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Abstract
Research on collective resilience processes still lacks a detailed understanding of 
psychological mechanisms at work when groups cope with adverse conditions, i.e., 
long-term processes, and how such mechanisms affect physical  and mental well-
being. As collective resilience will play a crucial part in facing looming climate 
change-related events such as floods, it is important to investigate these processes 
further. To this end, this study takes a novel holistic approach by combining resil-
ience research, social psychology, and an archeological perspective to investigate the 
role of social identity as a collective resilience factor in the past and present. We 
hypothesize that social identification buffers against the negative effects of environ-
mental threats in participants, which increases somatic symptoms related to stress, 
in a North Sea region historically prone to floods. A cross-sectional study (N = 182) 
was conducted to analyze the moderating effects of social identification on the rela-
tions between perceived threat of North Sea floods and both well-being and life 
satisfaction. The results support our hypothesis that social identification attenuates 
the relationship between threat perception and well-being, such that the relation is 
weaker for more strongly identified individuals. Contrary to our expectations, we did 
not find this buffering effect to be present for life satisfaction. Future resilience stud-
ies should further explore social identity as a resilience factor and how it operates in 
reducing environmental stress put on individuals and groups. Further, to help com-
munities living in flood-prone areas better cope with future environmental stress, 
we recommend implementing interventions strengthening their social identities and 
hence collective resilience.
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Introduction

Floods are stressful events for any affected population and threaten the very fabric 
of their shared existence. They cause distress on the individual and collective levels 
and therefore harm people’s and group’s physical and mental well-being. Consid-
ering the intensification of future devastating climate change-related flood events 
(CRED and UNDRR 2020), there is some urgency in gaining comprehensive knowl-
edge of collective resilience factors facilitating a population’s physical and mental 
well-being, and in turn, the willingness to stay in flood-prone areas. For example, 
Ntontis et al. (2019) and Drury (2018) investigated social identification as a factor 
helping the group to counter negative effects of stress by focusing on the psycho-
logical and behavioral processes of individuals in the aftermath of a flood. However, 
relying mainly on individual accounts of group performance after such emergency 
events took place, provides an unbalanced assessment of social identity as a collec-
tive resilience factor. Therefore, exploring collective resilience from different tem-
poral perspectives provides a more nuanced picture of how the process is shaped by 
operating resilience factors. Subsequently, we contribute to the growing collective 
resilience literature by focusing on the group level via a social identity approach.

To this end, we aim to investigate social identification as a collective resilience 
factor in a flood-prone coastal area in Germany (East Frisia), during a time of no 
acute threat of flooding and combine the findings with archeological evidence from 
the same area. The knowledge we gain from such a combined “past and present per-
spective” can strengthen future responses to climate change-related events, because 
not all populations have the means (e.g., economically) or willingness (e.g., cultur-
ally) to relocate. For example, in medieval times, floods would unquestionably have 
had detrimental psychological outcomes on an already deprived population (Brown 
2021). However, past populations endured in East Frisia for centuries and demon-
strated their ability to cope, to adapt and to implement technical solutions to secure 
their survival and well-being. Hence, by examining well-being and life satisfaction 
in relation to the social identity theory as resilience outcomes in the past and pre-
sent, we contribute to psychological research directed at possible flood-related men-
tal health issues such as anxiety, post-traumatic stress disorder (PTSD), depression, 
and most relevant to our study, a “decreased sense of self and identity from loss of 
place and grief reactions” (Palinkas and Wong 2020, p. 12).

Theoretical background

Theoretical and conceptual framework

As shown in Fig. 1, we connect the concept of collective resilience to well-being 
and life satisfaction via the social identity theory (Jetten et  al. 2012; Tajfel and 
Turner 1979; Turner et al. 1987). Here, the social identity theory acts as a merger 
in the resilience process by shaping collective cognition and action (Turner 2010). 
Social identification has previously been found to increase the well-being of the 
group and its members (Jetten et al. 2012) and is linked to mechanisms relating to 
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group maintenance (Molenaar et al. 2021). However, it has yet to be corroborated 
more thoroughly as a collective resilience factor. Archeology, on the other hand, 
adds a bird’s eye perspective on long-term social developments. There is archeologi-
cal evidence for strategies of collectively navigating the stressor of floods by adapt-
ing settlement structures to the given environmental situation and the needs of the 
group. For example Swierczynski et al. (2013) report on changes in Neolithic settle-
ments, located at the Mondsee in the Alps. There, inhabitants collectively changed 
their settlement pattern from “dwellings on the wetlands […] to constructing lake 
dwellings on piles upon the water” in order to cope with increased flood risk from 
the lake around 5400–4700 cal. yr. BP (Swierczynski et al. 2013, p. 1610). Hence, 
archeology fuses well with the social identity theory and collective resilience pro-
cesses which are assessed using each discipline’s methods of analysis. Concerning 
psychology, the present research incorporates empirically collected survey data from 
a population potentially affected by floods. Regarding archeology, material findings 
from excavations are contextually interpreted based on theoretical concepts, i.e., 
social identity and collective resilience. We accomplish a present no-threat and past 
perspective on collective flood resilience by focusing the psychological data and 
archeological evidence on well-being and life satisfaction as the outcome of a col-
lective resilience process.

