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To effectively cope with the impacts of climate change and increase urban resilience, households and neighborhoods must adapt in ways that reduce vulnerability to climate-related natural hazards. Communities in the United States and elsewhere are exposed to more frequent extreme heat, wildfires, cyclones, extreme precipitation, and flooding events. Whether and how people respond to increased hazard exposure (adaptive behavior) is widely recognized to be driven by their capacity to adapt, perception of the risk, and past experiences. Underlying these important dimensions, however, is social context. In this paper, we examine how social capital and social vulnerability shape risk perception and household flood mitigation actions. The study, based on a metropolitan-wide survey of households in Austin, Texas, USA, suggests that bonding social capital (personal networks, neighborhood cohesion, and trust) is positively related to mitigation behavior and that social vulnerability is negatively related to risk perception. Importantly, our research demonstrates a positive and significant effect of social capital on adaptive behavior even when controlling for social vulnerability of a neighborhood. This suggests that policies and programs that strengthen the social connectedness within neighborhoods can increase adaptive behaviors thus improving community resilience to flood events.
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INTRODUCTION

Increasing the resilience of urban communities to climate-related hazard events continues to be a major challenge across the world. Climate change is projected to amplify patterns of extreme weather, subsequently intensifying this risk for many geographies (Hirabayashi et al., 2013; Myhre et al., 2019; National Academies of Sciences Engineering, 2019; Papalexiou and Montanari, 2019). A combination of urban population growth, urban development sprawl, and aging urban infrastructure further complicate and challenge urban resilience to climate-related risks (Bai et al., 2018; Bixler et al., 2019). The same is true for many cities in the United States (U.S.) where the frequency and scale of extreme weather events have rapidly increased in recent decades. According to the United States National Climate Assessment, the frequency, and cost of billion-dollar socio-natural disasters have been increasing in the U.S., owing to a combination of increased exposure, vulnerability and the effects of climate change (Smith, 2021). Top among these is water-related events, such as severe storms, hurricanes, and tropical storms. It has been reported that more than 70% of the water-related events in the last three decades have cost more than a billion dollars per event in total losses to the U.S. economy (Kunreuther et al., 2018).

The impact of flooding is most acutely experienced by private households, underscoring the need to better understand how households and neighborhoods can decrease vulnerability by reducing exposure, sensitivity or increasing adaptive capacity (Adger, 2006). In response, scholarship that focuses on flood mitigation behavior at the household level is on the rise (Brody et al., 2010, 2017; Babcicky and Seebauer, 2017; Shah et al., 2017). Risk perception, past experience with flooding, and the broader social context have all been explored as driving flood risk mitigation behavior (Kellens et al., 2011; Terpstra, 2011; Babcicky and Seebauer, 2017; Lechowska, 2018; Kuang and Liao, 2020). While there is general agreement that past experience is a consistent factor influencing preparedness and mitigation behavior (Siegrist and Gutscher, 2008; Babcicky and Seebauer, 2017), the relationship between risk perception and mitigation has been found to be more complex (Takao et al., 2004; Lindell and Hwang, 2008; Bubeck et al., 2012). Underlying these important dimensions are variables indicative of one's social context: social capital and social vulnerability.

The ability for people to act collectively, rather than as isolated individuals or households, is fundamental to the ability to adapt to and recover from natural hazards (Adger, 2003; Pelling and High, 2005; Wilson et al., 2020). Social capital—or the social resources such as personal networks, neighborhood cohesion, and trust that a household has access to—is considered an important factor influencing mitigation behavior (Adger, 2003; Pelling and High, 2005; Babcicky and Seebauer, 2017; Hudson et al., 2020). It has been reported that higher levels of social capital can motivate protective action (Babcicky and Seebauer, 2017; Hudson et al., 2020) and influence risk perception (Babcicky and Seebauer, 2017; Hudson et al., 2020). Relatedly, socio-demographic variables related to social vulnerability, such as age, ethnicity, income, and gender have been reported to affect risk perception and mitigation behaviors (Lindell and Hwang, 2008), and multi-dimensional social vulnerability indices are increasingly used to demonstrate the disparate outcomes of flood events at aggregated geographical resolutions, such as counties (Cutter et al., 2003; Tate et al., 2021).

