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Effect of evacuation and displacement on the association
between flooding and mental health outcomes:
a cross-sectional analysis of UK survey data
Alice Munro, R Sari Kovats, G James Rubin, Thomas David Waite, Angie Bone, Ben Armstrong, and the English National Study of Flooding and
Health Study Group*

Summary

Background Extensive flooding occurred during the winter of 2013–14 in England. Previous studies have shown that
flooding affects mental health. Using data from the 2013–14 Public Health England National Study of Flooding and
Health, we compared the prevalence of symptoms of depression, anxiety, and post-traumatic stress disorder between
participants displaced by flooding and those flooded, but not displaced, 1 year after flooding.
Methods In this multivariable ordinal regression analysis, we collected data from a cross-sectional survey collected
1 year after the flooding event from flood-affected postcodes in five counties in England. The analysis was restricted to
individuals whose homes were flooded (n=622) to analyse displacement due to flooding. The primary outcome
measures were depression (measured by the PHQ-2 depression scale) and anxiety (measured by the two-item
Generalised Anxiety Disorder [GAD]-2 anxiety scale), and post-traumatic stress disorder (measured by the PostTraumatic Stress Disorder Checklist [PCL]-6 scale). We adjusted analyses for recorded potential confounders. We also
analysed duration of displacement and amount of warning received.
Findings People who were displaced from their homes were significantly more likely to have higher scores on each
scale; odds ratio (OR) for depression 1·95 (95% CI 1·30–2·93), for anxiety 1·66 (1·12–2·46), and for post-traumatic
stress disorder 1·70 (1·17–2·48) than people who were not displaced. The increased risk of depression was significant
even after adjustment for severity of flooding. Scores for depression and post-traumatic stress disorder were higher in
people who were displaced and reported receiving no warning than those who had received a warning more than 12 h
in advance of flooding (p=0·04 for depression, p=0·01 for post-traumatic stress disorder), although the difference in
anxiety scores was not significant.
Interpretation Displacement after flooding was associated with higher reported symptoms of depression, anxiety, and
post-traumatic stress disorder 1 year after flooding. The amount of warning received showed evidence of being
protective against symptoms of the three mental illnesses studied, and the severity of flooding might be the reason for
some, but not all, of the differences between the groups.
Funding National Institute for Health Research Health Protection Research Units (HPRU) in Emergency Preparedness
and Response at King’s College London, Environmental Change and Health at the London School of Hygiene and
Tropical Medicine, and Evaluation of Interventions at the University of Bristol, Public Health England.
Copyright © The Author(s). Published by Elsevier Ltd. This is an Open Access article under the CC BY-NC-ND 4.0
license.

Introduction
Research suggests that climate change is likely to increase
the risk of river, groundwater, and coastal flooding in the
UK over the course of this century.1 Natural disasters,
including floods, have been linked to increased prevalence
of mental disorders such as post-traumatic stress disorder,
anxiety, and depression in both industrialised and
non-industrialised countries.1–5 Various risk factors mediate
the effect of flooding on mental health and wellbeing.
Among these factors, evacuation and displacement have
been identified as secondary stressors associated with
poorer mental health outcomes.3,6–8
Since 2000, there have been eight major flooding events
in England, including in the winter of 2015–16. In the
www.thelancet.com/planetary-health Vol 1 July 2017