Collective resilience

Resilience at an individual or collective level is a wide-ranging topic and its defini-
tions heavily depend on the context and stressors studied (Southwick et al. 2014). 
Broadly speaking, resilience at the individual level can be defined as a “capacity and 
dynamic process of adaptively overcoming stress and adversity while maintaining 
normal psychological and physical functioning” (Wu et al. 2013, p. 1). Moreover, 
research has looked at resilience factors, which help the individual counter harm-
ful effects of stress and thus increase well-being (Diehl et  al. 2012). However, in 
the last decade, researchers have realized that focusing on the individual level alone 
misses the processes and factors that help groups demonstrate resilience after being 
exposed to stressors, e.g., natural disasters. Therefore, recent resilience literature has 
prioritized the collective levels (see Drury et  al. 2009; Lyons et  al. 2016; Norris 
et al. 2008). Similar to individual resilience, collective resilience definitions center 

Fig. 1  An interdisciplinary theoretical and conceptual model for collective flood resilience
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on how communities deal with adverse conditions by overcoming them with a posi-
tive outcome of either returning to status ante or achieving an even better condition 
than prior to the negative event (Lyons et al. 2016; Southwick et al. 2014).

Resilience and well-being are two inseparable concepts (Harms et  al. 2018). A 
recent study on twins and siblings argues for a strong correlation between well-
being and resilience, with both having “some causal effects on each other” (de Vries 
et al. 2021, p. 11). Moreover, de Vries et al. (2021) found that this relationship is 
determined equally by genetic and environmental factors. Hu et al. (2015) highlight 
the necessity to measure the positive as well as negative indicators of mental health 
since both have a significant impact on the resilience process. Therefore, it is criti-
cal to measure negative aspects of well-being (physical complaints) and positive 
aspects of well-being (life satisfaction) as resilience outcomes. Furthermore, several 
collective resilience factors relevant to overcoming natural disasters and well-being 
include social support (Kaniasty 2012; Kaniasty and Norris 2008; Masson et  al. 
2019; Norris et al. 2008), collective efficacy (Benight 2004; Norris et al. 2008), and 
community cohesion (Hetherington et al. 2018; Kaniasty 2012).

Appraisal-coping processes also influence how individuals and groups deal with 
stressors and the extent to which this negatively affects their well-being (Jetten 
et al. 2012; Lazarus and Folkman 1984). Having experienced a flood will result in a 
sense-making process by which the individuals and groups appraise “causes, danger 
and future threat” (Biggs et al. 2017; Rochford and Blocker 1991, p. 176). Especially 
the “primary appraisal determines the meaning and significance of a transaction to 
wellbeing” (Biggs et al. 2017, p. 353). In this sense-making process, individuals and 
groups can appraise a flood event as a stressor, and if those affected think of it as a 
threatening or harmful event then negative emotions associated with threat and harm 
can have negative effects on well-being (Biggs et  al. 2017; Rochford and Blocker 
1991; Tapsell and Tunstall 2008). Therefore, we hypothesized that threat perception 
in relation to floods is a key stressor for people living in flood-prone areas and this is 
likely to have a negative effect on well-being and life satisfaction, hence we predict:

Hypothesis 1 The perception of threat (by floods) in present-day inhabitants of 
Krummhörn is related to their levels of (a) well-being and (b) life satisfaction.

The social identity approach

The social identity approach encapsulates all the positive and negative effects group 
memberships can have on the individuals’ sense of self that arises from their mem-
bership within these groups (Jetten et al. 2012). This approach is based on the social 
identity theory by Tajfel and Turner (1979) and self-categorization theory by Turner 
et al. (1987). While Tajfel and Turner (1979) investigated intergroup relations and 
how belonging to a group shapes the sense of self and perception of other groups, 
there has recently been a turn toward the positive effects group memberships have 
on the well-being of the individual.

The physical and mental health benefits of social identification, also known as 
the social cure effect, are now a main focus of social identity research (Haslam et al. 
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2018; Jetten et al. 2012). For social identification to have a positive effect on physi-
cal and mental well-being, groups must be valuable to the individual, and a “sense 
of sharing” that social identity (Häusser et  al. 2012, p. 973) needs to be salient 
(DeMarco and Newheiser 2019). Moreover, research shows that social identification 
relates to better physical and mental health via the resilience factors of social sup-
port and collective efficacy (Avanzi et al. 2015, 2018a, b; Junker et al. 2019).

The underlying mechanisms of the social cure effect are as follows: with higher 
social identification (a) group members get more social support (Frisch et al. 2014) 
and (b) develop a stronger “sense of collective self-efficacy” (Van Dick et al. 2017, 
p. 2) which is associated with high group esteem (DeMarco and Newheiser 2019). In 
addition, social identification is then able to satisfy psychological needs (Greenaway 
et al. 2016) such as the need for certainty or belonging (Van Dick et al. 2017) and 
successfully reduces negative effects of stress in response to threat by decreasing 
cortisol levels (Häusser et  al. 2012), cardiovascular responses to stress (Gallagher 
et al. 2014), depression (Cruwys et al. 2014), and burnout symptoms (Steffens et al. 
2014).

Recent work on mass emergencies and community resilience linked to natural 
disasters highlights the importance of a shared social identity in explaining the 
rapid growth of cohesion and solidarity in emergency situations such as floods 
(Drury et  al. 2019). Emanating from “shared self-categorization” (Williams and 
Drury 2009, p. 295), shared social identities are created by individuals recognizing 
the common fate of all group members involved, i.e., neighbors or the whole vil-
lage (Williams and Drury 2009). Hence, on the group level, shared social identity 
fosters “cognitive, relational and emotional transformations which allow people to 
co-act effectively and thereby constitute a source of social power” (Reicher et  al. 
2018, p. 29) and motivates collective action (De Weerd and Klandermans 1999). 
Williams and Drury (2009) established the term collective psychosocial resilience 
to describe the resilience process of people acting as a group in emergency situa-
tions. It is assumed that “collective reactions to emergencies and disasters are more 
typically resilient” (Williams and Drury 2009, p. 294), as instead of panic and chaos 
exhibited only by very few individuals, it is cohesion, solidarity, and social support 
that make up the group’s response to adversity (Drury et al. 2019).