Important contributions have been made exploring the “social context” of risk perception and mitigation behavior (Babcicky and Seebauer, 2017; Hudson et al., 2020), however adequate integration of the social dimensions remains insufficient in both policy and research (Cutter et al., 2003; Engle, 2011). There is little consensus on how social capital and social vulnerability relate to risk perception and flood mitigation action. This research makes a novel contribution by considering the effect of neighborhood social vulnerability (as calculated through a multi-dimensional social vulnerability index) and social capital on risk perception and mitigation behaviors.

Our paper will proceed as follows. First, we review the literature on flood risk perception, household flood risk mitigation behavior, social capital, and social vulnerability. Next, we will present the geographic domain of our study, Austin, Texas, USA, followed by a description and discussion of our data. We will then discuss our analytical technique followed by results and discussion. Our results demonstrate the importance of the “social context” in having positive (social capital) and negative (social vulnerability) effects on flood risk perception and household mitigation behaviors.



BACKGROUND AND KNOWLEDGE GAPS


Flood Mitigation Behavior

Individuals tend to pursue mitigation actions based on access to information and resources (Daramola et al., 2016; Shah et al., 2017). By better understanding why and when individuals implement “household hazard adjustments” (Burton et al., 1993; Lindell, 1997; Brody et al., 2017), local governments can better develop effective programming and policy that reflects the community's needs (Few, 2003; Wisner et al., 2004; Jabeen et al., 2010; Abid et al., 2015; Brody et al., 2017; Shah et al., 2017). These mitigation actions can be structural and/or non-structural actions taken to reduce the impact of flood events to avoid damage to personal property, avoid loss of life, and to decrease or diminish overall damages (Brody et al., 2017).

Numerous factors can influence an individual to pursue flood mitigation actions. Some of the frequently identified factors include: “hazard experience, hazard intrusiveness, location in relation to physical risk, risk perception, and socioeconomic [and demographic] characteristics,” (Brody et al., 2017, p. 569). Previous flood experience is a consistent and reliable factor for flood-related mitigation behaviors (Grothmann and Reusswig, 2006; Siegrist and Gutscher, 2008; Babcicky and Seebauer, 2017). Victims of flood events possess a unique awareness of their vulnerabilities and associate different emotions with floods (Terpstra, 2011), making them more likely to implement mitigation measures than non-victims (Grothmann and Reusswig, 2006; Siegrist and Gutscher, 2008; Zaalberg et al., 2009). Race and ethnicity and socioeconomic status were found to play a role in individuals being able to access and afford mitigation measures (Browne and Hoyt, 2000; Collins, 2008; Lindell and Hwang, 2008; Brody et al., 2017). For example, Lindell and Hwang (2008) found a high correlation to those who identify as white and having flood insurance. Gender also is related to whether individuals seek mitigation measures. Previous research indicates an indirect relationship with risk perception and those who identify as female, indicating a higher risk perception than their male cohort (Lindell and Hwang, 2008; Terpstra and Lindell, 2013; Brody et al., 2017). Education has also been identified as playing a role in flood mitigation actions, with higher levels of education associated with more mitigatory actions (Brody et al., 2010; Shah et al., 2017). Additionally, household size and homeownership may also affect the level of protective measures adopted (Shah et al., 2017).

It should be noted that the relationship between flood mitigation behavior and its major drivers is yet to be fully understood. Inconclusive and differing results on factors influencing uptake on private flood mitigation actions (Hung, 2009; Michel-Kerjan and Kunreuther, 2011; Brody et al., 2017) hints at the need to broaden the scope of inquiry. Any attempt to better understand private flood mitigation should take into consideration the social characteristics and idiosyncrasies of the community in which households are situated. The situation warrants us to take a closer look at the mediating factors, especially the social context, which is inadequately addressed.



