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Abstract
Community perception of flood risk in Sweden
Beatrice Lundquist

Natural hazards, paired with affected communities’ exposure and vulnerability, have caused numerous
fatalities and great economic losses worldwide in recent decades. Floods represent about one-third of
all natural hazards, and together with storms they comprise 77% of economic losses caused by
extreme weather events from 1980 to 2006 in Europe and have been the main natural hazards in
Europe for more than a century. Survey data of public risk perception were collected in Sweden and
Italy through online surveys several times during the COVID-19 pandemic, and the respondents were
asked questions about risk perception regarding nine threats: epidemics, floods, droughts, earthquakes,
wildfires, terror attacks, domestic violence, economic crises, and climate change. The survey explores
public perception on five factors: experience, likelihood, potential impact, as well as preparedness and
knowledge of the phenomenon. The survey data were analysed by using ordinal logistic regression,
were the variable of previous flood experience along with socioeconomic factors were used to explore
how/if previous experience has any statistical significance and potentially affects risk perception. In
addition, this thesis also presents a spatial analysis of respondents’ previous flood experience and
previous flood events in Sweden, to explore whether this is reflected in the survey data. The results
show that the effect of experience on likelihood, knowledge and preparedness is high, and women
have a higher perceived risk in all variables except preparedness. The results of the spatial analysis
show that the majority of respondents with experience live in North Middle Sweden which correlates
well with the analysis of past flood events during the recent decade. These findings could potentially
be used in continuous research regarding disaster risk reduction and developing frameworks,
specifically how impacts and perception influence other variables such as vulnerability, behaviour, and
governance.
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Populärvetenskaplig sammanfattning
Samhällets uppfattning om översvämningsrisk i Sverige
Beatrice Lundquist

Naturkatastrofer har tillsammans med samhällets exponering och sårbarhet orsakat många dödsfall
samt stora ekonomiska förluster runtom i världen de senaste årtiondena. Översvämningar utgör
ungefär en tredjedel av alla naturolyckor och naturkatastrofer, och tillsammans med stormar utgör de
77% av ekonomiska förluster orsakade av extrema väderfenomen mellan 1980 och 2006 i Europa, där
de varit de huvudsakliga naturkatastroferna i mer än ett århundrade. Data från enkätundersökningar
om allmänhetens riskuppfattning samlades in flera gånger under COVID-19-pandemin i Sverige och
Italien genom internetbaserade enkäter. Respondenterna fick svara på frågor om deras riskuppfattning
angående nio olika hot: epidemier, översvämningar, torka, jordbävningar, skogsbränder, terrorattacker,
våld i nära relationer, ekonomisk kris och klimatförändringar. Enkäten utforskar allmänhetens
riskuppfattning på fem faktorer: erfarenhet, sannolikhet, potentiell konsekvens, beredskap och
kunskap om de olika fenomenen. Datainsamlingen analyserades med hjälp av ordinal logistisk
regression, där deltagarnas tidigare erfarenhet av översvämningar samt olika socioekonomiska faktorer
analyserades för att undersöka om tidigare erfarenhet har någon statistisk signifikans och därmed
potentiellt påverkar hur människor uppfattar risk. Utöver detta så presenteras även en spatial analys
över respondenters tidigare erfarenheter av översvämningar samt tidigare översvämningar i Sverige,
för att utforska om detta kan utläsas i enkätundersökningen. Resultaten visar att tidigare erfarenhet av
översvämningar har stor påverkan på faktorerna sannolikhet, kunskap och beredskap, och att kvinnor
har en större riskuppfattning vad gäller alla faktorer förutom beredskap. Resultaten från den spatiala
analysen visar att majoriteten av respondenterna med tidigare erfarenhet av översvämningar bor i
Norra Mellansverige, vilket överensstämmer bra med analysen av tidigare översvämningar i Sverige
under det senaste årtiondet. Dessa resultat kan potentiellt användas i fortsatt forskning om DRR
(Disaster Risk Reduction) och vid utveckling av regelverk, specifikt för hur olika konsekvenser och
allmän riskuppfattning påverkar andra variabler som till exempel sårbarhet, beteende och reglering.
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1 Introduction
Natural hazards, paired with affected communities’ exposure and vulnerability, have caused numerous

fatalities and great economic losses worldwide in recent decades. Records show that a total of 7,255

natural hazards-associated disasters (both climate-related and geophysical) occurred between 1998 and