The mechanism that helps groups to exhibit collective resilience can also be 
traced back to group appraisal-coping processes and the extent to which a stressor 
negatively affects collective well-being (see Häusser et al. 2020). However, as noted 
before, social identification has been found to buffer against negative effects of stress 
by positively influencing appraisal-coping mechanism on the group level (Jetten 
et al. 2012), and thus we predict:

Hypothesis 2 Social identification moderates the relations between threat perception 
and (a) well-being and (b) life satisfaction, such that highly identified residents will 
be less negatively affected by perceptions of threat.
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Background of the study area

Our specific research area Krummhörn is located in the south-eastern region of the 
North Sea coast in Germany, also known as East Frisia. Krummhörn is located in 
the Wadden Sea landscape comprising marshlands, geest, and peat bogs which are 
shaped by the tidal nature of the North Sea. Moreover, its location at a mean sea 
level of 0 means the area is exposed to North Sea storm surges as no natural eleva-
tion exists. Consequently, when storm surges approach Krummhörn’s coastline they 
flood the surrounding landscape with ease if no protection such as dykes exists. The 
National Oceanic and Atmospheric Administration defines a storm surge as “the 
abnormal rise in seawater level during a storm, measured as the height of the water 
above the normal predicted astronomical tide” (NOAA 2020) and depending on “the 
orientation of the coastline with the storm track; the intensity, size, and speed of the 
storm”, they can be a very destructive and deadly natural event (NOAA 2020).

Such a special and dynamic landscape also shapes the local ways of life eternally, 
with Brinckerhoff Jackson (1984, p. 8) noting:

Landscape is not a natural feature of the environment but a synthetic space, a 
man-made system of spaces superimposed on the face of the land, functioning 
and evolving not according to the natural laws but to serve a community - for 
the collective character of the landscape is one thing that all generations and 
all points of view have agreed upon. […] A landscape is thus a space deliber-
ately created to speed up or slow down the process of nature.

His thoughts convey similar ideas to those expressed by social ecologists, who pro-
pose that “our thinking, feeling and behaviors are influenced by our ecologies, and 
that our ecologies are shaped in part by our thinking, feeling and behaviors” (Uskul 
and Oishi 2020, p. 181). Thus, Krummhörn is a place made up of a harsh physi-
cal environment, shaping peoples’ coping behaviors over centuries and ensuring the 
continued existence of the population.

Archeology of the study area: theoretical integration and analysis

In addition to our empirical study of present Krummhörn inhabitants, we are espe-
cially interested in how past populations coped with storm surges and floods, the 
tidal nature of the North Sea, and the wet, cold, and stormy weather characteris-
tic of this coast. One feature of the region standing out is the specific type of vil-
lage settlement pattern known as Terp. This type of settlement also exists along the 
coastline of North Frisia, Groningen, and other regions in the Netherlands border-
ing the North Sea. From archeological excavations of Krummhörn Terps, we know 
that the construction of these settlements in East Frisia started around 100 BC and 
ended with the beginning of dyke construction in 1000 AD (Erickson 2018). Terps 
are artificially erected dwelling mounds of an oval to round or long shape (Erickson 
2018). The different generations living on these Terps accumulated waste materi-
als such as household rubbish, manure, and soil over hundreds of years to increase 
the elevation of their settlement in order to protect inhabitants from floods. The 
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Terps in Krummhörn have a height between one and six meters above mean sea 
level (Nicolay 2014) and are located between one and five kilometers away from the 
dyke. However, considering the potential intensity of some storm surges and result-
ing floods, the elevation of the Krummhörn Terps are not very high. Moreover, as 
populations grew over time, these settlements became very densely populated areas 
as more dwellings were built on top of the Terps. This, in turn, might have increased 
the vulnerability of the population. Therefore, the environmental and social situa-
tion at the time of Terp building as well as the circumstances during dyke building 
required resilient collective action from the residents.

Furthermore, the archeological record holds information about the health condi-
tions of individuals living on Terps. The cold and wet living conditions in East Fri-
sia were generally tough in the past and the population suffered from heavy physical 
stress and chronic protein and vitamin deficiency, accompanied by an accumulation 
of life-threatening cases of mastoiditis and otitis, which are complicated ear infec-
tions and inflammations (Bärenfänger 2006; Burkhardt 1998, 2009). Human skeletal 
remains from the 12th to the sixteenth century AD from Krummhörn and its neigh-
boring regions show traces of different phases of acute malignant otitis externa, an 
ear infection affecting the “skull base” and “external ear” in such way that the bones 
become necrotic (Carfrae and Kesser 2008). For example, during excavations in the 
church of the Terp village Rysum, also one of our surveyed villages, archeologists 
discovered a sixteenth century burial of an eight-year-old girl in the church choir. 
She was buried without grave goods and her skeletal remains revealed that she was 
not able to survive the acute ear infection which had already spread to her brain and 
damaged her skull bones. The slow process of such an infection, which is accompa-
nied by severe pain, can put additional mental health stress not only on the affected 
individual but also the whole group who has to witness and endure the suffering of 
others (Burkhardt 1998, 2009).

