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Abstract

During the past 30 years, floods have resulted in over 200,000 fatalities and
affected more than 2.8 billion others worldwide. Flood victims are vulnerable to
long-term physical and psychological health effects, which persist for an
undefined time period in the aftermath of a flood event. Following a flood event,
secondary stressors, which are indirectly related to the event, can potentially
prolong and intensify the health impacts on affected individuals and communities.
These secondary stressors consist of economic stressors, including loss of income,
but also social stressors such as isolation due to prolonged flooding. A significant
gap in the research to date is in relation to repeated flooding and its impact on the
extent to which individuals are affected by these secondary stressors. This review
examined studies focusing on repeated flooding, concentrating on the secondary
stressors resulting from repeated flood events. It also considered the awareness,
preparedness and resilience of the study populations in order to determine the
potential for these communities to be impacted by secondary stressors. This review
indicated that both rural and urban communities in developed and developing
countries are significantly affected by economic, social and psychological
secondary stressors. The majority of communities do have a basic awareness of
flood risk; however, many residents do not take flood risk seriously and thus take
little preventative action. Community resilience was higher in urban and rural
areas in developing countries, but also in rural areas in developed countries. Future
work should take into consideration the secondary stressors that affect different
communities and how to minimise their impact in order to increase resilience.
Keywords: flooding, repeated flooding, health, secondary stressors, resilience,
awareness, preparedness, urban, rural.
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1 Introduction

Flooding has become the most frequent type of major disaster globally within both
developing and developed countries [1]. The World Health Organisation
concluded that during the past 30 years, flooding resulted in over 200 000 fatalities
and affected more than 2.8 billion others worldwide [2]. The statistics illustrate
that flooding is a worldwide phenomenon and an unquestionable cross border
issue.

Flooding poses multiple risks to health and growing evidence worldwide
indicates that the health impacts of flooding penetrate a lot deeper than the
immediate physical impacts such as injuries and drowning [3]. An increasing
recognition is that following extreme events such as floods, secondary stressors,
which are indirectly related to the event, can potentially prolong and intensify the
health impacts on affected individuals and communities [4]. These secondary
stressors take in economic stressors including the impact on property values, but
also social stressors such as forced isolation due to a prolonged flood event.
Although numerous secondary stressors of extreme events have been identified,
there remains a need to establish whether repeated flooding has an impact on the
extent to which communities are affected by these stressors and also to investigate
if these stressors have similar impacts on different types of communities, such as
urban and rural areas.

Therefore the aims of this paper are:

1. To identify studies which have examined the long-term impact of
repeated flooding.

2. To summarise and critically review the published literature to date on the
secondary stressors impacting urban and rural flooded populations.

3. To establish the awareness, preparedness and level of resilience of
communities which have suffered repetitive flooding in order to
determine their vulnerability to secondary stressors.

4. To determine the knowledge gaps in the research relating to the long-
term health impact of repeated flooding on communities.

2 Methods

A literature search using Proquest, Science Direct, Medline and Web of Science
was conducted. The search was limited to peer-reviewed articles published in
English. Table 1 outlines the search strategy that was used to identify studies to be
included in the paper. It included a combination of key words relating to exposure,
health outcomes, susceptibility to flooding and the location of the flood event.
Studies were eliminated that did not focus on the health impacts of flood events or
secondary stressors of flood events. It was also decided to disregard articles which
focused solely on immediate impacts of flooding such as mortality, diarrhoeal
diseases etc. In addition, papers were excluded that addressed only the health
impacts of single flood events. After the search strategy was executed it was
decided to discount studies where the sample population did not permanently
reside in the area that had been repeatedly flooded i.e. studies on caravan sites.
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The full texts of the remaining articles which met the inclusion criteria were then
critically reviewed by the first author, the key findings of which are summarised
in this paper.

Table 1: Search strategy used to identify studies for inclusion.

