions. Interpretation of these results using the Pareto principle allows deduction of
behavioral patterns in addressing the investigated issues.
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The evaluation algorithm itself was used to re-quantify resilience capacities once the
recommendations deduced through the method were implemented. The optimization or
re-evaluation loop can be visualized in Figure 1 (bottom right).

2.2. Study Location

The sample size, calculated using RISKPERCEP, was determined for the four mu-
nicipalities and their corresponding settlements. Common parameters applied to the
expression in all cases (Equation (4)) included: probability of success (Psyccess = 0.4), proba-
bility of failure (Qfaijure = 0.6), confidence level of 95%, and precision of 7%. Considering
the variable population size represented in each municipality, the sample size for each case
is illustrated in Table 2.

Table 2. Population sample calculation for the studied settlements.

Community

Represented Population Calculated Sample  Surveyed Sample

Santo Domingo de Guzman Municipality

(La Yuca, Las 800ta, Capotillo) 3580 48 0
Santo Domingo East Municipality (Los
Mina, Los Tres Brazos) 2884 48 54
Santo Dommgo West Munlcqfahty (Pueblo 1096 - .
Chico, Juan Guzman)
Santo Domingo North Municipality (Los 3019 s S

Coordinadores, Villa Mella)

Considering representativeness for the studied population (according to the initial
parameters) and the effort required to meet this criterion, a minimum of 191 surveys was
necessary. In total, 198 surveys were successfully conducted among participants selected
from community members who demonstrated leadership capacity and were permanent
residents of the settlements, ensuring that the sample reflected both local authority and
lived experience across each of the municipalities studied, as shown in Table 2.

The administration of surveys for this study was approved by the corresponding ethics
committee, which required informed consent from all participants. The eight individuals
who declined to participate in the survey were not included in the results, thereby ensuring
respect for participant autonomy and the methodological integrity of the analysis.

For the selection of settlements, criteria such as climate vulnerability, poverty, and
existing infrastructure in the locality were considered, among others. The studied settle-
ments correspond to four municipalities of Santo Domingo (Figure 2), where informal
communities were selected, some of them exposed to multiple hazards, which further high-
lights the importance of this issue. The Ministry of Economy, Planning and Development
(MEPyD) evaluated 155 municipalities against threats such as precipitation, droughts, heat
waves, cyclones and floods. The study identifies the National District, Santo Domingo East,
Santo Domingo North and Santo Domingo West among the municipalities with the greatest
vulnerability to human settlements. In addition, Santo Domingo East, Santo Domingo
North, National District and Santo Domingo West occupy the first places in the global mu-
nicipal climate vulnerability index [74]. The geolocation of the selected communities in each
municipality is presented in Table S2 (Supplementary Materials). These nine settlements for
the fieldwork were selected as they are the most representative of the four municipalities of
Santo Domingo in terms of vulnerability, poverty, and exposure to potential disasters [74].
In addition, to test the versatility of the methodology, the settlements were diversified by
including some with comparatively higher levels of resilience.
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Figure 2. Settlements considered in the study. (A) Dominican Republic; (B) Santo Domingo, Distrito
Nacional: 1—La Yuca; 2—La 800ta; 3—Capotillo; 4—Los Mina; 5—Los Tres Brazos (Ribera del

Ozama); 6—Los Coordinadores; 7—Villa Mella; 8—Pueblo Chico; 9—Juan Guzman.

2.3. Socioeconomic Vulnerability Index

Building on the information collected in the survey regarding poverty indices and

living standards [75-77], several indicators were introduced to enable socioeconomic

vulnerability studies. These indicators were derived from questions 60 to 65 of the survey

(Table S1, Supplementary Materials). To capture the multidimensional nature of social

vulnerability, the analysis integrates three primary analytical dimensions derived from

the community survey: material deprivation, household income streams, and subjective
well-being.

Material Deprivation: This dimension evaluates structural living conditions through

specific indicators of financial strain, such as the household’s inability to cope with

unexpected financial expenses, arrears in utility bills, or the incapacity to afford a

one-week annual holiday. These indicators serve as proxies for localized economic

vulnerability and immediate resource scarcity.

Income Streams: Quantitative data on household income were gathered to assess

direct financial capacity and liquidity. Income levels are analyzed relative to regional

poverty thresholds to identify households facing acute economic marginalization.

Subjective Well-Being and Health: This component captures the experiential dimen-

sion of vulnerability. It incorporates self-reported health status and individuals’

perceptions of their quality of life, which act as critical mediators in how risks are

perceived and managed at the household level.
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To synthesize the operationalized dimensions into a standardized comparative met-
ric, we constructed the Socioeconomic Vulnerability Index (SEVI). This composite index
aggregates the objective indicators of material deprivation and income with subjective
well-being metrics to provide a holistic measure of community vulnerability. The index
construction follows a three-step aggregation procedure:

- Normalization: To ensure comparability across disparate indicators (e.g., continu-
ous income data versus categorical deprivation variables), all individual metrics
were normalized using a min-max scaling method, bounding values strictly between
0 (lowest vulnerability) and 1 (highest vulnerability).

- Weighting: Equal weights were assigned to each of the three primary dimensions
(Material Deprivation, Income, and Subjective Well-Being) to avoid subjective bias
and to reflect their co-equal importance in defining structural coping capacities as
established in vulnerability literature.