2017, which generated material losses for a little more than 2,900 billion dollars, and over 1.3 million

fatalities (Bronfman et al. 2020). Floods represent about one-third of all natural hazards, and together

with storms they comprise 77% of economic losses caused by extreme weather events from 1980 to

2006 in Europe (Lechowska 2018). Floods have been the main natural hazards in Europe for more

than a century. According to the European Environment Agency (EEA), between 1870 and 2016,

1,564 major flood hazardous events have occurred in Europe, dominated by flash floods. The

frequency and intensity of flood hazards continue to rise worldwide, floods are lasting longer and

becoming more unpredictable and damaging, exacerbated by climate change and developmental and

infrastructural projects in enormous risk areas (Ngenyam Bang & Church Burton 2021). Non-

structural flood risk reduction measures implemented at the household level, such as adapted use,

waterproofing of buildings, or the deployment of mobile flood protection devices, have received

renewed attention in recent decades, both in the European Union (EU) and in the developing countries

(Bubeck et al. 2012). In addition, humans are increasingly invested in areas vulnerable to flooding

(e.g., socio-economic developments in low-lying or coastal regions), which may amplify the risk of

flood damage (Botzen et al. 2013) With the projected increasing damage due to a combination of

climate change and socioeconomic development in flood-prone areas, there is a fundamental need to

implement effective flood mitigation policies to limit future costs caused by floods (Verlynde et al.

2019).

Sweden, despite being a technologically advanced society, is struggling with escalating flood risk.

The Swedish legal framework focus responsibility for flood risk mitigation to the municipal level, but

it is not until the last decade that flood risk has become a priority issue for many Swedish

municipalities, due to floods starting to disrupt everyday life for a lot of people (Becker 2021).

The concept and practice of reducing disaster risks are called disaster risk reduction (DRR) and aim

to analyse and reduce the causal factors of disasters through systematic efforts. DRR is implemented

in several ways, e.g., reducing hazard exposure, management of land and environment, reducing

vulnerability of people and property, and increase early warnings and preparedness for hazardous

events (Haraldsson & Reischl 2017). Current challenges facing DRR are climate change, urbanization,

and globalization (Di Baldassarre et al. 2018), and risk perception is a fundamental piece of DRR,

playing a key role in decision making in risk reduction as well as the interplay between hydrological

hazards and society (Mondino 2021). Most risk perception studies focuses on how people perceive

risk and how they respond to that risk (Ngenyam Bang & Church Burton 2021), as well as
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understanding and improving public risk perception (Ge et al. 2021). Risk perception can be defined

as the combined assessment of perceived probability and perceived consequence of possible flood

events (Bubeck et al. 2012), and risk perception is considered a central aspect of flood risk

management and determines whether risk management is successful in reducing vulnerability

(Lechowska 2018; Ge et al. 2021).

 The focus for this project is to analyse flood risk perception and the role of experience in Sweden,

using nation-wide survey data which will be studied with regression and spatial analysis.

2 Methods
2.1 Survey data
Survey data of public risk perception were collected in Sweden and Italy through online surveys

several times during the COVID-19 pandemic, and the dataset used in this study was the third survey

round, done in August 2021. The Swedish marketing research firm Kantar Sifo was responsible for

data collection. Respondents were drawn from their Swedish and Italian panels (100’000+ individuals

each) and contacted via email, where they were also informed regarding the anonymity of their

responses and data management. Up to two reminders were sent during the survey round (13–23

August 2021), and a total of 4151 respondents filled in the survey. The respondents were asked

questions about risk perception regarding nine threats: epidemics, floods, droughts, earthquakes,

wildfires, terror attacks, domestic violence, economic crises, and climate change, and were also asked

to provide socio-demographic information like gender, age, education, income, and employment. The

survey explores public perception on five factors: experience of the phenomenon, likelihood of the

phenomenon, potential impact of the phenomenon, as well as preparedness and knowledge of the

phenomenon – both on an individual level and authorities. The survey questions and their available

answers are found in Table 1, and additional information on the survey are presented in Mondino et al.