winter of 2013–14, there was widespread river, coastal,
and surface water flooding after a period of heavy rainfall,
which resulted in total economic damages estimated at
£1·3 billion. Roughly 25% of the cost was for the repair of
damage to an estimated 10 465 residential properties.
Most of the residents affected had not previously
experienced household flooding. A best estimate of
£50 million was spent on temporary accommodation for
people who were evacuated or displaced.9
Estimations of future flood risks in the UK show that
nearly 2 million properties in flood plains along rivers,
estuaries, and coasts are potentially at risk, and river
flooding is projected to affect 250 000–400 000 additional
people per year by 2080.10
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Research in Context
Evidence before this study
We searched PubMed and Embase using the search terms
“flood*” and/or “natural disasters” AND “mental health” and/or
“post-traumatic stress disorder” and/or “anxiety” and/or
“depress*”, and/or “evacuat*” and/or “displace*”, published
between Jan 1, 2000 and July 31, 2015. Reference lists of the
most relevant studies and literature reviews were also searched
for relevant articles. Studies of the effects of natural disasters on
mental health in both high-income and low-income countries
have found associations between displacement and poor
mental health outcomes, including post-traumatic stress
disorder, anxiety, depression and reduced wellbeing. The only
quantitative studies that have investigated displacement as a
primary exposure studied the aftermath of Hurricane Katrina in
the USA. Findings from seven studies of people affected
showed that severe mental health affects those displaced;
however, these studies have limited generalisability to the UK.
The most comparable UK survey found an association between
evacuation after flooding and increased distress as measured by
the General Health Questionnaire-12 (GHQ-12), but not with
anxiety, depression, or post-traumatic stress disorder.
Investigators of one other UK survey found higher GHQ-12
scores in people who were displaced, but other outcomes were
not examined. A qualitative study of people who were displaced
for more than 1 year is the only UK study to examine evacuation
as a primary exposure. Findings from this study showed high
symptoms of anxiety, depression, and post-traumatic stress
disorder up to 4 years after flooding.

In high-income countries such as the UK, flood events
usually cause few immediate deaths, and the greatest
burden on health is the increase in mental illnesses.11
One study estimated that 80% of all the disability
adjusted life-years attributable to floods in the UK were
due to mental health.12 A systematic review3 concluded
that there is a shortage of research into the mental health
effects of fluvial (river) flooding, as opposed to coastal,
tsunami, or hurricane-related flooding. This finding is of
potential significance in the UK, because fluvial flooding
is the most common form of flooding, and many houses
are, and continue to be, built on flood plains, whose
occupants might have no experience of natural disasters.
A previous UK survey of flooded households found a
higher prevalence of psychological distress in people
who were evacuated compared with those who were able
to remain at home, although no significant differences
were reported for symptoms of anxiety, depression, or
post-traumatic stress disorder.6 Warning time for
impending disasters has previously been identified as a
key variable in psychological and physical preparation
and floods in the UK have been known to progress
rapidly and with little warning.13,14
The National Study of Flooding and Health was
established by Public Health England (PHE) and
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Added value of this study
We observed a strong association between displacement and
symptoms of all three disorders one year after flooding. Among
the displaced, those who reported no warning before flooding
and displacement were significantly more likely to report more
symptoms of depression (p=0·05) and post-traumatic stress
disorder (p=0·01), but not anxiety. However, there was no
evidence of any association of duration of displacement with
these symptoms. Timely (at least 12 h) warning was the only
factor associated with reducing the increase in probable mental
health disorders seen in people who were subsequently
displaced. This is the first quantitative study to examine
displacement as a primary exposure after flooding in the UK.
As flood events are expected to increase in frequency and
severity over the course of this century, these findings
contribute to evidence needed to project the likely health
impacts of flooding in the UK.
Implications of all the available evidence
These findings suggest that the burden on primary care and
mental health services could increase as a consequence of flood
related displacement. This burden of increased health needs could
affect those areas to which people relocate. Local authorities
should consider prioritising identification of people who might
have mental health problems after flooding among those
displaced. Other priority areas could be early warning systems for
evacuation and services to enable flooded residents to remain at
home where possible.

academic partners to investigate the long-term impact of
flooding and related disruption on mental health and
wellbeing, to help direct preventive and follow-up actions
and reduce harm from future flooding. The first finding
of the PHE study relates to the cross-sectional data
collected in the first year of the survey, 12 months after
the period of severe flooding in 2013–14. The main study
reported excesses of adverse mental health in flooded
compared with unaffected persons, with adjusted
odds ratios (ORs) of 5·91 (3·17–10·99) for depression,
6·50 (3·77–11·24) for anxiety, and 7·19 (4·33–11·93) for
post-traumatic stress disorder.8 In this Article, we
examine the effects of evacuation and displacement due
to floods in England on depression, anxiety, and posttraumatic stress disorder indicators. We use a subset of
the PHE dataset and only consider people whose homes
were flooded to investigate whether evacuation and
displacement were associated with poorer mental health
than flooding that did not result in evacuation or
displacement.