- Aggregation: The normalized indicators were mathematically aggregated to generate
the final composite score for each surveyed household and municipality. The resulting
index score allows for the spatial and statistical identification of highly vulnerable
clusters within the studied communities.

Statistical Analysis of Socioeconomic Vulnerability

For this analysis, nine of the variables studied were taken: V1—sex, V2—municipality
or district of residence, V3—type of community zone, V4—age range, V5—employment
status, V6—general health condition, V7—regular participation in hobbies or meeting
friends or family at least once a month for social gatherings, V8—regular participation in
leisure activities such as sports, cinema, or concerts, and V9—household per capita income.
All variables included in the analysis are categorical (qualitative) in nature, representing
socio-demographic, economic, and living-condition dimensions. Prior to analysis, the
dataset was preprocessed to ensure consistency across categories. All variables were treated
as nominal and converted into string format to facilitate contingency table construction.

The existence of a statistical association between categorical variables was evalu-
ated using Pearson’s chi-square (x?) test of independence. For each pair of variables, a
contingency table was constructed, and the x? statistic was computed using Equation (5).

r c 2
e-y Yo

i=1j=1

where O;; represents the observed frequency in cell i, j; E;; represents the expected frequency
under independence, and r and ¢ denote the number of categories in each variable.

The null hypothesis (Hp) assumes independence between variables, while the alterna-
tive hypothesis (H1) assumes the existence of an association. Statistical significance was
assessed at the 5% level (x = 0.05) throughout the analysis. The intensity of the relationships
between variable pairs was estimated using Cramér’s V coefficients calculated according
to Equation (6).

_ X
V= \/n-(min(r—l,c—l)) ©)

where 7 is the total sample size and r and c are the dimensions of the contingency table.
Cramér’s V ranges between 0 and 1, allowing standardized comparison across variable

pairs regardless of table size. The following thresholds were used for interpretation:

e 0.00-0.20: very weak;

e 0.20-0.40: weak;
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e  (0.40-0.60: moderate;
e  0.60-0.80: strong;
e  0.80-1.00: very strong.

Two square matrices were constructed: a chi-square matrix, containing x? values for
all pairwise combinations, and a Cramér’s V matrix, containing standardized association
coefficients. Diagonal elements were set to x> = 0 and V = 1 to indicate self-association. All
analyses were performed using Python (version 3.x) in a scientific computing environment.
The following libraries were used: pandas for data preprocessing and contingency tables,
scipy.stats for computation of chi-square statistics, and numpy for numerical operations
and Cramér’s V calculation.

3. Results and Discussion
3.1. Study of Perceived Risk of Disasters in Informal Communities of Santo Domingo

The disaster risk perception evaluation employed an algorithm for the diagnosis and
management of resilience, while also integrating subjective indicators. The evaluation of
the four cases yielded the results presented in Table S3 (Supplementary Materials) and
illustrated in Figure 3. For the interpretation of these results, it must be recalled that
adequate disaster risk perception corresponds to value 2, while risk underestimations fall

within the interval between 1 and 2, and overestimations between 2 and 3.

Proper estimation

FAMI

@ Santo Domingo Guzman: 1.56 ® Santo Domingo West: 1.64

@ Santo Domingo East: 1.57 © Santo Domingo North: 1.58

Figure 3. Disaster risk perception profile across studied municipalities. The dashed line repre-
sents the average value of risk perception. The values indicated for each municipality in the leg-
end correspond to the average value of the disaster risk perception. FAMI—familiarity with risk,
COMP—understanding of risk, INVO—personal involvement, BE-C—economic—cultural well-being,
CATA—catastrophic potential, HIST—past history of disasters or hazards, REVE—reversibility of
consequences, PREO—concern, INST—trust in institutions, CLIM—organizational climate. The
dimensionless risk perception scale (Y-axis) indicates the following: (1-1.67)—underestimation of
risk; (1.68-2.23)—adequate risk estimation; and (2.24-3)—overestimation of risk.
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The risk perception study was conducted at the municipal level for reasons of sample
representativeness. Although the differences are slight, the greatest underestimation of
risk, in order of priority (according to average values), occurs in Santo Domingo Guzman
and Santo Domingo Este, where highly vulnerable communities were identified—namely,
Los Mina and Los Tres Brazos in Santo Domingo Este, and La Yuca and La 800ta in Santo
Domingo Guzman. This situation is particularly concerning, as it reflects an adaptation to
degraded living conditions, which may hinder the implementation of adaptation measures.
On the other hand, in settlements with relatively better resilience conditions (Pueblo Chico
and Juan Guzman), risk underestimation also persists. Correspondingly, it appears that
certain improvements in living conditions tend to reduce awareness of everyday risks. The
perceived risk profile for the four groups of the studied settlements is presented in Figure 3.

The general behavior of the communities tends toward a moderate underestimation
of risk (between 1.5 and 1.7). Considering the small differences in disaster risk perception
among municipalities, the focus is placed on the variables that generate deviations from
adequate risk perception. This is largely explained by limited risk comprehension, low sense
of involvement, weak perception of catastrophic potential, poor knowledge or memory of
past impacts, limited concern about events and their consequences, and a perceived lack of
institutional attention and associated organizational climate. The most recurrent disasters
reported by respondents correspond to riverine and pluvial floods, as well as hurricanes.
Landslides follow in order of frequency. Although other hazards, such as tsunamis and
earthquakes, were also considered, they received very few positive responses. On the
other hand, regarding anthropogenic disasters, domestic fires—primarily of electrical
origin—were identified as the most prevalent.