Hence, Terp building might also be an expression of the groups’ willingness to 
stay in such a harsh environment by moving closer together. This gain in extreme 
closeness among group members is likely to have increased the populations’ col-
lective resilience, because it may have helped create a shared social identity (group 
level) leading to collective action (Terp building) which, in turn, promoted further 
physical  and mental well-being on the individual and group level. Therefore, we 
believe that Terps are a local feature of the Krummhörn landscape which demon-
strate how a shared social identity fostered collective action-taking as well as collec-
tive resilience among the residents in recurring emergency situations and beyond. It 
helped the affected population to resist the threats from floods and endure poor liv-
ing conditions while simultaneously enabling them to continue living in this region. 
Henceforth, shared social identity and its associated cognitive processes (see Wil-
liams and Drury 2009, p. 295 on “shared self-categorization”) provide a basis for 
conceptualizing social identity as a potential collective resilience factor.
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Empirical study

Methods and materials

Procedure

Recruiting participants from very rural areas is a challenging undertaking as most 
communities live a segregated way of life. In addition, as there is no good broad-
band connection in the Krummhörn area, we decided to use a paper and pencil sur-
vey method. The study was announced in the local newspaper and the Mayor of the 
Krummhörn region informed the heads of the villages on our behalf. These heads 
supported the first author in distributing questionnaires in each of the 19 villages. 
The questionnaires could be answered alone, as each questionnaire was in a sealed 
envelope, including a paid return envelope for an easy return to Frankfurt Goethe 
University. To get closer to random sampling, the author herself went to Krum-
mhörn for a weekend and randomly rang doorbells in each village in order to get in 
touch with the people, promote the study and distribute 27 more questionnaires. Due 
to health issues, questionnaires could not be distributed in one village. Importantly, 
17 of the 18 participating villages were Terps.

In the questionnaire, participants were first informed about the study and then 
presented with one of the three experimental threat perception conditions. The 
remaining measures were answered by all participants after the threat perception 
manipulation. At the end of the questionnaire, participants were informed about the 
experiment.

Participants

Out of 723 questionnaires sent, 202 residents of Krummhörn participated in this 
study and filled out an anonymous paper and pencil survey. Our inclusion criteria 
for the study meant we had to exclude twenty participants as they gave incomplete 
answers on the measures of the independent and dependent variables, including 
the variables age and gender. Accordingly, the final sample for statistical analy-
sis  includes 182 residents (33.5% women; Mage = 57.03, SD = 16.72). Due to addi-
tional missing values in the demographic section, the following results are based 
on a sample including 176 residents (33.5% women; Mage = 57.08, SD = 17.00). The 
majority of participants (62%, n = 176) can trace their ancestry in Krummhörn back 
three or more generations and 99% have German citizenship. There was only one 
person with an immigration background in our sample. Fifteen percent of partici-
pants  (n =  176) reported having received degrees at institutions of higher educa-
tion, 38% completet vocational training, 22% completed Higher Secondary Educa-
tion (6 years of secondary school), followed by 16% completing Lower Secondary 
Education (4 years of secondary school). The remaining 9% of participants either 
completed Gymnasium (8 years of secondary school) or did not complete school. 
We also asked whether participants would have the financial means to leave Krum-
mhörn and live somewhere else. Out of those who responded (n = 176), the majority 
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(72%) answered positively, which means that financial issues are not the main rea-
son to remain in Krummhörn. When asked if they had ever considered moving away, 
the majority (80%, n = 176) answered with no. Moreover, the majority (95%) of par-
ticipants do not have a second place of residence outside of the Krummhörn region, 
however, 38% of our participants have jobs in neighboring regions or commute fur-
ther away. On average, participants (n = 176) live 6.02 km (SD = 3.82) away from the 
dyke.

Design

Participants were randomly assigned to one of three experimental conditions of a 
between-subjects design. The random assignment was assured by stacking the paper 
and pencil survey in such way, following the order of condition one (high threat), 
condition two (medium threat) and condition three (control group), condition one 
(high threat), condition two (medium threat) and continuing. When handing out the 
questionnaires each participant received a copy (in a sealed envelope) that was on 
top of the stack.

All experimental conditions manipulated threat perception (independent vari-
able) in order to explore its effect on well-being (dependent variable) and life sat-
isfaction (dependent variable). Three short texts of about 200 words each were pre-
sented at the beginning of the questionnaire and included a high threat manipulation, 
a medium threat manipulation, or a control condition. In the high threat condition 
(n = 66), participants were informed about climate change and future rise in North 
Sea levels, resulting in more destructive North Sea floods. The medium threat con-
dition (n = 61) was a summary about the soil quality of the Krummhörn region. 
The control condition (n = 55) informed participants about the thirteenth century 
church architecture of Krummhörn. The reading task was followed by the manip-
ulation check in which three questions assessed threat perception (see Measures). 
The moderating variable was social identification and gender (male and female) was 
controlled for as a possible extraneous variable that might have an influence on the 
independent variables.

Measures

An overview of all measures is shown in Table 1, also briefly explaining the connec-
tion between stress, well-being and resilience.