Methods

Study design and participants
In this cross-sectional analysis, we analysed data from
the National Study of Flooding and Health, a survey of
www.thelancet.com/planetary-health Vol 1 July 2017
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people living in neighbourhoods affected by flooding
during the winter of 2013/14 in the counties of
Gloucestershire, Wiltshire, Surrey, Somerset, and Kent
in England. A recruitment pack including a questionnaire
was sent to each residential address in the postcode areas
identified as flooded in January, 2015, 1 year after the
event. All adults aged 18 years and older residing at
addresses to which recruitment packs were sent were
invited to participate, and to return the questionnaire
by post or online. Recruitment packs were sent to
8761 households. Details of sampling and data collection
methods have been published previously.15
Ethical approval for the study was granted by the
Psychiatry, Nursing and Midwifery Research Ethics
Subcommittee at King’s College London (reference PNM
1314 152). All participants provided written, informed
consent to participate in the study, and to the use of their
aggregated data for publication in a journal article.

Procedures
The questionnaire contained 36 questions including a
bespoke 19-item exposure assessment, based on which
respondents were allocated to one of three categories:
unaffected, disrupted (eg, by loss of communications,
interruption of access or utilities, or flooding of nonliveable rooms) and flooded, defined as floodwater in at
least one liveable room in their home. We collected
demographic data on sex, date of birth, ethnicity, marital
status, household composition and tenure, education,
employment, and the presence of any limiting long-term
illness. This analysis was restricted to 622 of
2126 respondents who were flooded. The survey included
questions on displacement including duration of dis
placement, whether or not participants were evacuated,
and whether a warning was received and when.
We measured outcomes with three validated tools used
in clinical practice to screen for symptoms suggestive of
probable mental disorders. Each tool is designed to
be self-administered. The four-item Patient Health
Questionnaire for Depression and Anxiety (PHQ)-4
consists of the two-item PHQ-2 depression scale and the
two-item Generalised Anxiety Disorder (GAD)-2 anxiety
scale.16,17 Post-traumatic stress disorder is measured with
the four-item Post-Traumatic Stress Disorder Checklist
(PCL)-6.18 Each of these scales has a validated cutoff score
indicating a probable diagnosis of the condition, the
prevalence of which is described for each exposure
category.

term displaced refers to respondents who reported
evacuation, displacement, or both.
To investigate the association between mental health
and displacement, we ran ordinal (proportional odds)
logistic regression analyses on the PHQ-2 (score
range 0–6), GAD-2 (score range 0–6), and PCL-6 scores
(score range 6–30). The outcome variables can be analysed
as dichotomous outcomes creating those with or without
a probable diagnosis, as in the previously published main
analysis.8 However, in this analysis, ordinal logistic
regression was chosen because of its greater statistical
power to detect differences in a smaller sample. Because
of the large range of post-traumatic stress disorder scores,
we grouped the scores into intervals of 5 points, with
cutpoints chosen to retain one used for the conventional
high dichotomy (eg, 6–8, 9–13, 14–18).
To explore contributory factors, we also created ordered
subgroups of duration of displacement (not displaced,
<1 month, 1–6 months, >6 months) and amount of
warning received (none, <12 h, >12 h). For warning, we
calculated ORs for displacement in each warning group
compared with the non-displaced participants in the
same warning group using an interaction term. We
tested for trend over both sets of ORs.
All ORs were adjusted for recorded variables regarded
as potential confounders: age group, sex, local authority,
previous illness or disability, marital status, education
level, housing tenure, employment, and area deprivation
score. In a sensitivity analysis, we recalculated standard
errors using the Huber-White sandwich estimator, to
ensure robustness to clustering in small areas (lower
layer super output areas, of which there were 136). We
excluded participants who did not complete an outcome
questionnaire from analysis of that measure only.
Statistical analyses were done in Stata 14. The core
analysis code used for our analysis is in the appendix.

Data sharing
The datasets used and analysed in this study are available
from Public Health England Field Epidemiology Service
on reasonable request.

Role of the funding source
The funder of the study had no role in study design, data
collection, data analysis, data interpretation, or writing of
the report. The corresponding author had full access to
all the data in the study and had final responsibility for
the decision to submit for publication.

