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Abstract
As climate change intensifies globally, effectively managing public perceptions of
climate-related threats becomes increasingly vital for climate adaptation strategies.
Resilience is a key factor shaping individuals’ climate threat perception; however, limited
attention has been paid to how the inconsistency between resilience at the household and
community levels may influence this perception. This study employs multilevel response
surface analysis to examine how consistency and inconsistency between household
resilience and community resilience are associated with individual climate change threat
perception. Utilizing data from 112,339 individuals spanning rural, town, and urban
contexts across 142 countries, our findings indicate that higher consistency between
household resilience and community resilience significantly reduces perceived climate
change threats. When household resilience exceeds community resilience, it is associated
with increased threat perception. These relationships differ notably by urbanization
context, with rural residents demonstrating stronger sensitivity to resilience consistency,

while urban and town residents are particularly responsive to resilience divergence.

Keywords: Household resilience; Community resilience; Perceived Climate Change

Threat; Multilevel Response Surface Analysis; Risk Perception
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Introduction

Climate change is one of the major challenges facing the world today, with a series
of issues such as extreme weather events and rising sea levels posing severe threats to
human survival and development (Barrett et al., 2015; Suter, 2022). The perception of
climate change threats by individuals is fundamental for taking adaptive and responsive
actions, as it influences whether people are willing to pay attention to climate
information, engage in environmental activities, and prepare for future changes (Arikan
& Giinay, 2021; Van Valkengoed et al., 2024; Wong-Parodi et al., 2024). An excessively
high perception of threat can increase climate anxiety and climate inaction (Aguilar-
Luzon et al., 2023; Reese et al., 2023). Resilience is considered a key factor in assessing
the adaptive capacity of societies and individuals (Ong & Cammarata, 2020). Community
resilience and household resilience, as two important forms of resilience, are often used
to describe a group's ability to cope with and recover from disasters or crises (Tan et al.,
2024), and may affect the perception of climate change threats (Aven, 2022; Ferreira et
al., 2024).

Current research has discussed the impact of community and household resilience
on individuals' psychology and behavior, there has been limited exploration of how the
inconsistency between the two affects perceptions of climate change threats. In regions
with varying urbanization levels (rural, town, and city), significant differences exist in the
patterns of interaction between community and household resilience, the pathways for
resource access, and the social support systems (Bekteshi & Schootman, 2024;
Moskalewicz et al., 2019). Groups in different urbanization contexts exhibit diverse

responses and adaptation strategies when facing climate change (Oleson, 2012; Zhou et
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al., 2022). This study aims to fill this research gap by using globally representative data
to deeply analyze the impact of inconsistency between community and household
resilience on the perception of climate change threats, and how this effect differs across
urbanization levels.
Literature Review

Household and Community Resilience

Resilience encompasses the ability to directly respond to disasters and the planning
and adaptation strategies for long-term environmental changes. In the context of climate
change, resilience needs to include more forward-looking and transformative elements,
requiring the ability to return to normal functioning after a crisis and the capacity to
develop under continuous environmental stress (Bahadur et al., 2013; Folke, 2006).

Household resilience emphasizes the degree of integration, interaction patterns, and
psychological support systems within the family as a fundamental social unit (Walsh,
1996, 2021). When a household faces environmental or socio-economic shocks, its ability
to effectively mobilize internal resources, communicate, and cooperate enables it to better
withstand external pressures and maintain household functions (McKinley & Lilly, 2022;
Walsh, 2011). However, if household resilience is weak and there is a lack of trust and
support among members, even when external resources are abundant, the household may
struggle to cope with risks (Keating et al., 2020; Patterson, 2002).

Community resilience focuses on broader interpersonal networks, social capital, and
public resources (Notris et al., 2008). As an intermediate level connecting individuals to
the larger society, community resilience is often manifested in the quality of

infrastructure, the extent of public services, and the mobilization capacity of social
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organizations(Gillespie-Marthaler et al., 2019). When a community can quickly and
effectively integrate resources, organize residents to act together, coordinate mutual
assistance, and provide necessary rescue or assistance plans in the face of climate risks, it
significantly reduces overall vulnerability (Cano-Calhoun et al., 2024; Choko et al., 2019;
Hung et al., 2016).

Household and community resilience are not entirely separate but complement each
other. Households often rely on external resources and social support provided by
communities to enhance their coping abilities, while communities rely on a large number
of resilient households to maintain social networks and order (Landau, 2010). However,
they differ significantly in their functional focus, resource mobilization methods, and
social support levels. Household resilience is more focused on internal interactions and
emotional support, such as division of labor, the stability of parent-child relationships,
and reasonable allocation and management of resources. Community resilience involves
external public services and social connections, with complementary support provided at
the community level through organizational mobilization capacity, public infrastructure,
disaster preparedness, and financial support (Ferreira et al., 2024).

Resilience Inconsistency and Perceived Climate Change Threat

Perceived climate change threat refers to the subjective assessment of the risks,
damages, or uncertainties brought by climate change by individuals or groups (Hart et al.,
2023; Slovic, 1987). Risk perception theory suggests that people’s perception of risk is
often not entirely based on objective probabilities but is influenced by psychological,
social, and cultural factors (Knuth et al., 2015; Nie et al., 2020). In the case of climate

change, a complex risk with delayed effects, people’s perception of threat is more easily
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shaped by the combined influence of social environments, group cognition, and personal
experiences (van der Linden, 2015; Xie et al., 2019).

Individuals with higher resilience tend to cope better with external shocks, and
therefore, their risk assessments are generally lower (Kaim et al., 2024). For example,
individuals experiencing financial difficulties perceive climate change threats to be
higher, especially in low-income countries (Hornsey & Pearson, 2024). The relationship
between resilience and perceived climate change threat is not always a simple negative
correlation; it may be influenced by the interaction between different levels of resilience.
Household resilience focuses on micro elements such as the psychological atmosphere,
communication strategies, and resource allocation within the household (Rao et al.,
2020); social resilience emphasizes public resources, social capital, and organizational
mobilization provided by the community or broader social systems (Ferreira et al., 2024).
In the context of climate change, when both household and social resilience are high,
individuals can obtain multiple layers of support, receiving both emotional and material
assistance from within the family and public services and mutual assistance networks
from the community, effectively reducing their concerns about climate change risks.
When both household and social resilience are weak, it leads to overall inadequate coping
capacity, resulting in an increased perception of risk (Fan et al., 2022; Oriangi et al.,
2020; Sen et al., 2020). Based on this, we propose the following hypothesis:

H1: High household and community resilience is associated with lower perceived
climate change threat.

Inconsistencies between household resilience and social resilience often occur. This

mismatch can significantly affect an individual’s perception of climate change threats.
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For instance, in high household resilience — low social resilience scenarios, households
may have good internal cohesion and psychological support, but public resources and
rescue systems at the community level may be lacking. Without strong support from
society and the community, households may face resource constraints in decision-making
and response actions, leading to limited overall adaptation to climate change (Kelly &
Adger, 2000). Researchers have pointed out that in environments lacking external
infrastructure and public services, even households with high resilience may experience
greater insecurity due to their inability to effectively use social resources, leading to an
increased focus on climate change threats (Chirisa & and Nel, 2022; Peng et al., 2019;
Shen et al., 2022; Tan et al., 2024). In low household resilience — high community
resilience scenarios, while communities may have good infrastructure, organizational
ability, or disaster relief mechanisms, households may lack effective communication and
support. Although the community can provide relatively complete disaster prevention
plans, information dissemination, and material resources, the internal vulnerabilities of
households may still lead to high anxiety or a sense of deprivation, which may increase
perceived vulnerability and, consequently, the perception of greater threats (Ma et al.,
2023; Pearson et al., 2013).

These two inconsistent resilience states can lead to psychological magnification of
perceived climate change threats. Resilience research indicates that the effective
integration of multi-level resilience (e.g., the synergy between household and social
resilience) can maximize support (Acosta et al., 2017; Brown & Westaway, 2011), while
the absence of such synergy may cause individuals or groups to experience contradictions

or anxiety when facing climate change. Based on this, we propose the following
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hypotheses:

H2: In low-resilience communities, high-resilience households may experience a
higher perceived climate change threat than low-resilience households.