(2020a) and Di Baldassarre et al. (2021).

2.2 Ordinal logistic regression
This study includes only the Swedish respondents, and the phenomenon of interest is floods. Thus, the

number of participants in this study was 2,143 (NSWE = 2,143), with an overrepresentation of the

capital region (NStockholm = 1,118) (Figure 1). The survey data were analysed by using ordinal logistic

regression, where the variable of previous flood experience along with socioeconomic factors were

used to explore how/if previous experience has any statistical significance and potentially affects risk

perception. Weights were assigned to correct for the overrepresentation of respondents in the capital’s

region. The results are reported in terms of odd ratios (OR) with their relative 95% confidence interval

(CI).
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2.3 Spatial analysis
In addition, this thesis also presents a spatial analysis of respondents’ previous flood experience and

previous flood events in Sweden, to explore whether this is reflected in the survey data. The data

containing previous flood occurrences in Sweden come from the Swedish Civil Contingencies Agency

report Översvämningar i Sverige 1901-2010 (Myndigheten för samhällsskydd och beredskap (MSB)

2012) and complementary data after 2010 come from the Swedish Meteorological and Hydrological

Institute (Sveriges meteorologiska och hydrologiska institut (SMHI) 2021). Due to the uneven

methodology when reporting of flood occurrences in different counties (where some counties have

reported flood events on the same date as several smaller flood events, while other counties have

reported several of them as one larger flood event), additional data from the Swedish Geotechnical

Institute and the Swedish Civil Contingencies Agency (statistics from documented emergency services

operations of floods and landslides between 1998-today) were spatially analysed as well (Statens

geotekniska institut (SGI) & Myndigheten för samhällsskydd och beredskap (MSB) 2020). Because

the dataset containing historic floods in Sweden is very old, only the recent years was used for spatial

analysis and comparison (2005-2019), the same period as the emergency services data for a clearer

comparison. Since people also tend forget quickly, a spatial analysis was also done for the last decade

only (2010-2019) as well.

Potential limitations of the study are lack of good statistical data on historic flood occurrences in

Sweden, because the counties report flood occurrences differently throughout Sweden, leading to

potentially skewed results.

Figure 1. Spatial distribution of respondents in Sweden divided by NUTS2 statistical regions of Sweden.
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Table 1. Survey questions and available answers. *Epidemics, droughts, earthquakes, floods, wildfires, terror
attacks, domestic violence, climate change. **Sweden, Italy. From (Mondino et al. 2020a).

Variable Question Available answers
Experience Have you ever been directly

involved in any of the
following phenomena*, in your
country or abroad?

1 = Yes,
0 = No,
or “I don’t know”

Likelihood How likely do you think it is
that you are directly involved
in the phenomena*?

On a scale from 1 = “Very
unlikely” to 5 = “Very likely”,
or “I don’t know”

Potential impact: the
respondent

In case you are involved, how
much damage do you think the
phenomena* can do to
yourself?

On a scale from 1 = “No
damage” to 5 = “Severe
damage”, or “I don’t know”

Potential impact: other
people

In case they would occur in
[country**], how much
damage do you think the
following phenomena* can
cause to others in the country?

On a scale from 1 = “No
damage” to 5 = “Severe
damage”, or “I don’t know”

Preparedness: the respondent w prepared do you think you
are to face the following
phenomena*?

On a scale from 1 = “Not at all
prepared” to 5 = “Highly
prepared”, or “I don’t know”

Preparedness: other people How prepared do you think the
responsible authorities in
[country**] are to face the
following phenomena?