The findings reveal a situation of apathy regarding the investigated vulnerabilities
and potential actions against threats. This is nuanced by the perception of low reversibility
of consequences (less reversibility-higher risk estimation), which corresponds to an overes-
timation for this variable. Similarly, the economic and cultural well-being variable shows
overestimation (lower well-being-higher risk perception), reflecting marked inequality
and a tendency toward poverty, particularly among vulnerable groups such as retirees,
women, and low-income individuals or those lacking access to comfort indicators assessed
by the tool [78].

Another comparable study was conducted in Honduran universities on climate change
and natural disasters [64]. In that case, the variables responsible for underestimation
also showed similarities in COMP and INST. Honduran faculty reported gaps in their
understanding of climate change, uncertainty in scientific knowledge on certain aspects of
the phenomenon, and perceived deficiencies in institutional management. Again, parallels
emerge with the present study. In Honduras, faculty demonstrated low willingness to
expose themselves to climate change, leading to risk overestimation for this variable.
This result can be considered similar to the REVE (reversibility) variable in this study;,
as community members expressed apathy toward controlling consequences, effectively
accepting them voluntarily.

A nationwide study conducted in the Dominican Republic in 2022 explored public
knowledge and perceptions of climate change through a specialized questionnaire devel-
oped under the auspices of the United Nations [62,63]. Compared with many participating
nations, the country exhibited relatively high levels of climate change literacy, especially
among individuals with postsecondary education. The survey formed part of a broader
international effort covering 115 countries.

Among the most relevant outcomes, 92% of respondents indicated that climate change
influences their daily lives, placing the Dominican Republic among the countries reporting
the highest levels of perceived impact. In addition, two-thirds of participants acknowledged
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effects on their income or livelihoods, and six out of ten reported having experienced water-
related challenges, including scarcity and conflicts over water access. The study also
found that more than one-quarter of respondents viewed climate change as the result of
natural processes, such as solar variability or volcanic activity, a proportion higher than the
international average.

Overall, the evidence reflects a strong perception of climate-related risk and high-
lights the links that citizens establish between climate change, economic well-being, and
vulnerability. However, it also reveals important gaps in understanding regarding the
anthropogenic drivers of climate change.

A limitation associated with climate change knowledge studies in the Dominican
Republic and globally [62,63] is their implementation through independent questions,
without focusing on perception variables. This disperses conclusions for policymaking.
While the aforementioned surveys differ in their specific purposes, they cover issues that
are closely related to those analyzed in this research. Moreover, IPCC assessments [79]
underscore the central role of risk perception in the climate change context, providing
additional justification for the relevance of the present study.

The IPCC [79] highlights that perceptions of climate-related risks are not uniform but
depend on how individuals assess potential threats and benefits according to their personal
values and aspirations, a conclusion that aligns closely with the results obtained in this
study. From this perspective, adaptation strategies should be designed and implemented
in a manner that reflects public values, policy objectives, and prevailing risk perceptions at
different governmental scales. Moreover, acknowledging differences in interests, socioeco-
nomic conditions, cultural contexts, and stakeholder expectations can strengthen the quality
and legitimacy of decision-making outcomes. Perceptions of risk and uncertainty play
a central role in shaping climate-related policy decisions within both public and private
spheres. In many cases, actors rely on simplified decision strategies, such as maintaining
current practices rather than adopting alternatives. Differences in risk tolerance and in the
prioritization of immediate or future challenges further influence policy preferences. Ac-
cordingly, effective climate policy should extend beyond quantitative assessment methods
and consider the complex interactions among natural, economic, social, and technological
systems, together with the influence of stakeholder values, perceptions, decision processes,
and resource constraints. Finally, the options and outcomes of adaptation measures to
climate-related phenomena must reflect differences in resources and capacities, as well
as the multiple processes through which stakeholders interact. Such measures involve
trade-offs among prioritized values, competing objectives, and alternative development
pathways that may evolve over time. Iterative approaches enable development pathways to
integrate risk management, allowing policymakers to consider diverse solutions as risk and
its assessment, perception, and understanding evolve [80]. As evident from the preceding
discussion, many of the variables used in our study are reflected in the IPCC framework.

Dhar also investigated the underestimation of risk in his study of what he called
risk tolerance, interpreting the community’s attachment to its environment, which is also
a theme discovered in this study. In addition, he investigated the relationship between
perception and the implementation of adaptive strategies [30]. On the other hand, Craig-
Scheckman demonstrated the importance of considering the minor effects on disaster
risk perception of the application of adaptation actions and the use of new technologies,
which demonstrates the inadequate management of governance when implementing such
actions. This aligns with the findings of this study [31,33]. It also aligns with the focus
of this study by revealing multiple variables of risk perception (understanding of risk,
involvement in the situation, climate, and institutional management) that present similar
behaviors [33]. In addition, Craig-Scheckman et al. [81], in their study, found that issues
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related to past disaster experiences, specialized knowledge about disasters, availability of
insurance, economic status of respondents, community cohesion, cultural contexts, and
demographic characteristics are important aspects in the perception of disaster risk. Such
issues are addressed, directly or indirectly, in our study and coincide with the conclusions
reached by Craig-Scheckman and his team [81].