Statistical analysis

Results

The primary exposure classification was the division
between participants who were able to remain at home
and those who were evacuated or displaced. Evacuation
and displacement were combined in this analysis
because reported evacuation was largely concomitant
with reported displacement, and to generate sufficient
statistical power for the analysis. In the analyses, the

Responses to the recruitment packs were received from
2014 (23%) of 8761 unique households. The total number
of responses was 2126 (112 houses returned more than
one response), of which 622 contributed to this analysis
of participants who had flooding in liveable rooms.
366 (59%) of 622 respondents were women, 562 (90%)
lived in homes owned by themselves or their family, and
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Flooded, not
displaced (n=173)

Flooded and
displaced (n=449)

Sex
Male

74 (43%)

170 (38%)

Female

90 (52%)

276 (61%)

Age group, years
18–35

2 (1%)

37 (8%)

36–64

86 (50%)

252 (56%)

65–79

60 (35%)

119 (27%)

80+

14 (8%)

37 (8%)

Marital status
Single
Married, civil partnership,
or cohabiting

12 (7%)

38 (8%)

115 (66%)

316 (70%)

Separated or divorced

18 (10%)

37 (8%)

Other

20 (12%)

52 (12%)

Housing tenure
155 (90%)

407 (92%)

Private rented

Owner or family-owned

4 (2%)

19 (4%)

Council or housing
associated rented

4 (2%)

15 (3%)

Other

3 (2%)

2 (<1%)

Employment
Full-time employed

55 (32%)

Part-time employed

23 (13%)

72 (16%)

8 (5%)

20 (4%)

Carer

160 (36%)

Retired

5 (3%)

19 (4%)

Other

72 (42%)

169 (38%)

Education
Degree or above

79 (46%)

151 (34%)

Below degree level

56 (32%)

188 (42%)

Other

21 (12%)

43 (10%)

No formal qualifications

10 (6%)

59 (13%)

Pre-existing illness or disability
Yes

28 (16%)

109 (24%)

No

138 (80%)

335 (75%)

English LSOA Quintile (low to high)
1 and 2

8 (5%)

8 (2%)

3

31 (18%)

92 (20%)

4

64 (37%)

244 (54%)

5

67 (39%)

96 (21%)

2 (1%)

61 (14%)

11 (6%)

6 (1%)

Local or district authority
Sedgmoor
South Somerset
Wiltshire

8 (5%)

5 (1%)

Gloucestershire

37 (21%)

20 (4%)

Surrey

90 (52%)

294 (65%)

Tonbridge and Malling

25 (14%)

63 (14%)

Data are n (%). Not all categories sum to total for the exposure category;
missing data ranged from 0·7–5·2% in each of the above categories. These were
treated as additional categories in the regression analysis. LSOA=lower layer
super output areas.