Key words relating to repeated flood events (exposure)

flood* OR “repeated flood*” OR “frequent flood*” OR “successive flood*” OR
“continuous flood*” OR “reoccurring flood*” OR “regular flood*”” OR “habitual
flood*” OR “intermittent flood*” OR “recurring flood*” OR “constant flood*” OR
“repetitive flood*” OR “continual flood*” OR “perpetual flood*”” OR “routine flood*”
AND

Key words relating to health outcomes (outcome)

health OR “secondary stressors” OR “health impacts” OR “mental health” OR stress
OR anxiety OR depression

AND/OR

Key words relating to susceptibility to flooding

resilience OR awareness OR “flood risk” OR vulnerab*

AND/OR

Key words relating to location of flood event

urban OR rural

3 Results and discussion

The initial search resulted in 4970 potentially relevant references which matched
the key words used in the search strategy. Following the application of the
inclusion criteria, only 118 articles were reserved for full article review, excluding
articles which did not focus on the human health impact of floods. Upon further
examination 93 articles were eliminated as not meeting the full criteria, namely
repeated flood events. The full texts of the remaining 25 studies were critically
analysed by the first author. The studies were divided, where possible, into urban
and rural case studies.

Examination of the 25 key articles identified for inclusion in this study revealed
that 16 of the studies were in rural locations, 8 were in urban locations and 1
study had both an urban and a rural case study. 12 of the rural studies were in
developing countries and 4 in developed countries. 4 of the urban studies were
in developing countries and 4 in developed countries. The urban and rural study
took place in a developed country.

3.1 Secondary stressors impacting flood affected populations

Flood victims are exposed to a traumatic and frustrating sequence of events which
can potentially contribute to health implications long after the subsidence of the
flood. This is particularly the case for individuals affected by repeated flood
events, who are constantly re-exposed to these health implications, often before
they have had a chance to recover from a previous flood experience. A significant
issue for flood victims is the secondary stressors which come to the forefront in
the aftermath of flood events, which can be just as detrimental to health as flood
related injuries and diseases.
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3.1.1 Economic stressors

3.1.1.1 Loss of income, disruption to livelihoods and debt One of the most
significant secondary stressors identified in this study was that flooding affected
livelihoods and resulted in substantial loss of income [5—21]. Reasons for loss of
income can include: damage to road infrastructure preventing respondents
reaching their workplace or dealing with the damage caused to property [5-10, 12,
15,17, 19, 21, 22].

Loss of income was a major concern in both urban and rural areas and
developed and developing countries. Braun and ABheuer found that 70% of
households in an urban area in Bangladesh faced a significant decrease in their
income following flooding [7]. A rural study in Vietnam established that
individuals experienced flooding for two to six months annually, thus resulting in
a substantial loss of income [13].

Flooding also posed a risk to traditional livelihoods in rural areas [9, 11, 12,
14, 15, 20]. Dun found that the disruption caused to rice farmers in Vietnam by
repeated flooding resulted in the decision to migrate as there was no alternative
livelihood [14]. In Vietnam seasonal migration often occurs as a means for flood
affected families to boost their income [13, 14].

Debt was an additional economic stressor identified in this review [13, 14, 16,
18]. Nguyen and James identified that the disruption to income caused by flooding
often led poor households to acquire high interest loans [13]. Low socio-economic
groups often found it very difficult to repay these loans, leading to further stress
and anxiety.

It is important to recognise that business owners are often under as great a strain
as homeowners following flood events due to the impact on their livelihood [6,
23]. Hoggart et al. found that business owners faced significant worries regarding
flooding as it caused physical damage to merchandise, disrupted transportation of
deliveries, prevented customer and employee access to the business and had the
potential to cause electricity blackouts [6].

Loss of income was a universal problem for the majority of flood victims in the
studies examined by this review. Location and socio-economic status did not have
any bearing on its impact, although it was more difficult for individuals from
developing countries to recover as they often had little or no savings to assist them
post-flood.