H3: In high-resilience communities, low-resilience households may experience a
higher perceived climate change threat than high-resilience households.

Differences in the Level of Urbanization

The psychological mechanisms underlying climate-change threat perception vary
across sociodemographic contexts. The effects of resilience consistency and the
psychological burden of resource incongruence are shaped by the structural conditions of
respondents’ residential environments. Existing evidence shows that threat perception is
patterned by sociodemographic characteristics (Lee et al., 2015; Poortinga et al., 2019),
while place-based context further conditions how resilience translates into perceived
threat. Urbanization captures differences in exposure profiles, infrastructure conditions,
institutional reach, and social organization. Climate opinions and risk-related attitudes
vary across local geographies, including urban—rural gradients (Howe et al., 2015; Mewes
et al., 2024). These differences indicate that the same household—community resilience
profile can generate different psychological responses across settlement contexts.

In lower-urbanization settings, weaker formal infrastructure often coexists with
stronger local interpersonal ties and collective reciprocity norms (Gao & Fennell, 2017;
Yang et al., 2020). Bonding social capital in these settings can buffer household-level
deficits through informal support and shared coping capacity (Phuong et al., 2023). In
highly urbanized settings, formal infrastructure and service systems are often stronger,

while social ties are less cohesive and more individualized (Cornwell & Behler, 2015;
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Park & Kang, 2024). Residents in these contexts rely more on linking social capital and
institutional channels. Town settings often show transitional features, with partial
infrastructure expansion and uneven social integration (Bandile, 2024).

Urbanization also shapes the consequences of resilience mismatch. When household
resilience is high, but community resilience is low, private preparedness may not offset
weak external systems; under large-scale disruption, perceived threat can remain elevated
because household resources do not replace public coordination and service reliability.
When community resilience is relatively high, but household resilience is low,
institutional support can reduce perceived exposure, although household constraints may
sustain vulnerability. This directional pattern is consistent with evidence that coping
pathways, resource access channels, and adaptive strategies differ across rural and urban
environments (Bekteshi & Schootman, 2024; Moskalewicz et al., 2019; Oleson, 2012;
Zhou et al., 2022).

Social-capital structures differ by settlement type: rural settings rely more on
localized bonding ties, while urban and town settings rely more on institutional linking
ties (Cornwell & Behler, 2015). Second, vulnerability mechanisms differ across settings:
urban resilience depends strongly on interdependent infrastructure systems, whereas rural
resilience is closely connected to ecosystem services and household self-sufficiency. In
rural areas, livelihoods are closely tied to natural resources and local climatic conditions,
strengthening the interdependence between household and community capacities. In
urban settings, formal institutional safety nets and market-based coping services alter
how residents cognitively appraise dependence on neighborhood cohesion.

Therefore, we pose the following research questions:
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RQ1: Does the relationship between household/community resilience and perceived
climate-change threat differ across urbanization levels?

RQ2: Does the relationship between the inconsistency between household and
community resilience and perceived climate-change threat differ across urbanization
levels?

The Present Study

Although existing research has highlighted household and community resilience as
important resources for individuals in coping with climate change, there are significant
gaps in current studies. First, most research focuses on household or community
resilience separately, rarely considering the interaction and inconsistency between
household and community resilience, especially when there is a significant gap between
them and how this affects individuals' threat perception. Second, existing studies often
assume a simple negative correlation between resilience and threat perception, neglecting
the complex relationships when resilience is misaligned. Furthermore, research on the
role of resilience under different urbanization contexts is relatively scarce. Urbanization
levels significantly affect community structures, social support systems, and individual
family life patterns, which may considerably alter the interaction between household and
community resilience and their influence on individuals' perception of threat. Therefore,
it remains unclear how inconsistency between household and community resilience
affects individual perceptions of climate change threats in areas with different levels of
urbanization. To fill these research gaps, this study aims to use globally representative
data (from 142 countries and 112,339 individuals) to systematically examine the impact

of consistency and inconsistency between household and community resilience on
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individuals' perceived climate change threat, and further analyze the differences across
rural, town, and urban areas.
Method

Data Resource

The data for this study comes from the 2023 World Risk Poll (Lloyd’s Register
Foundation, 2024). The World Risk Poll is a biennial global survey designed to map how
people experience and worry about everyday safety risks and broader systemic threats.
The 2023 wave provides harmonized indicators spanning personal safety, health and
injury, food and water security, and environmental and climate-related risks. By capturing
both perceived severity and lived exposure across diverse settings, the Poll enables cross-
country comparisons of how resilience resources align with perceived climate threats.
The dataset constitutes a probability-based, nationally representative sample aged 15 and
older across 142 countries and territories. To ensure representativeness, Gallup employed
a mixed-mode methodology tailored to local infrastructure. In countries with high
telecommunications coverage (e.g., most OECD nations), interviews were conducted via
telephone (CATTI) using Random Digit Dialing (RDD) or mobile sampling frames. In
countries with lower telephone penetration (e.g., much of Africa, Asia, and Latin
America), face-to-face interviews (CAPI) were conducted using a stratified, multi-stage
cluster sampling design. Specifically, primary sampling units (PSUs) were stratified by
population size and geography, and households were selected using a random-route
procedure. The average sample size per country is approximately 1,000 respondents. Data
weighting was applied to correct for unequal selection probabilities, non-response, and to

match national demographic benchmarks (age, gender, and education) derived from the
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World Bank and national statistics. The survey included 146,910 samples, and after
excluding those with missing main variables, 112,339 participants from 142 countries and
regions were included in the final analysis. The average age of the sample was 42.91
years, 52.64% were female, 25.65% were from rural areas, 37.54% were from towns,
36.80% were from cities, and 21.95% had a university degree. Table 1 presents the
descriptive statistics for the included variables. A detailed list of the 142 countries, their

specific sample sizes is provided in Supplementary Table S1.

Table 1.

Descriptive statistics for the variables

Variable Level Mean/N SD/Percent
Age 42.91 18.04
Perceived Climate Change Threat 2.38 0.73
Community resilience 0.58 0.25
Household resilience 0.55 0.26
Education Basic 29,724 26.46%
Secondary 57,961 51.59%
College 24,654 21.95%
Gender Male 53,207 47.36%
Female 59,132 52.64%
Urbanization Rural 28,817 25.65%
Town 42,177 37.54%
City 41,345 36.80%
Measurement

As with the previous study (Hornsey & Pearson, 2024), the perceived individual
climate change threat measures the subjective assessment of the risks posed by climate
change, using the question "Climate Change a Threat to Country in Next 20 Years" (1 =
Very worried, 3 = Not worried). The responses were reverse coded, with higher values

indicating greater perception of climate change threat.
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Household resilience was measured across various dimensions such as
psychological resilience, financial support, and social support within the family. The
specific measures included: Financial assets: "Suppose your household suddenly lost all
income and had to survive only on savings and things that could be sold. How long
would your household be able to cover all basic needs, such as food, housing, and
transportation?" Planning: "If a disaster were to occur near you in the future, do you have
a plan for what to do that all members of your household who are over 10 years old know
about?" Access to communications: "Does your home have access to: 1) the internet, 2) a
cellular phone?" The World Risk Poll weighted the responses to these questions equally
to create a household resilience index ranging from O to 1.

Community resilience was quantified through multiple measures of community
adaptation and recovery capabilities, including: Social capital: "How much do you think
most of your neighbors care about you and your well-being? Do you feel safe walking
alone at night in the city or area where you live? Have you done any of the following in
the past month? Helped a stranger or someone you didn’t know who needed help?" Local
infrastructure: "In the city or area where you live, are you satisfied or dissatisfied with:
The roads and highways? The educational system or the schools? The availability of
quality healthcare?" The World Risk Poll weighted the responses to these questions
equally to create a community resilience index ranging from O to 1.