Flood Risk Perception

Risk perception can be understood as intuitive judgment about the potential risk and its consequence that an individual or group holds (Slovic et al., 1984; Raaijmakers et al., 2008; Rana et al., 2020). It is a process that involves the collection, selection, and interpretation of signals from direct or indirect experiences of uncertain impacts of a potential event (Wachinger et al., 2013). Risk perception is fundamental to understanding adaptation and mitigation actions taken on by individuals.

Scholars have framed flood risk perception in a variety of ways. Raaijmakers et al. (2008) argues that flood risk perception should be conceptualized as a relationship between awareness, worry, and preparedness. Relatedly, Wachinger et al. (2013) identifies a broad set of factors influencing risk perception, including: scientific factors, informational factors, personal factors, and contextual factors. Past experience can also shape risk perception. Factors such as recency, frequency, and intensity of people's personal experience with hazard events can shape their risk perceptions (Weinstein, 1989; Lindell and Prater, 2000; Lindell and Hwang, 2008). However, the relationship between identified characteristics and flood risk perception is not always conclusive; often results vary and are sometimes contradictory (Kellens et al., 2011; Brody et al., 2017; Lechowska, 2018). As mentioned before, this is most prevalent in studies inquiring into the adoption of private mitigation efforts. This might be indicative of a possible presence of risk perception paradox (Wachinger et al., 2013), a situation where individuals do not take appropriate action even if they experience high risk perception. This again validates the need to look more closely at the larger social constructs influencing risk perception. While there is a general consensus that strength of risk perception is important to flood mitigation and governance, they are often not well-integrated in to studies of hazard risk governance (Messner and Meyer, 2006; Birkholz et al., 2014; Rufat et al., 2015) and the intersection with adaptive capacity and social vulnerability is poorly understood.



Social Capital (as Adaptive Capacity)

A seemingly simple yet complex concept, “adaptive capacity” has been approached and defined differently by various disciplines (Adger, 2003; Cutter et al., 2003; Engle, 2011; Wilson et al., 2020). Adaptive capacity is often used to refer to “a vector of resources and assets” (Adger and Vincent, 2005) and is generally considered as four sets of interconnected resources: economic or financial, social, informational, and community (Norris et al., 2008; Barnes et al., 2020). In disaster resilience literature, the concept of adaptive capacity is used to represent the counteracting influences that reduce the effects of hazard exposure and sensitivity, or susceptibility to the hazard (Adger, 2006; Gallopín, 2006; Engle, 2011).

Our interest in this study is primarily on the social dimensions of adaptive capacity, or social capital. Social capital has become one of the more salient concepts in the social sciences and one of the more popular exports from sociological theory to other fields of research and policy (Portes, 1998). Although various definitions exist, they generally involve a focus on networks, norms, social cohesion, and trust. For example, Robert Putnam defines social capital in a way that emphasizes trust and norms as a strategy to enable participants to act together more effectively to pursue shared objectives (Putnam, 1995a,b). Bourdieu (1984) and Lin (2002) focus more on the “network” dimension of social capital with a focus on the resources (and returns) that are available to a person based on strong and/or weak relationships (Bourdieu, 1984, 1986; Lin, 2002). Relatedly, Fukuyama (2002) highlights social cohesion by emphasizing the shared norms or values that promote social cooperation (Fukuyama, 2002). Operationalization and measurement of social capital can and should be distinguished into its three components—bonding, bridging, and linking social capital (Woolcock, 2001; Harrison et al., 2016). If social capital is measured as strong ties between members in the community, it can be termed as “bonding” social capital. Weak ties between more distant or heterogeneous members of a community or network are bridging ties, and the “vertical” dimension of social capital refers to linkages with institutions of power beyond the community (Woolcock, 2001; Harrison et al., 2016).

Based upon a sociological understanding of social capital, in places where more trust, networks, and neighborhood cohesion exist we can expect more adaptive capacity for hazard-related shocks and stressors (Adger, 2003). However, the relationship of social capital with risk perception is not clear-cut and appears to be dependent on the local context. For example, while the study of Babcicky and Seebauer (2017) in the context of Austria argued that social capital may lead to reduced levels of risk perception, Hudson et al. (2020) reported a positive correlation in their case study of a Vietnam region. Moreover, social capital does not guarantee mitigation action (Adeola, 2009; Hawkins and Maurer, 2010).