Table 1: Characteristics of flooded survey population by exposure
category
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471 (76%) were from the highest two quintiles based on
index of multiple-deprivation scores (table 1).
449 (72%) of 622 people whose houses were flooded
were also displaced from their homes. Of 449 participants
who were flooded and displaced, evacuated, or both,
372 (83%) reported both flooding and displacement,
and a further 52 (12%) reported displacement without
evacuation. The duration of displacement was calculated
based on dates provided by respondents. There were
135 (8%) missing values among respondents who
were flooded and displaced, for whom duration of
displacement is unknown. There were two peaks of people
returning home after displacement (figure 1), and most
people were displaced from their homes for 6–9 months.
Crude prevalence of probable depression, anxiety, and
post-traumatic stress disorder was higher in participants
who were displaced by flooding than in those flooded,
but not displaced (table 2). The prevalence of disorders as
dichotomous outcomes by displacement status is in
table 2. The distribution of depression, anxiety, and posttraumatic stress disorder ordinal scores are in the
appendix.
The adjusted ordinal regression analyses of each
outcome revealed a similar pattern: people who had been
displaced were significantly more likely to report
symptoms of depression, anxiety, and post-traumatic
stress disorder than people who had not been displaced
(figure 2). Among the displaced, the scores for depression
and post-traumatic stress disorder were significantly
higher when there was no or only short warning than
when there was a warning of 12 h or longer (p=0·04 for
depression, and p=0·01 for post-traumatic stress disorder
from a test for trend; figure 2). Long duration of
displacement was not, however, associated with high
scores (figure 2). The ORs for people who were displaced
for less than 1 month were no lower than those displaced
for longer than 6 months (figure 2).
There was no evidence against proportional odds,
which is the key assumption of the ordinal regression
model used (appendix). We tested whether the excess
prevalence found in people who were displaced by
flooding was modified by (or interacted with) any of the
measured sociodemographic variables (eg, sex, age,
education), and found that one of 27 tests was significant
(post-traumatic stress disorder with housing tenure;
p=0·04; for details see appendix). In view of the fact that
many tests were post-hoc findings, we felt it inappropriate
to analyse this further. We also undertook a secondary
analysis in which ordinal regression was replaced by
standard logistic regression using the conventional
cutpoints to define high scores (appendix). Patterns of
symptom prevalence were essentially the same as those
found with ordinal regression, but the ORs were less
precise and in some cases lower. For depression and
anxiety the raised odds among people who were displaced
compared with those who were not displaced was no
longer statistically significant; however, the increase for
www.thelancet.com/planetary-health Vol 1 July 2017
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Discussion
In this population in England, there was a significant
association between displacement as a consequence of
flooding and symptoms of depression, anxiety, and posttraumatic stress disorder 1 year after flooding. Among
those who were displaced, people who reported having
received no warning before flooding and displacement
were significantly more likely to report symptoms of
depression (p=0·05) and post-traumatic stress disorder
(p=0·01), but not anxiety, than those who were warned.
However, there was no evidence of any association of
duration of displacement with these symptoms.
Additionally, the ORs for anxiety and post-traumatic
stress disorder were no longer significantly different after
adjustment for severity, suggesting that the effect of
displacement could partly be explained by the severity of
flooding that led to displacement. More complete
information on the severity of flooding might help to
explain more of the effect, although severity of flooding is
not likely to be the only explanation.
Depression and anxiety are common mental disorders
that have previously been associated with household
flooding.4,6,13 In high-income countries, displacement of
flooded individuals is usually studied as a secondary
stressor.4,6,13,19–22 The only studies investigating displacement
as a primary exposure relate to the aftermath of Hurricane
Katrina in the USA because of the exceptionally high
(roughly 600 000) number of residents who were displaced
for over 1 month.23–28 The results from these studies are less
generalisable to the effects of flooding in the UK because
of the substantial differences in the scale, response, and
the demographics of the affected population. None of the
US studies examined the three mental health outcomes of
depression, anxiety, and post-traumatic stress disorder as
in this study.
Our findings are not consistent with one of the most
directly comparable studies in the UK. In an analysis6 of
www.thelancet.com/planetary-health Vol 1 July 2017
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15
Number of respondents

post-traumatic stress disorder by duration of displacement
and the trend in post-traumatic stress disorder and
depression by amount of warning remained significant.
The sensitivity analysis was robust to possible
geographic clustering of outcome and made little
difference (appendix), and unexpectedly reduced the
standard errors. Finally, we investigated whether the
associations of displacement with adverse mental health
symptoms could be explained by displacement being
associated with more severe flooding by adjusting
additionally for flood depth (three groups: <30 cm,
30–100 cm, and >100 cm), flood duration (four groups:
<24 h, 24 to 7 days, 8 days to 2 weeks, >20 weeks), and
whether rooms remained unusable at time of the
questionnaire, as previously classified.8 With this
adjustment, ORs decreased, but remained elevated above
those not displaced; OR 1·72 (95% CI 1·12–2·65) for
depression, 1·45 (0·96–2·20) for anxiety, and 1·30
(0·86–1·97) for post-traumatic stress disorder (appendix).

10

5

0

0

100
200
300
Duration of displacement (days)

400

Figure 1: Number of days displaced for participants who were flooded and
displaced

Participants* Anxiety
Depression
PTSD
(GAD-2 score ≥3) (PHQ-2 score ≥3) (PCL-6 score ≥14)
Exposure group
Flooded, not displaced

164

36 (22%)

28 (17%)

42 (26%)

Flooded and displaced

441

133 (30%)

97 (22%)

172 (40%)

Duration of displacement
<1 month

41

17 (41%)

10 (25%)

17 (42%)

1 to 6 months

86

22 (26%)

13 (16%)

30 (36%)

187

56 (30%)

39 (21%)

80 (43%)

>6 months
Length of warning
No warning

138

50 (36%)

35 (26%)

65 (48%)

Warning <12 h before flood

138

40 (29%)

33 (24%)

49 (37%)

Warning >12 h before flood

156

41 (26%)

28 (18%)

56 (36%)

Data are n or n (%). PHQ-2=Patient Health Questionnaire 2 depression scale. GAD-2=Generalised Anxiety Disorder 2 scale.
PCL-6=Post-Traumatic Stress Disorder Checklist 6. *Number of participants with non-missing scores for at least one of
the outcomes: the actual denominator varied slightly for the three outcomes measured due to missing values; not all
exposure measures were completed by participants (duration of displacement and warning received), therefore the
number of participants in these categories do not sum to the total flooded and displaced exposure group.