To reduce confounding in the association between resilience and climate threat
perception, four covariates were included at the individual level. Gender was coded as a
categorical variable (male and female). Education was coded as an ordinal categorical

variable with three levels (basic, secondary, and college). Urbanization was coded as a



293

294

295

296

297

298

299

300

301

302

303

304

305

306

307

308

309

310

311

312

313

314

315

RESILIENCE AND CLIMATE CHANGE THREAT 15

three-category contextual grouping variable (rural, town, and city). Age was treated as a
continuous variable (in years).

At the country level, two macro indicators were added in supplementary analyses to
account for structural cross-national context. First, we used the ND-GAIN Vulnerability
score, which summarizes a country’s climate-related susceptibility by integrating
exposure to climate risks, underlying sensitivity, and adaptive capacity across key social
and ecological systems (Chen et al., 2015). Higher values indicate greater national
vulnerability to climate impacts (ranging from 0 to 1). Second, we included the Human
Development Index (HDI) as an indicator of overall development conditions. HDI
reflects national attainment in three broad domains (health, education, and material living
standards) with higher values representing more advanced human development ranging
from 0 to 1 (Sagar & Najam, 1998). These country-level indicators could be matched for
a subset of countries in the analytic sample, models including ND-GAIN Vulnerability
and HDI are reported as robustness analyses.

The two resilience measures (household resilience and community resilience) were
conceptualized jointly as an alignment structure rather than interpreted in isolation.
Consistency refers to the extent to which the two resilience levels are similar, including
both high—high alignment and low—low alignment. Inconsistency refers to divergence
between the two domains, including profiles in which household resilience exceeds
community resilience and profiles in which community resilience exceeds household
resilience. These framing captures three distinct features: the shared level of resilience
across domains, the magnitude of discrepancy between domains, and the direction of that

discrepancy. Accordingly, interpretation focuses on whether climate threat perception
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varies across aligned versus misaligned resilience profiles, whether discrepancies are
associated with systematically different outcomes. Detailed statistical implementation is
presented in the Data Analysis section.
Data Analysis

The main analysis method for this study is Multilevel Response Surface Analysis
(ML-RSA) (Nestler et al., 2019). RSA is a method specifically designed to examine the
impact of consistency and inconsistency between two predictor variables on an outcome
variable by introducing linear terms (HR and CR), interaction terms (HR*CR), and
quadratic terms (HR? and CR?), effectively capturing the complex relationships between
variables (Shanock et al., 2010). The formula is as follows:

PCCT = by + byHR + b,CR + b;HR? + b,HRCR + bsCR? + €

Specifically, RSA includes the following key coefficient interpretations: the linear
terms (HR means household resilience and CR means community resilience) represent
the independent linear effects of the variables; the interaction term (HR*CR) represents
the additional effect on the outcome variable when both variables change together; and
the quadratic terms (HR? and CR?) represent the non-linear relationships between each
variable and the outcome. Additionally, RSA incorporates four key parameters (al—a4) to
specifically capture the inconsistency effects between the two variables. Parameters al
and a2 test the trend of consistency between household resilience and community
resilience, while a3 and a4 test the specific effects of inconsistency (when household
resilience is greater than community resilience or community resilience is greater than
household resilience). Table S1 provides explanations and calculation methods for

different coefficients (Kezer et al., 2022).
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ML-RSA accounts for data dependencies, as participants are nested within different
countries, and the effects of perceived climate change threats and household and
community resilience vary significantly across countries. In ML-RSA, the RSA formula
is split into individual-level (Level 1) and country-level (Level 2) models:

For the Level 1 Model:

PCCT;; = by; + byHR;; + b,CR;j + bsHRY; + byHR;; X CR;; + bsCRY; + ey
where PCCT;; means represents the perceived climate change threat for the i-th
individual in the j-th country; HR;; and CR;; represent the centered predictors (household

resilience and community resilience); e;; is the individual-level residual.

For the Level 2 Model:

boj = Yoo + Uo;

where y,, represents the fixed effect for the overall intercept (average intercept for
all countries); and u,; means represents the random effect for the country, assumed to be
normally distributed ug; ~ N(0,752).

To control for potential confounding effects, gender, age, and education level were
included as control variables in the model. The analysis was conducted using the RSA
package in R (Schonbrodt & Humberg, 2021) and the ML-RSA script from Nestler et al.
(2019), using robust standard errors to correct for potential heteroscedasticity.

Result

Fig. 1 reports the correlation structure among the key variables. Table 2 and Fig.2
presents the multilevel polynomial regression and response-surface parameters for the
overall sample and for rural, town, and city subsamples. In the pooled model, HR is

positively associated with perceived climate change threat (b1 = 0.05, p <.001), while
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CR is negatively associated with perceived threat (b2 = —0.17, p <.001). The HR
quadratic term is negative (b3 = —0.15, p <.001); the CR quadratic term is close to zero
and statistically indistinguishable from zero; and the interaction of HR and CR is positive
(b4 =0.11, p<.001). This coefficient pattern indicates that the expected threat level
depends on the joint HR—CR profile. Sensitivity models that add country-level controls
(HDI and ND-GAIN vulnerability) yield the same substantive conclusions. The key
response-surface findings remain unchanged in direction and inference (Table S3). To
clarify effect sizes from the fitted surface, predicted contrasts can be illustrated at
representative centered values while holding covariates at reference levels. At aligned
low resilience (HR = —0.5, CR = —0.5), predicted threat is approximately 2.26; at aligned
high resilience (HR = 0.5, CR = 0.5), it is approximately 2.14. Thus, moving from low—
low to high—high alignment corresponds to an estimated decline of about 0.12 points on
the outcome scale. For misaligned profiles, predicted threat is approximately 2.25 when
HR exceeds CR (HR = 0.5, CR = —0.5), versus approximately 2.03 when CR exceeds

HR (HR = —0.5, CR = 0.5); the directional gap is therefore about 0.22 points.
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378  Fig. 1

379  Correlation Matrix of main variables.
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381  Note: PCCT means Perceived Climate Change Threat, HR means household resilience,
382  and CR means community resilience. *** p <.001; ** p <.01; * p <.05.
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384  Table 2.
385  Dyadic polynomial regression coefficients and response surface parameters of household

386  and community resilience with perceived climate change threat.

Overall Rural Town City

(Intercept) 2.2] HH* 2.20 H* 2.20 *H* 2.24 #x*
(0.02) (0.03) (0.02) (0.02)

HR (bl) 0.05 #** 0.04 * 0.06 *** 0.07 #**
(0.01) (0.02) (0.02) (0.02)

CR (b2) 20,17 ** 20.20 *** 20,19 20,15 o
(0.01) (0.02) (0.02) (0.02)

HR 2 (b3) -0.15 #xx -0.10 20,18 *#* -0.18 *
(0.03) (0.05) (0.04) (0.05)

CR " 2 (b5) -0.01 0.01 -0.02 0.03
(0.03) (0.06) (0.05) (0.05)

HR * CR (b4) 0.17 ##* 0.06 0.07 0.17 **
(0.03) (0.07) (0.06) (0.06)

Age 0.00 #** 0.00 *** 0.00 *** 0.00 #**
(0.00) (0.00) (0.00) (0.00)

Gender (Ref Male) 0.03 **x* 0.00 0.03 *** 0.05 ***
(0.00) (0.01) (0.01) (0.01)

Secondary Edu (Ref Basic) 0.10 *** 0.17 0.09 **x* 0.09 **x*
(0.01) (0.01) (0.01) (0.01)

College (Ref Basic) 0.18 #** 0.20 *** 0.17 *** 0.16 ***
(0.01) (0.02) (0.01) (0.01)

City (Ref Rural) 0.01
(0.01)

Town (Ref Rural) 0.01
(0.01)

al 0.1 2%#* -0.15%%* -0.13%%* -0.08%**
0.01 0.03 0.02 0.02

a2 -0.04 -0.02 -0.13 0.02
0.05 0.09 0.08 0.08

a3 (0.227%** 0.24%%* 0.24%** (0.227%**
0.01 0.03 0.02 0.02

a4 -0.27%%* -0.15 -0.27%* -0.33%*

0.06 0.12 0.1 0.11
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N 112339 28817

N (Country) 142 140
AIC 234672.14 61584.08
BIC 234806.95 61683.31
R2 (Fixed) 0.01 0.02

R2 (Total) 0.10 0.12

42177
141
87751.15
87854.95
0.02
0.11

41345
141
85222.23
85325.78
0.01
0.12

Note: Standardized regression coefficients with standard errors are displayed. *** p

<.001; ** p<.01; * p <.05. HR means household resilience; CR means community

resilience.
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391  Fig. 2

392  Response-surface plots about the multilevel models assessing the association of

393  household and community resilience with perceived climate change threat.
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Note. The blue line on the surface represents the line of congruence, where the two

396  predictors share identical values. The red line denotes the line of incongruence, indicating

397  cases where the two predictors exhibit opposing values.