3.1.1.2 Damage to property and possessions Damage to property is particularly
traumatising for flood victims as they often lose not only valuable assets, but also
irreplaceable items of sentimental value [5-10, 12, 15, 17, 19, 21, 22]. However,
an additional consequence of damage to property noted in this study was that
damage to assets such as vehicles could have far reaching implications as it could
prevent travel to work, resulting in loss of income, as well as limiting social
interaction [5, 7]. Furthermore the potential for damage to possessions to occur
can affect lifestyle choices, as repeated flood risk can restrict the appliances or
furniture that flood victims can realistically purchase [5]. Returning properties to
their pre-flood status is very difficult as state compensation is often inadequate
and many do not have enough savings to restore dwellings immediately [15, 19].
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Damage to property and possessions can be extremely traumatising as flood
victims lose both essential items and items that are irreplaceable to them. Due to
repeated flooding, individuals may have to go through this stress multiple times.
The review shows that damage to property and possessions was also a widespread
stressor, suffered in rural and urban areas and developed and developing countries.
However, it can be concluded that it has a much more significant impact in
developing countries, as individuals do not have the financial resources to replace
everything that was lost.

3.1.1.3 Insurance and house prices Following a flood event, the key priority for
homeowners is to restore their property to its pre-flood state. However, with the
increasing prevalence of flooding, a rising problem is obtaining flood insurance
[17, 23, 24]. A UK study by Lamond ef al. noted that 13% of respondents were
refused a quote for insurance due to flood risk and 3% were denied a renewal due
to flood risk [24].

In developed countries the increased prevalence of flooding has led to the need
for homeowners to invest in flood insurance. Flood insurance is often non-existent
in developing countries and flood victims have to use their savings to cover the
financial costs. Obtaining insurance for flood risk areas is now very difficult in
developed countries and although the majority of homeowners do eventually
obtain insurance, the strain on individuals already traumatised by other flooding
related stressors should not be underestimated.

3.1.2 Social stressors

3.1.2.1 Fear of reoccurrence For individuals with previous flood experience, the
stress and anxiety associated with flood memories leaves them fearful of repeated
flooding [5, 16, 19, 21]. A study in Guyana, South America found that 58% of
respondents acknowledged that they worried every time it rained heavily [21].
Fear of reoccurrence can be a particular problem in developing countries, where
lack of formal flood warning systems means households personally monitor signs
of flooding, paying particular attention during prolonged rainfall. This on-going
stressor can have a significant impact on daily life, straining family relationships,
leaving homeowners wary of going on holiday and often prompting individuals to
come home early from work when it starts to rain [5]. In developed countries it
can often result in obsession with weather forecasts [16].

Fear of reoccurring flooding is evident in this study in both urban and rural
areas, but particularly in urban areas in developing countries. Other secondary
stressors can contribute to it such as loss of income and damage to property. It is
an extremely difficult stressor to alleviate as only a reduction in flood occurrence
or migration can overcome it.

3.1.2.2 Migration and displacement Temporary evacuation is a common
occurrence during flood events, in relation to preventing mortality and injuries,
but also in order to avoid the adverse health impacts associated with living in a
flooded or damp home [5, 7-10, 13—15, 17]. Studies in Bangladesh found that 50—
95% of all respondents had to leave their homes during recurrent flood events [7,
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9]. This is particularly difficult for young children and the elderly who may not
understand the situation and feel anxious away from normal surroundings and
belongings.

Repeated flooding can eventually leave residents with only one option, that of
relocation. A study in New Orleans found that 23% of respondents were
considering, trying or actually selling their home [25]. Recurrent damage to
property or successive flooding resulting in damage to crops can encourage
migration [14]. Migration, although a means of removing exposure to repeated
flooding, can be a secondary stressor in itself as displacement from familiar
surroundings and severing of ties from family and neighbours can be extremely
distressful [5, 17, 24]. In many circumstances, flood victims wish to remain in
their homes despite the high flood risk, due to fear of the unknown. A study in the
USA found that while 190 households accepted the relocation offer, 47 rejected it
[22]. However, often the constant fear of reoccurring flooding can become too
stressful, leaving migration as the only alternative.