3.2. Demographic Analysis

Based on the collected information, demographic studies of disaster risk perception
results were conducted for the following variables: gender, age, and educational level.
Figure 4 presents the distributions of mean values by variable for both genders, as

well as the overall results by gender (Table 54).

Proper estimation

2 FaMI

® Female: 1.59 o Male: 1.59

Figure 4. Comparative disaster risk perception profile by gender. The dashed line represents
the average value of risk perception. Black points represent females, and gray points represent
males. FAMI—familiarity with risk, COMP—understanding of risk, INVO—personal involve-
ment, BE-C—economic—cultural well-being, CATA—catastrophic potential, HIST—past history of
disasters or hazards, REVE—reversibility of consequences, PREO—concern, INST—trust in in-
stitutions, CLIM—organizational climate. The dimensionless risk perception scale (Y-axis) indi-
cates the following: (1-1.67)—underestimation of risk; (1.68-2.23)—adequate risk estimation; and
(2.24-3)—overestimation of risk.

As shown, there is no predominant level of disaster risk perception by gender, although
numerically a slight overestimation appears in some variables for women. This aligns with
the historically protective role within the household attributed to this group. Differences
in disaster risk perception by gender, consistent with this study, are related to traditional
gender patterns present in society [65,82]. Characteristics such as prudence and fragility,
along with the consequent search for protected environments—traditionally assigned to
women [65,83]—may lead to safer and less risky behaviors. Additionally, the persistence of
gender-based violence, which places women in situations of uncertainty and vulnerability,
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fosters a more cautious and critical attitude toward their environment, resulting in higher
risk estimation. These results may evolve as gender perspectives and women'’s equality
become more widely understood and implemented.

Figure 5 presents the distributions of mean values by variable for the age groups, as
well as the overall results by age (Table S5).

Proper estimation
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® Age 18-25:1.61 © Age 26-40:1.59 @ Age41-55:1.57 @ Age 56-more: 1.60

Figure 5. Comparative disaster risk perception profile by age groups. The dashed line represents
the average value of risk perception. FAMI—familiarity with risk, COMP—understanding of risk,
INVO—personal involvement, BE-C—economic—cultural well-being, CATA—catastrophic potential,
HIST—past history of disasters or hazards, REVE—reversibility of consequences, PREO—concern,
INST—trust in institutions, CLIM—organizational climate. The dimensionless risk perception scale
(Y-axis) indicates the following: (1-1.67)—underestimation of risk; (1.68-2.23)—adequate risk estima-
tion; and (2.24-3)—overestimation of risk.

As shown, there is no predominant level of disaster risk perception by age. The
differences in overestimation are so slight that they are not significant. However, in the area
of underestimation, middle-aged groups show a greater tendency, which is associated with
the labor challenges that characterize vulnerable communities. For the 41-55 age group,
underestimations are notable in comprehension, involvement, concern, and organizational
climate. The first three variables are related to limited knowledge of risks associated with
climate change vulnerability, while the latter reflects low confidence in institutional risk
management. The 2640 age group shows similar variables responsible for underestimation,
except that involvement is replaced by a very low sense of catastrophic potential.

Previous studies on correlations between age and safety attitudes and behaviors
have found that older workers in construction and gas treatment industries demonstrated
more positive attitudes toward safety [65,84,85]. This argument applies to the older age
group in this study, although survival conditions keep risk perception levels low. On
the other hand, a reference study analyzing youth attitudes toward everyday activities
with associated hazards [65,86] showed that young people tend to underestimate risks,
reflected in their attitudes toward them. This is associated with physiological changes in
the brain during adolescence, which give greater importance to emotions [65,87]. Within
the younger respondents of this study, some are at the beginning of late adolescence, where
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such traits are even more pronounced, leading to risk underestimation. This explains the
lower perception levels of the youngest group, although comparatively, they seem to have
better perception levels than other age groups studied. This deviation is attributed to
interpretation issues with some of the survey questions.

Regarding the FAMI variable, a more favorable perception was observed among
younger groups than among adults. Although it is not methodologically advisable, since
the variables are assumed to be independent for analytical purposes while in reality they are
interconnected, it may be argued that the lower level of experience or familiarity of younger
individuals with disasters generally leads to a higher perception of risk. In contrast, adults,
having been exposed to a greater number of disaster events, may be more familiar with
such situations and, consequently, exhibit a lower level of risk perception. This finding is
closely related to the research question concerning the frequency of participation in disaster
situations. However, an analysis based solely on age may contradict this interpretation, as
previous studies [84] suggest that age is associated with more risk-averse behavior during
adulthood and more risk-taking attitudes among younger individuals. Therefore, analyses
of this nature should consider the interrelationships among variables rather than examining
them in isolation. In the present study, it is also possible that the sample size contributed to
the observed deviation from the expected pattern.

Figure 6 presents the distributions of mean values by variable for the educational
levels studied, as well as the average by level (Table S6).
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Figure 6. Comparative disaster risk perception profile by educational levels. FAMI—familiarity with
risk, COMP—understanding of risk, INVO—personal involvement, BE-C—economic—cultural well-
being, CATA—catastrophic potential, HIST—past history of disasters or hazards, REVE—reversibility
of consequences, PREO—concern, INST—trust in institutions, CLIM—organizational climate. The
dimensionless risk perception scale (Y-axis) indicates the following: (1-1.67)—underestimation of
risk; (1.68-2.23)—adequate risk estimation; and (2.24-3)—overestimation of risk.