Social Vulnerability

Increasingly, awareness has grown that vulnerability to hazards is not just limited to the status of biophysical elements and the built environment, but also to the social aspects of the individual, community, or place under consideration (Cutter et al., 2003; Birkmann, 2013). As Cutter et al. (2003) argue, vulnerability is a measure of societal resistance or resilience to hazards (Cutter et al., 2003). How a hazard affects a population depends on hazard exposure as well as to the sensitivity of the population and its ability to respond and recover. This understanding has led to the emergence of social vulnerability, and related social vulnerability indices, as a key concept in hazards research and in many domains of science-policy interface with potential applications for various levels of governance (Fordham et al., 2013).

As a multi-dimensional concept, social vulnerability indices quantify variables underlying susceptibility and capacity to recover, which can aid decision making, resource allocation, and project prioritization (Rufat et al., 2015). Existing metrics such as the Social Vulnerability Index (SoVI®) created by the Hazards and Vulnerability Research Institute at the University of South Carolina; Cutter et al., 2003) and the Centers for Disease Control and Prevention's (CDC) Social Vulnerability Index (SVI) (Flanagan et al., 2018) have increased significantly in flood-related research as of late. Table 1 presents the key concepts and literature sources.


Table 1. Terms and definitions.
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STUDY CONTEXT, DESIGN, AND METHODS

Given the existing body of research, we examine how social capital and social vulnerability influence risk perception and adaptive behaviors. We assert that where social capital is strong, households are more adaptive; where social vulnerability is high households are less adaptive. In particular, this work will test the hypotheses that (i) Households with high social capital have lower perceived risk; (ii) Households with high social vulnerability have higher risk perception; (iii) Households with high social capital take more risk mitigation behaviors; and (iv) Households with high social vulnerability take fewer risk mitigation behaviors.


The Study Context: Austin, Texas, USA

Texas is historically among the states in the USA with the greatest number of flood fatalities (Sharif et al., 2015; Terti et al., 2017) and suffers heavy economic losses annually from floods. Austin, Texas, experiences inland fluvial and pluvial flooding associated with frequent intense rain events that are characteristic of the “flash flood alley” of central Texas. Central Texas has seen an increase in high precipitation and flood events, experiencing three major flooding events between 2013 and 2018. Austin is also one of the fastest-growing cities in the U.S. with a population of just under one million as of 2020 (City of Austin, 2021). Flood risk is amplified by rapid urbanization, population growth, increased commercial and residential development, and subsequent expansion of impervious surfaces, and current and projected precipitation patterns.



Study Population and Data Collection

The Austin Area Community Survey is an IRB-approved survey conducted as part of the Austin Area Sustainability Indicators project (www.austinindicators.org). Data collection is cross-sectional and randomly sampled in the Austin metropolitan region that includes Travis County, Bastrop County, Burnet County, Caldwell County, Hays County, and Williamson County. Figure 1 shows a map of the study area. The data were collected between September and November of 2020. The survey is part of a longitudinal effort to track sustainability and quality of life indicators in the Austin area and represents the seventh wave of data collection (2004, 2006, 2008, 2010, 2015, and 2018). The 2020 wave of data collection was the first to ask respondents specifically about flood risk perception and mitigation behaviors, therefore only data from the 2020 sample are included in this analysis. In 2020, the sample size for the survey was 1,215 residents. A sample size of 1,215 was the target for the +/– 3% margin of error it provides for the Austin metropolitan area (estimated 2020 population of 2.28 million). Surveys were completed by an external firm, Consumer Research International (CRI), who uses computer-assisted telephone interviewing software to minimize questioning errors, dialing errors, and implement survey skip patterns. CRI uses a list-sample methodology and uses a computer-generated random dial approach calling both landline and mobile phones. The phone surveys were conducted both in English and Spanish. The 2020 survey employed a multi-mode collection process utilizing combination of telephone (75%) and web-based panel procedures (25%) to reach the 1,215 completed surveys. Quotas were imposed to ensure an adequate representation from Hispanic and 18–24-year-old respondents. The average age of all respondents was 48 years old. The survey adheres to methodological and ethical procedures and definitions from the American Association for Public Opinion Research (The American Association for Public Opinion Research, 2016). Reported here is a subset of the total sample who responded in the affirmative of having experienced a flood event in the past 10 years (N = 177). Analysis was conducted using R Studio Version 1.3.959.