Table 2: Proportion of participants with probable diagnosis of each outcome

evacuation as an incident management variable after the
2007 UK floods, being asked to evacuate and evacuating
households were associated with higher General Health
Questionnaire 12 (GHQ-12) scores, a measure of
increased psychological distress, but not with probable
depression, anxiety, or post-traumatic stress disorder.
However, this analysis was based on a logistic analysis of
the outcome variables rather than ordinal regression as
used in our study, and the exposure variable of evacuation
does not directly compare with our creation of a
homogenised displaced, evacuated, or both variable.
The outcomes measured in this survey reflected the
mental health outcomes that have been most studies in
flooded populations, both in the UK and internationally,
but our study has some limitations.1,2,6,7,20 The ability to
compare outcomes between studies is limited by the fact
that no established definitions of exposure to flooding for
epidemiological studies exist.4
e138
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A
Displacement status

OR (95% CI)

Displaced
No
Yes
Duration
Not displaced
<1 month
1–6 months
>6 months
Warning
>12 h
<12 h
No warning

p value

1·00 (1·00–1·00) 0·001
1·95 (1·30–2·93)
1·00 (1·00–1·00) 0·89
2·23 (1·08–4·59)
1·41 (0·80–2·48)
2·12 (1·30–3·46)
1·11 (0·56–2·21) 0·04
2·64 (1·16–6·01)
2·83 (1·58–5·09)
1

2

4

Favours high depression score

Favours low depression score

B
Displaced
No
Yes
Duration
Not displaced
<1 month
1–6 months
>6 months
Warning
>12 h
<12 h
No warning

1·00 (1·00–1·00) 0·01
1·66 (1·12–2·46)
1·00 (1·00–1·00) 0·20
2·69 (1·33–5·43)
1·32 (0·76–2·29)
1·74 (1·08–2·80)
1·15 (0·59–2·23) 0·13
1·97 (0·92–4·23)
2·25 (1·26–4·01)
1

2

4

Favours high anxiety score

Favours low anxiety score

C
Displaced
No
Yes
Duration
Not displaced
<1 month
1–6 months
>6 months
Warning
>12 h
<12 h
No warning

1·00 (1·00–1·00) 0·01
1·70 (1·17–2·48)
1·00 (1·00–1·00) 0·80
1·60 (0·81–3·15)
1·43 (0·85–2·43)
1·91 (1·21–3·01)
0·95 (0·49–1·84) 0·01
1·78 (0·88–3·59)
2·90 (1·66–5·07)
1
Favours low post-traumatic
stress disorder score

2

4

Favours high post-traumatic
stress disorder score

Figure 2: Adjusted ordinal regression analysis of depression, anxiety, post-traumatic stress disorder by
displacement status
(A) Depression assessed by PHQ-2 score. (B) Anxiety assessed by GAD-2 score. (C) Post-traumatic stress disorder
assessed by PCL-6 score. ORs are adjusted for age group, sex, local authority, ethnicity, marital status, education
level, employment, and deprivation score. OR=odds ratio. PHQ-2=Patient Health Questionnaire 2 depression scale.
GAD-2=Generalised Anxiety Disorder 2 scale. PCL-6=Post-Traumatic Stress Disorder Checklist 6. p values for the
displaced category are ORs for people who were displaced. For duration and warning, ORs are for tests of trend
across the displaced groups.