398
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Response-surface parameters provide the same interpretation. The congruence slope
(al) is negative and statistically significant in all models (overall § = —0.12, rural f =
—0.15, town B = —0.13, city f = —0.08; ps <.001), indicating that higher aligned
resilience (HR and CR increasing together) is associated with lower perceived threat
(supporting H1). The congruence curvature (a2) is not statistically distinguishable from
zero in any model (overall f = —0.04, rural f = —0.02, town B = —0.13, city f = 0.02).
Accordingly, the dominant evidence along the congruence line is a monotonic slope
pattern; strong curvature is not clearly identified in the current data.

Directional mismatch is captured by (a3), which is positive and statistically
significant across all models (overall § = 0.22, rural § = 0.24, town B = 0.24, city B =
0.22; ps<.001). This indicates consistently higher perceived threat on the side of the
incongruence line where household resilience exceeds community resilience, compared
with profiles where community resilience exceeds household resilience (supporting H2).
The incongruence curvature parameter (a4) is negative in the pooled model (f = —0.27,
p<.001) and in town and city samples (town = —0.27, p<.01; city p = —0.33, p<.01),
while the rural estimate is negative but not statistically distinguishable from zero (p =
—0.15, ns). This pattern suggests that nonlinear structure along incongruence is strongest
in town and city contexts and weaker (or less precisely estimated) in rural settings.

For RQ1, the subgroup polynomial coefficients are consistent with this surface-level
interpretation. In rural areas, HR remains positive (b1 = 0.04, p<.05) and CR remains
negative (b2 = —0.20, p<.001); HR? and HRxCR are directionally similar to the pooled
model but are not estimated with high precision. In towns, HR is positive (b1 = 0.06,

p<.001), CR is negative (b2 = —0.19, p<.001), HR? is negative and significant (b3 =
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—0.18, p<.001), and HRxCR is positive but statistically imprecise. In cities, the
interaction pattern is most pronounced: HR is positive (b1 =0.07, p<.001), CR is
negative (b2 = —0.15, p<.001), HR? is negative (b3 = —0.18, p<.001), and HRXCR 1is
positive and significant (b4 = 0.17, p<.01). Non-significance for terms such as CR? and
selected higher-order rural/town terms does not establish true zero effects; it indicates
that coefficients are not distinguishable from zero at current precision. Notably, several
non-significant estimates preserve the same direction as the corresponding pooled
estimates (e.g., positive HRXCR 1in rural and town models), which is consistent with
weaker precision rather than directional contradiction.

Taken together, higher aligned resilience across household and community domains
is associated with lower perceived climate threat. Second, resilience mismatch is
directional: threat perception is higher when household resilience exceeds community
resilience than in the reverse configuration. Third, settlement-context differences are
expressed primarily in the strength and precision of higher-order terms rather than in
reversals of the core directional pattern.

Diagnostic checks supported the adequacy of the fitted specification. Across the four
multilevel models (overall, rural, town, city), estimation returned valid solutions with no
recorded convergence warnings and no singular random-effects structures. Model-
comparison tests favored the full second-order response-surface model over reduced
alternatives (Table S4): adding quadratic terms improved fit versus the linear model
(x2=28.70, p<.001), and adding the interaction term further improved fit (y2=14.51,
p<.001). Collinearity was low (VIF range: 1.01-1.13; tolerance: 0.88—0.99; Table S5).

Discussion
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This study used data from 112,339 respondents across 142 countries to investigate
the impact of consistency and inconsistency between household and community
resilience on individuals' perception of climate change threats, and how these effects vary
across regions with different levels of urbanization. The findings clearly demonstrate that
consistency between household and community resilience significantly reduces perceived
climate change threats. When household resilience exceeds community resilience,
individuals' perception of climate change threats significantly increases, while when
household resilience is lower than community resilience, individuals' perception of
climate change threats significantly decreases. Slightly differences were observed in the
above patterns across urbanization levels.

The results from the polynomial regression showed an unexpected positive
relationship between household resilience and perceived climate change threat. This may
be because household resilience reflects the internal preparedness of individuals' families
to cope with crises. Higher resilience in households may lead to heightened sensitivity to
external risks, increasing attention and anxiety about future climate threats (Tung et al.,
2022). Household resilience is also correlated with education, connectivity, and media
access, which are robust predictors of climate-change awareness and worry in cross-
national research (Lee et al., 2015; van der Linden, 2015). Higher household resilience
may reflect greater capacity paired with greater perceived salience rather than
complacency. Alternatively, it is possible that individuals with higher perceived climate
threats might invest more in increasing their household resilience (Azadi et al., 2019;
Ricart et al., 2025; Tiet et al., 2022). The negative relationship with community resilience

highlights the important role that public resources and support systems in the community
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play in reducing individual anxiety. Good community infrastructure, effective social
mobilization, and public services likely provide strong external security, making residents
feel more at ease in the face of climate risks (Haas et al., 2021; Jensen & Ong, 2020).

The Response Surface Analysis further clarified the mechanisms of resilience
consistency and inconsistency. When household and community resilience rise
simultaneously, the perception of climate change threats significantly decreases, verifying
the positive effect of resilience synergy. However, when household resilience is
significantly higher than community resilience, individuals' perception of climate change
threats significantly increases. This reflects a discrepancy effect, where high internal
coping capabilities within households’ contrast with insufficient external support from the
community, amplifying individuals' perception of external risks (Peng et al., 2019). Many
climate impacts are systemic (e.g., service outages and disrupted supply chains) and
therefore cannot be fully neutralized by private resources alone. When community-level
institutions are perceived as weak, private preparedness may even accentuate awareness
of residual vulnerability and the need for coordination, elevating perceived threat. When
community resilience higher than household resilience, collective efficacy and
institutional reliability can function as a buffering safety net that lowers perceived
exposure and uncertainty (Adger, 2003; Sampson et al., 1997). Interestingly, when
community resilience exceeds household resilience, individuals' perception of climate
change threats decreases, indicating that community support effectively compensates for
household resilience deficiencies.

In the analysis of urban-rural differences, while it was initially expected that regions

with different levels of urbanization would show marked differences in how resilience
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affects threat perception, the results indicated a largely consistent pattern across all areas.
Rural residents often experience climate impacts through direct livelihood—ecosystem
links, making aligned household—community capacities especially diagnostic for future
security, whereas urban and town residents are more exposed to interdependent
infrastructures and institutional coordination, so mismatch can amplify perceived
cascading risk and uncertainty (Cornwell & Behler, 2015; Kasperson et al., 1988). This
may be due to the universal nature of climate change issues and the consistency of
resilience mechanisms across regions. Regardless of whether the area is rural or urban,
the basic logic of household and community resilience remains unchanged. In rural areas,
although community infrastructure and public services are relatively weaker, high levels
of neighborhood mutual assistance and social networks likely compensate for these
deficiencies (Gao & Fennell, 2017). In urban areas, while infrastructure is better, higher
levels of individualization mean that inconsistencies between household and community
resilience still amplify individuals' anxiety (Wang et al., 2021). The lack of significant
differences between urban and rural areas may also be attributed to the heterogeneity of
global sample data and the universality of resilience mechanisms across different regions.
The urban-rural distinction and the actual conditions in different countries and regions
may weaken the sensitivity of the results to urban-rural differences (Corek Oztas, 2021;
Roca & Arellano, 2017).
Theoretical and Practical Implications

From a theoretical perspective, this study enriches the application of resilience in
climate change adaptation. By distinguishing between the functional differences of

resilience at the household and community levels, this study further reveals the complex
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relationship between multi-level resilience and individual risk perception, particularly
emphasizing the synergetic and misalignment effects of resilience. While resilience
theory generally assumes that higher resilience reduces individual risk perception, this
study's results suggest that household resilience alone has a positive effect, while
community resilience has a negative effect. This adds a new perspective to existing
resilience frameworks, highlighting the heterogeneity of functions between different
levels of resilience. The consistent patterns observed in the response surface analysis
across urbanization levels suggest that the coordination (or misalignment) effects
between multi-level resilience are likely a universal phenomenon, not specific to
particular contexts.