Threat perception

We developed three items to assess flood risk perception based on the survey of 
De Dominicis et al. (2015). Specifically, using a 6-point Likert scale (1 = very low 
risk to 6 = very high risk), participants were asked to rate how high they perceived 
the risk that: “Your residence will be affected by a flood”, “Your residence will be 
affected by a flood within the next 12 months”, and “Your house will be affected by 
a flood within the next 12 months”. Cronbach’s α was 0.70.
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Well‑being

Well-being was measured with the Gießener Beschwerdebogen (Brähler and Scheer 
1983; Van Dick et  al. 1999), a 7-item health complaints scale developed in Ger-
many to measure somatic symptoms related to stress. Participants were asked about 
the frequency of health complaints on a 6-point Likert scale (1 = rarely to 6 = very 
often). Health complaints included problems such as “stomach pains”, “palpita-
tion of the heart” and “heartburn”. The items for ill-health were inverted in order to 
account for well-being. Altogether, Cronbach’s α is 0.73 for this study.

Life satisfaction

Life satisfaction was measured with the 5 item “Satisfaction with life scale (SWLS)” 
by Diener et al. (1985), translated by Janke and Glöckner-Rist (2012). It asks par-
ticipants to assess their current life situation on a 6-point Likert scale by specify-
ing whether they 1 = disagree strongly to 6 = agree strongly. Sample items are “In 
most ways my life is close to my ideal.” and “I am satisfied with my life”. The scale 
yielded a Cronbach’s α of 0.91.

Social identification

Social Identification was measured with 3 items based on the 4 item scale of Doosje 
et al. (1995), translated by Van Dick (2004). On a 6-point Likert scale (1 = disagree 
strongly to 6 = agree strongly), participants assessed how much they agree with the 
following statements: “I identify with my fellow villagers”, “I am glad to live in my 
village” and “I feel strong ties with my fellow villagers”. Cronbach’s α was 0.87.

Results

Preparation

All statistical analyses and graphs were done using R 4.0.3 (R Core Team 2020), 
including the packages psych (Revelle 2019), hash (Brown 2019), car (Fox and 
Weisberg 2019), dplyr (Wickham et al. 2020), rmisc (Hope 2013) and interactions 
(Long 2019). Using the package boot.pval (Thulin 2021) residuals were boot-
strapped with a 95% confidence interval and 5000 iterations.

The data was screened for the requirements of the regression analysis and one-
way ANOVA analysis, yielding acceptable results. No outliers were detected and 
participants with missing values were removed from the analyses. For accuracy of 
the computation, all predictor and criterion variables were centered to counter inter-
pretation and multicollinearity issues (Aiken and West 1991; Dardas and Ahmad 
2015; Hayes 2017). Multicollinearity between the criterion variables was not a 
problem. The variance inflation factor (VIF) for the criterion variables in the final 
regression models for both predictor variables were all below 1.13, with a VIF of 1 
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indicating no multicollinearity present. Moreover, for all variables we averaged the 
Likert scale values to proceed with the regression analysis.

The data file and questionnaires used to analyze the current study are available 
from the OSF repository (https:// osf. io/ vu47y/).

Manipulation check

Contrary to initial expectations, the ANOVA revealed no significant differences 
in threat perception (F(2, 725) = 0.20, p = 0.82) between the high threat condi-
tion (n = 66, M = 4.35, SD = 0.53), the medium threat condition (n = 61, M = 4.32, 
SD = 0.59) and the control condition (n = 55, M = 4.29, SD = 0.52) (also see Table 2). 
As a result, we combined the three conditions into one single variable with which 
we then calculate threat perception in our regression models. Therefore, our hier-
archical regression analyses only used the averaged Likert scales measuring threat 
perception, social identification, life satisfaction, and well-being to examine our 
hypotheses.

Correlations

Table  3 shows the intercorrelations, means, standard deviations, and reliabilities 
for all variables. The correlations were computed using the Spearman correlation 
method to meet the assumptions for correlation testing. As expected, results show 
a negative correlation between our independent and dependent variables, which 
is supported by threat perception being negatively associated with well-being 
(rs =  − 0.08, p = 0.27) and life satisfaction (rs =  − 0.09, p = 0.24). However, the rela-
tionship between threat perception and well-being as well as life satisfaction is not 
very strong which supports our assumption of contingency factors influencing the 
relations.

Social identification is positively and significantly related to life satisfaction 
(rs = 0.47, p < 0.01), indicating a strong relationship which shows that individuals 
with high levels of life satisfaction also highly identify with their group. It also sup-
ports the robust finding that groups are good for individuals and that life satisfaction 
is related to our social lifestyle (Jetten et al. 2012).

However, contrary to our expectations, social identification is negatively 
(rs =  − 0.07, p = 0.38) but not significantly related to well-being (physical health). 
Hence, one can again only cautiously presume that high levels of social identifica-
tion is connected to low levels of well-being as groups improve our overall well-
being, which in turn might also relate to better physical conditions (Jetten et  al. 

Table 2  Descriptive statistics 
experimental conditions of 
manipulation check

Experimental condition n Mean SD

High threat Climate change 66 4.35 0.53
Medium threat: Soil quality 61 4.32 0.59
Control condition: Church architecture 55 4.29 0.52

https://osf.io/vu47y/
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2012). The relationship between social identification and threat perception is neg-
ative (rs =  − 0.08, p = 0.26), but not significant. Finally, the dependent variables 
well-being and life satisfaction have a positive and significant association (rs = 0.21, 
p < 0.01), which seems reasonable as being more satisfied with ones’ life is likely to 
also be related to ones’ physical and mental well-being.