[image: Figure 1]
FIGURE 1. Study area- Austin, Texas, U.S.A.




Measures

In the survey, we used a combination of yes/no, Likert scales, and computed factor scores to capture the responses to items in the survey. Individual survey items are either verbatim or slightly adapted questions from existing published research of valid and reliable instruments. Sources for the conceptual framing and dimension definition can be found in Table 1. Sources for individual item verification can be found in the subsequent sections. The exact wording and descriptive statistics for each item are in Table 2. Missing data of survey items (<2%) was at random and treated using a predictive mean matching imputation method. The source data for the social vulnerability index is the Census Bureau's American Community Survey. We merge these two data sources for this analysis based on location.


Table 2. Descriptive statistics of survey items.
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Risk Mitigation Behaviors

Flood mitigation behaviors were measured by combining nine survey items to produce a single score that represents the count of non-structural mitigation actions, ranging from 0 to 9. The respondents were asked about the household flood protective measures undertaken to mitigate the impact of floods. The responses for each question were coded zero for no and one for yes. The language of the nine items can be found in Table 2. The Cronbach's Alpha shows good internal consistency for the mitigation behavior score (α = 0.76).



Flood Risk Perception

We measure risk perception from six survey items (see Table 2). The measure consists of perceived severity and expected consequences of flooding for the respondent's safety, health, possessions, and quality of life. The responses were measured on a scale of 1–4 (1-Extremely unlikely, 2-Somewhat unlikely, 3-Somewhat likely, 4-Extremely likely). The flood risk perception variable was computed as an arithmetic mean of the six survey items with a range from 1 (lowest) to 4 (highest). The Cronbach's Alpha shows good internal consistency for this risk perception score (α = 0.84).



Previous Flood Impact/Experience

An individual's reaction to risk partially depends on the frequency and severity of past events. The model also contains a variable to capture the differing intensities of previous exposure. The measure ranging from 0 to 9 was calculated by combining nine survey questions about the impacts experienced during the past flood events. The respondents were asked whether “In the past 10 years, have you experienced any of the following during or soon after a flood you experienced?” and provided with nine possible negative impacts of flooding. The responses were coded zero for no and one for yes. The language of each item can be found in Table 2. The Cronbach's Alpha shows good internal consistency for this risk perception score (α = 0.71).



Social Capital

In this study, we focus primarily on bonding social capital and measure it as three distinct dimensions - trust, cohesion, and personal networks—that form one latent construct of social capital. The specific items come from insights from meta-analysis on the measurement of social capital (Lochner et al., 1999; Friesen, 2018). The responses to individual survey questions were measured on a scale of 1–4 (1-Disagree Strongly, 2-Somewhat Disagree, 3-Somewhat Agree, 4-Agree Strongly) and then analyzed using lavaan package in R (Yves et al., 2017). The neighborhood cohesion variables capture the collaborative relations that contribute to social capital and the network variables that bring together benefits out of interpersonal communications that influence the adaptive capacity of the community. The level of social trust indicates how well these ties of social capital (bonding and bridging) will manifest or express themselves during a hazard. Survey items for each dimension can be found in Table 2 and Figure 2. A confirmatory factor analysis was conducted on the sample to verify that the chosen questions represent the corresponding constructs (see Figure 2).


[image: Figure 2]
FIGURE 2. Social capital latent structure.