From a practical perspective, this study underscores the importance of coordinating
the development of household and community resilience to reduce individuals'
perceptions of climate change threats. It highlights that climate change adaptation
policies should consider both internal resilience at the household level and public
resource development at the community level. Many current climate adaptation policies
focus on a single aspect of resilience, but the coordinated allocation of resilience
resources between household and community levels is key to reducing residents'
excessive anxiety about climate risks (Oza et al., 2025). Policymakers should incorporate
both household and community support systems when planning climate adaptation
programs to achieve effective integration and coordination of resilience resources.

Additionally, this study points out that when household resilience significantly
exceeds community resilience, it can significantly heighten residents' perception of

threats. Policymakers should avoid imbalanced resource allocation and intervention
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strategies, such as focusing solely on strengthening household disaster response plans or
material reserves while neglecting community-level public facilities (transportation,
education, healthcare) or social support systems (neighborhood mutual assistance,
community organizations), as this could increase residents' anxiety and cause negative
psychological effects. Although response surface analysis showed consistent trends
across urbanization levels, polynomial regression indicated that there were differences in
residents' psychological sensitivity to resilience misalignment between rural and urban
areas. While the overall policy framework may apply universally across different
urbanization levels, specific interventions can be tailored to local conditions. For
instance, rural areas should focus on improving community infrastructure and resource
provision, while urban areas should pay additional attention to cultivating residents'
emotional networks and community interactions to prevent psychological isolation
caused by the lack of community support.
Limitation

Despite the use of comprehensive cross-national data, this study has some
limitations. First, the study uses cross-sectional data, making it difficult to rigorously
examine the causal relationship between changes in household and community resilience
and risk perception. There may also be reverse causality, where an increase in climate
change threat perception may lead to greater household resilience preparation. Future
research should consider adopting longitudinal study designs or experimental methods to
more clearly reveal the causal pathways of resilience changes. Additionally, perceived
climate change threat is a complex psychological and social phenomenon, influenced not

only by resilience and urbanization level but also by psychological factors such as



560

561

562

563

564

RESILIENCE AND CLIMATE CHANGE THREAT

individual risk perception, emotional responses, and political attitudes (van der Linden,
2015). Future research could further explore how these psychological and social factors
interact with household and community resilience to jointly influence individuals'

perception of climate change threats.

30



565

566

567

568

569

570

571

572

573

574

575

576

577

578

579

580

581

582

583

584

585

586

587

RESILIENCE AND CLIMATE CHANGE THREAT 31

Reference

Acosta, J. D., Chandra, A., & Madrigano, J. (2017). An Agenda to Advance Integrative
Resilience Research and Practice: Key Themes From a Resilience Roundtable.
RAND Corporation. https://www.rand.org/pubs/research_reports/RR1683.html

Aguilar-Luzén, M. del C., Carmona, B., & Loureiro, A. (2023). Future Actions towards
Climate Change: The Role of Threat Perception and Emotions. European Journal of
Sustainable Development, 12(4), Article 4.
https://doi.org/10.14207/ejsd.2023.v12n4p379

Arikan, G., & Giinay, D. (2021). Public attitudes towards climate change: A cross-country
analysis. The British Journal of Politics and International Relations, 23(1), 158—
174. https://doi.org/10.1177/1369148120951013

Aven, T. (2022). On Some Foundational Issues Concerning the Relationship Between
Risk and Resilience. Risk Analysis, 42(9), 2062-2074.
https://doi.org/10.1111/risa.13848

Azadi, Y., Yazdanpanah, M., & Mahmoudi, H. (2019). Understanding smallholder
farmers’ adaptation behaviors through climate change beliefs, risk perception, trust,
and psychological distance: Evidence from wheat growers in Iran. Journal of
Environmental Management, 250, 109456.
https://doi.org/10.1016/j.jenvman.2019.109456

Bahadur, A. V., Ibrahim ,Maggie, & and Tanner, T. (2013). Characterising resilience:
Unpacking the concept for tackling climate change and development. Climate and
Development, 5(1), 55-65. https://doi.org/10.1080/17565529.2012.762334

Bandile, A. (2024). The Effect of Urbanization on Community Social Networks and



588

589

590

591

592

593

594

595

596

597

598

599

600

601

602

603

604

605

606

607

608

609

610

RESILIENCE AND CLIMATE CHANGE THREAT 32

Support Systems. International Journal of Humanity and Social Sciences, 3(3), 46—
59. https://doi.org/10.47941/ijhss.2084

Barrett, B., Charles, J. W., & Temte, J. L. (2015). Climate change, human health, and
epidemiological transition. Preventive Medicine, 70, 69-75.
https://doi.org/10.1016/j.ypmed.2014.11.013

Bekteshi, V., & Schootman, M. (2024). Bridging gaps in breast cancer screening: A
comparative study of mexican women in US rural and urban areas. Journal of
Primary Care & Community Health, 15,21501319241295916.

Brown, K., & Westaway, E. (2011). Agency, Capacity, and Resilience to Environmental
Change: Lessons from Human Development, Well-Being, and Disasters. Annual
Review of Environment and Resources, 36(Volume 36, 2011), 321-342.
https://doi.org/10.1146/annurev-environ-052610-092905

Cano-Calhoun, C., Abramson, D. B., & Chen, C. (2024). On your own, together:
Regional perspectives on community resource-sharing for disaster preparedness in
Washington state. Journal of Urban Affairs, 1-25.
https://doi.org/10.1080/07352166.2024.2326491

Chirisa, 1., & and Nel, V. (2022). Resilience and climate change in rural areas: A review
of infrastructure policies across global regions. Sustainable and Resilient
Infrastructure, 7(5), 380-390. https://doi.org/10.1080/23789689.2020.1871538

Choko, O. P., Schmitt Olabisi, L., Onyeneke, R. U., Chiemela, S. N., Liverpool-Tasie, L.
S. O., & Rivers, L. (2019). A Resilience Approach to Community-Scale Climate
Adaptation. Sustainability, 11(11), Article 11. https://doi.org/10.3390/sul1113100

Corek Oztas, C. (2021). How to Best Classify Rural in Metropolitan Areas? The Turkish



611

612

613

614

615

616

617

618

619

620

621

622

623

624

625

626

627

628

629

630

631

632

633

RESILIENCE AND CLIMATE CHANGE THREAT 33

Case. Planning Practice & Research, 36(4), 456—466.
https://doi.org/10.1080/02697459.2021.1878426

Fan, Y., Shi, X., Li, X., & Feng, X. (2022). Livelihood resilience of vulnerable groups in
the face of climate change: A systematic review and meta-analysis. Environmental
Development, 44, 100777. https://doi.org/10.1016/j.envdev.2022.100777

Ferreira, V., Sotero, L., & Relvas, A. P. (2024). Facing the heat: A descriptive review of
the literature on family and community resilience amidst wildfires and climate
change. Journal of Family Theory & Review, 16(1), 53-71.
https://doi.org/10.1111/jftr.12551

Folke, C. (2006). Resilience: The emergence of a perspective for social-ecological
systems analyses. Global Environmental Change, 16(3), 253-267.
https://doi.org/10.1016/j.gloenvcha.2006.04.002

Gao, Y., & Fennell, S. (2017). The Role of Tungin Guanxi in Building Rural Resilience in
North China: A Case from Qinggang. The China Quarterly, 229, 44-63.
https://doi.org/10.1017/S0305741017000029