On a scale from 1 = “Not at all
prepared” to 5 = “Highly
prepared”, or “I don’t know”

Knowledge: the respondent How knowledgeable are you
about the following
phenomena?

On a scale from 1 = “Not at all
knowledgeable” to 5 = “Highly
knowledgeable”, or “I don’t
know”

Knowledge: other people How knowledgeable do you
think the responsible
authorities in [country**] are
about the following
phenomena*?

On a scale from 1 = “Not at all
knowledgeable” to 5 = “Highly
knowledgeable”, or “I don’t
know”
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3 Results
The effect of experience on likelihood, knowledge and preparedness is high (Table 2), meaning that

the respondents with experience are between 70-100% more likely to answer in the higher end of the

scale regarding perception of likelihood, preparedness, and knowledge of floods. Experience does not

seem to have any larger significance on the risk perception of potential impact, either to oneself or

others, nor knowledge of authorities or preparedness of authorities. Women have a higher perceived

risk in all variables except preparedness. Age seems to have a very small effect regarding

preparedness, but not on other variables. Employment, income, or higher education do not have any

statistical significance on the different variables in the survey.

The variable experience was spatially analysed and plotted according to NUTS2, which divides

Sweden in 8 subdivisions (Figure 2). The results show that the majority of respondents with

experience live in North Middle Sweden, where around 50% of respondents having experienced

floods. The spatial distribution of perceived likelihood and impact was also plotted similarly to

experience (Figure 3 and 4). In terms of perceived likelihood, the respondents tend to reply similarly

throughout the country (approximately between 2 and 3 on the scale), with a slightly higher perception

in North Middle Sweden and Southern Sweden (Figure 3). The spatial distribution of perceived impact

show that the respondents in North Middle Sweden and Upper Norrland replied in the higher end if the

scale (between 3 and 4), while the other parts of Sweden replied approximately 3 (Figure 4).

 The flood occurrence data from the Swedish Civil Contingencies Agency (Myndigheten för

samhällsskydd och beredskap (MSB) 2012)  and the Swedish Meteorological and Hydrological

Institute (Sveriges meteorologiska och hydrologiska institut (SMHI) 2021)  in figure 5 show that the

large majority of flood events in Sweden occurred in Upper Norrland, followed by South Sweden and

North Middle Sweden. The data of flood-related emergency services from Statens geotekniska institut

(SGI) & Myndigheten för samhällsskydd och beredskap (MSB) 2020) show that the majority of events

occurred in largely in southern Sweden, particularly West Sweden, Småland and the islands, South

Sweden and East Middle Sweden (Figure 6). The spatial distribution of floods in the most recent

decade between 2010-2019 is shown in figure 7 and show that the majority of flood events in this

period occurred in North Middle Sweden.
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Table 2. The effect of experience and socio-demographic factors on survey variables of risk perception for
Sweden. Statistically significant values at 95% confidence intervals are highlighted in bold.

Li
ke

lih
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D
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Pr
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ne
ss

Pr
ep

ar
ed

ne
ss

au
t.

K
no

w
le

dg
e

K
no

w
le

dg
e

au
t.

Exp 1.98
(1.56-
2.52)

1.20
(0.95-
1.52)

1.09
(0.86-
1.39)

1.70 (1.34-
2.16)

1.11 (0.87-
1.42)

2.15 (1.69-
2.75)

1.16
(0.901.47)

Women 2.36
(1.87-
2.98)

2.10
(1.67-
2.65)

2.60
(2.06-
3.30)

1.10 (0.88-
1.39)

1.62 (1.28-
2.04)

1.52 (1.21-
1.93)

1.33 (1.06-
1.68)

Age 1.03
(1.02-
1.03)

1.00
(0.99-
1.01)

1.00
(0.99-
1.01)

1.01 (1.00-
1.02)

1.00 (0.99-
1.01)

1.00 (0.99-
1.01)