Social Vulnerability

A social vulnerability index was developed at the census block group level utilizing data from the 2017 ACS 5-Year Estimates. The procedure documented extensively elsewhere (Bixler et al., 2021), uses 18 variables divided into six components (Wealth, Language and Education, Elderly, Housing Status, Social Status, and Gender). The 18 variables and associated loading scores include: median housing value (0.915); median gross rent (0.892); median age (0.658); per capita income (0.86); people per household unit (0.874); percent of the population under five and over 65 (0.859); percent Black or African American (0.666); percent unemployed civilian labor force 16 and older (0.723); percent less than high school education over 25 years old (0.732); percent speaking English as a second language (0.806); percent children living in married-couple families (0.844); percent female (0.877); percent of female workforce participation (0.836); percent housing units with no car (0.559); percent poverty (0.533); percent of households earning over $200,000 annually (0.915); percent Hispanic (0.739); and percent of households receiving social security benefits (0.896).

The 18 variables utilized for the index accounted for 74.48% of the observed variance in social vulnerability across the Austin Area. The cardinality of each component was adjusted so that a higher variable value indicated a higher vulnerability. The numerical composite social vulnerability score for each block group is the sum of the normalized and direction-adjusted values for each variable. This final score was again normalized from 0 to 1 (with one being the most vulnerable) with a mean of 0.52 and a standard deviation of 0.54. Based on the information provided by each survey respondent, coordinates for each household were identified and the corresponding census block group was identified using the R package tigris (Walker, 2016). Each case was then assigned the social vulnerability score for its respective census block group. The distribution of the calculated social vulnerability index by census block groups in the study area is provided in Figure 3.


[image: Figure 3]
FIGURE 3. Distribution of social vulnerability index in study area.




Control Variables

Key demographic information obtained from survey respondents was included in our models. Race/ethnicity was coded into four categories White, Black, Hispanic, and Other. Gender was coded as dichotomous. Annual family income was coded into four levels ranging from < $35,000 to more than $125,000.




Analytical Techniques and Model Fit

We conduct Ordinary Least Squares multiple regression analysis (OLS) to assess the impact of social capital and social vulnerability on flood risk perception and then include flood risk perception with the other predictors on flood mitigation behaviors. Our models explain between 21 and 27% of the variance, which aligns with similar models on flood risk perception (Sjöberg et al., 2004; Babcicky and Seebauer, 2017). Table 3 presents a correlation matrix of the model variables. Variance inflation factor (VIF) scores were computed for coefficients in each of the four models and all values were below 2, indicating the absence of or very little multicollinearity (James et al., 2013).


Table 3. Correlation matrix of model variables.
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RESULTS AND DISCUSSION

We use multiple linear regression analysis to examine the relationship between the predictors of flood risk perception without social vulnerability (model 1) and with social vulnerability (model 2). Model 3 examines the relationship between predictors plus risk perception on mitigation behaviors (without social vulnerability) and model 4 includes social vulnerability. All models control for gender, race/ethnicity, and income. As shown in Table 4, OLS results show that several independent variables are statistically significant from p < 0.1 to p < 0.001.


Table 4. OLS regression results.

[image: Table 4]

All models show that previous impacts of floods have a significant and positive effect on risk perception (0.35, p < 0.01) and mitigation behaviors (0.88, p < 0.01), suggesting that risk perceptions (models 1 and 2) and actions (models 3 and 4) are higher among households who have been more severely impacted by flooding than those who have experienced a flood but had little or no impact to themselves, their family, or their belongings.

Both models 3 (0.89, p < 0.01) and 4 (0.87, p < 0.01) show a significant effect of social capital on flood mitigation behaviors while controlling for previous impacts, risk perception, social vulnerability, and socio-demographic characteristics. The effect of social capital on risk perception is small, positive, and statistically insignificant. Flood risk perception also has a positive and statistically significant impact on flood mitigation behaviors when not controlling for social vulnerability (0.73, p < 0.01) and when controlling for social vulnerability (0.79, p < 0.01).