Moderation analysis

Hierarchical regression analyses were performed to predict well-being from threat 
perception as well as social identification and life satisfaction of Krummhörn inhab-
itants and to show how exactly our model changes with respect to the coefficients. In 
addition, we controlled for age and gender by holding them constant in the hierarchi-
cal regression analyses. Controlling for age and gender removes their potential effect 
on the relationships between threat perception and well-being as well as life satisfac-
tion, and the moderating effect of social identification of that relationship. For exam-
ple, age could influence the relationship between threat perception and well-being as 
well as life satisfaction, because older individuals are generally more satisfied with 
their lives and seem to have higher levels of well-being (Baird et al. 2010). Also, 
older participants in our study are more likely to have experienced floods and there-
fore might feel less threatened. Further, gender differences could also be expected 
as numerous studies report gendered differences in risk perception related to floods 
(Lechowska 2018). Moreover, we tested if the effect of threat perception on well-
being and life satisfaction was moderated by the inhabitant’s social identification.

In order to test the robustness of our regression models, we used the bootstrap-
ping method; the scaled and centered residuals were bootstrapped with a 95% confi-
dence interval and 5000 iterations to estimate the �̂⋇ coefficient.

Table 3  Descriptive statistics and correlation matrix for all variables (N = 182)

Reliabilities (Cronbach’s α) shown in parentheses along the diagonal. Significant correlations
**p < 0.01
*p < 0.05

Mean SD 1 2 3 4

Gender
 Female (n = 61)
 Male (n = 121)

Age 57.03 16.72
 Female (n = 61) 54.90 15.34
 Male (n = 121) 58.11 17.33

Intercorrelations
 1. Life satisfaction 4.65 0.99 (0.91)
 2. Social identification 4.72 1.15 0.47** (0.87)
 3. Threat perception 2.02 0.93  − 0.09  − 0.08 (0.70)
 4. Well-being 4.90 0.82 0.21**  − 0.07  − 0.08 (0.73)
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Regression model with social identification as moderator and well‑being as criterion

First, age (β =  − 0.12, t(179) =  − 1.68, p = 0.09) and gender (β = 0.20, t(179) = 1.25, 
p = 0.21) were added to the regression model (see Table  4). Overall, this model 
was not significant, therefore age and gender do not predict well-being in Krum-
mhörn inhabitants (F(2,179) = 2.01, p = 0.14, R2 = 0.02). After bootstrapping this 
model, the beta coefficient did not change for age ( ̂�⋇= − 0.12, 95% CI [− 0.27, 
0.02], p = 0.09). Gender remained similarly unchanged ( ̂�⋇= 0.20, 95% CI [− 0.11, 
0.50], p = 0.20). Second, after controlling for age and gender, threat perception 
(β =  − 0.20, t(178) =  − 2.72, p <  0.01) was added to the model. There was a sig-
nificant increase in explained variance (F(1,178) = 7.42, p <  0.01, ∆R2 = 0.04**). 
Hence, participants with high levels of threat perception show lower levels of well-
being. Bootstrapping this model revealed no changes for threat perception ( ̂�⋇
= 0.20, 95% CI [− 0.35, − 0.06], p <  0.01). Including social identity (β =  − 0.01, 
t(177) =  − 0.14, p = 0.89) as a predictor of well-being in the third step was not sig-
nificant (F(1,177) = 0.02, p = 0.89, ∆R2 = 0). The bootstrapped model again indi-
cates almost identical coefficients for this step ( ̂�⋇= − 0.01, 95% CI [− 0.15, 0.13], 
p = 0.88). Fourth, the interaction term of threat perception and social identification 
(β = 0.19, t(176) = 3.25, p <  0.01) was added to the model. The addition of the inter-
action term returned a significant result when comparing models (F(1,176) = 10.57, 
p <  0.01, ∆R2 = 0.05**). This significant interaction term with a negative beta coef-
ficient, confirmed the expected moderation, such that highly identified people were 
less negatively affected by perceptions of threat, which in turn results in high levels 

Table 4  Hierarchical regression 
analysis predicting well-being 
and life satisfaction

**p < 0.01
*p < 0.05

Well-being Life satisfaction

ΔR2 β ΔR2 β

Predictor
Step 1 0.02 0.01
Control variables
Age  − 0.12 0.10
Gender 0.20 0.12
Step 2 0.04** 0.01
Threat  − 0.20**  − 0.09
Step 3 0 0.29**
Social identity  − 0.01 0.55**
Step 4 0.05** 0.01
Threat x
Social identity 0.19** 0.08
Total  R2 0.11** 0.31**
N 182 182
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of well-being (see Fig.  2). Bootstrapping this model yields the same results ( ̂�⋇
= 0.19, 95% CI [0.08, 0.30], p <  0.001). 

Regression model with social identification as moderator and life satisfaction 
as criterion

Age (β = 0.10, t(179) = 1.28, p = 0.20) and gender (β = 0.12, t(179) = 0.76, p = 0.45) 
were added to the regression model (see Table 4). This model was not significant 
(F(2,179) = 1.21, p = 0.30, R2 = 0.01), therefore age and gender also do not pre-
dict life satisfaction. Bootstrapping this model confirms the results for age ( ̂�⋇
= 0.10, 95% CI [− 0.05, 0.24], p = 0.21) and gender ( ̂�⋇= 0.12, 95% CI [− 0.18, 
0.43], p = 0.44). Second, after controlling for age and gender, threat perception 
(β =  − 0.09, t(178) =  − 1.19, p = 0.24) was added to the model, but was not signifi-
cant (F(1,178) = 1.40, p = 0.24, ∆R2 = 0.01). Therefore, threat perception has no pre-
dictive value for life satisfaction. Again, bootstrapping this model does not change 
the results substantially ( ̂�⋇= − 0.09, 95% CI [− 0.25, 0.05], p = 0.23). Third, social 
identification (β = 0.55, t(177) = 8.59, p < 0.001) was added to the model and associ-
ated with a significant increase in explained variance (F(1,177) = 73.73, p < 0.001, 
∆R2 = 0.29***). Thus, participants with high levels of social identification have 
higher levels of life satisfaction. Bootstrapping this model also revealed no change 
of coefficients ( ̂�⋇= 0.55, 95% CI [0.42, 0.67], p < 0.001). Fourth, the interaction 
term of threat perception and social identity (β = 0.08, t(176) = 1.59, p = 0.12) was 
added to the model, but was not significant (F(1,176) = 2.51, p = 0.11, ∆R2 = 0.01). 