As shown, there are no marked differences in disaster risk perception by educational
level among the studied groups. However, the university level stands out with a better
estimation (still within the underestimation area, below the value of 2), resulting from
a greater understanding of risk and a lower sense of familiarity with risks associated
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with climate vulnerability. These results are supported by similar studies on climate risk
perception, which indicate that higher educational levels correspond to better knowledge
and estimation of risks [64].

Overall demographic behaviors by variable show a global trend consistent with
expectations for contemporary society, although certain aspects highlight peculiarities
of vulnerable settlement populations [66,67]. In this regard, a general underestimation
of climate-related risks is evident, regardless of gender, age, or educational level. This
corresponds to poverty conditions in which survival patterns prevail over comfort and
the usual benefits of civilization. Specific nuances include a slightly better estimation of
climate risk among women, older age groups, and higher educational levels.

3.3. Socioeconomic Vulnerability Index and Its Relationship with Disaster Risk Perception
3.3.1. Analysis of Material Deprivation

Regarding material deprivation, the data reveals a high level of economic vulnerability
among the surveyed population. Specifically, 88.2% of the respondents stated an inability to
cope with unexpected financial expenses, while 71.4% indicated they cannot afford to go on
holiday for at least one week a year. A clear correlation emerges: lower income corresponds
to higher disaster risk perception. This suggests that families in extreme poverty are fully
aware of their physical vulnerability, as they live in the most hazardous areas and in weaker
housing structures. Extreme poverty generates either a “normalization of risk” or cognitive
adaptation [88-91] or, conversely, a sense of total lack of protection [92,93].

To systematically assess the structural economic vulnerabilities within the surveyed
population, the baseline indicators of material deprivation and financial strain are compiled
in Table 3.

Table 3. Poverty profile and material deprivation in the sample.

Vulnerability Category Indicator (Threshold) No. of Households Percentage (%)
Extreme poverty Income < RD$ 3639.75 45 26.8%
General poverty Income < RD$ 8661.32 119 70.8%

Material lack 3 or more deprivations 104 61.9%
Severe material deprivation 4 or more deprivations 72 42.9%

Further analysis of vulnerability dimensions shows that disaster risk perception in
these settlements is conditioned more by structural economic precariousness than by mere
geographic exposure. The data are striking: 42.9% of respondents live in severe material
deprivation, with critical financial fragility evidenced by 88.2% of households lacking
any margin to face unexpected expenses. This “poverty trap” explains why groups in
extreme poverty report significantly higher disaster risk perception (82.2%). For these
families, a climate event is not only an environmental threat but also a determinant of
absolute insolvency, given their inability to afford structural reinforcements or ensure
safe evacuation [94,95]. When analyzing the results of the study, it can be seen that, on
the one hand, extreme poverty generates a low disaster risk perception (underestimation
by habituation/survival), while on the other hand, families in extreme poverty report a
significantly higher perception of disaster risk (82.2%). However, it should be considered
that poverty decreases the perception of prevention or proposition (people normalize
danger in their daily lives) but maximizes the perception of catastrophic consequence or
fear (dread risk) when asked directly due to their absolute inability to recover. These results
can be cross-referenced with those on disaster risk perception, as shown in Table 4.
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Table 4. Cross-tabulation of income level vs. housing disaster risk perception.

Income Level

High/Very High Risk Perception = Medium/Low Risk Perception = Total

Below the extreme poverty line 82.2% 17.8% 100%
Between extreme and general poverty 68.9% 31.1% 100%
Above the poverty line 47.6% 52.4% 100%

3.3.2. Analysis of the Socioeconomic Vulnerability Index

The empirical transition from quantifying socioeconomic deprivations to understand-
ing how these shape the cognitive construction of danger represents a core challenge in
contemporary disaster risk science. The operationalization of the Socioeconomic Vulnera-
bility Index (SEVI) allows for a quantitative assessment of the non-structural weaknesses
within the surveyed settlements. Rather than viewing vulnerability as a static condition,
this index synthesizes key demographic metrics, structural housing deficits, and socioeco-
nomic pressures into a single analytical framework. By doing so, the following empirical
analysis establishes a baseline to measure the uneven capacity of these communities to
prepare for, withstand, and recover from severe climate-induced disasters. By analyzing
this relationship, this study aims to disentangle whether extreme vulnerability induces
a state of environmental normalization and fatalism or if, conversely, it fosters a state of
hyper-vigilance driven by the objective recognition of having no safety nets.

This analytical focus becomes indispensable when evaluating the gap between what
a community perceives as a threat and its actual capacity to execute protective behav-
iors. While traditional technocratic approaches often assume that risk perception is a
direct byproduct of physical exposure or educational campaigns, the integration of SEVI
variables reveals a much more intricate dynamic. Material deprivation, particularly the
absolute inability to cope with unforeseen financial expenses, acts as an invisible thresh-
old. Consequently, crossing the objective indicators of poverty with subjective risk scales
allows us to map not just what the inhabitants fear but also the structural boundaries of
their resilience [96].