1.00 (0.99-
1.01)

Uni
degree

1.80
(0.96-
3.40)

1.76
(0.93-
3.34)

1.24
(0.68-
2.29)

1.35 (0.72-
2.58)

1.35 (0.73-
2.48)

1.84 (0.98-
3.45)

1.37 (0.76-
2.45)

Work 1.26
(0.94-
1.68)

1.05
(0.44-
5.61)

1.09
(0.82-
1.46)

1.16 (0.87-
1.55)

1.11 (0.84-
1.49)

1.01 (0.76-
1.35)

1.00 (0.75-
1.33)

Income 1.00
(0.99-
1.00)

1.00
(0.99-
1.001)

1.00
(0.99-
1.00)

1.00 (0.99-
1.00)

1.00 (1.00-
1.00)

1.00 (0.99-
1.00)

1.00 (0.99-
1.00)

Figure 2. Spatial distribution of respondents with experience of floods, in percent.
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Figure 3. Spatial distribution of respondents’ perceived likelihood.

Figure 4. Spatial distribution of respondents’ perceived impact.
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Figure 5. Spatial distribution of flood occurrences in Sweden (2005-2019). Data originally from Myndigheten
för samhällsskydd och beredskap (MSB) 2012, and Sveriges meteorologiska och hydrologiska institut (SMHI)
2021.

Figure 6. Spatial distribution of flood-related emergency services operations between 2005-2019. Data
originally from Statens geotekniska institut (SGI) & Myndigheten för samhällsskydd och beredskap (MSB)
2020.
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Figure 7. Spatial distribution of flood occurrences in Sweden during the recent decade (2010-2019). Data
originally from Sveriges meteorologiska och hydrologiska institut (SMHI) 2021.

4 Discussion
The results from the regression analysis, which shows that previous flood experience greatly affects

the respondents’ perception of knowledge and likelihood, indicate that previous experience of floods

influence risk awareness in several ways. The results are similar to those of  Mondino et al. (2020b),

which shows that the influence of experience is multifaceted, where respondents who experienced the

2018 flash flood events in Italy are more likely to perceive higher threats to themselves, their home

and future damages. Previous experience of floods were found to influence risk awareness both

directly and indirectly, through knowledge gained from that experience (Mondino et al. 2020b).

Several other authors have found similar results as well, where direct experience of a natural hazard

are positively related to risk perception (Wachinger et al. 2013; Miceli et al. 2008; Siegrist & Gutscher

2006).

The various socio-demographic factors did not show any general statistical significance except for

gender. The fact that respondents identifying as women are more likely to report higher perceived

threats and awareness in all variables except their own preparedness are interesting from a gender

perspective and begs to question why women feel less prepared to face floods compared to men.

Cvetković et al. (2018) did a study regarding gender in relation to preparedness and response

behaviors of flood risk in Serbia, where the outcomes from floods in 2014 indicated gender

imbalanced problems with response management. In the range of flood preparedness indicators
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studied, some variables indicated only slight or no differences, while the larger differences were found

regarding men’s perceptions. Men tend to perceive themselves as more prepared as well as more

active and willing to lead community-level activities, while women report being generally less

confident. The reason for this lack of confidence in comparison to men could be due to several factors,

for example that women have more realistic views about preparedness as well as reporting other types

of preparedness behaviors, e.g., household and family-level concerns and activities (Cvetković et al.

2018). Similarly, McDowell et al. (2020) studied gender-related differences in flood risk perception in

Ireland and found that male respondents were more likely to engage in “physical” or “male typical”

preparedness behaviors compared to women (McDowell et al. 2020). Another study by McCright and

Sundström (2013) found that in general, women commonly underestimate their so called “climate

change knowledge” compared to men, which can possibly affect their risk perception (McCright &

Sundström 2013). Overall, the results from the regression analysis regarding socio-demographic

indicators seems to agree quite well with existing literature (Olofsson & Rashid 2011).