Fig. 2  Interaction plot for social identification. Simple slope results for low social identification (− 1 SD) 
are β =  − 0.35, SE = 0.09, p = 0.00; For mean of social identification β =  − 0.17, SE = 0.07, p = 0.03; For 
high social identification (+ 1 SD) simple slope results are: β = 0.02, SE = 0.10, p = 0.85
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Therefore, contrary to our expectations, no moderation effect of social identifica-
tion was found regarding the relationship of threat perception and life satisfaction. 
Finally, bootstrapping confirms the results of this model ( ̂�⋇= 0.08, 95% CI [− 0.02, 
0.19], p = 0.11).

Discussion

This study aimed at furthering the understanding of collective resilience processes 
related to populations living in flood-prone areas such as Krummhörn. Of specific 
interest was to explore the role of social identification in collective resilience pro-
cesses and how it contributes to the physical and mental well-being in areas threat-
ened by sea floods. With respect to our first hypothesis, the results of our empirical 
study show that threat perception is negatively and insignificantly correlated with 
well-being and life satisfaction. However, the moderation analysis based on our sec-
ond hypothesis demonstrates that the aforementioned relationship is contingent on 
the level of participants’ social identification. High levels of social identification 
strengthen populations in flood-prone areas by reducing threat perception and hence 
increase well-being. Moreover, highly identified participants seem less negatively 
affected by the continuous threat of floods than those who are weakly identified.

The findings of our study are in accordance with previous research on the social 
cure effect, verifying that social identification improves physical and mental well-
being. However, contrary to our predictions, we did not find that social identifica-
tion moderated the relationship of threat perception and life satisfaction, although 
social identification and life satisfaction are significantly correlated. This result, on 
the other hand, is not surprising as social identification fosters physical and mental 
well-being, which in turn, should then have positive effects on life satisfaction (see 
Jetten et al. 2012). Taken together, our results demonstrate that social identification 
is critical to collective resilience as it is the very fabric shaping every group’s shared 
existence.

Interestingly, we observe that people in Krummhörn are well aware of the risk 
of being flooded, which might be related to the fact that participants live approxi-
mately 6 km away from the main dyke. This finding is evidenced by the results of 
our manipulation check, assessing the effectiveness of our experimental design. As 
can be seen in Table 2, the mean score of each experimental condition is relatively 
high with regard to the Likert scale value range. Participants have answered the 
manipulation check questions with an approximate average of 4, which translates to 
perceiving a possible flood in the present and the near future as a “relatively high” 
risk of happening. Hence, given that inhabitants of this area are conscious of the 
risk, the worst-case scenario for such populations would then be growing inner con-
flict, deepening their mental and physical health problems, which in turn would have 
compounding detrimental effects on their well-being as individuals and as a group.

Consequently, such a scenario would also impact levels of collective resil-
ience and make it much harder to collectively bounce back quickly after a flood 
event. Haslam and Reicher (2006) found that with reduced social identification, 
the group becomes disorganized, and experiences lower levels of social support, 
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communication, and trust. Collective efficacy also suffers greatly under such cir-
cumstances and the group risks falling apart, evidenced by the observation of higher 
levels of withdrawal in group members (Haslam and Reicher 2006). Thus, the sur-
vival and functioning—in our case the continuation of coastal populations—depends 
on their levels of social identification and shows that the environmental impact (de 
Vries et al. 2021) on the relationship between well-being and resilience can also be 
attributed to the groups or communities of which we are members.

The present-day benefit of social identification in groups collectively navigating 
floods is further supported by the archeological context of Krummhörn. The harsh 
environment and living conditions fostered collective action, which in turn is based 
on immense agreement by group members and tremendous group effort, which 
resulted in the construction of multiple settlements built on an artificially elevated 
pieces of land. Moreover, due to its form, size, and dense living conditions, Terps 
may have encouraged and simultaneously strengthened a shared social identity and, 
in turn, well-being across many generations. Hence, combating the threat of floods 
on a long-term basis required the two-way interaction of ecologies shaping behavior 
and behavior shaping ecologies (Uskul and Oishi 2020). Therefore, the outcomes 
of living on Terps for the East Frisian population were twofold—it secured the sur-
vival of the group in a harsh environment prone to floods, and ensured the present 
and future functioning of the population living in Krummhörn by keeping up their 
well-being.