It is important to recognise that when the decision to migrate is eventually
made, the stress does not necessarily come to an end, due to financial issues such
as problems with selling homes or higher house prices in non-flood risk areas [5,
15]. A study in Alaska identified that the main obstacle to migration was
government funding, as the cost of relocating the village was too high [22]. In
addition, home owners are not always offered what they consider the true value of
their property, leading to added stress when deciding whether to agree to
government resettlement [15]. Property owners who perceived the condition of
their property as higher or were attached to their neighbourhood found it more
difficult to relocate, however, fear of future flooding made acceptance easier [16].
Dun identified that when government resettlement occurs, households are
provided with a five year loan to buy a housing plot; thus resettlement can actually
become an economic stressor, causing individuals to go into debt [14].

Temporary evacuation is common in both rural and urban areas. It is
unavoidable in both developed and developing countries in order to protect the
health of flood victims. However, this study has found that migration is generally
a rural issue, as individuals decide to move permanently to urban areas where they
feel that flood risk is a lesser concern. It is essential to recognise that while
migration and resettlement reduces physical exposure to the health impacts of
repeated flooding, it can increase economic and social vulnerabilities; therefore
migration can act as both a solution and a stressor.

3.1.3 Physical and psychological stressors

3.1.3.1 Long-term malnutrition During flood events, food supplies are often
scare, both due to destruction by floods and inability to reach shops or bring in
supplies via damaged roads. In order to survive, flood victims often have to reduce
the number of meals they consume [7, 9, 12, 26]. Rodriguez-Llanes et al.
concluded that children from flooded homes were more likely to be underweight
and underdeveloped compared to children from non-flooded homes. This is a
particular concern as child malnutrition is associated with underdevelopment, poor
school performance and even premature mortality [26].
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Long-term malnutrition is a key issue in developing countries, particularly in
rural areas where it is more difficult for government and voluntary agencies to
reach flood victims to provide aid. It is vital for government agencies to do more
to assist flood victims in rural communities in developing countries to prevent
long-term health problems.

3.1.3.2 Stress, anxiety and depression Repeated flood events place individuals
and communities under severe stress and anxiety due to both social and economic
reasons [18, 19, 24, 27]. Stress and anxiety can sometimes have a significant
impact on human behaviour. Biswas et al. found that 70% of mothers and 40% of
fathers abused their children during flood events [18]. The possible long-term
health effects of abuse at an early age are widely recognised, including a tendency
towards eating disorders and depression [18]. It is important to recognise that the
extreme stress and anxiety placed on recurrent flood victims has the potential to
lead to mental health problems. In a 2013 study on repeated flood events, Wind e?
al. found that mental health symptoms, such as anxiety and depression were
notably higher than other studies on natural disasters, suggesting that repeated
events have an even greater influence on mental health [27].

Stress, anxiety and depression due to flooding were identified in both urban
and rural studies in this review. Individuals from developing countries are
particularly susceptible as they have limited resources to recover from flooding.
Stress, anxiety and depression generally occur as a result of other secondary
stressors such as damage to property. It is therefore crucial to acquire a greater
knowledge of the impact of flood related secondary stressors to minimise the
mental health impacts of recurrent flooding.

3.1.3.3 Isolation Recurrent flood events can prevent individuals commuting to
work and school and can often result in families or individuals being isolated for
significant periods until the flood waters recede [8, 19]. Isolation can contribute to
mental health conditions as it can cause stress and anxiety to escalate.

The review indicated that this is a problem in both urban and rural areas; in
rural areas due to the remote location, while in urban areas flood victims may be
unable to leave their homes until the waters recede.