Gillespie-Marthaler, L., Nelson, K., Baroud, H., & Abkowitz, M. (2019). Selecting
Indicators for Assessing Community Sustainable Resilience. Risk Analysis, 39(11),
2479-2498. https://doi.org/10.1111/risa.13344

Haas, S., Gianoli, A., & Van Eerd, M. (2021). The roles of community resilience and risk
appraisal in climate change adaptation: The experience of the Kannagi Nagar
resettlement in Chennai. Environment and Urbanization, 33(2), 560-578.
https://doi.org/10.1177/0956247821993391

Hart, P. S., Feldman, L., Choi, S., Zhang, A. L., & Hegland, A. (2023). The Influence of



634

635

636

637

638

639

640

641

642

643

644

645

646

647

648

649

650

651

652

653

654

655

656

RESILIENCE AND CLIMATE CHANGE THREAT 34

Flooding Imagery and Party Cues on Perceived Threat, Collective Efficacy, and
Intentions for Political Action to Address Climate Change. Science Communication,
45(5), 627-664. https://doi.org/10.1177/10755470231199972

Hornsey, M. J., & Pearson, S. (2024). Perceptions of climate change threat across 121
nations: The role of individual and national wealth. Journal of Environmental
Psychology, 102338. https://doi.org/10.1016/j.jenvp.2024.102338

Hung, H.-C., Yang, C.-Y., Chien, C.-Y., & Liu, Y.-C. (2016). Building resilience:
Mainstreaming community participation into integrated assessment of resilience to
climatic hazards in metropolitan land use management. Land Use Policy, 50, 48-58.
https://doi.org/10.1016/j.1andusepol.2015.08.029

Jensen, O., & Ong, C. (2020). Collaborative Action for Community Resilience to Climate
Risks: Opportunities and Barriers. Sustainability, 12(8), 3413.
https://doi.org/10.3390/su12083413

Kaim, A., Geva, K., Siman -Tov, M., Scholder, N., Kimhi, S., Bankauskaite, D., Baran,
M., Baran, T., Cosciug, A., Eshel, Y., Dumbadze, S., Gabashvili, M., Jiglau, G.,
Kaniasty, K., Koubova, A., Marciano, H., Matkeviciene, R., Matichescu, M.,
Teperik, D., & Adini, B. (2024). Mapping societal resilience across eight European
nations in the context of multifaceted associations with global indices: An ecological
study. International Journal of Disaster Risk Reduction, 108, 104562.
https://doi.org/10.1016/j.1jdrr.2024.104562

Keating, K. S., Becker, S., Davis, L. F., Chandler, T., Slack, T., & Beedasy, J. (2020).
Families Coping With Financial Loss Following the Deepwater Horizon Oil Spill.

Family Relations, 69(5), 887-906. https://doi.org/10.1111/fare.12510



657

658

659

660

661

662

663

664

665

666

667

668

669

670

671

672

673

674

675

676

677

678

679

RESILIENCE AND CLIMATE CHANGE THREAT 35

Kelly, P. M., & Adger, W. N. (2000). Theory and Practice in Assessing Vulnerability to
Climate Change andFacilitating Adaptation. Climatic Change, 47(4), 325-352.
https://doi.org/10.1023/A:1005627828199

Kezer, M., Dienlin, T., & Baruh, L. (2022). Getting the privacy calculus right: Analyzing
the relations between privacy concerns, expected benefits, and self-disclosure using
response surface analysis. Cyberpsychology: Journal of Psychosocial Research on
Cyberspace, 16(4), Article 4. https://doi.org/10.5817/CP2022-4-1

Knuth, D., Kehl ,D., Hulse ,L., Spangenberg ,L., Bréhler ,E., & and Schmidt, S. (2015).
Risk perception and emergency experience: Comparing a representative German
sample with German emergency survivors. Journal of Risk Research, 18(5), 581—
601. https://doi.org/10.1080/13669877.2014.910685

Landau, J. (2010). Communities That Care for Families: The LINC Model for Enhancing
Individual, Family, and Community Resilience. American Journal of
Orthopsychiatry, 80(4), 516-524. https://doi.org/10.1111/j.1939-0025.2010.01054.x

Lloyd’s Register Foundation. (2024). The Lloyd's Register Foundation World Risk Poll.
https://www.Irfoundation.org.uk/wrp

Ma, Z., Zhou, W., Deng, X., & Xu, D. (2023). Community Disaster Resilience and Risk
Perception in Earthquake-Stricken Areas of China. Disaster Medicine and Public
Health Preparedness, 17, €74. https://doi.org/10.1017/dmp.2021.342

McKinley, C. E., & Lilly, J. (2022). “It’s in the family circle”: Communication promoting
Indigenous family resilience. Family Relations, 71(1), 108—129.
https://doi.org/10.1111/fare.12600

Moskalewicz, B., Gorynski, P., Stokwiszewski, T., Moskalewicz, J., Kiejna, A., &



680

681

682

683

684

685

686

687

688

689

690

691

692

693

694

695

696

697

698

699

700

701

702

RESILIENCE AND CLIMATE CHANGE THREAT 36

Wojtyniak, B. (2019). Variations in experience of social support and physical health
among adult residents of Poland in urban versus rural areas. Roczniki Panstwowego
Zakladu Higieny, 70(4).

Nestler, S., Humberg, S., & Schonbrodt, F. D. (2019). Response surface analysis with
multilevel data: Illustration for the case of congruence hypotheses. Psychological
Methods, 24(3), 291-308. https://doi.org/10.1037/met0000199

Nie, Y., Wu, Y., Zhao, J., Zhou, J., Zhang, Y., Zhao, J., Maraseni, T., & Qian, G. (2020).
Resident risk attitude analysis in the decision-making management of waste
incineration construction. Journal of Environmental Management, 258, 109946.
https://doi.org/10.1016/j.jenvman.2019.109946

Norris, F. H., Stevens, S. P., Pfefterbaum, B., Wyche, K. F., & Pfefferbaum, R. L. (2008).
Community Resilience as a Metaphor, Theory, Set of Capacities, and Strategy for
Disaster Readiness. American Journal of Community Psychology, 41(1-2), 127-150.
https://doi.org/10.1007/s10464-007-9156-6

Oleson, K. (2012). Contrasts between Urban and Rural Climate in CCSM4 CMIP5
Climate Change Scenarios. Journal of Climate, 25(5), 1390—-1412.
https://doi.org/10.1175/JCLI-D-11-00098.1

Ong, A. D., & Cammarata, C. (2020). Resilience Theory of, Not Just the Trait
Dimension. In The Wiley Encyclopedia of Personality and Individual Differences
(pp. 357-361). John Wiley & Sons, Ltd.
https://doi.org/10.1002/9781119547143.ch59

Oriangi, G., Albrecht, F., Di Baldassarre, G., Bamutaze, Y., Mukwaya, P. 1., Ardo, J., &

Pilesjo, P. (2020). Household resilience to climate change hazards in Uganda.



703

704

705

706

707

708

709

710

711

712

713

714

715

716

717

718

719

720

721

722

723

724

725

RESILIENCE AND CLIMATE CHANGE THREAT 37

International Journal of Climate Change Strategies and Management, 12(1), 59-73.
https://doi.org/10.1108/IJCCSM-10-2018-0069

Oza, H. H., Nanavati, A., Clasen, T., Salinger, A. P., Freeman, M. C., & Sinharoy, S. S.
(2025). A critical review on measurement tools of urban household and community
resilience to disasters and environmental shocks and stressors among low- and
middle-income countries: Theory, application, and guidance. International Journal
of Disaster Risk Reduction, 118, 105267. https://doi.org/10.1016/j.1jdrr.2025.105267

Park, M., & Kang, M. (2024). Rethinking Resilience and Environmental Justice: Social
Infrastructure Distribution in Non-White Communities of Washington, DC. Journal
of Urban Planning and Development, 150(3), 05024025.
https://doi.org/10.1061/JUPDDM.UPENG-4985

Patterson, J. M. (2002). Understanding family resilience. Journal of Clinical Psychology,
58(3), 233-246. https://doi.org/10.1002/jclp.10019

Pearson, A. L., Griffin, E., Davies, A., & Kingham, S. (2013). An ecological study of the
relationship between socioeconomic isolation and mental health in the most
deprived areas in Auckland, New Zealand. Health & Place, 19, 159-166.
https://doi.org/10.1016/j.healthplace.2012.10.012

Peng, L., Xu, D., & Wang, X. (2019). Vulnerability of rural household livelihood to
climate variability and adaptive strategies in landslide-threatened western
mountainous regions of the Three Gorges Reservoir Area, China. Climate and
Development, 11(6), 469—484. https://doi.org/10.1080/17565529.2018.1445613

Phuong, T. T., Tan, N. Q., Hai, N. T., & Ngu, N. H. (2023). Reframing Climate Change

Resilience: An Intersectional Perspective of Ethnicity and Gender from Vietnam.