The spatial analysis of experience, perceived likelihood, and impact (Figure 2-4) indicate a

correlation between increased perception of likelihood and impact in the areas with the highest

reported experience (North Middle Sweden). When comparing previous experience with historical

floods (Figures 2 and 5), the experience of the respondents does not clearly correlate with the

inventory of previous flood occurrences. The spatial distribution of flood occurrences in Sweden

(Figure 5) indicates that most of the flood events occurred in Upper Norrland, i.e., where there is a

lower population density compared to middle and southern Sweden and therefore likely a lower

impact. There is also a difficulty in comparing these datasets, which is likely due to different

approaches to data collection. Whereas the survey data was neatly collected according to research

guidelines, the data of flood occurrences were not. The data from flood-related emergency service

operations (Statens geotekniska institut (SGI) & Myndigheten för samhällsskydd och beredskap

(MSB) 2020) are more strictly reported than the flood occurrences in each county, and are therefore

used to try and get a more accurate comparison regarding spatial analysis. The correlation between

figure 2 and figure 6 are slightly stronger than between figure 2 and figure 5, but not by much. Figure

6 show that the majority of flood events that required assistance from emergency services occurred in

southern Sweden, which is reasonable considering the higher population density. Since coverage of

hazardous events decays over time and people therefore forgetting the impact of the event, a shorter

time period of the data containing historic flood events (2010-2019) was also spatially analysed

(Figure 7). When comparing this result with the spatial analysis of the previous experience of the

respondents, the correlation becomes much stronger, with the majority of flood events in the recent

decade having occurred in North Middle Sweden, where over 50% of respondents reported having

previous flood experience. A similar analysis was not possible to do with the emergency services data,

due to the fact that raw data from different years was not available for separate analysis.
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In regards of impact, the dataset from containing emergency services is a good comparison but

does not show a strong correlation with the reported experience from the survey data. As for the

dataset containing historical flood events, considering how the flood occurrences were reported by

various counties, flood involvement does not necessarily mean involvement of a lot of people or large

damages. The Swedish Civil Contingencies Agency had at the time of their inventory not established

any boundaries for what a significant flood event should entail, but that they should contain elements

that are usually included in the term ‘crisis’ (Myndigheten för samhällsskydd och beredskap (MSB)

2012). Therefore, there are some significant limitations with the comparison of figure 5 are due to the

large dissimilarities between the inventory of flood occurrences in different counties. The total number

of flood occurrences in Sweden that took place between 2005-2019 that was reported to the Swedish

Civil Contingencies Agency and SMHI was 64 (while the number of flood-related emergency services

callouts were 3,519 between 2005-2019). The number of significant flood occurrences differ

(sometimes largely) between counties, due to different methods when gathering information from

flood occurrences. Some occurrences located in urban areas nearby each other during the same time

have been interpreted as different floods in some counties, while being considered as one big flood

event in other counties (Myndigheten för samhällsskydd och beredskap (MSB) 2012; Statens

geotekniska institut (SGI) & Myndigheten för samhällsskydd och beredskap (MSB) 2020).  One could

also argue that since the middle and southern Sweden are more densely populated than the north, it

makes sense that more people would report experiences with floods in these areas, hence the slightly

stronger correlation between figure 2 and figure 6. As mentioned in Fuchs et al. (2017), different

levels of flood risk perception lead to different levels of public participation in risk management,

indicating that these results might be useful in further adapting disaster risk reduction policies as well

as further investigation of the role of experience in risk perception.

5 Conclusions
The present study aimed to investigate community perception of flood risk in Sweden by analysing

survey data and data of previous flood occurrences. The results showed that previous experience

highly impacts perception of likelihood, preparedness, and knowledge of floods, and that the spatial

data from flood events during the last decade correlate better with respondents’ experience than the

larger historic dataset as well as the emergency services data. These findings could potentially be used

in continuous research regarding disaster risk reduction and developing frameworks, specifically how

impacts and perception influence other variables such as vulnerability, behaviour, and governance.
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