3.2 Awareness and preparedness for flood events

It is essential to understand that awareness of and preparedness for flood events
are completely separate concepts. In many cases individuals are fully aware of the
flood risk, but do not take action, despite previous flood history. In this review, 16
out of the 25 studies considered how aware populations were regarding the risk of
repeated flooding. In all of those 16 studies homeowners and business owners
were aware at least to some extent of flood risk. However, lack of awareness can
be a significant problem in some developing countries due to issues such as low
education, lack of effective warning systems etc. [10, 11]. Although awareness of
flood risk may exist, an additional issue can be lack of awareness in relation to the
health implications of flooding, flood insurance cover or to weather forecasting
that could increase likelihood of being prepared [10, 11, 17, 24].
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This review established that lack of preparedness for flooding was a significant
problem [6, 7, 10, 17, 20, 28, 29]. This problem was evident in both urban and
rural and developing and developed countries. An additional issue was that the
majority of preparation made was reactive rather than proactive [6, 10, 11]. The
key reasons were lack of awareness regarding mitigation measures, lack of
financial resources to invest in preventative measures, lack of ‘know-how’ and a
limited time frame between successive flood events [5-7, 11, 13, 15, 20, 29].
Several of the studies also recognised that often residents thought they were
prepared for flooding, but in reality they had not taken sufficient mitigation action
or their insurance did not cover flood events [17, 23, 24]. Furthermore, some
residents, despite being aware of future flood risk, chose to ignore it, believing that
it would not reoccur [16]. In developed countries, homeowners and business
owners are often dismissive of flood preparedness, suggesting it is entirely the
government’s responsibility [17, 23].

A key finding of this review was that the majority of flood victims who were
flood prepared resided in developing countries [5, 9, 11-13, 15, 19, 21]. However,
two of the studies in developed countries also illustrated flood preparedness [24,
25]. A potential explanation is that in developing countries flood victims see
mitigation and preventative action as their own responsibility rather than that of
government agencies, while flood victims in developed countries have a higher
expectation in relation to government assistance. Additionally Mishra et al. found
that place attachment significantly influenced flood preparedness, indicating that
residents who had lived in the same location for generations would be more likely
to take mitigation action in order to protect their heritage [28].

The review indicates that although a basic level of flood awareness did exist in
all the studies, there was a lack of awareness relating to mitigation measures and
the health implications of flooding. Lack of preparedness was a major issue of
concern in both developed and developing countries, however, flood victims in
developing countries, in both urban and rural areas were more likely to be flood
prepared due to their lack of dependence on agencies. The findings of the review
suggest that communities are very vulnerable to being affected by secondary
stressors due to their lack of flood preparedness. It is important to raise awareness
concerning the ramifications in communities if they do not prepare for flooding,
emphasising that lack of awareness and preparedness for flood events can escalate
the long-term impact of secondary stressors on health [10].

3.3 Community resilience: adaptation and mitigation

Communities are increasingly being encouraged to work together collectively to
recover from and become more resilient to flooding, with little or no assistance
from government agencies. Community resilience is particularly important in
developing countries, where neighbours and relatives are an essential source of
both emotional and physical support during flood events.

This review found significant community resilience in flood affected areas,
with strong community spirit helping during the flood and making the recovery
period easier [5, 7, 8, 10, 12, 17]. It was even suggested that flooding increased
community resilience, encouraging closer relationships between neighbours [8].
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In developing countries, despite dire economic conditions almost all
residents were willing to loan money and offer shelter to neighbours during flood
events [7, 8].