Social vulnerability (H02, model 2) has a large, negative and statistically significant effect on risk perception (−0.95, p < 0.10) and the models show a positive coefficient of social vulnerability on flood mitigation behaviors, although not statistically significant and a high standard error (H04, model 4). We will discuss our interpretation of this below.

Most of the control variables, not reported in Table 4, are not statistically significant except for income on mitigation actions with social vulnerability (model 4). Figure 4 shows the groups means and confidence intervals by income.


[image: Figure 4]
FIGURE 4. Average mitigation actions by income.


A post-hoc comparison of the analysis of variance [F(3, 32.9) = 2.026, p = 0.112] using a Tukey multiple comparison of means test (Tukey HSD) shows an adjusted p = 0.078 for the difference between the mean mitigation actions for those < $35,000 and more than $125,000. Although in line with other studies, we highlight this point for two reasons. First, the income effect holds even when including social vulnerability (which includes per capita income, poverty, and other wealth related variables as part of the index). Second, to highlight the positive impact of social capital when holding income and social vulnerability constant.

Models 3 and 4 highlight the role of bonding social capital as a factor that increases flood mitigation behaviors. This finding—that social capital is a significant factor predicting how households take actions to mitigate the future impacts of flooding—reflects the positive impacts of neighborhood cohesion, trust, and personal networks. The effect of social capital not only persists but increases when including social vulnerability (model 4). We suggest there may be a positive reinforcing loop between the perception of risk, bonding social capital and mitigation behaviors and that a supportive social and neighborhood context is important for adaptive capacity. Importantly, our research demonstrates a positive and significant effect of social capital on adaptive behavior even when controlling for social vulnerability of a neighborhood.

Few, if any, studies have examined the intersection of social vulnerability (as a geographically delineated aggregated index) and risk perception. We found social vulnerability to have a large, negative, and statistically significant effect on risk perception. That is, as the social vulnerability of your neighborhood increases, the perception of the risk perceived to themselves, their family, or their belongings goes down. This is contrary to what we expected (H02), although our hypothesis was grounded only in the literature suggesting the relationship between lower risk perception among higher-income households.

This is an important finding, particularly in the context of disproportionate exposure among socially vulnerable populations. Social vulnerability has become an important concept for hazards research as a proxy for household and neighborhood sensitivity or susceptibility to flood events. Moreover, there is growing evidence that a disproportionate amount of flood exposure is in urban areas of higher social vulnerability (Tate et al., 2021). This result strongly supports the need for more research at the intersection of social vulnerability and risk perception, given the prominence of social vulnerability in hazards research, yet the limited scholarship at this intersection.



CONCLUSION

Building adaptive capacity to climate-related hazards is of growing importance in urban U.S. communities. Our findings indicate that strategies that can facilitate and cultivate bonding social capital as part of integrated flood risk policy and governance processes can have positive effects on adaptive behavior. A supportive social context can decrease flood vulnerability by increasing adaptive capacity to flooding events, even when controlling for social vulnerability. There are practical and policy implications as cities design and implement policies that address climate change action and climate justice. A better understanding of how and to what degree bonding social capital increases adaptive capacity would allow for policy interventions to be better targeted and designed in order to produce the largest increase in community resilience.

Furthermore, research into how the social context influences risk perception and adaptation behavior is warranted because neighborhood cohesion and social vulnerability can vary widely from place to place or neighborhood to neighborhood. Our study suggests that these factors are important for a community's ability to prepare and respond to natural hazards. But a greater focus on longitudinal data collection from both social and physical environments will be necessary to evaluate the interplay between interventions that build social capital for adaptive capacity, those that reduce exposure mitigation, and policies and programs that reduce social vulnerability.

There is a growing emphasis on social vulnerability in flood risk governance, however, our study suggests that the intersection of social vulnerability and flood risk perception needs more attention. Individual risk perceptions are important for preparing risk communication strategies and raising awareness in communities (Fuchs et al., 2017), yet little attention has been given to how living in a “socially vulnerable” neighborhood influences the perception of flood risks. This is likely of high importance, particularly in the context of increasing adaptive behaviors among populations who are already at disproportionate exposure to flooding.
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