Terp building and living were not the only activities fostering and maintaining 
high levels of a shared social identity in Krummhörn. The highly ambitious dyke 
building projects in this area also helped to bring inhabitants closer together to col-
lectively defy the life-threatening conditions created by floods. Together with the 
evidence from human remains of the East Frisian population we have further sup-
port for a social cure effect, as a short glimpse into Krummhörn living conditions 
and their impact on physical and mental health in the sixteenth century shows that 
the groups persisted in spite of high mortality rates. Combining these archeological 
data with recent psychological results, we can assume that only those populations 
with high levels of social identification, which increases levels of social support and 
collective efficacy (Avanzi et al. 2015; Frisch et al. 2014; Junker et al. 2019; Van 
Dick et  al. 2017) as well as decreases cortisol levels (Häusser et  al. 2012), were 
resilient and continued to function throughout these relentless times. On the basis of 
our results, we believe that the strong connection between present-day inhabitants of 
Krummhörn, whose ancestry can be traced back three or more generations, reflects 
the collective resilience and identification with their social and environmental sur-
roundings in the past. In other words, despite the threat from floods, people still 
reside in Krummhörn with relative high levels of satisfaction and well-being.

Importantly, the long-term viewpoint contributed by our archeological perspec-
tive allows for conjectures about collective resilience processes over time. Accord-
ingly, we suggest that if social identity is nourished and strengthened at its core, it 
will sustain for generations, maybe even over centuries. Therefore, combined with 
our empirical findings, we would like to take the opportunity here to propose social 
identification as a collective resilience factor.
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Henceforth, we think the social identity approach has huge potential for sup-
porting communities and, subsequently, the individuals within. Especially in 
regions where people do not want to leave their homes due to financial reasons or 
the cherished shared social support available to them (Mallick and Mallick 2021). 
Thus, communities at risk of floods, can be supported by group interventions, such 
as the Groups 4 Health program, with the potential benefit of enhancing collective 
resilience, and thus, cohesion as well as physical and mental health. The Groups 4 
Health program is an intervention developed by Catherine Haslam and colleagues 
(Haslam et  al. 2016) aimed specifically at improving the mental health and well-
being of groups. Those who participated in their five-module program increased 
their well-being, mental health, social connectedness, as well as developed and 
strengthen their social identification within their chosen groups (Haslam et al. 2016). 
Moreover, Groups 4 Health is a flexible program that can be used for multiple pur-
poses, e.g., water resource management (Ananga et al. 2021) or different age groups 
(Islam 2020), as it is adaptable to unique environmental circumstances that require 
unique ways of strengthening cohesion and collective resilience.

Limitations

Although both the empirical study and archeological perspective of this paper are 
in support of the social cure effect and promoting social identity as a collective 
resilience factor, our study is not without limitations. Highly identified residents of 
Krummhörn were more likely to respond, as questionnaires were distributed by the 
respective head of each village. We acknowledge that they were mainly able to hand 
them out to those who generally participated in village activities. However, to coun-
ter possible biases in our data related to our sampling method we used the bootstrap-
ping method to corroborate our findings. Further, the causal relation of our assump-
tions is theory-driven and should be further corroborated by using experimental or 
longitudinal design. In addition, our research design did not include a control group 
and hence, we were not able to compare the Krummhörn results with other regional 
municipalities along the North Sea coast that exhibit the same settlement pattern or 
populations at risk of floods in other areas of the world. We have also not looked at 
how populations without such settlement structures cope with living on the North 
Sea coast. Therefore, although we can account for high external validity, our pre-
sented results are, to some extent, one-sided. Future research exploring social iden-
tification as a collective resilience factor in representative and diverse populations 
facing other environmental stressors is needed.

Moreover, within the last twenty years, no life-threatening flood or storm event 
took place in Krummhörn. Consequently, many of our participants could not relate 
to any recent event. Although the threat conditions were developed with the unique 
Krummhörn context in mind, this study is limited by relying on self-reported per-
ceptions of climate events as opposed to behaviors following lived experiences. 
Self-report data also have the potential to introduce issues with common method 
variance. However, given that the hypothesized models included interaction effects 
and were tested with regression analyses (including bootstrapping), common method 
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variance is likely less problematic (Evans 1985; McClelland and Judd 1993). Addi-
tionally, the theoretical translation of current psychological findings such as the 
social cure effect to behaviors of past populations is not without challenges. How-
ever, we believe it to be a strength to strive for an interdisciplinary approach when 
developing stimulating ideas and solutions to ameliorate risks to physical and men-
tal well-being in populations facing climate change-related environmental events. 
Finally, as the literature on social identity as a collective resilience factor devel-
ops, future research should also test programs that promote social identity, such as 
Groups 4 Health (Haslam et al. 2016), in populations facing flooding and other envi-
ronmental and climate-related stressors.

Conclusion

High levels of social identification enable the survival and functioning of the group 
by strengthening their physical and mental well-being. We found that threat per-
ception (of floods) is negatively related to well-being, but that this relationship is 
buffered by high levels of social identification. However, other mechanisms need to 
be explored to investigate the relationship between threat perception and life satis-
faction as social identification does not moderate this assumed association. Future 
studies on collective resilience should address social identification as a major collec-
tive resilience factor as it enables collective action, cohesion, collective self-efficacy, 
and shared social support, even in emergency situations. Particularly, with regard 
to todays’ looming climate change-related events such as sea level rise and its con-
sequences, future research should concentrate on communities with indications of 
low social identification and no financial means to leave as they would suffer the 
most by such devastating prospects. Moreover, we show that fostering and strength-
ening social identification needs time and intervention studies require longitudinal 
designs to achieve improved physical and mental well-being in participants. Finally, 
our archeological perspective should encourage future studies to investigate and pay 
tribute to past strategies of collective coping as they might impact collective resil-
ience over centuries and surely are culturally very diverse.
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