It was established that both individual and community resilience was especially
strong in developing countries were following flood experience as residents
developed their own coping strategies to protect against flood events. The methods
employed included placing barriers around houses, construction of floating
houses, using concrete blocks instead of timber to reduce likelihood of floodwater
entering homes and taking shelter on higher ground during flood events [5, 12].
Farmers were found to be particularly resilient, adapting to flooding in new
innovative ways, such as turning to an alternative livelihood during the flooding
season or selecting crops around the timeframe of seasonal flooding [12, 13]. This
is crucially important in developing countries as flooding can destroy livelihoods,
however, exploring innovative ways to benefit from flooding may be something
that could also be considered in developed countries.

It is important to understand that one of the key reasons as to why individual
resilience often remains low is lack of financial resources. Upgrading properties
as a mitigation technique to reduce flood risk allows individuals to become more
resilient, however, in both developing and developed countries it is not always
financially viable [11, 13, 20]. One of the key factors identified to increase the
likelihood of responding to flood hazard and adapting properties was housing
tenure. It was identified that owner occupier households were more likely to
mitigate against flood risk through actions such as yard raising, essentially because
owner occupier households tend to be a higher income group [21]. Another
problem identified was that individuals took temporary short-term measures to
deal with floods each year, without taking any action that will assist them during
the next flood [11]. This is often due to a lack of awareness and education [12]. It
is essential to improve flood education and mitigation programmes, especially
within rural areas in developing countries in order to help homeowners to
understand that proactive mitigation measures will reduce stress and save money
in the long-term. A final problem identified was that many homeowners and
businesses appeared to act alone to mitigate flood risk rather than collectively [6,
19, 20].

This review found that community resilience was higher in developing
countries, both in urban and rural areas, but also in rural areas in developed
countries. The development of community resilience is sometimes hampered by
lack of financial resources or the use of short-term mitigation measures. It is
essential to improve community resilience, particularly in urban areas in
developed countries as it plays an essential role in limiting the detrimental long-
term impact that secondary stressors can have on health.

4 Conclusion

This review concluded that both rural and urban communities in developed and
developing countries are significantly affected by secondary stressors. We
identified that loss of income and damage to property had an almost universal
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impact, affecting the majority of communities, despite geographical and socio-
economic differences. However, we found that other secondary stressors only
impacted specific communities, for example, insurance and house prices were a
significant issue in developed countries, but not in developing countries as
insurance was often not available.

In relation to flood awareness and preparedness we concluded that although the
majority of communities do have a basic awareness of their flood risk, many
residents do not take this risk seriously and thus take little preventative action.
Flood victims in developing countries, despite having fewer financial resources,
were recognised as being more likely to take preventative action than residents in
developed countries, due to a lesser dependence on government agencies.
Developed countries must learn this lesson from the developed world, recognising
that responsibility to flood proof homes does not solely lie with government
institutions.

Finally, we concluded that community resilience was high in urban and rural
areas in developing countries and also in rural areas in developed countries.
However, we established that community resilience in urban areas in developed
countries was low. A significant finding was that farmers in developing countries
used innovative methods to adapt to repeated flooding. This led us to conclude that
flood victims in developed countries must find their own means of adapting to
repeated flood events in order to improve their coping strategies, making them
more resilient and prepared for future flooding.

Future studies, which we hope to accomplish, should focus on the specific
secondary stressors faced by rural and urban communities and how to minimise
their impact in order to increase resilience. We concluded that different priorities
exist for flood victims and it is probable that government agencies need to deal
with them in different ways, even if they are located near to each other
geographically. Future work could include proposing a model in relation to dealing
with the long term health impacts of floods among different communities.
Communities should be educated on cost effective proactive preventative
measures that they can implement, allowing them to become more aware of the
detrimental health impacts if only reactive action is taken. There should be a
particular focus on the impact of repeated flooding in urban areas as we identified
that most studies to date have concentrated on rural communities. The increasing
prevalence of flooding in the developed world emphasises the need for more work
in this field, thus further work will contribute to an increased knowledge and
understanding of the secondary stressors that affect communities, allowing
policymakers to establish if a generic approach during the recovery stage of flood
events is appropriate for different communities.
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