A further limitation is the representativeness of
respondents and therefore generalisability of the
findings. The characteristics of the population studied
distinguish it from similar studies of this type. The areas
surveyed in the south of England include some of
the most affluent parts of the country and very few
participants from the most deprived areas and who were
not white. However, data on age, sex, pre-existing illness,
deprivation, local authority, ethnicity, marital, education,
e139

and employment status were collected as potential
confounders, and adjusted for in the analysis.
Also potentially missing from this survey are responses
from people displaced for over a year. If similar to the
2007 floods, up to 20% of those displaced in the 2013–14
flood might not have returned home 1 year later.29
However, as there is no register of individuals displaced,
this group were not surveyed, which might have caused
bias. For example, if long-term displacement is more
associated with adverse mental health outcomes, this
would underestimate the excess among the displaced
because this group might not have been assessed by this
survey.
The overall response rate of 23%, although not unusual
in these types of surveys, suggests susceptibility to bias.
However, we believe that our main conclusions, which
are about associations within the sample, are more
robust to non-response than comparisons of prevalence
with those reported elsewhere. To cause bias in the
comparison of mental health outcomes in the displaced
and non-displaced would require that non-responders
were different to responders for those measures. For
example, if people with depression were more likely to
respond, that would only cause a bias in the odds ratio of
interest if it occurred unequally in the displaced and nondisplaced. Also, if people who were displaced were more
likely to respond, there would only be bias if the
association occurred unequally in people with and
without depression. Whether or not the doublydifferential non-response abrogates this assumption is
not known, and we acknowledge that this fact adds
uncertainty to the results.
Moreover, the findings have only captured pointprevalence at one timepoint, and the act of completing
the survey encourages recollection of stressful experiences
in respondents, which might lead to overreporting of
symptoms. Thus, the overall high prevalence we found
could in part reflect overreporting or selective response.
However, all participants included in this study had
flooding in their homes, so bias in odds ratios of
comparisons would only occur if symptom overreporting
or selective responding differed between those displaced
and not displaced.
We cannot infer from these findings the duration of
symptoms after disasters such as flooding, nor whether
the total prevalence had peaked at the time the survey
was done. The English National Study for Flooding and
Health will continue to collect annual outcome data from
participants, which will allow future comparisons with
our findings over a longer timeperiod than 1 year.
Residual confounding from unmeasured or imperfectly
measured risk factors is possible in this study as with all
observational studies. We controlled for many potential
confounders, but mention some gaps: previous adverse
mental health might make displacement more likely and
be associated with high outcome scores. We had no
information specifically on previous mental health, but
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did control for pre-existing illness generally, which
should have gone some way to minimise bias caused by
pre-existing depression. Somewhat similarly, there is
potential confounding in this study if past exposure to
trauma is independently associated with both
displacement and pre-existing symptoms of posttraumatic stress disorder. A study of New York residents
affected by Hurricane Sandy in 2012 found that those
who had experienced previous trauma related to the
attacks on the World Trade Centre were significantly
more likely to evacuate and become displaced.30 As noted
above, our control for confounding by reported preexisting illness would have controlled for this to some
extent.
In this study, we found that people who were displaced
because of flooding had worse mental health outcomes
compared with those who remained at home. However,
once severity of flooding is adjusted for, we found that only
depression in people who were displaced remain
statistically significant. Amount of warning received was
the only factor studied that showed evidence of being
protective in people who were subsequently displaced.
These results suggest that local authorities might want to
consider that the identification of people with possible
mental health problems after flooding should be prioritised
among those displaced. The findings from this study also
support the case for enhanced early warning systems, and
for services to enable residents whose homes are flooded
to remain at home.
Displacement due to flooding in the UK is expected to
increase over the coming years and these findings
contribute to evidence needed to help project the likely
health impacts of climate change in the UK. Although we
did not study demand for health services, there is indirect
evidence that implications of common mental health
disorders, such as those we studied, for health services
are significant. In the English adult psychiatric morbidity
survey, 37·3% of participants with a common mental
disorder (as measured by the Clinical Interview Schedule)
were receiving treatment for mental illness in 2014.31
Therefore, these findings suggest that the burden on
primary care and mental health services could rise as a
consequence of flood-related displacement, and that the
burden of increased health needs will not only be felt in
flooded areas, but also in areas to which people relocate,
which can be geographically spread and are not defined
by flood risk
In this analysis, we report evidence of an association
between flood-related displacement in the UK, especially
without warning, and reported symptoms of anxiety,
depression, and post-traumatic stress disorder 1 year
after flooding. Further research is needed into risk factors
for displacement-related poor mental health in highincome country settings, which characteristics determine
why some severely flooded residents remain at home
while others are displaced, and how the reported
symptoms translate into health needs.
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