Ultimately, exploring this nexus provides a foundational framework for shifts in local
public policy, moving away from strictly reactive emergency management. In territories
marked by deep socio-spatial segregation, the spatialization of poverty frequently forces
households into the most hazardous geographical micro-environments, such as ravines
and unstable slopes. Demonstrating statistically and conceptually how socioeconomic
vulnerability conditions the internal metrics of risk perception serves to prove that disaster
mitigation in informal urban spaces cannot be solved through engineering interventions
alone but requires a systematic dismantling of the economic precarity that anchors families
to danger [97]. It can also be noted that unemployment or informal work (which often
coincides with poverty categories analyzed) prevents access to insurance or credit for
post-disaster reconstruction.

3.3.3. Subjective Well-Being and Health

This analysis demonstrates that community members with stronger social networks
(question 62: meeting with friends/family) show lower disaster risk perception or greater
confidence in recovery after a disaster due to mutual support. It can also be noted that
unemployment or informal work (which often coincides with poverty categories analyzed)
prevents access to insurance or credit for post-disaster reconstruction [98]. The evalua-
tion of subjective vulnerability dimensions demonstrates that perceived health quality is
unevenly distributed across the studied territory, reflecting micro-regional disparities in
living conditions. Empirical data extracted from the “Social Perception Survey of Risk
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Associated with Climate Change Effects” indicate that while the general sample exhibits
a moderate baseline of subjective well-being, the localized cross-tabulations expose clear
vulnerabilities. In Santo Domingo de Guzman, health perception is markedly optimistic,
with 58.54% of respondents reporting their health status as “Good”. Conversely, structural
vulnerabilities become evident in Santo Domingo Norte, where only 22.22% of the popula-
tion views their health as “Good” and 3.70% as “Very Good”; instead, a dense cluster of
55.56% characterizes their health as “Regular” and 18.52% explicitly report it as “Poor”. In
Santo Domingo Este, a critical transition zone, the qualitative weight falls in the middle
tiers, with 42.86% identifying their status as “Regular”. These geographical discrepan-
cies suggest that subjective well-being is heavily mediated by the localized presence or
absence of community infrastructure, showing that specific municipalities suffer from a
compounded vulnerability where material deprivation directly overlaps with a diminished
self-reported quality of life.

3.3.4. Geographic Variable

A multivariate analysis would include the correlation of perceived risk with geo-
graphic location (ravines, slopes, plains—constituting physical risk factors), combined
with material deprivation and income level. Cross-referencing material deprivation with
location suggests that those living on ravine margins have the highest deprivation indices,
reinforcing the idea that poverty pushes people into the most hazardous terrains [16].

The spatial distribution of the surveyed households reveals that geographic loca-
tion acts as a critical force multiplier for socioeconomic vulnerability. Rather than being
distributed uniformly, high vulnerability scores are tightly clustered in specific physical
environments, particularly within low-lying coastal zones and areas adjacent to unman-
aged drainage channels (cafiadas). The empirical findings demonstrate that households
situated in these high-exposure sectors face a compounding effect: their structural mate-
rial deprivation is exacerbated by poor public infrastructure and limited accessibility to
emergency services. Consequently, the geographic variable cannot be treated as a mere
spatial attribute; it represents a physical determinant that conditions both the objective
capacity of a household to withstand climate hazards and their subjective, heightened
state of risk perception. By synthesizing these geographic patterns with SEVI, this analysis
underscores that effective risk mitigation must move beyond blanket regional policies and
instead prioritize targeted, micro-localized urban interventions.

3.3.5. Statistical Analysis of the Results

Table 5 shows the integrated Pearson’s chi-square and Cramér’s V matrix. To assess
the existence of statistical dependence among categorical variables, a series of Pearson’s
chi-square tests of independence was conducted for all pairwise combinations. The results
indicate that all variable pairs exhibit statistically significant associations (p < 0.001), leading
to the systematic rejection of the null hypothesis of independence. The magnitude of the
chi-square statistics is consistently high across the matrix, confirming that the observed
frequency distributions differ substantially from those expected under independence.
Particularly elevated chi-square values were observed in relationships such as V2-V3,
V5-V7 and V7-V8, suggesting strong structural linkages between these dimensions. These
findings demonstrate that the variables under analysis do not operate in isolation but
instead are embedded in a highly interdependent system, where categorical outcomes
co-vary systematically across the dataset.
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Table 5. Integrated Pearson’s chi-square (lower section, numbers in black, in all cases p << 0.05)
and Cramér’s V (upper section, numbers in red) matrix. V1—sex, V2—municipality or district of
residence, V3—type of community zone, V4—age range, V5—employment status, V6—general health
condition, V7—regular participation in hobbies or meeting friends or family at least once a month for
social gatherings, V8—regular participation in leisure activities such as sports, cinema, or concerts,
V9—household per capita income. Color code for variable interactions by Cramer’s V: moderate
(blue), strong (green) and very strong (gray).