726

727

728

729

730

731

732

733

734

735

736

737

738

739

740

741

742

743

744

745

746

747

748

RESILIENCE AND CLIMATE CHANGE THREAT 38

Climate, 11(4), 85. https://doi.org/10.3390/cli11040085

Rao, N., Singh, C., Solomon, D., Camfield, L., Sidiki, R., Angula, M., Poonacha, P.,
Sidibe, A., & Lawson, E. T. (2020). Managing risk, changing aspirations and
household dynamics: Implications for wellbeing and adaptation in semi-arid Africa
and India. World Development, 125, 104667.
https://doi.org/10.1016/j.worlddev.2019.104667

Reese, G., Rueft, M., & Wullenkord, M. C. (2023). No risk, no fun...ctioning? Perceived
climate risks, but not nature connectedness or self-efficacy predict climate anxiety.
Frontiers in Climate, 5, 1158451. https://doi.org/10.3389/fclim.2023.1158451

Ricart, S., Gandolfi, C., & Castelletti, A. (2025). What drives farmers’ behavior under
climate change? Decoding risk awareness, perceived impacts, and adaptive capacity
in northern Italy. Heliyon, 11(1), e41328.
https://doi.org/10.1016/j.heliyon.2024.e41328

Roca, J., & Arellano, B. (2017). Defining urban and rural areas: A new approach. In W.
Heldens, N. Chrysoulakis, T. Erbertseder, & Y. Zhang (Eds.), Remote Sensing
Technologies and Applications in Urban Environments II (p. 18). SPIE.
https://doi.org/10.1117/12.2277902

Schonbrodt, F. D., & Humberg, S. (2021). RSA: An R package for response surface
analysis [Computer software]. RSA, Inc. https://cran.r-project.org/package=RSA

Sen, L. T. H., Bond, J., Winkels, A., Linh, N. H. K., & Dung, N. T. (2020). Climate
change resilience and adaption of ethnic minority communities in the upland area in
Thira Thién-Hué province, Vietham. NJAS: Wageningen Journal of Life Sciences,

92(1), 1-10. https://doi.org/10.1016/j.njas.2020.100324



749

750

751

752

753

754

755

756

757

758

759

760

761

762

763

764

765

766

767

768

769

770

771

RESILIENCE AND CLIMATE CHANGE THREAT 39

Shanock, L. R., Baran, B. E., Gentry, W. A., Pattison, S. C., & Heggestad, E. D. (2010).
Polynomial Regression with Response Surface Analysis: A Powerful Approach for
Examining Moderation and Overcoming Limitations of Difference Scores. Journal
of Business and Psychology, 25(4), 543—554. https://doi.org/10.1007/s10869-010-
9183-4

Shen, J., Duan, W., Wang, Y., & Zhang, Y. (2022). Household Livelihood Vulnerability to
Climate Change in West China. International Journal of Environmental Research
and Public Health, 19(1), 551. https://doi.org/10.3390/ijerph19010551

Slovic, P. (1987). Perception of Risk. Science, 236(4799), 280-285.
https://doi.org/10.1126/science.3563507

Su, Q., Chang, H.-S., & Pai, S.-E. (2022). A Comparative Study of the Resilience of
Urban and Rural Areas under Climate Change. International Journal of
Environmental Research and Public Health, 19(15), 8911.
https://doi.org/10.3390/1jerph19158911

Suter, G. (2022). Climate change 2022: Impacts, adaptation and vulnerability.
INTEGRATED ENVIRONMENTAL ASSESSMENT AND MANAGEMENT, 18(4),
1117-1118.

Tan, Y., Pinder, D., Bayoumi, I., Carter, R., Cole, M., Jackson, L., Watson, A., Knox, B.,
Chan-Nguyen, S., Ford, M., Davison, C. M., Bartels, S. A., & Purkey, E. (2024).
Family and community resilience: A Photovoice study. International Journal for
Equity in Health, 23(1), 62. https://doi.org/10.1186/s12939-024-02142-2

Tiet, T., To-The, N., & Nguyen-Anh, T. (2022). Farmers’ behaviors and attitudes toward

climate change adaptation: Evidence from Vietnamese smallholder farmers.



772

773

774

775

776

777

778

779

780

781

782

783

784

785

786

787

788

789

790

791

792

793

794

RESILIENCE AND CLIMATE CHANGE THREAT 40

Environment, Development and Sustainability, 24(12), 14235-14260.
https://doi.org/10.1007/s10668-021-02030-7

Tung, N. Y. C., Yap, Y., Bei, B., Luecken, L. J., & Wiley, J. F. (2022). Resilience to early
family risk moderates stress-affect associations: A 14-day ecological momentary
assessment study. Journal of Affective Disorders, 311, 134—142.
https://doi.org/10.1016/j.jad.2022.05.075

van der Linden, S. (2015). The social-psychological determinants of climate change risk
perceptions: Towards a comprehensive model. Journal of Environmental
Psychology, 41, 112—124. https://doi.org/10.1016/j.jenvp.2014.11.012

Van Valkengoed, A. M., Perlaviciute, G., & Steg, L. (2024). From believing in climate
change to adapting to climate change: The role of risk perception and efficacy
beliefs. Risk Analysis, 44(3), 553-565. https://doi.org/10.1111/risa.14193

Walsh, F. (1996). The Concept of Family Resilience: Crisis and Challenge. Family
Process, 35(3), 261-281. https://doi.org/10.1111/j.1545-5300.1996.00261 .x

Walsh, F. (2011). Family resilience: A collaborative approach in response to stressful life
challenges. In B. T. Litz, D. Charney, M. J. Friedman, & S. M. Southwick (Eds.),
Resilience and Mental Health: Challenges Across the Lifespan (pp. 149-161).
Cambridge University Press. https://doi.org/10.1017/CB0O9780511994791.012

Walsh, F. (2021). Family Resilience: A Dynamic Systemic Framework. In M. Ungar
(Ed.), Multisystemic Resilience (1st ed., pp. 255-270). Oxford University PressNew
York. https://doi.org/10.1093/0s0/9780190095888.003.0015

Wang, C., Lizardo, O., & Hachen, D. S. (2021). Using big data to examine the effect of

urbanism on social networks. Journal of Urban Affairs, 43(1), 40-56.