\%! V2 V3 \Z! V5 \( V7 V8 V9
V1 0\1 0.596 0.631 0.595 0.589 0.59 0.58 0.595 0.584
V2 212.1 0\1 0.686 0.538 0.546 0.511 0.579 0.579 0.576
V3 237.8 374.8 0\1 0.508 0.535 0.518 0.526 0.518 0.517
V4 211.6 230 205.6 0\1 0.555 0.53 0.503 0.522 0.517
V5 207.1 297.1 227.5 2453 0\1 0.558 0.665 0.635 0.632
V6 207.7 260.1 213.8 223.8 309.3 0\1 0.571 0.562 0.564
V7 200.7 266.4 219.9 201.1 351.8 259.2 0\1 0.644 0.614
V8 211.2 267 213.3 216.7 3214 251.1 330.4 0\1 0.595
V9 203.9 264.4 213 212.4 318.4 252.8 299.9 281.4 0\l

While chi-square tests confirm the existence of dependence, Cramér’s V was used to
quantify the strength and practical significance of these associations. The resulting coeffi-
cients range from 0.503 to 0.686, indicating predominantly moderate to strong relationships
according to conventional thresholds. The strongest associations include:

e  Municipality or district of residence (V2) vs. type of community zone (V3) (V = 0.686).

e  Employment status (V5) vs. regular participation in hobbies or meeting friends or
family at least once a month for social gatherings (V7) (V = 0.665).

e  Regular participation in hobbies or meeting friends or family at least once a month
for social gatherings (V7) vs. regular participation in leisure activities such as sports,
cinema, or concerts (V8) (V = 0.644).

e  Employment status (V5) vs. regular participation in leisure activities such as sports,
cinema, or concerts (V8) (V = 0.635).

e  Employment status (V5) vs. household per capita income (V9) (V = 0.632).

The consistency of relatively high coefficients across the matrix reinforces the inter-
pretation of a densely interconnected system, in which multiple dimensions jointly shape
the observed outcomes. Taken together, the chi-square and Cramér’s V results provide
complementary insights. The chi-square analysis demonstrates that associations are sta-
tistically robust and non-random across all variable pairs; meanwhile, the Cramér’s V
coefficients confirm that these associations are not only statistically significant but also sub-
stantively meaningful, with moderate-to-strong effect sizes. This dual evidence strengthens
the conclusion that the dataset exhibits a coherent structural pattern of multidimensional
interdependence, rather than isolated or spurious relationships. Both the magnitude of
chi-square values and the distribution of Cramér’s V coefficients suggest the presence
of core clusters of strongly interrelated variables. Variables V7, V8, and V9 consistently
display higher association levels with multiple counterparts, indicating their potential role
as structural anchors within the system. These variables are likely associated with key
socioeconomic and living-condition dimensions, which are known to interact synergisti-
cally in informal settlements. The convergence of strong statistical dependence and high
association strength across these variables points to the existence of reinforcing feedback
mechanisms within the system.
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The combined evidence from both statistical approaches reveals a dense and highly
integrated network of relationships, where nearly all variables exceed moderate association
thresholds. This structure implies that changes in one variable are likely to influence
several others (systemic propagation effects); the system exhibits characteristics of multidi-
mensional vulnerability, where economic, social, and spatial factors are tightly coupled,
and the absence of weak or isolated associations suggests limited redundancy, with most
variables contributing meaningfully to the overall structure. In summary, the combined
use of chi-square tests and Cramér’s V coefficients reveals that all variables are statistically
dependent, the associations are consistently moderate to strong, the system exhibits a
robust, multidimensional, and interconnected structure, and certain variables act as central
nodes, reinforcing the overall network of relationships. These findings highlight the need
to interpret the studied phenomenon as a complex system, where multiple dimensions
interact simultaneously to shape outcomes in informal settlements.

3.4. Strategic Framework for Risk Management in Informal Urban Settlements in Santo Domingo

The findings of this research provide a comprehensive framework to strengthen
emergency response, climate adaptation, and social protection systems, particularly for
vulnerable populations exposed to multi-hazard risks [81]. One of the key contributions
of the study is its potential to enhance government capacity to support highly vulner-
able households during emergencies. The existing Technical Guide for the Emergency
Voucher [99]. defines allocation criteria based on: (i) level of impact (housing, livelihoods,
household goods); (ii) vulnerability conditions (e.g., elderly, pregnant women, persons
with disabilities); and (iii) the Quality of Life Index (ICV), as established by SIUBEN in
the Dominican Republic [100]. Building on this framework, the study suggests improving
predictive capacity to anticipate voucher demand, enabling proactive fund allocation rather
than reactive responses. Additionally, the inclusion of multi-hazard exposure, including
both natural and anthropogenic risks, would strengthen prioritization mechanisms. Un-
derstanding disaster risk perception is also critical, as underestimation of risk may reduce
program enrollment and lead to funding gaps. Therefore, aligning objective vulnerability
with subjective risk is essential for effective targeting.

The study highlights the importance of reinforcing local capacities through community-
based training programs on climate risks and adaptation strategies. Participation in such
programs can be incentivized by linking them to benefits like emergency vouchers. In
parallel, accessible communication campaigns should be developed to increase awareness
and improve subjective risk of disaster, particularly in communities that underestimate
their vulnerability [100].

Reducing exposure to climate-related hazards requires targeted urban and environ-
mental measures, including the development of green infrastructure (e.g., floodable parks,
sustainable drainage systems, and green roofs) to mitigate floods and heat waves and the
implementation of progressive housing improvement programs with resilience and safety
criteria, prioritizing dwellings classified as hazardous or irreparable. These interventions
contribute to both immediate risk reduction and long-term climate adaptation. The results
should be integrated into national and local planning instruments, such as the National Cli-
mate Change Adaptation Plan [101]. and municipal land-use strategies. Furthermore, the
creation of public—private financing mechanisms is recommended to support the transfor-
mation of informal settlements into resilient and environmentally sustainable communities,
linking subsidies and vouchers to adaptation outcomes [30,31,33,81].

To improve decision-making, the study proposes developing a community monitoring
system that combines objective indicators (infrastructure, services, and exposure) and
subjective indicators (disaster risk perception). Additionally, applying a climate resilience
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index and a perceived risk profiling tool across vulnerable neighborhoods would enable
the creation of a national database, supporting evidence-based policy and investment
decisions. This integrated approach connects emergency response, social protection, urban
planning, and community engagement, offering a scalable pathway toward more resilient
and adaptive systems.

4. Limitations of the Study

The proposed methodology presents several limitations that warrant consideration.
First, a previously identified challenge is its application in heterogeneous settlements,
where housing conditions, infrastructure characteristics, and environmental settings with
varying levels of resilience coexist. Such heterogeneity may lead to divergent assessment cri-
teria among respondents, thereby compromising the consistency of disaster risk perception
measurements. Although risk perception is inherently influenced by individual experi-
ences and subjective interpretations, it is desirable that aggregate perceptions be derived
from a population sharing relatively homogeneous exposure and contextual conditions.
To address this issue, a preliminary characterization of the settlement is recommended
through the analysis of high-resolution orthophotographs acquired using unmanned aerial
vehicles (UAVs). This approach facilitates the identification of spatial heterogeneity and
provides the research team with a comprehensive understanding of the study area before
field deployment.

A second limitation concerns the availability of standardized operational guidelines
for administering the field survey instrument. To mitigate potential inconsistencies in data
collection, the development of a detailed technical manual is currently underway. In the
interim, this limitation has been partially addressed through specialized training workshops
designed for field surveyors, with the objective of ensuring consistent interpretation and
application of the instrument.

An additional challenge relates to the processing and standardization of field data
collected through internet-based platforms. To overcome this limitation, the development
of an integrated data-management tool has been envisaged. This system will automatically
transform field data into the formats required for each question type and incorporate the
methodological framework for quantifying disaster risk perception. Specifically, the tool
will operationalize the relationships between survey questions, associated variables, and
perception metrics, enabling the calculation of perception scores at multiple analytical levels,
including the individual respondent, variable-specific groups, and overall aggregate indices.
Such a framework is expected to improve the efficiency, consistency, and reproducibility of
data processing and analysis.

5. Conclusions

The research conducted fulfills the general objective of evaluating disaster risk per-
ception among residents of several informal settlements in Santo Domingo, considering
the vulnerability conditions in which their daily lives unfold. The study shows that there
is a negligible difference in disaster risk perception between the municipalities and the
vulnerable settlements studied, which leads to a focus on the behavior of the variables that
cause deviations from adequate risk perception. The results allow for the identification of
the main variables responsible for risk underestimation and overestimation. Underestima-
tion is linked to limited risk comprehension, low sense of involvement, weak perception
of catastrophic potential, poor knowledge or memory of past impacts, limited concern
about events and their consequences, and a perceived lack of institutional attention and
associated organizational climate. Overestimation of risk reflects apathy toward the investi-
gated vulnerabilities and potential actions against threats, nuanced by the perception of
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low reversibility of consequences (less reversibility—higher risk estimation). The economic
and cultural well-being variable also shows overestimation (lower well-being-higher risk
perception), highlighting marked inequality and poverty, particularly among vulnerable
groups such as retirees, women, and low-income individuals, consistent with poverty
and social exclusion profiles identified in the Monitoring Global Poverty: Report of the
Commission on Global Poverty [74].

Similar findings in other contexts support the validity of this study. It must be under-
stood that, in many cases, low disaster risk perception constitutes a barrier to implementing
remediation measures aimed at transforming informal settlements into eco-friendly and
resilient communities. A clear lesson from this research relates to the need for training on
these issues within the framework of community-level exchange mechanisms in vulnerable
settlements, as well as the deployment of psychosocial methods to overcome barriers
hindering adaptation measures. The findings on low disaster risk perception in informal
communities suggest that adaptation policies should be accompanied by direct incentives.
The emergency voucher could become a strategic tool for immediate support to highly
vulnerable families, linking its delivery to training programs in risk management and
community resilience. However, it is recommended that the voucher not only serve as
economic relief but also be conditioned on participation in climate education workshops
and neighborhood organization processes, thereby strengthening disaster risk perception
and community response capacity. The integration of this academic research with public
policies will allow the findings to be translated into concrete actions, reducing the exposure
of informal communities to disasters and improving their resilience. The implementation
of measures such as the emergency voucher, linked to education and territorial planning
processes, can contribute to reducing urban inequality, strengthening institutional trust,
and advancing the objectives of the PNACC, END 2030, and SDGs.

The implications of the study are centered on the use of a method of inquiry into the
perception of disaster risk in communities at the level of individual variables, which allows
the identification of the underlying causes of the generalized underestimation of disaster
risk. This makes it possible to design policies that take these aspects into account when
formulating adaptive measures, whether structural or not. Future research will lead to
the generalization of the study to other communities in the country, once the identified
limitations are addressed. Among the limitations are the need for prior characterization
of the communities under study using orthophotos from drones, the establishment of a
methodology for the analysis of the balance of weights between the dimensions of the
index, when warranted, and the drafting of a detailed technical guide for the application of
the investigation tools in the field.
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