795

796

797

798

799

800

801

802

803

804

805

806

807

808

809

810

811

812

813

814

RESILIENCE AND CLIMATE CHANGE THREAT 41

https://doi.org/10.1080/07352166.2018.1550350

Wong-Parodi, G., Relihan, D. P., & Garfin, D. R. (2024). A longitudinal investigation of
risk perceptions and adaptation behavior in the US Gulf Coast. PNAS Nexus, 3(4),
pgae099. https://doi.org/10.1093/pnasnexus/pgae099

Xie, B., Brewer, M. B., Hayes, B. K., McDonald, R. 1., & Newell, B. R. (2019).
Predicting climate change risk perception and willingness to act. Journal of
Environmental Psychology, 65, 101331. https://doi.org/10.1016/j.jenvp.2019.101331

Yang, B., Feldman, M. W., & Li, S. (2020). The status of perceived community resilience
in transitional rural society: An empirical study from central China. Journal of Rural
Studies, 80, 427-438. https://doi.org/10.1016/j.jrurstud.2020.10.020

Yang, B., Feldman, M. W., & Li, S. (2021). The Status of Family Resilience: Effects of
Sustainable Livelihoods in Rural China. Social Indicators Research, 153(3), 1041—
1064. https://doi.org/10.1007/s11205-020-02518-1

York Cornwell, E., & Behler, R. L. (2015). Urbanism, Neighborhood Context, and Social
Networks. City & Community, 14(3), 311-335. https://doi.org/10.1111/cico.12124

Zhou, L., Kori, D. S., Sibanda, M., & Nhundu, K. (2022). An Analysis of the Differences
in Vulnerability to Climate Change: A Review of Rural and Urban Areas in South

Africa. Climate, 10(8), Article 8. https://doi.org/10.3390/cli10080118



RESILIENCE AND CLIMATE CHANGE THREAT 42

815 Appendix

816  Table S1.

Country N Country N Country N

China 2836 Peru 932 Tanzania 855
India 2748 Poland 932 El Salvador 854
Russia 1678 Eswatini 930 Malaysia 854
Kuwait 1038 Brazil 929 Philippines 851
Iraq 1021 Costa Rica 929 Sri Lanka 851
Italy 1000 Egypt 929  Ukraine 849
Cyprus 998 Singapore 929 Lithuania 848
South Korea 998 Chad 925 Malta 844
Austria 997 Mexico 924  Tajikistan 840
Spain 996 Australia 923 Niger 834
Germany 995 Bosnia Herzegovina 923 Congo Brazzaville 829
Switzerland 994 Mauritius 923 Honduras 829
Hungary 990 Bulgaria 921 Bahrain 828
Ireland 989 Ivory Coast 921 Liberia 825
Japan 987 New Zealand 917 Zambia 821
Finland 985 Argentina 915 South Africa 817
Luxembourg 982  Ecuador 914 Azerbaijan 813
Portugal 981 Guatemala 914 Montenegro 807
United Kingdom 980 Romania 914 Botswana 804
Greece 979 Kosovo 912 Gambia 799
Taiwan 973 Nicaragua 912 Ethiopia 798
Georgia 972  United States 911 Moldova 797
Estonia 971 Algeria 907 Mozambique 796
North Macedonia 970 Uruguay 907 Iran 790
Sweden 969 Albania 903 Jordan 783
Croatia 967 Benin 903 Nepal 780
Vietnam 962 Mongolia 901 Cambodia 778
Slovenia 961 Colombia 899 Madagascar 778
Latvia 960 Israel 893 Thailand 767
Slovakia 959 Bolivia 890 Congo Kinshasa 765
Norway 958 Pakistan 890 Uganda 763
Chile 957 Turkey 888 Bangladesh 756
Serbia 957 Sierra Leone 887 Yemen 755
Tunisia 955 Senegal 880 Comoros 746
Belgium 954  Guinea 878 Afghanistan 745
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Armenia
Netherlands
France
Lebanon
Czech Republic
Hong Kong
Malawi
Zimbabwe
Denmark
Canada

Mali
Burkina Faso

Panama

952
952
947
947
945
945
943
941
939
937
937
935
932

Gabon
Ghana
Kyrgyzstan
United Arab Emirates
Cameroon
Somalia
Uzbekistan
Palestine
Togo
Paraguay
Venezuela
Kenya

Mauritania

875
874
871
871
868
868
868
867
865
864
861
860
859

Kazakhstan

Nigeria

Saudi Arabia
Dominican Republic
Namibia

Indonesia

Morocco

Myanmar

Laos

Libya

Iceland

742
742
738
733
709
637
598
573
564
523
460
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Table S2.

The meaning of the coefficients of the polynomial regression and the response surface.

Coefficient Calculation Meaning

Polynomial

Regression

bi Linear effect of predictor X.

b2 Linear effect of predictor Y.

b3 Curvilinear effect of predictor X.

ba Interaction of predictor X and predictor Y.

bs Curvilinear effect of predictor Y.

Response Surface

ai b1+ b2 The outcome is higher when the values of
the predictors are on higher levels.

a2 b3+ bat bs The outcome value is highest for a specific
X-Y pair but is lower for other
combinations of the predictors.

a3 bi— b2 The outcome is higher when predictor X is
on a higher level than predictor Y.

a4 b3 — ba+ bs The outcome is higher when predictors are

at similar values.

Note: This table summarizes the coefficient, calculation, and meaning of polynomial

regression and response surface analysis, as detailed by Kezer et al.(2022).
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Table S3.

Sensitivity analysis with country-level controls.

45

Overall Rural Town City
(Intercept) 2.53 xHk 2.09 *x* 2.57 *x* 2.33 xHk
(0.42) (0.48) (0.43) (0.47)
HR (b1) 0.05 0.05 ** 0.06 0.07 %
(0.01) (0.02) (0.02) (0.02)
CR (b2) 20,18 * 20.20 *** 2019 * 20,15
(0.01) (0.02) (0.02) (0.02)
HR A 2 (b3) 20,15 -0.11 * 20,18 20,19
(0.03) (0.05) (0.05) (0.05)
CR 2 (b5) -0.02 0.01 -0.04 0.00
(0.03) (0.06) (0.05) (0.05)
HR * CR (b4) 0.13 #** 0.07 0.08 0.20 ***
(0.03) (0.07) (0.06) (0.06)
Age 0.00 #** 0.00 *** 0.00 *** 0.00 #**
(0.00) (0.00) (0.00) (0.00)
Gender (Ref Male) 0.03 *** 0.00 0.04 *** 0.05 ***
(0.00) (0.01) (0.01) (0.01)
Secondary Edu (Ref Basic) 0.10 *** 0.17 *xx* 0.09 % 0.09 ***
(0.01) (0.01) (0.01) (0.01)
College (Ref Basic) 0.18 #** 0.20 #** 0.17 *** 0.16 ***
(0.01) (0.02) (0.01) (0.01)
City (Ref Rural) 0.01
(0.01)
Town (Ref Rural) 0.01
(0.01)
HDI -0.24 -0.03 -0.29 -0.03
(0.29) (0.34) (0.30) (0.32)
Vulnerability -0.31 0.32 -0.37 -0.15
(0.51) (0.58) (0.52) (0.57)
al -0.12%** -0.15%** -0.14%** -0.08%**
0.01 0.03 0.02 0.02
a2 -0.05 -0.02 -0.14 0.01
0.05 0.09 0.08 0.08
a3 0.23%** 0.25%** 0.25%** 0.23%**
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0.01 0.03 0.02 0.02

a4 -0.31 %% -0.17 -0.30%* -0.39%
0.06 0.12 0.1 0.11

N 108532 28355 40856 39321

N (Country) 137 135 136 136

AIC 226652.75 60454.93 84955.95 81139.66

BIC 226806.27 60570.46 85076.60 81259.78

R2 (Fixed) 0.01 0.01 0.02 0.01

R2 (Total) 0.11 0.11 0.11 0.12

Note: Standardized regression coefficients with standard errors are displayed. *** p

<.001; ** p <.01; * p <.05. HR means household resilience; CR means community

resilience; HDI means Human Development Index.
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829  Table S4. Model specification comparison.
Model npar AIC BIC logLik Chisq Df p
m_linear 9 269041.28  269129.18  -134511.64
m_quad 11 269016.58  269124.02  -134497.29 28770 2  <.001
m_full 12 269004.07  269121.27  -134490.03 1451 1 <001
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Table S5. Collinearity diagnostics.
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Variable VIF  VIF _CI low VIF _CI high SE factor Tolerance
HR 1.08  1.07 1.09 1.04 0.93
CR 1.06  1.06 1.07 1.03 0.94
HR *2 1.07  1.06 1.07 1.03 0.94
CR"2 1.09 1.08 1.10 1.04 0.92
HR * CR .12 1.11 1.13 1.06 0.89
Age 1.05 1.05 1.06 1.03 0.95
Gender 1.01  1.01 1.02 1.01 0.99
Education .13 1.12 1.14 1.06 0.88
Urbanization 1.03  1.02 1.04 1.01 0.97
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